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EXECUTIVE SUMMARY 
 
The U.S. Environmental Protection Agency (EPA) has conducted the fourth Five-Year Review 
(FYR) of the United Nuclear Corporation (UNC), Church Rock Uranium Mill Superfund Site 
(Site) in McKinley County, New Mexico. The triggering action for this review was the 
completion of the Third FYR report in September 2008. 
 
The UNC Site is located 17 miles northeast of Gallup and on the southern border of the Navajo 
Nation. The UNC Site is comprised of the former ore processing mill facilities and a byproduct 
material (tailings) disposal area (hereinafter Tailings Disposal Area).  
 
At the UNC Site, there are two agencies with overlapping jurisdiction—EPA and NRC. As stated 
in a 1988 Memorandum of Understanding (MOU) between EPA and NRC, NRC assumed the role 
of lead regulatory agency for the Tailings Disposal Area reclamation and for surface area closure 
activities.  At the same time, acting under a 1988 Record of Decision (ROD), EPA developed and 
implemented its own site action requirements for ground water contamination outside of the 
Tailings Disposal Area in accordance with CERCLA and the NCP.  EPA now refers to the ground 
water response action as Operable Unit 1 (OU1).  
 
 To summarize, until recently, NRC generally addressed the surface of the UNC Site and the 
Tailings Disposal Area, while EPA addressed ground water and reviewed and commented on 
NRC action.  On September 29, 2013, however, EPA issued another UNC Site ROD calling for the 
disposal of waste from the Northeast Church Rock Mine Site (NECR Site) at the UNC Site.  EPA 
refers to this waste disposal action as OU2 or the Surface Soil Operable Unit.  To complete the 
OU2 remedy, EPA will be coordinating with NRC. 
 
UNC is the primary responsible party for both the UNC Site and the NECR Site. In September 
1997, UNC became a wholly-owned indirect subsidiary of General Electric (GE). Collectively 
these parties are referred to as “UNC/GE.”  UNC/GE have been working cooperatively with EPA 
at the UNC Site under an EPA administrative order for OU1. 
 
The recommendations from the 2008 FYR, along with a description of the actions that EPA has 
taken in response to those recommendations, and a description of the outcome of those 
actions are presented in Table 22 of this 2013 FYR. 
 
Protectiveness Determination and Recommendations for Follow-up Action 
 
The assessment documented in this FYR found that the remedy at OU1 (the ground water 
operable unit) currently protects human health and the environment in the short term. Actions 
taken as part of OU1 have minimized potential human exposures to contaminants found in the 
ground water and reduced the potential for the repository tailings to act as a source of ground 
water contamination.  Issues identified in this Fourth FYR are presented in Table 24 and the 
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corresponding Recommendations and Follow-up Actions are presented in Table 25. 
 
For the OU1 remedy to be protective in the long term, the following actions need to be taken:  
 

1. Evaluate and revise the estimated background contaminant levels at the UNC Site and 
reevaluate UNC Site cleanup standards (i.e., remediation goals) through the NCP 
decision-making process.  

2. Complete the ongoing SWSFS Part III to develop and analyze remedial alternatives.  

3. Continue the experimental efforts to create a subsurface hydraulic barrier in Zone 3 to 
slow down and contain the migration of the seepage-impacted ground water in the 
northern subsurface area.    

4. Determine whether the Southwest Alluvium (SWA) extraction wells have provided 
improvement in ground water quality with respect to uranium contamination when 
compared to Natural Attenuation (NA).  

5. Evaluate the use of various mechanism(s) of Natural Attenuation (NA) in the SWA for 
uranium as well as for other COCs in all hydrostratigraphic zones as part of the ongoing 
remediation effort to attain cleanup standards. 

6. Renew efforts to establish ICs that will help protect human health by restricting the use 
of contaminated ground water on affected Navajo Nation, Tribal Trust, and Indian 
Allotment lands.  

7. Evaluate whether a Technical Impracticability (TI) waiver is appropriate for the 
Applicable or Relevant and Appropriate Requirements (ARARs) related to sulfate and 
TDS. This evaluation would be done as part of the ongoing SWSFS, Part III. 

8. Evaluate the anthropogenic origin and the transient nature of the artificially created 
ground water aquifers to determine the impact of these factors on future EPA ground 
water decision making.  

  
The surface soil operable unit (OU2) status quo is protective of human health and the 
environment. The remedy described in the 2013 OU2 ROD, which provides for the disposal of 
NECR mine waste at the UNC Site Tailings Disposal Area is also expected to be protective of 
human health and the environment upon completion. At present, remedial design activities are 
underway which will adequately addressed all exposure pathways that could result in 
unacceptable risks in these areas. 
 
In short, this FYR finds that the remedial action that has been taken to address ground water 
contamination at the UNC Site and the remedial action that has been taken to address 
contamination on the surface of the UNC Site are presently protective of human health and the 
environment and should remain protective in the short term. 
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Five-Year Review Summary Form 

 

SITE IDENTIFICATION 

Site Name:                 United Nuclear Corporation 

EPA ID                          NMD030443303 

Region:    6 State:   NM City/County:      Church Rock / McKinley County 

SITE STATUS 

NPL Status:  Final   

Remediation status (choose all that apply): X  Under Construction (OU2)  X  Operating (OU1) 

Multiple OUs?   YES    Construction completion date:  10/31/1989 for OU1 

Has site been put into reuse?  NO 

REVIEW STATUS 

Lead agency:  EPA      Other Federal Agency: not applicable 

Author name:   Janet Brooks with additional support provided by Earle Dixon of NMED 

Author title:  Remedial Project Manager Author affiliation: EPA 

Review period:  09/17/2008 to  09/17/2013 

Date(s) of site inspection:  04/18/2013 
Type of review: Post-SARA   

Review number:  4th (fourth)  

Triggering action: Previous Five-Year Review Report 

Triggering action date:  09/17/2008 

Due date (Five-Years after triggering action date):  09/17/2013 
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Five-Year Review Summary Form (continued) 

Issues/Recommendations 

OU(s) without Issues/Recommendations Identified in the Five-Year Review: OU2 

Issues and Recommendations Identified in the Five-Year Review: OU1 

OU1 Issue #1 Category: Establish Background Levels 
Issue: The 1988 ROD did not provide a clear evaluation of the post-mining/pre-tailings background water quality 
in establishing the UNC Site cleanup standards. The COCs or cleanup levels for the UNC Site were not specifically 
identified in the 1988 ROD. UNC addressed cleanup levels in the UNC SWSFS Part I investigation report that 
included: 1) a thorough review and update of the UNC Site COCs based on screening with current EPA Maximum 
Concentration Levels (MCLs), health based criteria, background water quality; and 2) an update and 
recommendation for revision of the UNC Site cleanup levels. Parts I and II of the SWSFS have been reviewed and 
accepted by the EPA but has not yet modified the COC list and monitoring program.  
 
The NRC has approved several revisions to License standards, COCs, and monitoring programs recommended by 
UNC. EPA has discussed those revisions with the NRC but has not modified the cleanup levels or remedy set 
forth in the 1988 ROD to be consistent with NRC revisions. Such consistency, where appropriate, would help to 
integrate and coordinate the ground water and source control/surface reclamation activities to achieve 
comprehensive reclamation and remediation of the UNC Site, which is called for in the MOU between the EPA 
and the NRC. 
Recommendation: Evaluate and revise the estimated background contaminant levels at the UNC Site and 
reevaluate UNC Site cleanup standards (i.e., remediation goals) through the NCP decision-making process.  

Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone 
Date 

N Y UNC EPA, NRC TBD 

OU1 Issue #2 Category: Remedy Performance 
Issue: The ground water remedy cannot attain the cleanup levels within a reasonable time frame because the 
source of anthropogenic recharge to the ground water system is no longer available and has resulted in a 
significant loss of aquifer saturated thicknesses. By loss of saturated thickness, we mean that, if you measured a 
cross section of the wet part of the subsurface layer, measuring from the top to the bottom, the part of the 
layer containing the ground water would be smaller than it used to be. Losing saturated thickness, in this case 
means that there is less ground water to pump. In fact the aquifer is so depleted that ground water levels do not 
support extraction of contaminated water at pumping flow rates that are efficient and maintainable. In short, 
since the mines no longer discharge water, there is not enough water to pump from this aquifer, which was 
essentially created by the discharge of ground water from the mine. 

Recommendation: Complete the ongoing SWSFS Part III to develop and analyze remedial alternatives.  
  
Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone 
Date 

N Y UNC EPA, NMED TBD 
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Five-Year Review Summary Form (continued) 

OU1 Issue #3 Category: Remedy Performance 
Issue: One of EPA’s goals in Zone 3 is to reduce the subsurface migration of contaminated ground water that is 
contaminated by seepage from tailings. To accomplish this reduction, EPA has been pumping the ground water 
to reduce the hydraulic head moving this contamination. 1 
 
The Zone 3 extraction well system cannot hydraulically control the migration of tailings seepage-impacted water 
northward toward and eventually on to the Navajo Nation lands. All current extraction and hydraulic barrier 
implementation and any future pumping to reduce the pressure head will only yield short-term results. Because 
the structural tilting or dip of the impacted hydrostratigraphic strata also drives ground water flow northward, 
there is an irreducible elevation head that cannot be decreased by pumping.  
 
Counteracting this hydraulic force is the clogging of the formation’s pore spaces by the seepage-induced 
chemical alteration of feldspar to kaolinite clay in the aquifer matrix. This alteration-clogging action reduces the 
formation’s permeability and impedes the flow of seepage-impacted ground water. Eventually, there will be a 
balance between the irreducible hydraulic head and the trapping of seepage-impacted ground water from loss 
of permeability. 
 
In short, while pumping cannot completely reduce the hydraulic head that is causing the northward subsurface 
migration of contaminants, eventually it appears that clogging of the pores in the subsurface will impede the 
ground water that has been contaminated by seepage from the tailings and the subsurface migration will cease. 
The 2012 Ground Water Flow Model will be able to predict when this condition will occur. 
Recommendation: Continue the experimental efforts to create a subsurface hydraulic barrier in Zone 3 to slow 
down and contain the migration of the seepage-impacted water in the northern subsurface area.  

Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone 
Date 

N Y UNC EPA, NRC, NMED TBD 

OU1 Issue #4 Category: Monitoring 
Issue: UNC has indicated in its 2007 and 2012 Annual Review Report that there is no significant difference 
between the SWA uranium concentration levels in ground water and uranium concentration level trends that 
existed before the shutoff of the extraction wells and after shutoff of the extraction wells in 2001. The SWA 
extraction well system was temporarily shut off in 2001 to conduct an 18-month Natural Attenuation (NA) test 
and the wells have remained off since then. The conclusion reached by UNC is that NA is as effective as 
extraction of contaminated water in the reduction of uranium levels in the SWA. Although review of the 2012 
Annual Review Report indicates that UNC’s conclusion appears valid for most wells in the SWA, for some wells 
the levels of uranium have shown increasing trends since the extraction system was shut off. Consequently, the 
question still remains as to whether or not the operation of the extraction system in the SWA is effective for 

                                                      
 
1 Hydraulic head = pressure head plus elevation head. Pressure head is caused by seepage-impacted mound of 
water pushing the water downward and away as the pressure tries to reach neutral, at which point the pressure 
head will not be able to move the seepage-impacted water. Elevation head will continue to push the water 
because the hydrostratigraphic units are not flat but dipping northward.  
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Five-Year Review Summary Form (continued) 
improving ground water quality with respect to uranium and whether NA can be relied upon as part of the 
remedy to mitigate tailings seepage impacts on ground water. One factor that makes it difficult to determine 
whether NA could be as effective as extraction is that the UNC report relies on a 2006 statistical analysis of 
background contaminant concentration levels that does not agree with the 2008 Pro Upper Confidence Limit2 
(ProUCL) statistical finding. The 2008 ProUCL findings were developed by N.A. Water Systems for UNC. 
Recommendation: Determine whether the Southwest Alluvium (SWA) extraction wells have provided 
improvement in ground water quality with respect to uranium contamination when compared to Natural 
Attenuation (NA).  

Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone 
Date 

N Y UNC EPA, NRC TBD 

OU1 Issue #5 Category: Natural Attenuation 
Issue: Uranium concentrations in the SWA ground water do not exceed the uranium cleanup level of 5.0 
milligrams per Liter (mg/l) called for in the 1988 ROD. However, they do exceed the 2003 promulgated EPA Safe 
Drinking Water Act (SDWA) Maximum Contaminant Level (MCL) for uranium of 0.030 mg/l.  
Recommendation: Evaluate the use of various mechanism(s) of Natural Attenuation (NA) in the SWA for 
uranium as well as for other COCs in all hydrostratigraphic zones as part of the ongoing remediation effort to 
attain cleanup standards. 
Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone 
Date 

N Y UNC EPA, NRC TBD 

OU1 Issue #6 Category: Institutional Controls (IC) 
Issue: In light of the technical difficulties of achieving Site ground water cleanup levels using engineering 
controls, Institutional Controls (ICs) may have to play a larger role in protecting human health at the UNC Site. 
Consequently, ICs should be evaluated in the SWSFS Part III. 
Recommendation: Renew efforts to establish ICs that will help protect human health by restricting the use of 
contaminated ground water on affected Navajo Nation, Tribal Trust, and Indian Allotment lands.  
Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone 
Date 

N Y UNC, Navajo Nation Council, 
and BIA 

EPA, NRC TBD 

OU1 Issue #7 Category: Technical Impractability 

                                                      
 
2 ProUCL is a comprehensive statistical software package with statistical methods and graphical tools to address 
many environmental sampling and statistical issues. 
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Five-Year Review Summary Form (continued) 
Issue: Sulfate and TDS concentrations are not dependent on continued operation of extraction systems in the 
hydrostratigraphic units at the UNC Site, but rather these constituent concentrations are controlled by natural 
geochemical reactions, primarily the chemical equilibrium with gypsum and/or anhydrite. UNC’s conclusion that 
concentrations of sulfate and TDS will continue to exceed cleanup levels as long as the SWA and Zone 1 are 
saturated appears to be well supported. UNC has performed a TI evaluation and recommended that EPA invoke 
a TI waiver of the sulfate and TDS standards as well as for the manganese standard. 
Recommendation: Evaluate whether a Technical Impracticability (TI) waiver is appropriate for the Applicable or 
Relevant and Appropriate Requirements (ARARs) related to sulfate and TDS. This evaluation would be done as 
part of the ongoing SWSFS, Part III. 
 
Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone 
Date 

N N UNC EPA, NRC TBD 
OU1 Issue #8 Category:  Transient, Anthropogenic Aquifers 
Issue: The definition of background water at the UNC Site is not a natural water source but instead an 
anthropogenic artificial aquifer created by mine water effluent that was pumped from the Westwater Canyon 
Member of the Morrison Formation, which contains the uranium ore body. This water is also referred to as the 
ground water beneath the UNC Site which has been contaminated by the seepage-impacted water from the 
tailings. Thirty years of water level records have confirmed that this “ground water” aquifer is also transient in 
nature as the source of artificial recharge has been eliminated. 
Recommendation: Evaluate the anthropogenic origin and the transient nature of the artificially created ground 
water aquifers impact on future EPA ground water decision making 
Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone 
Date 

N N EPA EPA, NRC TBD 

Protectiveness Statement(s) 

Operable Unit: Protectiveness Determination: Addendum Due Date 
2 Will be Protective (if applicable): N/A 

Protectiveness Statement: 
The surface soil operable unit (OU2) status quo is protective of human health and the environment. The remedy 
described in the 2013 OU2 ROD, which provides for the disposal of NECR mine waste at the UNC Site Tailings 
Disposal Area is also expected to be protective of human health and the environment upon completion. At 
present, remedial design activities are underway which will adequately addressed all exposure pathways that 
could result in unacceptable risks in these areas. 

Operable Unit: Protectiveness Determination: Addendum Due Date 
1 Short-term Protective (if applicable): N/A 

Protectiveness Statement: 
The remedy at OU1 (the final source remedy) currently protects human health and the environment in the short 
term. Actions taken have minimized potential human exposures to contaminants found in the ground water and 
reduced the potential for the repository tailings to act as a source of ground water contamination. For the 
remedy to be protective in the long term, the following actions need to be taken:  
 

1. Evaluate and revise the estimated background contaminant levels at the UNC Site and reevaluate UNC 
Site cleanup standards (i.e., remediation goals) through the NCP decision-making process. 
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Five-Year Review Summary Form (continued) 
 

2. Complete the ongoing SWSFS Part III to develop and analyze remedial alternatives.  
 

3. Continue the experimental efforts to create a subsurface hydraulic barrier in Zone 3 to slow down and 
contain the migration of the seepage-impacted water in the northern subsurface area.  

 
4. Determine whether the Southwest Alluvium (SWA) extraction wells have provided improvement in 

ground water quality with respect to uranium contamination when compared to Natural Attenuation 
(NA).  
 

5. Evaluate the use of various mechanism(s) of Natural Attenuation (NA) in the SWA for uranium as well 
as for other COCs in all hydrostratigraphic zones as part of the ongoing remediation effort to attain 
cleanup standards. 
 

6. Renew efforts to establish ICs that will help protect human health by restricting the use of 
contaminated ground water on affected Navajo Nation, Tribal Trust, and Indian Allotment lands.  

 
7. Evaluate whether a Technical Impracticability (TI) waiver is appropriate for the Applicable or Relevant 

and Appropriate Requirements (ARARs) related to sulfate and TDS. This evaluation would be done as 
part of the ongoing SWSFS, Part III. 
 

8. Evaluate the anthropogenic origin and the transient nature of the artificially created ground water 
aquifers impact on future EPA ground water decision making.  

 

Site wide Protectiveness Statement 

For sites that have achieved construction completion, enter a site wide protectiveness determination and 
statement. 
Protectiveness Determination:   Addendum Due Date (if applicable): 
Short-term Protective   N/A 
Protectiveness Statement: 
The remedial action that has been taken to address ground water contamination at the UNC Site and the 
remedial action that has been taken to address contamination on the surface of the UNC Site are presently 
protective of human health and the environment and should remain protective in the short term. 
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1.0 Introduction 

 
The purpose of a five-year review is to evaluate the implementation and performance of a 
remedy in order to determine if the remedy is or will be protective of human health and the 
environment. This FYR is required because hazardous substances, pollutants, or 
contaminants (hereinafter "contaminants") remain on-Site above the risk-based levels 
determined in the 1988 Record of Decision (ROD), thereby preventing unlimited use and 
unrestricted exposure. The methods, findings, and conclusions of the review are documented 
in this fourth FYR report. In addition, this report summarizes issues identified during the 
review and includes recommendations and follow-up actions for them. Progress on the 
recommendations from the previous FYR is discussed. 
 
Protectiveness is generally defined in the National Contingency Plan (NCP) by the risk range and 
the hazard index (HI). Evaluation of the remedy and the determination of protectiveness should 
be based on and sufficiently supported by data and observations. The methods, findings, and 
conclusions of these evaluations are documented in FYR reports. In addition, FYR reports 
identify issues found during the review, if any, and make recommendations to address them. 
The NMED provided support for the performance of this review. 
 
The EPA Region 6, performed this FYR pursuant to Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) §121(c), 42 U.S.C. §9621(c) and the National 
Contingency Plan (NCP). CERCLA §121(c) states: 
 

If the President selects a remedial action that results in any hazardous 
substances, pollutants, or contaminants remaining at the site, the President shall 
review such remedial action no less often than each 5 years after the initiation of 
such remedial action to assure that human health and the environment are being 
protected by the remedial action being implemented. In addition, if upon such 
review it is the judgment of the President that action is appropriate at such site in 
accordance with section 104 or 106 [42 U.S.C. §§ 9604 or 9606], the President 
shall take or require such action. The President shall report to the Congress a list 
of facilities for which such review is required, the results of all such reviews, and 
any actions taken as a result of such reviews. 

 
The EPA interpreted this requirement further in the NCP; 40 Code of Federal Regulations (CFR) 
§300.430(f)(4)(ii), which states: 
 

If a remedial action is selected that results in hazardous substances, pollutants, 
or contaminants remaining at the site above levels that allow for unlimited use 
and unrestricted exposure, the lead agency shall review such action no less often 
than every five years after initiation of the selected remedial action. 
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The EPA has conducted a review of the remedial actions implemented at the UNC Church Rock 
site (the UNC Site), Church Rock, New Mexico. This review was conducted from February to 
September 2013. It is the Fourth FYR for the UNC Site. Previous FYRs for the UNC Site were 
conducted in 1998, 2003, and 2008. This report, entitled “Fourth Five-Year Review Report” 
documents the results of the review. 
 
The triggering action for the review is the signature date of the previous FYR report, September 
17, 2008.  
 
Statutory review is required for sites where the selected remedy does not allow unlimited use 
and unrestricted exposure after the cleanup actions are completed and the cleanup goals have 
been met. This FYR is required because hazardous substances, pollutants, or contaminants 
(hereinafter “contaminants”) remain at the UNC Site above levels that allow for unlimited use 
and unrestricted exposure. 
 
1.1 Synopsis 
 
This report presents: technical information from the last five years of work; the work done in 
the last five years; a description of Site issues; and the recommendations for the next five years. 
 
There are three types of ground water on the UNC Site. Two types are manmade 
(anthropogenic) and have been defined in the 1988 ROD and subsequent UNC Site 
documents.    The two types of manmade water were mine water from the Church Rock Mines 
and mill water from the UNC mill. The third type was natural water already in the ground and 
not from the mines or mill. The water that existed in the ground before mining is called “natural 
ground water” in the rest of this report. 
 
The mine water came from the Northeast Church Rock Mine and the Kerr McGee Church Rock 
Mine. The mine water was pumped from the mine shafts and flowed down the local arroyo. 
The mine water soaked into the ground under the arroyo. In the rest of this report, we refer to 
this ground water pumped from the mine shafts and into the arroyo as “post-mining/pre-
tailings ground water” or as “background ground water.” 
 
A byproduct of milling uranium is tailings slurry.  Tailings slurry is a thick liquid that is a mixture 
of water, chemicals, and waste ore.  After taking uranium out of the crushed ore rock, the 
remaining tailings slurry is piped to tailings disposal ponds (cells).  Some of this tailings slurry 
seeped into the ground water.  In the rest of this report, we refer to the ground water that has 
been impacted by the slurry as “post-mining/post-tailings ground water” or the “seepage-
impacted ground water.” 
 
The 1979 UNC dam break released tailings slurry that flowed down the Pipeline Arroyo for 
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many miles.  The tailings slurry water also soaked into the ground and rocks under the tailing 
disposal cells and under the arroyo.  In the rest of this report, the surface dirt, sand and gravel 
in the Pipeline Arroyo that is contaminated with tailings slurry is called the Southwest Alluvium.   
 
The Southwest Alluvium lies on top of bedrock.  The bedrock is mostly made of sandstone with 
some shale called the Upper Gallup Sandstone Formation.  The 1988 ROD has divided the 
bedrock into different units based on  whether they are mostly sandstone or mostly shale.  The 
sandstone units are called Zone 1 and Zone 3 and are separated by a shale unit called Zone 2.  
Only Zone 1 and Zone 3 sandstones are contaminated with tailings slurry water. In the rest of 
this report these sandstone bedrock areas are referred to as “Zone 1” and “Zone 3.” 
 
Over time all of the UNC Site tailings slurry has dried up. The dry tailings from the tailings slurry 
still exist but no longer contain any water.  The contaminated water flowed out of the tailings 
into the Zone 1 and Zone 3 and this water has moved away from the tailings disposal cells.  The 
water in the Southwest Alluvium flowed underground and southwest and north along the 
Pipeline Arroyo.  The Zone 1 and Zone 3 underground water flowed northward toward the 
Navajo Reservation.  The water has not moved onto the Navajo Reservation but may do so in 
the future.   
 
The ground water that was polluted was not natural ground water. The ground water that was 
polluted was the manmade ground water that was pumped from the mines and which then 
drained into the Southwest Alluvium and into the Zone 1 and into the Zone 3. 
 
The background ground water from the mines is a different type of ground water than the 
seepage-impacted ground water.  Both of these manmade ground waters contain radioactive 
elements.  The background ground water that came from the mines contains uranium, radium, 
and other metals. The seepage-impacted ground water also contains radium, metals and other 
contaminants because of the milling process.  The seepage-impacted ground water does not 
contain much uranium because it was removed during the milling process. The seepage-
impacted ground water is very acidic because of the acid added during the milling process. This 
is different than the background ground water which does not have the high acid content that 
the seepage-impacted ground water has.  It is important to be able to tell these two types of 
ground water apart because it is the seepage-impacted ground water that UNC/GE is required 
to cleanup.  They are not required to cleanup the background ground water. 
 
The manmade ground water is going away naturally because no water is being added anymore.  
The mines quit discharging water down the Pipeline Arroyo when they quit mining.  All of the 
water in the tailings slurry has already drained into the underlying Southwest Alluvium, Zone 1 
and Zone 3 so there’s no water being added from the existing dry tailings. 
 
Pumping has not occurred in the Southwest Alluvium since January 2001 and the contaminated 
ground water continues to shrink in volume.  Historically, only the non-hazardous sulfate and 
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total dissolved solids (TDS) exceed UNC Site standards in the Southwest Alluvium. In October 
2011, the following ground water contaminants exceeded UNC Site standards: chloride, 
manganese, sulfate, and TDS. 
 
Pumping does not work in the Zone 1 anymore because there isn’t enough water left to pump 
from the wells located in the Zone 1 sandstone. The seepage fluids from the tailings slurry 
contained elevated concentrations of metals, radionuclides, and major ions including sulfate 
and chloride.  In October 2011, only sulfate, manganese, and TDS (all of which are non-
hazardous) exceeded the UNC Site standards outside of the property boundary in Section 1 of 
Township 16 North, Range 16 West. Within the UNC Site, the following exceeded the UNC Site 
standards in October 2011: cobalt, nickel, total trihalomethanes (all hazardous) and the non-
hazardous sulfate, manganese, and TDS. 
 
Zone 3 is still being pumped but at some point in the future, there will not be enough water to 
pump anymore. The seepage fluids from the tailings slurry contained elevated concentrations 
of metals, radionuclides, and major ions including sulfate and chloride.  Some of the 
contamination found in the Zone 3 ground water is also from the background ground water 
that came from the mine discharge.  It can be hard to tell the difference between the 
background ground water and the seepage-impacted ground water.  The following detected 
ground water constituents exceeded UNC Site standards in October of 2011: aluminum, 
beryllium, cadmium, cobalt, gross alpha, lead-210, manganese, molybdenum, radium 226 & 
228, sulfate, thorium-230, TDS, total trihalomethanes, uranium, and vanadium. 
 
2.0 SITE CHRONOLOGY 
 
For a detailed chronology of events influencing Site activities, see Table 1. 
 
3.0 BACKGROUND 
 
3.1 Physical Characteristics 
 
The Site is located 17 miles northeast of Gallup, New Mexico and on the southern border of the 
Navajo Indian Reservation (Figure 1). The Site also sits along the southern margin of the San 
Juan Basin. UNC operated the UNC Site as a uranium mill facility from 1977 to 1982. The Site 
includes a former ore processing mill and Tailings Disposal Area, which cover about 25 and 100 
acres, respectively (Figure 2). The Tailings Disposal Area is subdivided by dikes into three cells 
identified as the South Cell, Central Cell, and North Cell. 
 
To the northwest and adjacent to the UNC Site is the former Northeast Church Rock (NECR) 
mine, an underground uranium mine which was also operated by UNC and which is currently 
subject to EPA response actions directed by EPA Region 9. To the north of the UNC Site is 
another former uranium mine that was operated by Rio Algom (formerly Kerr-McGee and 
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Quivira). The area surrounding the UNC Site is sparsely populated and the primary land use is 
grazing for sheep, cattle, and horses. 
 
Pipeline Canyon runs through the UNC Site from northeast to southwest. Site alluvium occurs 
along this drainage feature, including its floodplain. Upslope, Pipeline Canyon passes into 
Pipeline Arroyo (into which uranium mine water was formerly discharged). Pipeline Canyon is 
locally flanked by gentle mesas and land that has been regraded in conjunction with milling and 
former waste handling activities. 
 
The Site lies in an arid, desert climate, with an average annual precipitation of 10.6 inches per 
year. The evapotranspiration rate is estimated at 61 inches per year (MWH, 2004). Surface 
water occurs seasonally and flows from northeast to southwest along Pipeline Arroyo. 
 
3.2 Site Hydrogeology 
 
The Site is situated on alluvial valley fill, sandstone, and shale of Cretaceous age at the southern 
margin of the San Juan Basin. The stratigraphic units identified in the vicinity of the UNC Site, in 
descending order, are as follows: 
 

• Alluvium 
• Dilco Member of the Crevasse Canyon Formation 
• Upper Gallup Sandstone 

Zone 3, upper sandstone 
Zone 2, shale and coal 
Zone 1, lower sandstone 

• Upper D-Cross Tongue Member of the Mancos Shale 
 
The upper D-Cross Tongue Member of the Mancos Shale, which has a low permeability, acts as 
an aquitard to prevent or retard the downward migration of ground water. Lithologic well logs 
indicate that the thickness of the upper D-Cross Tongue is approximately 130 feet (ft) thick in 
the vicinity of the UNC Site (Canonie Environmental, 1987). 
 
Geologic surface mapping showed the sedimentary bedrock strata are overall very gently 
dipping (inclined) toward the north (though the bed contacts undulate and are locally flexured). 
 
From approximately 1969 to 1986, large quantities of ground water were pumped from the 
nearby upgradient NECR and Quivira mines to dewater the underground workings (water 
was pumped from the Westwater Canyon Member of the Jurassic age Morrison Formation 
located several hundred feet beneath the ground surface). This mine water was discharged to 
the local arroyo known as Pipeline Arroyo, which runs across the UNC Site. A portion of the 
mine discharge water infiltrated into the alluvium and Zone 1 and Zone 3 of the Upper Gallup 
Sandstone Formation in the vicinity of the UNC Site by spreading laterally and downward from 
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the discharge source along the length of Pipeline Arroyo, creating an artificially high water 
table beneath the UNC Site.  
 
An amendment to EPA National Pollutant Discharge Elimination System (NPDES) Permit 
NM0020401 was issued on December 12, 1974, to allow the discharge of mine effluent 
outfall serial number 001 to “an unnamed arroyo to the Puerco River in the Little Colorado 
River Basin...” to be changed from the following existing effluent characteristics and 
discharge limitations:  
 
 Effluent Characteristic Daily Average Daily Max   
 Total Suspended Solids 400 mg/l 800 mg/l 
 Total Uranium N/A 2 mg/l 
 Dissolved Radium 226 N/A 25 pCi/l 
 
The above were changed to the following effluent characteristics and discharge limitations on 
the effective date and lasting through December 31, 1975: 
 
 Effluent Characteristic Daily Average Daily Max   
 Total Suspended Solids 100 mg/l 200 mg/l 
 Total Uranium N/A 2 mg/l 
 Dissolved Radium 226 N/A 30 pCi/l 
 
During the period beginning on January 1, 1976, and lasting through June 30, 1977; the 
following effluent characteristics and discharge limitations were:  
 
 Effluent Characteristic Daily Average Daily Max   
 Total Suspended Solids 20 mg/l 30 mg/l 
 Total Uranium N/A 2 mg/l 
 Dissolved Radium 226 N/A 30 pCi/l 
 
During the period beginning on July 1, 1977, through the date of expiration of January 27, 1980; 
the following effluent characteristics and discharge limitations were:  
 
 Effluent Characteristic Daily Average Daily Max   
 Total Suspended Solids 20 mg/l 30 mg/l 
 Total Uranium N/A 2 mg/l 
 Dissolved Radium 226 N/A 3.3 pCi/l 
 
The NECR mine shaft was sunk in 1968 and natural ground water was encountered at an 
elevation of about 6,692 feet above sea level in the Gallup Sandstone. Ground surface 
elevation of the UNC Tailings Disposal Area is at about 6,950 feet above sea level. 
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The UNC uranium mill operated from 1977 to 1982. Uranium ore was processed at the facility 
using a combination of crushing, grinding, and acid-leach solvent extraction methods. The 
milling operation produced tailings (acidic slurry of ground rock and fluid). From processing, an 
estimated 1.5 million tons of tailings were disposed in the tailings impoundment within the 
Tailings Disposal Area. The contaminated acidic slurry seeped downward beneath the Tailings 
Disposal Area, eventually encountering the mine discharge water3. The actual timing and 
location of this mixing front cannot be determined but is generally located by various chemical 
concentrations during water sampling. In addition, the seepage-impacted4 water is generally 
low in uranium due to being removed during the milling process. 
 
Due to the migration of radionuclides and other contaminants into the ground water, 
pursuant to the Comprehensive, Environmental Response, Compensation and Liability Act 
(CERCLA), the UNC Site was listed on the National Priorities List (NPL) of Superfund sites by 
the EPA, 48 Fed. Reg. 40658 (Sept. 8, 1983). The EPA conducted a Site Remedial Investigation 
(RI) and Feasibility Study (FS) from 1984 through 1988. The RI report confirmed that mine 
discharges to Pipeline Arroyo from the nearby uranium mines and tailings seepage from the 
Tailings Disposal Area contaminated the alluvial sediments, and Zone 1 and Zone 3 of the 
Upper Gallup Sandstone Formation. 
 
Under a 1988 Memorandum of Understanding (MOU) between EPA and the U.S. Nuclear 
Regulatory Commission (NRC), 53 Fed. Reg. 37887 (September 28, 1988), NRC is designated 
the lead federal agency responsible for regulating the reclamation and closure activities 
completed at the Tailings Disposal Area pursuant to the NRC's Source Materials License SUA-
1475 (License) and the Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978, 42 
U.S.C. §7901 et seq. Under the MOU, the NRC-regulated reclamation and source control 
actions are subject to EPA monitoring and review to ensure that such actions will allow 
attainment of the CERCLA requirements outside of the Tailings Disposal Area. The EPA is the 
lead federal agency responsible for remediation of ground water contamination outside of 
the Tailings Disposal Area.  
 
Three classes of ground water have been defined for the UNC Site. Two of these classes are 
anthropogenic and have been defined in the 1988 ROD and subsequent UNC Site documents as: 
1) post-mining/pre-tailings (background) and 2) post-mining/post-tailings (commonly referred 
to as tailings-impacted or seepage-impacted). The third class of ground water is derived from 
natural recharge and is described by the ROD as pre-mining/pre-tailings (natural). The existing 
ground water contamination is primarily the results of the post-mining/post-tailings ground 

                                                      
 
3 post-mining/pre-tailings (background) 
4 post-mining/post-tailings (commonly referred to as tailings-impacted or seepage-impacted) 
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water (commonly referred to as tailings-impacted or seepage-impacted) moving away from the 
Tailings Disposal Area and mixing with the post-mining/pre-tailings ground water (background) 
in the Southwest Alluvium and Zone 1 and Zone 3 of the Upper Gallup Sandstone Formation. 
 
The UNC Site ground water OU consists of the three uppermost water-bearing units or aquifers, 
all of which were mostly artificially created by up-gradient mine dewatering, as explained 
above. From the geologically youngest to the oldest (based on the age of the strata—not the 
age of the aquifer), these units are referred to as: (1) alluvium (Quaternary age unconsolidated 
materials along Pipeline Canyon, having a maximum thickness of approximately 150 ft and a 
maximum width of approximately 4,000 ft); (2) Zone 3 (uppermost stratigraphic unit of the 
Cretaceous age Upper Gallup Sandstone, having a thickness of 70 to 90 ft in the area of the 
Tailings Disposal Area); and (3) Zone 1 (lowest stratigraphic unit of the Cretaceous age Upper 
Gallup Sandstone, having a thickness of 80 to 90 ft in the area of the Tailings Disposal Area). 
Zones 1 and 3 are in contact with the alluvium at the Tailings Disposal Area, thus allowing 
movement of contaminated ground water directly into both Zones 1 and 3. The movement of 
Tailings seepage into Zone 1 is believed to have occurred mainly via two borrow pits (Borrow Pit 
Nos. 1 and 2) that were excavated in the impoundments down to Zone 1. These two borrow 
pits were later reclaimed to prevent an ongoing source of seepage to Zone 1. Zone 1 and Zone 3 
are separated by Zone 2, comprising approximately 15 to 20 ft of coal and shale which acts as 
an aquiclude, strongly inhibiting vertical hydraulic communication and contaminant transport. 
 
Mine water was discharged to the Pipeline Arroyo (Figure 2), which infiltrated into the alluvium 
and then into Zone 3 and Zone 1 creating aquifers. The mine-discharge water is referred to as 
the post-mining, pre-Tailings water in the 1988 ROD and is considered the background water 
for the UNC Site. From 1968 to 1977, mine water was treated in settling ponds near the mine 
site to remove suspended radium and other metals prior to discharge to the Pipeline Arroyo. 
Starting in 1977 and ending in 1983, mine water was processed in an ion-exchange plant at the 
mine site prior to discharge to the arroyo. Seepage from the tailings, which were deposited at 
the Tailings Disposal Area beginning in 1977, then impacted this background water. Impact 
from the tailings seepage has been observed in the alluvium southwest of the tailings 
impoundment (SWA) and in Zone 3 and Zone 1 to the northeast and east of the impoundment 
(EPA, 1998). 
 
The ground water in the alluvium flows to the southwest along Pipeline Arroyo. The ground 
water in Zones 1 and Zone 3 flows in a northeasterly direction. The source of the water in all 
three formations is in large measure believed to be the result of historical mine-discharge water 
infiltration (ORD, 2013). Water levels in all three formations reached their highest levels 
between 1977 and 1986. The amount of saturated thickness in the three units has decreased 
significantly since the mine water discharge ceased in 1986. Based on the increasing depth to 
the top of the water table surface, hydrologic conditions depict an overall trend toward a pre-
mining state of little to no saturation. Table 2 presents the projected well dryness dates for 
each hydrostratigraphic unit. Canonie Environmental, 1987 predicted that the aquifer system 
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would revert back to its original dry or near-dry state by 2065.  
 
In 2012, EPA Office of Research and Development (ORD) was tasked by EPA Region 6 to provide 
comment on the background conditions of the near-surface aquifer system created by the 
NECR and Quivira uranium mine dewatering activities over the 17 year period of discharges 
from 1969-1986. On March 25, 2013, ORD issued an official memorandum on the background 
ground water conditions in the SWA and Zones 1 and 3 of UNC Site. The memorandum 
describes how infiltration of mine discharge water became the “background” condition of 
water chemistry for the shallow aquifer system at the UNC Site. As explained later in this FYR, 
the 2012 Ground Water Flow Model for the UNC Site recognizes three types of ground water at 
the UNC Site. Two of these classes are anthropogenic and have been defined in the 1988 ROD 
and subsequent UNC Site documents:  
 

1) post-mining/pre-tailings (background); 
2) post-mining/post-tailings (commonly referred to as tailings-impacted or seepage-

impacted); and  
3) ground water derived from natural recharge and described in the 1988 ROD as pre-

mining/pre-tailings (natural). 
 
The memorandum also recognizes that milling disposal operations at the UNC Site created an 
acidic tailings mound of ground water on top of the artificially created shallow aquifer system 
that subsequently seeped upward, intercepted the tailings mound, and created a plume of 
contamination. ORD also concluded that: “It is important to note that the artificial aquifer 
system is only a temporary system and has been gradually drying up since cessation of mine 
water discharge at the [UNC Site]. Eventually, the aquifer will revert back to its original dry or 
near-dry state since no net recharge to the aquifer system is occurring.” In short, there was no 
(or very little) ground water in the vicinity of the UNC Site until the up-gradient mine discharged 
ground water from the mine, and that water percolated into the ground. This artificial aquifer 
intercepted the tailings mound at the UNC Site from below. Now that the mine is no longer 
dewatering, this manmade aquifer is drying up. The aquifer no longer intercepts the tailings. In 
fact, ground water data from October 2002 show that the water table is now 40 to 70 feet 
below the tailings in the Tailings Disposal Area.  
 
3.3 Land and Resource Use 
 
Operation of the NECR uranium mine began in 1968 and uranium milling at the UNC Site began 
in 1977. Milling activities ceased in 1982, and the Tailings Disposal Areas have since achieved 
interim closure status in accordance with UNC’s License for radioactive material. Currently, 
activities at the UNC Site are limited to operation and maintenance (O&M) of the ground water 
remedial program, and the maintenance of the interim tailings cover. The interim tailings cover 
meets the NRC requirements for compliance with the radon gas emission level, but the final 
cover has not been constructed over the South Cell evaporation ponds. Final remedial actions, 
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including backfilling of the evaporation ponds, capping of the evaporation pond area, and 
completion of the final drainage swales at the Tailings Disposal Area, will be completed after 
remedial actions related to the surface soil OU remedial action for the NECR mine waste 
disposal are completed. 
 
The surrounding lands include the Navajo Reservation, Tribal Trust Land, Indian Allotment Land, 
and UNC-owned property. These lands are sparsely populated and the primary land use near 
the site is grazing for sheep, cattle, and horses. The 2010 Census population for the Church 
Rock Chapter is 2,868 and 1,109 for the Pinedale Chapter (US Census, 2010). Land use has not 
changed since the 1988 ROD.  
 
The 2008 UNC FYR report made note of the planning for a 1,000 unit housing complex in the 
vicinity of Springstead approximately seven miles to the southwest of the UNC Site. Contact 
with the Fort Defiance Housing Authority developer in February 2013 indicated there are no 
plans or available funding, and it is no longer a viable project. On November 19, 2008, the 
Navajo Nation opened the 64,000 square foot Fire Rock Casino approximately 10 miles 
southwest of the UNC Site. 
 
Four water wells are within a 4-mile radius of the UNC Site, the nearest being 1.7 miles 
northeast of the UNC Site which is Navajo Nation windmill 15K-303 that is 614 ft deep and 
completed in the Gallup Sandstone Formation (poor water quality). There is a water pipeline 
from Pinedale that supplies potable water to area residents. Nearby residents also use bottled 
water for drinking. 
 
3.4 History of Contamination 
 
The UNC uranium mill was granted a radioactive materials license by the State of New Mexico 
in May 1977, and operated from June 1977 to May 1982. The mill, designed to process 4,000 
tons of ore per day, extracted uranium using conventional crushing, grinding, and acid-leach 
solvent extraction methods. Uranium ore processed at the UNC Site came from the NECR and 
the Old Church Rock mines. The average ore grade processed was approximately 0.12 percent 
uranium oxide. The milling of uranium ore produced acid slurry of ground waste rock and fluid 
(tailings) that was pumped to the Tailings Disposal Area. An estimated 3.5 million tons of 
tailings were disposed in the tailings impoundments (EPA, 1998). 
 

3.4.1 Tailings Disposal and Leaching 
 
Tailings liquids were stored in the areas of Borrow Pits Nos. 1 and 2, the North Cell, and the 
South Cell. The North Cell has been the primary source of tailings seepage. An estimated 5 
million gallons was previously available to migrate into the alluvium and Zone 3 located 
beneath the North Cell. Zone 1 is not affected by the seepage source in the North Cell, because 
it is hydraulically separated from this source by Zone 2.  
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The borrow pits were present in the Central Cell area. Borrow Pit No. 1 was used to dispose of 
tailings and Borrow Pit No. 2 was used to retain tailings liquids (EPA, September 1988). The 
liquid stored in Borrow Pit No. 2 has been neutralized since 1983. However, it has been 
proposed that prior to 1983, both borrow pits behaved as a single hydraulic unit and provided a 
source of acidic seepage to the alluvium, Zone 3, and Zone 1. 
 
The tailings are estimated to be a mixture of approximately 80 percent coarse tailings and 20 
percent fine tailings (Canonie, 1991). The coarse tailings typically produce lower radon 
emissions than the fine grained fraction. Field investigation data collected in 1986 showed the 
coarse tailings to have a range of 108 to 227 pCi/g radium with an average radium content of 
154 pCi/g. Data for the fine-grained tailings showed a range of 285 to 1099 pCi/g radium with 
an average radium content of 547 pCi/g. From 1993 through 1995 and in accordance with the 
Tailings Reclamation Plan, UNC’s contractors performed reclamation action for the Tailings 
Disposal Area. During reclamation actions, the tailings were regraded so that coarse tailings or 
other material (i.e., windblown tailings) covered the fine-grained tailings to provide a minimum 
seven-foot thickness of coarse tailings over the fine-grained tailings. The purpose was to 
minimize radon emissions from the tailings and reduce the amount and thickness of soil that 
would be needed to cover the Tailings Disposal Area, including the coarse tailings which were 
placed on top of the fine tailings. The tailings disposal cell caps were constructed using 18 to 24 
inches compacted soil which was overlain with 3 inches of rock mulch. The final layer consisted 
of compacted soil (EPA, 2012).  
 
3.4.2 Tailings Spill 
 
In July 1979, the primary dam on the South Cell breached, releasing approximately 93 million 
gallons of acidic tailings pond water to the Pipeline Arroyo and the Puerco River drainage 
system. A small emergency retention dam captured approximately 1,100 tons of solid material 
from the release. The South Cell primary dam was repaired shortly after its failure. Cleanup and 
assessment of the resultant spill was conducted according to state and federal criteria, with 
oversight by the EPA, NRC, Navajo Area Indian Health Service, DOE, NMEID, and Center for 
Disease Control (CDC). Surface water, ground water, and air monitoring were expanded after 
the spill and during the cleanup over the next year. Arroyo sediments, vegetation, livestock, and 
some local residents were tested for potential effects caused by the release by NMEID or other 
agencies. An evaluation of the UNC spill cleanup was performed in 1979 and reported in a 1980 
NRC report (NUREG/CR-2449). The multi-agency response and assessment of the 1979 UNC 
tailings dam release and cleanup results were as follows: 
 

• Six Navajo residents most likely exposed to spill contaminants were tested at the Los 
Alamos National Laboratory for radiation exposure where they displayed normal levels 
of radioactivity. 
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• Surface water quality impacts from the spill were no longer evident, but the water 
quality was primarily influenced by mine dewatering and natural runoff. 
 

• Ground water quality along the arroyo and Puerco River was highly variable and 
naturally geochemically similar to spill liquid quality and mine dewatering discharge. 
Wells completed in the alluvium were more likely to show some elevated 
concentrations of metals and radioactivity related to the spill, but alluvium with high 
clay content appeared to effectively remove many spill contaminants. 
 

• Channel sediment sampling indicated the most elevated concentrations of radionuclides 
were located in the first few miles of the breached impoundment and in the first foot of 
depth. Levels of uranium-238 and radium-226 were not elevated above background. 
Levels of lead-210 were most elevated in the first few miles below the dam break and 
thorium-230 were most elevated many miles downstream. No evidence of spill 
contamination was found below two feet of depth in channel sediments. 
 

• During the cleanup, air particulate and thorium-230 levels were significantly elevated 
above background levels. Following the spill, within 12 weeks of continuous air 
monitoring levels of uranium, radium, lead, and thorium had returned to background 
levels. 
 

• Native grasses, shrubs, and corn samples collected along the Puerco River contained 
levels of radionuclides that were considered background for the region. Vegetation 
collected along the arroyo bottom was elevated in thorium-230 and radium-226, but not 
at levels that were statistically significant compared to background levels. 
 

• Livestock were potentially exposed to three sources of radioactivity: natural runoff, 
mine dewatering discharge, and spill liquid. Animals that were exposed to Puerco River 
water showed higher levels of radioactivity than control animals. Lead-210 and radium-
226 levels appeared to be correlated with the age of the animal and prolonged exposure 
to mine dewatering discharge and natural runoff rather than short term exposure to 
spill water and contaminants. 
 

• Recommendations from the assessment included: 1) the Puerco River should not be 
used as a primary source of water for human consumption, livestock watering, or 
irrigation; 2) additional study of mine dewatering effluent and natural runoff was 
needed to define potential hazards from prolonged use; 3) consumption of Church Rock 
area livestock livers and kidneys should be avoided but sampled to re-evaluate long-
term risks from consumption of such tissues; 4) wells that draw water from the alluvium 
should be sampled annually for gross alpha activity; and 5) new wells should not draw 
water from the upper 100 ft of alluvium which should be sealed off from lower 
producing zones.  
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3.4.3 Ground Water Contamination 

 
The NECR Mine was dewatered to access the uranium ore in the deep bedrock unit 
approximately 1,500 to 1,700 ft below the surface. The saturated uranium ore-bearing unit is 
the Westwater Canyon Member of the Jurassic age Morrison Formation. Water from the mine 
was discharged to the northwest branch of Pipeline Arroyo at a location just north of the mine. 
Water was also discharged to the arroyo from a nearby mine operated by Kerr McGee 
(subsequently Quivira now Rio Algom). Mine water was discharged to the arroyo from March 
1969 through February 1986 at an average rate of approximately 3,000 gpm. The mine water 
discharges infiltrated the alluvium and Zones 1 and 3 of the Upper Gallup Sandstone Formation, 
significantly recharging these aquifers, which were probably dry prior to receiving the mine 
water discharge, and creating an artificially high water table under the UNC Site. In the EPA’s RI 
report, it was estimated that discharge water infiltrated into the alluvium at a rate of 250 gpm.  
 
The large volume of continuous mine dewatering effluent that infiltrated and saturated the 
mostly dry alluvium and limited parts of Zones 1 and 3 created an artificial aquifer system with 
a water chemistry and quality similar to that of the mine discharge effluent. This artificial 
aquifer was designated in the 1988 ROD as the ground water aquifer. The ground water quality 
that existed prior to contact with the acidic mill tailings seepage water was designated as the 
“background” water for reference and comparison even though it was not naturally occurring. 
Formally named as, “the post-mining, pre-tailings background water,” it was initially unaffected 
by Tailings seepage, and it exceeded New Mexico Water Quality Control Commission 
(NMWQCC) numerical ground water standards for several contaminants, including sulfate and 
TDS. 
 
The leaching or seepage of tailings fluid containing radioactive and non-radioactive 
contaminants and associated constituents (tailings seepage) occurred from the tailings disposal 
cells downward through the underlying soils and into the ground water. This tailings seepage 
contaminated the alluvium and Zones 1 and 3, which had already been significantly saturated 
and recharged by the mine water discharges. These seepage-impacted areas are shown on 
Figure 3. The alluvium was impacted in three areas: southwest of the South Cell, north of the 
North Cell and in Section 36 to the north of the Tailings Disposal Area. These areas are referred 
to in the 1988 ROD as the South or SWA, North Alluvium, and Section 36 Alluvium. They have 
been mapped by evaluating ground water chemistry conditions using monitoring well samples 
that show a mixing effect between existing water and the more concentrated acidic tailings 
seepage. The affected alluvial ground water typically displays a relatively low (acidic) pH5 and 
elevated concentrations of nitrate, sulfate, TDS, bicarbonate, chloride, select heavy metals, and 

                                                      
 
5 Higher pH water or soil is more alkaline. Lower pH water or soil is more acidic. 
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select radionuclides. Tailings seepage-impacted ground water in Zone 1 and Zone 3 also 
displays a water quality geochemistry similar to that of the impacted alluvial ground water. 
 
3.5 Initial Response 
 
Prior to 1988 ROD issuance, UNC undertook the following actions under its NRC License and 
requirements by NMEID. Initial corrective action to address ground water concerns began with 
tailings seepage investigations and neutralization of the acidic tailings. These actions were 
performed from 1979 through 1982. Tailings neutralization included the addition of ammonia 
and lime to the tailings to raise the pH. NMEID also required that UNC remediate ground water 
in Zones 1 and 3. Ground water remediation began in 1982 and consisted of: installation and 
operation of wells to extract tailings seepage; neutralization of the extracted water, and 
discharge of the neutralized water into the tailings disposal cells for evaporation.  
 
Implementation of the processes for reclamation and ground water remediation under the NRC 
License began in 1986 when the NRC assumed mill site licensing responsibility from the State. A 
draft reclamation plan was submitted to NRC in 1987 and the final plan was approved in March 
1991. The NRC required that reclamation construction activities begin in 1988, three years prior 
to final approval of the reclamation plan. The ground water remediation, as required under NRC 
regulations and in the License, was incorporated into the reclamation plan. The Corrective 
Action Plan (CAP) included cleanup standards for the UNC Site as determined by the NRC.  
 
EPA’s involvement at the UNC Site began in 1981 when the UNC Site was placed on the Interim 
Priority List under CERCLA. The Site was proposed for listing on the NPL in 1982 and placed on 
the NPL in 1983, because of seepage from the tailings and the resulting off-site migration of 
radiological and chemical constituents in the ground water. The EPA commenced the remedial 
investigation and feasibility study (RI/FS) in March 1984 with the RI field activities being 
conducted from March 1984 through August 1987. The objectives of the RI field activities were 
to determine the nature and extent of ground water contamination in the SWA, and in Zone 1 
and Zone 3 of the Upper Gallup Sandstone. The EPA released the RI and FS reports in August 
1988, along with a proposed plan-of-action fact sheet for the UNC Site ground water 
remediation. A Public Health Assessment (PHA) was included in the FS report. The PHA 
addressed the potential hazards to public health associated with the potential use of the 
impacted ground water near the UNC Site. The PHA concluded that the potential risk associated 
with the use of ground water from Zones 1 and 3 exceeded 1X10-6 excess lifetime cancer risk. 
To protect human health, EPA has set the acceptable risk range for carcinogens at Superfund 
Sites from 1 in 10,000 to 1 in 1,000,000 (expressed as 1 x 10-4 to 1 x 10-6). A 1x10-6 excess 
lifetime cancer risk means that, in a lifetime of exposure to site contaminants, a resident would 
have a one in a million excess risk of getting cancer, when compared to the average person in 
the United States. The average risk of cancer is about one in three in the United States. Where 
the aggregate risk from carcinogenic contaminants of concern (COC) based on existing 
Applicable or Relevant and Appropriate Requirements (ARARs) (see explanation of ARARs 
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below in section 3.6.1) exceeds 1 x 10-4, or where remediation goals are not determined by 
ARARs, EPA uses the 1 x 10-6 as a point of departure for establishing preliminary remediation 
goals for carcinogens. This means that accumulative risk level of 1 x 10-6 is used as the starting 
point (or initial “protectiveness” goal) for determining the most appropriate risk level that 
alternatives should be designed to attain. Factors related to exposure, uncertainty and 
technical limitations may justify modification of initial cleanup levels that are based on the 1 x 
10-6 risk level.  
 
In addition to the carcinogenic risk, the Hazard Index (HI) for the UNC Site was found to exceed 
1.0. The HI is used to measure the risk to human health posed by toxicity that is not related to 
the carcinogenic effect of the contaminant at issue. For non-carcinogenic toxic chemicals, the 
toxicity assessment is based on the use of reference doses (RfDs) . A reference dose is the 
concentration of a chemical known not to cause health problems. The estimated potential site 
related intake of a compound is compared to the RfD in the form of a ratio, referred to as the 
hazard quotient (HQ). If the HQ is less than one, no adverse health effects are expected from 
potential exposure. When environmental contamination involves exposure to a variety or 
mixture of compounds, a hazard index (HI) is used to assess the potential adverse effects for 
this mixture of compounds. The HI represents a sum of the hazard quotients calculated for each 
individual compound. HI values that approach or exceed 1.0, generally represent an 
unacceptable health risk that requires remediation (See Table 8 of the risk assessment).  
 
The RI report concluded the following: 
 

• In the SWA, an area of seepage-impacted ground water is present that extends a 
minimum of 1,000 feet past the South Cell. The extent of the seepage-impacted 
ground water was beyond the furthest down-gradient well (at that time). Alluvial 
contaminants included TDS, nitrate, sulfate, heavy metals (selenium, manganese, 
cadmium, and molybdenum), and radionuclides (predominantly gross alpha, but gross 
beta, radium-226, and radium-228 were also detected). Uranium was also detected at 
a level exceeding an HQ for children (2.7). 
 

• In Zone 3, an elongate area of seepage-impacted ground water was present more than 
2,000 feet from the north cell. Contaminants included TDS, ammonia, low pH, sulfate, 
nitrate, heavy metals (cadmium, chromium, manganese, arsenic, and beryllium), and 
radionuclides (thorium, uranium, gross alpha, gross beta, radium-226, and radium-
228). 

 
• In Zone 1, seepage-impacted ground water in two areas had migrated northeast and 

east at least 800 feet from former Borrow Pit No. 2. Contaminants included TDS, acidic 
pH, nitrates, heavy metals (cadmium, arsenic, and manganese), and radionuclides 
(thorium, uranium, gross alpha, and gross beta). 
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On August 26, 1988, the EPA and NRC signed a MOU that provided for coordination of: 1) the 
NRC reclamation and closure activities at the Tailings Disposal Area; and 2) the EPA CERCLA 
ground water remedial action. The intent of the MOU was to “establish the roles, 
responsibilities, and relationship between” the EPA and NRC, and to “help assure that remedial 
actions occur in a timely and effective manner.” The MOU recognized that the EPA would 
conduct a CERCLA RI/FS and sign a 1988 ROD that addressed ground water contamination 
outside of the Tailings Disposal Area. The EPA would then require UNC to implement the 
selected CERCLA remedial action under EPA oversight. 
 
3.6 Basis for Taking Action 
 
This section describes the contaminants found in the ground water impacted by Tailings 
seepage at the UNC Site. No other media are relevant to this review. 
 

3.6.1 Applicable or Relevant and Appropriate Requirements 
 
Section 121(d) of the Comprehensive Environmental Response, Compensation, and Liability Act 
of 1980 (CERCLA), 42 U.S.C. § 9621(d), requires that on-site remedial actions attain or waive 
promulgated Federal environmental Applicable or Relevant and Appropriate Requirements 
(ARARs), or more stringent promulgated State environmental ARARs, upon completion of the 
remedial action. The 1990 National Oil and Hazardous Substances Pollution Contingency Plan 
(NCP) require compliance with ARARs during remedial actions and during removal actions to 
the extent practicable. ARARs are identified on a site-by-site basis for all on-site response 
actions where CERCLA authority is the basis for cleanup. The ARARs established in the 1988 
ROD for this Site which were evaluated as part of this review include: 
 

• National Primary Drinking Water Standards; 
• New Mexico Water Quality Control Commission (NMWQCC) Regulation Standards 

(including Human Health “Drinking Water Standards”); 
• Resource Conservation and Recovery Act standards applicable to background 

(required three monitoring wells: one upgradient monitoring well and two 
downgradient monitoring wells used to determine background concentration values); 
and 

• Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings 
(40 CFR 192), as adopted by 10 CFR 40, Appendix A, pursuant to Uranium Mill Tailings 
Radiation Control Act (UMTRCA). 

 
Contaminant-specific ground water ARARs presented in the 1988 ROD are shown in Table 3. 40 
CFR §300.430 (f)(1)(ii)(B)(1) states that requirements that are promulgated or modified after 
ROD signature must be attained (or waived) only when determined to be applicable or relevant 
and appropriate and necessary to ensure that the remedy is protective of human health and the 
environment. Accordingly, any new potential ARARs must be attained only under certain 
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specific conditions. The protectiveness of the existing 1988 ROD ARARs in light of revised 
federal or state standards is discussed in Section 5. 
 

3.6.2 Contaminants of Concern 
 
The 1988 ROD identified contaminant specific ARARs from the federal Safe Drinking Water Act 
(SDWA) National Primary Drinking Water Standards (Maximum Contaminant Levels or MCLs) 
and the NMWQCC regulation standards. The 1988 ROD also identified health based criteria (for 
those contaminants where MCLs and NMWQCC standards were not available) as to be 
considered (TBC) criteria, along with background levels where the post-mining, pre-tailings 
background levels were higher than federal or state standards or health based criteria. The 
health based criteria and background levels identified for the UNC Site, in addition to ARARs, 
are collectively referred to as the 1988 ROD cleanup levels for the purposes of this FYR and are 
shown in Table 3. Although not specifically stated as “cleanup levels” in the 1988 ROD, these 
ARARs, health based criteria, and background levels represent the cleanup levels that have 
been used throughout the course of the CERCLA cleanup effort (1988-2013). Specifically, the 
cleanup levels established in the 1988 ROD are as follows:  
  

• Post-mining, pre-tailings background levels were established for iron, manganese, 
sulfate, nitrate, and TDS. 

  
• MCLs were selected as the cleanup levels for arsenic, barium, cadmium, chromium, 

lead, mercury, selenium, silver, radium-226, radium-228, and gross alpha. The basis 
for thorium-230 is the gross alpha standard of 15 pCi/L. 

 
• NMWQCC standards were selected as the cleanup levels for aluminum, cobalt, copper, 

molybdenum, nickel, zinc, chloride, and uranium-238. NMWQCC standards and MCLs 
were the same for barium, cadmium, chromium, lead, mercury, and silver. 

 
• Health based criteria were calculated using Reference Doses (RfD), assuming a 70-

kilogram individual who consumes 2 liters of water per day, for antimony, beryllium, 
thallium, and vanadium. 

 
Table 2 of the 1988 ROD (Contaminant-Specific Ground Water ARARs) identifies cleanup levels 
for the twenty-eight contaminants detected in Site ground water during the RI (see also Tables 
4 and 5 of the 1988 ROD). Of the 28 cleanup levels, 19 are ARARs, four are health-based criteria 
and five are post-mining/pre-tailings background levels. Table 6 of the 1988 ROD identifies 
those Site contaminants that exceed the cleanup levels and the aquifer(s) in which they were 
exceeded. This information is summarized in Table 3. At the time the 1988 ROD was prepared, 
the alluvium was divided into North Alluvium, South (or Southwest) Alluvium and Section 36 
Alluvium target areas. The remedy selected by EPA in the 1988 ROD for the alluvium focused on 
the Southwest Alluvium (SWA) target area (as shown in Table 3 of this FYR). 
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While preparing the Remedial Design in 1989, UNC evaluated the existing ground water data to 
determine which contaminants exceeded the 1988 ROD cleanup levels. The Remedial Design 
proposed only those contaminants exceeding the cleanup levels for inclusion in the monitoring 
program. This evaluation of the ground water data showed that 14 contaminants were below 
the cleanup levels (antimony, barium, beryllium, chromium, copper, iron, lead, mercury, silver, 
thallium, vanadium, zinc, uranium-238, and thorium-230). Radium-226 and radium-228 
combined only exceeded the cleanup level in Zone 3. NRC standards (as documented in the 
License) were also considered in the Remedial Design Report. The License identified 15 
contaminants, including four not previously identified in the 1988 ROD (lead-210, chloroform, 
cyanide, and naphthalene). The NRC’s GWPS were exceeded in Zone 3 for all 15 analytes. 
However some of these analytes (e.g., arsenic) were detected at concentrations below NRC’s 
standards for Zone 1 and the SWA. 
 
Review of the Remedial Design Report (Tables 1.1 and 1.2) suggests that the comparison to 
cleanup levels and standards may have used different sets of wells (or errors exist in the 
tables), because unexpected results are noted (for example, the NRC beryllium standard of 0.05 
mg/l is exceeded in Zones 1 and 3, while no exceedance is indicated for the EPA cleanup level of 
0.017 mg/l). It was also noted that the contaminant sulfate, which is elevated throughout the 
UNC Site, is not identified as exceeding the cleanup level. At this time project documents refer 
to uranium and not uranium-238, as listed in the 1988 ROD. Those contaminants identified in 
the Remedial Design Report as exceeding either the 1988 ROD cleanup levels, the NRC 
standards, or both, are summarized in Table 4 of this FYR report. 
 
After evaluating all of the exceedances identified in the Remedial Design Report, UNC 
developed a list of 29 performance monitoring analytes. This list was proposed in the Remedial 
Design Report and the Remedial Action Plan (RAP), both of which were approved by the EPA 
and the NRC. Since beginning the Remedial Action in 1989, UNC has monitored this list of 
analytes. The 29 analytes were incorporated into NRC’s License. Several of the 29 analytes 
monitored by UNC (e.g., ammonia, sodium, potassium, and bicarbonate) are not identified as 
exceeding either EPA’s cleanup levels or the NRC standards, but were required to be monitored 
under the NRC License. 
 
Ground water cleanup criteria established following the basis for taking action 
 
In 1996, at the request of UNC, the NRC used the existing ground water monitoring data and 
knowledge of the UNC Site to conduct a re-evaluation of background concentrations for certain 
contaminants (NRC, 1996). Although the NRC does not regulate those contaminants and has no 
GWPS for them, it recommended that the background values for manganese, nitrate, sulfate, 
and TDS established by EPA as cleanup levels in the 1988 ROD be revised. The NRC 
recommended the cleanup level for nitrate to be 190 mg/l. Other background studies have 
been performed by UNC consultants as a compilation of efforts under the NRC License and for 
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EPA (e.g., NRC, 1996; Earth Tech, 2000). Based on another UNC proposal, the NRC updated the 
combined radium-226 and radium-228 License standards to 5.0, 5.2, and 9.4 pCi/L, for Zone 3, 
the SWA, and Zone 1, respectively (NRC SUA-1475 License Amendment 37, August 9, 2006). The 
NRC chloroform standard has been changed to the total trihalomethane (TTHM) MCL value of 
0.080 mg/l (License Amendment 37). The NRC has also removed cyanide and naphthalene from 
the License monitoring requirements based on a proposal from UNC.  
 
The EPA reviewed those studies and proposed modifications to the background values, NRC 
standards, and monitoring requirements. The EPA communicated to the NRC that the proposed 
modifications for removing cyanide and naphthalene from the monitoring program were 
acceptable. The EPA also communicated to the NRC that the recommended revised nitrate and 
radium values were acceptable and plans to modify the cleanup levels for those contaminants 
in future decision-making following completion of the SWSFS Part III to be consistent with the 
NRC’s License standards. The EPA plans on revising the background levels, as appropriate, 
following the completion of the SWSFS, which includes a thorough and comprehensive review 
of the existing cleanup levels, newly promulgated standards as potential new ARARs, and more 
recent health based toxicological information and background water quality data. Since the 
2008 FYR was completed, UNC has completed Parts I and II of the SWSFS including a statistical 
analysis of background and impacted water; screening of remedial alternatives; and an updated 
baseline Human Health Risk Assessment (HHRA). A summary of this work is presented and 
discussed in Section 5.0. 
 
The relationship between the 1988 ROD cleanup levels, the current NRC standards, and the 
current ground water monitoring program is shown on Table 5. As indicated in this table, a 
number of Site-related contaminants identified in the 1988 ROD have never been or are no 
longer monitored as part of the remedial activities because either they were never detected, 
were originally below the established cleanup levels, or have since decreased in concentration 
below the established cleanup levels.  
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4.0 REMEDIAL ACTIONS 
 
4.1 Ground Water Operable Unit – OU1 

 
4.1.1 Remedy Selection 

 
Extraction and evaporation of contaminated ground water was selected as the remedy for the 
UNC Site in the 1988 ROD signed on September 30, 1988. As stated in the 1988 ROD, the 
selected remedy incorporates source control remedial action (surface reclamation, capping, 
and mill decommissioning) under the NRC’s licensing requirements as specified in the MOU 
between the EPA and the NRC. Both ground water and source control/surface reclamation 
remedial actions were to be integrated and coordinated to achieve comprehensive reclamation 
and remediation of the UNC Site. Both the NMEID and the NRC reviewed and commented on 
the 1988 ROD and endorsed the remedy. The selected remedy expanded upon the remediation 
previously required by the NRC under the License for Zone 1 and Zone 3, and added a 
requirement for ground water extraction in the SWA. For purposes of integrating and 
coordinating the ground water remediation, the NRC ground water CAP was subsequently 
amended to include remediation in the SWA. 
 
The remedy set forth in the UNC 1988 ROD consists of the following six components: 
 

1. Implementation of a monitoring program to detect any increases in the areal extent, 
or concentration of, ground water contamination outside the Tailings Disposal Area; 

 
2. Operation of existing seepage extraction systems in the Upper Gallup Aquifers 

(because seepage from tailings had migrated into the underlying Zone 1 and Zone 3 
sandstones, the selected remedy included operation of the existing East Pump-Back 
wells in Zone 1 and the Northeast Pump-Back wells in Zone 3 until adequate 
dissipation of the tailings seepage mound has been achieved; operation of the two 
pump-back systems were to be integrated with active seepage remediation that may 
be required by the NRC inside the Tailings Disposal Area); 

 
3. Containment and removal of contaminated ground water in Zone 3 of the Upper 

Gallup Sandstone utilizing existing and additional wells (the 1988 ROD states that 
“Seepage collection in Zone 3 will be designed to create a hydraulic barrier to further 
migration of contamination”); 

 
4. Containment and removal of contaminated ground water in the SWA utilizing existing 

and additional wells (the 1988 ROD states that “Seepage collection in the SWA will be 
designed to create a hydraulic barrier to further migration of contamination while the 
source is being remediated”); 
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5. Evaporation of (extracted) ground water using evaporation ponds supplemented with 
mist or spray systems to enhance the rate of evaporation; 

 
6. Implementation of a performance monitoring and evaluation program to determine 

water level and contaminant reductions in each aquifer and to evaluate the extent and 
duration of pumping actually required outside the Tailings Disposal Area. 

 
The goal of the selected remedy at the UNC Site was to restore ground water outside the 
Tailings Disposal Area Site to federal and state standards, health based criteria, or background 
levels, to the maximum extent practicable, and to the extent necessary to adequately protect 
public health and the environment. However, as stated in Appendix A of the 1988 ROD, it was 
recognized that cleanup levels might not be reached within a reasonable time period due to the 
physical characteristics of the aquifers. Appendix A discusses hydrogeologic uncertainties and 
contingencies for the selected remedy. The contingencies are stated in the following way:  
 

“…However, operational results may demonstrate that it is technically 
impracticable to achieve cleanup levels in a reasonable time period, and a waiver 
to meeting certain contaminant-specific ARARs may require re-evaluation as a 
result. Operational results may also demonstrate significant declines in pumping 
rates with time due to insufficient natural recharge of the aquifers. The 
probability of significant reductions in saturated thickness of aquifers at the UNC 
Site must be considered during performance evaluations since much of the water 
underlying the Tailings Disposal Area is the result of mine water and tailings 
discharge, both of which no longer occur. In the event the saturated thicknesses 
cease to support pumping, remedial activity would be discontinued or adjusted to 
appropriate levels” (1988 ROD, Appendix A – Hydrologic Impact of Selected 
Remedy). 

 
4.1.2 Remedy Implementation 

 
General 
 
Prior to implementation of the remedy selected in the 1988 ROD, extraction of contaminated 
ground water and monitoring of water quality and elevation were ongoing components of a 
remedy under the direction of NMEID. The extracted contaminated ground water was 
neutralized by the addition of lime and stored in Borrow Pit No. 2, which was lined with a one-
foot thick layer of compacted clay. This remedial action also included the addition of lime to the 
tailings disposal cells to neutralize tailings liquid and cause precipitation of metals. The field RI 
performed by the EPA from November 1984 to February 1985 added another 29 wells to the 
existing network of wells at the UNC Site including: 17 wells in Zone 3; 7 wells in Zone 1; and 9 
wells in the SWA. The 29 wells were completed with 4-inch diameter casing, and 4 temporary 
wells were completed with 2-inch diameter casing for use as observation wells during pump 
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testing. This information regarding the history of remedy implementation and well completion 
at the UNC Site is provided to show the extent of the effort that has been made to extract 
contaminated ground water and to monitor hydrologic conditions over a span of approximately 
32 years (1981-2013).  
 
In 1989, EPA issued a Unilateral Administrative Order (UAO), Docket No. CERCLA 6-11-89, 
issued June 29, 1989, to UNC. The UAO requires UNC to undertake ground water remediation 
at the UNC Site by implementing the remedy selected in EPA’s 1988 ROD. The key dates of 
remedial design, remedial action, and relevant agreements and documents are listed in Table 1. 
The implementation and performance of the remedy set forth in the 1988 ROD for each 
hydrostratigraphic unit are described in the following three sections. 
 
Before the issuance of the 1988 ROD, remedial activities pursuant to UMTRCA began in 1982 
and 1984 in Zone 1 and Zone 3 seepage-impacted areas, with the installation and operation of 
pump-back wells under NMEID direction and oversight in its capacity as a UMTRCA agreement 
state. Approximately 300 borings and wells had been completed across the UNC Site prior to 
the EPA’s RI at UNC (EPA RI, 1985). Table 6 presents a summary of the early series of wells 
installed at the UNC Site prior to the EPA RI. Early UNC reports present maps and results from 
samples and data collected at these well locations. The EPA’s August 1988 UNC Draft Final 
Remedial Investigation Report Figure ES-1, Site Location Map, presents the locations of the 
early 400 and 600 series wells. Some of these early wells still exist at the UNC Site in 2013. In 
addition to the wells required as part of remedy implementation of the 1988 ROD, many wells 
have been installed at the UNC Site under various authorities.  
 
Zone 3 

In accordance with the 1988 ROD and implementation of the remedy, the purpose of the Zone 
3 extraction well system was to create a hydraulic barrier to control further contaminant 
migration toward the north and to dewater the target area. The location of the Zone 3 
extraction wells and the target area for remediation are shown on Figure 4. The volume that 
the well system would have to pump to dewater the target area identified in the remedial 
design was originally estimated at 200 million gallons. 
 
The extraction well system for this target area consisted of the five existing Northeast Pump-
Back wells originally installed under NMEID direction, as well as an additional twelve Stage I 
wells and seven Stage II wells located down-gradient of the pump-back wells (Figure 4). The 
Northeast Pump-Back wells began operating in 1982 and were incorporated into the extraction 
well system by the NRC and the EPA, after the return of the UMTRCA regulatory program from 
NMEID to the NRC in 1986. The Stage I wells began operating in 1989. The Northeast Pump-
Back wells are designated with the “600” series of numbering and began extraction of 
contaminated water in 1983. The Stage I wells are designated with the “700” series of 
numbering. 
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In 1991, after ground water recovery rates from the pump-back and Stage I wells began to 
decline; the Stage II wells were added. The Stage II wells were expected to enhance system 
performance as predicted saturation declines reduced the productivity of the Stage I and 
Northeast Pump-Back extraction wells. The Stage II wells were also designated with the “700” 
series of numbering. 
 
The well system design included decommissioning criteria that allows shutdown of individual 
wells, or the system, if the efficiency of the wells declines so much that continued operation 
provides no benefit. Wells that provide “no benefit” are defined as wells that do not produce a 
minimum yield of 1.0 gpm. Under the design provisions, wells that produce less than 1.0 gpm 
were to be cleaned and stimulated, and if the wells still did not produce 1.0 gpm then they 
were to be decommissioned. 
 
The Northeast Pump-Back wells and Stage I wells met the decommissioning criteria and were 
shut down in 2000. The Stage II wells were determined to be accelerating the movement of 
Tailings seepage in the down-gradient direction and, therefore, were also shut down in 2000, 
with the approval of the EPA, the NMED, and the NRC. Approximately 162 million gallons of 
ground water had been extracted prior to system shut down. 
 
In June 2002, a series of four “Plume Boundary” performance monitoring wells were installed 
along a south-north line in the area of the nose of the Zone 3 plume (Figure 4). These wells 
were installed to monitor the position, approximate arrival time, and resulting water quality 
impact of the tailings seepage as it slowly moved north. Well PB-02 was converted to an 
extraction well in November 2005. 
 
With the shutdown of the Stage II extraction wells in 2000, active remediation of the Zone 3 
ground water seepage-impacted area ceased until 2003. At that time UNC initiated the pilot-
scale hydraulic fracturing test in Zone 3 to explore the possibility of enhancing permeability in 
order to improve ground water extraction efficiency. The pilot test was conducted in 2003 to 
determine the applicability of the technology to the UNC Site. A hydraulic fracture well (HF-3) 
was installed and fractured in an area northwest and outside of the Zone 3 plume (MACTEC, 
2004). After pre- and post-aquifer pumping and falling head tests at HF-3, the technology was 
judged to be feasible, and it was decided to proceed with Phase I full scale hydraulic fracturing 
at locations within the Zone 3 plume. This work began in 2004 with the following goals: 1) 
providing hydraulic containment of the leading edge of the tailings seepage plume, 2) allowing 
the formation’s remaining buffering capacity to attenuate the tailings seepage, and 3) initiating 
dewatering in the main body of the seepage-impacted area.  
 
Seven Phase I recovery wells were successfully installed and hydrofractured in two areas: one in 
the southern part of the plume (RW-15, RW-16, and RW-17); and one in the northern area of 
the plume (RW-11, RW-12, RW-13, and RW-14). The wells were subjected to the same hydraulic 
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fracturing technology utilized at the pilot test well HF-3 location (MACTEC, 2006). 
Unfortunately, the Phase I hydrofractured recovery wells did not achieve the anticipated 
improvement in pumping efficiency as demonstrated earlier at the pilot test well HF-3 location. 
Since the seven wells were determined to be better positioned to capture seepage-impacted 
ground water, they continued to pump and extract ground water. The recovery wells are 
designated with the “RW-1” abbreviation and series numbering. The locations of the Phase I 
pumping wells are shown in Figure 4 and Figure B-1 in Appendix B of the UNC 2012 Annual 
Report. 
 
The Phase I extraction system was reconfigured in 2007 by shutting off some wells, adding an 
additional extraction well (RW-A) at a new down-gradient location, and converting a down-
gradient monitoring well (PB-02) into an extraction well. An additional 6.8 million gallons of 
ground water (for a cumulative total of 168.8 million gallons) was extracted from 2003 to 2007. 
Due to fouling and/or insufficient yield, RW-12, RW-13 and RW-15 have been taken off-line and 
are no longer pumping. As of the end of 2012, wells PB-02, RW-11, RW-16, RW-17, and RW-A 
were still operational. Ground water extraction with this revised pumping configuration for the 
RW series wells continues at the optimal rate possible in an effort to slow the northward 
migration of the Zone 3 tailings seepage.  
 
In conjunction with the Zone 3 hydrofracturing effort, UNC also conducted an in-situ alkalinity 
stabilization pilot study from October 2006 to February 2007. The strategy of the pilot study 
involved injecting alkalinity-rich ground water into areas where seepage-impacted acidic 
conditions exist in Zone 3 using water from a non-impacted, deeper aquifer supply well (Mill 
Well) producing from the stratigraphically lower Westwater Canyon Member of the Morrison 
Formation. Conceptually, the injected water would flow through the Zone 3 formation to 
recovery wells where the water would be extracted for treatment and disposal. The pilot 
objective was for the alkaline rich water to contact and buffer the higher acidity of seepage 
water along a mixing front and, then the recovery wells would capture the neutralized, 
seepage-impacted ground water. It was anticipated that the increased pH of the seepage-
impacted water would make it geochemically difficult for contaminants to remain in solution 
and migrate. The more alkaline pH ground water environment would subject contaminants to 
immobilization through chemical precipitation and mineral surface adsorption reactions.  
 
The alkalinity pilot study well field array consisted of a centrally-located, single extraction well 
(EW-1) surrounded by four injection wells (IW-1, IW-2, IW-3, and IW-4). Outside of the 
extraction-injection well array were four additional extraction wells located and designed to 
provide overall hydraulic control during the study (0517, 0518, 0608, and EW-2). Newly 
installed and existing wells were utilized for the study (ARCADIS BBL, 2007). Unfortunately, 
during the study, observed injection and extraction rates were significantly lower than 
anticipated. Due to these low rates, UNC decided to core the entire thickness of the Zone 3 
formation within the pilot study area for petrologic analysis. Well EW-1 was cored to provide 
sample number CDNEW-1 of the arkosic sandstone in Zone 3 (ARCADIS BBL, 2007). The analysis 



   
UNC Church Rock Uranium Mill Superfund Site  Fourth Five-Year Review 
September 2013  Page 25 
 
 

of this core, along with several historic Zone 3 cores, showed that the pore spaces between the 
sand grains in the saturated zone were clogged with finely crystalline kaolinite clay. Samples 
from the unsaturated zone and those from other historic cores did not contain the kaolinite. 
Based on these analyses, UNC concluded that buffering reactions between the feldspars and 
the acidic tailings seepage produce a secondary clay mineral, kaolinite. The alteration of 
feldspar to kaolinitic clay had significantly reduced the hydraulic conductivity of the formation 
by effectively clogging the pore spaces between the sand grains, and thus significantly limiting 
the potential for water to flow through the formation (ARCADIS BBL, 2007). UNC ultimately 
concluded that it would not be possible to effectively implement the in-situ alkalinity 
stabilization technology to enhance the Zone 3 remedy in the envisioned time of five years. The 
pilot study indicated it could take the proposed remedy enhancement 10 times longer to 
accomplish the remedy goals, which was as much as 50 years or more. 
 
Despite the setbacks from the hydrofracturing and alkalinity injection efforts, five new 
extraction wells were installed in the northern part of Zone 3 south of the Section 36 boundary 
during September 2006 (NW-1, NW-2, NW-3, NW-4, and NW-5). Three of these new wells 
started pumping in February 2009: NW-1, NW-2, and NW-3. In November 2009, these wells 
were re-optimized into a new pumping scheme. Wells NW-1, NW-2, and NW-4 were active 
pumping wells, and NW-3 and NW-5 were taken off line because they drew background water 
from the northwest area of Zone 3 (Chester Engineers, 2009). Well NBL 2 that was installed in 
2007 was subjected to injection testing and a pilot study in October and November 2009. The 
results of the 2009 testing and study supported the installation of yet another new array of 
extraction wells. In May and June 2010 three more new extraction wells were installed south of 
the Section 36 boundary in the northernmost part of the Zone 3 area (IW A, MW 6 and MW 7). 
In April 2011 alkalinity-amended Mill Well water with two grams of sodium bicarbonate per 
liter was mixed and injected at IW A. Wells MW 6 and MW 7 were used to monitor changes in 
water level and ground water quality.  
 
As noted above during the 2008-2013 period, three of the seven Zone 3 RW wells were taken 
off line because they had fouled (RW-12, RW-13, and RW-15). Four RW extraction wells (RW-
11, RW-16, RW-17, and RW-A) and one PB well (PB-02) were operational in 2012. The remedy 
enhancements in Zone 3 are meant to buffer, intercept, slow down, direct, and extract 
impacted ground water. The configuration and pumping scheme of the injection-extraction well 
arrays tries to minimize the withdrawal of background water and the tendency to draw it 
westward while maximizing the volume of impacted water that is extracted. 
 
Table 7 presents a list of the Zone 3 performance monitoring wells at the UNC Site. As required 
by ARARs, on a quarterly basis in Zone 3, 23 wells are monitored for the depth in feet to the 
static water level (elevation) and 11 wells are sampled for laboratory analysis of a prescribed 
set of parameters. Appendix B, Zone 3 Monitoring Data, in the 2012 UNC Annual Report also 
provides a summary and history of monitoring and remediation activities for Zone 3. Figure 4 
presents all the Zone 3 monitoring well locations and it is taken from Figure B-1 in the 2012 
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UNC Annual Report. 
 
Zone 1  
 
The remedial action in Zone 1 has consisted of source remediation (neutralization and later 
dewatering of Borrow Pit No. 2) and pumping a series of extraction wells from 1984 through 
1999. Water elevation measurements are taken from 15 of the Zone 1 monitoring wells and 
water quality samples are collected from 8 wells. The locations of these features are shown on 
Figure 5 which is taken from Figure C-1 in the 2012 UNC Annual Report. Table 8 presents a list 
of the Zone 1 performance monitoring wells at the UNC Site. Appendix C, Zone 1 Monitoring 
Data, in the 2012 UNC Annual Report also provides a summary and history of monitoring and 
remediation activities for Zone 1.  
 
The extraction wells were shut off and decommissioned in 1999, with the approval of the EPA, 
NMED, and NRC because pumping rates had significantly declined over time due to insufficient 
natural recharge and the loss in saturation reached levels that did not support operation. With 
the shut down and decommissioning of the extraction wells, active remediation of the Zone 1 
ground water seepage-impacted area ceased. A total of 2.9 million gallons of ground water had 
been extracted when the system was decommissioned. In the 2010 SWSFS Part II report Section 
4 (page 39), the estimated volume of remaining tailings seepage impact fluid in Zone 1 was 
8,567,042 gallons in an area of 11 acres. 
 
Southwest Alluvium 
 
The remedial action for the SWA has consisted of four extraction wells (801, 802, 803 and 808) 
that were designed as a barrier/collection system in the target area. The system was located 
approximately 400 feet down-gradient from the southern edge of the South Cell of the tailings 
impoundment and up-gradient of the NRC’s four Point of Compliance (POC) wells (EPA 28, GW-
1, GW-2, 632) for the SWA. The locations of extraction wells and monitoring wells are shown on 
Figure 6. 
 
The wells were designed to create a hydraulic barrier for controlling further migration of 
contaminated ground water while the source was being remediated. Source control was 
achieved by regrading and re-contouring the South Cell and installing a low-permeability soil 
cover. Water elevation measurements are taken from 17 of the SWA monitoring wells and 
water quality samples are collected from 15 wells. Six of the hydraulically up-gradient 
monitoring wells have gone dry. Down-gradient monitoring well SBL-01 was installed in October 
2004 to better define the down-gradient limit of the seepage-impacted area. Table 9 presents a 
list of the SWA performance monitoring wells at the UNC Site. The 2012 UNC Annual Report 
also provides a summary and history of monitoring and remediation activities for the SWA. 
Figure 6 presents all the SWA monitoring well locations and it is taken from Figure A-1 in the 
2012 UNC Annual Report 
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Active remediation of the SWA seepage-impacted area was temporarily discontinued in 
February 2001 to evaluate the ability of the contaminants to naturally attenuate (NA) in the 
aquifer. We refer to this evaluation as the NA Test. 
 
Such testing was part of UNC’s effort to evaluate the appropriateness of obtaining a Technical 
Impracticability (TI waiver) under the provisions of the National Contingency Plan, 40 CFR Part 
300, for certain ARARs identified in the 1988 ROD. These ARARs are state standards for sulfate 
and Total Dissolve Solids (TDS). Concentrations of those contaminants had shown little change 
over time during operation of the extraction system. The TI waiver evaluation report, submitted 
by UNC in 2002, recommended a TI waiver for the sulfate and TDS standards. It will be 
considered during performance of the SWSFS and future EPA decision-making. In the interim, 
UNC has been allowed to leave the extraction wells shut off. A total of approximately 131.1 
million gallons of ground water had been extracted when the system was temporarily 
decommissioned in 2001. In the 2010 SWSFS Part II report Section 4 (page 39), the estimated 
volume of remaining tailings seepage impact fluid in the SWA was 170,022,900 gallons in an 
area of 67 acres.  
 
Water Collection and Treatment 
 
Ground water produced from all Site extraction wells is evaporated in two five-acre, 
evaporation ponds (Figure 2), and a spray evaporation system installed on the surface of the re-
graded and covered tailings. An evaporation mist system constructed on the interior berm 
between the two evaporation ponds is available to enhance the disposal of the extracted 
water. Additionally, the UNC Site is equipped with 28 water cannons distributed across the 
surface of the regraded and covered tailings. The cannons were designed to spray water at a 
rate to optimize evaporation and prevent saturation of the tailings. Both the mist system and 
cannons are only to be used during the summer months. During the winter months, a small 
amount of water accumulates in the evaporation ponds from winter precipitation. It has not 
been necessary to operate the evaporation mist system or the water cannons since 2001 when 
the rate of ground water extraction declined significantly. These systems remain in good repair 
should they be needed again.  
 
Based on observations and a study of water levels in the evaporation ponds in 2005 and 2007, 
no evidence of leakage has been observed. No evidence of leakage from the ponds was 
observed during the 2008-2012 time period (Larry Bush, 2013).  
 
Remedy Implementation Summary 
 
The remedial systems at the UNC Site were implemented as directed by the 1988 ROD and have 
operated as intended for a period of time. As areas have been dewatered, extraction well 
efficiency declined and the wells were decommissioned in accordance with decommissioning 
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criteria set forth in the 1988 ROD. In 2013, four out of the six components specified in the 1988 
ROD are inactive (Nos. 2; 3; 4; and 5), and two of the components are active (No. 1 and 6). The 
tailings seepage mound has dissipated (U.S. Filter, 2004). The effort to restore ground water 
quality outside the Tailings Disposal Area to various standards, criteria, and background levels 
appears to have reached the maximum extent practicable within a reasonable time frame. 
Operational results from the performance monitoring program indicate a significant reduction 
in the saturated thickness of the aquifer units which severely limits the capacity to extract 
impacted ground water. Tables 10, 11, and 12 present the reduction in saturated thickness for 
the SWA, Zone 3, and Zone 1 monitoring wells, respectively, through 2012. 
 

4.1.3 NRC-Lead Surface Reclamation and Source Control 
 
The MOU between the EPA and the NRC clarified that the NRC would exercise its authority over 
surface reclamation and source control. The 1988 ROD stated that, “…Upon approval of a final 
reclamation plan, both ground water and source control/surface reclamation remedial actions 
will be integrated and coordinated to achieve comprehensive reclamation and remediation of 
the UNC Site” (1988 ROD, p. 41). The following section provides a background for the source 
control portion of the remedy, which falls under the purview of NRC’s License. 
 
Source Control 
 
The source control measures include regrading and recontouring the tailings, placing a low 
permeability compacted soil cover over the regraded tailings, and constructing drainage swales 
on and around the reclaimed impoundments. The cover consists of an initial interim cover of 
compacted soil, followed by the final cover of compacted soil and rock as a radon barrier and 
for erosion protection. The source control measures were designed primarily to effectively 
minimize infiltration, seepage, and mobilization of contaminants from the tailings (EPA, 1998). 
 
Reclamation of the South Cell occurred between 1991 and 1996 and included regrading and 
recontouring of the tailings and placement of the interim and final covers over those portions 
of the South Cell not occupied by the evaporation ponds. The interim cover comprised 12 
inches of compacted soil with average permeability measurements of 3x10-8 centimeters per 
second (cm/sec). The final radon cover comprises an additional six inches of compacted soil and 
a six-inch soil/rock matrix layer for erosion protection. The area of the South Cell occupied by 
the evaporation ponds will be reclaimed after the ground water remediation is complete and 
the evaporation ponds are no longer needed (EPA, 1998). 
 
The remediation of the North Cell began in 1989 and consisted of regrading and recontouring of 
the tailings area and placement of twelve inches of compacted soil as the interim cover. Similar 
to the South Cell, the interim cover eliminated direct contact of surface precipitation with 
tailings material and minimized future infiltration. Final reclamation of the North Cell was 
performed in 1993 and consisted of placing a radon cover consisting of an additional six inches 
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of compacted soil and a six-inch soil/rock matrix layer for erosion protection. Drainage swales 
on the North Cell maximize surface drainage from the cover while controlling the velocity of 
surface runoff to prevent excessive erosion (EPA, 1998) 
 
Reclamation of the Central Cell and Borrow Pit No. 2 occurred between 1989 and 1995. The 
work consisted of dewatering Borrow Pit No. 2, regrading and recontouring the tailings, 
backfilling the borrow pit with debris from mill decommissioning, and placement of the interim 
and final cover layers. For the Central Cell, the interim cover was completed in 1991 and the 
final radon cover was placed in 1994. The backfilling of Borrow Pit No. 2 occurred from 1991 to 
1994. The placement of the interim and final covers was completed in 1994 and 1995, 
respectively (EPA, 1998). 
 
The results of the Emanation Testing of the Final Radon Cover over UNC’s Church Rock Tailings ’ 
Site were reported to the NRC on January 3, 1997 (UNC, January 1997). The report documented 
the tests conducted on September 26, 1996. Sampling included the collection of 115 radon 
samples from the surface of the radon cover, and calculations determined an average radon 
flux for the tailings of 6.46 picocuries (pCi) per meter squared (m2) per second (sec). All tailings 
areas with a radon cover have a radon flux less than the UNC Site License standard of 20 
pCi/m2/sec with the exception of the South Cell in the vicinity of the evaporation ponds, where 
the radon barrier has not been installed yet. By radon flux we mean the flow of radon gas past a 
given point. Flux means flow. 
 
 The 1988 ROD did not formally establish any ICs; however certain enforcement documents, 
governmental controls, and informational controls are in place.  
 
No proprietary controls establishing land use restrictions are in place. However, discussions 
with the Navajo Nation continue regarding their potential utility and effectiveness for Zone 3. It 
is likely that some form of land and/or ground water use control will become necessary to 
ensure long-term protectiveness, by preventing exposure to contaminated ground water that 
has migrated off-Site. 
 

4.1.4 System Operations and Maintenance (O&M) 
 
System Operations and O&M Requirements 
 
Required operation and maintenance (O&M) activities at the UNC Site are stipulated in the NRC 
License. The O&M activities are also specified in a number of internal documents kept at the 
UNC Site. Ground water O&M is required under CERCLA by the 1988 ROD and UAO. The O&M 
activities include: 
 

• Operation, maintenance, and monitoring of the ground water extraction wells and 
associated piping. 
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• Maintenance of the final radon barrier and interim covers on the tailings piles. 
• Operation and maintenance of the evaporation ponds, misters, and cannons. 
• Maintenance and sampling of ground water monitoring wells. 
• Maintenance of fences and gates. 

 
As discussed above, the operation of the extraction well systems for the SWA and Zone 1 
aquifers has been discontinued. Ground water extraction continues at Zone 3 at several wells 
along the seepage impacted front. Apart from the low rate of extraction at Zone 3, only 
maintenance and monitoring activities for those systems are being performed at this time. 
Personnel are at the UNC Site daily during the week to perform O&M activities. 
 
Problems with Implementing System Operations/O&M 
 
Zone 3 extraction wells are operational but they require constant maintenance. Pumps fail and 
burn out on a regular basis. Clay coats the pump impellers requiring disassembly and cleaning 
to restore operational efficiency. 
 
O&M Costs 
 
The O&M costs are not stipulated in any of the decision documents for the UNC Site. The NRC 
License contains a condition requiring UNC to provide a financial surety to cover the cost to 
implement the remaining reclamation and closure activities. The EPA UAO also requires UNC to 
submit financial assurances to the EPA Region 6.  
 
Current O&M costs are associated primarily with ongoing performance monitoring and ground 
water extraction at Zone 3. Ground water samples are collected quarterly from a total of 34 
wells. The list of sample contaminants that are measured in the quarterly water samples by 
laboratory analysis is shown in Table 4. Ground water elevations are measured at 43 wells, also 
on a quarterly basis. Annual O&M costs are summarized in Table 13. 
 
The annual system operations/O&M values shown in Table 13 are estimates that take into 
account O&M costs for both the ground water remediation and the NRC License compliance. 
These costs are closely interrelated and are tracked together. O&M costs were fairly constant 
during 2008-2010, but they increased significantly during 2011-2012 due to additional work to 
support an NRC License Amendment Request and compliance issues.  
 
4.2 Surface Soil Operable Unit – OU2  
 

4.2.1 Remedy Selection 
 
On March 29, 2013, EPA, in consultation with the New Mexico Environment Department 
(NMED), signed the Record of Decision selecting the remedy for OU2 of the UNC Site. The 
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surface soil OU2 does not currently exist at the UNC Site. The surface soil OU is planned for the 
disposal of approximately 1,000,000 cubic yards of uranium protore (low grade ore), waste 
rock, and overburden from the nearby NECR Mine site. The surface soil OU will be installed on 
top of the existing tailings disposal cells. Principal threat waste (PTW) from the NECR Site will 
not be disposed at the UNC Site and is not part of the OU2 remedial action. PTW is defined as 
material with radioactivity that exceeds 200 pCi/g Ra-226. 
 
Because of the similarity of the threat posed by the mine waste in the areas on the NECR Site 
where mine waste has been deposited and consolidated (Consolidation Areas) and the threat 
posed by the tailings that make up the UNC Site Tailings Disposal Area, as well as the relative 
proximity of these facilities (less than 1 mile); the EPA invoked its authority under CERCLA 
Section 104(d)(4), 42 United States Code (U.S.C.) §9604(d)(4), to temporarily treat these related 
facilities (the NECR Site Consolidation Areas and the UNC Site Tailings Disposal Area) as one for 
the purposes of Section 104 of CERCLA, 42 U.S.C.§ 9604. Treatment of the UNC Site Tailings 
Disposal Area and the NECR Site Consolidation Areas as one begin with completion of the 2013 
ROD, but this treatment is temporary and will end once all the NECR Site waste has been 
disposed at the UNC Site Tailings Disposal Area. 
 

4.2.2 Remedy Implementation 
 
The ROD for the surface soil OU2 was signed in March 2013, near the end of this FYR period. 
AOC negotiation for the surface soil OU2 is underway between the EPA and the UNC/GE. 
UNC/GE is concurrently preparing the Sampling and Analysis Plan required for the Remedial 
Design while negotiations are underway. Field work is planned for fall 2013 with analysis of 
data and completion of a Data Gap Report due winter 2014. The remedial design will be 
completed after all data has been collected and analyzed and submitted to the NRC via a 
license amendment (expected to occur in 2015).  
 
Disposal of mine waste from the NECR Site within the surface soil OU2 at the UNC Site will 
require acceptance by the NRC and is contingent on an amendment of UNC’s NRC license to 
allow for disposal. That license amendment process will begin when UNC submits for NRC 
review and evaluation a request for an amendment of its NRC license to accommodate disposal 
of mine waste from the NECR Site within the Tailings Disposal Area at the UNC Site. The NRC 
license amendment process takes between two and three years. Remedial action is expected to 
take at least four years upon NRC approval. 
 
4.3 Remedial Action Objectives 
 
The RAOs established in the 1988 ROD for OU1, included: 
 

• Contain down-gradient contaminant migration within each target area. 
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• Restore ground water down-gradient of the Tailings Disposal Area, to the maximum 
extent practicable, to meet the cleanup criteria. 

• Restore ground water at the Tailings Disposal Area to a level that allows attainment of 
cleanup criteria at its boundary. 

 
The RAOs established in the 2013 ROD for OU2, included: 
 

• Prevent exposure to current and future human and ecological receptors from 
internal/external radiation, ingestion, dermal contact, and inhalation (i.e., inhalation of 
associated gas or dust) of soil, mine waste, and tailings contained within the surface soil 
OU2 containing concentrations of radionuclides and their daughter products that 
exceed remediation goals.  

• Prevent migration [on-site and off-site into soil, sediment, ground water, air (as gas or 
dust), and surface water] of soil, mine waste, and tailings located within the surface soil 
OU2 containing concentrations of radionuclides and their daughter products such that 
exposure to current and future human and ecological receptors from internal/external 
radiation, ingestion, dermal contact, and inhalation (i.e., inhalation of associated gas or 
dust) of soil, mine waste, and tailings does not exceed interim remediation goals.  

• Prevent the migration of concentrations of contaminants located in the soil, mine waste, 
and tailings contained within the surface soil OU2 to ground water where the migration 
of those contaminants would result in ground water concentrations that exceed 
remediation goals established in the EPA’s 1988 ROD for the Ground Water OU1 
(including any amendment), and, through this action, prevent human and ecological 
receptors from being exposed to ground water with concentrations of contaminants 
that exceed remediation goals established in the 1988 ROD, including any amendment. 

 
The RAOs pertinent to the surface soil OU2 action includes the construction (or reconstruction) 
of parts of the Tailings Disposal Area on the UNC Site to contain the mine waste from the NECR 
Site. Additionally, the license amendment, if granted by NRC, after its review and evaluation, 
would accommodate disposal of mine waste from the NECR Site within the Tailings Disposal 
Area at the UNC Site. Once all required actions are completed under the conditions of the NRC 
license and final decommissioning activities are completed for the UNC Site, and the NRC 
license is terminated, it is expected that there would be a transfer of this UMTRCA Title II site as 
established through the NRC site transfer process to the DOE Long-Term Surveillance and 
Maintenance Program (LTS&M) that is administered by the DOE Office of Legacy Management. 
 

Under this DOE program, the UNC Site would be maintained and managed under the DOE to 
provide for continued containment and protectiveness. Prior to DOE’s acceptance of this 
UMTRCA Title II site for long-term surveillance and maintenance a determination must be made 
by the NRC that the UNC Site is deemed ready for transfer to DOE without any outstanding 
technical, regulatory, or jurisdiction issues. In addition with input from DOE, that NRC identifies 
an appropriate long-term maintenance fee to enable DOE to effectively perform its LTS&M 
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duties, including any that are unique post-closure issues because of the mine waste. 
 
5.0 PROGRESS SINCE THE LAST REVIEW 
 
The Third FYR (2008) identified twelve issues that could prevent the remedy from being 
protective of human health and the environment, and provided recommendations to resolve 
the issues. The 2008 UNC FYR Issues and Recommendations are summarized in Attachment 7. 
 
As nearly all of the issues/recommendations from the Third FYR were to be addressed in the 
SWSFS, this section addresses the status of each issue/recommendation at the end of this 
section. Additionally, this section addresses the overall progress made toward completing the 
SWSFS and some brief history leading to sections of the SWSFS. The section will also summarize 
other Site activities regarding the remedy during this FYR period which includes:  
 

• SWSFS 
• 95% Upper Prediction Limits (UPL956) Background Threshold Values7 (BTVs) 
• Ground Water Flow Model 
• Zone 3 Injection Program 

 
5.1 Site Wide Supplemental Feasibility Study  
 
The September 1988 ROD selected a remedy of extraction of contaminated ground water at the 
UNC Site. The 1988 ROD also included contingency language as there was uncertainty as to -
whether the selected remedy could achieve the objectives of the 1988 ROD by removing 
contaminated ground water, controlling further contaminant migration, and restoring impacted 
ground water to compliance standards in a reasonable time frame at the UNC Site. As the 
extraction system pumping capacity for each of the three hydrostratigraphic zones diminished 
and all three systems were shut down by 2001, the remedy defaulted to performance 
monitoring of each aquifer’s capability to slowly and naturally attenuate Contaminants of 
Potential Concern (COPCs). 
 
After almost 20 years of active Site remediation and passive remediation by NA processes, the 
1988 ROD cleanup goals are still unattained. This issue was noted in the 2003 FYR, and UNC 
responded by performing a limited scope, Supplemental Feasibility Study (SFS) in 2004 which 

                                                      
 
6 In statistics, the prediction interval is an estimate of an interval in which future observations will fall, with a 
certain probability, given what has already been observed. When we say an estimate has a 95% upper prediction 
limit, that means that we are 95% certain that our estimate of a future number will be no higher. 
7 The Background Threshold Value is an upper limit estimate of the background contaminant concentration 
(either naturally occurring or anthropogenic) used to represent environmental contaminants not specifically 
related to the site under investigation. 
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focused on Zone 3. The EPA reviewed the 2004 SFS and determined that a comprehensive 
SWSFS was necessary and in 2006 directed UNC to perform a SWSFS with a stated objective of 
evaluating possible remedial alternatives to meet Site remediation goals of the 1988 ROD. In 
addition to this requirement, the EPA further obligated UNC to include in the SWSFS a review of 
Site standards and if necessary a proposal for revised ARARS. The organization of the SWSFS 
became: Part I – Remediation Standards Update; Part II – Development and Screening of 
Remedial Alternatives, and Part III – Detailed Analysis of Remedial Alternatives. 
 
Following the disapproval of a draft SWSFS in 2008, Part 1 of the SWSFS was approved by the 
EPA in 2009 (EPA letter from Mark Purcell to UNC-Larry Bush, February 11, 2009). In April 2011, 
UNC submitted a revised SWSFS including Part I (for use as a reference) and Part II. Part III was 
not included in the 2011 volume and had not been issued at the time of writing this fourth FYR 
report. Work on the SWSFS Part III has progressed to where revised cleanup standards are 
required in order to analyze which remedial alternatives would be able to restore ground water 
to those revised constituent standards. The NRC is currently evaluating a License Amendment 
Request dated April 17, 2012, and has issued a request for additional information on June 4, 
2013, to UNC/GE. 
 
Section 5.1 of this 2013 FYR report summarizes the key results from Parts I and II. For more 
detail, please refer to the April 2011 report, Revised Site-Wide Supplemental Feasibility Study 
Parts I and II, Church Rock Site, Church Rock, New Mexico. 
 

5.1.1 SWSFS Part I – Remediation Standards Update 
 
Part 1 of the SWSFS presented: a review of existing Site remediation/cleanup standards; new or 
revised, promulgated or enacted ARARs since the 1988 ROD; proposals to revise background 
ground water quality based on statistical methods; a summary of UNC’s updated baseline 
HHRA; and potential land use or exposure scenario changes. This Section provides discussions 
on cleanup standards, changes to standards since issuance of the 1988 ROD and background 
ground water quality data. The HHRA and future land use and exposures are discussed in 
Section 5.1.3. 
 
Cleanup Standards Review 
 
The two sources of cleanup standards for ground water at the UNC Site are from the EPA 1988 
ROD and the NRC Source Materials License SUA-1475 provided in Table 14. For clarification, in 
this Section, terms used regarding ground water remediation standards are as follows: cleanup 
standards is used broadly to identify any numerical standard that has been established for the 
UNC Site either through the 1988 ROD or the NRC license; ARARs and remediation goals are 
used interchangeably to specify the remediation standards established in the 1988 ROD; and 
GWPS are established through the NRC license. As previously noted, the EPA assumes primary 
authority for ground water outside of Section 2 where ARARs apply. NRC assumes primary 
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authority within the licensed area, Section 2 and Section 36 containing the Tailings Disposal 
Area, and ground water below this area is subject to GWPS (Figure 3). Table 14 of this FYR 
provides both sets of cleanup standards with notes providing the source of the ARAR that was 
established in the 1988 ROD. 
 
New, Revised, Promulgated or Enacted Standards since the 1988 ROD 
 
The SWSFS Part 1 Section 3.5 presents a summary of cleanup levels and other comparison 
values and briefly addresses potential new ARARs based upon various current contaminant 
standards. The section also refers to Table 15 of the SWSFS titled Contaminant Specific Ground 
Water Cleanup Levels and Other Comparison Values. Table 15 of the SWSFS is provided in 
Attachment 8 of this report. For this FYR report, due to the limited discussion in Section 3.5 of 
the SWSFS and the complexity of Table 15, modified portions of Table 15 from the SWSFS are 
presented and discussed in this and following subsections. 
 
Many of the issues from the third FYR (2008) address the need to reconsider the ARARs in the 
1988 ROD as many numerical standards from which the ARARs were established have changed 
since the issuance of the 1988 ROD (see Attachment 7, Issues, 3, 5, 6, and 7). When comparing 
1988 ROD contaminant specific ground water ARARs to current ARARs: NMWQCC ground water 
standards, MCLGs, MCLs, Treatment Technology Action Levels (TTs), Federal Secondary 
Drinking Water Standards, NRC GWPS, and NRC 10 CFR Appendix A to Part 40-5C-Maximum 
Values for Ground-Water Protection; there are multiple analyte specific standards in the 1988 
ROD that are greater than a current ARAR standard. These include aluminum, antimony, 
arsenic, beryllium, cadmium, iron, lead, manganese, nickel, thallium, vanadium, uranium, 
sulfate, nitrate, and TDS. When comparing the same sets of standards to the 1988 ROD ARARs, 
there are also instances where a concentration in the 1988 ROD is less than a current standard. 
These include barium, chromium, copper, and silver. Table 15 of this FYR provides the ARAR to 
current standards comparison and identifies current standards less than the 1988 ROD ARAR in 
light blue and current standards greater than a 1988 ROD ARAR in light green. The table also 
includes one contaminant and one contaminant group that were not included in the 1988 ROD 
ARARs where a ground water standard exists and may be considered a potential COC. These are 
lead-210 and TTHMs. 
 
Background Water Quality 
 
Background ground water at the UNC Site represents two conditions. As described in the 1988 
ROD: “The first condition refers to the quality of the ground water in the alluvium and the Upper 
Gallup Sandstone in the vicinity of the site prior to mine dewatering. The second condition refers 
to the quality of ground water in the same units after mine water discharge, but prior to tailings 
disposal.” In general, background ground water at the UNC Site is mine water discharge that 
has not been impacted by seepage from the Tailings Disposal Area. 
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For many Site COCs, concentrations of COCs in background ground water concentrations were 
determined and established as ARARs in the 1988 ROD; however, the 1988 ROD also specified 
that if additional information became available suggesting differing COC background 
concentrations, an evaluation would be necessary to determine the impact on remedial actions 
in each aquifer. Following issuance of the 1988 ROD, UNC contested the background level 
ARARs for nitrate, sulfate, and TDS. In response and as the lead regulatory agency for the UNC 
Site, NRC conducted a statistical analysis of background ground water quality data and 
concluded that the ARARs for the contested constituents and manganese were too low; as the 
background levels used to establish the ARARs were not based on data representing spatial and 
temporal variations at the UNC Site (NRC, 1996). 
 
Further leading to the statistical analyses of background ground water quality conducted as 
Part 1 of the SWSFS, beginning in 2000, UNC conducted multiple geochemical evaluations to 
define the conditions causing concentrations of manganese, sulfate and TDS to remain above 
remedial goals. Studies concluded that gypsum was a continuing source for sulfate which 
represented most of the TDS concentrations in background ground waters in all three 
hydrostratigraphic zones and that natural conditions would continue to cause these 
constituents to exist in ground waters above ARARs. It was also concluded that manganese 
exceedances were unrelated to seepage-impacted water and that the remedial goal was most 
likely not achievable and possibly not appropriate. 
 
Following initial statistical analysis and geochemical studies conducted by UNC to support 
changes to ARARS based on background ground water quality (N.A. Water Systems, 2008f), the 
EPA instructed UNC to perform further statistical analysis using EPA’s ProUCL software (N.A. 
Water Systems, 2008g). The statistical analysis was to be conducted for each hydrostratigraphic 
zone in order to: estimate the 95% upper confidence limit (UCL958) for the means of 
background populations of COPC concentrations from samples determined to be representative 
of background ground water quality and compare the UCL95 background concentrations to pre-
established comparison values to determine which remedial goals should be reconsidered as a 
result of the comparisons. 
  
As indicated in the previous subsection, the ARARs in the 1988 ROD do not always match 
current standards. In order to compare the statistically based background ground water quality 
results to specific comparison values, comparison values had to be determined. The comparison 
values are concentrations of COCs that were selected by the EPA from established standards 
from various sources to include ARARs, MCLs, NMWQCC standards, health based standards and 
                                                      
 
8 In statistics, a confidence interval is used to indicate the reliability of an estimate. The interval has an upper and 
lower limit. The level of confidence of the confidence interval would indicate the probability that the confidence 
range is correct. When we say that an estimate has a 95% upper confidence limit or UCL this means that statistics 
show that this estimate will be correct 95% of the time. 
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NRC GWPS. Table 16 identifies the 1988 ROD ARAR comparison value selected for each COC 
and the source for the value with the selected values highlighted in grey. The table also 
provides the ARAR in the 1988 ROD. This information is also provided in Attachment 8, Table 15 
of the SWSFS. 
 
Prior to conducting the statistical analyses, data sets had to be evaluated to determine which 
wells and data sets were representative of background water quality in each of the three 
hydrostratigraphic zones. Much of this evaluation was conducted by evaluating chemical 
signatures of seepage-impacted waters and waters considered to be background. Table 17 
presents the hydrostratigraphic unit, associated wells, and the timeframe in which samples 
were collected from each well that were used in UCL95 statistical calculations for determining 
background ground water quality. Note that the variation in well background sample dates is 
designed to include data up through October 2007 exclusive of the time when the wells went 
dry or when sample results indicated the wells became impacted by tailings seepage. Figure 7 
illustrates the process used to develop and analyze the background water quality data for the 
UCL95 statistics. For further review of well and data selection for determination of background 
water quality, please see the February 2006 Revised license amendment request for changing 
the GWPS for radium in Source Materials License SUA-1475 (TAC LU0092), the October 2008 
Revised Submittal Calculation of Background Statistics with Comparison Values UNC Church 
Rock Mill & Tailings Site, Church Rock, New Mexico, and Part 1 of the SWSFS which summarizes 
information from these documents. 
 
Once the UNC Site background ground water data sets were established, the data sets were 
subjected to the UCL95 analysis to estimate the mean background concentration value for each 
analyte and unit. The estimated background concentrations from the UCL95 statistics were 
then evaluated against the comparison values in Table 18. The ProUCL results indicate that a 
significant number of background UCL95 mean COPC concentrations for each 
hydrostratigraphic unit are greater than the comparison values. This means that the 1988 ROD 
cleanup standards for some COPCs were set lower than the natural background levels for these 
constituents and they should be considered for revision. The UCL95 values greater than the 
comparison value within each hydrostratigraphic unit are: 
 

• Southwest Alluvium (8 analytes): Cd, Co, Mn, SO4, NO3, U, TDS, and Pb-210;  
• Zone 1 (7 analytes): Cd, Co, Mn, SO4, TDS, Pb-210, and Fe; and  
• Zone 3 (12 analytes): As, Cd, Co, Pb, Mn, Mo, SO4, U, TDS, Radium total, Pb-210, and 

Fe. The detection limit for lead does not get down to the MCL of 15 ug/L and 
therefore should not be considered greater than the comparison value. Future 
sampling should include a detection limit below the MCL. 

 
Table 18 summarizes the statistical results for each of the three hydrostratigraphic zones and 
the background UCL95 mean values calculated for each of the 32 contaminants. Where the 
background UCL95 mean value is equal to or exceeds the EPA selected comparison value, the 
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cell is marked in light red highlight (total 27). Cells highlighted with yellow indicate the UCL95 
statistics are unreliable because of a limited number of detections (total 6). 
 
By extension the process used to estimate the Exposure Point Concentration9 (EPC) values for 
COPCs in each hydrostratigraphic unit was the same as the UCL95 background statistics except 
the data sets for seepage-impacted water were used instead of the background data sets. The 
data sets used in calculations made for the determination of EPCs are from the period July 2006 
through April 2008 which represented the most recent eight quarters of sampling available at 
the time of the calculations. This time frame was selected to be representative of recent 
conditions, while providing at least the minimum recommended number of samples to satisfy 
the requirements of the statistical methods. For this reason, the estimation of UCL95 statistics 
and EPCs extend only to the current 23 COPCs and did not include trace metals (plus iron) that 
had previously been dismissed as COPCs.  
 
The three hydrostratigraphic zones by which sample data were grouped are the SWA, Zone 1, 
and Zone 3. The geographic grouping resulted in the elimination from Zone 1 and Zone 3 data 
sets of sample data from wells within Section 2 of Township 16 North, Range 16 West. This 
discrimination of Section 2 data was based on two considerations. One consideration is that 
Section 2 encompasses the Tailings Disposal Area, which will eventually be administered by the 
DOE. As such, ground water exposure within Section 2 will be prohibited by DOE controls. The 
second consideration is that the more extreme effects of seepage impact evident in Zone 1 and 
Zone 3 wells proximal to the tailings disposal cells are not expected to migrate and occupy 
areas outside of Section 2. Wells selected in the SWA had to include some located in Section 2 
so that a statistically meaningful data set could be developed. 
 
The resultant UCL95 statistics for seepage-impacted water as EPCs are summarized in Table 19 
for all three of the hydrostratigraphic units. Table 19 indicates that 14 EPC values were 
calculated for the SWA; 16 EPC values were calculated for Zone 1; and 22 EPC values were 
calculate for Zone 3 (total 52). The EPC values were compared to the comparison values and the 
background UCL95 values. Where the EPC value is equal to or exceeds the UCL95 background 
value, that cell value is marked in light blue (total 28). Where the EPC value is equal to or 
exceeds the UCL95 background value and comparison value, that cell is marked in light blue 
with bold italic font (total 17). Again where the UCL95 background value exceeds the 
comparison value, that cell value is marked in light red highlight (total 26). Cells highlighted 
with yellow indicate the UCL95 statistics are unreliable because of the limited number of 
detections (total 4). Note that the trace metals (Sb, Ba, Cr, Cu, Fe, Hg, Ag, Tl, and Zn) statistics 
are not included in the tabulations. 

                                                      
 
9 Exposure point concentrations are the concentrations of contaminants at the place where target exposure 
occurs. The targets include humans, flora and fauna. 
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A total of 28 EPC values are greater than the comparison values as marked by the light blue 
highlighted cells. The exceedances of EPC values greater than the comparison values within 
each hydrostratigraphic unit are as follows. 
 

1. Southwest Alluvium (6 parameters): As, Mn, Cl, SO4, U, and TDS;  
2. Zone 1 (8 parameters): Al, As, Co, Cl, SO4, NO3, TDS, and Th-230;  
3. Zone 3 (14 parameters): Al, As, Co, Mn, Ni, Cl, SO4, NO3, U, TDS, Ra-226, Ra-228, Ra 

total, Pb-210, and gross alpha. 
 
A limited number of EPC values exceed both the comparison value and the background UCL95 
value as marked in the light blue cells with italicized, bold font. The exceedances of EPC values 
greater than the comparison values and background UCL95 value within each 
hydrostratigraphic unit are as follows. 
 

1. Southwest Alluvium (4 parameters): Mn, SO4, U, and TDS;  
2. Zone 1 (4 parameters): Co, SO4, NO3, and TDS;  
3. Zone 3 (9 parameters): Al, As, Co, Mn, Ni, SO4, TDS, Ra total, and Pb-210. 

 
A large number of the primary COPCs had insufficient data to make an estimate for the UCL95 
statistics EPC values and are marked with “N/A” in the cell (SWA = 9 N/As; Zone 1 = 7 N/As, and 
Zone 3 = 1 N/As).  
 
Also, UCL95 statistics EPC values could not be estimated for any of the nine trace metals (Sb, 
Ba, Cr, Cu, Fe, Hg, Ag, Tl, Zn) not included among the analytes in the past eight quarters of 
sample results. The COPC seepage-impacted data sets that had insufficient data to make an 
estimate for the UCL95 EPC values within each hydrostratigraphic unit are as follows: 
 

1. Southwest Alluvium (9 parameters): Be, Cd, Co, Pb, Mo, Ni, Se, V, and Pb-210;  
2. Zone 1 (7 parameters): Be, Cd, Pb, Mo, Se, V, and Pb-210;  
3. Zone 3 (1 parameter): Pb. 

  
5.1.2 SWSFS Part II - Development and Screening of Alternatives 

 
Part II of the SWSFS applied the screening of remedial alternatives against the various site 
contaminant-specific ground water cleanup levels and other comparison values, including 
promulgated standards. The categories in Table 17 can be viewed as Preliminary Remediation 
Goals (PRGs) for present purposes. The range of parameter concentration values were applied 
to the screening and detailed analysis of the SWSFS Part II. 
 
The extent of tailings seepage impact in each of the site hydrostratigraphic units during October 
2010 is approximate to the areas depicted in Figure 3 of this report which represents the extent 
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of tailings seepage in October 2012. The area and volume of seepage-impacted ground water in 
each hydrostratigraphic unit are: SWA = 67 acres and 170,022,900 gallons; Zone 1 = 11 acres 
and 8,567,042 gallons; and Zone 3 = 62 acres and 14,418,720 gallons. The volumes of seepage-
impacted ground water have been calculated integrating the saturated thickness over the 
entire impacted area to obtain the saturated volume, and then adjusting the saturated volume 
for the effective porosity which is 31%, 6%, and 8% in the SWA, Zone 1, and Zone 3, 
respectively. 
 
The process to screen and analyze the remedial alternatives against the PRGs includes the 
development of General Response Actions (GRAs). Attachment 10 of this report (Table 33 of the 
SWSFS Part II) presents a preliminary list 10 GRAs that were selected to satisfy the RAOs.  
 
Each GRA category was expanded to include a list of potentially applicable technologies and 
technology process options, corresponding to the identified GRAs. The technologies were 
compiled and then reduced by evaluating the process options according to technical 
implementability. Existing information on technologies utilized at analog sites and site specific 
characterization data were used to screen out process options that cannot be effectively 
implemented at the UNC Site. It is important to note that because each of the three 
hydrostratigraphic units at the UNC Site has different physical, hydraulic, and chemical 
characteristics, the screening analysis had to apply each alternative separately to each unit. 
Other considerations in the screening analysis included the character of the background water 
quality and the already as low as reasonably achievable (ALARA) concentration levels of some 
COPCs such as sulfate, TDS, nitrate, manganese, and iron. Generally, effectiveness, 
implementability, and cost are the main criteria used to evaluate and select representative 
process options. During the screening process, each alternative was evaluated with regard to: 
 

• Short- and long-term effectiveness and reductions achieved in toxicity, mobility, or 
volume. 

• Implementability including technical and administrative feasibility. 
• Grossly disproportionate cost (EPA, 1989b, 2000a)  

 
Eight potential remedial alternatives were proposed for the SWA: 

• No Further Actions 
• Enhanced Extraction-Evaporation 
• Hydraulic Containment Using Vertical Pumping Wells 
• Passive Treatment Wells 
• Vertical Physical Barrier 
• Hydraulic Barrier from Injection Wells 
• Permeable Reactive Barriers 
• Hydraulic Flushing 
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The screening evaluation of alternatives for the SWA determined that enhanced extraction-
evaporation; vertical physical barriers; hydraulic barriers from injection wells; permeable 
reactive barriers; and hydraulic flushing were screened out. The three remedial alternatives for 
the SWA that would be evaluated in Part III were no further action, hydraulic containment using 
vertical pumping wells, and passive treatment wells.  
 
Four potential remedial alternatives were proposed for Zone 1: 

• No Further Action 
• Institutional Control 
• Hydraulic Containment with Extraction and Evaporation 
• Enhanced Extraction 

 
The screening evaluation of potential alternatives for Zone 1 determined that hydraulic 
containment with extraction and evaporation and enhanced extraction were screened out. The 
two remedial alternatives for Zone 1 that would be evaluated in Part III were no further action 
and ICs. 
 
Six potential remedial alternatives were proposed for Zone 3:  

• No Further Action 
• ICs 
• Passive Treatment Wells 
• Hydraulic Containment with Extraction and Evaporation 
• Enhanced Extraction 
• Hydraulic Barrier from Injection Wells for Containment 

 
The screening evaluation of alternatives for Zone 3 determined that enhanced extraction was 
screened out. 
 
Attachment 10 of this report (Table 40 of the SWSFS Part II) presents the combined remedial 
technology alternatives for each hydrostratigraphic unit that resulted from the screening 
analysis. Appendix G in the SWSFS Part II presents the cost estimates that were used to support 
the screening process. Attachment 9 of this report (Appendix G of the SWSFS Part II) presents a 
summary of the remedial alternative preliminary cost estimates. Based on the screening 
analysis to implement the potential technologies and alternatives at the UNC Site in 
conjunction with the cost estimate information, four GRA categories were eliminated from 
further analysis: enhanced evaporation, permeable reactive barriers, hydraulic flushing, and 
bioremediation. The six GRA categories that were retained for more detailed analysis in the 
SWSFS Part III for each hydrostratigraphic unit include: no further action, ICs, containment, 
extraction, passive treatment wells, and hydraulic barriers.  
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5.1.3  Updated Risk Assessment 
 
The EPA FS conducted prior to the 1988 ROD presented a PHA for the UNC Site which 
concluded that adverse health or environmental hazards could result if no action was taken to 
prevent exposure to ground water contaminants at the UNC Site. As part of the SWSFS, the EPA 
required that the baseline HHRA be updated by: 1) update the risk estimates for the UNC Site 
using current risk assessment methods and information; 2) support the reassessment of 
remediation levels; 3) provide a basis for comparing remedial alternatives. 
 
This section summarizes the results of the revised Site HHRA, including the risk calculations, the 
evaluation of uncertainty, and conclusions regarding which risk assessment COPCs should be 
retained (i.e., retained contaminants of potential concern or RCOPCs) for use in future risk 
management decisions. UNC submitted an updated baseline HHRA in March 2011 and the EPA 
provided comments July 2011. UNC provided provisional responses to EPA comments in 
October 2011 and a revised draft baseline HHRA in February 2012. The August 12, 2012, Final 
Updated Baseline HHRA was approved by the EPA on September 11, 2012.  
 
Hazard and Risk Summary 
 
There is no current human exposure to ground water at the UNC Site except during the 
quarterly ground water sampling conducted by UNC personnel. There is limited potential for 
future exposure to contaminants in ground water below the UNC-owned property because no 
ground water supply wells drawing from any of the three hydrostratigraphic units will be 
allowed on UNC property. The same restriction will apply once the NRC Source Materials 
License is transferred to the DOE for long-term surveillance monitoring. 
 
The UNC Mill Site HHRA evaluated the potential future exposure to seepage-impacted ground 
water contaminants in each of the three hydrostratigraphic units at locations outside Sections 2 
and 36. A residential tapwater (i.e., ground water) exposure scenario was selected. Because the 
hydrogeologic characteristics, contaminants, and remedial alternatives for each of the units are 
distinct, the risks of potential future exposure to ground water from the three 
hydrostratigraphic units were:  
 

• SWA – a hypothetical future well located adjacent to the UNC property boundary in 
Section 3 or 10; 

• Zone 1 – a hypothetical future well located adjacent to the UNC property boundary in 
Section 1; and  

• Zone 3 – a hypothetical future well located to the north of, and adjacent to, the UNC 
property boundary in Section 36 inside the Navajo Nation. 

The residential tapwater exposure scenario is based on the assumption that residents would 
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construct homes, live adjacent to the UNC property boundary near the tailings impoundments 
for up to 30 years, and that residents would use seepage-impacted ground water for all 
domestic water needs. To assess the potential exposure of hypothetical future residents, three 
exposure pathways were selected for evaluation: 
 

• Ingestion of ground water as the drinking water source; 

• Direct dermal contact with ground water through bathing; and 

• Inhalation of volatile compounds in ground water through showering exposure and, for 
radionuclides, through other domestic tapwater uses. 

Attachment 9 provides summary tables of the risk assessment results for all detected COPCs 
(including the screening process, calculated hazards and risk, and RCOPC selection), as well as 
comparison values for background concentrations and potential ARARs (described further 
below). 
 
The updated HHRA indicates that there is significant total non-carcinogenic hazard and total 
risk associated with a hypothetical residential exposure scenario in each of the 
hydrostratigraphic units and that the highest hazard and risks are associated with Zone 3 
ground water. These calculated values reflect the combined risk of exposure to seepage-
impacted water from the tailing cells and non-seepage-impacted background ground water 
from the mine discharge water because a portion of the risk can be attributed to background 
COPC concentrations. The HHRA looked at both sources of anthropogenic water because both 
contain potential future risk to exposure of contaminants that are common in both 
anthropogenic waters. 
 
Total non-carcinogenic Hazard Index (HI) values exceed 1 in each of the hydrostratigraphic 
units. If an HI value is greater than 1, there is a possibility that a non-cancer health effect may 
occur. The ingestion exposure pathway is the most important for non-carcinogenic hazards, 
where total hazards exceed 1 for each of the hydrostratigraphic units. For the dermal exposure 
pathway, the total HI values exceed 1 for the SWA and Zone 3. The inhalation exposure 
pathway is not important with respect to non-carcinogenic hazard for any of the 
hydrostratigraphic units; chloroform, which is the only volatile COPC which has non-
carcinogenic health effects, is present in seepage-impacted ground water only at very low 
concentrations, most frequently at locations immediately adjacent to the tailings 
impoundment. The hazard associated with the ingestion exposure scenario in background 
ground water for Zone 3 exceeds that of the seepage-impacted water from the tailings cells.  
Specific target organs that may be impacted by exposure to Site contaminants are listed below 
and summarized as follows: 
 

• SWA – The HIs based on central nervous system effects are 8.7 for the child and 3.6 for 
the adult, due to the ingestion of, and dermal contact with, manganese in ground water. 
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Segregated HIs for kidney effects are 2.7 for the future resident child and 1.2 for the 
future resident adult (due mostly to uranium ingestion) and the HI for thyroid effects is 
2.1 for the child (due mostly to cobalt ingestion). Hazard indices for other specific 
organs or targets are less than one. 

• Zone 1 – Several segregated total HIs exceed one for target organs or toxicological 
effect. The HIs based on thyroid effects are 11.9 for the child and 5.1 for the adult (due 
mostly to the ingestion of cobalt in ground water). Segregated HIs for the central 
nervous system are 6.1 for the child and 2.5 for the adult (due to manganese), and for 
the metabolic system are 2.6 for the child and 1.1 for the adult (due to vanadium). 
Hazard indices for other specific organs or targets are less than one. 

• Zone 3 – The segregated HIs based on thyroid effects are 94.2 for the child and 40.3 for 
the adult, due mostly to the ingestion of cobalt in ground water. Segregated HIs for skin 
toxicity are 88.4 for the child and 37.8 for the adult (due to arsenic). Segregated HIs for 
the central nervous system are 36.3 for the child and 15.1 for the adult, and for the 
kidney are 9.5 for the child and 4.9 for the adult (primarily due to molybdenum). For the 
child receptor, the HI for gastrointestinal system effects is 1.3 (due to beryllium) and the 
HI for reduced body and organ weights is 1.6 (due to nickel) for the child receptor. The 
segregated HIs for the metabolic system (as indicated by decreased hair cystine) are 2.3 
for the child and 1.0 for the adult, due to the vanadium ingestion. Hazard indices for the 
liver, for both the adult and the child, are less than one. Additionally, the HIs for 
gastrointestinal system effects and reduced body and organ weights are less than one 
for the adult receptor. 

The updated HHRA indicates that total cancer risk exceeds the EPA’s target risk range of 1E-04 
to 1E-06 for each of the hydrostratigraphic units. The COCs associated with these risks are as 
follows: 
 

• SWA – The total carcinogenic risk is 5.0E-04. The chemical carcinogenic risk is 6.2E-05, 
due primarily to ingestion of arsenic. Radionuclide carcinogenic risk is 4.4E-04, due 
primarily to radium-226 inhalation and uranium (combined isotopes) ingestion.  

• Zone 1 – The total carcinogenic risk is 1.4E-03. The chemical carcinogenic risk is 3.4E-05, 
due primarily to arsenic ingestion. The radionuclide carcinogenic risk is 1.4E-03, due 
primarily to radium-226 inhalation.  

• Zone 3 – The total carcinogenic risk is 2.2E-02. The chemical carcinogenic risk is 9.3E-03, 
due primarily to arsenic ingestion. The radionuclide carcinogenic risk is 1.3E-02, due 
primarily to radium-226 inhalation. The cancer risk due to radium-228 (3.5E-04) is also 
higher than the EPA’s target risk range of 1E-04 to 1E-06. 

Background carcinogenic risks were also identified during the HHRA. The background UCL95s 
for arsenic in the SWA and Zone 1 are similar to the impacted water EPCs in these 
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hydrostratigraphic units; therefore, the associated risks would be similar. Radium-226 and/or 
radium-228 activities in background water exceed those in seepage-impacted water for the 
inhalation exposure pathways for the SWA and Zone 1; consequently, the total background 
carcinogenic risk in the SWA and Zone 1 would be higher than that associated with seepage-
impacted water in these hydrostratigraphic units.  
There are questions on how the results of the HHRA may be applied due to the following 
factors: 
 

• Some background hazards or risks either exceed or represent a large portion of the 
impacted water hazard or risk.  

• Background water quality is not considered suitable for use as a primary drinking water 
source (e.g., due to sulfate and other chemicals that affect potability).  

• Toxicity numbers (particularly for non-radionuclides) are typically conservative due to 
the incorporation of uncertainty factors and modifying factors. Furthermore, 
summations of total hazards and total risks may or may not be appropriate.  

• Toxicity values can also under estimate toxic effects on sensitive subpopulations, such as 
groups of individuals with pre-existing diseases that may be less able to prevent or 
eliminate the effects of a contaminant due to weakened natural defenses or 
detoxification mechanisms. It is possible that Navajo Nation residents with kidney 
disease could be considered a sensitive subpopulation to contaminants that exhibit 
kidney toxicity, in the unlikely event that they would be exposed to seepage-impacted 
ground water. However, background concentrations of some of these contaminants 
exceed those in seepage-impacted water (e.g., Zone 3 for uranium, molybdenum, and 
cadmium).  

• Inhalation risks may be overestimated for the following reasons: 

o The model for inhalation risk to radium-226 may not be appropriate because 
radium-226 is not volatile. The evaluation of exposure to the radium-226 decay 
product radon-222 might be more appropriate, but measurements of radon in 
ground water are not available. Furthermore, the use of the Andelman 
volatilization factor may be overly conservative for radium-226; a U.S. Geological 
Survey report (Lindsey and Ator, 1996) indicates that the typical transfer of 
radon from well water to residential air is 20 percent of that represented by the 
Andelman factor.  

o Inhalation exposure concentrations may be lower than estimated, because many 
local residents don’t have running water in their homes and the models used to 
approximate RME intake may be inappropriate. However, some local residents 
may also haul water from local wells and exposure factors for this potential 
exposure scenario have not been identified. 
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• Hazards and risks may be underestimated based on usage of the following exposure 
factors: 

o A 30-year exposure duration may be low with respect to a local resident 
population; 

o A drinking water ingestion rate of two liters per day may be low with respect to a 
local population residing in a semi-arid environment; 

o The assumption of a 350-day exposure frequency could be slightly low for the 
local population, but is bounded at 365 days. 

• There is insufficient water available in Zone 1 for use as a potable water source for the 
exposure duration evaluated in the HHRA. 

• Downgradient seepage impacts have been, and are expected to continue to be, limited 
by NA in all three hydrostratigraphic units. 

• Assumptions that certain radionuclide decay products are at secular equilibrium with 
their parent nuclides.  

• Assumption that uranium isotopes are present in proportion to natural abundance. 

In summary, for the Reasonable Maximum Exposure (RME) individual that meets assumptions 
made in this assessment with the established uncertainties, there is a potential for human 
health risks that exceed the criteria established by the EPA for remedial action to be conducted.  
 
Reassessment of Remediation Levels and Basis for Comparison of Alternatives 
 
The HHRA risk and hazard calculations are made for the purpose of identifying the “baseline” 
risk associated with COPC exposure, independent of ARARs and NMWQCC ground water 
cleanup criteria. The results of this risk assessment, together with background risk information 
and data from the three hydrostratigraphic units at the UNC Site, can be used to support the 
reassessment of remediation levels within the SWSFS and provide a basis for comparing 
remedial alternatives.  
 
Consistent with the EPA risk assessment guidance regarding background concentrations (EPA, 
2002), COPCs that are present in both impacted and background ground water have been 
carried through the quantitative risk assessment calculations of the seepage-impacted ground 
water. Therefore, some of the resulting non-carcinogenic hazard and carcinogenic risk 
estimates are attributable to the hazards and risk associated with background concentrations. 
And, background concentrations should be considered in any future reassessment of Site 
remediation cleanup levels. Considerations may include the following: 
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• Where background concentrations exceed ARARs, background concentrations may be 
selected as remediation levels.  

• Where background COPC concentrations exceed COPC concentrations in seepage-
impacted water, COPCs may be eliminated from further consideration of remedial 
alternatives. 

• Where background water hazards or risks exceed the EPA target levels, it may be more 
effective and appropriate to implement remediation alternatives that restrict exposure 
to contaminated ground water as compared to the existing 1988 ROD ground water 
remedy.  

RCOPCs were identified using a two-step process. First, RCOPCs were identified using the 
following criteria: 
 

• Those COPCs which contribute at least 1E-06 cancer risk to an exposure scenario (i.e., 
total risk) that exceeds the EPA’s target risk range of 1E-04 to 1E-06; or 

• Those COPCs contributing an HQ of at least 0.1 to an HI (i.e., segregated total HI) of 1 for 
non-cancer effects. 

The second step was to compare RCOPC concentrations for each of the hydrostratigraphic units 
against the corresponding background concentrations and background risks. Attachment 9 
(Updated Baseline HHRA Final Table 7) summarizes the selected RCOPCs and the rationale used 
to select them. Table 8 from the Baseline HHRA provides a more complete evaluation of the 
data and reasons for carrying forward COC’s (Attachment 9).  
 
These RCOPCs may require consideration for remedial action in the SWSFS and in future risk 
management decisions. The SWSFS, which is currently underway, will consider the complicated 
nature of overlapping human health risks and hazards associated with seepage-impacted and 
background water. This information will be used to support any future EPA CERCLA decision-
making regarding remedy modification and, if necessary and appropriate, provide a basis for 
potentially waiving ARARs due to technical impracticability (TI), consistent with the NCP and 
EPA TI waiver guidance.  
 
Attachment 10 includes a table prepared in response to an EPA comment on the original draft 
of the HHRA, and provides a summary of the following COPC risk assessment and ARAR 
information for each hydrostratigraphic unit:  
 

• The results of the initial HHRA screening process for detected COPCs; 

• Risk and hazard values from Appendix A tables;  
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• The RCOPC determination from Table 7 (HHRA); and Table 8 from the Baseline HHRA 
provides a more complete evaluation of the data and reasons for carrying forward COC’s 
(Attachment 9). 

• Comparison of the seepage-impacted EPCs (UCL95) for each COPC and 
hydrostratigraphic unit with (a) the corresponding calculated background UCL95 
concentration and (b) the potentially applicable ARAR (e.g., the MCL, NRC License 
Compliance Standard, or NMWQCC Standard). 

This table is provided here for reference; however, the information provided in the table will be 
analyzed and used in the pending SWSFS. 
 

5.1.4 Part III SWSFS – Detailed Analysis of Alternatives 
 
In July 2009, UNC submitted to the EPA the revised Part II of the SWSFS (Chester Engineers, 
2009b), which addressed the development and screening of remedial alternatives. Based upon 
a series of comments and responses (EPA, 2010; and Chester Engineers, 2010c), UNC submitted 
the Revised SWSFS Parts I and II in April 2011 (Chester Engineers, 2011b), for which the EPA 
provided additional comments (EPA, 2011b; 2012b) as provided in Table 20. On October 14, 
2011, the EPA determined that the Revised SWSFS Parts I and II (April 2011) was complete 
provided that the comments on the revised SWSFS Part I and II (which included comments from 
NMED, NRC, Navajo Nation EPA, and DOE) were addressed in the SWSFS Part III. In the October 
2011, letter, the EPA provided UNC with a Notice to Proceed with development of the SWSFS 
Part III. The EPA comments (26 each) on Part I and II will have to be included and addressed in 
Part III (see Table 20). In November 2011, UNC provided a written response to the EPA 
comments with a request for further discussion on each comment by conference call. On 
December 7, 2011, a conference call between the EPA, UNC, NMED, NNEPA, and NRC was held 
to discuss the SWSFS Part I and II comments. The conference call discussed/resolved some of 
the comments and the SWSFS Part III will present information to address or describe how the 
comment was addressed. UNC is presently continuing work on the SWSFS Part III, but work is 
temporarily suspended until the EPA accepts the proposed revisions to the BTVs, and NRC 
approves the License Amendment request for revised Site GWPS to the newly calculated BTVs.  
 
5.2 Development of UPL95 Statistics for Background Water 
 
As previously stated, ground water remediation is conducted under two authorities, CERCLA 
and the 1988 ROD, and the NRC License. While this section primarily pertains to remedial 
requirements of the UNC License, there are implications for decisions regarding CERCLA. 
 
The UNC Site background data sets also support estimates of the BTVs which represent values 
in the upper tail of the background data distribution (e.g., 95% upper percentile) or UPL95. 
Ordinarily, a sample COPC value that exceeds a BTV can be considered impacted or exhibiting 
evidence of contamination. Normally, background levels of elements display a statistical 
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variation within a well-defined range, but if a value exceeds a threshold level it could have 
significance as an indicator of a possible ore deposit, or in this case impact from contamination. 
 
During April 2012, UNC submitted to NRC a License amendment request for revision of some 
NRC GWPSs based on updated background water concentrations (UNC, 2012; GE, 2012). UNC 
presented newly calculated BTVs based on the UPL95s (Chester Engineers, 2012a). A UPL95 BTV 
for a COPC represents the concentration at which a change in ground water quality would be 
statistically significant and indicate a degradation of quality. If a ground water sample COPC 
concentration from a monitoring well exceeds the corresponding UPL95 COPC limit by a 
statistically significant amount which is verified by additional confirmation sampling, then the 
ground water at that location is out of compliance. The UPL95 BTV exceedance would trigger an 
investigation to determine the reason for the change or degradation of water quality, and a 
corrective action would be taken to remedy the degradation. Since the UNC Site ground water 
monitoring data has been subjected to the UCL95 statistical analysis, the UPL95 statistics 
provide a more current, extensive, and robust basis for calculating updated background COPC 
concentrations.  
 
The BTVs UPL95s for the UNC Site hydrostratigraphic units are summarized in Table 21 (this 
table also includes the 1988 ROD COPCs). The UPL95 calculations were based in part on the 
extensive background data set comprising ground water quality analytical results from July 
1989 through October 2007. The BTVs are anticipated for use in selecting COPCs as part of the 
SWSFS and for future comparison with compliance sampling data. The calculation of UPL95s 
was accomplished using current ProUCL software (Singh et al., May 2010, ProUCL Version 4.1 
User Guide [Draft], EPA/600/R-07/041). The UPL95s (as BTVs (i.e., “not-to-exceed” values)) are 
appropriate for comparison with compliance samples. UCL95 values discussed in Section 5.1 
should not be used for comparison with individual compliance samples because the UCL95s 
represent a confidence level on the mean of the background sample populations. The UPL95 
represents the maximum concentration allowed that a specific number of comparison values 
must fall below in order to avoid an exceedance at a designated level of confidence (e.g., 95%)  
 
To generate the UPL95 values requires selection of a specific future compliance-sampling plan 
because the statistics are derived in part on the anticipated numbers of future comparisons 
with sample values. The compliance-sampling schedule comprises a specific number of future 
comparisons of UPL95s (referred to as “k” values). This is done to control the probability of 
incorrectly accepting the hypothesis that a sample concentration is too high to have been 
drawn from a background population (referred to as a Type I error, Singh et al., April 2007).  
 
Based on UNC discussions with NRC staff, the following future compliance-sampling plan was 
applied to the development of the UPL95s: Six (6) years of quarterly POC sampling (for a 
subtotal of 24 sample sets or = 24) followed by License transfer to the DOE and annual sampling 
for 30 years (adding 30 sample sets for a total k = 54 per POC well). The k value for each 
hydrostratigraphic unit is multiplied by the number of POC wells in the unit. 
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• For the SWA, which currently has seven POC wells, the k value (54 future compliance 

samples per well) X (7 wells) = 378. 
 

• For Zone 1, which currently has five POC wells, the k value (54 future compliance 
samples per well) X (5 wells) = 270. 
 

• For Zone 3, which currently has four POC wells, the k value (54 future compliance 
samples well) X (4 wells) = 216. 
 

The UNC NRC Site License regulates a total of 13 COPCs as indicated in the fourth column of 
Table 21. The proposed, revised GWPSs (UNC, 2012) include newly calculated background 
concentration UPL95s for each hydrostratigraphic unit. For some COPCs the UPL95 statistics did 
not have enough sample laboratory detections and the resulting UPL95 calculation is 
considered statistically unreliable. For these parameters the maximum detected background 
concentration is used instead of the UPL95 statistic. This is the case for lead in the SWA; lead in 
Zone 1; and cadmium and lead in Zone 3. In 2012 the following UPL95 BTVs and/or maximum 
detected background concentrations for each hydrostratigraphic unit were submitted as 
proposed revisions to the UNC NRC License GWPSs: 
 

• SWA – seven (7) proposed revised GWPSs: cadmium [0.025 mg/l]; lead [0.07 mg/la]; 
nickel [0.078 mg/l]; selenium [0.07 mg/l]; radium total [8.2 pCi/L]; thorium-230 [4.5 
pCi/L]; uranium [0.205 mg/l]; and lead-210 [5.9 pCi/L]. 
 

• Zone 1 – five (5) proposed revised GWPSs: nickel [0.07 mg/la]; uranium [0.238 mg/l]; 
radium total [12.1 pCi/L]; thorium-230 [1.6 pCi/L]; and lead-210 [4.7 pCi/L]. 
 

• Zone 3 – nine (9) proposed revised GWPSs: arsenic [0.757 mg/l]; cadmium [0.09 mg/la]; 
lead [0.08 mg/la]; nickel [0.569 mg/l]; uranium [0.395 mg/l]; radium total [35.2 pCi/L]; 
thorium-230 [17.0 pCi/L]; lead-210 [5.7 pCi/L]; and gross alpha [39.7 pCi/L]. 
 
a – UPL95 statistically unreliable due to too few detections: maximum detected background 
concentration used instead. 

 
Many of the COPC concentrations for each hydrostratigraphic unit under the 2012 UNC NRC 
License amendment request have GWPSs that are unchanged: six (6) in the SWA (arsenic, 
beryllium, vanadium, uranium, chloroform, and gross alpha); eight (8) constituents in Zone 1 
(arsenic, beryllium, cadmium, lead, selenium, vanadium, chloroform, and gross alpha); and four 
(4) constituents in Zone 3 (beryllium, selenium, vanadium, and chloroform). These same results 
are shown in Table 21 where the UPL95s with olive green highlight-bold font correspond to the 
proposed, revised GWPSs. UNC is not seeking to revise the GWPS for chloroform in any 
hydrostratigraphic unit. The current NRC GWPS for chloroform is equivalent to the EPA MCL of 



   
UNC Church Rock Uranium Mill Superfund Site  Fourth Five-Year Review 
September 2013  Page 51 
 
 

0.08 mg/l (for TTHMs, which is only present in the UNC Site ground water in very limited areas). 
 
UNC is also not seeking to revise the GWPS for uranium in the SWA on the basis of information 
provided in the GE report from 2006 (GE, 2006). The report by GE entitled, Regulatory 
Significance of the Occurrence and Distribution of Dissolved Uranium in Ground Waters of the 
Southwest Alluvium, Church Rock Site New Mexico, is a special report that does not conform to 
the same statistical methods and data set conditions as the ProUCL statistics. The primary 
purpose of the report was to assist the EPA with deliberations applying the current MCL for 
uranium (0.03 mg/l) to the SWA. The report is primarily a semi-quantitative discussion of the 
nature and concentrations of uranium in the SWA based on the buffering of tailings seepage by 
carbonate minerals and the complexation of uranium with bicarbonate. The report is not a 
statistical analysis similar to the ProUCL statistics. The conclusion in the paper is that the 
current 1988 ROD standard of 5.0 mg/l for uranium in the SWA should be revised to 0.30 mg/l 
which is the same as the NRC GWPS. The EPA MCL standard of 0.03 mg/l is unattainable in the 
SWA and would require complete desaturation of the aquifer. The UCL95 statistics determined 
that the background concentration for uranium in the SWA is 0.046 mg/l, and the UPL95 BTV 
for uranium in the SWA is 0.205 mg/l. Both the UCL95 and UPL95 statistics for uranium in the 
SWA are lower than the current NRC GWPS, GE recommended value of 0.30 mg/l. The EPA 
supports a consistent statistical approach and therefore recommends the SWA background 
value of 0.205 mg/l. 
 
The ORD was tasked by EPA Region 6 to provide comment on the background conditions of the 
near-surface aquifer system created by the NECR and Quivira uranium mine dewatering 
activities over the 17 year period of discharges from 1969-1986. On March 25, 2013, ORD 
issued an official memorandum on the background ground water conditions in the SWA and 
Zones 1 and 3 of UNC Site. The memorandum describes how infiltration of mine discharge 
water became the “background” condition of water chemistry for the shallow aquifer system at 
the UNC Site. The memorandum also recognizes that milling disposal operations at the UNC Site 
created an acidic tailings mound of ground water on top of the artificially created shallow 
aquifer system that subsequently seeped and created a plume of contamination. ORD was 
specifically tasked to provide an opinion on UNC’s technical approach applied to establish 
background conditions for the artificial system prior to tailings disposal. The challenge of 
establishing background conditions is complicated by the fact that the ground water system is 
comprised of three different hydrostratigraphic units each of which have developed a unique 
geochemical condition over time. Determination of a common background condition for all 
three units is not feasible and each unit must be addressed independently. Some background 
constituent concentrations exceed primary drinking water standards and, “… it would be 
unrealistic to consider the artificial [background] aquifer system as a viable source of water for 
human and/or animal consumption at present or in the future.” The memorandum stated that, 
“the artificial aquifer system is temporary and has gradually dissipated and dried up due to the 
lack of recharge since mine dewatering discharge stopped and– it will eventually revert to its 
dry or near-dry state since no net recharge of the aquifer system is occurring.” 
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The ORD technical memorandum concluded that, given the history of development of ground 
water conditions at the UNC Site, the proposed cleanup and compliance monitoring levels for 
COPCs using the statistically-based 95th percentile upper prediction limits (UPL95s) for 
background water samples in the individual units are reasonable and should be adopted. 
 
5.3 Ground Water Flow Model 
 
The 2012 Ground Water Flow Model for the UNC Site includes three classes of groundwater. 
Two of these classes are anthropogenic and have been defined in the 1988 ROD and 
subsequent UNC Site documents: post-mining/pre-tailings (background) and post-mining/post-
tailings (commonly referred to as tailings-impacted or seepage-impacted). The third class of 
groundwater is derived from natural recharge and is described by the ROD as pre-mining/pre-
tailings (natural). 
 
UNC developed a three-dimensional computer-generated numerical ground water flow model 
of the UNC Mill and Tailings Site, and the adjacent down-gradient region. The principal 
objective of the 2012 Ground Water Flow Model is to support EPA decision making related to 
utilizing an Alternate Concentration Limit (ACL)[ CERCLA Sec. 121(d)(2)(B)(ii)] as a potential 
remedy in any new EPA decision and that may potentially be submitted to the NRC in a License 
Amendment Request.  
 
The following text is from the July 1987, Alternate Concentration Limit Guidance, Part I, ACL 
Policy and Information Requirements Interim Final defines ACLs:  
 

To establish ACLs, two points must be defined on a RCRA facility's property 
…: the Point of Compliance (POC) and the Point of Exposure (POE). The POC is 
defined in the Subpart F Regulations (40 CFR § 264.95) as a "vertical surface" 
located at the hydraulically downgradient limit of the waste management area 
that extends down into the uppermost aquifer underlying the regulated unit. The 
POC is the place in the uppermost aquifer where ground-water monitoring takes 
place and the ground-water protection standard is set. The ACL, if it is 
established in the permit, would be set at this point. 
 
The point of exposure (POE) is the point at which it is assumed a potential 
receptor can come in contact, either now or in the future, with the contaminated 
ground water. Therefore, the ground-water quality at the POE must be 
protective of that receptor. For example, a facility may have a ground-water 
contaminant plume restricted to a small portion of its property. In this case, it 
may be appropriate to assume that people will be exposed through a drinking 
water well to the ground water immediately at the edge of the plume. The 
ground water at that Section 264.94 contains the regulatory framework for these 
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concentration limits. The approach used by the regulations is to adopt widely 
accepted environmental performance standards (i.e., MCLs in Table 1), when 
available, as concentration limits. However, because of the lack of currently 
available standards, specific concentration limits for only a few specific 
constituents have been included in the regulations. 
 
Maximum contaminant levels are established for 14 hazardous constituents 
under the National Interim Primary Drinking Water Standards and are listed in 
Table I of Section 264.94(a) of the regulations. If a constituent is not listed in 
Table 1, the standard becomes no degradation beyond background water 
quality. In such cases, the concentration limit is set at background level. 
However, variances from these standards are available where the permit 
applicant can demonstrate that the constituents will not pose a substantial 
present or potential hazard to human health or the environment. In such cases, 
the applicant may ask for an "alternate concentration limit" (ACL) under Section 
264.94(b) of the regulations. This section of the regulations lists nineteen criteria 
to be applied in ACL demonstrations. The applicant should, however, be aware 
of any State or local laws regulating ground water. Many States prohibit the 
release of any pollutants into the ground water. If the State has an authorized 
program for 40 CFR Part 264, Subpart F and does prohibit such releases, ACLs 
may not be allowed. 

 
The focus of the 2012 Ground Water Flow Model is on Zone 3 applications that may potentially 
be submitted to the NRC. The reason that the Ground Water Flow Model focused on Zone 3 
applications is because UNC anticipates that the application of ACLs may be greatest for Zone 3 
in the potential of a new EPA decision document. In particular the 2012 Ground Water Flow 
Model should be able to generally predict the future disposition of the three classes of ground 
water. The character of seepage-impacted water has been investigated and tracked in the 
Annual Review Reports since the early 1980s with entry and migration of background ground 
water through the three hydrostratigraphic units, a secondary focus of the monitoring program. 
An understanding of the disposition of background ground water (mine discharge water) is a 
requisite for predicting the future disposition of seepage-impacted water from the tailings cells 
because the background ground water is in contact with the other two classes of ground water, 
and the background water often resides in a hydrogeologic position between seepage-impacted 
water from the tailings cells and the down-gradient natural ground water. Because the 
background water characteristically is located between the seepage-impacted water and the 
down-gradient natural ground water made it necessary to initiate the Ground Water Flow 
Model with the start of mine water discharge in 1968 as one of the model parameters (UNC, 
2012). 
 
The Ground Water Flow Model was developed using two industry standard computer 
programs: MODFLOW 2000 version (Harbaugh et al., 2000) and MODPATH (Pollock, 1994). The 
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model is three-dimensional and incorporates the geometries and hydraulic characteristics of 
each Site hydrostratigraphic zone that was subject to transient saturation by the two 
anthropogenic classes of ground water (post-mining/pre-tailings (background) and post-
mining/post-tailings (commonly referred to as tailings-impacted or seepage-impacted). The 
model made extensive use of the MODFLOW cell rewetting process as a way to approximate 
the propagation of an unconfined wetting front through previously unsaturated geologic media. 
An unconfined wetting front is where water flows downward from a source through dry soil. 
The reason an unconfined wetting was approximated is that the anthropogenic water was 
discharged at the surface and percolated downward through previously dry soil. The model is 
limited to ground water flow and purely convective transport. Convective transport means that 
the contaminants in the ground water flow do not react with other contaminants and do not 
disperse more rapidly than other contaminants. Purely convective transport is simulated by the 
particle tracking method. The particle tracking method is where the movement of water is 
stimulated by individual particles. The reason the particle tracking method was used is because 
the MODFLOW and MODPATH computer systems are generally accepted in the industry and 
that particle tracking is an industry accepted method of tracking contaminant particles moving 
through ground water. 
 
As defined in the 2012 Ground Water Flow Model, the conceptual model includes recognition 
that there was a pre-mining (natural) water table at about elevation 6692 ft. This natural water 
table had a broad geographical extent, consistent with the observations and interpretations 
presented in the Ground Water Flow Model report, as well as with regional models of 
piezometric elevations in the Gallup Sandstone. The pre-mining natural water table and later 
interface (with anthropogenic background groundwater) was also persistent. This aspect of the 
conceptual model is consistent with data that demonstrate a very slow migration rate exhibited 
by the natural, regional groundwater flow system. The conceptual model is also consistent with 
UNC Site monitoring data, which demonstrates consistent water quality of the pre-mining 
natural groundwater despite post-mining contact with and surcharging (of head) by background 
groundwater. 
 
Pre-mining natural ground water occupied the all the available (pore) space in the Gallup 
Sandstone beneath a water table, which was encountered at elevation 6692 ft (amsl) during the 
construction of the Northeast Church Rock mine shaft 1 in March 1968.   Subsequent discharges 
of water to Pipeline Arroyo from the Northeast Church Rock Mine and the Kerr McGee Church 
Rock Mine resulted in mining-related (background) ground water infiltrating the alluvium and 
Zones 1 and 3.  The background ground water migrated down the slightly inclined 
(approximately by one degree from horizontal) layers of Zones 1 and 3, where it eventually 
encountered the pre-mining natural water table.  Measurements in Zone 1 monitor wells 0(141, 
0143, and 0143) having screened intervals below the elevation of the pre-mining natural water 
table indicate that background ground water contacted the pre-mining natural ground water 
before 1980, because the piezometric pressures (the height to which water levels rise in a well) 
increased steadily in those wells for approximately two decades.  That increasing pressure is 
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interpreted to have been caused by the accumulation of background ground water on top of 
the pre-mining natural ground water.  The pressure eventually ceased to increase because the 
volume of background ground water was limited by the cessation of mine water discharge in 
February 1986.   
 
The approximately 14-year delay between the cessation of mine water discharge and the 
leveling off of pressure in these wells gives an indication of the rate of migration of the 
background ground water, which was much faster than the natural rate of migration of the pre-
mining natural ground water.  The slow rate of natural migration is the result of the Gallup 
Sandstone descending in depth over 5500 ft over approximately 60 miles to its northern extent 
beneath the San Juan River, where the ground water eventually discharges.   
 
The ground water underlying the UNC Site is located in the Gallup Sandstone Formation. The 
Gallup Sandstone is an important regional aquifer in the southern part of the San Juan Basin. 
The conceptual model in the Ground Water Flow Model reflects the regional hydrogeologic 
setting of the Gallup Sandstone and associated hydrostratigraphic units described briefly in 
Section 3.2 of this FYR. Earlier ground water flow models of the San Juan Basin include 
modeling of ground water flow in the Gallup Sandstone (Stone, 1981 and Kernodle, 1996). The 
models predicted northward migration of ground water in the Gallup Formation until it 
eventually discharges to the San Juan River near the Four Corners areas. Ground water 
recharge to the Gallup Sandstone occurs predominantly where it outcrops at the western and 
southern margins of its regional extent. Isotopic age dating of ground water in the Gallup 
Sandstone suggests that recharge rates were greater in the past than at present. Carbon-14 age 
dating of ground water in the underlying Morrison Formation suggests that ground water in the 
Morrison Formation has migrated less than 20 miles from the recharge area located in the 
western portion of the San Juan Basin in the last 40,000 years. So it is reasonable to conclude 
for the UNC-NECR area Ground Water Flow Model that local ground water also moves slowly in 
the Gallup Sandstone toward the north. 
 
The pre-mining natural ground water table is also regional in extent. Samples from Zone 1 
monitor wells 0141, 0142, and 0143 also provided evidence of the chemical characteristics of 
the pre-mining natural ground water, which is very different from background ground water. 
 During the sampling history of these wells, from July 1989 through 2013, there were only 
minor variations of ground water chemistry from the earliest samples.  This indicates that over 
this period of approximately 24 years there is no evidence of progressive chemical change by 
mixing despite the proximity (in elevation) between the well screens and the elevation of the 
pre-mining natural ground water table.  The sampling history also indicates that deflection of 
the pre-mining natural ground water by the surcharge of background ground water must have 
been limited to a relatively narrow geographical area up-dip of these wells.  Otherwise, ground 
water of background quality would have been detected in those wells.  There is also no 
evidence of a natural process that might be expected to induce mixing at some time in the 
future, beyond the slow and geographically limited process of chemical diffusion. 
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The conceptual ground water model in the 2012 Ground Water Flow Model utilizes information 
indicating the Pipeline Arroyo subsurface was dry prior to mine water effluent discharge 
(Canonie, 1987). The assumption that the Pipeline Arroyo was dry is based on the general 
absence of saturation in the Upper Gallup Sandstone and overlying formations (Canonie, 1987). 
Information from the sinking of the NECR Mine shaft in 1969 indicated the pre-mining natural 
ground water table (Class 3 water in this FYR) is down-dip and north of the UNC Site. The pre-
mining natural water table is a flow model initial condition across the Upper Gallup Sandstone 
Zones 1 and 3. When we say we used the pre-mining natural water table as an “initial 
condition”, we mean that the Flow Model describes what was known about the ground water 
prior to when mining began (about 1969).  
 
Figure 8 from the Ground Water Flow Model report presents the topographic view of the UNC 
Site-NECR Site area and the two major geologic structures that intersect the UNC Site, the 
Pinedale Monocline and the Pipeline Canyon Lineament. Figure 8 also includes the locations of 
two subsurface geologic cross sections (A-A’ and B-B’) which also intersect the UNC Site. A-A’ 
and B-B’ are shown in greater detail in Figure 9. Figure 9 presents the subsurface geology with 
respect to the location of the NECR Mine shaft and the elevation of the pre-mining ground 
water (natural) water table elevation prior to initiation of pumping from the NECR mine 
workings. The position and elevation of the pre-mining natural water table in the cross sections 
are based on extrapolation of data gathered in 1968 from the NECR Mine shaft and from the 
water quality sampling results gathered from 1980 to 2011 from the three Zone 1 monitoring 
wells (0141, 0142, and 0143) that are the down-gradient from the Tailings Disposal Area. These 
data indicated the presence of a pre-mining natural water table in Zone 1. Based on these data, 
the conceptual model includes recognition that the pre-mining natural water table existed at an 
approximate elevation of 6692 feet above mean sea level and had a broad geographical extent. 
 
The rates of ground water flow in the Gallup Sandstone are very slow relative to the rate of 
migration of anthropogenic ground water introduced into the UNC area ground water system 
from decades of mine dewatering discharge that infiltrated through the alluvium of the Pipeline 
Arroyo and into Zones 1 and 3. The anthropogenic ground water migrated down-dip until it 
contacted the pre-mining natural ground water.  The pre-mining natural ground water was not 
substantially displaced by or mixed with the later anthropogenic background ground water, 
which is shown by the consistent quality of ground water sampled from wells screened in the 
pre-mining natural ground water. 
 
Mining-related (background) ground water has pooled against and spread laterally updip of the 
pre-mining ground water horizon instead of mixing with the pre-mining natural ground water. 
The implications of the conceptual model for the Ground Water Flow Model are that: the pre-
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mining water table is an initial condition of known location; and tailings seepage water will 
remain updip10 of the background ground water. 
 
The Flow Model grid and boundary condition geometries were set up to simulate Zone 3 areas 
of: recharge; areas of infiltration beneath arroyo channels; and wells that may extract or inject 
water. MODFLOW was used for ground water flow modeling and MODPATH was used for active 
particle tracking. The active area of the flow model was approximately 4.7 square miles. Six 
model layers extended from the ground surface to the base of the Upper Gallup Formation 
(Zone 1). The layers represent four bedrock units, and unconsolidated alluvium and tailings. 
Zone 3 is represented by model layers 3 and 4 which represent upper and lower sections of 
Zone 3. The elevation of Zone 1 ranged from the base of the alluvium in the south to 
approximately 840 feet deep in the northern part of the model area. The outer margins of the 
Ground Water Flow Model employ no-flow conditions so there is zero flux (flux means flow) 
across such boundaries. Another type of boundary condition was set over a limited breadth of 
the Pipeline Canyon to allow for drainage of ground water out of the model through the 
alluvium (drain cells). The regulation of discharge through the drain cells was based on drain 
elevation (time variable) and conductance (horizontal primarily). The capability of assigning 
time-variable elevations to the drains is useful, because the elevation of ground water in the 
alluvium varied significantly over time in response to the variation in mine water discharge 
between 1968 and 1986. Figure 10 from the Ground Water Flow Model presents a hydrograph 
of the combined rate of mine water discharge to the Pipeline Arroyo. This discharge is one of 
the sources of anthropogenic water to the SWA and Zones 1 and 3. Figure 11 presents a 
hydrograph of alluvial Well 0627 from 1968-2030, and an extrapolated Ground Water Flow 
Model drain cell hydrograph. 
 
Figure 11 reflects the impact the discharge of mine water had on recharge-saturation of the 
alluvium then gradual desaturation after mine water discharge ceased in 1986. River cells were 
also developed in the model to allow for drainage of the alluvium that filled during the period 
of active mine dewatering followed by desaturation when dewatering ceased. Recharge areas 
for the Ground Water Flow Model included the tailings disposal ponds and areas of natural 
recharge subject to precipitation runoff events. The Ground Water Flow Model used the 
standard MODFLOW wells to simulate historic pumping by extraction wells in all three 
hydrostratigraphic zones at the UNC Site. 
 
Simulations of ground water flow had to begin with mine water discharge in 1968, include the 
disposition of background water and tailings seepage water, and predict through to the future 
of the tailings seepage-impacted water in Zone 3. MODFLOW divides the time-scope of 
transient simulations (1968-2011) into user-defined stress periods which are subdivided into 

                                                      
 
10 updip means located up the slope of a dipping plane or surface 
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time steps in order to improve numerical stability of the iterative solution process or to acquire 
a solution at a particular time. The first/early time step of simulation was at January 1987, a 
time when Site-wide observations of well water levels and piezometric elevation maps were 
starting to be made by Canonie (1987). The second/later time step was October 2011 when the 
most recent Site-wide piezometric elevation maps were made by Chester Engineers (2012). The 
model predicted piezometric elevations for January 1987 and October 2011 compared well 
(matched) to the large format maps prepared by Canonie (1987) and in the 2011 UNC Annual 
Report. 
 
Particle tracking using MODPATH to simulate purely convective transport of impacted water 
made full use of the three-dimensional solution for transient heads and cell-to-cell fluxes 
calculated by the MODFLOW simulations. The technique also provides for particle tracking 
forward and backward in time. Backward tracking was used to determine the sources of ground 
water in the general area of seepage-impacted ground water in Zone 3. The particles were 
tracked backward until they encountered the first water table as an end point or source. Figure 
12 present the particle tracking end points for simulation in October 2011. The sources were 
identified as either north pond, borrow pits 1 or 2, or nontailings (typically an arroyo recharge 
or river cell). Once the particle tracking simulations identified the source and was calibrated to 
define the extent of the seepage-impacted plume in 2011, the next step is to make predictive 
analysis of future migration under simulated conditions. 
 
The Ground Water Flow Model and forward particle tracking were simulated to make a 15-year 
prediction of future migration to 2026 based on a hypothetical pumping scenario of existing 
extraction wells in Zone 3. No new recharge was considered and the Zone 3 extraction well 
pump rates were estimated to decline over time. Figure 13 shows the contours of the predicted 
piezometric surface elevations in layer 4 (base of Zone 3). The area of seepage-impacted 
ground water is presented in red forward tracking particle tracking. The particle tracks do not 
extend north of the northern line of extraction wells most of which operate throughout the 
extraction well pump rates were estimated to decline over time. Figure 13 shows the contours 
of the predicted piezometric surface elevations in layer 4 (base of Zone 3). The area of seepage-
impacted ground water is presented in red forward tracking particle tracking. The particle 
tracks do not extend north of the northern line of extraction wells most of which operate 
throughout the 2011-2026 time period. The simulation shows that the background water 
occupies a large area of Zone 3 between the down-gradient pre-mining water and the seepage-
impacted ground water. The seepage-impacted water is marginalized between the eastern 
edge of the extent of saturation and the hydraulic mound on the west created as background 
ground water from mine dewatering discharge. The prediction of the model was tested against 
the volume of water calculated in the ground water mound that existed in Zone 1 and 3 as a 
result of mine discharge. The combined volume was approximately 10% of the total volume of 
mine discharge water which was about the estimated percentage of mine water lost to 
infiltration based on weir measurements in the alluvial channel. 
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5.4 Zone 3 Remedial Actions 
 

5.4.1 In-Situ Alkalinity Stabilization Pilot Study  
 
In 2006 to 2007, UNC conducted an in-situ alkalinity stabilization pilot study to evaluate the 
potential to enhance the ongoing Zone 3 remediation through the use of alkalinity injection 
wells combined with carefully controlled extraction pumping at the UNC Site. The proposed 
approach for the pilot study was presented in the In-Situ Alkalinity Stabilization Pilot Study 
(BBL, 2006), which was approved by the EPA. 
 
The pilot study was initially designed to test the injection of alkalinity-rich ground water from a 
non-seepage-impacted part of the SWA into the Zone 3 aquifer. The injected water (so-called 
“fixiviant”) would flow through the Zone 3 formation to recovery wells where the fixiviant could 
be pumped to the surface for treatment and disposal. However, concerns were expressed by 
NMED that the ground water from the SWA did not meet applicable ground water standards 
for sulfate, TDS and manganese. Following the original submission of this pilot study (in October 
2005) and subsequent discussions, NMED identified ground water withdrawn from a formation 
below Zone 3 and the underlying Mancos Shale (the Westwater Canyon Formation), via the 
onsite Mill Well, as a potential alternative source of ground water to use as the injection water. 
The pilot study approach was revised to include injection of the Mill Well water (amended with 
sodium bicarbonate to add alkalinity) into Zone 3, as described in the approved In-Situ Alkalinity 
Stabilization Pilot Study dated June 2006. The pilot study was conducted from October 24, 
2006, to February 15, 2007. The observed injection and extraction rates were unexpectedly 
low. As a result, the estimated speed of ground water moving between the injection and 
extraction wells was prohibitively slow and the pilot test was terminated. Data obtained as part 
of the pilot study indicated that the mineral feldspar in the Zone 3 arkosic sandstone had been 
altered by the acidic tailings liquids, generating kaolinitic clay that significantly clogged pore 
spaces and reduced hydraulic conductivity. The pilot study indicated that it would take 10 times 
longer to accomplish remediation goals than had been hypothesized. Using what had been 
envisioned as an approximate five year remedy enhancement could actually take 50 years or 
more. Based on these results, it was concluded that the use of alkalinity rich solutions to 
remediate the Zone 3 seepage-impacted ground water in-situ was infeasible (ARCADIS BBL, 
2007). 
 

5.4.2 Phase I Hydrofracture Program and Continuing Zone 3 Extraction Well Pumping  
 
Extraction of seepage-impacted ground water from a new array of wells in the northern part of 
Zone 3 in Section 36 was tested in April 2005 as part of the Phase I (i.e., post-pilot) 
hydrofracture program (MACTEC, 2006). Continuous pumping of these wells began in May 
2005. Phase I ended in January 2006; however, as discussed later in this section of the report, 
the pumping has been continued and supplemented by the installation of additional extraction 
wells. The locations of the Phase I pumping wells (RW 11, RW 12, RW 13, RW 15, RW 16, RW 
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17, and PB 2) are shown on Figure 37 and Figure B-1 in Appendix B of the 2012 Annual Review 
Report. Also shown is the location of a newer extraction well, RW A, which started pumping on 
September 24, 2007. Due to fouling and/or insufficient yield, RW 12, RW 13, and RW 15 have 
been taken off-line and are no longer pumping. Of this group, the pumping wells that were 
operational during 2012 are PB 2, RW 11, RW 16, RW 17 and RW A. 
 
Based on UNC’s hydrogeologic analysis and recommended pumping system design (N.A. Water 
Systems, 2008c), five new extraction wells to intercept and recover seepage-impacted water 
were installed during September 2008. These well locations are shown on Figure 35 and Figure 
B-1 (in the front of Appendix B) and are designated NW 1, NW 2, NW 3, NW 4, and NW 5. After 
an initial test period to determine that all five wells were pumping properly, three of the wells 
started pumping during February 2009 (NW 1, NW 2, and NW 3). NW 2 and NW 3 were each 
pumping at approximately 1 gpm and NW-1 at 0.1 gpm. Yields have since declined at all of the 
wells and most dramatically at NW 1, which has a very low recharge rate and shallow saturated 
thickness. As discussed in the next section, the pumping scheme was adjusted during 
November 2009 and June 2012. NW 3 and NW 5 were not pumped to minimize the potential of 
drawing seepage-impacted ground water to the northwest. Approximately 14,141,544 gallons 
of ground water have been pumped from this new Zone 3 extraction well network from January 
2005 through the end of November 2012, and piped to the evaporation pond. 
 

5.4.3 Evaluation of the Effects and Limitations of Zone 3 Extraction Well Pumping  
 
Twenty-three years of remedial pumping have resulted in significant dewatering of Zone 3. One 
effect of this is that once the saturated thickness falls to approximately 25 ft or less, well 
efficiency declines and pumping rates fall to less than 1.0 gpm (Earth Tech, 2001). Table 11 
presents the reductions in saturated thickness for Zone 3 monitoring wells between the third 
quarter of 1989 and the fourth quarter of 2012. In previous versions of this table, values of 
saturated thickness greater than 25 ft were shaded. For the first time, in 2012, none of the 
monitored Zone 3 wells met this criterion (last year Well EPA 14 just barely met this threshold 
with a saturated thickness of 25.10 ft). 
 
The saturated thickness measured in Zone 3 wells has declined by 75 percent on average since 
the third quarter of 1989. Figure 35 shows that between 1989 and the fourth quarter of 2012, a 
very large portion of the Zone 3 Remedial Action Target Area has been desaturated (effectively 
dewatered). The eastern limit of Zone 3 saturation has shifted to the west-northwest over this 
time period (from the location of the wavy blue line, showing the saturation limit in 1989, to 
the dashed brown line showing the approximate October 2012 “zero” saturation limit). The 
effects of both the former and the present-day, reconfigured remediation pumping in partially, 
locally dewatering Zone 3 are presented in Figure 36. The figure marks the start of recovery 
pumping from the new well array installed during the hydrofracture study in April 2005. 
 
The in-situ alkalinity stabilization study found that the seepage-induced alteration of feldspathic 
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minerals is reducing the bedrock permeability. This tends to restrict the migration of tailings 
seepage. The main reason that the ground water flows toward the north is that the Zone 3 
bedrock unit dips downward toward the north. The hydraulic head that drives the flow 
comprises two components: the elevation head plus the pressure head. Hydraulic head in an 
aquifer means the altitude to which water will rise in a properly constructed well. This is the 
altitude of the water table in an unconfined aquifer or of the potentiometric surface in a 
confined aquifer. The elevation head in an aquifer is the elevation of the bottom of the well 
measuring point in feet above sea level. Pressure head in an aquifer is the height that water 
rises in a well that is open only at the top and bottom of its casing. When we say there will be 
no further reduction in the pressure head we mean that pressure within the aquifer is equal to 
zero. The fact that there is no further reduction in the pressure head is significant because it 
means that the tailings seepage-impacted water is no longer influencing the direction of ground 
water gradient.  
 
The long history of extraction pumping in Zone 3 has reduced the pressure head component of 
the total hydraulic head. However, it is not possible to reduce the slope-related elevation 
(elevation head) here, and that is a driving force component that cannot be changed (N.A. 
Water Systems, 2008b). Continued pumping has been helping in the short-term; however, the 
saturated thicknesses in this hydrostratigraphic unit are quite shallow and eventually there will 
be no further possible reduction in the pressure head. The effort to counteract the overall 
hydraulic head is gradually approaching practical limits as the well yields decrease. At some 
time in the future, seepage-induced permeability reductions will retard further northward 
migration of seepage-impacted water. The exact timing and location of the development of this 
critical balance cannot be predicted, but such a condition should inevitably occur. 
 
Another way to look at the inherent difficulty of extraction pumping in the northern part of the 
seepage-impacted water is to note that along a 1200-ft long, west-northwest trending line of 
cross section located between Wells NBL 1 and PB 3, the total ground water flux (without any 
pumping) was calculated to be 512 ft3/day (2.7 gpm) during January 2005 (N.A. Water Systems, 
2008c), which is equivalent to the discharge from a home garden hose turned on low. This flux 
(flux means flow) estimate will decrease with time proportional to the ongoing reduction of 
saturated thickness. 
 
The revised Zone 3 pumping system has been declining in performance. Most of these wells 
have reduced yields that are below 0.5 gpm and RW 13 was taken off line due to low yields. The 
following physical factors controlled these declining yields: 
 

• Encrustation along the wellbore of iron oxyhydroxides, carbonates, and/or gypsum; 
• Precipitation of amorphous aluminosilicates (“clays”) (e.g., EPA 14) which reduces the 

ability to pump water from a well; 
• Alteration of feldspar to clays within the bedrock matrix, which caused clogging; and 
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• Reduced saturated thicknesses of the Zone 3 aquifer (the thickness of water in the 
aquifer is decreasing and eventually will decrease to the point where water cannot be 
measured in the well).  

 
Ground water quality along the northern tracking wells has been oscillating between degrading 
and improving trends over the last 10 years. Individual well water quality trends of 
improvement and degradation have been occurring at the same time since May 2007. That is, 
some wells may have improved water quality at the same time that other wells may have 
poorer water quality. UNC measures monthly field parameters (pH, conductivity, chloride, and 
alkalinity (also called bicarbonate)) in all five NW-series wells. The alkalinity concentrations 
indicate the following: NW 1 is the most seepage-impacted and has the least saturated 
thickness; NW 4 shows lesser impact; NW 2 shows little to no impact; and NW 3 and NW 5 (not 
pumped in 2012) are predominantly background water (mine discharge water) and have the 
greatest saturated thicknesses. Note that NW 1 and NW 4 are the easternmost of these five 
new wells, and NW 3 and NW 5 are the westernmost. The 2012 Annual Review Report states 
that “These observations are consistent with our general understanding that the seepage-
impacted water is most prevalent towards the eastern limit of saturation; moving westward the 
prevalence of non-seepage-impacted water increases as does the formation’s saturated 
thickness” meaning that the tailings seepage-impacted water exists in the eastern portion of 
Zone 3 while background water predominantly exists in the western portion of Zone 3 and that 
the saturated thickness of the background water increases in saturated thickness toward the 
west.  
 
Consistent with UNC’s original recommendations (N.A. Water Systems, 2008c) and a later 
update (Chester Engineers, 2009c), UNC adjusted the pumping regime along the NW-series 
wells to attempt to: (1) minimize the withdrawal of background water; (2) minimize any 
tendency for seepage-impacted water to be drawn westward; and (3) maximize the withdrawal 
of seepage-impacted water. As always, the goal is to strike the best balance between 
containing the seepage-impacted water while minimizing its transport to the more thickly 
saturated, but non-seepage impacted parts of Zone 3. During November 9 and 10, 2009, the 
pumping regime was adjusted as follows at the wells listed below: 
 

• NW 1 was left pumping at the current, maximum rate. 
• NW 2 pumping rate was reduced by one-half to ~ 0.5 gpm. 
• NW 3 was turned off. 
• NW 5 remains off. and 
• NW 4 pumping was started at the maximum practicable rate. 

 
On May 10, 2012 UNC applied another pumping adjustment because the yield from NW 1 had 
declined to critically low levels (< 1 gpd = < 6.9 x 10-4 gpm) and this pump was shut off. To help 
compensate for this shutoff, in early June 2012 the pumping rate at NW 2 was increased from 
0.5 gpm to 1 gpm. 
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All other non-NW-series pumping wells to the south will remain on. UNC continues to evaluate 
the chemistry and water levels in all these wells, which may result in further modifications to 
the pumping rates. The modifications to the pumping rates will be done gradually with testing 
between changes. The goal is to once again have the optimum pumping rates so that the most 
contamination is removed efficiently. 
 

5.4.4 Injection Well Feasibility Testing and Pilot Study  
 
Injection well feasibility testing, and its historical context, has been discussed in the 2009, 2010, 
and 2011 annual reports created by Chester Engineers for UNC (Chester Engineers, 2010a; 
2011a; and 2012b). The first injection testing was in background well NBL 2 (Chester Engineers, 
2009d). By “background well” we mean a well completed in the post-mining, pre-tailings 
background water that infiltrated Zone 3 from the background mine discharge water. The 
second injection testing was in the pilot injection well, IW A (Chester Engineers, 2010b). 
 
On April 14, 2011 injection of water amended with sodium bicarbonate started at Zone 3 Well 
IW A (Chester Engineers, 2011e). The objectives of the injection were to (1) amend the injected 
water with alkalinity (sodium bicarbonate) to locally buffer and geochemically stabilize the 
seepage-impacted water, (2) redirect the seepage-impacted water into the capture zones 
(“capture zone” means the subsurface area contributing ground water flow to a well) of the 
northernmost extraction wells, (3) extend the life of the extraction wells by arresting the 
drawdown (“drawdown” means the lowering of the water table resulting from the loss of water 
from the aquifer.), and (4) provide a hydraulic barrier to the northerly advance of seepage-
impacted ground water. Injection will provide a barrier by creating a ground water mound that 
will provide a pressure head that is greater than the elevation head of the Zone 3 water. The 
sodium bicarbonate was added to water in a mixing tank at the concentration of 2 grams per 
liter (equivalent to 16.6 pounds per 1,000 gallons of water). Prior to injection the water level at 
this location was approximately 191 ft below ground surface (bgs). During injection the 
operations staff has varied the injection rate causing water levels to rise and vary from 
approximately 12 ft to 50 ft bgs. More details on the injection and nearby pumping are 
provided in the Chester Engineers report (2011e). 
 
The injection capacity at IW A declined over time. In late June 2012 the capacity had declined to 
~ 0.2 gpm (288 gpd). On June 29, 2012, the injection at IW-A was terminated for this reason. 
Through this date, a total of 426,363 gallons of water had been injected. 
 
The observed increase in uranium concentration at monitoring Well MW 6, from 0.082 mg/l in 
July 2011 to 0.321 mg/l in July 2012 (see Table B.1), provided an additional important reason to 
terminate the injection of alkalinity. 
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5.5 Progress Summary 
 
The above sections provide the details on progress since the 2008 FYR and have involved a 
substantial amount of investigative and statistical work. Table 22 presents the 
recommendations from the 2008 FYR along with a current Action Taken and Outcome 
statement. It should be noted that milestone dates were not defined in the 2008 FYR and 
several of the recommendations are dependent on the outcome of the NRC License 
Amendment for GWPSs and the subsequent completion of the SWSFS Part III; therefore, the 
Date Action Taken fields are left as to be decided (TBD).  
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6.0 FIVE-YEAR REVIEW PROCESS 
 
6.1 Administrative Components, Community Notification, Document Review 
 
This FYR has been conducted in accordance with the EPA’s Comprehensive FYR Guidance, dated 
June 2001 (EPA, June 2001). The following activities were conducted: 
 

• the project documents listed in (Attachment 1) were reviewed; 
• a fact sheet (Attachment 2) was distributed to the local community; 
• a public notice (Attachment 3) was placed in two local newspapers, the Gallup 

Independent and the Navajo Times; 
•  a Site inspection was conducted on April 18, 2013. The Site Inspection Checklist is in 

Attachment 4. Site photographs are in Attachment 5; and 
• And interviews (Attachment 6) were conducted with representatives from the U.S. 

NRC, GE, the Navajo Nation EPA, and the local community (Table 23). 
 
The public notice was placed in the Navajo Times and Gallup Independent in November 2012 to 
announce the start of the FYR. Copies of the fact sheet announcing the FYR were distributed to 
persons on the EPA’s Site mailing list in November 2012. At the same time, copies of the fact 
sheet were also placed in the following information repositories maintained for this Site:  
 

Octavia Fellin Public Library   
115 West Hill Avenue  
Gallup, NM 87301 
(505) 863-1291 
 
Navajo Nation Environmental Protection Agency 
Superfund Office 
Highway 264/43 Crest Road  
St. Michaels, AZ 86511 
 (928) 871-6859 / (800) 314-1846 

 
Local residents living in close proximity to the UNC Site were interviewed on April 16, 2013. 
 
Upon completion of the FYR, copies of the Report will be placed in the information repositories. 
Additionally, a public notice will be placed in the local newspapers announcing completion of 
the FYR, summarizing the findings, and the availability of the Report at the information 
repositories. A community meeting will be held to present the results of the FYR in the fall of 
2013 or sometime early in 2014. 
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6.2 Data Review 
 
The performance of the remedy is evaluated through review of historical documents, the latest 
ground water performance monitoring data, and the results obtained from various pilot-scale 
field tests. As noted in Section 3, some contaminants are no longer included in the performance 
monitoring program. In the 1988 ROD, the EPA established a background nitrate concentration 
of 30 mg/l as the cleanup level. UNC requested the NRC to re-evaluate the background 
concentrations for nitrate which was set at 30 mg/l in the 1988 ROD. NRC’s analysis 
recommended the background concentration for nitrate be raised to 190 mg/l. The EPA has 
discussed the revised standard with the NRC, but has yet to modify the cleanup level 
established in the 1988 ROD with subsequent decision-making. Therefore, the 1988 ROD nitrate 
value of 30 mg/l is used in this section of the review. There is no NRC GWPS for nitrate in the 
UNC License. 
 
The summary of the ProUCL statistics in Section 5 presents the work performed by UNC as part 
of the SWSFS to address the need for the development of revised background standards, EPCs, 
BTVs for COPCs and their application to compliance monitoring. Results from the ProUCL 
statistics are included where appropriate. General hydrogeologic observations related to all 
three hydrostratigraphic aquifers are discussed first, followed by aquifer and well specific 
considerations related to saturated thickness, ground water flow direction, velocity, general 
water chemistry, and COPC concentrations with respect to compliance standards. 
 

6.2.1  General Information 
 
According to previous reports, (Canonie Environmental, 1988), the total discharge of water 
from area mines to the pipeline arroyo was estimated at 16 billion gallons of which up to two 
billion gallons of mine discharge water is estimated to have infiltrated and recharged the 
alluvium and two bedrock aquifers within the UNC Site boundaries. The total volume of ground 
water treated by the UNC remediation effort from 1982 to 2012 is approximately 307 million 
gallons. As discussed in Section 4, the only ground water extraction system that is still 
operational on a limited basis is in Zone 3. The extraction systems for Zone 1 and Zone 3 were 
shut down in 1999 and 2000, respectively, due to the low pumping well yields of less than 1.0 
gpm, however the Zone 3 system was voluntarily restarted in 2003. The SWA extraction system 
was shut off in 2001 to perform the NA test and has not operated since that time. The Zone 1 
and SWA extraction systems did not operate at any time during the period of this review. The 
general conclusion reached at the time the extraction systems were shut down was that low 
ground water extraction and evaporation rates would not restore ground water quality to 
cleanup levels.  
 
UNC and others have conducted several background water quality studies, primarily focused on 
relationships between major ion concentrations and some metal concentrations (nitrate, TDS, 
sulfate, bicarbonate, and uranium) and the post-mining, pre-tailings ground water (Canonie 
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Environmental 1988, 1992; NRC 1996; Earth Tech 2002; and GE, 2006). In 2006, UNC provided 
summary statistics for arsenic and uranium (GE, 2006). In a letter to UNC in January 2008, the 
EPA notified UNC of deficiencies in the arsenic and uranium statistics. The EPA directed UNC to 
follow the EPA’s current statistical guidance when performing statistical analyses of ground 
water monitoring data and selecting appropriate statistical methodologies for background 
water quality studies. This work is included in Part I of the SWSFS on the comprehensive review 
of cleanup levels, COCs, ARARs, TBC health based criteria and background water quality. As 
presented earlier in Section 5, for Parts I and II of the SWSFS UNC performed a statistical 
analysis of the historical monitoring data for all three hydrostratigraphic units using EPA 
software, ProUCL, in accordance with the latest EPA guidance for statistical methodology. 
 
In addition, UNC has gathered information on the mineralogy of the formation (alluvial 
sediments), conducted field experiments, and has performed geochemical analysis (e.g., Billings 
and Associates, 1986; Canonie, 1988 and 1992; and Earth Tech, 2002). Evaporite minerals, 
capable of producing concentrations of nitrate, sulfate and TDS upon contact with water are 
present in the alluvial sediments. Water column, and field infiltration experiments performed at 
the UNC Site, confirms the potential for much of the nitrate, sulfate, and TDS concentrations 
observed in the ground water to be sourced from the dissolution of naturally-occurring 
evaporitic and related minerals upon saturation. Both the ground water and the mine discharge 
water are believed to be affected by these minerals which the mine discharge water flowed 
through while infiltrating to the subsurface.  
 
These same geochemical evaluations have also provided information on attenuation capacity 
(Earth Tech, 2002). By attenuation capacity, we mean the ability of the contaminant 
concentrations to naturally become lower. The alluvium includes the mineral calcite which, if 
present in sufficient quantities, is capable of buffering the acidity of the tailings seepage. UNC 
has shown that NA is occurring in the SWA. UNC’s demonstration is based on chemical 
relationships and trends observed in the monitoring data. The geochemical processes observed 
in the SWA are similar for Zone 3 and Zone 1 sandstones of the Gallup Formation. In Zone 1 and 
3, the elevated levels of TDS, sulfate, and manganese in the ground water are largely due to 
natural sources and naturally buffer and attenuate tailings seepage impacts in the ground water 
of the two bedrock sandstone units. Generally for all three hydrostratigraphic units, the tailings 
seepage-impacted water is very acidic and high in concentrations of dissolved major ions, trace 
metals and radionuclides. As the tailings seepage-impacted water is naturally buffered by the 
dissolved bicarbonate in native ground water and from the new bicarbonate produced from the 
dissolution of calcite in the aquifer matrix, the ground water undergoes a chemical 
transformation. The ground water pH rises from strongly acidic to mildly acidic-near neutral. 
The rise in pH causes many of the dissolved metals and radionuclides to form solid mineral 
complexes, or adsorb on to mineral surfaces of the aquifer matrix. The transformation results in 
a reduced level of the COPCs in the ground water, but the proportions of TDS, sulfate, and 
bicarbonate may also fluctuate and even increase as the water adjusts to the transformation of 
pH over time. 
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Site-wide, ground water elevations have continued the gradual decline observed since the 
remedy was initially implemented in 1989. These downward trends have continued after the 
cessation of the ground water extraction systems in each unit. The continued ground water 
elevation decline is consistent with a conceptual model of temporary or perched water 
accumulating from infiltration of mine water discharged into Pipeline Arroyo, and a gradual 
dissipation of that water after mine dewatering was halted in 1986. 
 
General issues regarding the data review 
 
UNC conducted a specific 18-month NA test from February 2001 to July 2002 to determine 
whether shutting off the SWA extraction wells would adversely affect water quality (Earth Tech, 
2002). The NA test determined that turning off the extraction wells does not have an adverse 
effect on water quality and that the natural system is as effective as, or more effective than, 
pumping for controlling the migration of COPCs. In addition, the standards set for sulfate and 
TDS are not for the protection of human health, but are secondary water quality guidelines. 
Based on this information, the NA test report included a TI evaluation indicating that sulfate 
and TDS at non-seepage-impacted background concentrations are also greater than the UNC 
Site standards. Therefore, UNC has repeatedly proposed a TI Waiver for sulfate and TDS (Earth 
Tech, 2002c; US Filter, 2004a; N.A. Water Systems, 2005a). However, EPA comments on the 
analytical methodology and results from the NA test raised concerns about the conclusions and 
issuance of the TI waiver remains unresolved (EPA Letter Mark Purcell to UNC Larry Bush, 
February 13, 2004). 
 
In addition, it is noted that although uranium is below the current 1988 ROD cleanup level of 
5.0 mg/l, it is above the newly promulgated MCL (2003) of 0.03 mg/l in both seepage-impacted 
and non-seepage-impacted (background) water within the SWA. 
 
As discussed in Section 5, UNC reported there is a covariant relationship between uranium and 
bicarbonate concentrations within the SWA (GE, 2006). The proposed revision to the 
background standard for uranium in the SWA from the ProUCL95 statistics is 0.046 mg/l. If the 
0.046 mg/l ProUCL95 background statistic is established as the revised background standard for 
uranium in the SWA, then during the 2008-2012 period, Wells 632, 509D, EPA 25, EPA 28, GW-
1, GW-2, and GW-3 would show exceedances of the proposed uranium background standard. 
Well EPA 28 is located outside the impacted plume area and the other six wells showing 
exceedances are located within the plume (Figure 14). Wells 624, 627, 801, EPA 23, and SBL-01 
would not show exceedances of the proposed 0.046 mg/l uranium background standard during 
the review period. Well 801 is located within the seepage-impacted plume area of the SWA and 
the other four wells are located outside the plume (Figure 14). 
 
The Annual Review Report – (2012) Ground water Corrective Action, Church Rock Site, Church 
Rock, New Mexico (Chester Engineers, 2013) provides temporal evaluations of contaminants for 
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each well by presenting graphs of contaminant concentrations over time. However, the Annual 
Review Report does not provide an individual isoconcentration contour map for each 
constituent illustrating the lateral extent of COPCs. Some of the graph scales in the Annual 
Review Report do not clearly represent small changes of parameters over time, and the 
presence of multiple data sets in a single graph creates overlap and diminished clarity in some 
instances. 
 

6.2.2 Southwest Alluvium 
 
Multiple geochemical and physical processes can be used to track the fate and transport of the 
tailings seepage ground water plume in the SWA. These processes are identified using the data 
that includes pH, bicarbonate, and sulfate concentrations as shown in Figure 14. As explained in 
UNC’s annual reports and the NA evaluation by Earth Tech (2002), bicarbonate concentrations 
are the main indicator of the presence and extent of tailings seepage impacts. Following the 
evidence of the natural buffering-attenuation process that occurs in the SWA, mapping of 
bicarbonate isoconcentration contours is the most appropriate way to delineate the extent of 
seepage-impacted water. The higher concentrations of bicarbonate at well locations indicate 
the areas where the acidic tailings seepage has migrated and been buffered by calcite 
dissolution in the alluvial material. The area of ground water currently impacted by tailings 
seepage in the SWA is shown on Figure 14. The estimated volume of tailings seepage water 
remaining in the SWA in 2010 was approximately 170 million gallons (as noted earlier in Section 
4.24). The area of seepage impact extends southwest along the western margins of the Tailings 
Disposal Cells and continues approximately 1,400 ft across the southeastern corner of Section 3 
and approximately 435 ft into the north-central portion of Section 10. The total length of the 
seepage-impacted area in the SWA is approximately 6,075 ft. 
 
The SWA remedial pumping system remained idle over the entire period of this review (2008 – 
2013). Initially, monitoring wells 805, 807, 808, GW-1, GW-2, and GW-3 showed a small rise in 
their respective water level elevations when the extraction wells (801, 802, and 803) were shut 
down in February 2001, but have since showed decreasing levels through October 2012. The 
remainder of SWA monitoring wells (EPA-13, 509D, 624, 627, EPA-23, and EPA-25) did not show 
any change in their respective water level elevations when pumping ceased in 2001, and they 
continue to indicate a steady decreasing trend through October 2012. From 2008 to 2012, 
ground water elevations generally continued to decrease by approximately three to four feet 
on average, illustrating the overall long-term trend of decreasing levels as water continues to 
drain out of the SWA (see Figure 15). Ground water in the alluvium has drained down to an 
elevation where the structural feature known as the Nickpoint (as indicated on Figure 14) marks 
the location where it has possibly divided into two separate water bodies. South of the 
Nickpoint the ground water continues to flow southwest along the alluvial channel of the 
Pipeline Arroyo. North of the Nickpoint the water has become ponded and is slowly draining 
into the underlying bedrock (Gallup Sandstone) where it will flow north along the dip of the 
bedding planes (Figure 14). 
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New ground water velocities were calculated to update the rate of downgradient seepage-
impact transport. These estimates are Darcy seepage velocities equal to the product of the 
hydraulic conductivity and the hydraulic gradient, divided by the effective porosity. The 
estimated seepage velocities are based on the October 2012 ground water elevation 
measurements at wells 805, 624, 627, and SBL-01 using a hydraulic conductivity value of 2.5 X 
10-3 cm/sec. Although, the seepage velocity estimates are variable between SWA well points, 
the average seepage velocity is approximately 36 ft/year [(11+16+21+60+72)/5]. The 2012 
calculated velocity are about 25% lower on average than the 2010-2011 velocities and continue 
the decreasing velocity trend since the RI as a result of the declining saturated thickness of the 
SWA. For comparison, the 1988 RI calculated ground water velocity at Well EPA-23 was 730 
ft/yr (EPA, 1998). In 2002, the mean ground water seepage velocity for the SWA unit was 
calculated to range from 98 ft/yr to 127 ft/yr (EarthTech, 2002). The resultant ground water 
velocities are upper-bound estimates of constituent transport because no retardation11 or 
attenuation12 factors are applied.  
 
A comparison of the seepage isoconcentration maps from 2002, 2004, and 2012 annual reports, 
indicates that the plume boundaries based on select constituent concentrations are graphically 
inferred due to the limited number of wells for such a large area. In 2012, the SWA aquifer 
appears to have possibly separated into two distinct saturated bodies north and south of the 
Nickpoint, but this interpretation is somewhat suspect due to the distance (4500 ft) and limited 
number of wells available to define this geologic feature and the plume’s extent (see Figure 14). 
At the south end of the SWA plume in the vicinity of Well 624, the plume footprint appears to 
be approximately the same size in 2012 as it was when Well SBL-01 was installed in 2004. 
Comparison of the 2012 and 2004 SWA plume maps indicate the overall plume footprint is 
unchanged in the northern area in the vicinity of well 509D. However, in 2012 the extent of the 
sulfate plume in the northern area with a concentration below 2,125 mg/l has decreased and 
the extent of the bicarbonate plume with a concentration greater than 2,000 mg/l has 
increased. In the southern area of the SWA plume, the extent of the overall area of the plume 
has increased since 2004 by about 100-200 ft in 2012 along the southern Section 2-northern 
Section 10 boundary. The extent of the bicarbonate plume has increased slightly and the sulfate 
plume has decreased slightly. 
 
The tailings fluid is also concentrated in dissolved ions of sulfate, metals and hydrogen; making 
it denser than the background ground water (mine discharge water) and native ground water. 
As a result of this geochemical stratification, the tailings seepage-impacted water seeks a lower 
                                                      
 
11 The ratio of the average linear velocity of groundwater to the velocity of the retarded constituent at C/Co=0.5 
12 Reduction in mass or concentration of a compound in ground water over time or distance from the source of 
constituents of concern due to naturally occurring physical, chemical, and biological processes, such as; 
biodegradation, dispersion, dilution, adsorption, and volatilization. 
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vertical elevation in the substrata of the alluvial channel beneath the less dense waters. As a 
result, the isoconcentration contours of bicarbonate in Figure 14 are highest in the deepest 
parts of the alluvial channel. The bicarbonate contours also extend out laterally from the 
central core area of higher concentration, buffered, seepage-impacted water to lower 
concentration, buffered water. The core of the seepage-impacted water is indicated by 
bicarbonate concentrations contours greater than 2,000 mg/l, and the less impacted water is 
indicated by contours at approximately 1,000 mg/l bicarbonate concentrations. 
 
The extent of the migration of the tailings seepage-impacted water is visible at Well 624, but 
not at Well SBL-01. Tracking the historical concentration of bicarbonate at Well 624 indicates 
when the tailings seepage front arrived at and was buffered by the alluvial material at the Well 
624 location. The increase in bicarbonate at Well 624 starting in May 2000 and is attributed to 
the migration of the bicarbonate “front” associated with tailings seepage impact. However, the 
ground water at Well 624 does not show a corresponding increase in the concentration of 
dissolved uranium due to the presence of higher bicarbonate concentrations caused by 
buffering. Uranium dissolution and mobility is more favorable under conditions with higher 
concentrations of bicarbonate. The geochemistry at Well 624 shows no covariance between the 
bicarbonate and uranium concentrations. Covariance means that when two factors have a 
relationship to each other and one factor changes, there should be a change seen in the other 
factor also, either positive or negative. At least two interpretations are possible: (1) at this well 
location there is little to no adsorbed or precipitated uranium (i.e., solid phase) within the 
alluvial sediments; and/or (2) aqueous uranium that originated from upgradient tailings 
seepage impact has been attenuated during transport and has not reached this location. 
 
The non-impacted samples from Well SBL-01 compared to samples from Well 624, the closest 
seepage-impacted well, are different in their respective geochemical quality. The geochemical 
quality at SBL-01 reflects the dissolution chemistry of when near neutral pH mine dewatering 
discharge infiltrated the SWA (magnesium sulfate water type + less bicarbonate). The 
geochemical quality at 624 reflects the dissolution-buffering chemistry when acidic tailings 
fluids contacted SWA material and was neutralized (calcium sulfate water type + more 
bicarbonate). 
 
Like bicarbonate, sulfate concentrations are also greater within the core of the seepage-
impacted areas of the SWA because sulfate concentrations from sulfuric acid in the tailings 
liquids were as much as two orders-of-magnitude greater (super saturated) than the 
concentrations in the seepage-impacted water. A significant amount of sulfate incorporated in 
the mineral form as gypsum (CaSO4) had to precipitate from solution in proximity to the 
concentrated tailings liquids to cause the concentrations of sulfate to drop to levels that are in 
equilibrium with gypsum. Down gradient and outside of the seepage-impacted water, the 
dissolution of natural sources of gypsum (or anhydrite) in the alluvium produced sulfate in the 
background water at levels above the 1988 ROD standard. The general areas where sulfate 
concentrations are lower than the UNC Site standard of 2,125 mg/l are shown in Figure 14 with 
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a stippled pattern. Sulfate concentrations are lowest in the area between the periphery of the 
tailings seepage front and the levels elevated above the UNC Site standard due to natural 
sources. 
 
Historically, only two constituents sulfate and TDS exceed the UNC Site standards in the SWA 
seepage-impacted ground water outside the UNC property boundary (Sections 3 and 10). The 
majority of TDS is composed of sulfate ions so TDS concentrations mirror sulfate concentrations 
(Earth Tech, 2000d). Sulfate and TDS are non-hazardous constituents that also exceed ground 
water quality standards in the background water (Wells 627, EPA 28 and SBL-01) based on the 
proposed, revision to background values from the SWSFS Part I ProUCL 95 statistics. Sulfate 
tends to temporarily fall below the standard in the migrating reaction zone associated with 
seepage-impacted ground water in the SWA. Background concentrations for sulfate and TDS 
ahead of the seepage migration front tend to exceed the standards, which reflects local 
geochemistry and is not related to seepage impact. Behind this migrating front, seepage-
impacted ground water quality tends to have sulfate and TDS levels approximately equal to, or 
lower than, those in the background water due to equilibration with the mineral gypsum. 
 
Locally increasing trends in concentrations of TDS are unrelated to tailings seepage because 
they were derived from the reaction of the mine discharge water that recharged the original 
unsaturated alluvium. Evaluation and prediction of constituent concentrations in the SWA is 
predicated on understanding the geochemical evolution of both the background water quality 
and later changes associated with passage of the seepage-impact front. Hazardous constituents 
derived from seepage impact are effectively attenuated to acceptable concentrations within 
the UNC Site boundary. Both onsite and offsite ground water quality in the SWA meets the NRC 
GWPSs but not the EPA cleanup standards as identified in the 1988 ROD. 
 
During the 2008-2012 period the SWA ground water monitoring data indicates that four major 
ion COPC concentrations (TDS, sulfate, manganese, and chloride) exceeded the 1988 ROD 
cleanup levels at Wells 801, EPA 23, and 509D. Based on long-term trends, exceedances are 
expected to continue at these wells. During the review period Well SBL-01 had exceedances of 
TDS, sulfate, manganese, cobalt, and nickel, but this well is outside (downgradient) of the 
seepage-impacted plume and is representative of background water quality at this down 
gradient location. Manganese is the only metal that has historically exceeded the cleanup level 
in seepage-impacted areas. For the remainder of the wells in the seepage-impacted area, 
manganese concentrations were below the cleanup level during the 2008-2012 review period. 
Wells 632, 801, GW-1, and GW-2 had some exceedances of lead-2010 in 2010.  
 
Sulfate and TDS exceeded the 1988 ROD cleanup levels in both seepage-impacted water and 
the background water in the SWA. The highest concentration of sulfate (6,050 mg/l) of any well 
in the SWA was measured from Well SBL-01 in 2011. Only two wells, GW-1 and GW-2, showed 
any significant variation in sulfate and TDS levels since the shutoff of the extraction wells in 
January 2001. Sulfate levels in Well GW-1 increased modestly after shutoff until January 2002 
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and then leveled off. GW-2 sulfate concentrations remained unchanged after the extraction 
well shutdown in 2001 until early 2005 when they began to increase above 2,500 mg/l. Sulfate 
levels increased in GW-2 to a high of approximately 5,000 mg/l in 2009 when they began to 
decrease-fluctuate, and by October 2012 the concentration was 4,700 mg/l. TDS concentrations 
in GW-2 behave similar to the trend of sulfate, but they were at a level of about 5,000 mg/l 
after the SWA extraction system shut down and generally increased-fluctuated to a level of 
8,730 mg/l by October 2012. Since the presence of TDS and sulfate are part of the natural 
geochemical processes in the ground water of the SWA, it is not clear if the fluctuations in 
concentrations are due entirely to the shut off of the extraction system or a combination of 
natural process and anthropogenic influence due to pumping. The most likely geochemical 
reaction for elevated levels of TDS and sulfate in ground water is from the dissolution and 
precipitation of naturally occurring gypsum and possibly anhydrite within the alluvium (Chester 
Engineers, 2013).  
 
Finally, Wells 509D and GW-3 exceeded the NRC standard for uranium (0.30 mg/l) once in 2010 
and 2012, respectively. There were no exceedances of the 1988 ROD 5.0 mg/l standard. In 
UNC’s 2012 Annual Review Report (Chester Engineer, 2013), graphs are presented showing 
uranium concentrations over time for all of the wells in the SWA in an effort to show whether 
the discontinuation of pumping of Wells 801, 802, and 803 in January 2001 had any discernible 
effect on the long-term trend of uranium concentrations at wells within the zone of influence of 
the former pumping wells and down-gradient of those pumping wells. The historical uranium 
concentration graphs show that for those down-gradient wells in closest proximity to the 
extraction wells (i.e., GW-1, GW-2, and GW-3), uranium concentrations increased after 
shutdown in January 2001. As of October 2012, only wells GW-3 and 509D appear to show 
uranium concentration trends that are slightly increasing. The uranium concentration trend in 
GW-3 began to show a slightly increasing trend in 2009. Since the cessation of the SWA 
extraction system in 2001, the uranium concentration in Well 509D has been variable, but it 
appears to have a slightly increasing trend. Concentration trends of uranium in the SWA are the 
primary indicator that NA is at least as effective a remedy as pumping for the majority of 
monitoring wells. With the exception of POC Wells GW-3 and 509D, and the very slight 
increasing trend in non-POC Well EPA 25; uranium concentrations trends over the duration of 
monitoring have either stabilized or shown decreasing levels since the pumps were turned off. 
The increasing trend of concentrations at GW-3, 509D, and EPA 25 may not necessarily relate to 
the shutoff of the extraction system, and it is likely due to a combination of complex factors 
some of which may not be understood. For example, the saturated thickness (water column 
height) varies from 3.3 ft in GW-3 to 31.3 ft in 509D.  
 
UNC’s geochemical evaluation of the SWA concludes that NA will effectively retard the down-
gradient movement of metals and radionuclides, including uranium by neutralizing the acidic 
tailings seepage and subsequently attenuating the metals and radionuclides by chemical 
precipitation and adsorption. In order for UNC to gain more technical and regulatory 
acceptance for NA as one of the remedial alternatives for the SWA and possibly the other 
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hydrostratigraphic units, NMED asked the EPA if the monitoring information and investigative 
reports to date for the UNC Site were sufficient (personal communication with R. Ford, 2013 
and R. Ludwig, 2013). NMED referenced an EPA technical guidance document for Monitored 
Natural Attenuation (MNA) of Inorganic Contaminants in Ground Water. Mr. Ford indicated 
that the guidance document was written in a broad manner to cover all types of sites and 
constraints. Much more geochemical and time dependent work along the flow path was 
required to better analyze and quantify the extent of NA in the contaminant plume at the UNC 
Site. Mr. Ludwig noted that to his knowledge there was not a single ground water 
contamination site in the US that had received official EPA acceptance for MNA of metals or 
radionuclides as a remedial alternative, and that the decision would likely be left to the regional 
EPA office that has jurisdiction of the UNC Site. 
 
UNC’s conclusion that concentrations of sulfate and TDS in seepage-impacted water, as well as 
background water, will continue to exceed the cleanup levels as long as the alluvium is 
saturated appears to be well supported. In as much as the sulfate and TDS concentrations 
largely result from the reaction of water with evaporite minerals in the formation, there are no 
remedial technologies known to be available to address these contaminants short of 
dewatering the alluvium. 
 

6.2.3  Zone 3 
 
The area of ground water currently impacted by tailings seepage in Zone 3 is shown on Figure 3. 
Figure 16 presents a map of the Zone 3 2012 monitoring well locations and the boundary of 
zero saturation which constitutes the eastern edge of the tailings seepage-impacted plume. The 
Zone 3 seepage plume extends north from the North Cell. The total length of the seepage-
impacted area is approximately 6,400 ft long and variable in width from a minimum of 300 ft in 
the north to a maximum of 1,600 ft in the south. An inner core of acidic seepage-impacted 
water with a pH less than 4.0 occupies an area approximately 3,600 ft long by 300 ft wide. The 
extent of tailings seepage impact during October 2010 was approximated for Zone 3 at 62 acres 
and 14,418,720 gallons (Section 5.1). The North Cell is not a continuing source of tailings 
seepage and the tailings material has released all excess water by gravity drainage. The closest 
well to the North Cell, Well 106D was installed in 1980 and by late 1991 contained insufficient 
water for sampling. The next closest monitoring well to the North Cell is Well 613 which has 
only 28% of its original saturation with approximately 19 ft of water. 
 
The rate of seepage-impacted water migration in Zone 3 has been calculated between wells 
based on the bicarbonate concentration which varies as the ground water and aquifer solid 
matrix react to neutralize the acid in the seepage water. An average seepage-impacted water 
travel time was estimated to be approximately 92 ft/yr until the end of 2008 when the northern 
edge of impact was determined to have reached Well NBL-01 (Chester Engineers, 2013). Since 
the end of 2008, there are no estimates of plume migration travel times in the northern area of 
Zone 3 because of the capture, extraction, injection, and mixing that occurs to bound the plume 
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in this area. The NW series of extraction wells south of the Section 36 boundary have created a 
mixing zone of spatially variable water quality such that pH and bicarbonate concentrations are 
not able to distinguish a leading edge for calculating a plume migration rate between well 
locations. However, the rate of seepage-impacted water migration in Zone 3 is expected to be 
decreasing because there is no recharge, the saturated thickness is declining, and the injection 
of mill water at the north end has created a hydraulic barrier to decrease the migration rate 
even more. The prediction of seepage-impacted water migration was addressed in Section 5 by 
the ground water flow model. 
 
The restart of the extraction system for Zone 3 began in 2003 with the Phase I hydraulic 
fracture pilot study. Seven recovery wells were installed in late 2004 and pumped to create a 
new extraction configuration designed to enhance dewatering of the seepage-impacted area, 
and remove constituent mass. These wells are located at or near the seepage-impacted front. 
Several of these recovery wells have fouled and were since taken off line. During the period of 
this review in late 2008, five new extraction wells were installed to help re-optimize the 
pumping scheme for Zone 3. In early 2009 an injection well feasibility testing and pilot study 
was performed. And in mid-2010 three more new extraction wells were installed. In April 2011 
alkalinity-amended mill well water was injected to enhance neutralization of the tailings 
seepage. More detailed summaries of the Zone 3 extraction well system and injection program 
are provided in Sections 4.2.2 and 5.7 of this report. Figure 16 presents a map of the Zone 3 
ground water monitoring well locations and the boundary of zero saturation which constitutes 
the eastern edge of the tailings seepage-impacted plume. Appendix B of the UNC Annual 
Review Report-2012 provides an excellent summary of Zone 3 extraction well installation and 
operational history. 
 
Since 1989 the saturated thickness of Zone 3 has declined by 75% on average (from 60+ ft to 
less than 25 ft thick) and the hydrostratigraphic unit has been significantly dewatered by 23 
years of remedial pumping (Chester Engineers, 2013). Water levels have declined by 
approximately 2 ft to 5 ft during this Five-Year report period. When saturated thickness falls to 
less than 25 ft, the well efficiency pumping rates decline significantly to less than 1.0 gpm (Earth 
Tech, 2001). By 2012, only one Zone 3 well (EPA-14) had a saturated thickness greater than 25 
ft, but by the fourth quarter of 2012, only 23.6 ft remained. A comparison of the 2008 FYR and 
October 2012 ground water data indicates that the bulk of remaining tailings seepage-impacted 
ground water resides in the west-northwest part of Zone 3 because the extraction system has 
dewatered much of the seepage in the northeast part. The tailings seepage-impacted ground 
water is represented by the grayish blue-colored polygon in Figure 16. The seepage-impacted 
ground water continues to migrate slowly north along the dip of the bedrock unit (Gallup 
Sandstone) despite the years of extraction pumping. Hydraulic head, which is the sum of the 
elevation head and the pressure head, drives the flow of ground water northward. The effort to 
counteract the hydraulic head is reaching practical limits as the extraction system well 
efficiencies decrease, the wells become fouled, and are subsequently taken off line.  
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The estimated Zone 3 ground water flux along a 1,200 ft long west-northwest line between 
wells NBL-01 and PB-03 was 512 ft3/day (2.7 gpm) during January 2005 (N.A. Water Systems, 
2008c). This is roughly equal to the flow from a home garden hose turned on low, a very small 
amount of water over such a large area. The flux will continue to decrease over time in 
approximate proportion to the overall decrease in saturated thickness of the aquifer. It is not 
surprising that the Zone 3 extraction system has continued to decline in performance during 
the 2008-2012 period despite the efforts of UNC to maintain an active pumping operation. 
Most of the extraction wells pump at less than 0.5 gpm due to encrustation of the wellbore, 
precipitation of amorphous aluminosilicates, alteration of feldspars to clays in the sandstone 
matrix, and overall reduced saturated thickness. UNC has adjusted the extraction system to: 
minimize drawing in background water; pulling seepage-impacted water toward the west; and 
maximizing capture of the seepage-impacted water. The pumping configuration was adjusted in 
November 2009 and May 2012 to optimize capture of seepage-impacted ground water in the 
northern part of Zone 3. Despite the setbacks to the Zone 3 extraction system, the estimated 
volume of water removed by pumping from December 2007 through November 2012 is 
7,349,430 gallons (Chester Engineers, 2013). 
 
UNC injected a total of 426,363 gallons of alkalinity-amended mill well water at Well IWA from 
April 14, 2011, until shut down on June 29, 2012. One of the reasons to shut down IWA besides 
decreased capacity and the difficulty to maintain the injecting water level at 10 ft to 20 ft below 
ground level was the change in uranium concentration at nearby monitoring Well MW 6. From 
July 2011 to July 2012, the MW 6 uranium concentration increased from 0.082 mg/l to 0.312 
mg/l. Explanations for the change in uranium concentration is possibly due to drawing-in 
background water from the west toward the east, or it was influenced by the sodium 
bicarbonate amended water which enhanced the aqueous form of uranium as a mobile uranyl 
carbonate.  
 
UNC performed a two-stage investigation in 2004 to evaluate potential for the Central Cell to 
be a continuing source of tailings seepage and recharge to the updip part of Zone 3. In January 
2004, UNC submitted the results of a historical data study undertaken to evaluate the potential 
for the covered tailings to continue as a source for the tailings seepage (US Filter, 2004). The 
report concluded that it was unlikely, but one area of concern required additional investigation 
using field data. In July 2004, two piezometers (Z3 M-1 and Z3 M-2) were constructed north of 
the northeast boundary of the Central Cell to check for saturation (See Figure 16). The 
piezometers were effectively dry and indicated that the southeasterly portion of the Zone 3 
unit is entirely unsaturated at this location. UNC reported that such findings indicate that 
neither ground water recharge nor seepage impact into Zone 3 is occurring from the Central 
Cell (Veolia, 2004).  
 
Remedy performance for Zone 3 since 1989 has been evaluated through review of the ground 
water monitoring data and the results obtained from various pilot-scale tests. As noted in 
Section 3, some contaminants are no longer monitored. As discussed above, the 1988 ROD 
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nitrate value of 30 mg/l was used in this section of the review for a comparison value for 
compliance. It is noted that there are currently no exceedances of the NRC standard for nitrate. 
 
Using the same methodology discussed above for the monitoring data review and geochemistry 
for the SWA, the presence of seepage-impacted ground water in Zone 3 is determined primarily 
based on the pH and bicarbonate concentrations at well locations. Seepage-impacted water is 
more prevalent toward the eastern limit of saturation and less prevalent toward the west. 
There is a central core of low pH water (5 to less than 3) in the main body of the seepage-
impacted water, and the pH increases toward the margins of the impacted area as the ground 
water mixes with and is neutralized by the non-impacted background water. A significant drop 
in pH at the northern most downgradient well, Well NBL-01, in October 2011 from 
approximately 5.5 earlier in the year to less than 3.0 signaled the arrival of the tailings seepage 
at that location. The acidic pH core of the Zone 3 tailings seepage plume is represented by the 
orange-colored polygon in Figure 3. Seepage-impacted water in Zone 3, some of which exceeds 
the 1988 ROD cleanup standards, is contained within the property boundary in Section 36. The 
portion of seepage-impacted water that extends off the property in Section 1 (Figures 3 and 16) 
was eliminated as a POE because of limited saturation (Chester Engineers, 2013). The decision 
to eliminate the ground water in this area of Zone 3 as a POE is documented in a letter from the 
NRC (1999b). Overall, ground water quality in Zone 3 is variable and it has oscillated between 
degrading and improving trends since 2003. 
 
Sulfate and TDS exceed the UNC Site cleanup standards because they are present at high 
concentrations in the seepage-impacted ground water and background water, and the physical 
action of removing water by pumping does not address the geochemical processes that occur in 
the water. The levels of TDS and sulfate in the Zone 3 are similar because sulfate is the 
dominant ion in the seepage-impacted water and it is present at similar levels in the 
background water. Sulfate concentrations in Zone 3 are also controlled by the geochemical 
equilibrium with gypsum (possibly anhydrite) and calcite, the same geochemical processes 
discussed for the SWA. The sulfate concentrations are highest in the area closest to the North 
Cell tailings area where the sulfuric acid levels are the strongest, but it quickly decreases in the 
downgradient direction. For instance, the sulfate level at Well 613 is approximately 9,000 mg/l 
and at Well NBL-01 the sulfate level is approximately 4,000 mg/l. 
 
Zone 3 ground water monitoring well sample results for the 2008-2012 review period continues 
to show the presence of many COPCs at elevated concentrations. The monitoring data from a 
transect of seven Zone 3 monitoring wells along the ground water flow path from south to 
north (Wells 613, 517, EPA 14, 717, 420, 504B, and NBL-01) were examined to see how the 
COPC concentrations vary spatially in the down gradient direction toward the Section 36 
boundary. The 2008-2012 period of data review indicates that the concentrations of 16 COPCs 
exceeded the EPA’s cleanup levels. These are aluminum, arsenic, beryllium, cadmium, cobalt, 
manganese, molybdenum, nickel, vanadium, sulfate, TDS, TTHMs, combined radium, uranium, 
thorium-230, and gross alpha. The number of times a 1988 ROD COPC standard is exceeded is 
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greatest in the southern half of Zone 3 (e.g. Well 613) and less frequent in the northern half 
(e.g. NBL-01). Most of the standards for metals are exceeded at the wells closest to the Tailings 
Disposal Cells. Standards for aluminum, cobalt, manganese, nickel, combined radium, lead-210, 
and gross alpha are the most commonly exceeded COPCs in the transect of wells from south to 
north. 
 
Levels of metals including aluminum, arsenic, beryllium, cadmium, cobalt, manganese, 
molybdenum, nickel, uranium, and vanadium have historically exceeded the UNC Site 1988 
ROD cleanup standards whether the source represents background or seepage-impacted water 
(Chester Engineers, 2013). However by 2012, only three metals (cobalt, manganese, and nickel) 
exceeded the 1988 ROD cleanup standards within the historic seepage-impacted area in all 
wells sampled in October 2012 except for Wells 613 and 420 which have elevated 
concentrations for multiple constituents.  
 
Wells that have a strongly acidic pH (e.g. 613, EPA 14, 517, 504 B, and 717) are typically 
elevated in concentrations of trace metals and radionuclides like combined radium, uranium, 
vanadium, lead-210 and thorium-230 above Site standards. Well 613, which is closest to the 
North Disposal Cell, exceeded 15 standards during the review period for TDS, sulfate, TTHM, 
trace metals, and radionuclides. Well 613 has a persistent pH below 3.0 which supports an 
elevated uranium concentration of 0.989 mg/l in October 2012. Because the concentrations of 
hydrogen and sulfate ions are so high and the bicarbonate level is near zero, the uranium in 
Well 613 probably occurs in the form of a uranyl sulfate complex. This level of uranium is higher 
than the UCL95 of the background mean for uranium in Zone 3 at 0.107 mg/l (N.A. Water 
Systems, 2008f). Well 420, which has a higher pH level (pH = 6.72), only exceeded cleanup 
standards for uranium, combined radium, lead-210, and molybdenum during the 2008-2012 
period. The metals concentration in some Zone 3 wells has stabilized at elevated levels due to 
the exhaustion of the neutralization capacity of the aquifer (e.g. Well 717 with no more 
bicarbonate). The levels of trace metals and radionuclides are present above the UNC Site 
cleanup standards because the sulfuric acid used in the milling process that was discharged to 
the tailings ponds and later infiltrated ground water is still very strong in the tailings seepage. 
The strong acidity of the seepage enables solublization and retention of trace metals and 
radionuclides as complexes of sulfate in the ground water as it migrates down gradient. 
 
The concentration of combined radium exceeds the UNC Site standard for Zone 3 (5 pCi/L) in 
the background water and thus the radium in Zone 3 is never expected to meet the UNC Site 
standard. The UCL95 concentration of the background mean for combined radium is 10.66 
pCi/L (N.A. Water Systems, 2008f, Table 5). At Well NBL-01 along the northern edge of the 
seepage- impacted water, the combined radium concentration in October 2012 was 11.5 pCi/L. 
This is the lowest value recorded since January 2005 over the 11 year period of monitoring 
since it was first installed in 2001. Well NBL-01 had a uranium concentration of 0.189 mg/l in 
October 2012 which is indicative of seepage-impacted water compared to the higher uranium 
concentration of 0.251 mg/l in October 2002 that represented the level in background water. 
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Seepage-impacted water began reaching NBL-01 in January 2004, and the sequence of 
geochemical processes that buffer the low pH water began. It appears the location of NBL-01 is 
in a position that contacts some of the strongest acidic seepage-impacted water because the 
October 2012 pH was 2.73 when in October 2011 it was 5.47. 
 
Other COPCs that exceed Site standards include TTHM and lead-210. Only Well 613 had a TTHM 
concentration that exceeds the UNC Site standard of 0.080 mg/l in October 2012. Other Zone 3 
wells (517, EPA-14, and 717) have detectable concentrations of TTHM in October 2012, but the 
low levels suggest the contaminant quickly attenuates in the downgradient direction. During 
the 2008-2012 period there were 36 detections of lead-210 in the transect of seven Zone 3 
performance monitoring wells. The lead-210 standard is very close to the laboratory detection 
limit and most of the exceedances are likely due to a combination of laboratory quantitative 
analytical errors and reporting limits plus the naturally low background concentrations. The 
UCL95 background mean for lead-210 in Zone 3 is 1.618 pCi/L (N.A. Water Systems, 2008f, 
Table 5). At such low concentrations the exceedances are not inherently indicative of impact 
from the tailings seepage although at Well NBL-01 the 3.4 pCi/L of lead-210 in October 2012 is 
most likely considered to be from seepage since this well is deemed to be fully-impacted 
(Chester Engineers, 2013). 
 

6.2.4 Zone 1 
 
The Zone 1 seepage plume is estimated to contain 8.5 million gallons and occupy approximately 
11 acres of area immediately east of the Central Cell. The plume currently extends 
approximately 700 ft east-west and approximately 1500 ft north-south based on the 
geochemical signature of chloride concentrations. Historically, parameters like pH, bicarbonate, 
sulfate, chloride, and TDS have been used collectively to track the presence and extent of 
seepage-impacted water in Zone 1. Based on the chloride concentrations in the ground water 
(greater than 50 mg/l), the overall extent of the seepage-impacted plume has gradually 
diminished since remediation began with the exception of the latest sampling event which 
included results from Wells 617 and 619. The Zone 1 performance monitoring system is 
comprised of 15 wells for water elevation measurement and eight wells for water quality 
sampling. Two additional wells, Wells 617 and 619 not included in the monitoring program 
since 2000, were sampled in October 2012 to provide supplemental information about ground 
water quality conditions close to the Central Cell where the concentrations of seepage-
impacted water are greatest. Figure 17 presents a map of the Zone 1 seepage-impacted water, 
and 12 of the 15 performance monitoring well locations. Wells 412, 142, and 143 are located 
north of Well 504 A close to the northern boundary of Section 36. During the FYR period, eight 
wells in Zone 1 (Wells 142, 515A, 604, 614, EPA-2, EPA-4, EPA-5, and EPA-7) were monitored for 
water quality and comparison to cleanup standards.  
 
The source of tailings seepage to Zone 1 is from the eastern part of the tailings Central Cell. The 
ground water flow direction in 1983 was generally east (azimuth 63°), but by October 2004 the 
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flow direction was generally north (24° azimuth). This change in flow direction indicates the 
original ground water mound created by the Central Cell tailings seepage has dissipated due 
largely to the dewatering of Borrow Pit No. 2. The shift in the potentiometric surface reveals 
that the structural dip of the Zone 1 sandstone unit exerts the greater control on ground water 
flow direction. The hydraulic gradient from Well 614 to Well 142 is 0.013, or a one ft elevation 
drop for every 80 ft of distance. Most water levels elevations in Zone 1 continue to decrease, 
however, some down dip wells show a slight rise as ground water moves from an unconfined to 
a confined system under fully saturated conditions. The average water level decrease for Zone 
1 during the current FYR is less than 0.5 ft. The rate of ground water drainage is also limited by 
the unit’s relatively low transmissivity, and the very low transmissivity of the underlying 
aquiclude. In combination with the reduction in hydraulic head and the low transmissivity of 
the Zone 1 sandstone, the ground water velocity has dropped from approximately 93 ft/yr in 
1983 to approximately 40 ft/yr in October 2007. A simple approximation of the ground water 
velocity required to extend the seepage-impact plume from Well 617 to Well 619 250 ft north 
in 12 years (2000 to 2012) yields a rate of 21 ft/yr. 
 
The sampling of Wells 617 and 619 in October 2012 showed both wells exceeded 50 mg/l of 
chloride, and the seepage-impacted area depicted in Figure 17 was extended northward from 
Well 617 to include Well 619. At EPA-5, the chloride concentration has decreased from a 
maximum of 289 mg/l in 1992 to 40 mg/l in October 2012. The zone of seepage impact has 
migrated predominantly toward the northeast and the north-northeast. The eastward 
migration is limited by the proximity of the eastern edge of saturation. An acidic “core” of the 
seepage-impacted zone is assumed to exist close to the eastern edge of the Central Cell. Well 
604 has persistently shown the lowest pH as it is the most highly seepage-impacted well in Zone 
1. Starting in approximately 1990, acid neutralization and buffering resulted in substantial pH 
increases in Wells 515A, and EPA-7.  
 
During the FYR period, all eight performance monitoring wells exceeded at least one of the 11 
1988 ROD cleanup standards including TDS, sulfate, aluminum, cobalt, manganese, nickel, 
combined radium, lead-210, nitrate (above 30 mg/l), TTHM, and vanadium.  
 
Sulfate and TDS concentrations exceeded the UNC Site standards in wells within the seepage-
impacted ground water plume, and these COPCs concentrations were below standards 
downgradient of the plume (Wells 142 and EPA-2). The TDS within the plume typically ranged 
from 6,000 to 10,000 mg/l and sulfate ranged from 3,000 to 7,000 mg/l. At the downgradient 
wells TDS ranged from 1,000 to 3,000 mg/l and sulfate ranged from 550 to 1,900 mg/l. During 
this FYR period the 1988 ROD cleanup standard for nitrate (30 mg/l) was exceeded at Wells 
604, 617, 614, 515A, and EPA-7. No wells in Zone 1 exceeded the NRC cleanup standard for 
nitrate (190 mg/l). 
 
Three metals (manganese, cobalt and nickel) have historically exceeded the UNC Site standards 
within the seepage-impacted plume since the ground water extraction system was shutdown in 
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1999. Manganese concentrations exceeded the UNC Site standard in three wells (Wells 605, 
515A, and EPA-7), but has continued to decrease overall since 1999. Manganese exceedances 
during the FYR period ranged from 2.66 mg/l to 18.8 mg/l (standard 2.6 mg/l). In October 2012, 
EPA-7 fell below the UNC Site manganese standard at 1.89 mg/l. At Well 604, the manganese 
concentration decreased from 9.12 mg/l in October 2008 to 5.36 mg/l in October 2012. At Well 
515A, the manganese concentration decreased from 17.6 mg/l in October 2008 to 8.12 mg/l in 
October 2012.  
 
Cobalt and nickel exceeded the UNC Site standards in three wells (Wells 604, 515A, and EPA-5) 
within the seepage–impacted plume when the ground water extraction system was shutdown 
in 1999. However, during this FYR period, cobalt was only detected above the UNC Site 
standard (0.05 mg/l) in Well 604 and has decreased from 0.22 mg/l in October 2008 to 0.15 
mg/l in October 2012. Cobalt was also detected in the newly sampled well, Well 619, at 0.11 
mg/l. Nickel concentrations ranged from 0.06 mg/l in Well EPA-5 to 0.25 mg/l in Well 604 in 
October 2012. Well 515A exceeded the standard for nickel throughout the current FYR period 
but decreased from a concentration of 0.02 mg/l in October 2008 to 0.013 mg/l in October 
2012. Wells 617 and 619 exceeded the standard for nickel at 0.07 mg/l and 0.027 mg/l, 
respectively.  
 
The Site standard for TTHM was exceeded at Wells 614 and 515A during this review period. 
During December 2008 UNC submitted to NRC an ACL application for TTHM and nickel in Zone 1 
POC wells 614 and 604. NRC denied the request because the POE wells (EPA-5 and EPA-7) are 
located off the UNC property. 
 
Sampling results for radionuclides during this FYR period indicated Wells 604, 617, 614, 619, 
515A, EPA-2, EPA-5, and EPA-7 exceeded at least one Site standard. Combined radium 
exceeded the UNC Site standard of 5.0 pCi/L in wells within the seepage-impacted plume (Wells 
604, 617, 614, 619, 515 A, and EPA-7) ranging in concentration from 5.06 pCi/L to 10.1 pCi/L. 
Combined radium exceeded the UNC Site standard at Well 614 in the first three quarters of 
2012 but in October 2012 the level was 4.1 pCi/L. In addition, several wells close to or outside 
the plume (Wells EPA-5, EPA-4, and EPA-2) also had exceedances of combined radium ranging 
in concentration from 5.2 pCi/L to 8.9 pCi/L. Concentrations of lead-210 exceeded the UNC Site 
standard nine times among six wells. The highest detection of lead-210 was 6.1 pCi/L in Well 
142 in January 2008, but this value is strongly suspected to be an outlier. Uranium, thorium-230 
and gross alpha were not detected above the UNC Site standards in any well during this FYR 
period. 
 

6.2.5 Conclusions 
 
As concluded in the 2008 FYR, the 2013 FYR also concludes the remedy of ground water 
extraction and evaporation is not performing as designed because the remaining saturated 
thicknesses of the three hydrostratigraphic units and the low aquifer transmissivities do not 
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support sustained pumping. Since mine dewatering ceased in 1986, there has been no recharge 
to Zones 1 and 3, and almost no recharge to the SWA. Sulfate and TDS levels within all three 
aquifers are not dependent on the continuation of pumping, but are controlled by natural 
geochemical reactions, primarily the equilibrium of gypsum or anhydrite. There is no known 
remedial technology to achieve the standards for sulfate and TDS, short of dewatering the 
aquifers. The operational results and performance monitoring data suggest that it is technically 
impracticable to achieve all of the cleanup levels within a reasonable time frame by the existing 
remedy because of geochemical conditions and physical limitations. Review of the performance 
monitoring data for the three UNC hydrostratigraphic units suggests the three units share 
commonalities with regard to reducing COPC levels to Site standards: NA; decreasing aquifer 
saturation; bicarbonate levels delineate seepage-impacted water; TDS; and sulfate are 
technically impracticable to remediate; most COPC Site standard exceedances are within the 
UNC Site boundary; and lead-210 increases are within background levels and do not necessarily 
reflect tailings seepage impact. 
 
In the SWA, the only contaminants that exceed the current cleanup levels beyond the Tailings 
Disposal Area are sulfate, TDS, and manganese. However, these three constituents exceed the 
cleanup levels in both seepage-impacted and background wells. The SWA successfully 
attenuates the seepage-impacted water. Acidic seepage is being neutralized (buffered) by 
reactions with calcium carbonate, resulting in the attenuation of metals and radionuclides 
through chemical precipitation and adsorption. Uranium does not exceed the current cleanup 
level of 5 mg/l, but exceeds the newly promulgated EPA MCL of 0.03 mg/l throughout most of 
the seepage-impacted area. UNC has shown that uranium and bicarbonate concentrations are 
covariant in the SWA ground water (GE, 2006). UNC has concluded that uranium concentrations 
are not related to the migration of uranium in tailings fluids, but change when the bicarbonate 
levels within the alluvium change (i.e., uranium concentrations increase when bicarbonate 
levels increase). UNC has also concluded that the tailings solutions are far more depleted in 
uranium than are the post-mining/pre-tailings background waters (N.A. Water Systems, 2008). 
However, since the bicarbonate levels in the SWA increase when the acidic tailings liquid react 
with the carbonate-bearing minerals present within the alluvium, the resulting increase in 
uranium concentrations is nevertheless attributed to the seepage-impacted water.  
 
Whether or not such seepage impact-related increases in uranium levels are relevant to 
remedial efforts for the SWA may depend on whether they exceed the post-mining, pre-tailings 
background uranium concentration or range of concentrations rather than the new MCL of 0.03 
mg/l for uranium. UNC provided summary statistics for uranium and, based on those statistics, 
concluded that the post-mining, pre-tailings background range of uranium concentrations 
exceeds the new MCL and is similar to the range of the seepage-impacted water (GE, 2006). 
Subsequent statistical analysis by UNC in 2008 that is summarized and presented in Section 5 
above indicates the background concentrations of uranium in the SWA exceeded the 
comparison values. UNC concluded that there is no further improvement in alluvial water 
quality that can be made with respect to uranium concentrations (Chester Engineers, 2013). 
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The shutdown of the SWA extraction well system for the NA test in January 2001 appears to 
have resulted in temporary increase of uranium levels at the GW series wells, the nearest 
down-gradient wells to the extraction wells. The uranium level in GW-3 displays an overall 
increasing trend with an initial increase after extraction well shut down (0.060 mg/l) then a 
leveling off from about 2004-2008 followed by an increasing trend since early 2009 through 
2012 (0.150 mg/l). GW-1 and GW-2 uranium concentrations also indicate an initial increase 
after extraction well shut down (0.050 mg/l) then a leveling off followed by a slight increase or 
decrease depending on individual well location. The recommendations for the SWA in the 2012 
Annual Review Report include: reducing the ground water sampling frequency from quarterly 
to annual; approving the TI waiver for TDS and sulfate; and adoption of the UPL95 BTVs as NTE 
values for future monitoring programs. 
 
Since 1989 the saturated thickness of Zone 3 has declined by 75% on average and the 
hydrostratigraphic unit has been significantly dewatered by 23 years of remedial pumping 
(Chester Engineers, 2013). Once the saturated thickness decreases to approximately 25 ft or 
less, well efficiency pumping rates decline significantly to less than 1.0 gpm (Earth Tech, 2001). 
It is not surprising that the Zone 3 extraction system of wells has continued to decline in 
performance during the 2008-2012 period despite the efforts of UNC to maintain an active 
pumping operation. UNC attempts to the maintain the Zone 3 extraction system includes: a 
2003 Phase I hydraulic fracture pilot study; installation of seven new recovery wells in late 
2004; installation of five more new extraction wells in late 2008; injection well feasibility testing 
in early 2009; installation of three more new extraction wells in 2010; and addition of alkalinity-
amended mill well water from April 2011 through July 2012. Currently the extraction system is 
operating using various wells with an average total flow rate of less 1 gpm. 
 
The ground water quality in Zone 3 is variable and it has oscillated between degrading and 
improving trends since 2003. Seepage-impacted water is more prevalent toward the eastern 
limit of saturation and less prevalent toward the west. There is a central core of low pH water 
(5 to less than 3) in the main body of the seepage-impacted water, and the pH increases toward 
the margins of the impacted area as the ground water mixes with and is neutralized by the non-
impacted background water. UNC has adjusted the extraction system to: minimize drawing in 
background water; pulling seepage-impacted water toward the west; and maximizing capture 
of the seepage-impacted water. The pumping configuration was adjusted in November 2009 
and May 2012 to optimize capture of seepage-impacted ground water in the northern part of 
Zone 3. The efficiency of the Zone 3 extraction system is expected to decrease over time. 
Therefore, criteria needs to be developed for terminating pumping which could be based on a 
mixture of 60:40, seepage-impacted water to background water. When the ratio of seepage-
impacted water drops and the contribution of background water rises beyond the 60:40 ratio, 
the pumping should be terminated.  
 
Ground water monitoring data collected since the last FYR in 2008 for Zone 3 continues to show 
the presence of several contaminants at elevated concentrations. The 2007 ground water 
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monitoring found that the concentrations of 16 contaminants exceeded the EPA’s cleanup 
levels. These are aluminum, arsenic, beryllium, cadmium, cobalt, manganese, molybdenum, 
nickel, vanadium, nitrate, sulfate, TDS, radium-226 and radium-228, uranium, thorium-230, and 
gross alpha. Most of the standards for metals are exceeded at the wells closest to the Tailings 
Disposal Area. However, the concentrations of seven contaminants (cobalt, manganese, 
molybdenum, nickel, sulfate, TDS, and radium-226 and radium-228) exceeded the cleanup 
levels at monitoring well 504B, the furthest most down-gradient well within the seepage-
impacted area. 
 
In Zone 3 levels of metals including aluminum, arsenic, beryllium, cadmium, cobalt, manganese, 
molybdenum, nickel, uranium and vanadium have historically exceeded the UNC Site standards 
whether the source represents background or seepage-impacted water (Chester Engineers, 
2013). UNC calculated background concentrations as the 95th percentile upper prediction limits 
(UPL95s) for the constituents in the NRC License GWPSs and 1988 ROD contaminant standards 
(UNC, 2012; and Chester Engineers, 2012e). All wells sampled in October 2012 within the 
seepage-impacted area continue to show exceedances of cobalt, manganese, and nickel except 
for Well 420. Exhaustion of the neutralization capacity has stabilized the concentrations of 
metals at elevated levels in some wells (e.g. Well 717). Concentrations of uranium, vanadium, 
and thorium-230 are typically present above the UNC Site standards in Well 613 which has a 
persistent low pH and is located closest to the North Cell. The concentration of combined 
radium exceeded the UNC Site standard for Zone 3 (5 pCi/L) in the background water and thus 
the radium in Zone 3 is never expected to meet the UNC Site standard.  
 
A Zone 3 ground water flow model simulation shows that the background water occupies a 
large area of Zone 3 between the down-gradient pre-mining water and the seepage-impacted 
ground water. The seepage-impacted water is marginalized between the eastern edge of the 
extent of saturation and the hydraulic mound on the west created as background ground water 
from mine dewatering discharge. The model is a predictive tool that can be used to predict the 
current and future dispositions of ground water especially for any hypothetical interactions 
with the tailings seepage-impacted water with pumped wells. Verification wells will need to be 
installed to reduce the uncertainty of the model and to inform the optimal locations for 
sentinel wells. 
 
In Zone 1 the ground water flow direction in 1983 was generally to the east, but by 2007 the 
flow direction was generally to the north as the tailings seepage mound beneath the east side 
of the Central Cell dissipated. The shift in the potentiometric surface reveals that the structural 
dip of the Zone 1 sandstone unit exerts the greater control on ground water flow direction. 
Most water levels elevations in Zone 1 continue to decrease, however, some down dip well 
water levels are rising as ground water migrates from an unconfined to a confined system 
under fully saturated conditions. The Zone 1 seepage-impacted water quality is typically high in 
metals, radionuclides, and major ions like sulfate and chloride. The geochemical processes from 
neutralization, NA, and mixing have reduced many COPC concentrations below Site standards. 
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During the 2008 to 2012 period, Site standards are exceeded onsite in Zone 1 for TDS, sulfate, 
manganese, cobalt, nickel, TTHM and chloride. Contaminants that exceed the current cleanup 
levels outside of the Tailings Disposal Area boundary are cobalt, nickel, sulfate, TDS, and 
manganese. The only well that showed an exceedance outside the UNC Site boundary in 
October 2012 was Well EPA-5 with a nickel concentration of 0.06 mg/l when the NRC GWPS is 
0.05 mg/l. The seepage-impacted water is being attenuated in Zone 1. Acidic seepage is being 
neutralized within the Zone 1 aquifer, resulting in attenuation of most metals and 
radionuclides. Since the Zone 1 extraction system was shut off in 1999, the water quality of 
Zone 1 has slowly improved, or stabilized, however, some of the seepage-impacted area has 
expanded for a couple of COPCs. 
 
In summary, all of the cleanup levels established in the 1988 ROD have not been attained in the 
three hydrostratigraphic units and are not expected to be attained within a reasonable time 
frame. However, there is no known human exposure to contaminated ground water at the UNC 
Site. In Appendix A of the 1988 ROD, under Contingencies for Selected Remedy, it was 
anticipated that the remedy might not be effective at achieving the cleanup levels within a 
reasonable time frame. The 2003 FYR recognized the need to explore other contingencies or 
alternatives for remediating Site ground water and recommended a SFS. UNC completed Parts I 
and II of the SWSFS which included a screening analysis of remedial alternatives, a statistical 
review of the background and impacted monitoring data, and an updated baseline HHRA. Part 
III of the SWSFS is pending the 2012 NRC license amendment request for revised GWPSs based 
on the updated background concentrations from the ProUCL95 statistical analysis. Part III will 
evaluate the six GRAs that were retained from the screening analysis that includes: no further 
action; ICs; containment; extraction; passive treatment with wells; and hydraulic barriers. This 
SWSFS will be used to support future decision-making on remedy modification, revision to 
cleanup levels and invoking a TI waiver for certain chemical-specific ARARs, if appropriate. The 
current Zone 3 hydraulic control is temporary, and like the SWA and Zone 1 units, 
administrative regulatory tools are necessary to effectively manage the areas of seepage-
impacted ground water including: ACLs; TI waivers; MNA, and ICs. 
 
The 1988 ROD COPC levels for arsenic, cobalt, manganese, molybdenum, nickel, and uranium 
should be revised according to the background concentrations for these metals that are unique 
for each of the three hydrostratigraphic units. Future ground water performance compliance 
monitoring programs for the UNC Site should consider adoption of the UPL95 NTE values. 
 
6.3 Site Inspection 
 
The Site Inspection was conducted on April 18, 2013. Those in attendance included 
representatives from UNC, GE, NMED, and EPA. The Site Inspection Checklist and photographs 
documenting Site conditions are found at Attachments 5 and 6, respectively. The purpose of 
the UNC Site Inspection was to obtain familiarity with the UNC Site, review the records, 
examine the extraction and treatment systems and associated documentation, assess the 
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protectiveness of the remedy, and conduct interviews with representatives of key stakeholders.  
 
The following areas were visited; 1) the main office, 2) the Zone 3 wells, 3) the Zone 1 wells, 4) 
the Tailings Disposal area, 5) the SWA wells, and 6) the bedrock outcrop exposed within 
Pipeline Arroyo (known as the “Nickpoint”). It was noted that on-Site staff monitors visitors. 
They also take measures to identify livestock belonging to local residents that may enter the 
UNC Site looking for grazing. The existing fencing is intended to discourage livestock. There was 
no evidence of unauthorized development or construction activities. Monitoring and extraction 
wells appeared to be in good condition. Apart from Pipeline Arroyo there was no evidence of 
erosion or slope failure. Native vegetation has established itself on the radon barrier and 
protective rock cover placed on top the tailings disposal cells. A fence and locked gates 
surround the Tailings Disposal area. Barriers and warning signs surrounded the evaporation 
pond within the tailings impoundment area. Overall the UNC Site appears to be well managed. 
 
Both full-time and part-time employees work at the UNC Site. One employee residence is 
located on the UNC Site near the former milling building. Both the residence and the UNC Site 
use bottled water for drinking. An on-Site well drilled into the Westwater Formation, well 
below the Gallup Formation, supplies other domestic uses. 
 
6.4 Interviews 
 
Interviews for this FYR were conducted by NMED and EPA. NRC, GE, NNEPA, DOE, and the local 
community were interviewed. Representatives of NRC, DOE, UNC and GE declined to be 
interviewed directly by NMED, but did provide written statements to EPA’s interview questions 
with the exception of UNC. UNC felt their responses would be identical to GE’s and thus they 
declined to duplicate those responses because they would be redundant. The information 
discussed below are based on the interviews and written responses. Those interviewed are 
listed Table 23. 
 
Those interviewed expressed no indication of problems related to the current protectiveness of 
the remedy. But opinions were expressed regarding concerns and possible improvements.  
 
Mr. Eugene Esplain with the NNEPA expressed that the cleanup of the NECR Mine Site was the 
priority concern for Navajo Nation and that the ground water issue at the UNC Mill Site has 
dropped significantly in priority and concern. Mr. Esplain suggested that greater effort should 
be devoted to community public education, outreach, and meetings with the local residents. 
The topic of in-situ uranium mining south of the UNC Site is a major concern to local residents 
and this can result in unfavorable impressions regarding the UNC Site activities.  
 
Ms. Yolande Norman with the NRC also had a generally overall favorable impression of the 
project. She noted the Navajo community may have an unrealistic expectation that the remedy 
will completely remove all contamination from the ground water. 
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The DOE Office of Legacy Management expressed their role under the UMTRCA, and anticipates 
that they will become the general licensee under NRC for the UNC Site. After Site transfer, the 
DOE will perform long-term surveillance and maintenance within the UNC Site boundaries 
under UMTRCA and 10 CFR 40.28. DOE recognizes that the remedy to remediate contaminated 
ground water has not been successful, and that the Zone 3 plume is expected to migrate north 
of the Section 36 boundary. The UNC Site will need to achieve ground water compliance with 
EPA standards prior to site transfer, and active ground water remediation will not be required 
to maintain compliance. DOE is aware that the community is very concerned about the quality 
of drinking water and potential impacts from site operations, but there appears to be no 
complete exposure pathways to contaminated ground water at this time. DOE commends and 
appreciates efforts shown to-date by site regulators to provide the DOE with opportunities to 
become informed about the UNC Site’s ground water cleanup activities and progress. 
 
Mr. Roy Blickwedel with GE expressed the opinion that the existing remedy has generally been 
effective and it has been protective of human health and the environment. He also noted that 
the active ground water extraction systems as required in the 1988 ROD for all three 
hydrostratigraphic units has been discontinued with regulatory approval from both the NRC 
and the EPA because they were no longer effective. Alternative remedy enhancements have 
been utilized in Zone 3 but none have been successful in enhancing the effectiveness of the 
remedy for very long. UNC voluntarily continues pumping in Zone 3 although at consistently 
declining rate. In all three target areas, further ground water pumping will have no additional 
beneficial effect on achieving cleanup goals beyond the natural processes that are occurring. 
 
Mr. Blickwedel also expressed concerns regarding the EPA’s failure to act on UNC’s TI waiver 
recommendation and NA proposal. He also suggested that it is time to focus the remedy on the 
tailings seepage, while bearing in mind the limits to what can be attempted with the ground 
water in Zone 3 due to the low permeability of the formation. Mr. Blickwedel encouraged the 
EPA to advance the process towards a conclusion. From GE’s perspective, it is clear that the 
current remedy has reached the limits of effectiveness for Zone 1 and the SWA. UNC believes 
that EPA should complete the analysis of NA and TI Waivers for Zone 1 and the SWA, and make 
decisions with respect to their acceptability in accordance with NCP procedures. For Zone 3, it 
will be necessary to change the remedial goals and/or to invoke other administrative controls 
for the CERCLA process to attain closure and for the UNC Site to be transferred to the DOE for 
long-term stewardship. UNC believes it is time to re-invigorate discussions with Navajo Nation 
for ICs and the development of an alternative water supply should they not have access to 
viable supplies either for stock watering or domestic consumption because of the naturally 
poor water quality in the region. 
 
The community members expressed concerns regarding the NECR Mine cleanup and proposed 
in-situ uranium mining industry in general. The EPA has met with local residents to discuss their 
concerns primarily related to the NECR Mine soil proposed cleanup plan. Regarding the UNC 
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Site, they lack confidence about the knowledge of the ground water contamination issues and 
they expressed the need for education sessions that work at their technical level to help them 
understand the UNC Site. Many residents feel that current health problems are linked to 
contamination from this or other sites in the area.  
 
Interview record forms are provided in Attachment 6. 
 
7.0 TECHNICAL ASSESSMENT 
 
The FYR must determine whether the UNC Site remedy is protective of human health and the 
environment. The EPA guidance provides three questions that are used to organize and 
evaluate data and information, and to ensure that all relevant issues are considered when 
determining the protectiveness of a remedy. These questions are answered for the UNC Site in 
the following sections. Section 7 is concluded with a summary of the technical assessment. 
 
7.1 Question A: Is the remedy functioning as intended by the decision documents? 
 

7.1.1 Remedial Action Performance and Operations 
 
No, the ground water remedy is not functioning as intended. The remedy was implemented and 
operated as specified in the 1988 ROD. The remedies for tailings and mill reclamation 
(described by the NRC Reclamation Plan), that support the ground water remedy, have been 
implemented as specified, with the exception of final closure and installation of the radon 
barrier over the South Cell that will occur after the ground water remediation is complete and 
the evaporation ponds are removed.  
 
As discussed in Section 4, ground water extraction is no longer occurring, except in Zone 3, 
therefore the overall Site ground water remedial action is no longer operating and functioning 
as designed. The remedial action performed as expected until the ground water extraction well 
systems were determined to have reached the limit of their effectiveness. The ineffectiveness is 
due either to a loss in saturation from insufficient recharge (Zone 1 and Zone 3), or an inability 
to achieve some of the cleanup levels because contaminant levels are not dependent on 
pumping, but instead controlled by natural geochemical reactions. One geochemical reaction in 
particular is the pervasive equilibrium between the ground water and naturally occurring 
gypsum or anhydrite (Zone 1, Zone 3 and SWA). In light of these limitations, the extraction 
systems were turned off for the SWA and Zone 1 aquifers.  
 
The Zone 3 extraction system was restarted in 2003 as part of the hydraulic fracturing pilot test 
and it has continued to be operated on a limited basis. The Zone 3 pumping configuration has 
been modified several times over the life of the system in an attempt to achieve hydraulic 
containment of the continually-advancing seepage-impacted front and removal of 
contaminated ground water at successively down-gradient locations at the edge of the 
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advancing front. UNC recognizes that this effort will not completely stop the advance of the 
seepage-impacted front at this time, but hopes it will slow it down and lessen its impact to 
uncontaminated, down-gradient water. The pumping effort in 2005 and 2006 was found to 
temporarily arrest the advance of the seepage-impacted front and even reverse it, before 
pumping rates declined to levels which were ineffective at establishing hydraulic containment 
(N.A. Water Systems, 2008). It must be noted that the hydraulic head that drives the flow of 
ground water comprises the elevation head plus the pressure head. The elevation head is a 
result of the structural tilting (i.e., dipping) of the stratigraphic units to the north, which causes 
the ground water to flow northward. The long history of pumping in Zone 3 has reduced the 
pressure head, but cannot reduce the dip-related elevation head. The continued pumping has 
been helping in the short-term, but saturated thicknesses in this formation are quite low and 
there will eventually be no further reduction in the pressure head. As the well yields decrease 
to levels that do not support pumping, the reduction in head will gradually approach practical 
limits (N.A.Water Systems, 2008). At some time in the future, UNC estimates that a balance will 
be reached between the tendency for irreducible elevation head to drive the continued 
northward migration of the seepage-impacted water and the tendency for the seepage-induced 
permeability reductions from the alteration of feldspar minerals to kaolinitic clay to stop the 
movement of the ground water. However, although this condition should occur to stop the 
advancement of the seepage-impacted front, the exact timing and location for this critical 
balance to be achieved cannot be predicted (Chester Engineers, 2013). The ground water flow 
model should prove beneficial in predicting the disposition of seepage-impacted water into the 
future. 
 
Although UNC concludes that uranium, as well as the other metals and radionuclides, are 
naturally attenuating within the SWA, based on the results of the NA system performance 
evaluation; the data show that the discontinuance of the pumping system has led to increases 
in uranium from levels observed before the extraction wells were shut off at some wells located 
down-gradient. Hence, the extraction system appears to have been somewhat effective at 
reducing uranium mass levels beyond the Tailings Disposal Area. Whether such effort could 
achieve the newly promulgated MCL for uranium of 0.03 mg/l, if established as an ARAR for the 
UNC Site by the EPA in future decision-making, must be assessed. In addition, whether or not 
the elevated uranium is background or related to seepage impact water must be considered in 
future decision documents.  
 
The cleanup levels have not been achieved for all of the contaminants in any of the three 
aquifers, nor does UNC believe that they can be achieved with the existing remedy selected by 
the EPA for the reasons discussed above and in Section 6. 
 

7.1.2 Opportunities for Optimization 
 
While there may be opportunities to optimize the existing remedy, the geochemical and 
physical conditions and limitations of the aquifers which result in declining ground water levels 
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and pumping rates, reduced permeability from alteration of the formation by acidic tailings 
seepage, and the elevated concentrations of sulfate and TDS associated with gypsum/anhydrite 
equilibrium reactions make it unlikely. It seems more likely that fundamental remedy changes, 
if any, will be addressed more holistically during completion of the SWSFS. 
 

7.1.3 Implementation of Institutional Controls 
 
The 1988 ROD did not formally establish any ICs; however certain enforcement documents, 
governmental controls, and informational controls are in place. UAO, Docket No. CERCLA 6-11-
89 (issued on June 29, 1989), remains in force and it requires ground water remediation. In 
addition, the UNC Site Source Materials License No. SUA-1475 remains in effect. It requires that 
the UNC Site be managed to prevent contaminant exposure, including exposure to those 
contaminants in the ground water. Restrictions to the use of the on-site ground water will 
continue after the License is terminated by the NRC and the property is turned over to the DOE 
for long-term care and surveillance monitoring. However, there are currently no ICs restricting 
the use of seepage-impacted ground water that has advanced beyond the NRC Licensed Site 
boundary in Sections 2, 10, 3 and on Navajo Trust land to the north of Section 36. Informational 
controls such as signs are found near the Tailings Disposal Area. Barbed-wire fence (with “No 
Trespassing” signs) surround the UNC Site. 
 
No proprietary controls establishing land use restrictions are in place. However, discussions 
continue regarding their potential utility and effectiveness. It is likely that some form of land 
and/or ground water use control will become necessary to ensure long-term protectiveness, by 
preventing exposure to contaminated ground water that has migrated off-Site. 
 
It should be noted that UNC provided a Draft Resolution and Environmental Right-of-Way 
Procedures to the NNEPA and the U.S. Department of Justice (Davis, Graham & Stubbs, LLP, 
March 23, 2001). This document presented a draft Tribal Resolution to define ICs in certain 
seepage-impacted areas in the SWA in Section 3 and Section 10, and in Zone 1 of the Gallup 
Formation in Section 1. The draft resolution has not been acted upon.  
 
The approximate areas covered by the proposed ICs are shown on Figure 18. The ICs would 
cover approximately 40 acres of Navajo Trust lands in Sections 3 and 10, and individual 
allotments, if necessary. The ICs for Section 1 would cover approximately 35 acres located in 
the northwest corner of the section. Grazing and surface activities would not be affected by the 
ICs. UNC also provided the procedures to establish an environmental right-of-way under the 
U.S. Department of Interior (DOI) regulations. The duration of the right-of-way would be 50 
years, subject to right of renewal. In the Draft Resolution, UNC has proposed to drill a water 
supply well into the underlying Dakota formation. The Dakota is a higher yielding and better 
water-quality aquifer in comparison to the ground water aquifers in the Gallup Formation and 
the alluvium.  
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It is noted that in a letter to the EPA, dated September 3, 2003, the NNEPA stated that it did not 
recommend the use of ICs on any projects, especially Superfund activities where ground water 
is impacted. The NNEPA also stated that it does not have a mechanism in place to enforce the 
ICs and that a permanent staff would be required to oversee the project. Further, it stated that 
a lack of funds might hinder the establishment of such an oversight program for ICs. The EPA 
has since engaged in further substantial discussions with the NNEPA and BIA on the question of 
ICs; but as noted above, agreement on the utility and necessity of ICs has not been achieved. 
The EPA intends to continue to examine the IC issue, which it plans to address in the SWSFS. 
 
7.2 Question B: Are the exposure assumptions, toxicity data, cleanup levels, and remedial 
action objectives (RAOs) used at the time of remedy selection still valid?  
 
As shown in the protectiveness evaluation (Attachment 8), changes have occurred in a number 
of MCLs. Additionally, background evaluations for select contaminants have been conducted 
post-1988 ROD by UNC and others. However there has been no formal EPA decision-making to 
change cleanup levels to reflect any proposed new background concentrations, so the original 
background concentrations remain in effect as cleanup levels for some contaminants. Criteria 
at the UNC Site are based on federal or New Mexico standards, and do not originate in a risk 
assessment. The MCLs or EPA Region 9 Preliminary Remedial Goals (PRGs) TBC health based 
criteria) for 12 contaminants have changed since the 1988 ROD was prepared. Eight of these 
values have been reduced and four have increased. Section 5 presents Contaminant Specific 
Ground Water Cleanup Levels and Other Comparison Values for the UNC Site and also presents 
comparison values for NMWQCC standards, EPA health based standards, EPA MCLs, NRC GWPS, 
the 1988 ROD standards, and other criteria.  
 
There have been no changes to land use and no drinking water wells have been installed near 
the UNC Site. Therefore, there is no current exposure pathway and, hence, the remedy remains 
protective in the short term. However, the long-term protectiveness of the remedy is 
contingent upon achieving protective cleanup levels within the aquifers. The new federal MCLs 
and PRGs identified above are based on updated toxicological information and, therefore, are 
considered by the EPA to be protective. To ensure the long-term protectiveness of the remedy, 
it is recommended that these new MCLs and PRGs be evaluated for potential as revised ARARs 
and TBCs for this Site and lead to the modification of the cleanup levels in future EPA decision-
making. It should be noted that some of the changes made to the federal MCLs and PRGs are, 
or may be, below Site background concentrations and would, therefore, not be appropriate 
requirements or TBC material. In such cases, the background concentration would be selected 
as the cleanup level in lieu of the new or revised standard or criterion. 
 
The RAOs (Operable Unit Feasibility Study goals, EPA 1988) were described as follows: 
 

• contain down-gradient contaminant migration within each target area; 
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• restore ground water down-gradient of the Tailings Disposal Area, to the maximum 
extent practicable, to meet the cleanup criteria; and 

 
• restore ground water at the Tailings Disposal Area to a level that allows attainment of 

cleanup criteria at its boundary. 
 
The RAOS are still considered to be valid objectives. However, as discussed above, it has not 
been possible to completely achieve the RAOs. For these and other reasons it will probably be 
necessary to modify the remedy to achieve the RAOs. 
 
7.3 Question C: Has any other information come to light that could call into question the 
protectiveness of the remedy? 
 
No other information has come to light that could affect the protectiveness of the remedy. 
There are no new risks or previously unidentified risks that could affect performance or 
protectiveness of the remedy. There are no natural disasters that could affect performance or 
protectiveness of the remedy. 
 
8.0  ISSUES 
 
Issues related to the current Site operations, conditions, and activities that may prevent the 
remedy from being protective are listed in Table 24. 
 
9.0 RECOMMENDATIONS AND FOLLOW-UP ACTIONS 
 
Required and suggested Follow-up Action to current Site operations and activities are 
presented in Table 25. 
 
10.0  PROTECTIVENESS STATEMENTS 
 
The remedy at OU1 (the final source remedy) currently protects human health and the 
environment in the short term. Actions taken have minimized potential human exposures to 
contaminants found in the ground water and reduced the potential for the repository tailings to 
act as a source of ground water contamination. For the remedy to be protective in the long 
term, the following actions need to be taken:  
 

1. Evaluate and revise the estimated background contaminant levels at the UNC Site and 
reevaluate UNC Site cleanup standards (i.e., remediation goals) through the NCP 
decision-making process.  
 

2. Complete the ongoing SWSFS Part III to develop and analyze remedial alternatives.  
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3. Continue the experimental efforts to create a subsurface hydraulic barrier in Zone 3 to 
slow down and contain the migration of the seepage-impacted water in the northern 
subsurface area.  

 
4. Determine whether the Southwest Alluvium (SWA) extraction wells have provided 

improvement in ground water quality with respect to uranium contamination when 
compared to Natural Attenuation (NA).  
 

5. Evaluate the use of various mechanism(s) of Natural Attenuation (NA) in the SWA for 
uranium as well as for other COCs in all hydrostratigraphic zones as part of the ongoing 
remediation effort to attain cleanup standards. 
 

6. Renew efforts to establish ICs that will help protect human health by restricting the use 
of contaminated ground water on affected Navajo Nation, Tribal Trust, and Indian 
Allotment lands.  

 
7. Evaluate whether a Technical Impracticability (TI) waiver is appropriate for the 

Applicable or Relevant and Appropriate Requirements (ARARs) related to sulfate and 
TDS. This evaluation would be done as part of the ongoing SWSFS, Part III. 
 

8. Evaluate the anthropogenic origin and the transient nature of the artificially created 
ground water aquifers impact on future EPA ground water decision making.  

 
The remedy at OU2 is expected to be protective of human health and the environment upon 
completion. In the interim, remedial activities completed to date have adequately addressed all 
exposure pathways that could result in unacceptable risks in these areas. 
 
Because the remedial actions at both OUs are currently protective of human health and the 
environment, the UNC Site’s remedy is and remains protective in the short term. 
 
11.0  NEXT REVIEW 
 
The next FYR will be due in September 2018. 
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Table 1 - Chronology of Events for UNC and NECR Sites 
Event Date 

UNC & Kerr McGee mine discharge operations infiltrate Southwest Alluvium, and Gallup 
Sandstone Zone 1, & Zone 3 aquifer units.  This ground water is designated “premining-
premilling” water & it also functions as some of the “background” water for future 
comparisons & investigations.  

1967-1986 

UNC & Kerr McGee receives National Pollution Discharge Elimination Permits (NPDES) to 
release mine water to unnamed arroyo leading to Pipeline Canyon Arroyo.  Estimated 37 
billion gallons of water discharged & 600 tons of uranium released over life of mining 
operations.   

January 1975 

EPA 906/9/9-75-002 report released documenting NECR Mine discharge water elevated in 
radium & uranium above NPDES limits. September 1975 

UNC milling operations begin under license from state of New Mexico Radiation 
Protection Bureau May-June 1977 

New Mexico Environmental Improvement Division (NMEID) learned that seepage from 
UNC Mill Site posed a threat to ground water quality. Prior to 1979 

Retention dam on UNC south tailings disposal cell breached & released an estimated 93 
million gallons of acidic mill tailings water & sediment to Pipeline Canyon / Rio Puerco 
River.  EPA Region 6 and NMEID respond to contaminant release. 

July 1979 

NMEID orders UNC to perform cleanup of Rio Puerco contaminated areas to 3 pCi/g of Ra-
226, Th-230, & Pb-210 where possible.   August 13, 1979 

NMEID orders UNC to implement discharge plan to control contaminated Tailings seepage 
into subsurface around evaporation-disposal ponds 

November 9, 
1979 

UNC sampled off site monitor well TWQ-124 & results indicated that Th-230 level 
exceeded NM Radiation Protection Regulations beyond the restricted area of the licensed 
facility.  Other non-radiological constituents were degrading off site ground water quality. 

October 28, 1980 

EPA begins discussions with UNC over the need for a ground water investigation of 
tailings seepage from mill site that follows the CERCLA Process (Comprehensive, 
Environmental Response, Compensation and Liability Act or Superfund Act of 1980).  

February 19, 1982 

EPA informs UNC that the mill site has been placed on Interim Priority List for hazard 
ranking analysis, a measure that is used in the process to consider a site for the National 
Priority List (NPL) or Superfund. UNC milling operations begin under license from state of 
New Mexico Radiation Protection Bureau.   

April 2, 1982 

UNC announces mill closing due to depressed uranium market.  May 1982 

EPA provides UNC with final AOC developed in coordination with NMEID.  UNC did not 
sign the AOC.  

November 8, 
1982 

EPA performs Field Investigation Team (FIT) inspection sampling of tailings solution, 
surface water, and ground water at UNC Site.  

November 8 & 15, 
1982 

UNC mill site ground water plume placed on the National Priorities List (NPL) of Superfund 
Sites due to off-site migration of radionuclides and chemical constituents in ground water. 1983 
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Table 1 - Chronology of Events for UNC and NECR Sites 
Event Date 

EPA conducts Remedial Investigation (RI) field activities to determine the nature& extent 
of ground water contamination in the three water-bearing formations at the Site. 

March 1984- 
August 1987 

In 1984, UNC blocked EPA access to the Church Rock facility, and EPA brought an action to 
compel site access.  UNC counterclaimed seeking declaratory and injunctive relief.  U.S. 
District Court granted an EPA motion to dismiss the UNC counterclaims, &UNC provided 
access to the Site to EPA.  United States v. United Nuclear Corporation, 610 F Supp. 527, 
528 (D.N.M., 1985). 

April 18, 1985 

NMEID relinquishes regulatory program for uranium mill site licensing of the U.S. Nuclear 
Regulatory Commission (NRC). 

June 1986 

 

EPA and NRC sign Memorandum of Understanding (MOU) coordinating EPA’s CERCLA 
ground water remedial action with NRC’s reclamation & closure activities under the 
Source Materials License & the Uranium Mill Tailings Radiation Control Act (UMTRCA) for 
Title II sites. 

August 26, 1988 

EPA releases RI - Feasibility Study (FS) report along with proposed plan of action field 
sheet. August 1988 

EPA issues a Record of Decision (ROD) describing the remedy to address UNC 
contaminated water beyond the boundaries of the tailings disposal cells by extraction-
evaporation of ground water. 

September 30, 
1988 

UNC submits Remedial Design Report. April 1989 

Remedial action implemented in Zone 1 – Borrow Pit No. 2. April 1989 

EPA issues Unilateral Administrative Order (UAO) Docket No. CERCLA 6-11-89 to UNC 
requiring UNC to implement the Site CERCLA ground water operable unit remedy 
determined by the ROD. 

June 29, 1989 

Remedial action implemented in Zone 3 – 12 new extraction wells begin pumping.  August 1989 

Remedial action implemented in Southwest Alluvium – 3 new extraction wells begin 
pumping. October 1989 

Ground Water Corrective Action Annual Review 1989 documents remedial action 
construction completion. December 1989 

United States had brought action against UNC in 1991 for response cost recovery under 
CERCLA; and in late 1992, the U.S. District Court issued an opinion and order granting a 
U.S. motion for partial summary judgment on the issue of costs and denying a UNC cross 
motion for summary judgment.  United States v. United Nuclear Corporation, 814 F Supp. 
1552 (D.N.M., 1992). 

December 28, 
1992 

NRC issues a background water quality study that recommends higher concentrations of 
background constituents than presented in the ROD. 1996 

GE completes acquisition of UNC Inc. 1997 

First Five-Year Review completed. September 24, 
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Table 1 - Chronology of Events for UNC and NECR Sites 
Event Date 

1998 

NRC, EPA, and NMED approve the decommissioning of 10 Zone 3 wells, 3 Zone 1 wells, 
and 1 Southwest Alluvium well because they meet the decommissioning criteria of 
producing less than 1 gallon per minute (gpm). 

July 30, 1999 

NRC approves eliminating the Section 1 portion of Zone 3 as a point of exposure. September 16, 
1999 

UNC submits request to terminate all Zone 3 pumping and for Technical Impracticability 
waiver to EPA, NRC and NMED. May 2000 

All but three Zone 3 wells decommissioned in accord with criterion. June 2000 

EPA approves UNC’s request to shut down remaining three Zone 3 wells to slow seepage 
migration rate. November 2000 

License Amendment No. 31 allows UNC to temporarily suspend the corrective action 
pumping in Zone 3.  

December 29, 
2000 

UNC submits Draft Tribal Resolution and Environmental Right-of-Way to the Navajo 
Nation to form basis for ICs. March 2001 

EPA gives UNC approval to temporarily shut down Southwest Alluvium extraction wells 
and an 18-month Natural Attenuation Test is conducted. 

February 2001 
through July 2002 

UNC submits Final Report and Technical Impracticability Evaluation – Southwest Alluvium 
Natural Attenuation Test to EPA, NRC and NMED. November 2002 

UNC submits proposal to conduct hydraulic fracturing pilot test. May 21, 2003 

UNC conducts the hydraulic fracturing pilot test in Zone 3. June 2003 

Second Five-Year Review completed. September 18, 
2003 

UNC submits Final Report – Hydraulic Fracturing Pilot Test Results and Preliminary Full-
Scale Design, United Nuclear Church Rock Facility. December 2003 

EPA comments on the Final Report – Hydraulic Fracturing Pilot Test Results and 
Preliminary Full-Scale Design and directs UNC to perform supplemental feasibility study 
(SFS) for Zone 3. 

March 10, 2004 
and 

March 19, 2004 

EPA approves Final Report - Hydraulic Fracturing Pilot Test Results and Preliminary Full-
Scale Design. May 21, 2004 

UNC conducts the Phase 1 full-scale hydraulic fracturing test in Zone 3. September 2004 

UNC installs well SBL-01 in Section 10, Southwest Alluvium. October 2004 

UNC submits the draft SFS for Zone 3 for review. October 27, 2004 

EPA disapproves draft SFS for Zone 3 and directs UNC to perform a Site-wide SFS (SWSFS) 
consistent with the NCP. June 24, 2005 

Meeting between EPA, UNC, NRC, NMED, and NNEPA to discuss the SWSFS. UNC generally August 17, 2006 



   
UNC Church Rock Uranium Mill Superfund Site  Fourth Five Year Review 
September 2013   
 

Table 1 - Chronology of Events for UNC and NECR Sites 
Event Date 

expresses its opposition to the feasibility study process. 

Meeting between EPA, NNEPA, BIA and NMED in Window Rock, AZ, to discuss feasibility 
of ICs restricting the use of contaminated ground water. January 18, 2006 

Meeting between EPA and NNEPA in Dallas, TX, to continue discussions on ICs. March 16, 2006 

EPA approves in-situ alkalinity stabilization pilot study for Zone 3. May 12, 2006 

EPA directs UNC to perform the SWSFS in writing, stating that the feasibility study is 
appropriate and necessary. June 23, 2006 

Meeting between EPA, NNEPA, BIA, and NMED in Albuquerque, NM to continue 
discussions on ICs. August 21, 2006 

UNC submits the draft List of Preliminary Assembled Remedial Alternatives for the SWSFS. September 2006 

UNC begins the in-situ alkalinity stabilization pilot study in Zone 3.  The study is completed 
in February 2007. 

October 2006 

UNC submits the draft SWSFS, Part 1, Church Rock Remediation Standards Update. February 2007 

UNC submits In-Situ Alkalinity Stabilization Pilot Study Report. June 2007 

EPA disapproves SWSFS, Part 1, Church Rock Remediation Standards Update and requires 
revision to address written comments. January 25, 2008 

Meeting between EPA, NMED, NRC, NNEPA and UNC to discuss status of remedial 
activities.  UNC notifies regulatory agencies that pumping of hydraulic fracture wells in 
Zone 3 was unsuccessful in stopping migration of seepage-impacted ground water.   UNC 
proposes to submit a plan for additional extraction wells for Zone 3. 

March 12, 2008 

UNC submits summary of hydrogeologic analysis evaluation of ground water flow and 
recommended plan for additional extraction wells for interception and recovery of 
seepage-impacted ground water in Zone 3. 

April 2008 

UNC submits white paper on statistics to address some of EPA comments on the SWSFS, 
Part 1. May 2008 

EPA notifies NRC of approval of UNC’s recommendation for additional extraction wells. June 2008 

UNC submits initial report on calculation of background statistics and comparisons to 
ARARs for the UNC Church Rock Mill and Tailings Site (aka revised SWSFS, Part I). August 28, 2008 

Third Five Year Review completed. September 17, 
2008 

EPA accepts revised SWSFS Part I, Remediation Standards Update and gives approval for 
UNC to proceed with SWSFS Part II: Development and Screening of Remedial Alternatives. February 11, 2009 

EPA Region 6 conducts community meeting at Pinedale Chapter House to give an update 
on the UNC 2008 Five Year Review. May 5, 2009 

UNC-GE letter to NRC on Technical Impediments to Site Closure at the Church Rock Mill 
Site (lack of consensus, unattainable cleanup standards, & complex issues related to 
statistics and geochemistry). 

May 20, 2009 

EPA Region 9 releases Northeast Church Rock (NECR) Engineering Evaluation/Cost Analysis 
(EE/CA) report for non-critical time removal of NECR mine waste.  The preferred 

June 11, 2009 
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Table 1 - Chronology of Events for UNC and NECR Sites 
Event Date 

alternative for disposition of NECR Mine waste is disposal at an NRC-licensed facility 
namely the UNC Mill Site tailings disposal ponds. 

UNC submits report entitled, The Remedial Design: Conceptual Approach to Enhanced 
Remediation in Zone 3-New Injection Wells combined with Existing Extraction Wells. May 17, 2010 

UNC-GE submits NRC License SUA-1475 Amendment request for revised dates to 
complete ground water corrective actions (12-31-2013) & to install final radon barrier & 
erosion protection cover on tailings pond (12-31-2014). 

September 1, 
2010 

EPA provides UNC-GE with combined agency comment-approval letter (EPA, NRC, NMED, 
NNEPA) on SWSFS Part II dated July 2009, and general considerations-requirements to 
proceed with Part III. 

September 2, 
2010 

UNC submits revised version of the Updated Baseline Human Health Risk Assessment.  March 4, 2011 

UNC submits revised versions SWSFS Part I and Part II. April 26, 2011 

EPA Region 9 provides regional assessment report on ground water quality in/around 
UNC-NECR Mill facilities. September 2011 

UNC provides report on the Hydrogeologic Assessment of Injection at Zone 3 Well IW-A 
through September 2011 to EPA and NRC. November 1, 2011 

UNC submits to NRC,  “License Amendment Request Revised Ground Water Protection 
Standards Based On Updated Background Concentrations Source Material License SUA-
1475 Ground Water Corrective Action Program United Nuclear Corporation Church Rock 
Tailings Site.” 

April 21, 2012 

UNC provides Final Version of the Updated Baseline Human Health Risk Assessment for 
the Church Rock Site in order to: 1) update risk estimates for the Site using current risk 
assessment methods-information; 2) support reassessment of remediation levels; 3) 
compare remedial alternatives; & 4) identify Point of Compliance (POC) & Point of 
Exposure (POE) concentrations in accordance with NRC requirements. 

August 2012 

EPA Region 6 provides UNC with acceptance letter for Updated Baseline Human Health 
Risk Assessment (August 13, 2012 version). 

September 11, 
2012 

UNC provides ground water flow model report of the Church Rock Site & local area for 
three genetic classes of ground water to support decision-making for future Zone 3 ACL 
applications. 

October 2012 

EPA issues Record of Decision (ROD) for the Site Surface Soil Operable Unit Alternative 2 
preference for disposal of NECR mine waste at UNC Mill Site tailings evaporation ponds 
under NRC license SUA-1475. 

March 2013 

EPA issues technical memorandum letter regarding results for background water quality 
parameter levels using ProUCL. March 2013 
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Table 2 - Projected Monitoring Well Dryness Dates for Each Hydrostratigraphic Unit 

Well Number Start Date of 
Monitoring Ground elev. (ft) Total depth (ft) Projected Dry Date 

Southwest Alluvium    Average = 2060 
0509 D 11/24/1981 6947.69 110 2049 
0624 9/18/1984 6898.16 85 2057 
0627 9/20/1984 6891.81 78 2038 
0632 4/17/1985 6901.74 85 2046 
0801 8/24/1989 6900.85 61.5 2025 
0802 8/25/1989 6904.02 82 2062 
0803 8/23/1989 6921.49 123 2085 
0808 6/14/1991 6908.80 132 2114 

EPA 23 2/14/1985 6923.06 140 2084 
EPA 25 2/2/1985 6900.58 72 2044 
EPA 28 2/12/1985 6915.16 90 2043 
GW 1 11/15/1976 6914.46 80 2037 
GW 2 11/15/1976 6910.37 95 2067 
GW 3 11/11/1976 6908.97 80 2018 

SBL-01 7/12/2004 6894.53 63.65 2125 
Zone 3    Average = 2046 
0420 3/25/1981 6981.72 170 2015 

0504 B 11/12/1981 6999.98 172 2038 
0517 4/14/1982 6968.02 111 2035 
0613 8/11/1983 6958.38 96 2065 
0708 5/24/1989 7010.38 172 2029 
0711 5/9/1989 7040.00 206 2091 
0717 5/30/1991 6970.16 153 2031 
0719 6/7/1991 7000.40 178 2020 

EPA 13 2/22/1985 7030.47 197 2117 
EPA 14 2/8/1985 6962.61 145 2026 
NBL-01 7/23/2001 6988.60 204 2040 
NBL-02 3/27/07 6974.61 187.25 2027 
Zone 1    Average = 2050 
0142 9/7/1980 6981.50 320 Not Applicable 

0515 A 11/23/1981 7007.08 116 2036 
0604 4/15/1982 7004.33 121 2043 
0614 8/2/1984 7011.03 126 2040 

EPA 02 12/3/1984 7016.91 200 2079 
EPA 04 1/12/1985 7066.30 240 2074 
EPA 05 1/6/1985 7008.54 142 2044 
EPA 07 2/23/1985 7008.66 172 2023 

     
Notes:  Projected dry dates represent the estimated year in which declining well water levels reach the base of the 
screen.  Elevations are in feet above mean sea level.  Total depths are in feet below ground. 
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Table 3 - UNC 1988 ROD Clean-up Levels and Contaminants Exceeding Clean-up Levels 

Contaminant Value Units 
Exceeds ARARs 

SWA1 Zone 3 Zone 1 
Aluminum 5 mg/L  X X 
Antimony 0.014 mg/L    
Arsenic 0.05 mg/L  X X 
Barium 1 mg/L    
Beryllium 0.017 mg/L    
Cadmium 0.01 mg/L X X X 
Chromium 0.05 mg/L    
Cobalt 0.05 mg/L X X X 
Copper 1 mg/L    
Iron 5.5 mg/L    
Lead 0.05 mg/L    
Manganese 2.6 mg/L X X X 
Mercury 0.002 mg/L    
Molybdenum 1 mg/L X X X 
Nickel 0.2 mg/L X X X 
Selenium 0.01 mg/L X X X 
Silver 0.05 mg/L    
Thallium 0.014 mg/L    
Vanadium 0.7 mg/L    
Zinc 10 mg/L    
Chloride 250 mg/L    
Sulfate 2160 mg/L    
Nitrate 30 mg/L X X X 
Total Dissolved Solids 
(TDS)  3170 mg/L X X X 

Radium 226 & radium-
228 5 pCi/L  X  

Uranium-238 5 
or 1645 

mg/L 
pCi/L    

Thorium-230 15 pCi/L    
Gross Alpha 15 pCi/L X X X 

Notes:   
1 SWA = Southwest Alluvium. 
2 mg/L = milligram per liter, pCi/L = picocurie per liter. 
3 EPA clean-up levels represent NMWQCC standards for Aluminum, Cobalt, Copper, Molydenum, 

Nickel, Zinc, Chloride, and Uranium. 
4 EPA clean-up levels represent MCLs for Arsenic, Barium, Cadmium, Chromium, Lead, Mercury, 

Selenium, Silver, Radium-226, Radium-228, Thorium-230, and Gross Alpha; numerically identical 
NMWQCC standards existed for Barium, Cadmium, Chromium, Lead, Mercury, and Silver. 

5 EPA clean-up levels represent background levels for Iron, Manganese Sulfate, Nitrate, and TDS. 
6 EPA clean-up levels represent health-based criteria for Antimony, Beryllium, Thallium, and 

Vanadium. 
7 Although some NMWQCC standards and MCLs are numerically identical, the state standards 

represent dissolved concentrations, while the federal MCLs represent total concentrations. 
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Table 4 - UNC ROD Clean-up Levels, NRC Standards, and Contaminant Exceedances  
Identified in UNC’s 1989 Remedial Design Report 

Contaminant 

 

ROD 
Clean-up 

Level 

NRC 
Standard 

 

Units 

 

Exceeds Clean-up Levels or Standards 

SWA1 Zone 3 Zone 1 

Aluminum 5 None mg/L -/na CL/na CL/na 
Antimony 0.014 None mg/L -/na -/na -/na 
Arsenic 0.05 0.05 mg/L -/- CL/S CL/S 
Barium 1 None mg/L -/na -/na -/na 
Beryllium 0.017 0.05 mg/L -/- -/S -/S 
Cadmium 0.01 0.01 mg/L CL/- CL/S CL/S 
Chromium 0.05 None mg/L -/na -/na -/na 
Cobalt 0.05 None mg/L CL/na CL/na CL/na 
Copper 1 None mg/L -/na -/na -/na 
Iron 5.5 None mg/L -/na -/na -/na 
Lead 0.05 0.05 mg/L -/S -/S -/- 
Manganese 2.6 None mg/L CL/na CL/na CL/na 
Mercury 0.002 None mg/L -/na -/na -/na 
Molybdenum 1 None mg/L CL/na CL/na CL/na 
Nickel 0.2 0.05 mg/L -/S CL/S CL/S 
Selenium 0.01 0.01 mg/L CL/S CL/S CL/S 
Silver 0.05 None mg/L -/na -/na -/na 
Thallium 0.014 None mg/L -/na -/na -/na 
Vanadium 0.7 0.1 mg/L -/- -/S -/- 
Zinc 10 None mg/L -/na -/na -/na 
Chloride 250 None mg/L -/na -/na -/na 
Sulfate 2160 None mg/L -/na -/na -/na 
Nitrate 30 None mg/L CL/na CL/na CL/na 
Total Dissolved Solids 
(TDS)  3170 None mg/L CL/na CL/na CL/na 

Radium 226 & 
radium-228 5 5 pCi/L -/S CL/S -/S 

Uranium 5 0.3 mg/L -/- -/S -/- 
Thorium-230 15 5 pCi/L -/S -/S -/S 
Gross Alpha 15 15 pCi/L CL/S CL/S CL/S 
Lead-210 None 1 pCi/L na/- na/S na/S 
Chloroform None 0.001 mg/L na/- na/S na/- 
Cyanide None 0.005 mg/L na/S na/S na/S 
Naphthalene None 0.001 mg/L na/- na/S na/- 
Notes: 

 1.  SWA = Southwest Alluvium.   
2.   Exceeds Clean-up Levels or Standards.   
CL= exceeds EPA’s clean-up level.   
S = exceeds NRC’s standard.   
“-“ = no exceedance.   
“na” = no EPA clean-up level or NRC standard established.    
 mg/L milligram per liter 
pCi/L = picoCurie per liter. 
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Table 5 - Comparison of UNC 1988 ROD Clean-up Levels and NRC Standards  
with Current Monitoring Program 

Contaminant 

 

ROD 
Clean-up 

Level 

NRC 
Standard 

 

Units 

 

Current Monitoring Program 

SWA1 Zone 3 Zone 1 

Aluminum 5 None mg/L  X X 
Antimony 0.014 None mg/L    
Arsenic 0.05 0.05 mg/L  X X 
Barium 1 None mg/L    
Beryllium 0.017 0.05 mg/L X X X 
Cadmium 0.01 0.01 mg/L X X X 
Chromium 0.05 None mg/L    
Cobalt 0.05 None mg/L  X X 
Copper 1 None mg/L    
Iron 5.5 None mg/L    
Lead 0.05 0.05 mg/L X X X 
Manganese 2.6 None mg/L X X X 
Mercury 0.002 None mg/L    
Molybdenum 1 None mg/L X X X 
Nickel 0.2 0.05 mg/L X X X 
Selenium 0.01 0.01 mg/L X X X 
Silver 0.05 None mg/L    
Thallium 0.014 None mg/L    
Vanadium 0.7 0.1 mg/L X X X 
Zinc 10 None mg/L    
Chloride 250 None mg/L X X X 
Sulfate 2160 None mg/L X X X 
Nitrate 30 None mg/L X X X 
Total Dissolved 
Solids (TDS)  3170 None mg/L X X X 

Radium-226 & 
radium- 228 5 

 

5.2 (SWA) 
5.0 (Z-3) 
9.4 (Z-1) 

pCi/L 
 

X 
 

X 
 

X 
 

Uranium 5 0.3 mg/L X X X 
Thorium-230 15 5 pCi/L X X X 
Gross Alpha 15 15 pCi/L X X X 
Lead-210 None 1 pCi/L X X X 
TTHM None 0.080 mg/L X X X 
Cyanide None 0.005 mg/L    
Naphthalene None 0.001 mg/L    

Notes: 1.  SWA = Southwest Alluvium.   
2. Chloroform replaced with total trihalomethane (TTHM).  The TTHM MCL is 0.080 

mg/L.   
3. “X” = contaminant in the current monitoring program.   
4. mg/L = milligram per liter, pCi/L = picoCurie per liter. 
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Table 6 - Summary of Early Well Series and Purpose for the UNC Site  
Prior to the 1985 EPA RI and 1988 ROD Remedy 

Well Series Designation Purpose 
TWQ-1 water quality & elevation monitoring 
GW-1 permanent monitoring wells 
300 observation 
400 hydrologic barrier 
500 observation 
600 northeast pump back wells 
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Table 7 - Zone 3 Performance Monitoring Program, 2012 Operating Year 
 (Table 9, 2012 Annual Review Report) 

Well Water 
Level 

Water 
Quality 

NRC 
POC Purpose 

Continue Monitoring 
420 X X   Post mining-pretailings background, track plume. 

711 X X Y 
Track saturation and plume, replace 502 B based on results of low flow purge 
testing performed in January 2000. 

504 B X X   Track saturation and plume, extensive data set. 
517 X X Y Track plume, extensive data set. 

EPA 9 X     Extent of saturation, water quality not necessary. 
EPA 13 X X   Extent of saturation. Water quality added 2nd quarter 2001. 
EPA 14 X X   Post mining-pretailings background, track plume. 

702 X     Water level only, track saturation. 
710 X     Water level only. 
712 X     Water level only. 
713 X     Water level only. 
714 X     Water level only. 
613 X X Y Extensive data set, track saturation and source. 
701 X     Water level only (decommissioned pumper). 
706 X     Water level only (decommissioned pumper). 
707 X     Water level only (decommissioned pumper). 
708 X X Y Added to program 2nd quarter 2001. 
717 X X   Water level. Water quality added 2nd quarter 2001. 
719 X X   Water level. Water quality added 2nd quarter 2001. 

Additional Wells, Not Included In Original Performance Monitoring Program 
402 X     Long-term water level for migration path. 
424 X     Long-term water level for migration path. 
446 X     Long-term water level for migration path. 

NBL-01 X X  
Well drilled and installed June 2001. Water level and water quality to track 
downgradient extent of seepage. 

Total 23 11     
Eliminated From Monitoring Reason For Elimination 

9 D       Dry 
106 D       Dry 
411       Oil, cannot get water level or sample. 

501 B     Y Dry 
EPA 1       Dry 
EPA 3     Y Dry 

EPA 11       Unusable since 1990 - water level below pump, pump cemented in well. 
EPA 12       Dry 
EPA 15       Dry 
EPA 17       Dry 
EPA 18       Dry 

126       Dry 
502 B       Failed low-flow test, use 711 
518     Y Failed low-flow test, use 517 
608       Not needed (formerly water level only) 
703       Not needed (formerly water level only) 
715       Not needed (formerly water level only) 
709       Not needed (decommissioned pumper) 
716       Not needed (pumper) 
718       Not needed (pumper) 
720       Not needed (decommissioned pumper) 

Notes:       
NRC POC = Nuclear Regulatory Commission Point of Compliance well. 
Source: Earth Tech, Dec. 2002, Table 3.2 
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Table 8 - Zone 1 Performance Monitoring Program, 2012 Operating Year 
 (Table 15, 2012 Annual Review Report) 

Well1 Water 
Level2 Water Quality2 

NRC 
POC Purpose 

Continue Monitoring 
515 A X X   Track transition area 
604 X X Y Track center of seepage 
614 X X Y Track transition area 

EPA 2 X X   Post mining-pretailings background water quality 
EPA 4 X X Y Post mining-pretailings background water quality 
EPA 5 X X Y Track transition area 
EPA 7 X X Y Track transition area, edge of saturation 
EPA 8 X     Track edge of saturation 
142 X X   Premining background 
143 X     Water level only, use 142 

Additional Wells, Not Included In Original Performance Monitoring Program 
505 A X     Long-term water level for migration path 
502 A X     Long-term water level for migration path 
501 A X     Long-term water level for migration path 
504 A X     Long-term water level for migration path 
412 X     Long-term water level for migration path 

Total 15 8     
Eliminated From Monitoring Reason For Elimination 

141       No longer useable, plugged during arroyo flooding 
516 A     Y Failed low-flow testing 
619       Anomalous water quality and water level 
615       Decommissioned pumper, not needed - use 515 A 
616       Decommissioned pumper, not needed - use 604 
617       Decommissioned pumper, not needed 

Notes:   
1. No wells within the tailings reclamation cap were included.   
2. Water level and water quality monitored on a quarterly basis. 
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Table 9 - SWA Performance Monitoring Program, 2012 Operating Year  
(Table 1B 2012 Annual Review Report) 

Well Water 
Level 

Water 
Quality 

NRC 
POC Purpose 

Continue Monitoring 
420 X X   Post mining-pretailings background, track plume. 
711 X X Y Track saturation and plume, replace 502 B based on results of low flow purge 

testing performed in January 2000. 
504 B X X   Track saturation and plume, extensive data set. 
517 X X Y Track plume, extensive data set. 

EPA 9 X     Extent of saturation, water quality not necessary. 
EPA 13 X X   Extent of saturation. Water quality added 2nd quarter 2001. 
EPA 14 X X   Post mining-pretailings background, track plume. 

702 X     Water level only, track saturation. 
710 X     Water level only. 
712 X     Water level only. 
713 X     Water level only. 
714 X     Water level only. 
613 X X Y Extensive data set, track saturation and source. 
701 X     Water level only (decommissioned pumper). 
706 X     Water level only (decommissioned pumper). 
707 X     Water level only (decommissioned pumper). 
708 X X Y Added to program 2nd quarter 2001. 
717 X X   Water level. Water quality added 2nd quarter 2001. 
719 X X   Water level. Water quality added 2nd quarter 2001. 

Additional Wells, Not Included In Original Performance Monitoring Program 
402 X     Long-term water level for migration path. 
424 X     Long-term water level for migration path. 
446 X     Long-term water level for migration path. 

NBL-01 X X   Well drilled and installed June 2001. Water level and water quality to track 
downgradient extent of seepage. 

Total 23 11     
Eliminated From Monitoring Reason For Elimination 

9 D       Dry 
106 D       Dry 
411       Oil, cannot get water level or sample. 

501 B     Y Dry 
EPA 1       Dry 
EPA 3     Y Dry 

EPA 11       Unusable since 1990 - water level below pump, pump cemented in well. 
EPA 12       Dry 
EPA 15       Dry 
EPA 17       Dry 
EPA 18       Dry 

126       Dry 
502 B       Failed low-flow test, use 711 
518     Y Failed low-flow test, use 517 
608       Not needed (formerly water level only) 
703       Not needed (formerly water level only) 
715       Not needed (formerly water level only) 
709       Not needed (decommissioned pumper) 
716       Not needed (pumper) 
718       Not needed (pumper) 
720       Not needed (decommissioned pumper) 

Notes:         
NRC POC = Nuclear Regulatory Commission Point of Compliance well.  Source:  Earth Tech, December 2002, Table 3.2. 

 

 

  



   
UNC Church Rock Uranium Mill Superfund Site  Fourth Five Year Review 
September 2013   
 

Table 10 – Southwest Alluvium Saturated Thickness, October 2012 
 (Table 3, 2012 Annual Review Report) 

 
Well 

Water Level 
Measurement 

Date 

SWA 
Unsaturated 

Thickness 

SWA 
Saturated 
Thickness 

SWA 
Percentage 
Saturated 

0509 D 10/8/2012 78.70 31.30 28% 
0624 10/9/2012 51.89 23.11 31% 
0627 10/9/2012 59.29 11.71 16% 
0632 10/8/2012 44.55 22.45 34% 
0801 10/8/2012 50.03 10.47 17% 
0802 10/8/2012 47.88 33.62 41% 
0803 10/8/2012 62.96 55.04 47% 
0805 10/18/2012 50.25 69.75 58% 
0807 10/18/2012 55.84 44.16 44% 
0808 10/8/2012 49.53 82.47 62% 

EPA 23 10/8/2012 53.90 66.10 55% 
EPA 25 10/9/2012 52.40 17.60 25% 
EPA 28 10/9/2012 61.80 16.20 21% 
GW 1 10/8/2012 61.30 15.70 20% 
GW 2 10/8/2012 55.09 34.91 39% 
GW 3 10/9/2012 53.68 3.32 6% 

SBL-01 10/9/2012 48.92 16.08 25% 
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Table 11 – Zone 3 Saturated Thickness, October 2012 
(Table 10, 2012 Annual Review Report) 

 
Well 

Water Level 
Measurement 

Date 

Zone 3 
Unsaturated 

Thickness 

Zone 3 
Saturated 
Thickness 

Zone 3 
Percentage 
Saturated 

0402 10/19/2012 47.56 15.44 25% 
0420 10/16/2012 46.84 4.16 8% 
0424 10/30/2012 8457.31 15.69 21% 
0446 10/18/2012 58.18 6.82 10% 

0504 B 10/16/2012 NA <1.731 NA 
0517 10/15/2012 51.88 10.12 16% 
0613 10/9/2012 49.04 18.96 28% 
0701 10/18/2012 48.46 15.54 24% 
0702 10/18/2012 72.64 8.36 10% 
0703 10/18/2012 73.35 18.65 20% 
0706 10/18/2012 62.47 15.53 20% 
0707 10/18/2012 76.79 11.21 13% 
0708 10/15/2012 71.95 13.05 15% 
0709 10/18/2012 65.67 11.33 15% 
0710 10/18/2012 70.12 10.88 13% 
0711 10/15/2012 66.95 18.05 21% 
0712 10/18/2012 81.57 4.43 5% 
0713 10/18/2012 64.69 8.31 11% 
0714 10/19/2012 23.44 14.56 38% 
0715 10/18/2012 26.12 8.88 25% 
0716 10/18/2012 48.51 15.49 24% 
0717 10/16/2012 52.93 18.07 25% 
0718 10/18/2012 33.12 1388 30% 
0719 10/16/2012 39.22 5.78 13% 

EPA 09 10/15/2012 46.27 3.73 7% 
EPA 13 10/15/2012 56.61 7.39 12% 
EPA 14 10/9/2012 49.35 23.65 32% 
MW-2 10/18/2012 49.83 10.60 18% 
MW-3 10/19/2012 50.09 10.83 18% 
MW-4 10/19/2012 NA <21 NA 
MW-5 10/19/2012 NA <21 NA 
MW-6 10/17/2012 40.90 6.81 14% 
MW-7 10/16/2012 36.35 18.12 33% 

NBL-01 10/16/2012 33.75 10.56 24% 
NBL-02 10/16/2012 53.47 24.10 31% 

NW-1 10/16/2012 40.51 3.78 9% 
NW-2 10/16/2012 37.47 13.65 27% 
NW-3 10/16/2012 35.22 22.59 39% 
NW-4 10/16/2012 42.76 7.60 15% 
NW-5 10/16/2012 35.09 22.92 40% 
PB-02 10/16/2012 38.96 8.64 18% 
PB-03 10/16/2012 34.52 12.45 27% 
PB-04 10/16/2012 36.18 10.82 23 

RW-11 10/16/2012 49.91 11.93 19 
RW-15 10/18/2012 NA <4.91 NA 
RW-16 10/18/2012 59.68 3.42 5 
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Table 11 – Zone 3 Saturated Thickness, October 2012 
(Table 10, 2012 Annual Review Report) 

 
Well 

Water Level 
Measurement 

Date 

Zone 3 
Unsaturated 

Thickness 

Zone 3 
Saturated 
Thickness 

Zone 3 
Percentage 
Saturated 

RW-17 10/18/2012 68.71 4.52 6 
RW-A 10/16/2012 55.72 12.15 18 

Z3 M-01 10/18/2012 43.13 2.71 6 
Z3 M-02 10/18/2012 43.89 2.38 5 

IW-A 10/15/2012 38.69 9.02 19 
NA = not available   
1 = Dry Well.   
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Table 12 – Zone 1 Saturated Thickness, October 2012 
(Table 16, 2012 Annual Review Report) 

Well 
Water Level 

Measurement 
Date 

Zone 1 
Unsaturated 

Thickness 

Zone 1 
Saturated 
Thickness 

Zone 1 
Percentage 
Saturated 

TWQ-142 10/16/2012 0.00 55.00 100% 

TWQ-143 10/19/2012 0.00 52.00 100% 

0412 10/19/2012 0.00 76.00 100% 

0501 A 10/18/2012 10.38 54.62 84% 

0502 A 10/18/2012 0.00 59.00 100% 

0504 A 10/18/2012 7.56 60.44 89% 

0505 A 10/18/2012 0.00 46.00 100% 

0515 A 10/10/2012 28.55 12.45 30% 

0604 10/10/2012 25.98 19.02 42% 

0614 10/10/2012 23.67 21.33 47% 

0617 10/10/2012 39.31 6.69 15% 

0619 10/16/2012 26.90 38.10 59% 

EPA 02 10/15/2012 21.32 28.68 57% 

EPA 04 10/15/2012 19.01 35.99 65% 

EPA 05 10/15/2012 30.05 18.95 39% 

EPA 07 10/15/2012 30.60 52.40 63% 

EPA 08 10/15/2012 27.73 38.27 58% 
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Table 13 - Annual System Operations/O&M Costs 

Year Annual O&M Cost 
2008 $582,000 
2009 $537,000 
2010 $595,000 
2011 $1,092,000 
2012 $1,145,000 
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Table 14 – 1988 Record of Decision ARARs and the Current NRC License Ground Water 
Protection Standards 

Contaminant 
ROD Concentration 

(mg/L)  
unless noted 

Source of ARAR Identified 
in ROD 

NRC GWPS (mg/L) 
unless noted 

Aluminum 5 NMWQA 
 Antimony 0.014 HEALTH-BASED 
 Arsenic 0.05 MCL 0.05 

Barium 1 MCL, NMWQA 
 Beryllium 0.017 HEALTH-BASED 0.05 

Cadmium 0.01 MCL, NMWQA 0.01 
Chromium 0.05 MCL, NMWQA 

 Cobalt 0.05 NMWQA 
 Copper 1 NMWQA 
 Iron 5.5 BACKGROUND 
 Lead 0.05 MCL, NMWQA 
 Manganese 2.6 BACKGROUND 
 Mercury 0.002 MCL, NMWQA 0.05 

Molybdenum 1 NMWQA 
 Nickel 0.2 NMWQA 0.05 

Selenium 0.01 MCL 0.01 
Silver 0.05 MCL, NMWQA 

 Thallium 0.014 HEALTH-BASED 
 Vanadium 0.7 HEALTH-BASED 0.1 

Zinc 10 NMWQA 
 Chloride 250 NMWQA 
 Sulfate 2,160 BACKGROUND 
 Nitrate 30 BACKGROUND 
 TDS 3,170 BACKGROUND 
 Radium-226 And 228 5 a MCL 
 Uranium-238 5 NMWQA 
 Uranium-238 Or 1,645 a 

  Thorium-230 b 15 a MCL 5 a 
Gross Alpha 15 a MCL 15 a 
Lead 210 NA NA 1 a 
TTHMs c NA NA 0.08 
Notes: 
a pCi/L 
b based on 15 pCi/L Gross Alpha 
c Total trihalomethanes -  include chloroform; TTHMs MCL = 0.08 mg/L; in addition, chloroform has an MCLG = 0.07 
mg/L 
 
MCL – Maximum Contaminant Level;  
NA = Not Applicable 
NMWQA – New Mexico Water Quality ARAR (Applicable or Relevant and Appropriate Requirement) 
Source: Chester Engineers, April 2011, Table 15. 
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Table 15 – Record of Decision ARARs and Current ARARs Standards 
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Aluminum 5 NMWQA f 5 0.05 to 0.2 
  Antimony 0.014 HEALTH-BASED 

 
0.006 

  Arsenic 0.05 MCL 0.1 0.01 0.05 0.05 
Barium 1 MCL, NMWQA f 1 2 

 
1 

Beryllium 0.017 HEALTH-BASED 
 

0.004 0.05 
 Cadmium 0.01 MCL, NMWQA f 0.01 0.005 0.01 0.01 

Chromium 0.05 MCL, NMWQA f 0.05 0.1 
 

0.05 
Cobalt 0.05 NMWQA f 0.05 

   Copper 1 NMWQA f 1 1.3 
  Iron 5.5 BACK-GROUND 1 0.3 
  Lead 0.05 MCL, NMWQA f 0.05 0.015 
 

0.05 
Manganese 2.6 BACK-GROUND 0.2 0.05 

  Mercury 0.002 MCL, NMWQA f 0.002 0.002 0.05 0.002 
Molybdenum 1 NMWQA f 1 

   Nickel 0.2 NMWQA f 0.2 
 

0.05 
 Selenium 0.01 MCL 0.05 0.05 0.01 0.01 

Silver 0.05 MCL, NMWQA f 0.05 0.1 
 

0.05 
Thallium 0.014 HEALTH-BASED 

 
0.002 

  Vanadium 0.7 HEALTH-BASED 
  

0.1 
 Zinc 10 NMWQA f 10 5 

  Chloride 250 NMWQA f 250 250 
  Sulfate 2,160 BACK-GROUND 600 g 250 
  Nitrate 30 BACK-GROUND 10 g 10 
  TDS 3,170 BACK-GROUND 1000 g 500 
  Radium-226 And 228 5 c MCL 30 c 5 c 
 

5 c 
Uranium - 238 5 NMWQA f 0.03 0.03 

  Uranium - 238  Or 1,645 c 
     Thorium-230 d 15 c MCL 

  
5 c 

 Gross Alpha 15 c MCL 
 

15 c 15 c 15 c 
Lead – 210 NA NA 

  
1 c 

 TTHMs e NA NA 0.1 0.08 0.08 
 Notes: Current standards less than the 1988 ROD ARAR are highlighted in light blue and current standards greater 

than a 1988 ROD ARAR are highlighted in light green. 

 

a Federal Maximum Contaminant Level, Treatment Technology Action Level (TT), or Secondary Drinking Water 
Standard 
b 10 CFR Appendix A to Part 40 - 5C-Maximum Values for Ground Water Protection 
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Table 15 – Record of Decision ARARs and Current ARARs Standards 
c pCi/L 
d based on 15 pCi/L Gross Alpha 
e Total trihalomethanes -  include chloroform; TTHMs MCL = 0.08 mg/L; in addition, chloroform has an MCLG = 
0.07 mg/L 
f ROD Identifies NMWQA as Source for State of NM ARARs - NM numerical standards are from the NM Water 
Quality Control Commission Regulations.  Establishment of ground water standards is required by the NMWQA. 
g NMED Recommended Background Values according to a letter to EPA January 1998 differs from current 
NMWQCC Standards (Sulfate 2125, Nitrate 190, and TDS 4800). 
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Table 16 – 2013 ARAR Selected Comparison Values 
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Aluminum 5 mg/L 5 e 0.05 to 0.2 
  Antimony 0.006 mg/L 

 
0.006 

  Arsenic 0.01 mg/L 0.1 0.01 0.05 0.05 
Barium 1 mg/L 1 e 2 

 
1 

Beryllium 0.004 mg/L 
 

0.004 0.05 
 Cadmium 0.005 mg/L 0.01 e 0.005 0.01 0.01 

Chromium 0.05 mg/L 0.05 e 0.1 
 

0.05 
Cobalt 0.05 mg/L 0.05 e 

   Copper 1 mg/L 1 e 1.3 
  Iron 1 mg/L 1 0.3 
  Lead 0.015 mg/L 0.05 e 0.015 
 

0.05 
Manganese 0.2 mg/L 0.2 0.05 

  Mercury 0.002 mg/L 0.002 e 0.002 0.05 0.002 
Molybdenum 1 mg/L 1 e 

   Nickel 0.2 mg/L 0.2 e 
 

0.05 
 Selenium 0.01 mg/L 0.05 0.05 0.01 0.01 

Silver 0.05 mg/L 0.05 e 0.1 
 

0.05 
Thallium 0.002 mg/L 

 
0.002 

  Vanadium 0.1 mg/L 
  

0.1 
 Zinc 10 mg/L 10 e 5 

  Chloride 250 mg/L 250 e 250 
  Sulfate 600 mg/L 600 f 250 
  Nitrate 10 mg/L 10 f 10 
  TDS 1000 mg/L 1000 f 500 
  Radium-226 And 

228 5 
pCi/L 

30 5 
 

5** 
Uranium - 238 0.03 mg/L 0.03 e 0.03 

  Uranium - 238 Or 1,645 pCi/L 
    Thorium-230 c 5 pCi/L 
  

5** 
 Gross Alpha 15 pCi/L 

 
15 15** 15** 

Lead – 210 1** pCi/L 
  

1** 
 TTHMs d 0.08 mg/L 0.1 0.08 0.08 
 Comparison ROD Concentration Values are generally based on the lowest current standard identified in Table 15. 

Differences between the 2013 Comparison Value in Table 16 and from the 1988 ROD values presented in Table 
15 are shown in bold, italic, red font. The specific ARAR source for the selected comparison value is shown in the 
gray-shaded cells.  Gray-shaded cells also correspond to the light green cells in Table 15, Attachment 9 of 2013 
UNC FYR and in N.A. Water Systems report: Calculation of Background Statistics with Comparison Values, 2008 
(Tables 7 to 9). 
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Table 16 – 2013 ARAR Selected Comparison Values 

 
a Federal Maximum Contaminant Level (MCL), Treatment Technology Action Level (TT), or Secondary Drinking 
Water Standard 
b 10 CFR Appendix A to Part 40 - 5C-Maximum Values for Ground Water Protection 

 c BASED ON 15 pCi/L GROSS ALPHA. 
d Total trihalomethanes -  include chloroform; TTHMs MCL = 0.08 mg/L; in addition, chloroform has an MCLG = 
0.07 mg/L 
e ROD Identifies NMWQA as Source for State of NM ARARs - NM numerical standards are from the NM Water 
Quality Control Commission Regulations.  Establishment of ground water standards is required by the NMWQA. 
f NMED Recommended Background Values according to a letter to EPA January 1998 differs from current 
NMWQCC Standards (Sulfate 2125, Nitrate 190, and TDS 4800). 
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Table 17 - SWA, Zone 1, and Zone 3 Wells and Sample Dates Representative of Background 
Quality at the UNC Site that were Used for the UCL95 Statistical Analysis 

Southwest 
Alluvium 

(SWA) Wells 

SWA Well sample 
dates 

Zone 1 
Wells 

Zone 1 Well sample 
dates 

Zone 3 
Wells 

Zone 3 Well sample 
dates 

29A July 1989 - October 
2007 

619 July 1989 - October 
2007 

411 July 1989 – January 
1998 

629  July 1989 - October 
1995 

EPA 2 July 1989 - October 
2007 

504 B July 1989 – April 1992 

627 July 1989 - October 
2007 

EPA 4 
(POC) 

July 1989 - October 
2007 

517 (POC)a July 1989 – April 1991 

639 July 1989 - October 
2007 

EPA 8 July 1989 - October 
2007 

EPA 01 July 1989 – October 
1997 

642 July 1989 - October 
2007 

EPA 5 * July 1989 - October 
2007 

EPA 03 July 1989 – October 
1991 

645 July 1989 - October 
2007 

  EPA 11 July 1989 – April 1990 

EPA 22A July 1989 - October 
2007 

  EPA 12 July 1989 – April 1992 

EPA 25  July 1989 – October 
1995 

  EPA 14 July 1989 – April 1995 

EPA 27 July 1989 - October 
2007 

  EPA 15 July 1989 – April 1995 

EPA 28 (POC) a July 1989 - October 
2007 

  EPA 17 July 1989 – April 1992 

SBL 1 July 1989 - October 
2007 

  NBL -01 August 2001 – April 
2004 

GW 4 * July 1989 - October 
2007 

    

623* July 1989 - October 
2007 

    

Note that the variation in well background sample dates is designed to include data up through October 2007 
exclusive of the time when the wells went dry or when sample results indicated the wells became impacted by 
tailings seepage.    

a (POC) Point-of-Compliance Well 
* Wells were included only for the pre-July 1989 metals results. 
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Table 18 - Summary of UNC Site Background UCL95 Statistics and EPCs Calculated for Each 
Hydrostratigraphic Unit with Emphasis on Background Values Greater Than Comparison 

Values 

Parameter Units 
2013 

Comparison 
Values 

Southwest Alluvium Zone1 Zone 3 

Background 
UCL95 EPC Background 

UCL95 EPC Background 
UCL95 EPC 

Al mg/L 5 0.107 0.0109a 0.117 0.44 0.231 39.15 
As mg/L 0.01 0.0016 0.00256 0.00117 0.00145 0.175b 0.412 
Be mg/L 0.004 N/A N/A N/A N/A N/A 0.0202 
Cd mg/L 0.005 0.0108 N/A 0.0051 N/A 0.0113 0.0075 
Co mg/L 0.05 0.0121 N/A 0.0112 0.0557 0.0877 0.439 
Pb mg/L 0.015 0.0502 N/A N/A N/A 0.0701 N/A 
Mn mg/L 0.2 0.414 2.8 2.519 1.95 3.436 10.89 
Mo mg/L 1 N/A N/A 0.132 N/A 17.43 0.739 
Ni mg/L 0.2 0.0613 N/A 0.0602 0.0519 0.14 0.489 
Se mg/L 0.01 0.00516 N/A 0.00107 N/A 0.00159 0.0014 
V mg/L 0.1 N/A N/A N/A N/A N/A 0.111 
Cl mg/L 250 83.72 199.6 39.03 214.3 32.65 48.01 

SO4 mg/L 600 2,468 2,867 2,773 4,049 2,674 3,717 
NO3 as N mg/L 10 137.4 94.42 1.754 152 15.61 16.09 

U mg/L 0.03 0.0459 0.128 0.0255 0.00174 0.107 0.0431 
Chloroform mg/L 0.08 N/A 0.00338 N/A 0.00064 N/A 0.00326 

Lab TDS mg/L 1,000 4,745 6,250 4,319 6,843 4,239 5,441 
Ra-226 pCi/L 5 0.798 0.268 1.314 1.213 4.996 11.14 
Ra-228 pCi/L 5 1.611 0.86 2.946 2.087 4.509 17.84 
Ra-total pCi/L 5 1.621 0.828 3.841 2.8 10.66 29.14 
Th-230 pCi/L 5 0.509 0.29 0.403 0.621 1.426 0.259 
Pb-210 pCi/L 1 1.513 N/A 1.579 N/A 1.618 2.287 
Gross 
Alpha pCi/L 15 1.693 1.141 2.361 2.319 8.217 14.28 

Sb mg/L 0.006 N/A N/A N/A N/A N/A N/A 
Ba mg/L 1 N/A N/A 0.091 N/A N/A N/A 
Cr mg/L 0.05 N/A N/A N/A N/A N/A N/A 
Cu mg/L 1 N/A N/A N/A N/A 0.06 N/A 
Fe mg/L 1 0.275 N/A 8.701 N/A 12.16 N/A 
Hg mg/L 0.002 N/A N/A N/A N/A N/A N/A 
Ag mg/L 0.05 N/A N/A N/A N/A N/A N/A 
Tl mg/L 0.002 N/A N/A N/A N/A N/A N/A 
Zn mg/L 10 0.0949 N/A 3.583 N/A 3.539 N/A 

Notes: 
UCL95 statistics = upper confidence limit on the mean at the 95% confidence level calculated using ProUCL. 
EPC = exposure point concentrations = UCL95 for seepage-impacted water. 
 
a    Yellow cells = EPC values based on UCL95 statistics having questionable reliability because of few detections. 
b    Light Red cell = background UCL95's are greater than comparison values. 
N/A = Insufficient data to make an estimate.   
 [ - ] = no comparison value. 
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Table 18 - Summary of UNC Site Background UCL95 Statistics and EPCs Calculated for Each 
Hydrostratigraphic Unit with Emphasis on Background Values Greater Than Comparison 

Values 

Parameter Units 
2013 

Comparison 
Values 

Southwest Alluvium Zone1 Zone 3 

Background 
UCL95 EPC Background 

UCL95 EPC Background 
UCL95 EPC 

See Table 16 (above) for 2013 Comparison Value and ARAR source (light gray cells) and Table 15 in Attachment 9 
(2013 UNC FYR) for Comparison Values in light green cells. 
 
All background UCL95 values are from NA Water Systems (October 2008); all seepage-impacted EPC's are from 
NA Water Systems (December 2008) except for cadmium in Zone 3 which was revised to the corrected value 
shown (Erratum Sheet, Revised Submittal Estimated UCL95 Statistics and EPCs in Impacted Groundwater UNC 
Church Rock Mill & Tailings Site, Church Rock, New Mexico, December 5, 2008). 
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Table 19 - Summary of UNC Site Background UCL95 Statistics and EPCs Calculated for Each 
Hydrostratigraphic Unit with Emphasis on EPC Values Greater Than Background UCL95 and/or 

Comparison Values 

Parameter Units Comparison 
Values 

Southwest Alluvium Zone 1 Zone 3 
Background 

UCL95 EPC Background 
UCL95 EPC Background 

UCL95 EPC 

Al mg/L 5 0.107 0.0109 0.117 0.44a 0.231 39.15b 
As mg/L 0.01 0.0016 0.00256 0.00117 0.00145 0.175c 0.412 
Be mg/L 0.004 N/A N/A N/A N/A N/A 0.0202 
Cd mg/L 0.005 0.0108 N/A 0.0051 N/A 0.0113 0.0075 
Co mg/L 0.05 0.0121 N/A 0.0112 0.0557 0.0877 0.439 
Pb mg/L 0.015 0.0502 N/A N/A N/A 0.0701 N/A 
Mn mg/L 0.2 0.414 2.8 2.519 1.95 3.436 10.89 
Mo mg/L 1 N/A N/A 0.132 N/A 17.43 0.739 
Ni mg/L 0.2 0.0613 N/A 0.0602 0.0519d 0.14 0.489 
Se mg/L 0.01 0.00516 N/A 0.00107 N/A 0.00159 0.0014 
V mg/L 0.1 N/A N/A N/A N/A N/A 0.111 
Cl mg/L 250 83.72 199.6 39.03 214.3 32.65 48.01 

SO4 mg/L 600 2,468 2,867 2,773 4,049 2,674 3,717 
NO3 as N mg/L 10 137.4 94.42 1.754 152 15.61 16.09 

U mg/L 0.03 0.0459 0.128 0.0255 0.00174 0.107 0.0431 
Chloroform mg/L 0.08 N/A 0.00338 N/A 0.00064 N/A 0.00326 

Lab TDS mg/L 1,000 4,745 6,250 4,319 6,843 4,239 5,441 
Ra-226 pCi/L 5 0.798 0.268 1.314 1.213 4.996 11.14 
Ra-228 pCi/L 5 1.611 0.86 2.946 2.087 4.509 17.84 
Ra-total pCi/L 5 1.621 0.828 3.841 2.8 10.66 29.14 
Th-230 pCi/L 5 0.509 0.29 0.403 0.621 1.426 0.259 
Pb-210 pCi/L 1 1.513 N/A 1.579 N/A 1.618 2.287 
Gross 
Alpha pCi/L 15 1.693 1.141 2.361 2.319 8.217 14.28 

Sb mg/L 0.006 N/A N/A N/A N/A N/A N/A 
Ba mg/L 1 N/A N/A 0.091 N/A N/A N/A 
Cr mg/L 0.05 N/A N/A N/A N/A N/A N/A 
Cu mg/L 1 N/A N/A N/A N/A 0.06 N/A 
Fe mg/L 1 0.275 N/A 8.701 N/A 12.16 N/A 
Hg mg/L 0.002 N/A N/A N/A N/A N/A N/A 
Ag mg/L 0.05 N/A N/A N/A N/A N/A N/A 
Tl mg/L 0.002 N/A N/A N/A N/A N/A N/A 
Zn mg/L 10 0.0949 N/A 3.583 N/A 3.539 N/A 

Notes: 
UCL95 statistics = upper confidence limit on the mean at the 95% confidence level calculated using ProUCL.  
EPC = exposure point concentrations = UCL95 for seepage-impacted water. 
 
a    Blue cell = EPC > background UCL95. 
b    Blue cell with Bold Italic results = EPC > comparison value & background UCL95 value. 
c    Light Red cell = background UCL95's are greater than comparison values. 
d   Yellow cells = EPC values based on UCL95 statistics having questionable reliability because of few detections. 
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Table 19 - Summary of UNC Site Background UCL95 Statistics and EPCs Calculated for Each 
Hydrostratigraphic Unit with Emphasis on EPC Values Greater Than Background UCL95 and/or 

Comparison Values 

Parameter Units Comparison 
Values 

Southwest Alluvium Zone 1 Zone 3 
Background 

UCL95 EPC Background 
UCL95 EPC Background 

UCL95 EPC 

N/A = Insufficient data to make an estimate.   
[ - ] = no comparison value. 
 
See Table 16 (above) for 2013 Comparison Value and ARAR source (light gray cells). 
 
All background UCL95 values are from NA Water Systems (October 2008); all seepage-impacted EPC's are from NA 
Water Systems (December 2008) except for cadmium in Zone 3 which was revised to the corrected value shown 
(Erratum Sheet, Revised Submittal Estimated UCL95 Statistics and EPCs in Impacted Groundwater UNC Church Rock 
Mill & Tailings Site, Church Rock, New Mexico, December 5, 2008). 
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Table 20 - Summary of EPA Comments, October 2011 
on SWSFS Part I and II Document (April 2011) 

No. Comment 
1 Need to include conclusions from revised human health risk assessment in Part III. 

2 Need to evaluate each remedial alternative against compliance & performance criteria including RAOs; 
current, new, & proposed ARARs. 

3 Need to include NRC, state, tribal & community acceptance as criteria in the evaluation of remedial 
alternatives. 

4 Suggest use of ground water flow & solute transport model to help evaluate remedial alternatives. 

5 Discuss use of zero valence iron (ZVI) in Zone 3 pilot hydraulic barrier water injection project to possibly 
help mitigate seepage impact. 

6 Need to consider & discuss how SWSFS will impact requirements of 10 CFR Part 40 Appendix A, 
Criterion 5B(6). 

7 Need to address Source Material License requirements in 10 CFR Part 40 for POC & POE locations:  will 
the SWSFS Part III address GPS & Zone 3 compliance? 

8 Need more discussion of NM WQCC standards for ground water, & how they could be addressed with 
remedial alternatives or technical variance. 

9 NMED has concerns about the sample data in total ion form versus dissolved ion form when it comes to 
NM WQCC standards & solute transport modeling. 

10 Need for more detailed analysis of monitored natural attenuation (NMA) since it is cited as a remedial 
alternative technology for many COPCs 

11 Consider a table that chronologically documents history of site remediation activities since 1977 
through 2011. 

12 Specify the range of depths from ground surface to the top & base of each the three hydrostratigraphic 
units (SWA, Zone 1 & Zone 3). 

13 Figures 8 & 18-20 do not appear to be consistent with respect to some well depths to bedrock based on 
addition of depth to water plus saturated thickness. 

14 Revisions to paragraphs 2 & 3 in Section 3.1. 
15 Revisions to paragraph 2 in Section 3.2. 

16 Need to note in Section 3.5 that for some COPCs the detection limits exceed the potentially new or 
revised ARARs. 

17 Appears references in Section 3.8 were excluded & need to be included. 

18 Revisions to Section 3.9 related to Updated Human Health Risk Assessment & background & impacted 
water quality. 

19 Correction to Section 4.1 about Zone 1 compliance with ROD clean-up levels. 

20 Need for more discussion in Section 4.1 about screening out of grout barriers as a viable remedial 
technology for Zones 1 & 3. 

21 Need for more discussion in Section 4.1 about screening out of hydraulic barriers as a viable remedial 
technology for SWA & Zone 1. 

22 Table 13:  Include more information about COPCs in Revised Human Health Risk Assessment. 
23 Table 22:  Clarification about levels of Radium-226 &-228. 
24 Table 30:  need to add column for preliminary new & revised ARARs. 

25 Table 31:  levels listed for Radium-226 & -228 should be blank cells since EPA has not accepted NRC 
License concentrations as background. 

26 Editorial corrections in Sections 2 & 3 of document. 
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Table 21 - Summary of UNC Site Background Water Upper Prediction Limit 95th Percentile 
(UPL95) Statistic Values Calculated for Each Hydrostratigraphic Unit 

  
Current 

ROD 
Standard 

Current 
NRC 

Standard 

Southwest 
Alluvium Zone 1 Zone 3 

Parameter Units 
Background 

UPL95 
Background 

UPL95 
Background 

UPL95 

Al mg/L 5 no standard 0.226 0.285 1.055 
As mg/L 0.05 0.05 0.0039 0.00259 0.757 

Be mg/L 
no 

standard 0.05 N/A N/A N/A 
Cd mg/L 0.01 0.01 0.0251 0.00642 0.0315 
Co mg/L 0.05 no standard 0.0347 0.0257 0.391 
Pb mg/L 0.05 0.05 0.0536 N/A 0.0601 
Mn mg/L 2.6 no standard 2.103 5.3920 9.149 
Mo mg/L 1 no standard 0.0426 0.0984 66.1 
Ni mg/L 0.2 0.05 0.0781 0.0634 0.569 
Se mg/L 0.01 0.01 0.0699 0.0021 0.0074 
V mg/L 0.7 0.1 N/A N/A N/A 
Cl mg/L 250 no standard 244.5 109.3 69.84 

SO4 mg/L 2,160 no standard 5,815 5,539 5,693 

NO3 as N mg/L 30 no standard 536.6 16.01 57.78 
U mg/L 5 0.3 0.205 0.238 0.3950 

Chloroform mg/L 
no 

standard 0.08 N/A N/A N/A 
Lab_TDS mg/L 3,170 no standard 10,376 8,020 8,592 

Radium-226 pCi/L 
no 

standard no standard 4.34 3.499 5.132 

Radium-228 pCi/L 
no 

standard no standard 6.09 9.877 17.58 
Radium Total pCi/L 5 ***** 8.118 12.06 35.18 

Th-230 pCi/L 15 5 4.518 1.1619 16.99 

Pb-210 pCi/L 
no 

standard 1 5.94 4.569 5.674 
Gross Alpha pCi/L 15 15 9.768 8.984 39.73 

UPL95 statistics = 95th percentile upper prediction limit calculated using ProUCL; these are a type of 
background threshold value.  Olive green highlight indicates background UPL95 exceeds current ROD and/or 
NRC standard. 
*****Combined radium NRC ground water protection standard = 5.2 pCi/L for Southwest Alluvium; 9.4 pCi/L 
for Zone 1; and     5.0 pCi/L for Zone 3. 
N/A – insufficient data to make an estimate.  All background UPL95 values are from UNC (2012) and Chester 
Engineers (2012b). 
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Table 22 - Recommendations from the 2008 Five-Year Report  
and Current Action Taken and Outcome 

Item # 
Party 

Responsible Milestone Date Date Action Taken 

1 PRP 
Not Defined in 2008 

FYR 
TBD pending completion of NRC License Amendment for 

GWPS 

Recommendations  Action Taken and Outcome  
Complete SWSFS to:  develop remedial 
alternatives; provide support for waiving ARARS 
due to TI;  document whether it is appropriate to 
adopt the NRC revisions to the License GWPS;  and 
monitoring program by identifying or updating 
COCs, preliminary remediation goals, including 
background water quality estimations, and 
performance monitoring requirements in support 
of future EPA decision making.  The SWSFS should 
also include a screening-level reassessment of risk, 
based on more recent toxicological information. 

Part 1 of the SWSFS was approved in 2009. Revised SWSFS 
Parts I and II (April 2011) was determined complete 
provided that the comments on the revised SWSFS Part I 
and II were addressed in the SWSFS Part III.  In the October 
14, 2011, letter, the EPA provided UNC with a Notice to 
Proceed with development of the SWSFS Part III.   

Item # 
Party 

Responsible Milestone Date Date Action Taken 

2 PRP 
Not Defined in 2008 

FYR Evaluation and adjustment to be continued as needed 

Recommendations  Action Taken and Outcome  
In interim, prior to completion of SWSFS, continue 
effort to minimize advancement of the Zone 3 
seepage-impacted water northward, and continue 
to extract contaminated ground water to the 
maximum extent practicable by installing and 
operating additional extraction wells at the 
leading edge of the seepage-impacted front. 

A pilot study conducted between 10/24/2006 to 2/15/2007 
concluded that the use of alkalinity rich solutions to 
remediate the Zone 3 seepage-impacted ground water in-
situ was infeasible (ARCADIS BBL, 2007).  
 Five new extraction wells were installed during September 
2008. The revised Zone 3 pumping system has been 
declining in performance with the majority of these Zone 3 
wells having reduced yields that are below 0.5 gpm.  
Injection testing was undertaken in 2009 and 2010. The 
injection capacity declined over time. On June 29, 2012, the 
injection at IW-A was terminated because of the decline in 
injection capacity and because Well MW 6 showed 
increasing levels of uranium.  

Item # 
Party 

Responsible Milestone Date Date Action Taken 

3 PRP 
Not Defined in 2008 

FYR TBD 

Recommendations  Action Taken and Outcome  
As part of SWSFS, determine post-mining/ pre-
tailings background concentrations of uranium for 
comparison to the seepage-impacted uranium 
levels and assess whether uranium concentrations 
can further be reduced in the SWA. 

Post-mining/pre-tailings background concentrations of 
uranium and seepage-impacted concentrations of uranium in 
the SWA have been determined and analyzed with 
comparison values as described in the SWSFS Part I (2008).  
The SWSFS Part III will determine if uranium concentrations 
can be reduced further to meet revised standards using 
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Table 22 - Recommendations from the 2008 Five-Year Report  
and Current Action Taken and Outcome 

alternative remedial technologies. 

Item # 
Party 

Responsible Milestone Date Date Action Taken 

4 PRP 
Not Defined in 2008 

FYR TBD 

Recommendations  Action Taken and Outcome  
Reassess the effectiveness of the SWA extraction 
wells to improve ground water quality with 
respect to uranium. 

Since the shutdown of the SWA extraction system in 1999, 
the remedial action has defaulted to monitoring the natural 
attenuation of uranium and whether or not there has been 
any improvement of ground water quality as a result. 
 

Item # 
Party 

Responsible Milestone Date Date Action Taken 

5 EPA 
Not Defined in 2008 

FYR TBD 

Recommendations  Action Taken and Outcome  
Identify COCs, RAOs, and preliminary clean up 
levels and codify in a decision document. As part 
of SWSFS, identify COCs, RAOs, and preliminary 
clean up levels and codify in a decision document. 

Determination of if a new Decision Document is needed is 
dependent on the results of the SWSFS Part III which is 
dependent on the April 2012 NRC License Amendment for 
revised ground water standards.  

Item # 
Party 

Responsible Milestone Date Date Action Taken 

6 EPA 
Not Defined in 2008 

FYR TBD 

Recommendations  Action Taken and Outcome  
After the COCs and clean up levels are modified in 
EPA decision-making, the ground water 
monitoring program should be updated to ensure 
that it is consistent with the revised COCs and 
clean up levels, and at the appropriate well 
locations and aquifers. 

No action at this time.  We are awaiting the outcome of the 
NRC license amendment process, and the completion of 
SWSFS Part III.   

Item # 
Party 

Responsible Milestone Date Date Action Taken 

7 EPA 
Not Defined in 2008 

FYR TBD 

Recommendations  Action Taken and Outcome  
 EPA requirements in a decision document as 
appropriate to be consistent with NRC License 
requirements. 

No action at this time.  We are awaiting the outcome of the 
NRC license amendment process, and the completion of 
SWSFS Part III.   

Item # 
Party 

Responsible Milestone Date Date Action Taken 

8 
EPA, 

NNEPA, BIA, 
Not Defined in 2008 

FYR TBD 
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Table 22 - Recommendations from the 2008 Five-Year Report  
and Current Action Taken and Outcome 

PRP 

Recommendations  Action Taken and Outcome  
A renewed effort should be made to establish ICs 
that will restrict the use of contaminated ground 
water on Navajo, Tribal Trust and Indian Allotment 
lands. 

ICs are one of several alternative remedial strategies that are 
being analyzed for consideration in the SWSFS Part III. 

Item # 
Party 

Responsible Milestone Date Date Action Taken 

9 PRP 
Not Defined in 2008 

FYR TBD 

Recommendations  Action Taken and Outcome  
As part of the SWSFS, include an evaluation of 
remedial technologies and process options to 
achieve the clean up levels for sulfate and TDS, or 
provide a basis for EPA to invoke a waiver of those 
standards for sulfate and TDS due to TI. 

On hold pending completion of NRC License Amendment for 
GWPS and SWSFS Part III. 

Item # 
Party 

Responsible Milestone Date Date Action Taken 

10 PRP 
Not Defined in 2008 

FYR TBD 

Recommendations  Action Taken and Outcome  
As part of the SWSFS, complete the reassessment 
of post-mining/pre-tailings background water 
quality based on ground water monitoring data. 

The reassessment of post-mining/pre-tailings background 
ground water quality was completed in the SWSFS Part I 
(2008) for each of the three hydrostratigraphic units.  The 
reassessment recommends that some of the 1988 ROD 
cleanup standards be revised and designated separately for 
each unit. 

Item # 
Party 

Responsible Milestone Date Date Action Taken 

11 
EPA, PRP, 

NRC 
Not Defined in 2008 

FYR Ongoing 

Recommendations  Action Taken and Outcome  
Increase effort to share information with 
community regarding the ground water remedy. 

CIP completed in December 2012.  Monthly EPA R6/R9 
communications with the local community.  Public meetings 
noticed and conducted locally. Public meeting for FYR 
tentatively scheduled for November 2013. R6 hosting a UNC 
Site website that provided information targeted to the 
communities’ requests. 

Item # 
Party 

Responsible Milestone Date Date Action Taken 

12 PRP 
Not Defined in 2008 

FYR TBD 
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Table 22 - Recommendations from the 2008 Five-Year Report  
and Current Action Taken and Outcome 

Recommendations  Action Taken and Outcome  
Develop a schedule for completion of the SWSFS. On hold pending completion of NRC License Amendment for 

GWPS and SWSFS Part III. 
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Table 23 – Interviewees 
Name Affiliation 

Yolande Norman NRC 
Eugene Esplain NNEPA 
Roy Blickwedel GE 

Deborah Steckley DOE 
Red Water Pond Road Community Association Local Residential Group 

Tommy Nez Local Resident 
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Table 24 – Issues 

Issues 
 Affects Current 
Protectiveness 

(Y/N) 

Affects Future 
Protectiveness 

(Y/N) 

1.  The 1988 ROD did not provide a clear evaluation of the post-
mining/pre-tailings background water quality in establishing the UNC 
Site cleanup standards. The COCs or cleanup levels for the UNC Site 
were not specifically identified in the 1988 ROD. UNC addressed 
cleanup levels in the UNC SWSFS Part I investigation report that 
included: 1) a thorough review and update of the UNC Site COCs 
based on screening with current EPA Maximum Concentration Levels 
(MCLs), health based criteria, background water quality; and 2) an 
update and recommendation for revision of the UNC Site cleanup 
levels. Parts I and II of the SWSFS have been reviewed and accepted 
by the EPA but has not yet modified the COC list and monitoring 
program.  
 
The NRC has approved several revisions to License standards, COCs, 
and monitoring programs recommended by UNC. EPA has discussed 
those revisions with the NRC but has not modified the cleanup levels 
or remedy set forth in the 1988 ROD to be consistent with NRC 
revisions. Such consistency, where appropriate, would help to 
integrate and coordinate the ground water and source 
control/surface reclamation activities to achieve comprehensive 
reclamation and remediation of the UNC Site, which is called for in 
the MOU between the EPA and the NRC. 

N Y 

2.  The ground water remedy cannot attain the cleanup levels within a 
reasonable time frame because the source of anthropogenic recharge 
to the ground water system is no longer available and has resulted in 
a significant loss of aquifer saturated thicknesses. By loss of saturated 
thickness, we mean that, if you measured a cross section of the wet 
part of the subsurface layer, measuring from the top to the bottom, 
the part of the layer containing the ground water would be smaller 
than it used to be. Losing saturated thickness, in this case means that 
there is less ground water to pump. In fact the aquifer is so depleted 
that ground water levels do not support extraction of contaminated 
water at pumping flow rates that are efficient and maintainable. In 
short, since the mines no longer discharge water, there is not enough 
water to pump from this aquifer, which was essentially created by the 
discharge of ground water from the mine. 

N Y 

3.  One of EPA’s goals in Zone 3 is to reduce the subsurface migration 
of contaminated ground water that is contaminated by seepage from 
tailings. To accomplish this reduction, EPA has been pumping the 
ground water to reduce the hydraulic head moving this 
contamination.  
 
The Zone 3 extraction well system cannot hydraulically control the 
migration of tailings seepage-impacted water northward toward and 

N Y 



   
UNC Church Rock Uranium Mill Superfund Site  Fourth Five Year Review 
September 2013   
 

Table 24 – Issues 

Issues 
 Affects Current 
Protectiveness 

(Y/N) 

Affects Future 
Protectiveness 

(Y/N) 
eventually on to the Navajo Nation lands. All current extraction and 
hydraulic barrier implementation and any future pumping to reduce 
the pressure head will only yield short-term results. Because the 
structural tilting or dip of the impacted hydrostratigraphic strata also 
drives ground water flow northward, there is an irreducible elevation 
head that cannot be decreased by pumping.  
 
Counteracting this hydraulic force is the clogging of the formation’s 
pore spaces by the seepage-induced chemical alteration of feldspar to 
kaolinite clay in the aquifer matrix. This alteration-clogging action 
reduces the formation’s permeability and impedes the flow of 
seepage-impacted ground water. Eventually, there will be a balance 
between the irreducible hydraulic head and the trapping of seepage-
impacted ground water from loss of permeability. 
 

In short, while pumping cannot completely reduce the hydraulic head 
that is causing the northward subsurface migration of contaminants, 
eventually it appears that clogging of the pores in the subsurface will 
impede the ground water that has been contaminated by seepage 
from the tailings and the subsurface migration will cease. The 2012 
Ground Water Flow Model will be able to predict when this condition 
will occur. 

4.  UNC has indicated in its 2007 and 2012 Annual Review Report that 
there is no significant difference between the SWA uranium 
concentration levels in ground water and uranium concentration level 
trends that existed before the shutoff of the extraction wells and 
after shutoff of the extraction wells in 2001. The SWA extraction well 
system was temporarily shut off in 2001 to conduct an 18-month 
Natural Attenuation (NA) test and the wells have remained off since 
then. The conclusion reached by UNC is that NA is as effective as 
extraction of contaminated water in the reduction of uranium levels 
in the SWA. Although review of the 2012 Annual Review Report 
indicates that UNC’s conclusion appears valid for most wells in the 
SWA, for some wells the levels of uranium have shown increasing 
trends since the extraction system was shut off. Consequently, the 
question still remains as to whether or not the operation of the 
extraction system in the SWA is effective for improving ground water 
quality with respect to uranium and whether NA can be relied upon 
as part of the remedy to mitigate tailings seepage impacts on ground 
water. One factor that makes it difficult to determine whether NA 
could be as effective as extraction is that the UNC report relies on a 
2006 statistical analysis of background contaminant concentration 
levels that does not agree with the 2008 Pro Upper Confidence Limit 
(ProUCL) statistical finding. The 2008 ProUCL findings were developed 
by N.A. Water Systems for UNC. 

N Y 



   
UNC Church Rock Uranium Mill Superfund Site  Fourth Five Year Review 
September 2013   
 

Table 24 – Issues 

Issues 
 Affects Current 
Protectiveness 

(Y/N) 

Affects Future 
Protectiveness 

(Y/N) 

5.  Uranium concentrations in the SWA ground water do not exceed 
the uranium cleanup level of 5.0 milligrams per Liter (mg/l) called for 
in the 1988 ROD. However, they do exceed the 2003 promulgated 
EPA Safe Drinking Water Act (SDWA) Maximum Contaminant Level 
(MCL) for uranium of 0.030 mg/l.  

N Y 

6.  In light of the technical difficulties of achieving Site ground water 
cleanup levels using engineering controls, Institutional Controls (ICs) 
may have to play a larger role in protecting human health at the UNC 
Site. Consequently, ICs should be evaluated in the SWSFS Part III. 

N Y 

7.  Sulfate and TDS concentrations are not dependent on continued 
operation of extraction systems in the hydrostratigraphic units at the 
UNC Site, but rather these constituent concentrations are controlled 
by natural geochemical reactions, primarily the chemical equilibrium 
with gypsum and/or anhydrite. UNC’s conclusion that concentrations 
of sulfate and TDS will continue to exceed cleanup levels as long as 
the SWA and Zone 1 are saturated appears to be well supported. UNC 
has performed a TI evaluation and recommended that EPA invoke a TI 
waiver of the sulfate and TDS standards as well as for the manganese 
standard.  

N N 

8.  The definition of background water at the UNC Site is not a natural 
water source but instead an anthropogenic artificial aquifer created 
by mine water effluent that was pumped from the Westwater Canyon 
Member of the Morrison Formation, which contains the uranium ore 
body. This water is also referred to as the ground water beneath the 
UNC Site which has been contaminated by the seepage-impacted 
water from the tailings. Thirty years of water level records have 
confirmed that this “ground water” aquifer is also transient in nature 
as the source of artificial recharge has been eliminated. 

N Y 
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Table 25 - Recommendations and Follow-up Actions 

Issue Recommendations and Follow-up Actions 
Party 

Responsible 

 
Oversight 

Agency 
Milestone 

Date 

Affects Protectiveness 
(Y/N) 

Current Future 
1 Evaluate and incorporate revisions to the background levels and cleanup standards 

through the decision making process.  Pending NRC License Amendment acceptance; 
revise Site background levels, the COCs and cleanup standards to ensure that they are 
consistent with the revised COCs and cleanup levels, and at the appropriate well 
locations and aquifers. If appropriate and consistent with the NCP, adopt NRC revisions 
to the License Amendment ground water protection standards and monitoring 
programs to be consistent with NRC's source control and surface reclamation activities. 

UNC EPA, NRC TBD N Y 

2 Complete the ongoing Site Wide Supplemental Feasibility Study (SWSFS) Part III to 
develop and analyze remedial alternatives. 

UNC EPA, 
NMED 

TBD N Y 

3 Continue the experimental efforts to create a hydraulic barrier in Zone 3 to slow down 
and contain the migration of the seepage-impacted water in the northern area.  Use 
the 2012 ground water flow model for the Church Rock area to help define how far the 
contaminated water would move on to lands of the Navajo Nation for proper location 
of additional monitoring wells. 

UNC EPA, 
NRC, 

NMED 

TBD N Y 

4 Reassess the effectiveness of the SWA extraction wells to improve ground water 
quality with respect to uranium compared to NA and determine if there are any 
increasing trends of uranium in wells since the shut off of the extraction wells in 2001. 

UNC EPA, NRC TBD N Y 

5 Evaluate mechanism(s) of Natural Attenuation (NA) in the SWA for uranium as well as 
for other COCs in all hydrostratigraphic zones as part of the ongoing remediation effort 
to attain cleanup standards. 

UNC EPA, NRC TBD N Y 

6 Renew efforts to establish ICs that will restrict the use of contaminated ground water 
on Navajo Nation, Tribal Trust, and Indian Allotment lands. 

UNC, Navajo 
Nation Council, 

and BIA 

EPA, NRC TBD N Y 

7 Evaluate TI for sulfate and TDS as part of the ongoing SWSFS, Part III. UNC EPA, NRC TBD N N 

8 Evaluate the anthropogenic origin and the transient nature of the artificially 
created ground water aquifers impact on future EPA ground water decision 
making 

EPA EPA, NRC TBD N N 
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Figure 1 – Site Location Map 
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Figure 2 – Site Layout and Performance Monitoring Wells Locations 2012 Operating Year 
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Figure 3 – Extent of Seepage-Impacted Ground Water, October 2012 
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Figure 4 - Zone 3 Approximate Extent of Seepage Impacts, October 2012 
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Figure 5 – Zone 1 2012 Monitoring Locations 
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Figure 6 – Southwest Alluvium Potentiometric Surface Map October 2012 
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Figure 7 – Process Chart of the Development and Usage of UNC Site Background Water UCL95 Statistics 

Figure 7.  Process Chart of the Development and Usage of Background Water UCL95 Statistics  
for the UNC Mill Site Groundwater System, Church Rock, New Mexico. 

 
 

Historical UNC ground water data in 
2 groups: Background (post-

mining/pre-tailings) & Seepage-
Impacted (post-mining/post-

tailings).

Identify wells & samples 
representative of background water 
quality in 3 hydrostratigraphic  units: 
Southwest Alluvium (SWA); Zone 1; 

& Zone 3.

Start w/ 2006 UNC NRC License 
Amendment Request for total Ra 

using 1989-2005  background data 
sets for SWA & Zone 1.

Expand SWA & Zone 1 background 
data sets to include 2005-2007 data.  
See Table 5.1 for list of SWA & Zone 

1 wells.

Develop criteria to distinguish 
background from impacted Zone 3 
wells using July 1989-Oct 2007 data 
sets.  See Table 5.2 for list of Zone 3 

wells.

Distinguish background from impacted 
water based on: pH<5 & HCO3 < 100 

mg/L & > 500 mg/L; pH & HCO3 levels 
decreasing trends1; well locations w/i 

tailings seepage impact area; Ca:Mg ion 
ratio decreasing trends; metals & 
radionuclides increasing trends.

Utilize EPA ProUCL statistical 
software & calculate background 
UCL95 means for COPCs. Some 

COPCs have insufficient data for 
statistical calculation.

Compare background UCL95 statistic 
mean values to cleanup levels, 

ARARs, & health-based criteria. See 
Table 5.3 for cleanup levels & 

comparison values.

Flag those background UCL95 means  
equal to or greater than cleanup 

standards  & comparison values. See 
Table 5.4 for background UCL95 

greater than cleanup levels.

Flagged UCL95 means:

SWA = Cd, Mn, NO3, Pb, Pb-210, 
SO4, U, & TDS;   Zone 1 = Cd, Fe, 

Mn, Pb-210, SO4, & TDS;  Zone 3 = 
As, Cd, Co, Fe, Mn, Mo, Pb, Pb-210, 

total Ra, SO4, TDS, & U.

Compare flagged background 
UCL95 means to UCL95 means 
from seepage-impacted water 

(exposure point concentrations)

On February 11, 2009 EPA approved 
ProUCL95 background statistics in 

SWSFS Part II submital.  EPA  (March 
25, 2013) supports use of UPL95 to 

measure compliance with 
background concentrations.

1: pH & HCO3 decreasing concentration trends are not always certain indicators of acidic tailings seepage impact across all three hydrostratigraphic zones.  The water quality impact-
buffering cycle in well time-series graphs typically show increasing bicarbonate then a rapid decline, which can also occur to a lesser degree with pH, as the seepage front advances 
and the buffering capacity is used up (see Zone 3 well EPA-14 in Figure 39 from UNC 2012 Annual Report).   
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Figure 8 – Pipeline Canyon Lineament and Pinedale Monocline 
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Figure 9 – Geologic Cross-Sections A-A’ and B-B’ 
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Figure 10 – Combined Rate of Discharges from Northeast Church Rock and Kerr McGee Mines 
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Figure 11 – Comparison of Extrapolated Flow Model Drain Cell Hydrograph for Well 0627 

 

 



   
UNC Church Rock Uranium Mill Superfund Site  Fourth Five Year Review 
September 2013   
 

Figure 12 – Ground Water Flow Model Particle Track End Points for Simulation Date 
10/16/2011 
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Figure 13 – Ground Water Flow Model Years 2011-2026 Particle Traces of Tailing Seepage Impact 
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Figure 14 – Southwest Alluvium Bicarbonate Isoconcentration and Distribution of Sulfate, October 2012 
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Figure 15 – Southwest Alluvium Water Level over Time 
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Figure 16 – Zone 3 Approximate Extent of Seepage Impacts, October 2012 
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Figure 17 – Zone 1 Extent of Seepage Impacts, October 2012 
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Figure 18 – Proposed Areas for Institutional Controls 2008 Five-Year Review 
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Documents Reviewed 
 
 
Andelman, J.B., 1990.  Total Exposure to Organic Chemicals in Potable Water: Chapter 20 in 
Canto, K.P., Christman, R.F., Ram, N.M. (editors), Significance and Treatment of Volatile Organic 
Compounds in Water Supplies; Lewis Publishers, pp. 485-504. 
 
ARCADIS BBL, 2007.  United Nuclear Corporation, In-Situ Alkalinity Stabilization Pilot Study 
Report, UNC Church Rock Site, Gallup, New Mexico.  June. 
 
BBL, 2006.  UNC Church Rock Site In-Situ Alkalinity Stabilization Pilot Study, United Nuclear 
Corporation, Gallup, New Mexico.  Revised June 2006. 
 
Billings and Associates, Inc., 1986.  Geochemical Background Investigation, report prepared for 
United Nuclear Corporation Mining and Milling. 
 
Bitsoi, A.L., 2012.  President delivers State of Nation Address, Navajo Times, October 12, 
2012.  Retrieved from http://navajotimes.com/news/2012/10181sna.php. 
 
Brugge, D., Benally, T. and Yazzie-Lewis, E., (editors), 2006.  The Navajo People and Uranium 
Mining. University of New Mexico Press:  Albuquerque, NM. 
 
Canonie Environmental Services Corp., 1987.  Reclamation Engineering Services, 
Geohydrologic Report, Church Rock Site, Gallup, New Mexico.  May. 
 
Canonie Environmental Services Corp., 1988.  Evolution of Ground Water Chemistry, Church 
Rock Site, Gallup, New Mexico.  July.  
 
Canonie Environmental Services Corp., 1989.  Remedial Design Report, Church Rock Site, 
Gallup, New Mexico.  April. 
 
Canonie Environmental Services Corp., 1992.  Background Water Quality, Church Rock Site, 
Gallup, New Mexico.  October. 
 
Chester Engineers, 2012a.  Email from Mark Jancin (Chester Engineers for UNC) to Katrina 
Higgins-Coltrain (EPA) with cc to Ralph Ludwig (EPA), Anna Milburn (EPA), Terry Burton (EPA), 
Robert Ford (EPA), Yolande Norman (NRC), Earle Dixon (NMED), Eugene Esplain (NNEPA), 
Deborah Steckley (DOE), Roy Blickwedel (GE), Larry Bush (UNC), Robert Warren (Chester 
Engineers for UNC), and James Ewart (Chester Engineers for UNC); Subject:  RE Background 
Conference Call on Jan 13 (With an Attached Slide Presentation:  Background Threshold Values 
for Pending NRC License Amendment Request).  January 12, 2012.   
 
Chester Engineers, 2012b.  Email from Mark Jancin (Chester Engineers for UNC) to Katrina 
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Higgins-Coltrain (EPA); Subject:  Support Info for Tomorrow's (Thurs) Conference Call UNC 
Church Rock Tailings Site.  Two Attachments:  (1) Key Technical References, United Nuclear 
Corporation Church Rock Mill Tailings Site (by Mark Jancin, Chester Engineers, June 6, 2012); 
and (2) Overview of Draft Attached Tables, Summary Comparisons of Upper Prediction Limits 
for Parameter Concentrations in Background Groundwater to Site Clean-up Standards and 
Potential ARARs for All Three Hydrostratigraphic Units at the Church Rock Mill Tailings Site 
(Chester Engineers, June 6, 2012).  June 6, 2012.  Minor revisions to the second attachment sent 
from Mark Jancin to Katrina Higgins-Coltrain on June 7, 2012.   
 
Chester Engineers, 2012.  Annual Review Report – 2011 – Groundwater Corrective Action, 
Church Rock Site, Church Rock, New Mexico.  January 28, 2012. 
 
Chester Engineers, 2011.   Annual Review Report – 2010 – Groundwater Corrective Action, 
Church Rock Site, Church Rock, New Mexico.  January 26, 2011. 
 
Chester Engineers, 2012.  Updated Baseline Human Health Risk Assessment-Final, United 
Nuclear Corporation, Church Rock Site, Church Rock, New Mexico, August. 
 
Chester Engineers, 2013.   Annual Review Report – 2012 – Groundwater Corrective Action, 
Church Rock Site, Church Rock, New Mexico.  February 20, 2013. 
 
Dini, D., 2013, February 1.  Personal communication with the Fort Defiance Housing 
Authority Corporate Office (505-821-0193). 
 
Earth Tech, Inc., 2000.  Southwest Alluvium Groundwater Geochemistry Report, Church Rock 
Site, Gallup, New Mexico.  June. 
 
Earth Tech, Inc., 2002.  Final Report and Technical Impracticability Evaluation, Southwest 
Alluvium Natural Attenuation Test, Church Rock Site.  November. 
 
Eichstaedt, P.H., 1994.  If You Poison Us, Uranium and Native Americans.  Red Crane 
Books: Santa Fe, NM. 
 
Ford, R. and Ludwig, R., 2013.  Personal communication by email and phone regarding 
the technical and regulatory requirements for monitored natural attenuation in the 
Southwest Alluvium at the UNC Mill Site. 
 
Gallaher, B.M., & Cary, S.J., 1986.   Impacts of Uranium Mining on Surface and Shallow Ground 
Waters, Grants Mineral Belt, New Mexico, New Mexico Environmental Improvement Division, 
Santa Fe, NM. 
 
General Electric Company, 2005.  "Technical Memorandum from Roy Blickwedel to Larry 
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Bush, UNC, Mark Purcell, USEPA, and William von Till, NRC."  May 14. 
 
General Electric Company, 2006.  Regulatory Significance of the Occurrence and Distribution 
of Dissolved Uranium in Groundwaters of the Southwest Alluvium, Church Rock Site, New 
Mexico.  March 10. 
 
General Electric Company, 2012, Supplemental Information Pertaining to License Amendment 
Request for Revised Groundwater Protection Standards, Source Materials License SUA-1475, 
Groundwater Corrective Action Program.  November 16, 2012.   
 
Harbaugh, A.W., Banta, E.R., Hill, M.C., and McDonald, M.G., 2000.  MODFLOW-2000, the U.S. 
Geological Survey modular ground-water model – User guide to modularization concepts and 
the Ground-Water Flow Process:  U.S. Geological Survey Open-File Report 00-92, 121 p. 
 
Kernodle, J. M., 1996.  Hydrogeology and steady-state simulation of ground-water flow in the 
San Juan Basin, New Mexico, Colorado, Arizona, and Utah, U.S. Geological Survey Water 
Resources Investigations Report 95-4187, 117 p. 
 
Lindsey, B. D. and Ator, S.S., 1996.  Radon in Ground Water of the Lower Susquehanna and 
Potomac River Basin, U.S. Geological Survey, Water-Resources Investigations Report 96-4156.  
June. 
 
MACTEC Engineering and Consulting, Inc., 2003.  Final Report, Hydraulic Fracturing Pilot Test 
Results and Preliminary Full Scale Design, United Nuclear Church Rock Facility, Gallup New 
Mexico.  December 23. 
 
MACTEC Engineering and Consulting, Inc., 2006.  Final Report, Phase I Full Scale Hydraulic 
Fracturing, United Nuclear Church Rock Facility, Gallup New Mexico. June 2. 
 
MWH, 2003.  Northeast Church Rock Mine Site Assessment, prepared for UNC.  July. 
 
MWH, 2004.  Supplemental Feasibility Study, Zone 3 Hydrostratigraphic Unit, Church Rock 
Uranium Mill Tailings Site. October. 
 
N.A. Water Systems, 2006.  Technical Analysis Report in Support of License Amendment 
Request for Changing the Method of Determining Exceedances of the Combined Radium 
Groundwater  Protection Standard in Source Materials License SUA-1475 (TAC LU0092), 
Groundwater Corrective Action Program, Church Rock Site, Church Rock, New Mexico.  
Revised.  February.  
 
N.A. Water Systems, 2006.  List of Preliminary Assembled Remedial Alternatives, Site- 
Wide Supplemental Feasibility Study, UNC Mill Tailings Site, Church Rock, NM. September 
25. 
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N.A. Water Systems, 2007.  Annual Review Report- 2006, Groundwater Corrective Action, 
Church Rock Site, Church Rock, New Mexico, United Nuclear Corporation, Gallup, New 
Mexico.  January. 
 
N.A. Water Systems, 2008.  Annual Review Report---: 2007, Groundwater Corrective Action, 
Church Rock Site, Church Rock, New Mexico, United Nuclear Corporation, Gallup, New 
Mexico.  January. 
 
N.A. Water Systems, 2008a.  Recommendations and Summary of Hydrogeologic Analysis 
Evaluation of Groundwater Flow in Zone 3 for Design of a Pumping System to Intercept and 
Recover Impacted Groundwater, UNC Church Rock Tailings Site, Gallup, New Mexico.  April 
25, 2008. 
 
N.A. Water Systems, 2008e.  Email from James Ewart (for UNC) to Mark Purcell (EPA), Earle 
Dixon (NMED), Diana Malone (NNEPA), Dennis Beal (SAIC for EPA), Larry Bush (UNC), and Roy 
Blickwedel (GE) – Example Decision Tree for Objective 1 Statistics Work for the SWSFS, 
September 30, 2008. 
 
N.A. Water Systems, 2008f.   Revised Submittal – Calculation of Background Statistics with 
Comparison Values, UNC Church Rock Mill & Tailings Site, Church Rock, New Mexico, October 
17, 2008. 
 
N.A. Water Systems, 2008g.   Revised Submittal – Estimated UCL95 Statistics and EPCs in 
Impacted Groundwater, UNC Church Rock Mill & Tailings Site, Church Rock, New Mexico, 
December 5, 2008. 
 
Pollock, D.W., 1994.  User’s Guide for MODPATH/MODPATH-PLOT, Version 3:  A particle 
tracking post-processing package for MODFLOW, the U.S. Geological Survey finite difference 
ground-water flow model:  U.S. Geological Survey Open-File Report 94-464, Chapter 6. 
 
Stone, W.J., 1981.  Hydrogeology of the Gallup Sandstone, San Juan Basin, Northwest New 
Mexico:  Ground Water, Vol. 19, No. 1 pp. 4-11. January. 
 
U.S. Census Bureau, 2010. Navajo Nation, Church Rock Chapter. 
  
U.S. Environmental Protection Agency (EPA), 1975.  Water Quality Impacts of Uranium Mining 
and Milling Activities in the Grants Mineral Belt, New Mexico, EPA 906/9-75-002.  September. 
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U.S. Environmental  Protection Agency, Region VI, Dallas Texas, arid U.S. Nuclear Regulatory 
Commission, Region IV, Arlington, Texas (EPA-NRC), 1988. Memorandum of Understanding 
for Remedial Action at the UNC-Church Rock Uranium Mill in McKinley County, New Mexico.  
53 Fed. Reg. 37887. September 28. 

U.S. Environmental Protection Agency (EPA), 1988.  Record of Decision, United Nuclear 
Corporation, Ground Water Operable Unit, McKinley County, New Mexico.  EPA R06-R88-
044.  Region 6.  September. 
 
U.S. Environmental Protection Agency (EPA), 1989b.   The Feasibility Study – Development and 
Screening of Remedial Action Alternatives; Directive 9355.3-01FS3. November. 
 
U.S. Environmental Protection Agency (EPA), 1998.  Five Year Review Report, United Nuclear 
Corporation, Groundwater Operable Unit, McKinley County, New Mexico.  Region 6.  
September. 
 
U.S. Environmental Protection Agency (EPA), 2000a.  A Guide to Developing and Documenting 
Cost Estimates during the Feasibility Study; OSWER Directive 9355.0-75.  July. 
 
U.S. Environmental Protection Agency (EPA), 2001.  Comprehensive Five-Year Review Guidance, 
Office of Emergency and Remedial Response, EPA 540-R-01-007, OSWER No. 9355.7-03B-P.  
June. 
 
U.S. Environmental Protection Agency (EPA), 2001.   Risk Assessment Guidance for Superfund: 
Volume 1 Human Health Evaluation Manual (Part D, Standardized Planning, Reporting, and 
Review of Superfund Risk Assessments), Office of Emergency and Remedial Response, 
Publication 9285.7-47. December. 
 
U.S. Environmental Protection Agency (EPA), 2002.  Role of Background in the CERCLA Clean-up 
Program: Office of Solid Waste and Emergency Response, OSWER 9285.6-07p.  April 26, 2002. 
 
U.S. Environmental Protection Agency (EPA), 2003.  Five-Year Review Report, United Nuclear 
Corporation, Groundwater Operable Unit, McKinley County, New Mexico.  Region 6.  
September. 
 
U.S. Environmental Protection Agency (EPA), 2004.  EPA Comments on the Technical 
Impracticability Evaluation and Southwest Alluvium Natural Attenuation Test, Mark Purcell 
Letter to Larry Bush, United Nuclear Corporation, Church Rock Superfund Site, February, 13. 
 
U.S Environmental Protection Agency (EPA), 2007.  ProUCL Version 4.00.02 User Guide:  
Prepared by A. Singh, R. Maichle, A.K. Singh, S. Lee, N. Armbya, EPA/600/R-07/038.  April. 
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U.S. Environmental Protection Agency (EPA), 2008. Third Five-Year Review Report for the 
United Nuclear Corporation Ground Water Operable Unit, Church Rock, McKinley County, 
New Mexico, September. 
 
U.S. Environmental Protection Agency (EPA), 2008a.  Comments to Larry Bush (UNC) From Mark 
Purcell (EPA): Site-Wide Supplemental Feasibility Study, Part 1, Church Rock Remediation 
Standards Update, January 25, 2008. 
 
U.S. Environmental Protection Agency (EPA), 2009.  Letter from Mark Purcell to Larry Bush 
(UNC):  Site-Wide Supplemental Feasibility Study – Phase II [sic], Church Rock Remediation 
Standards Update, UNC Superfund Site [letter approving SWSFS Part I], February 11, 2009.  
 
U.S. Environmental Protection Agency (EPA), 2009.  Risk Assessment Guidance for Superfund 
Volume I:  Human Health Evaluation Manual (Part F. Supplement Guidance for Inhalation Risk 
Assessment), Office of Superfund Remediation and Technology Innovation, EPA-540-R-070-002, 
OSWER 9285.7-82.  January. 
 
U.S. Environmental Protection Agency (EPA), 2010.  Monitored Natural Attenuation of Inorganic 
Contaminants in Ground Water, Volume 3, Assessment for Radionuclides Including Tritium, 
Radon, Strontium, Thorium, Cesium, and Plutonium-Americium:  Uranium, p. 53-67, EPA/600/r-
10/093, September 2010.  Edited by Robert G. Ford and Richard T. Wilkin, National Risk 
Management Research Laboratory, Office of Research and Development, Cincinnati, OH. 
 
U.S. Environmental Protection Agency (EPA), 2013.  Memorandum – Comments on background 
groundwater conditions in the Southwest Alluvium and Zones 1 and 3 of the Upper Gallup 
Sandstone at the United Nuclear Corporation Church Rock Mill and Tailings Site, Church Rock, 
New Mexico (13-R06-001),  From Ralph Ludwig and Robert Ford to Janet Brooks, March 25, 
2013. 
 
US Filter, 2004.  Rationale and Field Investigation Annual Report Work Plan to Evaluate 
Recharge and Potential Cell Sourcing to the Zone 3 Plume.  January 19. 
 
United Nuclear Corporation.  Annual Land Use Survey Reports, 1999 to 2006.  License SUA-
1475. 
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United Nuclear Corporation, 2007.  First Half-January to June, 2007.  Semi-Annual Ground 
Water Monitoring Report, QAIQC Report and Effluent and Environmental Monitoring Report.  
August 28. 
 
United Nuclear Corporation, 2012. License Amendment Request for Revised Groundwater 
Protection Standards Based on Updated Background Concentrations, Source Materials License 
SUA-1475, Groundwater Corrective Action Program, United Nuclear Corporation Church Rock 
Mill and Tailings Site.  April 17, 2012.   
 
United Nuclear Corporation, 2011 Annual Report.  Same as Chester Engineers, 2011 
 
United Nuclear Corporation, 2012 Annual Report Same as Chester Engineers 2112 
 
U.S. Nuclear Regulatory Commission (NRC), 1981.   Survey of Radionuclide Distributions 
Resulting from the Church Rock, New Mexico, Uranium Mill Tailings Pond Dam Failure, 
NUREG/CR-2449, PNL-4122, December. 
 
U.S. Nuclear Regulatory Commission (NRC), 1996.  Evaluation of the Statistical Basis for 
Establishing Background Levels and Remediation Standards at the United Nuclear 
Corporation Church Rock Uranium Mill Tailings Disposal Facility,  ' Gallup, New Mexico.  June 
10. 
 
U.S. Nuclear Regulatory Commission (NRC), 2006.  Source Material License No. SUA-1475, 
Amendment 37 to United Nuclear Corporation, Church Rock, New Mexico, August 9. 
 
Veolia Environment, 2004.  Annual Review Report- 2004, Groundwater Corrective Action, 
Church Rock Site, Church Rock, New Mexico.  December 
  



   
UNC Church Rock Uranium Mill Superfund Site  Fourth Five Year Review 
September  2013   
 

 
 
 
 
 
 
 
 
 

ATTACHMENT 2 
 

  FACT SHEET 
 
 
 
 
 

  



   
UNC Church Rock Uranium Mill Superfund Site  Fourth Five Year Review 
September  2013   
 

oEPA 
Unb:d !;t"l:'* 
Frt.:I'¢ 1'1Mfllt$ 1 PtQ~C(IQn 
AG::nr.v 

EPA Signs Record of Decision for the United 
Nuclear Corporation Superfund Site 
United Nudear Corporat ion 
McKinley County, New Mexico March 29, 2013 

This fact sheet will tell you about: 
The Record of Decision (ROD) for the Sur
face Soil Operable Unit 
Site History 
For More Information 
On the Web 

Introduction 
iD July 2012, tho U.S. EzMro..,...tal Protectioa Agmcy 
(EPA) accepted public coa>meDt on the Swface Soil Oper
able Uuit (OU02) Proposed Plan for the Uuited Nuclear 
Corporation s_.nmd (UNC) Site. The co.....,t period 
began OD July 20, 2012, and euded 011 Sep<.mber 21, 2012. 
On Marcll29, 2013, EPA, in consultation wUh tho New 
Mexico Eu\iroli!Dellt ~t (NMED), sigoed the 
Record of Decision for the remedy for tho OU02. 

Detai ls of the Selected Remedy 
The seleded remedy (Alternative 2) includes the traDSpor
ta.tioo, receipt. oonsolidatioo, and disposal ofNECR Site 
mine waste at tho UNC Site witbin tho Tailings Disposal 
Area (Figure 1). EPA identified Alternative 2 as EPA's 
prefened remedy in tho Swface Soil Operable Uuit Pro
posed Plan for tho UNC Si ... Principal threat waste is not a 
part of this seleded remedy aud principal threat waste 
&om tho Nortboast Church Rock Site will not be 
disposed of at the UNC Si ... The O&M cost is 
estimated at $lOOK year which was cakulated as 
a percentage of the remedy. The net present 
worth ofO&M for 30 years was Sl,230,000 
(row><led). This was part of the $41.5 millioo es
timated for the entire project. The design aod li
cense approval could take between two and four 
years; coostruction is projected to take an addi
tional four years. 

EPA seleded the Prefmed Altematin preseuted. 
in tho Proposed Plan becaur;e it is expected to be 
pro<ecti\-e of human health aud the emironment, 
complying wUh regulatioas, and utili20 penna
Dent solutions and altemative treatment technol
ogies to the maximum extent practicable. 

Site History 

The UNC Site includes a historic wanium mill 
that was licensed to open,. by tho Sta,. of New 

Mexico in May 1977. The mill operated &om 1m to 

1982. and processed ore primarily from two of United Nu
clear Co1p0ration' s nearby mines: Northeast Cbureh Rock 
aud Old Church Rock. Uranium ore was processed at the 
facility using a combination of crushing, grinding, and ac
id-Jeach solvent extraction methods. The milling operation 
produced acidic sluny of ground rock aud fluid (tailing) 
that was pumped into the tailings area which consists of 
three cells.. AD estimated 3.5 million tons of tailings '\\'tl'e 

disposed in the tailings impowJdments (EPA, 1988a). 

EPA placed tho UNC Si,. onto tho National Priorities List 
(NPL) of Supedund sites in 1983 [48 Fed. Reg. 40658 
(Sept. 8, 1983)] because cootaminated tiquids had seeped 
&om tho tailings at tho UNC Site aud cOiltuDinated the 
uoderlying growxl water, and because there were toxic 
emissions to SUJface wat.r aud air (EPA, 1988b). Acidic 
liquids bad seeped &om tho tailings located in tho WJ!izted 
disposal cells into the underlying allm.i.um deposits (re
ferred to as the Southwest Allm.i.um) and also into m:o 
deeper zm>es (Zooes I aud 3) of the Uppe- Gallup Sand
stone Formation, contauW:.a.ting the ground water with 
heavy metals, radioouclides such as uranium and radium, 
and other chemical coostituents. 

iD 1988, EPA and the NuclearRegulatOJYCommission 
(NRC) sigzwd a MemoraJJdum ofUoderstanding (MOU) 
regarding the UNC Site [53 Fed. Reg. 37887 (September 
28, 1988)~ The EPA aod tho NR.C haw o\wlappUJg au
thority in coonection wUh the UNC Site, aud tho MOU 
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was developed to help assure that remedial actioos occur 
in a timely md effective manner. 

EPA issued a GroundWater Operable Uait ROD inSep
ltmber 19SS ~ • remedy for the wlliamioired 
ground water that included extraction oftbe ground water 
and treatment by e\d.poration. Under the oversight o f EPA, 
United~ COipOQtion coostructed the remedy in 
1989 aod cootinues to address grouod watercootaminatioo 
=lertbe 1988 ROD. Groundwater monitoring and ex
traction wells ... tocmd at the boundaty and down
gradient oftbe Tailings Olsposal Area. Ground water mon4 

itoring and remediation of the contaminant plumes are on
going. 

United Nucle:ar Corporation submitted a final reclamation 
plan to NRC -which was approved in March 1991. Between 
1988and 1996, UuitedNuclearCorporatioacle.uled up the 
tailings dispo.sal .... including decommissioning or the 
mill facility, ~on ofradium<Oiltaminared soil, 
capping oftbe tailings cells, iostallatioo of extraction 
wells, aod coostruc:tion of evaporatioo poods and an e\d.p
oration system. All of these acti\;Qes were completed UD4 

der NRC o\-enigh~ and maintenance of the soil cleanup 
action continues. 

For More Information 
J anet Brooks 
EPA Regioo 6, &:medial Pro jed Mao.ac:er 
Tel: 214.665_7598 or 1.800533.3508 (toO free) 
brooh.jOUlletfli)ew,gov 

J asoo T . MeKiaoey 
EPA Regioo 6, Commuaity fu,·oh·emeot Coordinator 
Tel: 214.665_8132 or 1.800533.3508 (toO free) 
Mc.kilmey.ja~.gov 

-&EPA 
Unll'o; ·.:~~ 
E•h' Uill'l'l!llllll P~~.,.~<.n 

A'J"''"' 
Rt>!Ji;ooo $ 
' u G Ft<.M· .w~ :c;sF ':'·:>:· 
t.:~II!H, IX. (~'4(.'4 

E a.rfe DU:oo 
Proj~t Manac:er 
New Mexico Environment Deparb::oent 
Tel: 505 .. 8272890 
fade djypp@state pro OS 

For press inquiries, please call the EPA Press Office at 
214.665_2200. 

Information Repositories are a\'ailable at 

<>cmu Fellin Public Library 
115 West Hill Avenue 
Gallup, NM 87310 
Tel: 505 .. 863.1291 

N01o·ajo Nation Superfund Office 
Highway 264/43 Crest Road 
St. Mich.els, AZ 86511 
Tel: 928 .. 871.6859 

On the Web 

On the imtemet, the Record of Decision can be found at 

ht!D:/Iwww.epa.gov/region6/6sf16sf-decisiondocs.htm 

Information about U.S. EPA Region 6 and the s_.nmd 
Program can be found at: 

htm:/lwww.ma.go,.fregion6J6s£f6sf.htrn 

Call U.S . EPA at l.800533.3508 (toO free) to receive a 
Spanish ·translation of this fact sbeet. 

Para recibir una traducciOn en espaSol de e:sta Hoja de Da
tos, coanmicase con la Ageocia de ProtecciOn del Medio 
Ambienfe de los EEUU (la EPA) allllimerode t.tefoao 
1.800.533.3508 (lbmada gratis). 
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2013 UNC Five Year Review Site Inspection Checklist 
 

I.  SITE INFORMATION 

Site name:      United Nuclear Corporation Date of inspection:          April 18, 2013 

Location and Region: McKinley County, Region 6 EPA ID:      NMD030443303 

Agency, office, or company leading  the five-year 
review: New Mexico Environment Department 

Weather/temperature: Clear-partly cloudy & cold, 
about 30oF, occasional snow showers 

Remedy Includes:  (Check all that apply) 
□   Landfill cover/containment  X  Monitored natural attenuation 
X  Access controls   X  walls Groundwater containment 
X  Institutional controls   □  Vertical barrier 
X  Groundwater pump and treatment 
X  Surface water collection and treatment 
□  Other______________________________________________________________________ 
_____________________________________________________________________________ 

Attachments: X  Inspection team roster attached  □  Site map attached 

II.  INTERVIEWS  (Check all that apply) 

1.  O&M site manager _____Larry Bush_________________      _UNC President___      __April 18, 2013__ 
Name    Title   Date 

     Interviewed    □ at site    X at office     □  by phone    Phone no.  ______________ 
     Problems, suggestions; □  Report attached ________________________________________________ 
     __________________________________________________________________________________ 
 

2.  O&M staff ____________________________      ______________________      ____________ 
Name    Title   Date 

     Interviewed at site  □  at office  □  by phone    Phone no.  ______________ 
     Problems, suggestions; □  Report attached _______________________________________________ 
     __________________________________________________________________________________ 
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3. Local regulatory authorities and response agencies (i.e., State and Tribal offices, emergency response 
office, police department, office of public health or environmental health, zoning office, recorder of 
deeds, or other city and county offices, etc.)  Fill in all that apply. 

 
Agency _NM Environment Department_______________ 
Contact ____Earle Dixon____________      ___Geoscientist_____     4/18/2013      505-827-2890___ 

Name    Title   Date          Phone no. 
Problems; suggestions; □  Report attached  _______________________________________________ 
________Not interviewed since person is an author of the 2013 UNC Five Year Review Report______ 

 
Agency __Navajo Nation Superfund Program_________ 
Contact ___Eugene Esplain___________      _Project Manager__     4/18/2013__      928-871-7331__ 

Name    Title   Date          Phone no. 
Problems; suggestions; X  Report attached  See interview form for Navajo Nation_______________ 
__________________________________________________________________________________ 

 
Agency ____________________________ 
Contact ____________________________      __________________      ________      ____________ 

Name    Title         Date Phone no. 
Problems; suggestions; □  Report attached  _______________________________________________ 
__________________________________________________________________________________ 

 
Agency ____________________________ 
Contact ____________________________      __________________      ________      ____________ 

Name    Title         Date Phone no. 
Problems; suggestions; □  Report attached  _______________________________________________ 
__________________________________________________________________________________ 

 

4. Other interviews (optional)  □  Report attached. 

 
 

III.  ON-SITE DOCUMENTS & RECORDS VERIFIED  (Check all that apply) 

1. O&M Documents 
□  O&M manual                 X  Readily available □  Up to date □  N/A 
□  As-built drawings   X  Readily available □  Up to date □  N/A 
□  Maintenance logs   □  Readily available □  Up to date X  N/A 
Remarks: UNC has all available documentation in the office and it is kept up to date.  Annual reports 
show maps of wells in each zone and facility features.______________________________________ 
____________________________________________________________________ 

2. Site-Specific Health and Safety Plan  X  Readily available X  Up to date □  N/A 
□  Contingency plan/emergency response plan X  Readily available X  Up to date □  N/A 
Remarks: Documents are available in the office.__________________________________________ 
_________________________________________________________________________________ 

3. O&M and OSHA Training Records X  Readily available □  Up to date □  N/A 
Remarks: Radiation Safety Officer is on site._________________________________________ 
_________________________________________________________________________________ 
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4. Permits and Service Agreements 
□  Air discharge permit   □  Readily available □  Up to date X  N/A 
□  Effluent discharge   □  Readily available □  Up to date X  N/A 
□  Waste disposal, POTW  □  Readily available □  Up to date X  N/A 
□  Other permits: NRC Source Material License SUA-1475_______ X  Readily available  
                                                X  Up to date □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

5. Gas generation Records  □  Readily available □  Up to date X  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

6. Settlement Monument Records  □  Readily available □  Up to date X  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

7. Groundwater Monitoring Records X  Readily available □  Up to date □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

8. Leachate Extraction Records  □  Readily available □  Up to date X  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

9. Discharge Compliance Records  
□  Air     □  Readily available □  Up to date X  N/A 
□  Water (effluent)   X  Readily available □  Up to date □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

10. Daily Access/Security Logs  X  Readily available □  Up to date □  N/A 
Remarks_  The UNC Site staff very closely monitor site access & visitors must sign-in at office 
 in log book. ______________________________________________________________________ 
_________________________________________________________________________________ 

 
 

IV.  O&M COSTS 

1. O&M Organization 
□  State in-house   □  Contractor for State 
□  PRP in-house   X  Contractor for PRP 
□  Federal Facility in-house □  Contractor for Federal Facility 
□  Other______AMEC is the contractor for UNC._________________________________________ 

_________________________________________________________________________________ 
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2. O&M Cost Records  
X  Readily available X  Up to date 
□  Funding mechanism/agreement in place 
Original O&M cost estimate____________________ □  Breakdown attached 

 
Total annual cost by year for review period if available 

 
From___2008___ To___2009___      ___$582,000_______ □  Breakdown attached 

Date  Date  Total cost 
From___2009___ To___2010___      ___$537,000_______ □  Breakdown attached 

Date  Date  Total cost 
From___2010___ To___2011___      ___$595,000_______ □  Breakdown attached 

Date  Date  Total cost 
From___2011___ To___2012___      ___$1,092,000______ □  Breakdown attached 

Date  Date  Total cost 
From___2012___ To___2013___      ___$1,292,000______ □  Breakdown attached 

Date  Date  Total cost 
 

3. Unanticipated or Unusually High O&M Costs During Review Period 
Describe costs and reasons:  ________none identified._____________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 

V.  ACCESS AND INSTITUTIONAL CONTROLS   X  Applicable   □  N/A 

A.  Fencing  

 
1. Fencing.   □  Location shown on site map □  Gates secured  X  N/A 

Remarks: Fencing is in place & well maintained.  Final fence will be installed at site closure._____ 
___Gates maintained with chains & locks._______________________________________________ 

B.  Other Access Restrictions 

1. Signs and other security measures □  Location shown on site map □  N/A 
Remarks: No trespassing signs are visibly posted  in conspicuous places._________________ 
_________________________________________________________________________________ 
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C.  Institutional Controls (ICs) 

1. Implementation and enforcement 
Site conditions imply ICs not properly implemented   X  Yes   □  No □  N/A 
Site conditions imply ICs not being fully enforced   X  Yes   □  No □  N/A 
Type of monitoring (e.g., self-reporting, drive by) _UNC self reports & agencies frequently visit UNC & 
NECR Sites.________________________________________ 
Frequency  _no less than monthly______________________________________________________ 
Responsible party/agency  ____________________________________________________________ 
Contact ____________________________      __________________      ________      ____________ 

Name    Title         Date Phone no. 
 

Reporting is up-to-date       X  Yes   □  No □  N/A 
Reports are verified by the lead agency     X  Yes   □  No □  N/A 

 
Specific requirements in deed or decision documents have been met □  Yes   □  No X  N/A 
Violations have been reported      □  Yes   □  No X  N/A 
Other problems or suggestions: □  Report attached  
____Institutional Controls (ICs) will require EPA, BIA, Navajo Nation, community, and UNC discussion 
and agreements to see what will work, what is required, and what is acceptable.________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 

2. Adequacy  □  ICs are adequate  X  ICs are inadequate  □  N/A 
Remarks: ICs will be required to close & transfer the mill site to Department of Energy Legacy 
Management._____________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 

D.  General 

1. Vandalism/trespassing □  Location shown on site map □  No vandalism evident 
Remarks: Occasionally there is trespassing on to site for livestock grazing.  There has been some 
vandalism of signs._________________________________________________________________ 
_________________________________________________________________________________ 

2. Land use changes on site □  N/A 
Remarks: No land use changes on site._____________________________________________ 
_________________________________________________________________________________ 

3. Land use changes off site □  N/A 
Remarks: No land use changes off site. ____________________________________________ 
_________________________________________________________________________________ 

VI.  GENERAL SITE CONDITIONS 

A.  Roads     X  Applicable    □  N/A 

1. Roads damaged  □  Location shown on site map X  Roads adequate □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 
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B.  Other Site Conditions 

Remarks ______________________________________________________________ 
____________________________________________________________________   
____________________________________________________________________  
____________________________________________________________________   
____________________________________________________________________ 
____________________________________________________________________ 

 

VII.  LANDFILL COVERS    □  Applicable   X  N/A 

A.  Landfill Surface 

1. Settlement (Low spots)  □  Location shown on site map □  Settlement not evident 
Areal extent______________ Depth____________ 
Remarks____________________________________________________________ 
__________________________________________________________________   

2. Cracks    □  Location shown on site map □  Cracking not evident 
Lengths____________ Widths___________ Depths__________ 
Remarks____________________________________________________________ 
__________________________________________________________________   

3. Erosion    □  Location shown on site map □  Erosion not evident 
Areal extent______________ Depth____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

4. Holes    □  Location shown on site map □  Holes not evident 
Areal extent______________ Depth____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

5. Vegetative Cover □  grass  □  Cover properly established □  No signs of stress 
□  Trees/Shrubs (indicate size and locations on a diagram) 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

6. Alternative Cover (armored rock, concrete, etc.)  □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

7. Bulges    □  Location shown on site map □  Bulges not evident 
Areal extent______________ Height____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 
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8. Wet Areas/Water Damage □  Wet areas/water damage not evident 
□  Wet areas   □  Location shown on site map Areal extent______________ 
□  Pending    □  Location shown on site map Areal extent______________ 
□  Seeps   □  Location shown on site map Areal extent______________ 
□  Soft sub grade   □  Location shown on site map Areal extent______________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

9. Slope Instability       □  Slides  □  Location shown on site map    □  No evidence of slope instability 
Areal extent______________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

B.  Benches  □  Applicable □  N/A 
(Horizontally constructed mounds of earth placed across a steep landfill side slope to interrupt the 
slope in order to slow down the velocity of surface runoff and intercept and convey the runoff to a 
lined channel.) 

1. Flows Bypass Bench  □  Location shown on site map  □  N/A or okay 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Bench Breached                □  Location shown on site map              □  N/A or okay 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Bench Overtopped  □  Location shown on site map  □  N/A or okay 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

C.  Letdown Channels □  Applicable □  N/A 
(Channel lined with erosion control mats, riprap, grout bags, or gabions that descend down the steep 
side slope of the cover and will allow the runoff water collected by the benches to move off of the 
landfill cover without creating erosion gullies.) 

1. Settlement  □  Location shown on site map □  No evidence of settlement 
Areal extent______________ Depth____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Material Degradation □  Location shown on site map □  No evidence of degradation 
Material type_______________ Areal extent_____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Erosion   □  Location shown on site map □  No evidence of erosion 
Areal extent______________ Depth____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

4. Undercutting  □  Location shown on site map □  No evidence of undercutting 
Areal extent______________ Depth____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 
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5. Obstructions Type_____________________  □  No obstructions 
□  Location shown on site map   Areal extent______________  
Size____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

6. Excessive Vegetative Growth  Type____________________ 
□  No evidence of excessive growth 
□  Vegetation in channels does not obstruct flow 
□  Location shown on site map   Areal extent______________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

D.  Cover Penetrations □  Applicable □  N/A 

1. Gas Vents  □  Active □  Passive 
□  Properly secured/locked □  Functioning □  Routinely sampled □  Good condition 
□  Evidence of leakage at penetration   □  Needs Maintenance 
□  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Gas Monitoring Probes 
□  Properly secured/locked □  Functioning □  Routinely sampled □  Good condition 
□  Evidence of leakage at penetration   □  Needs Maintenance □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Monitoring Wells (within surface area of landfill) 
□  Properly secured/locked □  Functioning □  Routinely sampled □  Good condition 
□  Evidence of leakage at penetration   □  Needs Maintenance □  N/A 
Remarks___________________________________________________________ 
_________________________________________________________________   

4. Leachate Extraction Wells 
□  Properly secured/locked □  Functioning □  Routinely sampled □  Good condition 
□  Evidence of leakage at penetration   □  Needs Maintenance □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

5. Settlement Monuments  □  Located  □  Routinely surveyed □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

 

E.  □ as Collection and Treatment              □  Applicable   □  N/A 

1. Gas Treatment Facilities 
□  Flaring   □  Thermal destruction □  Collection for reuse 
□  Good condition □  Needs Maintenance  
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 
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2. Gas Collection Wells, Manifolds and Piping  
□  Good condition □  Needs Maintenance  
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Gas Monitoring Facilities (e.g., gas monitoring of adjacent homes or buildings) 
□  Good condition □  Needs Maintenance  □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

F.  Cover Drainage Layer  □  Applicable  □  N/A 

1. Outlet Pipes Inspected  □  Functioning  □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Outlet Rock Inspected  □  Functioning  □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

G.  Detention/Sedimentation Ponds □  Applicable  □  N/A 

1. Siltation   Areal extent______________ Depth____________  □  N/A 
□  Siltation not evident 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Erosion  Areal extent______________ Depth____________ 
□  Erosion not evident 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Outlet Works  □  Functioning □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

4. Dam   □  Functioning □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

 

H.  Retaining Walls  □  Applicable □  N/A 

1. Deformations  □  Location shown on site map □  Deformation not evident 
Horizontal displacement____________ Vertical displacement_______________ 
Rotational displacement____________ 
Remarks__________________________________________________________________________ 

_________________________________________________________________________________ 

2. Degradation  □  Location shown on site map □  Degradation not evident 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

I.  Perimeter Ditches/Off-Site Discharge  □  Applicable □  N/A 
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1. Siltation  □  Location shown on site map □  Siltation not evident 
Areal extent______________ Depth____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Vegetative Growth □  Location shown on site map □  N/A 
□  Vegetation does not impede flow 
Areal extent______________ Type____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Erosion   □  Location shown on site map □  Erosion not evident 
Areal extent______________ Depth____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

4. Discharge Structure □  Functioning □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

VIII.  VERTICAL BARRIER WALLS       □  Applicable   XX  N/A 

1. Settlement  □  Location shown on site map □  Settlement not evident 
Areal extent______________ Depth____________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Performance Monitoring Type of monitoring __________________________ 
□  Performance not monitored 
Frequency_______________________________ □  Evidence of breaching 
Head differential__________________________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

 

IX.  GROUNDWATER/SURFACE WATER REMEDIES    X  Applicable       □  N/A 

A.  Groundwater Extraction Wells, Pumps, and Pipelines  X  Applicable □  N/A 

1. Pumps, Wellhead Plumbing, and Electrical 
□  Good condition □  All required wells properly operating  X  Needs Maintenance □  N/A 
Remarks: Only Zone 3 extraction wells operational, but they require constant maintenance.  Pumps fail 
& burn out on a regular basis.  Clay coating on pump impellers requires disassembly & cleaning to 
restore operational efficiency. 

2. Extraction System Pipelines, Valves, Valve Boxes, and Other Appurtenances 
X  Good condition □  Needs Maintenance 
Remarks: Equipment is maintained in good condition (Zone 3 extraction system only).__________ 
_________________________________________________________________________________ 

3. Spare Parts and Equipment 
X  Readily available □  Good condition □  Requires upgrade □  Needs to be provided 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

B.  Surface Water Collection Structures, Pumps, and Pipelines □  Applicable X  N/A 
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1. Collection Structures, Pumps, and Electrical 
□  Good condition □  Needs Maintenance  
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Surface Water Collection System Pipelines, Valves, Valve Boxes, and Other Appurtenances 
□  Good condition □  Needs Maintenance 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Spare Parts and Equipment 
□  Readily available □  Good condition □  Requires upgrade □  Needs to be provided 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

 

.  Treatment System  X  Applicable □  N/A 

1. Treatment Train (Check components that apply) 
□  Metals removal  □  Oil/water separation  □  Bioremediation 
□  Air stripping   □  Carbon adsorbers 
□  Filters_________________________________________________________________________ 
□  Additive (e.g., chelation agent, flocculent)_____________________________________________ 
□  Others_________________________________________________________________________ 
X  Good condition  □  Needs Maintenance  
□  Sampling ports properly marked and functional 
□  Sampling /maintenance log displayed and up to date 
X  Equipment properly identified 
X  Quantity of groundwater treated annually: See UNC Annual Review Report for Zone 3 only.____ 
□  Quantity of surface water treated annually________________________ 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Electrical Enclosures and Panels (properly rated and functional) 
□  N/A  X  Good condition □  Needs Maintenance  
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Tanks, Vaults, Storage Vessels 
X  N/A  □  Good condition □  Proper secondary containment □  Needs Maintenance 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

4. Discharge Structure and Appurtenances 
□  N/A  X  Good condition □  Needs Maintenance  
Remarks: Evaporative spray guns have not operated since about 2001, but there is no excess water to 
evaporate._________________________________________________________________________ 
 

5. Treatment Building(s) 
X  N/A  □  Good condition (esp. roof and doorways)  □  Needs repair 
□  Chemicals and equipment properly stored 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 
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6. Monitoring Wells (pump and treatment remedy) 
X  Properly secured/locked X  Functioning X  Routinely sampled X  Good condition 
X  All required wells located □  Needs Maintenance           □  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

D. Monitoring Data 
1. Monitoring Data 

X  Is routinely submitted on time   X  Is of acceptable quality  
2. Monitoring data suggests:  see 2013 UNC FYR Report Section 6 discussion. 

□  Groundwater plume is effectively contained X  Contaminant concentrations are declining  
 

D.  Monitored Natural Attenuation 

1. Monitoring Wells (natural attenuation remedy) 
□  Properly secured/locked X  Functioning □  Routinely sampled □  Good condition 
□  All required wells located □  Needs Maintenance   □  N/A 
Remarks: Natural attention of metals & radionuclides occurring in all three hydrostratigraphic zones. 
NA not occurring at rates & concentrations that will meet Site cleanup standards in a reasonable 
amount of time.  See 2013 UNC FYR Report Section 6 for 
discussion._______________________________ 
_________________________________________________________________________________ 

X.  OTHER REMEDIES 

If there are remedies applied at the site which are not covered above, attach an inspection sheet 
describing the physical nature and condition of any facility associated with the remedy.  An example 
would be soil vapor extraction. 

XI.  OVERALL OBSERVATIONS 

A. Implementation of the Remedy 
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Describe issues and observations relating to whether the remedy is effective and functioning as 
designed.  Begin with a brief statement of what the remedy is to accomplish (i.e., to contain 
contaminant plume, minimize infiltration and gas emission, etc.). 

 
___The remedy as required in the 1988 ROD was implemented in all three zones as removal, 
evaporation & containment of contaminated ground water using wells to meet a single set of 
cleanup standards. A performance monitoring well network was also implemented to track 
the capacity of the extraction system to cleanup ground water contamination to Site 
standards. Unfortunately, as the hydraulic thicknesses of the aquifers decreased & the 
recharge from mine dewatering ceased, the pumping efficiency of the extraction systems also 
decreased to below 1.0 gallons per minute (gpm).  Ground water extraction systems were 
shut down in 1999 & 2000 with agency approval because they were no longer effectively 
removing contaminated ground water & treating the ground water to meet cleanup 
standards. There is monitoring data & scientific evidence that demonstrates natural 
attenuation of metals & radionuclides is reducing contaminant concentrations, but not to 
levels that meet all of the cleanup standards for all constituents in a reasonable amount of 
time.  In 2006 EPA required that a feasibility study (FS) be undertaken to review alternative 
remedial technologies, update & propose revised cleanup standards, conduct an updated 
baseline risk assessment, & provide a detailed cost estimate of possible remedial alternatives 
that could meet proposed, revised cleanup standards. The FS follows EPA guidance for a 3 
part process, Parts I completed in 2008 & Parts I and II were combined and completed in 2012 
after approval by EPA.  Completion of Part III is pending UNC’s 2012 request for a license 
amendment to the NRC Ground Water Protection Standards for the Site.  The remedy is still 
considered to be protective of human health & the environment because there is no known 
exposure to the contaminated ground water.__________________________________ 
 

 B. Adequacy of O&M 

Describe issues and observations related to the implementation and scope of O&M procedures.  In 
particular, discuss their relationship to the current and long-term protectiveness of the remedy. 
____________________________________________________________________ 
____ O&M measures are adequate, but they have no effect on the current & long-term 
protectiveness of the remedy.____________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 

 

C. Early Indicators of Potential Remedy Problems 
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Describe issues and observations such as unexpected changes in the cost or scope of O&M or a high 
frequency of unscheduled repairs that suggest that the protectiveness of the remedy may be 
compromised in the future.    
____________________________________________________________________ 
_____The extraction systems are not operational for two zones; the Southwest Alluvium & 
Zone 1 so there is no O&M cost associated with these systems except for the performance 
monitoring.  The Zone 3 extraction system is operational in the northeast part of the impacted 
area on an experimental basis.  The Zone 3 extraction system requires constant maintenance 
due to extremely low pumping rates & pump fouling-
failure.________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
_____________________________________________________________________ 

D. Opportunities for Optimization 

Describe possible opportunities for optimization in monitoring tasks or the operation of the remedy. 
____________________________________________________________________ 
___Pending the completion of the FS Part III, the agencies & UNC will discuss the 
opportunities for optimization of the performance monitoring system & the operation of the 
remedy to be revised.  Other opportunities for optimization in monitoring tasks & operation 
of the remedy include annual meetings & ongoing correspondence-discussion about reports-
information as they become 
available.____________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
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2013 UNC FIVE YEAR REVIEW SITE INSPECTION MEMORANDUM 

To: 2013 UNC Five Year Review Report 
From: Earle Dixon, NM Environment Department (NMED) 
Subject: 2013 UNC Five Year Review Site Inspection 
Date: April 18, 2013 

  
  

Earle Dixon (NMED) and Janet Brooks, Environmental Protection Agency (EPA) Region 6 
Remedial Project Manager (RPM) were in the Gallup, NM area to attend the 2013 Uranium 
Contamination Stakeholders Workshop on April 16-17, 2013.  Mr. Dixon & Ms. Brooks arrived at 
the United Nuclear Corporation (UNC) Mill Site office at approximately 9 am to meet Mr. Larry 
Bush, Vice President of UNC, and Mr. Roy Blickwedel, General Electric (GE) RPM.  The weather 
was typical for the southern Colorado Plateau-Gallup area during the middle of April:  partly 
cloudy to partly sunny, breezy, cool (mid 30s°F), with scattered snow showers at times.  After 
signing the visitor log book, the four of us sat down at the meeting room conference table to 
talk about the Five Year Review Site Inspection Checklist form items that Mr. Dixon used to help 
lead and generate discussion among the participants.  All of the Site Inspection Checklist items 
for documentation are fully satisfied and present in good order at the UNC office. 

With regard to Access and Institutional Controls, this item generated some lengthy discussion.  
UNC does a good job of maintaining a fenced perimeter around the tailings disposal area with 
locked gates for access and no trespassing signs posted in conspicuous places.  Larry Bush and 
the AMEC contractor staff perform sometimes daily, weekly, and monthly patrols of the facility 
perimeter to ensure the fencing is intact because at various times the fencing has been cut to 
allow livestock to graze in vegetated areas.  At some times in the past, some of the UNC signs 
have been removed by vandalism.  Institutional Controls were discussed and the participants 
agreed that this item is going to need attention in the ongoing efforts to prepare the site for 
regulatory closure and long-term monitoring. 

The checklist item for Ground Water Remedy-Extraction Wells, Pumps, & Pipelines was given a 
lengthy discussion especially for the benefit of Ms. Brooks as she becomes more knowledgeable 
about UNC Site operations and history.  UNC described how the operation & maintenance 
(O&M) is a constant challenge because of the very low groundwater extraction rate, and 
encrustation from carbonate, gypsum, and iron-hydroxide precipitation may cause the wells 
and pumps to foul.  Extraction pumps fail and burn-out on a regular basis.  Due to encrustation 
on the pump impellors, the pumps must be disassembled and the impellors cleaned on a 
regular basis. Despite the O&M challenges, UNC does a good job of maintaining the equipment 
in good order.  The evaporation ponds are mostly dry except for the collection of precipitation 
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from storm events and very minor amount of Zone 3 extraction water.  The evaporator spray 
guns have not operated since 2000. 

The discussion moved to the checklist item of Groundwater Remedy-Monitoring Wells.  UNC 
indicated the best source of information about the status of the groundwater remedy for each 
of the three hydrostratigraphic zones is the annual report.  The UNC Annual Report summarizes 
the quarterly monitoring well data and updates the historical trend charts and contour maps 
for water level decline and concentrations of Contaminants of Potential Concern (COPC).  The 
Site Wide Supplemental Feasibility Study (SWSFS) work (Parts I & II) was cited as some of the 
major steps toward preparing the information necessary to support revision of the Record of 
Decision (ROD).  The ProUCL statistics, proposed Background Threshold Values, Updated 
Baseline Human Health Risk Assessment, and the Groundwater Flow Model were highlighted as 
significant accomplishments in the 2008-2013 period.  The recent Source Material License 
Amendment request that UNC submitted to the NRC in 2012 is an important next step as well.  
UNC is looking forward to completing a draft of the SWSFS Part III (technical analysis of 
remedial alternatives) in late 2013-early 2014.  The issue of natural attenuation as part of the 
groundwater remedy was discussed, and it is considered to be a major feature of the natural 
buffering system.  Slow movement of the plume in Zone 3 are considered to be a challenge for 
final regulatory compliance and site closure. The installation of groundwater model verification 
and sentinel wells was discussed as an important step that needs to occur in 2013 if possible 
because UNC is ready to move forward with well permitting, drilling, and well construction.  
Ideally, well drilling and construction would occur during the time of year when the weather is 
best (late spring-summer-early fall).  UNC is waiting on a request from Navajo Nation to EPA for 
the installation of the wells.  NMED is going to assist Navajo with the letter later this year. 

After almost 2 hours of office discussion Mr. Bush led the participants on a tour of the UNC 
tailings pond disposal and ground water remedy performance monitoring area beginning at 11 
am.  The section on site photographs presents the areas that were toured.  It is important to 
bear in mind that the tailings disposal area encompasses about 100 acres.  The north, central, 
and south tailings cells are capped with the radon barrier and interim soil cover.  The south cell 
contains the two evaporation ponds in the northern part of the cell. There are no active 
requirements for radon and air quality monitoring at the site as approved by the Nuclear 
Regulatory Commission (NRC) under source material license SUA-1475. 

The tour started along the north end of the north cell.  Crossing the Pipeline Arroyo, Mr. Bush 
pointed out where the natural gradient of the channel was returning to normal after they 
removed the culverts in 2011.  The culverts caused a reduction in flow during major storm 
events and runoff backed up & flooded the area.  UNC also reworked the Pipeline Arroyo 
channel from the north cell tailings dam down to the Nick Point area which resulted in better 
drainage during storm runoff events.  From the north the end of the north cell, we proceeded 
to the overlook known locally as “Dilco Hill” where there is an outcrop of the lower section of 
the Crevasse Canyon Formation known as the Dilco Coal member.  The Dilco Coal member 
contains visible gypsum crystals. 
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From Dilco Hill we went south along the eastern part of the central cell and stopped briefly to 
look east from the berm at the Zone 1 plume monitoring area (See Figure C-1, 2012 UNC Annual 
Report).  From there we went along the southern margin of the central cell (photograph 5) to 
the northeast side of the south cell where we could see the evaporation ponds (photograph 2).  
We drove across the northern berm of the south cell to the basalt rock jetty and Nick Point 
area.  The jetty area is the location for a problem caused by the natural vegetation of salt cedar 
and rabbit brush that causes significant ponding during storm events.  The storm water runoff 
builds up behind the vegetation and flows out between the vegetation at a velocity high 
enough to move the rock boulders a few feet away from the original jetty location.  UNC is 
going to have to consult with the NRC about what to do with the natural vegetation causing this 
problem.  There is no headwall erosion from the toe of the dam.  See photograph 9 for a view 
of the area where storm runoff has moved the rock jetty. 

The Nick Point is an important stopping point for understanding some of the main features of 
the UNC Site hydrogeology (photographs 6 & 7).  The Nick Point is an outcrop of the Gallup 
Sandstone Formation that has been incised by the Pipeline Arroyo.  During the period of active 
mine dewatering, the Nick Point was covered in water.  After the mine dewatering stopped 
completely in 1986, the Arroyo has returned to the natural intermittent condition.  The 
Southwest Alluvium (SWA) has continued to drain down due to the lack of recharge water.  
Ground water is separated at the Nick Point, and it either flows to the south or it ponds up 
behind the Point.  Due to the lack of mine dewatering recharge and the tailings material 
dewatering as well, the ground water in the SWA, Zone 1, and Zone 3 continues to drain out 
with very little to no natural recharge.  At the Nick Point one is also able to see the arkosic 
nature (high feldspar content) of the Gallup Sandstone which alters to clay when contacted by 
tailings seepage, and helps seal the formation after it is impacted. 

From the Nick Point we traveled south to the SWA 800 series of extraction-monitoring wells 
(photograph 10). Next we went up to the Zone 3 plume extraction and monitoring area where a 
significant level of effort has been expended by UNC to address the migration of tailings 
seepage water.  Photographs 11, 12, and 13 show some of the monitoring, extraction, and 
injection wells that have been employed to create a hydraulic barrier to slow down the 
migration rate of the Zone 3 plume, and to extract seepage impacted water.  A couple of the 
extraction wells were operating at about 1 gpm when we visited the area.  We talked about the 
need for ground water model verification wells north of this area, the location of the Section 36 
boundary, and the issue of institutional controls to prevent any possibility of exposure to 
contaminated ground water.  We concluded the tour and returned to the UNC Mill Office at 
about 1230 pm. 
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United Nuclear Co!pO:rati.on 2013 f n-e-Year Rel<"ielli' 

Qu~ODS for R.o)l' BtickwedeJ, General Elec:b.ic Company 

1. \\"hat is: yom 0'\-enll iotpressioo of the proj ect'.' (general seorim.ent) 

Remedi{Jtkm ruts generotly been effective tmd it has been protective of 
human he01lth and the environnrent. 

2. \\"hat ms ithe CUiil'Ent stams .oftlrJ.e ground-water l'emedi:rt:ion at t1rJ.e Site? 

The t~cti\le groundL'rater pumpfng· systems in tw;o of the three WQter
sa1uroted strota thQt v;ere rmpacted by rnilings seep3ge migmtion have 
been discontinued. Zone 1 W{JS discontinued in July 1999 with the 
approval of the Nuclear Regukltmy Commission (NRC) because the 
decommissioning crileri3 were achieved. Groundwater qu{J/ity ;n the 
offsite portion of Zone 1 is in complkmce with the NRC groundwater 
protection stand3rds. In some loct1tions within the UNC-.ovm ed property, 
cobatl7 nickel, and total tfihQ/omefimnes may exoeed the NRC 
groundwa·ter protection standards, aflhough there is ample e.m:piriCQI 
eviden ce that shows the extent of seep{Jge-if1J[Jiitcled vrate1 ;s aaturotly 
d;min;shin,g in Zone 1. 

fn the Southv~est Alluvial system. active pUf1J[Jing was discontinued in 
2001 with EPA and NRC approv.a# to conduct 3n 18-month n3tur31 
attenuation test. The report. completed rn Deoembe1 2002, recommended 
the replacement of the current remedy with a natural attenuation rem edy 
for metals and mdionucNdes, 3nd a Tectmrcal fmpmctic:lbWty W3ivel for 
sulf3te and IDS. The Southwest A!Juvium rs CtJfTent~y rn complftmce with 
ail of the NRC groundvratel protection stancmrds, but not <Jll of the EPA
mandQted stt~ndQrds_ 

Zone 3 .Pr.Jmping was discontinued in December 2()()() vlith the t~pprov{J/ of 
NRC. EP'A recogaized during the 1.n· Five-Ye{Jr Review of 1998 that Zone 
3 pumping vras not effective, mad was perhaps d etrimentm to the 
containment of seept~ge~mp3cled water in Zone 3_ ApproWJ.J to oease 
pumpiflg was gmnted in December 2000, conditioned on the instt:JI/{Jtion of 
a sentinel mon;toring well ~md the ev.atuation of other remedy 
~enhancement 3ltematives. Anemative remedy enhancements Vieffi pilot 
tested between 2003 and 2012. None h3Ve been SJJcoessful rn enhancing 
the effectiveness of the remedy for very tong. However, the hydrouflc 
frocturing test resulted in the pl3oemenl of some nevt e 'idmction wells that 
avoid the problems associated with the former pumping system_ Pumping 
from the new Zone 3 v~eils continues, albeit it 3t a ,consisteatty declining 
yield. Current groundwatel reoovery from 3/J Zone 3 pumping wells 
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combined is about 2.3 gallons per minute or about the same as a garden 
hose turned on low. 

3. Did the gtl)Ulld water remedy function as e:q>ected in the Southwest Alluvium and 
Zone 1? How well did the grolmd water remedy perform? 

The groundwater pumping remedy has achieved significant desaturotion 
of the impacted groundwater in each area. As anticipated in the June 
1988 Record of Decision (ROD) and the initial Five-year Review, and as 
substantiated in the various technical reports for the site, groundwater 
pumping h::ts reached the limits of its effectiveness. In all three 
groundwater target areas further groundwater pumping will have no 
additional, appreciable, beneficial effect on achieving cleanup goals 
beyond the natural processes that are occurring. The remedy has 
functioned as well as was expected when EPA chose it in the ROD. 

As a practical matter:. EPA expected that it would be necessary tore
evaluate the performance goals that were established in the ROD. EPA 
expected that signific:Jnt desaturation of the impacted medif:t could occur 
and that it would be necessary to change the performance goals that were 
established in the ROD. Despite the anticipated technological/imitations, 
groundwater quality in the offsite portion of Zone 1 is in compliance with 
the NRC groundwater protection standards, and the Southwest Alluvium is 
in tuff compliance with the NRC groundwater protection standards. 

The impacted media have a high natural capacity to neutralize the effects 
of tailings seepage so that in some ways the remedy performance can be 
considered to h::we been better than expected. In fact, further 
improvements in the groundwater quality in Zone 1 and the Southwest 
Alluvium will only be realized through natural geochemical processes. 

4. Is the ground water remedy perfotming as e:tpected in Zone 3? 

The remedy functioned as well as was expected v.rhen EPA chose it in the 
June 1988 Record of Decision (ROD). While the groundwater pumping 
remedy has not atroiiled all of the remediation goals that were established 
in the Record of Decision (ROD), this was anticipated in the ROD. EPA 
expected that signific:Jnt desaturation of the impacted medif:t could occur 
and that it would be necessary to change the performance goals that were 
established in the ROD. 

UNC has expended tremendous effort and resources to enhance the 
effectiveness of EPA's selected remedy tor Zone 3 as recommended in 
the ~Five-Year Re,view. IIVhile UNC's efforts have improved upon the 
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original remedial design, they too ore reaching the limit of their 
effectWeness. Migration of the Zone 3 plume has been slowed, but it w111 
only cease to migrate when certain natural hydraulic fOrces ore balooced 
by the chemical reactions that ore attenuating and restricting the 
movement of the seep;:tge-lmpocted water. At this point, continued 
downgradient migration con no longer be altered by using hydraulic 
modific:Jtions (i.e. pumping) due to the dip of the geologic strata within 
which the groundwater moves. UNC has not identified other proven, 
innovative, or emerging tecllnologies that will achieve cleanup goals in 
Zone 3 because of declining 58turoted thicknesses, the alteration of 
arkosic sandstone to ckty, encrustation; and the resultant poor formation 
yields. 

5. What does the monitoring data show? During the operation of the remedial S)-sfe.ms, 
were there any b:ends that showed contaminant levels were decreasing? 

Descriptions of contaminant trends depend on the compound considered 
and whether one is discuss.ing Zone 1, Zone 3, or the Southwest Alluvium, 
and so the annual review reports should be consulted for detailed answers 
to this question. In generol,. the trends for hazardous constituents h::td 
diminished both v.rith distance from the tol1ings disposal are::t and through 
time and reached asymptotic conditions befOre groundwater recovery 
ceased in Zone 1 and the Southwest Alluvium. The concentrations since 
pumping was terminated re,moin stable, and are the result of the natural 
cap::tcity of the formation to immobilize the h::tzardous constituents rother 
than the former pumping th.at took place. 

In Zone 3, concentrot ions o f regulated constituents hove been stable for 
several years; the limited groundwater recovery that UNC is currently able 
to accomplish is sufficient to capture seep::tge-impocted water at the 
leading edge of imp;:tcts, btit is not and wl1/ not ever be capable of 
achieving either the current NRC groundwoter protection standards or the 
EPA 's ROD standards. 

Some of the EPA-mandated constituents~f-concern, such as sulfate and 
manganese, ore controlled solely by equilibrotion with naturally occurring 
minerals in the formation that the woter moves through. As a 
consequence, the monitoring d::tto for these constituents are remarkably 
stable through time. It wos NRC's conclusion in 1996 that these 
CMstftuents ore inoppropliote for determining tho effectiveness of the 
groundwater corrective octFon program. 

6. From the General Electric Cotpora.tion•s perspective, have any of the remedial 
systems for ground water reached their limit of effectiveness? If so, p!ease explain. 
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First, let me explain the General Electric Company's (GE's) role on this 
project. In September 1997 UNC WIJS acquired by a company th.ot was in 
tum acquired by GE, and IJS a result UNC became a wholly-owned, 
indirect subsidiary of GE. GE Corporote Environmental Progroms was 
retained through a separate administroUve seNices agreement to assist 
UNC both technically and administratively with environmental iSsues at 
Church Rock. 

As to GE's perspectWe, it is clear ,th.ot the current remedy h::ts reached the 
limits of effectiveness for Zone 1 a nd the Southwest Alluvium. Moreover, 
the remedial systems have achieved v.rhat was anticipated in the ROD 
even though the ROD standards have not been achieved. Water quality 
due to tailings seepage has generally remained stable or improved since 
the cessation of pumping operations in both of these units. As 
recommended in the ~Five-Yea-r Review, UNC believes that EPA should 
complete the analysis of the n.oturol attenuation and Tl Waivers for Zone 1 
and the Southwest A/lwium and make decisions with respect to their 
acceptability in accordance with NCP procedures. 

In Zo.ne 3, the new pumping configuration which was adopted s ince the 
last five-year review has slowed the rate at which seepage-impacted wafer 
can migrate. This hilS been beneficial be~use it allowed natu·rol 
restorative processes to be more effective. Over. the past few years, UNC 
has adjusted the configuration by adding wells and removing them as 
needed to maximize hydraulic control over the seepage-impacted water. 
UNC also injected alkalinity into the seepage front to help neutrolize the 
see{>Dge-impacted water.· howeve.r, it was necess:Jry to ceiJSe ,the 
alkalinity injection because of its tendency to promote the retention of 
uroni:Um in solution. CUrrent groundwater recovery from all Zone 3 
pumping wells combined is about 2.3 gallons per minute or about the 
same as a garden hose turned on· low, and this rote is in steady decline. It 
will be necessary to change the remedial goals and/or to invoke other 
administrotive controls for the CERCLA process to attain closure and for 
the site to be transferred to the DOE for long-term stewardshiP'. 

7. Are there :any trends that show contaminant levels are increasing in the Southwest 
Allu·vium sin« shut down? Please e.'q>lain. 

There are no water quality trends, which are attributable to the seepage of 
tailings-impacted water, to indicate th.ot contaminant levels are incre::tsing 
in the Southwest Alluvium. There has been some re-eqw1ibration in the 
water quality attnbutes of some of the wells due to the system responding 
to the changed pumping conditions. 
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For example, uranium concentrations trended upwards for a couple of 
years in some wells following the pumping shut down. A~kafinity trended 
upwr.Jrds in the same wells, and it is a well-understood geochemical 
principle and a common occurrence that uranium concentrations correlate 
with ofkalinity. Naturally, UNC ond the agencies want to Know whether the 
concentration changes were the result of the cessation of pumping 
see{>Dge-impacted groundwater or something else. In this case, the 
urani:Um concentration increase had nothing at all to do with uranium in 
the tailings-seepage. In foe~ it could only be explained b.Y a natural re
eqw1ibrat ion of background uranium in a system that responded to 
changed stresses because uranium in the tal1ings seepage is Jess 
concentrated that that of the mi ne groundwater dewatering. 

Uranium concentrations in well GW~1 have continued to increase and are 
curre.ntly in the 0.3 mg/L range which is the concentrat ion that has been 
shovm to be the natural concentration that all Southwest Alluvium waters, 
including background water, are capable of approaching. This is true 
regardless of whether that concentration is approached from above the 
0.3 mg!L value (such as the background water containing up to 2 mgll of 
urani:Um), or v.rhether it is approached from below (such as the seepage
impacted water that contains much Jess than 0.3 mg/l of uranium, but 
which re-mobilizes uranium in the alluvium untl1 the 0.3 mg/L 
concentrations are potentially reached). 

The pumping never fully captured the tailings-seepage to begin with. We 
knov~ that tailings-seepage had been migrating through these particular 
wells for the duration of pumping; we know that uranium concentrations 
may be correlated vrffh alkalinity, and we know that uranium 
concentrations do not correlate as well v.rith the pumping that had taken 
place; and most importantly, we know that the upstream discharges of 
groundwater into Pipeline Canyon, v.rhich occurred from historical pumping 
to dewater ore-bearing formations were permitted to contain up to 2 ppm 
of uranium. 

This example illustrates two im-portant points. First, the question that 
should be asked is not whether contaminant levels increosed or 
decre ased after altering pumping conditions, but rather, vlhether the 
changes are attributable to tailings seepage; and second., whether those 
changes are within the range o.f concentrations that are naturally 
encountered in the background water. In the Southwest Allwium, where 
buffering capacity is quite high, there are no increasing trends that can be 
atttilmted to tailings see~X~ge and vrhich are greater than the natural 
condition. 
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8. From the General Electric Cotporation•s perspective, have any of the changes in the 
Site operatiotl$ affeded the protectivene-ss or effectiveness of the grotmd water remedy? 
Please explain. 

It is GE's perspectNe that the ces58tion of pumping has not affected 
protectiveness. The remediation remains protectNe of human health and 
the environment. The remedy functioned os we// as was expected when 
EPA chose ff in the June 1988 Record of Decision (ROD). EPA expected 
that significant de saturation of the impacted media would limit or end the 
ability to achieve improvement in groundwater quality through continued 
pumping, and that it would be neces58ry to change the performance goals 
that were established in the ROD. 

GE believes that it is the attenuative capacity of the naturol system, more 
than the pumping remedy, which has produced most of the remedial 
progress that has been observed in the Southwest Alluvium and in Zone 
1. The stable water chemistry that has occurred post-shutdown attests to 
this conclusion. 

As for Zone 3, UNC remains willing to recover seep;:tge-impocted 
groundwater untl1 it is no longer practicable to do so, and to put off-site 
administrotive controls in place. The definition of "'procticoble" should be 
based upon on ability to susroinably pump seepage-impacted water in 
sufficient quantities to mitigate seepage-migration. It appears that the 
recovery system is very close to this limit. The endpoint cannot be based 
upon the current ROD standards; those levels quite simply con never be 
achieved. 

9. How will concl\1.$ions from the Zone 3 ln-Situ Alkalinity Stabilization Study and the 
Hydraulic Fracturing Pilot Test influence the preparation of the Site-Wide Supplemental 
Feasibility Study? 

The pl1ot projects that were attempted by UNC represented some 
potentially creative enhancements to the tJVtJi!able technology; however, 
there have not been other technological advances over the past 25 years 
that change the fundamental way that the Zone 3 remediDtion can be 
viewed. UNC has not identified other proven, innovative, or emerging 
technologies that will achieve cleanup goals in Zone 3 becouse of: the 
geologic structure, declining saturoted thicknesses, the a lteration of 
arkosic StJndstone to cltJy, encrustation; and the resultant poor formation 
yields. 

UNChos done its best to comply with EPA's requirement to perlorm 
another feasibl1ity study; this has added six years to the project as we 
speak. The conclusions from the Zone 3 In-situ Alkalinity Stabl1izotion 
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Study and the Hydraulic Fracturing Pilot Test have only seNed to 
strengthen UNC's firm conviction, based upon our unde.rstanding of the 
site geochemi stry, hydrologY. and about 25 years of rem edial operations, 
that the supplemental FS wiH not change what was recognized in the ROD 
and the initial Five-year Review .. 

10. Do you hav-e any comments, suggestio ns, or recommendations regarding the projK t? 

EPA recognized as earfy as the 1988 ROD and as late as the First 5-year 
Review in 1998, that technical limitations would be r etJched with respect to 
meeting the goals that were established for the site. In the First 5-year 
review in 1998, EPA validated the technical/imitations that it anticipated in 
the ROD using the 10 years of operational data in existence at that time. 
EPA recommended that UNC begin to use other aval1able tools to fully 
close the site, such as Alternate Concentration Umits and Technical 
Impracticability Waivers. UNC embarked upon a progro.m to develop the 
EPA •s recommendations and for the next several years conducted 
appropriate investigations and reporled on its progress. Several NRC 
license amendments were adopted to advance these re-commendations. 

In the Second 5-year Review in 2003, EPA changed course with the 
recommendation that a new Feasibility Study be undertaken in place of 
the course of action that it had recommended in the First 5-year Review. 
UNC has been complying with the requirement for the fX#St several years. 
CurrentJr. two of the three FS phases have been approved. Further FS 
progress is awaiting EPA's and NRC's approval of revised lxtckground
based water quality standards. 

The fundamental technical/imitations that EPA anticipated from the ROD 
and the First 5-Year Review have not changed. When the supplemental 
FS is issued the CERCLA proce ss will have to be comp.leted using the 
available and appropriate administrative tools. UNC understands that 
EPA believes that performing a second FS is the best approach to make 
sure thDt the stakeholders are fully involved. 

The supplemental FS will not change what EPA anticipated 25 years ago 
in the ROD. As stated in Appendix A of the ROD: "'However, ope-rational 
re-sults may de-monstrate- that it is t rx:hnically imprac tical to achie-ve
all cl e-a.nup l e-ve-ls in a re-asonabl e- time- pe-riod, and & waiver to 
meeting ce-rtain contaminant~:spe-cific applicable- or r e-le-vant and 
appropriate- r e-quire-me-nts (ARARs) m ay re-quire- re-~valuation as a 
re-sult. Ope-rational r e-sults may als o dM1onstrate- significant 
de-clinf!s in pumping rate-s wi th time- due- to insufficient n atura l 
re-ch ar ge- of aquife-rs. The- probability of s ignificant r~ductions in the-
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saturated thickness of aquifers at the si te must be consid~red during 
~rlormance evaluations since much of the water underlying the 
tailings d isposal area is the result of mine water and tailings 
discharge, both of which no longer occur. In the event th1t saturated 
thicknesses cease to support pumping, rermx:lial activity would be 
discontinued or adjusted to appropriate l evels. • This is precisely whDt 
has tDken p /Dce over the nearly quarter century of performance 
monitoring; more imporlantJr. the remedy has always been and continues 
to be considered effective. The new FS v.ri/1 not change the foct that the 
orJglnot cleanup goalS connor oe mer, and rtloc warvers anct ocner 
administrative tools will hDve to be adopted before the Church Rock Mill 
can be transferred to the Department of Energy's Long-term Stewardship 
Program. 

UNC understands that USEPA may evaluate institutional controls os a 
potential supplement to the ROD, in addition to or in combinatx:m with the 
adoption of natural attenuation mechanisms, Technicallmprocticabl1ity 
Waivers or modif'red cleanup standards for the Church Rock si!e. As EPA 
is aware, UNC work.ed with the NoV:Jjo Nation from 2001 to 2003 to 
develop an institutional control plan to prevent potential exposure to 
seep;:tge-impocted water. Neither the proposed Tribal Resolurion nor the 
environmental right-of-way that was developed has been formally 
responded to since they were first proposed more than 10 years ago. 
Civcn that it kJ unrca.lhtic to conaidcr the background groundwater aa o 
viable source of water for human and/or animal consumption ;;t present or 
in the future, UNC continues to believe administrative controls should be 
considered as part of the final remedy. For its part, UNC has 
demonstrated its willingness over the past 15 years to work. cooperatively 
with all parties to fOrge on outcome that benefits Joc:J/ residents. This has 
included an offer made more than 10 years ago to provide tor an 
affemative water source to nearby residents should they not h:we access 
to viable supplies either for stock watering or domestic consumption 
bec:Juse of the noturo/Jy poor water quality in the region. UNC believes 
that these discussions should be re-invigorated. 

Thank you tor allowing us to share our perspective during this fourth 5-
year review. 

s 
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  2013 United ;\uclea r Corpo1-ation (UNC) Fh ·e-Year Re,i ew 
Intel"\i e·w Questions 

Dote: May 13, 2013 

Iruta,.iewer: Earle Di~on, Environmental Scientist, New Mexico EnvU:onment 
Depat1lnent (GWQB) 

Pe rson or Entity Inta,.-iewed: U.S. Department of Energy, Office of Legacy 
M'anagement 

NOTE: U.S. Department o f Energy (DOE) responses apply to activities associated '\\.;.th 
the grOUDdwaler opm~!e >mil at the IJoited Nuclear Coi]>Oration (\.JNC) Supe1flm<l Site. 
Although DOE is ctUTently involved in a design wod; group which is reviewing 
documents for a proposed reposi tory anticipated to contain mine waste at the UNC 
Superfund S ite, responses do not petta.in to this effort. 

1. 'What is the U.S. Department of EnErgy's (DOE•s) role on this project? 

DOE will have a fuhlre ro!e at the Cbtach Rock Ur ani\Wl Mill Tailings Radiation 
Conb:ol Act (UMTRCA) Title D S ite which shares ih location with the UriC 
Supertimd Site regulated by the U.S. Environmental ProtKtion Agency (EPA) . It is 
anticipated that DOE 'viU become gene ral lice.ns.H to the U.S. N uclear Commission 
(NRC) for the Chwoch Rock site. After si te bansfet·, DOE will perform long-term 
sw:veillance and maintenance (LTS&M) activi ties at the Chwoch Rock site under 
l.iMIRCA and in a<« >r<ian« with 10 CI'R. 40.2$. 

2. 'What is the DOE 's overall impt-e-ssion of the grcnmd water remediation effort at 
the Site? 

Active groun<h•oater b-eatment activities have removed contaminated groun<h-oater 
from the aquifa·, reducing the mass of -contaminants in the aquifer and the volume o f 
contaminated ground\vater. Remediation efforts have generally not controlled the 
migration of the Zone 3 sandstone plume. DO E recognizes that acti\-e b-eatment is 
hampered by reduced sahlration and !ow yields. A GEIUNC flow model which 
accompanied a license amendment to e stablish background thJ:eshold values at the 
Church Rock U1fTRCA Title D Si te aho showed that contaminated p :oundwater is 
expected to b·avel at lern 1,500 feet within the oext l ) yean, .md wiD rome within 
approximately 500 - 600 feet of the site boundary. DOE believes it is plausible that 
the groundwater plwne will cross this bound.aty, mip ating of&ite, before dissipation 
of contamination occur:s. 

3. From the DOE•s pe.rspKtive, what e ffeds have Site ope~.atiom had on the 
swro\Ulding community? 

20·13 UNC FYR lrt:eMe--lo' OUeottono-·OOE 1 
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AMb.ougb DOE ha,s had .limited contact 'l\!]jh the sun'O'lllJdi.m..:g com:m.unity, our 
~erience art' o~e:r site.s has shov.'l!l. tb.ail:' :re:s:i:dems: are \~ery concemed about the quality 
of their chmk:ing water md poreittiJJI inl,.Dacts from s:rte o,perati.ons. 

4. Is the DOE a'l\raJre of ;my coml!l!ltmity comcems regadmg the Site or its operation 
and admillls t:J:atioJ!l'? lf s.o, please gn-e d.etnls:. 

P .ea.se see pre'!.-ious response_ 

5. Ha\·e there bee!i routine ·colllmlllricaticms o:r a.cti\.-m.es (e.g., site \oi.sits., in.spe.ctions, 
report:ieg acti,ities, etc.) conducted by the DOE reg<!.!rding ilhe Site? Ifs:o. please 
describe pmpor..e and resuh5. 

DOE is im:r,.-ited by NRC md EPA to attend annt~~al meeting::; and to parti.cipa!te in 
periodic teleconfe:rences u!jtb GE/U:NC, arull odler stakeiM:,kfe:r agencies, to gain an 
understanding of groundwater actirvitie:s ;md compliance issues in anti.cipartion .of 
<~~ssum:ing L TS&M :res:pom..s:tibility for the Church :Rock UMTRCA Title ll Srte. DOE. 
periodically attends site "\o-:isit; with r-egulatmy agencies iincl111d!i:mg NRC, EPA ;md the 
N~· :lt.lexico :Em.i.ro:nme:nt Dep<!.!rtmei!.t. DOE. lis: not im-oh·ed with oompli..ance 
activitie:; stre:h <~~s site inspections~ re:pmting ae:ti'ti.ti~, etc.. a.s the De,parrtmem is mot' 
·yei geJJ.el'2!1 .liceruee to ~C. HOViever, DOE recently cond111cted a r-eview of an 
lJl\1TR..CA.-n!b ted license ame:ndme.m app "cation submitted by the ew:re:nt licensee 
(GE/ UNQ to NRC to establish backgrotmd tb:res:ho d levels. 

6. Is the ground water remedy prQgressing in acoor.dan.ce "V~o-ith the DOE's 
expectations or :requirements fo.- th.e Site? l'leas.e explain. 

DOE d.oes not ha:17e the regubtory audtoriity nor ha\·e we e\-aluated the progress of tile 
groundwa.ter remedy :related to this: project DOE' s: ro.e is to pe:r:fonn L TS&M at the 
Church Rock UMTRCA Title TI Disposal Site in acconlmc.e with 10 CPR 4028 after 
beco:m.ing the generallic:e:nsee_ The Cbw:-ch Rock site willlleed. to achteve 
groundwater compliance p1io:r to site ttr;msfer, and i:b.eiEfo:re ae:ti\·e groundwater 
:remediatiQn """jg :not be requir,ed to maiouim. compban..ce. 
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  7. h the DOE aware of opportunities to optimize the operation, maintenance, or 
sat11pling efforts at the Si te? 

At this time, DOE is not aware of opportunities at this Site. 

S. From DO E's perspective, have any of the changes in Site operations had an affect 
on the protectiveness or effectiveness of the ground water remedy? Please 
explain. 

DOE has bew generally aware of the progression o f GEIUNC efforts to remediate 
site groundwater over time, although remediation strategies have generally been 
ineffective in containing the Zone 3 sandstone groundwater plume.. However, there 
appear to be no complete e..~sure pathways to contam.inated groundwater at this 
time. 

9. Have there been any changes in DOE standards since the time the remedial 
approach was delineated which may call into question the protKtiveness or 
effectiveness of the ground water remedy? 

No. Groundwater standards listed in 10 CFR 40 apply to the Chlll<h Rook UM'IRCA 
TiHe ll Site where DOE 'viU perfomt LTS&M:. Under U?.H RCA, and as general 
licensee to NRC, DOE will be required to comply with these stand.:u:ds. Standards 
were promulgated by EPA as required by UMTRCA of 1978. 

10. Does the DOE feel weD infonned about the S ite•s ground water cleanup adivities 
and progress? 

DOE commends and appreciates efforts shcmrn to-date by site regulators to provide 
the Department 'vith opportunities to become infonned about the Site's groundwater 
d eanup activities and progress. 

11. Does the DOE have any commenh, suggestions, or reconunendations regarding 
the Site •s management or operation? 

DOE does not have suggestions regarding the Site•s management and operation at 
this time. 
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2013 United Nuclear Corporation (UNC) Five-Year Review 

Interview Questions - NNEP A Superfund 

Date: __ May 3, 2013 ___ _ 

Interviewer: ____ Earle Dixon, New Mexico Environment Department ____ _ 

Person or Entity Interviewed: Eugene Esplain. Navajo Nation EPA 
Superfund. He Started on UNC project in 2009 after Diane Malone. Eugene is the 
Project Manager-Contact Person, health physicist for NNEPA on the UNC Site __ 

1. What is Navajo Nation EPA Superfund's overall impression of the project? 
(general sentiment). 

It is complex project with a lot of changes that are happening. The changes have to 
occur, and the company (UN C) has to react to the changes. The project has a very slow 
pace (Mr. Esplain also talks about the UNC project relationship to the Northeast Church 
Rock-NECR Mine cleanup project). Water volume is so small in Zone 3, 2 gpm-hard to 
understand and get too concemed compared to the NECR project. Zone 3 has most of the 
focus compared to Zone 1 and the Southwest Alluvium. Seems more concem has shifted 
to use of the UNC Site for mine waste disposal than the ground water issue. 

2. What is the Navajo Nation role in this project? 

Make sure that all parties do what they are supposed to do. We help review documents 
and activities and write comments. We help people understand the activities of the 
project. One in pmticular is the issue and siting of a water supply well offered by UNC
GE. It is a challenge to explain and understand the UNC NPL groundwater issue and the 
NECR Mine cleanup project. The risk to gTOundwater exposure is low, but the risk to 
people from soil exposure is greater so that has been the priority. Need to address surface 
risk and address the complex groundwater issue later which will take more time and more 
studies. 

3. From the Navajo Nation EPA, what effects have site operations had on the 
surrounding community? 

EPA Superfund program has tried to help Navajo Nation leadership, President Shelly and 
his staff, understand the site issues relative to the NECR Mine cleanup process and the 
UNC groundwater remediation issue. Most of the community impacts have been the 
inconvenience of all the surface work and plam1ing for the mine cleanup. The cmmnunity 
needs to be given education sessions to understand the groundwater issues and give them 
a chance to ask questions. The sessions would be conducted on a one-on-one, family 
basis at their convenience. Mr. Dixon concuned with Mr. Esplain and indicated that he 
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and Ms. Janet Brooks, the EPA UNC Project Manager head the same thing from the Red 
Water Pond Road Community Association when they met with them during the Uranium 
Contamination Stakeholder Workshop in Gallup, NM on April1 6, 2013. 

4. Is Navajo Nation EPA aware of any community concerns regarding the site or its 
operation and administration? If so, please give details. 

NNEP A has become aware of community concems tlu·ough all the various public 
meetings primarily on the NECR Mine Site cleanup. Residents will confide in NNEPA 
about their concems at meetings or in separate communications with NNEPA staff. 
Residents are struggling to understand the roles of the various agencies pmticularly the 
two EPA Regions, the NRC, and now the DOE has come onto the scene. There are also 
concems about the state lands in the area and how they fit into the future land use plans 
for the area. 

5. Have there been any complaints, violations, or other incidents related to the Site 
that required a response by Navajo Nation EPA? If so, please describe the 
events and the results of the responses. 

No, no events come to mind. Only damaged fencing comes to mind, but UNC responds 
to that. UNC has mentioned fencing that was cut for livestock grazing some years ago, 
and had to be repaired. 

Pipeline Road drainage in the UNC Mill Site area is a major concem and problem during 
and after stonn events that causes problems for the local residents. They have voiced 
concems about the drainage to NNEP A. 

6. Have there been routine communications or activities (e.g., site visits, inspections, 
reporting activities, etc.) conducted by Navajo Nation EPA regarding the site? If 
so, please describe purpose and results. 

The routine communication tlu·ough regular meetings and tours of the NECR Mine Site 
provide opportunities to leam more about the UNC Mill Site. Mr. Esplain notes there are 
not many meetings just for the UNC groundwater issue. NNEP A would like to 
understand more about the remedial activities that have taken place for the Zone 3 plume 
especially the ground water flow model and the need for verification and sentinel wells. 

7. Is the ground water r emedy progressing in accordance with Navajo Nation 
EPA's expectations for the site? Please explain. 

NNEP A understands that the groundwater remedy is ve1y time consuming and various 
attempts have been made to enhance the remediation progress. Navajo understands that 
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the mine dewatering created most of the groundwater problem along with the tailings 
seepage. The m inerals in the groundwater were there originally so it is hard to remove all 
the contaminants down to levels of zero. The technology should focus on getting levels 
to as low as possible and stopping the flow of groundwater. 

8. From Navajo Nation EPA's perspective, have any of the changes in site 
operations had an affect on the protectiveness or effectiveness of the ground 
water remedy? Please explain. 

No, the site groundwater issues seem to have defaulted to a situation of Monitored 
Natural Attenuation or MNA for remediation of the contaminants. NNEPA wants to 
understand more about the subject of natural attenuation and how it applies to the 
contaminants at the UNC Site. 

9. Does Navajo Nation EPA feel well informed about the site's activities and 
progress? 

Only NMED provides regular and explanatory updates for the UNC groundwater issue. 
NNEPA feels adequately infonned but would like to hear more from UNC, EPA, NRC, 
and eventually DOE. 

10. Does Navajo Nation EPA have any comments, suggestions, or recommendations 
regarding the site's management or operation? 

The highest priority recormnendation would be that community outreach-education 
session-workshops have to be conducted for the community to understand the 
groundwater issues at the UNC Site. 

NNEPA wants to leam more and receive a tour on the history of groundwater monitoring 
and remediation at the site especially for Zone 3 and the ground water flow model 
verification-sentinel wells. 

NNEP A would like to leam more about the groundwater conditions going west toward 
Quivira and the um1amed drainage, where the hydrogeology is less well known. Mr. 
Esplain wants to know if there is enough groundwater in this area to support a 
conun unity garden that residents have expressed support for at various public meetings. 
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2013 United Nuclear Corporation (UNC) Five-Year Review 
 Interview Questions For Local Residents 

 
Date:  __April 16, 2013____________ 
 
Interviewer: ____Earle Dixon, NMED and Janet Brooks, EPA_____________________ 
_______________________________________________________________________ 
 
Person or Entity Interviewed: Red Water Pond Road Community Association, Members of 
Coyote Canyon Chapter of Navajo Nation & Larry King, local resident living downstream of 
UNC Mill Site_______________________________________________ 
 
 
1.  What is your overall impression of the project? (general sentiment)  
 
Most residents do not have any knowledge of the groundwater contamination issue at the UNC 
Mill Site and cannot provide an impression of the project.  Their primary concern has focused on 
the Northeast Church Rock (NECR) Mine Site surface soil cleanup and they know that the 
proposed alternative is to dispose of the radioactive soil at the UNC Site.  Residents expressed 
how educational sessions will be necessary for them to gain knowledge about the UNC 
groundwater issues before they can have an opinion and provide any feedback.  The requested 
educational sessions will have to consider the education level of residents which is not technical 
enough to read and understand the UNC Annual Review Reports and the complex technical and 
regulatory history of the site. 
 
 
2.  What effects have site operations had on the surrounding community?  
 
Residents expressed that the location of the tailings disposal ponds have the drainage of the 
Pipeline Arroyo system to change and storm water runoff backs up and floods during major 
storm events.  The flooding can extend as far as Red Water Pond Road.  Residents are concerned 
about the track out of NECR radioactive soil on vehicles during storm events that flood Red 
Water Pond Road.  The intersection of State Highway 566 and the Pipeline Road cattle guard 
needs to be cleaned out and maintained on a more regular basis to provide more positive 
drainage and minimize flooding.  Residents also voiced complaints about the telephone pole 
located on UNC Mill Site property that carries their internet connection is inside a locked gate 
that the Sacred Wind internet provider cannot access when their internet connection is having 
difficulties or not operating. 
 
 
3.  Are you aware of any communities’ concerns regarding the site or its operation and 

administration? If so, please give details.  
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Residents expressed that communities along the Puerco River drainage from the UNC Mill Site 
and into the Navajo Nation Chapters past the New Mexico state line and into Arizona still have 
health concerns over the 1979 tailings spill.  Larry King expressed the need for Chapter meetings 
along the Puerco River to discuss health concerns from the 1979 spill with local residents 
(chapters include Manuelito, Lupton, Sanders, Houck and Chambers).  Residents note that there 
is lots of dried vegetation along the Puerco River, and they wonder whether it is safe or not to 
have plants come back-are they contaminated from the 1979 spill. 
 
 
4.  Are you aware of any events, incidents, or activities at the Site such as vandalism, 

trespassing, or emergency responses from local authorities?  If so, please give details. 
 
Residents described how street signs have been vandalized or stolen because they are loosely 
attached to the pole.  The Kerr McGee Mine Sign was taken down.  Rebecca Nakai’s hogan 
burned down recently before local emergency responders could arrive.  
 
 
5.  Do you feel well informed about the Site’s activities and progress? 
 
All the residents gave a resounding, “NO” in agreement.  They do not know about the UNC Mill 
Site groundwater issues and they want to know more, but as indicated above they want 
educational sessions geared to their level. 
 
 
6.  Do you have any comments, suggestions or recommendations regarding the Site’s 

management or operation? 
 
The residents expressed their concern about the liner issue related to the NECR proposed mine 
soil disposal at the UNC tailings disposal ponds.  They wanted know why the EPA wasn’t 
proposing to have 2 liners on top of the tailings ponds one of which is clay to prevent more 
contamination of groundwater.  Earle Dixon and Janet Brooks tried to explain the groundwater 
situation relative to the liner issue for the NECR Mine soil disposal proposal.  The discussion 
came back to the need for educational sessions with the community to give them a chance to 
understand and ask questions about the UNC Site groundwater contamination. 
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2013 United Nuclear Corporation (UNC) Five-Year Review 
Interview Questions 

 
Date:  _July 1, 2013             
 
Interviewer:       Earle Dixon, New Mexico Environmental Department_(NMED  is the 
Support agency to the U.S. Environmental Protection Agency -  Region 6)_           
 
Person or Entity Interviewed: 
 
      Yolande Norman, Project Manager, U.S. Nuclear 
 

Regulatory Commission, Mail Stop T8-F5, Washington D.C. 20555-0001 
 

1.   What is the U.S. Nuclear Regulatory Commission’s (NRC’s) role on this project? 
 
Between 1974 and June 1986, the UNC Church Rock Mill site was under the 
jurisdiction of New Mexico that derived its regulatory authority from the Atomic 
Energy Commission (AEC) Agreement State Program. The AEC is the precursors to 
the U.S. Nuclear Regulatory Commission (NRC). Regulatory authority for 
uranium mill and uranium recovery sites, including the UNC Church Rock Mill Site was 
returned to the NRC at the request of the Governor of New Mexico.  In June 
1986, the NRC issued a source material license – SUA-1475 to United Nuclear 
Corporation (UNC). The licensee (i.e. UNC) must comply with stipulated license 
conditions, which include groundwater quality standards for all three water bearing 
zones; (i) Southwest Alluvium, (ii) Zone 1, (iii) and Zone 3. 
 

2.   What is the NRC’s overall impression of the ground water remediation effort at 
the Site? 

 
UNC has made a valiant effort  to continually characterize and perform remedial actions 
within the three-water bearing zones (i.e. Southwest Alluvium, Zone 1, and Zone 3) using 
the best available technology. Currently a small scale groundwater extraction system 
operates on-site. However, this and any other active groundwater remediation technology 
is challenged by the low rate of recharge. Groundwater remediation has effectively 
reduced the overall mass of constituents in each of the water-bearing zones. The project 
manager, Ms. Norman is of the opinion that the remediation effort is fast approaching 
the threshold of technical impracticability. 

 

3.   From the NRC’s perspective, what effects have Site operations had on the 
surrounding community? 

 

There has not been any quantitative adverse affects to the local community resulting from 
Site Operations. This is a sparsely populated area with a few regulated drinking water 
wells in the vicinity of the Site. There have been no impacts to 
drinking water sources off-site. Also, in accordance with their license condition, 
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UNC continue to provide Annual Land Use Reports, documenting land use activities 
and significant events within a 2 mile radius of the UNC Church Rock Mill site.  In 
addition, UNC submit their Annual As Low as Reasonable Achievable (ALARA) Audits 
that describe their radiological monitoring programs and efforts to maintain exposure to 
radiation as far below the dose limits consistent with the purpose for its licensed activity, 
taking into account the wider socio-economic benefits and the benefits in relation to 
public health and safety. 
 
Since the last 5-year review the significant event in the vicinity of the UNC Church Rock 
Mill Site has been the interim soil removal action in nearby communities by the EPA-
Region9.  This activity is related to the Northeast Church Rock Mine site that is under 
the jurisdiction of EPA Region 9. 
 

4.   Is the NRC aware of any community concerns regarding the Site or its operation 
and administration?  If so, please give details. 

 
The overarching concern of the community is the potential for the transfer of legacy mine 
waste from the Northeast Church Rock to the UNC Church Rock Mill Site. Of concern is 
whether the additional weight of the mine waste will cause consolidation within the 
tailings impoundment exacerbating groundwater conditions and whether the 
groundwater plume will expand. 
 
The community has also expressed displeasure in the slow pace of the remediation 
efforts and their desire that the groundwater be returned to pristine conditions. 
 

5.   Have there been any complaints, violations, or other incidents related to the Site that 
required a response by the NRC?  If so, please describe the events and results of the 
responses. 

 
No violations to the license were noted during the NRC’s past two site inspections 
conducted in 2009 and 2011. 
 

6.   Have there been routine communications or activities (e.g., site visits, inspections, 
reporting activities, etc.) conducted by the NRC regarding the Site?  If so, please 
describe purpose and results. 

 
Since the previous five-year review, the NRC Region IV inspectors performed biennial 
inspections in May 2009 and August 2011.  These inspections were performed to 
determine if activities at the UNC Church Rock Mill site complies with the NRC’s rules 
and regulations and the stipulated conditions of the NRC license.  The inspectors 
determined that UNC/GE was conducting site activities in accordance with the NRC’s 
regulatory and license requirements.  The NRC has also conducted site visits in 2009, 
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2010, and 2011. The next biennial inspection of the UNC Church Rock Mill Site will 
occur in mid- to late-2013. 
 

In December 2012, the NRC proposed minor administrative revisions to the existing 
Memorandum of Understand and these changes were accepted by the EPA in March 2013. In 
October 2012, the NRC began providing quarterly progress report to the EPA on the status of 
the UNC Church Rock Mill site remediation effort to achieve groundwater protection 
standards.  
7. Is the ground water remedy progressing in accordance with the NRC’s expectations for the Site? 
Please explain.  
 
The remediation of groundwater is typically not a simple effort and the difficulties of such an 
effort are exemplified by the UNC Church Rock Mill site due to hydrogeologic and 
geochemical complexities, past industry practices, and, scant environmental and regulatory 
requirements in the past.  
The groundwater extraction effort in Zone 3 continues to provide diminishing extraction rates 
resulting in reduced hydraulic control of the plume due to the elevation of the water table being 
controlled by the dipping bedrock surface at the extraction locations. The NW-series extraction 
wells located north of monitoring well NBL-1 have provided containment of the seepage 
impacted water in Section 36. Sodium bicarbonate injection began in well IW A during April of 
2011, but injection rates progressively declined and the injection of sodium bicarbonate was 
terminated in June 2011. The groundwater remedial efforts have been significant in Zone 3, 
but progress has been slower than initially anticipated.  
Groundwater data continues to be analyzed in the Southwest Alluvium to monitor the 
effectiveness of natural attenuation. The results of the natural attenuation testing continue to 
be promising and are progressing within the NRCs expectations.  
Groundwater extraction was discontinued for Zone 1in 1999 due to steadily declining 
productivity of groundwater extraction rates over the 15 year effort that began in 1984. 
Historically the groundwater flow was approximately eastward due to mounding and recharge 
that occurred from the borrow pits and the alluvium to the west. Dewatering of Burrow Pit 
Number 2 and termination of mine effluent discharged into Pipeline Arroyo has reduced the 
groundwater mound and changed the groundwater flow direction to follow the northerly dip of 
the Zone 1 sandstone.  
Overall, the NRC believes that the remedial effort is progressing as expected based on the 
stable to reducing concentrations observed in each water-bearing zone.  
8. Is the NRC aware of opportunities to optimize the operation, maintenance, or sampling efforts at 
the Site?  
 
Optimization is always an ongoing effort during groundwater remedial efforts and 
UNC/GE continues to optimize all aspects of their efforts as the corrective action 
progresses. The NRC is not aware of any other opportunities to optimize the 
corrective action efforts.  
9. From NRC’s perspective, have any of the changes in Site operations had an affect on the 
protectiveness or effectiveness of the ground water remedy? Please explain.  
 
No changes at the Site have affected the protectiveness of the remedy.  
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10. Have there been any changes in NRC standards since the time the remedial approach was 
delineated which may call into question the protectiveness or effectiveness of the ground water 
remedy?  
 
No. There have not been any changes to the NRC groundwater protection standards, but 
changes to the background values used for site specific standards have been modified in the 
past, as mentioned in the 2008 five-year review interview. In December 2008, UNC submitted a 
license amendment request to; apply alternate concentration limits in Zone 1 of the Lower 
Gallup Sandstone, reduce the sampling frequency for the entire compliance groundwater 
monitoring network and, designate the point-of-exposure as off-site using two point-of-
compliance wells in Section 1. In April 2009, the NRC placed this amendment request in 
abeyance pending the completion and submittal of the Site Wide Supplemental Feasibility 
Study requested by the EPA-Region 6.  
In April 2012, UNC submitted a license amendment request supplemented by a groundwater 
flow model in October/November 2012, to update some of the current site specific groundwater 
protection standards by applying background threshold values to three water bearing zones. 
This license amendment request is currently under review by the NRC. The NRC evaluates 
each request based on its technical merits and potential health effects and environmental 
impact before granting the amendment.  
11. What is the status of the NRC license for the Site?  
 
The NRC license is active, and there are a number of conditions that UNC must meet, which 
includes groundwater protection standards. The UNC license is in good standing and UNC 
continues to maintain the annual update to their financial surety.  
12. Does the NRC feel well informed about the Site’s ground water cleanup activities and progress?  
 

The NRC believes that it has been well informed regarding the Site’s groundwater cleanup 
activities and progress. The Site is inspected every two years and the NRC is kept apprise of the 
groundwater monitoring program via annual and semiannual reports that are prepared to 
encompass all sampling results, site activities, and future recommendations to optimize the 
ongoing corrective actions. In addition the NRC staff meets with the stakeholders including (i.e. 
EPA – Region 6, EPA Region 9, UNC, New Mexico Environmental Department (NMED), 
Department of Energy – Office of Legacy Management (DOE-LM), Navajo Nation EPA 
(NNEPA)] via teleconferencing on a regular basis and face-to-face on an annual basis for 
technical discussions to assess the status of the groundwater remediation effort.  
13. Does the NRC have any comments, suggestions, or recommendations regarding the Site’s 
management or operation?  
 
The NRC believes that UNC has made a good faith effort to progressively conduct 
decommissioning activities. It is anticipated that of the three water-bearing zones, Zone 3 
remediation effort will continue to remain a challenge, which could be further complicated if it 
is ascertained that the groundwater contaminant plume has migrated off-site beyond UNC’s 
private property.  
The complexity of fulfilling the requirements of State, Tribal, and Federal agencies to ensure 
that all requirements are satisfied prior to license transfer to the long-term care custodian will 
require continued interagency discussions among the NRC, the DOE-LM, EPA-Region 6, EPA 
– Region 9, NNEPA and, NMED.  
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On a long-term basis UNC and all the regulatory stakeholders will need to enhance its 
community relations with the local community and the Navajo Nation in seeking creative 
solutions to address final groundwater conditions after the remediation effort has been 
exhausted (e.g. exploring conventional and unconventional methods of institutional controls).   
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ATTACHMENT 7 

 
SUMMARY OF THE THIRD (2008) UNC FIVE YEAR REVIEW  

ISSUES AND RECOMMENDATIONS 
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Summary of the Third (2008) UNC FYR Issues and Recommendations 
 

 Issue Recommendation 

1 
Ground Water remedy in ROD not able to attain 
clean up levels due to insufficient saturation for 
pumping. 

Complete SWSFS to:  develop remedial alternatives; 
provide support for waiving ARARS due to technical 
impracticability;  document the appropriateness of 
adopting the NRC revisions to the License ground 
water protection standards, and monitoring program 
by identifying or updating COCs, preliminary clean up 
levels, including background water quality 
estimations, and performance monitoring 
requirements in support of future EPA decision 
making.  The SWSFS to also include a screening-level 
reassessment of risk, based on more recent 
toxicological information. 

2 
Tailings seepage in Zone 3 cannot be controlled 
hydraulically allowing for seepage to migrate 
northward toward Navajo Reservation. 

In interim, prior to completion of SWSFS, continue 
effort to minimize advancement of the Zone 3 
seepage-impacted water northward and extract 
contaminated ground water to the maximum extent 
practicable by installing and operating additional 
extraction wells at the leading edge of the seepage-
impacted front. 

3 

Uranium concentrations in the Southwest Alluvium 
less than the clean up level of 5 mg/L, but are greater 
than the new MCL of 0.03 mg/L, UNC contended that 
uranium concentrations in background water (post-
mining/pre-tailings) were greater than the 0.03 
mg/L. 

As part of SWSFS, determine post-mining/ pre-
tailings background concentrations of uranium for 
comparison to the seepage-impacted uranium levels 
and assess whether uranium concentrations can 
further be reduced in the Southwest Alluvium. 

4 
It was unresolved whether or not extraction wells 
were effective at reducing uranium concentrations in 
the Southwest Alluvium. 

Reassess the effectiveness of the Southwest Alluvium 
extraction wells to improve ground water quality 
with respect to uranium. 

5 
Specific COCs or clean up levels were not clearly 
provided in the ROD.  SWSFS needs to include COCs, 
RAOs, and preliminary clean up levels.  

As part of SWSFS, identify COCs, RAOs, and 
preliminary clean up levels and codify in a decision 
document. 

6 
Some contaminants are consistently below clean up 
levels.  COCs and clean up levels need to be 
evaluated. 

After the COCs and clean up levels are modified in 
EPA decision-making, the ground water monitoring 
program should be updated to ensure that it is 
consistent with the revised COCs and clean up levels, 
and at the appropriate well locations and aquifers. 

7 

NRC has revised UNC’s license regarding COCs and 
the monitoring program. EPA has not revised the 
selected remedy or clean up levels in a decision 
document.  Consistency, where appropriate, should 
be achieved. 

Update EPA requirements in a decision document as 
appropriate to be consistent with NRC License 
requirements. 

8 
Agreement between EPA and NNEPA has not been 
achieved regarding the use of ICs as a component of 
remedial alternatives in the SWSFS. 

A renewed effort should be made to establish ICs 
that will restrict the use of contaminated ground 
water on Navajo, Tribal Trust and Indian Allotment 
lands. 

9 
UNC has performed a TI evaluation and 
recommended that EPA invoke a TI waiver of the 
sulfate, TDS standards (as well as manganese).  Data 

As part of the SWSFS, include an evaluation of 
remedial technologies and process options to 
achieve the clean up levels for sulfate and TDS, or 
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Summary of the Third (2008) UNC FYR Issues and Recommendations 
 

 Issue Recommendation 
supports the theory that that gypsum and anhydrite 
equilibrium controls sulfate and TDS concentrations 
and concentrations of these analytes will remain 
above clean up levels as long as the Southwest 
Alluvium and Zone 1 are saturated. 

provide a basis for EPA to invoke a waiver of those 
standards for sulfate and TDS due to TI. 

10 
EPA acknowledged that any significant change to 
background estimations could impact the remedial 
action in each aquifer. 

As part of the SWSFS, complete the reassessment of 
post-mining/pre-tailings background water quality 
based on ground water monitoring data. 

11 

The local community is not fully informed regarding 
the nature of the ground water contamination, the 
performance of the remedy, and likely future actions 
necessary to ensure protectiveness. 

Increase effort to share information with community 
regarding the ground water remedy. 

12 There is a lack of schedule for completing the SWSFS. Develop a schedule for completion of the SWSFS. 
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TABLE 15 FROM THE SITE WIDE SUPPLEMENTAL FEASIBILITY STUDY
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Standards Used for 3rd 5-Year Review 

TABLE IS 
Contaminant-Specific Groundwater Cleanup Levels and Other Comparison Values 

United Nuclear Corporation, Church Rock Site 
Church Rock, New Mexico 

NRC Source Standa1·d Compared to In 2010 
Source (September 2008, Table 3-l) a nd ROO (Septembe•· 1988) Materia ls Potential ARARs Annual Review Cun·ent Health-Based C r iteria(+) 

Maximum License NRC New Me:dco 
New Mexico WQCC Concentration Limit Background Compliance Ai>pendix WQCC 

Contamina nt Sta ndards Health-based (MCL) Level Stand ards List• Standards 
Sulfate 2 160 2125*** 
Total Dissolved Soli <L~ 3170 4800*** 
N03 asN 30 190*** 
Manganese 2.6 0.2 
C hloride 250 250 

Aluminum 5 5 
i\ntimonv 0.014 
Arsenic 0.05 0.05 0.05 0.1 
H~uimn I I 1 1 
Beryllium 0.017 0.05 
Cadmimn 0.0 1 0.01 0.01 0.0 1 0.01 
Ctu·omium 0.05 0.05 0.05 0.05 
Cobalt 0.05 0.05 
Co > >cr I 1 
I ron 5.5 1 
Lead 0.05 0.05 0.05 0.05 0.05 
Merctuy 0.002 0.002 0.002 0.002 
Molybdenum I I 
Nickel 0.2 0.05 0.2 
Selenium O.QI O.QI 0.0 1 0.05 
Silver 0.05 0.05 0.05 0.05 
Thallium 0.014 
Vanadium 0 .7 0.1 
Zinc 10 10 
TTHMs**** 0.08 0.1 

Uranium 5 0.3 0.03 
Radiwn 226 and 228 5p_Cifl ***** 5pS::ill 30pS::ill 
Lead-210 I pCi/1 
Thorium-230 15 J>Ci/ l 5pCi/L 
Gross Alpha 15 pCi/1 15 pCi/1 15 pCi/1 

Notes: 
Units a mg!L ur~ess otherwise noted 

Yellow cells • constituents not analyzed si nce site active remediation start<Xi in 1989, per EPA FS (August 1988) and ROO (September 1988) 
* I 0 CFR Appendix A to Prut 40 
** "Othe1" includes non-:wro Maximum Contaminant Level Goals (MCLG) or Treatment Tcclmology Action Levels (TT) 

0 
0 
I 

HH 
HH 

HH 
HH 

I 
0 
0 

HH 
HH 

I 
I 

HH 
HH 

0 
HH 

HH 
HH 

••• New Mexico Enviromnent Department reconunendoo background values (letter to EPA of Januruy 6, 1998); EPA has not fonn ally adopted these revision~ 
•••• TTHMs (total tiihalomethanes) include chlorofonn; TTHMs MCL = 0.08 mg/L; in addition, chlorofonn has an MCLG = 0.07 mg/L 

EPA DJ"inklnaWatcr 

MCL Other •• 

10 

0.006 
0.01 

2 
0.004 
0.005 

0.1 

1.3 MCLG& TT 

0.015 MCLG& TT 
0.002 

0.05 

0.002 MCLG - 0.0005 

0.08 MCLG- 0.07**** 

0.03 
5p_Cill 

15 pCi/1 

***"* Combined mdium NRC Site Groundwater Protection Standards are 5.0 pCi/L for Zone 3; 5.2 pCi!L for Southwest Alluvium (background); and 9.4 pCi!L for Zon e I (backgrotutd) 

Health-Based 
EPA NRC C riterion Source 

2125··· 
4800"** 
190$** 10 MCL 

2.6 088 RSL 
250 

5 37 RSL 
0.006 MCL 

0.05 0.05 0.01 MCL 
2 MCL 

0.017 0.05 0.004 MCL 
0.01 0.01 0.005 MCL 

0. 1 MCL 
0.05 0.011 RSL 

1.3 MCL,(++l 
26 RSL 

005 0.05 0.015 MCL(++) 
0.002 MCL 

I 0. 18 RSL 
0 .2 0.05 0.73 RSL 
0.01 0.01 0.05 MCL 

0 18 RSL 
0.002 MCL 

0.7 0.1 0.18 RSL 
II RSL 

0.08 0.08 MCL 

5 0.3 0.03 MCL 
5_ p_Cifl ***** 5_p_Cill MCL 

I pCi/1 0.0601 pCi/L PRO 
5pCill 0.581 pCill PRO 

15 >Ci/1 15pCi/l 15 >Ci/1 MCL 

.___. .......... _...,"Comp:uison Val ues" column in N.A. \Vater Systems 

report (2008b): Calculation o f Background Statistics 
with Comprui son Values (al.so see Appendix B 
Tables 7. 8, rutd 9 in the resent re 011 

(+)Sources ofhcalt h-b~t>oo criteria include the Novernber2010 EPA Regional Screening Level (RSL) Summary Table (tapwater RSLs) and August 2010 EPA Prelimi nary Remediation Goals for Radionuclides (PROs) (resident tapwater PROs). 
conta minants with federal MCLs, the MCL is shown as the health-based screeni ng level , pe r January 25, 2008 letter from EPA to UNC (General Corrunent5). 

For those 

( ++) Lead and copper are regulated by a Treatment Technique tl1at requires systems to conh·ol tl1e COJTosiveness of tl1eir water. If more than 10% of tap water samples exceed the action level, water systems mu.~t take additiona.l steps. For oopper, 
tlte action level is 1.3 mg/L, rutd for lead is 0 .015 mg/L. 

HH = Human Health Strutdard 
I a Irrigation Standard 
0 n Other Standards for domestic water supply 

Up::lated March 18, 201 1 (11-6209-SC-1 11) 

S04 
TOS 
N03 
Mn 
Cl2 

AI 
Sb 
As 
Ba 
Be 
Cd 
Cr 
Co 
C u 
Fe 
Pb 
Hg 
Mo 
Ni 
Se 
Ag 
11 
v 
Zn 

TTHMs 

u 
combRa 
Pb-210 
Th-230 

GA 

Chester Engineers 
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TABLES 6, 7, and 9 FROM THE UNC  

SITE WIDE SUPPLEMENTAL FEASIBILITY STUDY  

UPDATED HUMAN HEALTH RISK ASSESSMENT 
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Risk and Hazard Summary by Hydrostratigraphic Unit and Exposure Pathway UNC Church 
Rock Mill and Tailings Site 

 (UNC Updated Baseline HHRA-Final, August 2012, Table 6) 
 
 

Total Non- Ch~miral Radionuclid~ Total 
carcinog~nic Carcinog~nic Carc.inogenir Carcinogenic 

Hydrostratigraphir Exposur~ Hazard lnd~I Risk Risk Risk 
Unit pathway (Child) (Child/ Adult) (Child/Adult) (Child/Adult) 

Southwest. Alluvium Ingestion 12.9 5.9E-OS l.SE-04 2.1E-04 
Southwest Alluvium Dem1al L3 4.7E-07 N/A 4.7E-07 
Southwest. Alluvium Inhalation 0.0041 2.1E-06 2.9E-04 2.9E-04 
Southw~st Alluvium Total 14.2 6.2[-05 4.4[-04 5.0[ -04 

Zone I Ingestion 20. 1 3.3E-05 53E-05 8.6E-05 
Zone I Dem1al 0.96 2.1E-07 NIA 2.1E-07 
Zone I Inhalation 0.0008 4.2E-07 13E-03 lJE-03 
Zon~ 1 Total 21.1 3.4[-05 1.4£-03 1.4[ -03 
Zone 3 Ingestion 229 9.2E-03 SJE-04 9.7E-03 
Zone 3 Dem1al 6.9 SJE-05 N/A SJE-05 
Zone 3 Inhalation 0.004 2.0E-06 1.2E-02 1.2E-02 
Zon~ 3 Total 236 9.3[-03 1.3[-02 2.2[-02 

Notes: 
NIA =Not applicable, rndionuclides were not retained as COPCs under the dennal e~')>Osure pathway. 
Italics indic~te th.,t the. hazard or risk sbown for see~ge-impacted groundwater is within background hliZard or risk for 

hydrostrnrigraphic unit and exposure pathway. 
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H:ydrostratlgraphle 
Unit 

SouUtwest Alluviwn 

Southwest. Alluvium 

Southwtst Alluvium 
Southwest Alluvium 

SoutliWM Alluviwn 

Southwest Alluvium 

Southwt$l AlhJvil)rn 

SouUtwcst Alluvium 

Zone 1 

Zone I 

Zone I 

Zone 1 

Zone ! 

Zone 1 

Zone I 

Zone3 

Zone3 

Zone 3 

Zone3 

Zone3 
Zon~3 

Zone3 

Zone3 

Zone3 

Zone3 

Zone 3 

Z.one 3 

Zone 3 

Zone3 

Zone3 

Note: 

TABLE7 
Designation of Retained Chemicals of Potential Concern (RCOPCs) 

UNC Church Rock Mill and Tailings Site 
Church Rock, New Mexico 

COPes Retained Non-carcinogen RJsk or Hazard l{ttained as 

In "T able lOs" Ol or Cardnogen (From Al>pendlx A)(%) 
Rhk-6s<ed RCOPC Ret.entlm Rstlonale 

RCOPC 

Arsatic Carcinogat 
Risk • 5. SE-05 

No 
Sirnilar to background cortcml:nnions~ 

O.naestion and demmn belowMCL 
Ot~e del.ecled resull in irns.,acted water. 

Cobalt Non-carcinogen HQ E 2.14 (Child) No background concentra1ions higher than 
impact.td water COilCcntratjons 

Manganese Non-carcinogen HQ = 8. 7 (Child) Yes HQ > OI 

Uranium Non-carcinogen HQ - 2. 7 (Child) Yes HQ > OI 
Risk - 1.1E-06 

ChiO<ofonn Can:iroog<n (In~stion and dcnnal) Yes Risk > 1E·06 
Risk .. 2.. 1 E-06 (Jnhalatia-t 

U-234 Risk = 5.8E-05 
U-235 Risk=2.7&06 

Ul'3nium isotoPes Carcinogen U-238 Risk • 7.0E-05 Yes Total Risk > I E-06 
Total Risk = 1.3&04 

(ln~ .. tion) 

Radiurn-226 Carcinog«• Risk - 1.9E·06 (~1gestion) 
No 

Background concentra:ions higher than 
Risk~ 2.9E-04 Onhalation) impacted 

Radium-228 Card.nogtn Risk = 1.7&05 (Ingestion) No 
Background conccntra:ions higher than 

inmaded 
Cobalt Non·carcinogal HQ - 11.9 (Child) Yes HQ > 01 

MangantSe Ntt•-carcinogm HQ • 6.1 (Child) No 
Background concentra:ions higher than 

irtfi)CICI.fd 

Vanadium Nc:n-carcinogen HQ • 2 6 (Child) No 
Hazard based on only one historical 
detrttior• it• seea)a~e !ttll)aded water 

Arsenic Carcinogen 
Risk - 3. 3E-05 

No 
Similar to backgrow·td c:ort<'t'fttnd.ious: 

(ln~e<tion and dennal) belowMCI. 

Radjum~226 Can::i.nogcn 
Risk a S.8E-06 (Ingestion) 

No 
Background conce:nu-.rjom; higher lhan 

Risk~ 1.3E-03 (Inhalation) impacted "'a.ter conocntratjons 

Radium-228 Carcinogen Risk = 4.1E·05 (Ingestion) No 
Background cortce:ntr.tjonJ; hig.her than 

i.Jnpaottd water conoentratjons 

Thorium-230 Carcinogetl Risk • I.IE-06 (Ingestion) No 
Risk - 1.1&06. witlou1 backgrow1d 

radiolo~ral risk 
Ahtminum Non-carcinogen HQ • 2.5 (Child) Yes HQ > OI 

Non-carcinogen HQ - 88.4 (Child) HQ > 01 
Ar.:;enic 

Can:irlO!J<11 
Risk9.3&03 Yes 

Risk > 1&06 
(ln~stion ,.,d dcnnal) 

B<T)'IIium Nort-cartinogen HQ -1.3 (Child) Yes HQ > OI 

Cadmium Nc:n-carcinogen HQ • I. I (Child) No 
Background concentra:ions higher than 

imuactt:d wmcr cortccnu·aLions 
Cobalt Nc.1-cartinogoo HQ- 94.2 (Child) YO!! HQ > 01 

MangantS~ Noo-carcinogtn HQ- 33.8 (Child) Yes HQ > OI 

Molybdenum Non-carcinogetl HQ =9.5 (Cioild) No 
Background concenu-.rjons higher th<tn 

impact.ed water concentrations 
N ickel Non-carcinogen HQ - 1.6 (Child) Yes HQ > 01 

Vanadi~.-n Noo-carcinogtn HQ • 2.3 (Child) Ye1; HQ > OI 

Ur.u1ium Ntt•-carcinogm HQ Ej),92 (Child) No 
Background conce:ntr.tjom; higher than 

i.Jnpacted water cor\Oentrations 
Risk -1.6E-06 

ChlO<ofonn Can:iroog<n (In~stion 101d dcnnal) Yes Risk > IE·06 
Risk~ 2.0E-06 (1nhalati011 

U·234Risk 7.9E-07 

Uraniwn Isotopes Carcinogens 
U-235 Risk~ 3. 7E-08 

No 
Background conccntra:ions higher than 

U-238Ri,k • 9.6E-07 irr•l.•acted water cortCer•lral.ions 
(ln~cstion) 

Radium-226 Can:iroog<11 
Risk = 8.5E·05 (lngestiOio) 

Yes Risk > 1&06 
Risk = 1.2E-02 (lnhalatiOII 

Radium-228 CarcinogM Risk= 3.5.&04 (Ingestion) Yes Risk > 1&06 

Lead-210 Carcinogen Rillk ~ ~.~E-05 (Ingestion) Yes Risk > IE-06 

Gray highlighted rows indicateRetai.Jted Constituents ofPotcntjaJ Concern (RCOPCs). 

(I) COPCssho'"' here include 011ly thoee resultu1g fi·01n RAGS Part 0 table analysis (i.e .. Tables 10.1 • 10.9 in Appendix A). ~ocludes COPCs with 

fo!Q :> 0. 1 (where t<.>eal segreg.al.td Iii :> 1) or Risk :> I t-06 (when total expO!iure scenario risk exceeds EPA ,s target. risk r.cnge of l E-01to 1 t-06). 
(2) All HQ valu<'S arc for in8t'ltion and dtmoal cxpoeure by a d uld receptor (noncarc. hazard associated wiUo iodoalation pathway hazard is not signilicaott) 

Chester Engineers 1 ofl 
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Exposure 

Point Concentration Screening 

Concentration Used for Backgroood Toxicity Value 

Exposure CAS Chemical (EPC) EPC Screening Value (N/C) 

Point Nwnbcr (I) (4) Statistic Units (S) (6) (7) 

Zone 1 7429 -90 -5 Aluminum 0.44 UCL95 m gn 1.3 0 .117 1.6 (N) 

Tapwater 
7440-38-2 A rsenic 0.00145 UCL95 m gn 0.003 0.00117 0.000045 (C) 

7440-48-4 Cobalt 0.0557 UCL95 m gn 0.06 0 .0112 0.00047 (N) 

7439 -96-5 Manganese 1.95 UCL95 m gn 2.96 2 .519 0.032 (N) 

7440-02-0 Nickel 0.0533 Mean m gn 0 .06 0 .0602 0.030 (N) 

7782-49-2 S clcniwn 0.001 Max mgn 0.001 0.00107 0.0078 (N) 

7440-62-2 Vanadiwn 0.2 Max m gn 0.2 ND 0.0078 (N) 

7440-61-1 Uraniwn 0.00174 UCL95 m gn 0.002 2 0.0255 0.0047(N) 

13966-29-5 Uranium-234 (2) 5.94E-OI NA pCi/L NA NA NA(C) 

15117 -96-1 Uranium-235 (2) 2 .71E-0 2 NA pCi/L NA NA NA(C) 

7440-61-1 Uranium-238 (2) 5.80E-OI NA pCi/L NA NA NA(C) 

67-66-3 Chloroform 0.00008 Mean m gn 0.00076 NBC 0.00019 (C) 

13982-63-3 Radium-226 (3) 1.2 13 UCL9 5 pCi/L 1.8 1.314 NA(C) 

15262-20-1 Radium-228 (3) 2 .087 UCL95 pCi/L 4 2.946 NA (C) 

14269-63-7 Thoriwn-230 0.65 Mean pCi/L 0.7 0 .403 NA(C) 

16887-00-6 Cl 214.3 UCL95 mg/L NA 39.03 NA 

18785-72-3 S04 4049 UCL95 mg/L NA 2773 NA 

14797-55-8 N 0 3_as_N 152 UCL95 mg/L NA 1.754 NA 

N/A Lab_TDS 6843 UCL95 mg/L NA 4319 NA 

7440-14 -4 Rad_tod 2.8 UCL95 pCi/L NA 3 .841 NA 

12587-46-1 Gross_ Alpha 2.3 19 UCL95 pCi/L NA 2.361 NA 

TABLE 8 

Swnmmy of HHRA Screening, HHRA Results, and ARAR Comparison for COPCs 

UNC Church Rock Milt and Tailings Site 

Church Rock, New Mexico 

Potential Potential llliRA Rationale for 

ARARITBC ARARITBC COPC Selection or 

Value S ource Flag Deletion Non-Carcinogen 

(8) (8) (YIN) (9) or Carcinogen 

5 NMWQCC-1 N BSL 

O.Ql MCL y ASL 
Carcinogen 

Non-carcinogen 

0.05 NMWQCC-1 y ASL Non-carcinogen 

0.2 NMWQCC-0 y ASL Non-carcinogen 

0.2 NMWQCC-1 y ASL Non-carcinogen 

0.05 MCL N BSL 

0.1 N RCGPS y ASL Non-carcinogen 

0.03 MCL N BSL 

NA NA y DET Carcinogen 

NA NA y DET Carcinogen 

NA NA y DET Carcinogen 

Carcinogen 
0.08 MCL (TTHM) y ASL 

Non-carcinogen 

MCL (combined 
5 

radium) 
y DET Carcinogen 

MCL (combined 
5 

r adium) 
y DET Carcinogen 

5 NRC GPS y DET Carcinogen 

250 NMWQCC-0 N GGP Non-carcinogen 

2125 NMBKGD N GGP Non-carcinogen 

190 NM BKGD N GGP Non-carcinogen 

4800 NMBKGD N GGP Non-carcinogen 

Individual isotopes are 
5 MCL N GGP 

carc inogens 

MCL (gross Individual alpha-emitters 
15 

alpha) 
N GGP 

are carcinogens 

Risk or Risk 

Hazard RCOP C Fiag 

(From Appendix A) (YIN) 

(10) (11) 

Screened out from HHRA 

Risk ~ 3.3E-05 

(Ingestion and dermal) No 

HQ ~ 0.31 (Child) 

HQ ~ 11.9 (Child) Yes 

HQ ~ 6.1 (Child) No 

HQ ~ 0.18 (Child) No 

Screened out from HHRA 

HQ ~2.6 No 

Screened out from miRA 

Risk~ 7.9E-07 

Risk~ 3.7E-08 No 

Risk~ 9.6E-07 

Risk ~ 3.4E-07 (Ingestion and 

dermal) 
Risk ~ 2.8E-08 (Inhalation) No 

HQ ~ 0.005 

Risk ~ 8.8E-06 (Ingestion); 
Risk ~ 1.3E-03 (Inhalation) 

No 

Risk ~ 4 .1E-05 (Ingestion) No 

Risk ~ l.IE-06 (Ingestion) No 

NA No 

NA No 

NA No 

NA No 

NA No 

NA No 

Risk-Based RCOPC? ARAR-Based RCOPC? 

EPC ARAR 

Rationale for Exceeds RCOPC Rationale for 

Selection or ARAR? Flag Selection or 

Deletion (YIN) (YIN) Deletion 

No No EPC<ARAR 

Similar to background concentrations; 
belowMCL; No No 

EPC < ARAR (MCL); Similar t 

H Q > 0.1, but HI (skin)< I 
backgroood concentrations 

H Q > O.I Yes Yes EPC > ARAR 

Backuround concentrations hiuher than 
Yes No 

Backuround concentrations 
impacted higher than impacted 

Similar to background concentrations; 
No No 

EPC < AR.AR; Sim ilar to 

few detects backgroood concentrations 

No No 
Maximwn detected 

concentration < ARAR 

Hazard based on only one detection in 
Hazard based on only one 

seepage-impacted water dataset 
Yes No detection in seepag e-impacted 

water dataset 

EPC < ARAR; Backgrouod 
No No concentrations higher than 

impacted 

Total Uraniwn Isotopes Risk NA NA Total uraniwn EPC < ARAR; 

= l.SE-06; Backgroood concentrations NA NA Background concentrations 

hi gher than impacted 
NA N A 

higher than impacted 

Risk< I E-06 and 
No No EPC < ARAR 

H Q<O.I 

Background concentrations higher than 
Background concentrations 

im pacted water concentrations 
No No higher than impacted water 

concentrations 

B ackground concentrations higher than 
B ackground concentrations 

im pacted water concentrations 
No No higher than impacted water 

concentrations 

Risk ncar l.OE-06, within backgroood 
No No EPC < ARAR 

radiological risk 

General chem istry parameter. No 
EPC < ARAR 

applicable toxicity value 
No No 

General chemistry parameter. No 
Yes Yes EPC > ARAR 

applicable toxicity v alue 

General chemistry parameter. Toxicity 

values limited to infant (0-3 mo) effects, No No EPC< ARAR 

MCL based on toxicity to infants . 

General chem istry parameter. No 
Yes Y es EPC> ARAR 

applicable toxicity value 

EPC < ARAR; Backgroood 
Radiwn isotopes evaluated indiv idually No No concentrations higher than 

impacted 

Gross alpha is screening parameter, no 
EPC < ARAR; B ackgroood 

applicable toxicity value 
No No concentrations similar to 

impacted 
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TABLES 33 and 40, AND APPENDIX G FROM THE UNC SITE WIDE 
SUPPLEMENTAL FEASIBILITY STUDY PART II REMEDIAL ALTERNATIVES 

EVALUATION
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Identification and Applicability of General Response Actions for Ground Water Remediation (from SWSFS Part II, April 2011, Table 33) 

 

General Response Actions Description 

No Further Action No further actions taken at the site to remediate impacted target area(s) (excluding 
long-tenn smv eillance monitoring by DOE under UMTRCA Title II). 

Hydraulic Containment with Extraction Pumping control of impac:ted are with constituent removal and evaporation. 
and Evaporation 

Enhanced Extraction Rapid dewatering to reduce volume of impacted water. 

Physical BatTiers Physical or hydraulic ban'iers to prevent migration of seepage-impacted water. 

Permeable Reactive Barriers (PRBs) Contaminated water is channeled between impetvious vertical walls to natmally 
flow through a penneable reactive batTier where constituents are passively treated 
in situ. 

Passive Treatment \Veils Non-pumped well anays are filled with reactive media tlu-ough with the 
contamir1ated water flows with constituents passively trea ted ir1 situ. 

Hydraulic Flushing with Extraction and Water ir1jection matched w ith controlled extraction and evaporation. 
Evaporation 

Treatment Methods to reduce the mobility, toxicity, or volume of impacted water. 

Bioremediation The remedial teclmology and process option of stirnulating the ir1digenous 
microbial population to effect desired changes in contamir1ant chemishy, such as a 
reduction in mobility. 

Institutional Controls Legal or govemmental controls taken to prevent contact with seepage-irnpacted 
water. 

Associated Groundwater 
Remedial Technologies 

None. 

Groundwater extraction and evaporation. 
Directional/horizontal wells. 
Vertical wells. 

Relatively large number of vertical wells . 

Vertical engineered physical baniers. 
Hydraulic ban·iers or "fences" from vertical ir1jection-
well aiTays. 

Ovel'laps with treatment GRA. Typically emplaced by 
trenching (excavate -and-fill) . 
Reactive medium sometimes can be emplaced by 
jetting or hydraulic fracturing. 

Overlaps with trea tment GRA. Specialized non-
pumped well construction fosters through-flow of 
contamirwted water. Reactive media in wells can be 
easily replaced. 

Amended ir1jection water for in-situ constituent 
stabilization plus displacement and extraction of 
seepage-impacted water. 
Injection water potentially from deep wells ir1 Dakota 
Formation or \Vestwater Canyon Fonn ation. 
Injection water solely for displacement and extraction 
of seepage-impacted water. 

Alkalinity amendments to injection water for in-situ 
stabilization and flushing. 
Reverse osmosis (RO) treatment of injection water for 
flushir1g and/or hydraulic batTier. 
All ir1jection and flushing envisioned as combir1ed with 
extraction and evaporation. 

Amended ir1j ection water, vertical injection wells, 
groundwater monitoring. 

Action and use restrictions. 
Offsite groundwater monitoring. 

Applicability 

Retained for consideration. Will not meet goals in Zone 3. 

Retained for consideration. 
See footnote 1. 
See Section 4.1 .4.1 and pages 49-51 . 

Retained for consideration. May be useful for groundwater contairunent and 
rapid mass removal. If total pumpage volume exceeds capacity of evaporation 
ponds, discharge to Pipeline Canyon after treatment may be required (see Table 
41 for surmnaty). See footnote 1. See Section 4.1.4.2 and page 51 . 

Zone 3 and Zone 1 are too deep for physical vertical batTiers but retained for 
consideration in Southwest Alluvium (SWA). Hydraulic ban·iers reta ir1ed for 
consideration. May be useful for contaimnent. 
See footnote 1. 
See Section 4.1.3.1 and pages 41-43; Section4.1.4.3 and pages 52-59. 

Retained for consideration in SW A. 
See Section 4.1.3.2 and pages 43-46. 

Retained for consideration in SW A and Zone 3. 
See Section 4.1.3.3 and page 46. 

Retained for consideration ir1 SW A. 
Injected water will geochemically equilibrate to exceed ROD cleanup levels for 
sulfate, TDS, and nitrate. 
See Section 4.1.4.6 and pages 59-60. 

Overlaps with flushing and PRB GRAs. RO cost too high to meet demand. 
Retained for consideration. May be usefhl for contaimnent or groundwater 
restoration. 
See Section 4.1.4. 7 and pages 60-61 ; Appendix F. 

Screened out for all three hy<ilrostratigraphic units due to potential significant 
lirnitations in its long-tenn effectiveness. 
See Section 4.1.3.4 and page 47. 

Retained for consideration. Will not meet goals. Can be used as mechanism to 
prevent contact with water and establish environmental tights-of-way. 
See Section 4.1.4.8 and page 60. 

Note 1: ROD cleanup levels will not be met in any of the tlu·ee hydrostratigraphic tmits for sulfate, total dissolved solids, manganese, radium, or nitrate; nickel (Zone 3); or uranium (SWA, if EPA adopts the MCL as an ARAR). 
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Operable Unit Site Wide Remedy with Combined Remedial Alternatives 
Shading Indicates Components Included in Alternative (from SWSFS Part II, April, 2011, Table 40) 

 

 
 

C OMPONENT S OF C OMBINED REMEDIAL AL TERl~A TIVES 

COMBINED SOUTHWEST ALLUVIUM (SWA) ZONE3 ZONE I 

REMEDIAL No ICs Containment Extraction Passive Hydraulic No ICs Containment Extraction Passive Hydraulic No ICs Containment Extraction Passive Hydraulic 

ALTERNATIVES Further Treatment Ban·ier Further Treatment Ban·ier Further Treatment Banier 
Action Wells Action Wells Action Wells 

No Fm1her Action 

Institutional 
Controls (ICs) Onsite and Offsite 

1. In SWA and Zone 3, 
Hydraulic Containment and 
Extraction Onsite 

2. • In SW A and Zone 3, 
Hydraulic Containment and 
Extraction Onsite; 
· In SWA and Zone 1, ICs 
Off'>ite 

3. · In Zone 3, Hydraulic Banier 
Containment (including 
alkalinity amendment) and 
Extraction Onsite Plus Passive 
Treatment Wells Plus ICs in 
Section 36; 
· In SWA and Zone 1, ICs 
Off'>ite 

Note: EPA views ICs as potentially useful if the Navajo Nation concurs. Othe1wise, EPA has indicated it can proceed with remedy modification absent ICs (as discussed at the multi-agency technical meeting held on May 5, 2005, at the 
Church Rock site). 

Evaporation 
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Remedial Alternative Preliminary Cost Estimate Summary (from SWSFS Part II, April 2011, Appendix G 

 

Hydro~fratigraphic Uoir and R~m~dial A.ltfornarin 
Capital Co<! 

Alt~roatin n~~cl'iption 

No Further Action (except for 
SWA- Altern.,.ive 1 Long-Term Sr.wardship by so 

DOE) 

SWA - Alternati\·e 2 Enhanced Extractioo $1,580,857 

SWA- Alternative 3 
Hydraulic Contairunent Using 

Sl60,724 
Vertical Ptunping Wells 

SWA - Alternative 4 Passive Treatment \Veils $640,000 

SWA - Alternative 5 V <tllcal Physical Barrier $2,284,224 

SWA - Alternative 6 
Hydrauhc Barner from 

$255,724 
Injecnon Wells 

Permeable Reactive Barriers 
SWA- Alternative 7 (+) 

(+) 
$3,255,121 

SWA - Alternative 8 Hydraulic Flushing $200,724 

No Ft~nher Action (Except for 
Zone I - Altemative I Long-Term Stewardship by so 

DOE) 

Zone 1 - Altemative 2 ltt'ititutional Controls SlOO,OOO 

Zone 1 - Alternati,·e 3 
Hydraulic Cootainment with 

$253,319 
Extraction and Evaporation 

Zooe 1 - Alternative 4 Enhanced Extractioo $761,616 

No Further Action (Exc.ept for 
Zone 3 - Altemative I Long-T enu Stewardship by so 

DOE) 

Zone 3 - Alternative 2 
ln<1innional Controls (!Cs) for 

$100,000 
Section 36 if Needed 

Zone 3 - Altem..1tive 3 Passive Treatment \Veils S630,000 

Hydraulic Contairunent \Vith 
Zone 3 - Alternative 4 $0 

Extraction and Evaporation 

Zooe 3 - Alternative 5 Enhanced Extractioo $2,031,803 

Hydraulic Barrier from 
Zone 3 - Alternative 6 Injection Wells for $90,420 

Containment. 

Notes: 
SWA = Somhwest Alluviwn. 
(+) PRB costs are highly site-specific; the estim.1te presented here is poorly constrained. 
Shading indicates that the remedial alternative has been screened out. 
For grmmdwaler pumping options, sludge disposal costs (- $0.511 000 gal treated) are not Utcluded. 

Annual 0&~·1 Co<t Comm~ot~ 

so Asstune no Capital or O&M costs required. 

Ass\.lllles mstallatton of 60 wells and basic wastewater 

$1,393.054 
treannent (precip./floc./coag.). Includes cost to 
design/build 300 gpm WWTP capacity for chemical 
precipttahOol coagulation/flocculation. 

Asstu11es pmnping from four new wells and four existing 

$86,046 
wells. Estimate does not include cost to pre-treat U~ection 
water, if necessary; unable to quantify costs tmtil ARARs 
are established. 
Assauues 30 new passive treatment wells. Assmues media 

$54,840 
changed in 20% of wells each year. Does not include any 
additional grotmdwater quality monitoring associated with 
the treatment. 

Jet-grouted v<tllcal hamer Ul5talled from bedrock surface 
to lop of sarurated zone (i e., does nol extend to ground 
surface). Barrier apprOltimately 1100 ft long and 50.000 sq 

ft@ $30 per vertical sq ft. (1997 dollars) (L. Pearlman, 
$86,046 March 1999, inch cates a range of $15 to $30 per vertical sq 

ft). Includes quarterly groundwater monitoring. but no 
additional water level mooiiOring labor or equipment or 
evaluate bamer effecu,·eness. Assumes no mspectlon or 
maintenance of barrier reqwred. 

Assume 8 new wells to be used (4 injection at 5 gpm, 4 
extractioo at 5 gprn} Estimate does not include installatio 
of a new injection water source well from deeper aquifer 

$100,046 
(e.g., Westwater Canyon) or cost of addinonal <hstnbution 
line, if ctuTent mill well capacity IS insufficient or 
unavailable ($100-200K). Estimate does not include cost 
to pre-treat mjecnon water, tf necessary; unable to quantify 
costs until ARARs are established. 

FIU11lel and gate style permeable reactive harrier. 
Approximately 1,030 ft loog and 78,800 sq. ft With 200-ft 
long x 5-ft wi~ gate. Iron filings used for reacti,·e media 

$322,265 gate and sheet pihng for fume!. O&M costs included in 
estunate are (1) media replacement at approximately five 
year interval (shown@ 20'o replacement cost per year), (2 
groundwater monitoring for remedy effecti\·ene". 

Assume 10 wells to be used(6 existing, 4 new) 5 injection 
at 5 gpm, 5 extractioo at 5 gprn. Estunate does not include 
installation of a new injection water source well from 

$104,898 
deeper aqwfer (e.g., Westwater Canyon) or cost of 
additional distribution line. 1f cWTent mill well capacity is 
insufficient or unavailable (Sl00-200K). Estimate does no 
mdudc cost to pre-tre-at lDJCCtlon water, 1f necessary; 
unable to quantify costs nnhl ARARs are established. 

$0 Asstuue no Capital or O&M costs required. 

Groundwater modeling/consulring and legal ser\'ices to establish 

$20,000 
IC Zone and conditions. Includes $20 O&M to oversee and 
enforce the IC, but no additiorul monitoring, reporting, or 
inspection requirements. 

$55,216 
Assumes installatioo and pumping of 10 wells at 1.5 gprn 

wtth discharge to evaporation ponds. 

Asswnes installation of 35 ,.,•ells and basic wastewater 
$115,161 treannent (precip./floc./coag.). Does not include 

design/butld WWTP. 

$0 Asstuue no Capital or O&M costs required. 

Groundwater modelingfconsuliing and lrgal services to establish 

$20,000 
IC Zone and conditions. lncln.X.s $20 0 &-M to overs~ and 
enforct the IC. but no additiowl monitoring, rtparting. or 
UlSpectton rtqUiremtnts. 

Assumes 20 new wells. Asmmes media c~·Ulged in 200/o o 

$52,600 
wells each year. Does not include any additional 
grmmdwater quality monitoring associattd with 1he 
treatment. 
This is the current remedy in Zone 3. No additional capital 

$53,869 costs. Does not include cosi of pending injection of 
alkalinity-adjusted water. 

Assumes mstallanoo of 80 wells and basic wastewater 

$834,561 
treannent (precip./floc./coag.). Includes estimated cost to 
design/build 100 gpm WWTP capacity for chemical 
precipitation/ coagulation/flocculation. 

Assume 6 wells to be used (3 injection at 2 gpm, 3 
extraction at 2 gpm). EstUn.'lted cost does not include 
COIUlection 10 injection water source or cost of plunping 

$54,017 water from deeper aquifer (e.g .• \Vestwater Canyon) or cos 
of distribution line frOlll existing water source, which are 
already i.J.lStalled. Estimate does not include cost to pre-
treat Utjection water, if necessary. 
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