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ATTN: Document Control Desk 
Director, Office of Federal and State Materials and Environmental Management 
Programs 
U.S. Nuclear Regulatory Commission, 
Washington, DC 20555–0001 
 
ATTN:  Mr. Jack Parrott, Sr. Project Manager 
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RE:   Responses to NRC’s Requests for Additional Information Pertaining to 

HMC’s March 2012 Corrective Action Program Submittal and March 2013 
Decommissioning and Reclamation Plan Submittal 

 
 
Mr. Parrott: 
 
Please find attached to this cover letter Homestake’s responses to NRC’s Requests for 
Additional Information (RAIs) pertaining to the subject Corrective Action Program (CAP) 
and Decommissioning and Reclamation Plan (DRP) submittals.  These documents were 
submitted to the Nuclear Regulatory Commission in March 2012 and April 2013, 
respectively.  RAIs were subsequently received from NRC in April 2015 and March 
2016, for the CAP and DRP respectively.   
 
Should you have any questions, please feel free to call me directly at 505.290.3067. 

 
 

Respectfully, 
 
 
 
 
Jesse R. Toepfer 
Closure Manager 

 
 
CC: Mr. Bill Pearson – New Mexico Environment Department, Santa Fe, New Mexico 
 Mr. Sai Appaji – United States Environmental Protection Agency Region 6, Dallas, Texas 

Mr. Holton Burns, Barrick – Toronto, Ontario 
Mr. Mickey McCarthy, Barrick – Salt Lake City, Utah 
Mr. Rich Bush, United States Department of Energy, Office of Legacy Management – Grand Junction, CO 
Mr. Mike Schierman, Environmental Restoration Group – Albuquerque, New Mexico 
Mr. George Hoffman, Hydro-Engineering – Casper, Wyoming 
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Request for Additional Information 
 
 

Grants Reclamation Project, Updated Corrective Action Program (CAP) 
March 2012 

 
Section 4.4 of NUREG-1620, Rev 1., “Standard Review Plan for the Review of a Reclamation 
Plan for Mill Tailings Sites Under Title II of the Uranium Mill Tailings Radiation Control Act of 
1978,” provides the criteria the U.S. Nuclear Regulatory Commission (NRC) staff used to review 
Homestake Mining Company of California’s (HMC’s) Grants Reclamation Project Groundwater 
Corrective Action Program (CAP) Revision, dated December 15, 2006 (2006 revised CAP; 
Agencywide Documents Access and Management Systems [ADAMS] Accession No. 
ML070240350). The staff’s review of the 2006 revised CAP resulted in a Request for Additional 
Information (RAI), which was transmitted to HMC on February 4, 2010 (ADAMS Accession No. 
ML100320466).  On March 15, 2012, HMC submitted an updated CAP (2012 updated CAP, 
ADAMS Accession No. ML120890113) that addressed the NRC’s February 4, 2010 RAI and 
issues raised by the U.S. Environmental Protection Agency (EPA) and New Mexico Environment 
Department (NMED). 
 
The NRC has completed its review of the 2012 updated CAP. The staff’s review consisted of:  
(1) verifying that HMC adequately addressed the NRC’s previous RAIs (Table 1), and (2) 
evaluating the adequacy of new information.  Based on the staff’s review, the NRC requested 
that HMC provide additional information.  For completeness, each RAI is presented below, 
including the description, basis for the request, and formulation of the RAI as detailed by the 
NRC.  To facilitate NRC staff review, the associated RAI responses include supporting 
background information followed by the revised CAP content.   
 
1. Description of the Deficiency  

 
The terms “unimpacted” and “slightly impacted” are used qualitatively throughout the CAP to 
describe the injection water quality and do not clearly define the upper limits of contaminant 
concentrations in the water used for injection. 
 
Basis of the Request 
 
The terms are not defined and do not adequately describe the quality of the water used for 
injection. The constituent concentrations in the water used for injection within a given aquifer 
should not be greater than the approved groundwater protection standards in the license. 
Constituent concentrations in the water used for injection into the subsurface should be as low 
as reasonably achievable to ensure that additional constituent mass is not added to the 
groundwater. For example, if the licensee believes that water containing constituent 
concentrations above the approved groundwater protection standards for the alluvium needs to 
be injected into the alluvial aquifer for hydraulic control, the process and limits should be 
specifically described in the CAP and a rationale provided. 
 
Formulation of RAI 
 
Please define the terms “unimpacted” and “slightly impacted” with numerical values for the 
contaminants of concern. If “slightly impacted” water has constituent concentrations above the 
approved groundwater protection standards in the license, then a specific request needs to be 
made in the license amendment request for use of that water in the CAP and a rationale 
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provided. Any proposed injection standards must not degrade the site groundwater or delay 
progress toward restoration of the groundwater. Any request to inject water containing 
constituent concentrations greater than the approved groundwater protection standards, must be 
consistent with the objective of the CAP, which is to restore the groundwater to the approved 
groundwater protection standards. 
 
Response 
 
Unimpacted water is the same as “Compliant Water” in DP200 and its quality meets all 
applicable Site Standards with respect to the receiving aquifer.  Slightly impacted water is the 
same as “low-concentration injectate” in DP200, which lists upper limit concentrations for 
uranium, selenium, and molybdenum of 1.0, 0.5, and 2.0 milligrams per liter (mg/L), 
respectively.  The injection of slightly impacted water is only within the Collection Area near the 
Large Tailings Pile (LTP) where concentrations are higher than the low-concentration injectate.  
Groundwater flow in the Collection Area is controlled and converges to the collection wells.  The 
reinjection of low-concentration injectate within areas of high constituent concentrations near the 
LTP has aided the groundwater restoration in these areas.  Historically, reinjection has been 
covered by NMED’s DP200 and is presently regulated in the recent renewal of DP200. 
 
2. Description of the Deficiency  
 
The elimination of the land application component from the State permit reduces the 
effectiveness of the remedial effort and potentially prolongs corrective actions. 
 
Basis of the Request 
 
The Executive Summary states that if land application limitations continue, additional delays 
should be expected, as this strategy is a critical component of the CAP. 
 
Formulation of RAI 
 
The elimination of land application as a component of the CAP will require an alternative 
treatment component(s) capable of treating a sufficient portion of the impacted water required to 
complete active groundwater restoration efforts by the end of year 2020. HMC should describe 
in sufficient detail how implementation of an alternative treatment component(s) and upgrades to 
the existing components would overcome elimination of land application. In addition, the HMC 
environmental monitoring program will need to be expanded to the former land application areas 
to demonstrate compliance with 10 CFR 20.1301 and be reported pursuant to License Condition 
15 of License Number SUA-1471. 
 

Response 
 
Land application was phased out as an element of the CAP with the approval of DP200 in 
September 2014.  In December, 2014, HMC provided NMED with a Closure Plan for the land 
application areas.  The alternative treatment components that will replace land application are 
described in DP200 and include increased throughput of alluvial groundwater to the reverse 
osmosis treatment plant, as well as a zeolite treatment system.  The 2012 CAP indicated that 
125 gallons per minute (gpm) of alluvial groundwater was treated through land application.  The 
plan included in DP200 specifies 1,200 gpm of groundwater directed to treatment through 
reverse osmosis, as well as 1,500 gpm of groundwater directed to treatment through the zeolite 
system.  These two components provide a significant increase from the 240 gpm treated from 
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the alluvial groundwater system through the plant, and includes groundwater previously treated 
through land application. 
 
3. Description of the Deficiency  
 
The mass removal analysis for dissolved uranium does not demonstrate the effectiveness of the 
plume control program. 
 
Basis of the Request 
 
The saturated thickness used during the 2001 through 2009 time period remains constant and 
does not account for variations influenced by injection and extraction. The majority of the 
dissolved uranium is removed from a single polygon containing a well screened in the tailings 
(well ED1) and from the polygons immediately below the large tailings pile. The dissolved 
uranium mass in the remaining polygons remains relatively constant or slightly increasing from 
2001 to 2009. The analysis better demonstrates the effectiveness of the source control program 
and its ability to flush uranium from the tailings. In addition, the mass removal analysis 
underestimates the total uranium removed because it does not account for the additional 
uranium mass added to the system from the LTP seepage due to the flushing program or from 
the re-injection program. 
 
Formulation of RAI 
 
There is no requirement in the regulations or license to demonstrate the effectiveness of the 
plume control program through a mass removal analysis. However, if the mass removal analysis 
is used as a basis for determining the schedule to complete groundwater remediation at the site, 
which is described in the license, then this deficiency should be considered. Since the NRC staff 
believes that the mass removal analysis is an effective tool to demonstrate the success of the 
CAP, further refinement should be considered to include the actual saturated conditions within 
each of the polygons and possible division of some polygons where concentrations show 
significant spatial variation between nearby wells. The analysis should also take into account the 
additional mass being added to the system through seepage from the LTP. 
 
Response 

 
The purpose of the spatial moments mass removal analysis was to demonstrate uranium mass 
reduction over time within the alluvial aquifer and to demonstrate remedy effectiveness, not as a 
tool to project remedy completion.  
 
To account for variations in alluvial aquifer water levels, the spatial moments mass removal 
analysis was revised to include saturated thicknesses at individual well locations included in the 
analysis, based on average annual water levels.  For LTP wells ED1 and WD3, the 2011 
modeled saturated thickness was used.  
  
We concur on updating the spatial moments analysis by the addition of more polygons; however 
due to limitations in available groundwater quality data for consecutive years over the 2001 to 
2009 time period, we are data limited.  Based on the requirements of the spatial moments 
method, all wells with sampling conducted in consecutive years were used.  Although there may 
be challenges on adequately estimating uranium concentrations per polygon, the approach still 
utilizes the same well network over time and trends over time.  
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Uranium mass inputs to the alluvial aquifer system from LTP seepage, can be estimated as the 
change in total aquifer uranium mass (from spatial moments) which would be approximately 
equivalent to the uranium mass extracted by alluvial aquifer collection wells minus LTP seepage 
mass.    
 
As shown in the attached “Mass Removal Data Summary” chart, annual uranium mass 
extracted from the alluvial aquifer system was quantified using annual extracted mass reported 
in Annual Monitoring Reports submitted to the NRC for the alluvial aquifer collection system.  
LTP seepage mass was estimated using a representative uranium concentration curve, which 
indicates an exponential decay in average LTP uranium concentration with time.  Using a 
starting average flux-weighted uranium concentration of 10 mg/L to represent LTP seepage 
mass in 2000, subsequent annual LTP seepage mass was estimated for the 2001 to 2009 time 
period and is depicted in the attached tables summarizing the mass removal input data and 
mass balance.  As shown, a mass balance verification step was conducted to verify the 
assumption that the change in total aquifer uranium mass (from the spatial moments analysis) 
should be equivalent to uranium mass extracted by alluvial aquifer collection wells minus the 
LTP seepage mass. The mass balance indicates that the estimates shown on either side of the 
equation are within 5,000 kilograms, which indicates the results of the spatial moments analysis 
are reasonable and consistent with other estimates of mass removal.   
 
4. Description of the Deficiency  
 
The tailing flushing program has proven effective at reducing the total mass and overall 
concentration of uranium to an amount that will not adversely impact the groundwater beyond 
the disposal area at the established points of compliance and ultimately at the facility boundary. 
However, molybdenum concentrations have remained well above the approved alluvial aquifer 
standard of 0.10 mg/L within the tailings impoundment at wells where the uranium 
concentrations have been reduced below the 2 mg/L target uranium concentration, e.g., tailings 
sampling points WA4, WA10, WC12, WE2, WE14, and WE15 sampled in 2013 (2014 HMC 
Annual Monitoring Report). The NRC staff understands that the concentrations within the pile 
are not representative of future concentrations to the groundwater beyond the disposal area, but 
the current CAP does not provide adequate justification or information to determine if the current 
molybdenum concentrations will be sufficiently low enough to avoid recontamination of the 
alluvial aquifer. The limited number of radium samples taken from sampling points in the large 
tailings impoundment in 2013 contain elevated concentrations considering the extent of tailings 
flushing performed and the lack of historic radium impacts in the groundwater, e.g., sampling 
location NE9, 114 pCi/l of Ra-226. 
 
Formulation of the RAI 
 
Provide a technical justification to explain why the molybdenum and radium concentrations will 
be sufficiently reduced to meet the groundwater protection standards at the compliance wells 
when the 2 mg/L uranium average is reached. 
 
Response 
 
Molybdenum and radium migration away from the LTP have been less than the uranium 
movement.  The larger retardation of these two constituents will continue to cause them to 
migrate at a rate slower than uranium.  The high levels of radium in the alluvial aquifer under the 
LTP have not been observed in the alluvial aquifer near the toe of the LTP showing the very 
large retardation of this constituent within the LTP.  If future monitoring of these two constituents 
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or others show that an alternate concentration limit is needed, an application will be developed.  
 
5. Description of the Deficiency 
 
The actual rates of tailings injection and extraction from the tailings dewatering wells and the 
tailings toe drains have not met the projected rates for years 2011 through 2013. The actual 
rates compared to the projected rates are as follows for the years 2011 through 2013: 
 

Year Injection Rate (gpm) Extraction Rate from 
Dewatering: Extraction 
Wells (gpm) 

Extraction Rate from Toe 
Drains (gpm) 

Projected Actual Delta Projected Actual Delta Projected Actual Delta 
2011 300 270 30 120 104.1 15.9 -- 27.4 -- 
2012 300 263.7 36.3 120 107.5 12.5 30 23.2 6.8 
2013 300 232 68 120 59.9 60.1 30 17.5 12.5 

 
Basis for the Request 
 
Injection of water into the large tailings pile through 2014 and extraction of water from the large 
tailings pile through 2016 may incur delays due to the projected rates not being achieved. 
 
Formulation of the RAI 
 
HMC should rerun the Reformulated Mixing Model to account for the actual injection rates to 
ensure that the estimated timeline for tailings injection and extraction is still valid. In addition, if 
the completion of the flushing program is determined to be delayed, the flow and transport 
models should also be reevaluated to determine the extent of the delays to the overall program. 

 
Response 
 
The Reformulated Mixing Model has been updated annually to incorporate actual injection and 
collection rates, with each subsequent update superseding the changes made the previous 
year.  The flushing injection was terminated in 2015 and the dewatering is scheduled to 
continue through 2016.  With extraction by dewatering and the continuing redistribution of water 
within the tailings following the end of injection, further reduction of constituent concentrations in 
the resident water in the LTP is expected.  The attached memorandum describes the 
development and update of the Reformulated Mixing Model.  
 
6. Description of the Deficiency 
 
Section 4.2.2 entitled “Extent” does not discuss the overall extent of the impacted area for each 
of the aquifers and mixing zones. 
 
Basis of the Request 
 
The information in the CAP does not adequately identify the current extent of the impacted 
areas. 
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Formulation of RAI 
 
Please provide general descriptions and figures of the impacted areas for each aquifer and 
mixing zone. The description and figures of the impacted areas should encompass the 
maximum extent of contamination that is at or above site standards for all of the constituents, 
but does not have to discuss or depict each individual constituent. 
 
Response 
 
Isoconcentration lines from the 2011 Hydro Engineering Annual Report figures (listed below) 
that represent the maximum extent of groundwater concentrations above applicable site 
standards for each aquifer were digitized for each of the six “significant” site constituents of 
concern (COCs) (selenium, uranium, molybdenum, sulfate, chloride, and total dissolved solids) 
identified in the 2011 updated CAP.   These maximum isoconcentration lines were then 
composited to identify the full extent of the “impacted areas” within each of the aquifers, 
including mixing and non-mixing zones as shown on revised Figures 3.2.2-3 (Alluvial Aquifer), 
3.2.3.1-1 (Upper Chinle Aquifer), 3.2.3.2-1 (Middle Chinle Aquifer), and 3.2.3.3-1 (Lower Chinle 
Aquifer). 
 
Note that there were no COC distribution maps generated in the 2011 Hydro Engineering 
Annual Report for chloride or molybdenum, as measured chloride concentrations were reported 
to all be below the NRC standard, and molybdenum is not a COC in the Lower Chinle Aquifer.  
 
It should also be noted that there are areas where the concentration of one or more COCs 
naturally exceeds the applicable site standard, and these occurrences are noted on the 
attached figures.  As examples, there is an area upgradient of the HMC site where alluvial 
aquifer uranium concentration exceeds the site standard (see revised Figure 3.2.2-3), and the 
natural deterioration of water quality when moving through a shale results in downgradient 
areas of site standard exceedance in the Lower Chinle Aquifer (see Figure 3.2.3.3-1).   
 
2011 Hydro Engineering Annual Report figures used to define maximum extent of COCs: 
Section 4.0 – Alluvial Aquifer: 
 
Figure 4.3-1: Sulfate concentrations of the alluvial aquifer, 2011 
Figure 4.3-19: TDS concentrations of the alluvial aquifer, 2011 
Figure 4.3-36: Chloride concentrations of the alluvial aquifer, 2011  
Figure 4.3-53: Uranium concentrations of the alluvial aquifer, 2011  
Figure 4.3-70: Selenium concentrations of the alluvial aquifer, 2011  
Figure 4.3-87: Molybdenum concentrations of the alluvial aquifer, 2011  
 
In addition, the mapping of COC concentrations is updated in each annual performance report 
submitted to the NRC. 
 
7. Description of the Deficiency  
 
Section 5.3.2 states that the capture zone analysis is used in conjunction with the uranium mass 
removal analysis to optimize performance of the plume control program, but Section 5.5.2 states 
that a capture zone evaluation has not yet been conducted. 
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Basis of the Request 
 
Contradictory statements are made in the CAP regarding the capture zone analysis. 
 
Formulation of the RAI 
 
Please clarify whether a capture zone analysis has already been used to optimize the 
performance of the plume control program. 
 
Response 
 
HMC has not performed a capture zone analysis. Section 5.5.2.2 of the CAP (page 5-18) states 
that HMC is considering using a capture zone analysis; however, this has not been performed.  
As an alternative to a capture zone analysis, the model results show the expected restoration 
progress through the end of planned groundwater restoration.  The model incorporates the 
complex well configurations and operational sequence included in the planned restoration 
program.   
 
8. Description of the Deficiency  
 
Section 6.1.1 states that the site groundwater standards will be met at the point of compliance 
(POC) wells if the “average” uranium concentration in the LTP is 2 mg/L or less. Section 3 of 
Appendix G states that the “average flow weighted” uranium concentration from the LTP is 
predicted to be approximately 2.1 mg/L. The method used to calculate the current uranium 
concentration and the 2 mg/L metric in the LTP is unclear. 
 
Basis of the Request 
 
Completion of the source control program cannot be verified due to the uncertainty of how the 2 
mg/L uranium metric in the LTP will be determined. Completion of the source control program 
will be a requirement of the approved CAP to ensure concentrations of constituents of concern 
remain below the NRC-approved groundwater protection standards at and beyond the 
designated compliance monitoring wells. 
 
Formulation of the RAI 
 
Please clarify how the 2 mg/L uranium metric is calculated and from which tailings wells the 
concentration is measured to determine the average or flow weighted average. 
 
Response 

 
Uranium concentration and water-level elevation contour maps are developed annually for the 
measured concentrations and water levels in the LTP.  The tailings wells on the side slopes of 
the LTP and some tailings wells that are located on the top of the LTP are used each year to 
develop these contour maps.  These two contour maps are then used to develop a volume 
weighted average uranium concentration for the LTP.  The procedure for estimating the uranium 
concentration in the tailings includes using surface and volume modeling software (QuickSurf) 
within a CAD drawing.  The saturated thickness of the LTP for the slime and sand portions of 
the LTP was calculated by QuickSurf as the difference between surfaces representing the 
water-level elevation and the base of tailings elevation.  When summed over the plan area for 
the sand and slime areas of the LTP, this yields a saturated volume for each area. The 
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saturated thickness is then multiplied by a surface representing the uranium concentration in 
mg/L, and a similar summation is made to produce a value that is the product of the 
concentration and saturated volume for the sand and slime areas.  When this value is divided by 
the saturated volume, it yields the estimate of average uranium concentration that is weighted 
according to the saturated thickness of the tailings.  For comparison, in the Reformulated Mixing 
Model, the average uranium concentration for the LTP is calculated by summing the saturated 
volume, multiplied by the concentration values for the sand and slime tailings, and then dividing 
that sum by the saturated volume for the entire LTP.  Uranium concentrations and water levels 
in the tailings will continue to be measured to estimate the average uranium concentration at the 
end of groundwater restoration.  The concentrations in the alluvial aquifer will define when 
groundwater restoration is adequate rather than the concentrations in the LTP.  Because the 
alluvial aquifer groundwater restoration continues after the tailings flushing is discontinued, and 
because the tailings flushing program has been successful, the impact of future seepage from 
the tailings on the alluvial aquifer has diminished.  The 2 mg/L uranium concentration is still a 
desirable objective, but the projected seepage rate and the resulting uranium loading to the 
alluvial aquifer that would occur after restoration is complete, has been reduced to a level that 
essentially renders it a negligible consideration.  While the model can be a useful tool, actual 
progress and eventual completion of the alluvial aquifer restoration will be determined by real 
ground water sampling results, and the comparison of the measured COC concentrations of 
those samples to the approved site standards.   
 
9. Description of the Deficiency 
 
Section 2.2 of Appendix G discusses the sources and sinks of the groundwater model. The 
operational schedule for groundwater restoration efforts assume a 285 gpm collection rate (sink) 
in the tailings area of the alluvial aquifer for 2011 through 2015. The assumed collection rate 
then increases to 900 gpm from 2016 through 2020. The injection rates (sources) range from 
695 gpm to 749 gpm for years 2012 through 2020. 
 
It is unclear whether the groundwater flow model accounts for the actual and projected seepage 
rates from the large tailings pile. Section 2.1.1.1 of Appendix G states that the “seepage rates 8 
were evenly divided among the 27 simulated injection points distributed over the base of the 
large tailings pile in the alluvial aquifer.” However, the seepage rates were not discussed or 
accounted for in Section 2.2 of Appendix G, which discusses the groundwater model’s sources 
and sinks. In addition, this section discusses the total injection and collection rates necessary 
for restoration but does not provide adequate detail to evaluate the required injection rates to 
maintain hydraulic control or the necessary collection rates from specific areas within the 
impacted aquifers required to meet the estimated restoration schedule. 
 
Basis for the Request 
 
Clarification and additional information is needed to assess the validity of the restoration 
schedule. 
 
Formulation of the RAI 
 
Please clarify whether the groundwater flow model accounts for the actual and projected 
seepage rates from the large tailings pile and provide additional detail of the modeled rates for 
injection to maintain the hydraulic barrier and the necessary collection rates from specific areas 
within the impacted aquifers. The area of influence resulting from the projected injection and 
collection should be determined and illustrated to ensure adequate capture and control. 
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Response 
 
The groundwater flow model incorporates projections of future seepage from the tailings and the 
planned collection and injection operations to restore the water quality in the alluvial and Chinle 
aquifers.  In the modeling, the seepage from the tailings is transferred from the LTP to the 
alluvial aquifer in a series of injection points distributed over the footprint of the LTP.  The 
transfer is at the rates and average uranium concentrations indicated by the Reformulated 
Mixing Model.   
 
As described in the response to RAI #23, a proposed meeting between HMC and NRC, with a 
comprehensive presentation of the groundwater model, would likely be the most efficient means 
of describing both the planned restoration program operations and the modeling of those 
operations.  As a general description of the planned activities in the On-Site area, the collection 
and injection operations is intended to continue with a gradual advancement towards the central 
area of the LTP.  The increased treatment capacity allows both increased collection and 
injection rates that is designed to generally strengthen the hydraulic barrier and gradient 
reversal. 
 
The restoration approach in the Off-Site areas generally incorporates an alternating pattern of 
collection and injection wells that resembles the five spot pattern used in In-Situ Recovery (ISR) 
mining.  A large bleed rate is maintained by operating the combination of collection wells at a 
total rate that is at least 10 percent greater than the corresponding total injection rate on the 
interior of the plume.   
 
The restoration well pattern for the South Off-Site area is somewhat complicated by saturation 
boundaries and subcrop locations, but still uses the general pattern of alternating collection and 
injection wells.  Similar to the On-Site area, a series of model predictions of uranium 
concentration is used to forecast future restoration progress, while the extensive monitoring 
program uses actual water-quality data to demonstrate the restoration progress for the Off-Site 
areas.    
 
10. Description of the Deficiency 
 
Section 3.2 to Attachment A of Appendix G states that the reformulated mixing model shows 
that the “predicted [uranium] mass removed by dewatering the LTP during 2000 to 2004 is also 
consistent with observations. The observed dewatering uranium mass removal for the five year 
period was 27,209 pounds while the modeled mass removal was 26,223 lb. Total predicted 
uranium mass removal through 2050 was just over 130,000 pounds for flushing case F…” The 
NRC staff would expect the model results to be consistent with the observed uranium mass 
removal for the five-year period since the model was calibrated by making adjustments to the 
initial concentration and appropriate scaling factors to match observed points in 2000 and 2004. 
Validation of the model results with observed data after the calibration period would provide 
confidence that the model-predicted concentrations are reasonable. 
 
Basis for the Request 
 
Additional information is necessary to assess the validity of the restoration schedule. 
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Formulation of the RAI 
 
Please validate the reformulated mixing model results for the years following the calibration 
period. A table and graph should be provided to represent the model predicted concentrations, 
observed concentrations, and the uranium concentrations resulting from the applied mixing 
factor in the tailings seepage used for modeling. 
 
Response 
 
The Reformulated Mixing Model has been updated and is described in the attached 
memorandum.  Graphs presenting the current model predictions are included in the 
memorandum.     
 
11. Description of the Deficiency 
 
Table A-3 in Section 3.2 to Attachment A of Appendix G is intended to present the water and 
uranium balance for the reformulated mixing model flushing Case F. However, Table A-3 is a 
duplicate of the original mixing model flushing Case F results reported in Table A-1. 
 
Basis for the Request 
 
The information provided in Table A-3 is incorrect. 
 
Formulation of the RAI 
 
Please revise Table A-3 and associated graphs to accurately reflect the results from the 
reformulated mixing model. 
 
Response 
 
As noted in the RAI, Table A-3 incorrectly presents a duplicate of the results from the Original 
Mixing Model included in Table A-1.  A corrected version of Table A-3 is provided with this 
submittal.  It should be noted that the attached memorandum presents a detailed discussion of 
the most current update of the Reformulated Mixing Model.    
 
12. Description of the Deficiency 
 
Section 3.3 to Attachment A of Appendix G states that “[t]he output from the original mixing 
model and the reformulated mixing model that is used in the MODFLOW and MT3DMS 
groundwater flow and transport modeling is the rate of seepage and toe drain input and the 
concentration of uranium in the seepage from the tailings.” However, the water from the toe 
drains is collected and discharged for treatment and should not be included in the volume of 
seepage released to the alluvial aquifer below the large tailings pile. In addition, it is unclear 
how the output from the original mixing model and the reformulated mixing model was used in 
combination to provide input parameters for the groundwater flow and transport modeling. The 
reformulated mixing model is understood to be an updated version of the original mixing model 
used to evaluate the conditions of the large tailings pile and therefore could not be used in 
conjunction with each other.  
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Basis for the Request 
 
The description of the total output estimated from the mixing models appears to be inconsistent 
with actual conditions and it is unclear how each of the mixing models is used in conjunction 
with the other. These models support the groundwater flow and transport models that provide a 
basis for the CAP completion schedule. 
 
Formulation of the RAI 
 
Please provide a rationale for including the toe drain input to determine the output from the 
original mixing model and the reformulated mixing model used in the groundwater flow and 
transport models. Also, provide further clarification as to how the original mixing model and the 
reformulated mixing model are used in conjunction with one another. 
 
Response 

 
The toe drain water is presently pumped from the collection sumps and discharged to 
evaporation ponds.  However, the toe drain water can also be viewed as additional seepage 
from the tailings that is simply intercepted by the toe drain system.  The toe drain rates have 
declined to low levels, and when pumping from the toe drain sumps is discontinued, the water 
that would be collected in the toe drains is designed to be additional seepage from the tailings 
that ultimately reports to the alluvial aquifer.  Although the water balance in both the Original 
and Reformulated Mixing models included the toe drains as separate discharge rates, the toe 
drain rates were ultimately added to the seepage rates and the anticipated dewatering rates as 
the composite water removal from the LTP.   
 
The Original Mixing Model was the original empirical model of the water and uranium mass 
balance for the LTP and included a relatively simple spreadsheet-based approach for estimating 
water and uranium exchange within the LTP.  The Original Mixing Model was used in a 
preliminary screening process for evaluating combinations of the duration of LTP flushing, 
dewatering, and groundwater restoration.  Although the Mixing Model was useful in the 
preliminary phase of the modeling, a revision of the spreadsheet was undertaken to further 
refine the estimation of water and uranium exchanges within the LTP.  This revision of the 
Original Mixing Model was designated as the Reformulated Mixing Model to maintain the 
distinction between the original spreadsheet and the revised spreadsheet. The Reformulated 
Mixing Model basically replaced and superseded the Original Mixing Model.  The major changes 
made in the spreadsheet to create the Reformulated Mixing Model included increasing the 
estimated volume of resident water in the LTP, adding a calculation to estimate the water and 
uranium “recaptured” from the partially saturated zone with a rising water level, a significant 
reduction in the quantity of uranium assumed to be removed by seepage during active flushing, 
and eventual conversion to a Visual Basic/macro-based calculation.  The Reformulated Mixing 
Model and subsequent refinements of the spreadsheet are described further in the attached 
memorandum.  
 
13. Description of the Deficiency 
 
The modeling effort described in Section 5.1 and in further detail in Appendix G allows HMC to 
(1) evaluate the progress of the CAP, (2) adjust the CAP to changing conditions, and (3) 
estimate when groundwater restoration will be complete. However, the CAP does not discuss 
how each of the three items listed above will be evaluated or communicated to the NRC staff in 
the future. 
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HMC should describe how each of the three items listed above will be evaluated and 
communicated to the NRC staff to ensure that modifications to the CAP are justified and 
progress is being made in accordance with the restoration schedule. The NRC staff 
recommends utilizing the methodology employed for the mass removal analysis to evaluate the 
progress and the effectiveness of restoration in each aquifer and mixing zone of concern. 
 

Basis for the Request 
 
Additional information is needed to understand how the information from the modeling will 
support modifications to the restoration schedule in the CAP and how that information will be 
communicated to the NRC. 
 
Formulation of the RAI 
 
HMC should describe how each of the three items listed above will be evaluated and 
communicated to the NRC staff to ensure that modifications to the CAP are justified and 
progress is being made in accordance with the restoration schedule. The NRC staff 
recommends utilizing the methodology employed for the mass removal analysis to evaluate the 
progress and the effectiveness of restoration in each aquifer and mixing zone of concern. 
 

Response 
 

Although modeling is a useful tool in guiding restoration activities, only measured COC 
concentrations is intended to be used for evaluating or demonstrating restoration progress.  The 
progress in restoration is supposed to be evaluated by: (1) sampling and monitoring COC 
concentrations in impacted areas, (2) comparing measured COC concentrations with applicable 
site standards and/or established restoration target concentrations, and (3) analyzing COC 
concentration trends in active restoration areas.  The monitoring data should be compiled, 
analyzed, and presented in the annual reporting to the NRC and other regulatory agencies.  The 
following diagram is a flowchart representation of the operational review process for active 
groundwater restoration areas and activities.  A periodic review of restoration progress is 
intended to be initiated for active restoration areas at a frequency that is dependent on the 
location and severity of impacts for individual areas.  This frequency may be as high as a 
monthly review for off-site areas, and should occur at least twice each year for all restoration 
areas.  As indicated in the flowchart, sample data is intended to be used to determine if the 
target COC concentrations are met for an area under review.  Generally, the target COC 
concentrations should be modestly lower than the applicable site standards.  Once the 
restoration targets are met, the collection and injection efforts can be shifted or reallocated to 
remaining restoration areas.    
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14. Description of the Deficiency 
 
The CAP does not contain a corrective action monitoring plan. The proposed compliance 
groundwater monitoring plan does not provide the level of detail necessary to evaluate the 
performance of the CAP. 
 
Basis of the Request 
 
Criterion 7A of 10 CFR Part 40, Appendix A, requires the licensee to establish and implement a 
corrective action monitoring program when the groundwater protection standards have been 
determined to be exceeded. The purpose of the corrective action monitoring program is to 
demonstrate the effectiveness of the corrective actions being implemented by the CAP. The 
corrective action monitoring program should be a robust monitoring program capable of 
demonstrating restoration progress and the effectiveness of the CAP within the alluvial aquifer, 
the Upper, Middle, and Lower Chinle aquifers and their associated mixing zones on an annual 
basis, both on-site and off-site. 
 
Criterion 7, further states that “Any monitoring program required under this paragraph may be 
based on existing monitoring programs to the extent the existing programs can meet the stated 
objective for the program.” The NRC staff considers the proposed compliance monitoring 
program incapable of meeting the requirements of a corrective action monitoring program and 
demonstrating the effectiveness of the corrective actions and the annual restoration progress. 
 
Formulation of RAI 
 
Table 7.2.2-1 shall be revised to include a corrective action monitoring program to assess the 
performance of the groundwater CAP within the alluvial, the Upper, Middle, and Lower Chinle 
aquifers and their associated mixing zones. This modification will provide an improved 
understanding of the current locations under groundwater corrective actions for each of the 
specified aquifers. The designated corrective action monitoring wells will provide a consistent 
and transparent assessment of the year-to-year performance of the CAP. The proposed 
corrective action monitoring program should result in a level of detail already provided in the 
Annual Monitoring Report and Performance Review submitted to the NRC on an annual basis. 
The NRC staff believes that the additional monitoring program is required to fulfill the regulatory 
requirements of Criterion 7A and would satisfy the requirement for additional monitoring wells in 
License Condition 35B. 
 

Response 
 
An updated tabulation of the compliance and CAP monitoring programs is attached (Table RAI 
14-1).  This table presents the compliance monitoring wells for the alluvial and Upper Chinle 
aquifers, reversal wells, treatment processes, and pond monitoring.  Only the alluvial and Upper 
Chinle aquifers require compliance monitoring because they are the only groundwater aquifers 
that are affected adjacent to the tailings.  Treatment processes and pond monitoring are also 
included in the compliance monitoring.  The CAP alluvial aquifer monitoring is subdivided into 
On-Site; Subdivision; Section 34; North Off-Site; Sections 20, 29, 32, and 33; and South Off-
Site, while the Chinle monitoring is subdivided into On-Site, Subdivision, South Off-Site, and 
Regional.  The San Andres wells that supply the freshwater for the restoration program are also 
monitored as part of the CAP monitoring.  Annual monitoring for all Site Standards is proposed 
for the CAP monitoring.  Figure RAI 14-1 shows the locations of the alluvial compliance and 
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CAP monitoring wells.  The Chinle monitoring is subdivided into On-Site, Subdivision, South Off-
Site, and Regional.  The locations of the Upper, Middle, and Lower Chinle compliance and CAP 
monitoring wells are presented on Figures RAI 14-2, RAI 14-3, and RAI 14-4, respectively.  The 
locations of the four San Andres freshwater supply wells are presented on Figure RAI 14-5.  
 
The CAP monitoring will be adjusted as restoration progresses.  Selected CAP monitoring wells 
are supposed to be removed from the monitoring program after an area of the groundwater is 
restored and after monitoring demonstrates stability of the water quality in the restored aquifer.  
A Safety and Environmental Review Panel (SERP) should be used to remove the CAP 
monitoring wells when appropriate.    
 
15. Description of the Deficiency 
 
Section 2 of Attachment A to Appendix G states that the “subsequent operations and 
performance data have rendered most of these previous simulations obsolete. However, the 
initial groundwater modeling effort was based on the different flushing scenarios therefore a 
description is provided herein.” The flushing cases do not represent the actual or predicted 
restoration rates shown in Figure G-3 of Appendix G. It is unclear how the operational schedule 
for groundwater restoration can be relied upon without updating the flushing scenarios. 
 
Basis for the Request 
 
Information provided does not accurately reflect subsequent operations and performance data. 
This is needed to support the modeled flushing scenarios that support the groundwater flow and 
transport models, which in turn support the operational schedule for groundwater restoration. 
 
Formulation of the RAI 
 
Please provide updated model flushing scenarios that reflect actual operating conditions and 
performance data since the scenarios were originally developed in 2004. Additionally, the 
original mixing model, the reformulated mixing model, VADOSE/W, and the groundwater flow 
and transport models should also be updated to reflect the updated model flushing scenarios. In 
addition, validation of the predicted results after the calibration period should be performed and 
submitted for each of the models used. 
 
Response 
 
The Reformulated Mixing Model has been updated and is described in the attached 
memorandum.  As described in the response to RAI #12, the Original Mixing Model was used 
only in preliminary screening evaluations and has been superseded by the more refined 
Reformulated Mixing Model; therefore, an update of the original spreadsheet is not necessary.  
The results from the VADOSE/W modeling have been incorporated in the Reformulated Mixing 
Model by correlating the most recent VADOSE/W prediction of seepage and toe drain rates for 
each year with the corresponding estimate of resident water volume in the LTP for that year.  A 
two segment linear fit was performed and equations using the slope and threshold or intercept 
of the linear fits were used in the spreadsheet model.  In essence, the available VADOSE/W 
predictions were converted to a simple equation to predict seepage and toe drain rates as a 
function of estimated water volume in the tailings.  The rationale behind, and implementation of, 
this approach is described in the attached memorandum. 
 
The groundwater and transport modeling has been updated with a most recent reporting of the 
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results in 2014 as part of the Remediation Strategy document. 
 
16. Description of the Deficiency 
 
A substantial number (842) of additional wells are proposed for plume control in Table I-1 to 
Appendix I. The supplemental plume control wells are not discussed in sufficient detail. 
 
Basis of the Request 
 
The impacts of the proposed expansion of the plume control program have not been evaluated 
in the CAP in sufficient detail to determine influences on the local groundwater flow regime, 
including the current plume control program, and the effectiveness the additional wells will have 
on completing groundwater restoration within the proposed schedule for inclusion in the license. 
 
Formulation of RAI 
 
Please provide a capture zone evaluation report, as discussed in the CAP, for the plume control 
program that includes the planned expansion. The capture zone evaluation should include, but 
not limited to, the following: 
 

• A proposed timeline for implementing the additional network of plume control wells; 
 
• Yearly average injection and extraction rates for the proposed expansion of the plume 

control program necessary to complete corrective actions within the proposed schedule; 
 
• Yearly average injection and extraction rates within the current plume control program 

necessary to complete corrective actions within the proposed schedule; and 
 
• Identification of high concentration areas or targeted areas within each aquifer 

  
Response 
 
The typical restoration well configuration for the Off-Site areas is similar to that used in ISR 
mining operations, with a combination of multiple collection and injection wells located within the 
plume and a net “bleed” or excess extraction rate to provide containment of the plume.  The 
general terminology for a typical well pattern used in this approach is called a “five spot”, with 
four injection wells surrounding a collection well, and multiple adjoining well patterns are 
typically operated simultaneously.  This well configuration does not lend itself to the 
conventional capture zone evaluation.  However, the numerical flow and transport modeling of 
the operation of the collection and injection wells effectively provides a similar result for the 
complex well patterns.  The 2014 Remediation Strategy Report shows the effective capture of 
the elevated concentrations with their decrease in concentration with time.  The remediation 
strategy modeling was recently updated and should be presented to the NRC in a cooperative 
meeting or workshop.  The use of a general 10 percent bleed in the five spot patterns that are 
being used in the Off-Site restoration program results in an effective groundwater sweep with 
convergence to the collection wells to maintain containment in the area.  The hydraulic barrier 
should continue to be used On-Site to control groundwater flow in the Collection area until 
concentrations are reduced enough to use the five spot patterns.  An update of the remediation 
strategy modeling timeline for groundwater restoration at Grants will be presented in the NRC 
workshop.  All of the wells in the North Off-Site and Middle Chinle areas have been drilled, and 
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the majority of the wells needed in the others areas are also drilled.  Pump installation and 
piping to supply the treatment processes are in place.  The updated remediation strategy 
includes the proposed injection and collection rates for the restoration.  The Annual 
Performance Report presents the high COC concentration areas within each aquifer that 
requires restoration.    
 
17. Description of the Deficiency  
 
Section 1.1.3.1 states, “Rather than continue to conduct groundwater cleanup activities under 
the requirements of three competing regulatory programs, it is anticipated that the requirements 
of this CAP and the updated (pending) DRP will be incorporated into a Remedial Action plan 
approved by EPA, with NMED and NRC concurrence, under EPA’s CERCLA authority and that 
the state discharge permits could be terminated.” 
 
Basis for the Request 
 
This statement is incorrect. Under the Atomic Energy Act of 1954, as amended, the NRC is 
responsible for regulating source material and byproduct material generated from uranium 
milling. NRC regulations for source material facility licensing are found in 10 CFR Part 40. The 
NRC regulates site closure and remedial activities in accordance with License SUA-1471. 
Therefore, the CAP and DRP will be approved by NRC via license amendments to SUA-1471. 
EPA and the State of New Mexico may impose additional requirements on HMC which are not 
addressed in the CAP or DRP. 
 
Formulation of the RAI 
 

This statement should be removed from Section 1.1.3.1 of the CAP. 
 

Response 
 

HMC agrees with the NRC’s comment that the NRC is the lead regulatory agency for the site 
and that site closure and remedial activities are intended to be conducted as stipulated in 
License SUA-1471.  The statement from Section 1.1.3.1 of the CAP quoted in this RAI has been 
removed from the CAP in accordance with NRC’s request. Section 1.1.3.1 is revised as follows: 

 
OU1 is being conducted through the groundwater restoration program being carried out under 
NRC License SU-1471, the groundwater CAP, and NMED groundwater discharge plans DP-
200 and DP-725. In 1977, the HMC implemented OU1 remedial activities by carrying out an 
NRC- and state-approved groundwater collection and injection system at the site. The 
groundwater cleanup standards are established by the NRC under License SUA-1471 and 
NMED under DP200. In addition, HMC uses a secondary groundwater collection and land 
treatment system for the remediation of portions of the contaminant plumes that have migrated 
beyond the facility’s licensed boundary. Although this secondary groundwater system is not 
required as part of the existing CAP or DP200, HMC has incorporated this system into the 
revised CAP, as well as into DP200, as part of a renewal process that is currently under review 
by the NMED. 

Rather than continue to conduct groundwater cleanup activities under the requirements of 
three competing regulatory programs, it is anticipated that the requirements of this CAP and 
the upcoming DRP will be incorporated into a Remedial Action plan approved by EPA, with 
NMED and NRC concurrence, under EPA’s CERCLA authority and that the state discharge 
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permits could be terminated. 

18. Description of the Deficiency 
 
Section 1.1.3.1 states that “HMC uses a secondary groundwater collection and land treatment 
system for the remediation of portions of the contaminant plumes that have migrated beyond the 
facility’s licensed boundary. Although this secondary groundwater system is not required as part 
of the existing CAP…” 
 
Basis for the Request 
 
Recapturing 11.e(2) byproduct material, which has impacted groundwater in the uppermost 
aquifer and those aquifers in hydraulic connection with the uppermost aquifer due to seepage, is 
an NRC regulatory requirement under 10 CFR Part 40, Appendix A. In Staff Requirements 
Memorandum SECY-99-0277 (ML003740380), the Commission determined that the NRC has 
exclusive jurisdiction over both radiological and non-radiological hazards of 11e.(2) byproduct 
material. This applies to impacts both on and off site. 
 
Formulation of the RAI  
 
Please clarify the differences between the plume control program and the secondary 
groundwater collection program. The NRC staff requests that all on-site and off-site locations 
impacted by 11.e(2) byproduct material be included and discussed as part of the CAP. 
 
Response 
 
The secondary groundwater collection was the land treatment that was discontinued at the end 
of 2012.  The Off-Site restoration program replaced the land treatment program and is being 
used to restore the groundwater to the site standards included in this updated CAP and the 
renewal of DP200.  The updated CAP states that the Off-Site areas will be restored to the site 
standards. 
 
19. Description of the Deficiency 
 
Effluent and environmental monitoring required by License Condition 15 at POC wells and 
background well P is insufficient because the license no longer designates any POC wells. 
 
Basis of the Request 
 
License Amendment 34 revised License Condition 15 to only require reporting of effluent and 
environmental monitoring for groundwater radionuclide data at the designated POC wells and 
background well P. License Amendment 39 revised the designation of the POC wells to 
compliance monitoring wells in License Condition 35B, but License Condition 15 was not 
modified to be consistent with the new monitoring nomenclature. 
 
Formulation of the RAI 
 
Please propose new groundwater environmental monitoring locations to replace the formerly 
designated POC wells. The proposed groundwater environmental monitoring locations should 
be located downgradient of any contaminant sources at the facility boundary to meet the 
requirements of 10 CFR 20.1501, for surveying and monitoring, and to evaluate the public dose, 
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as defined in 10 CFR Part 20.1003, for compliance with the dose limits of 10 CFR Part 20.1301 
for individual members of the public. The proposed groundwater environmental monitoring 
locations are in addition to the groundwater monitoring locations discussed in NRC RAI number 
2. 
 
Response 

 
HMC has reviewed the NRC’s guidance provided in this RAI.  Accordingly, HMC requests that 
the proposed compliance monitoring wells, treatment processes, and pond monitoring 
discussed below be added to License Condition 35B of Materials License SUA-1471 as 
compliance monitoring wells.  HMC proposes that erroneous text (the second paragraph of 
License Condition 35B) be removed from the License.  The compliance monitoring consists of 
the ground-water monitoring immediately downgradient of the tailings, reversal wells, process 
treatment and pond monitoring.  Only monitoring of the alluvial and Upper Chinle Aquifers is 
needed, because groundwater has to flow through these two groundwater systems beyond the 
property boundary before it reaches any of the other aquifers.  Therefore, no compliance 
monitoring is necessary for the Middle and Lower Chinle and San Andres aquifers.  The 
proposed alluvial and Upper Chinle compliance monitoring wells, as well as the reversal wells, 
treatment processes, and pond monitoring, are as follows: 
 

Proposed Compliance Monitoring Near LTP 

Alluvial Upper Chinle  Reversal Wells Treatment Processes Ponds 
DD, DD2, 
D1, P, Q, 
S4, and X 

CE2 and CE8 B, BA, KZ, DZ, 
SM, SN, S2, and 
S5 

SP2  Monthly Volume 
Injection and 
Collection 

EP1, EP2, EP3, 
West Collection, 
and East 
Collection  

 
 
Additionally, to harmonize License Condition 15 with License Amendment 39, which revised the 
designation of the point of compliance (POC) wells to compliance monitoring wells in License 
Condition 35B, HMC proposes a license amendment to License Condition 15, such that License 
Condition 15 reads:  
 
“The results of all effluent and environmental monitoring required by this license shall be 
reported to the NRC. For purposes of reporting requirements, only groundwater radionuclide 
data from the compliance monitoring wells and background wells P and Q shall be reported.” 
 
 
20. Description of the Deficiency 
 
Section 7.2.1 states that “five point of compliance [POC] wells are designated for the site.” 
However, the currently approved license does not contain or require any POC wells. 
 
Basis of the Request 
 
The POC wells were removed from the HMC license and renamed compliance monitoring wells. 
The POC designation for these wells was changed once the wells could no longer fulfill the 
intended objective, which as stated in 10 CFR 40, Appendix A, Criterion 5B(1), is to provide 
prompt indication of groundwater contamination on the hydraulically downgradient edge of the 
disposal area. All monitoring wells are considered compliance wells once corrective actions are 
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determined to be necessary. The purpose of the compliance monitoring program required by 10 
CFR 40, Appendix A, Criterion 7A is to determine that the hazardous constituent concentrations 
in groundwater continue to fall within the standards set by the NRC. 
 
Formulation of the RAI 
 
All references to the POC wells should be removed from the CAP to ensure consistency with 
License Condition 35. 
 
Response 
 
HMC has removed the references to POC wells in the CAP as summarized below: 

 
Document Section Paragraph Text 

(includes table and figure 
references) 

Comment 

2012 CAP 1.1.3.5 1 These site standards must be met at 
POC wells DI, X, and S4 in the 
alluvial aquifer and at the proposed 
POC wells CE2 and CE8 in the Upper 
Chinle Non-Mixing Zone.  The 
locations of the POC wells are 
identified on Figure 1.1-1. 

 

2.4.1 2 These site standards must be met at 
the three POC wells D1, X, and S4 in 
the alluvial aquifer and at proposed 
POC wells CE2 and CE8 in the Upper 
Chinle Non-Mixing Zone (Figure 1.1-
1). 

 

4.1 2 In 2006, after evaluation of 
background water quality and 
extensive negotiations among the 
stakeholders, NRC, EPA, and NMED 
have agreed upon groundwater site 
standards for the 10 COCs that would 
be applied to specified POC wells. 
These standards were finalized in 
2006 after an evaluation of 
background water quality and were 
incorporated into the NRC license 
through License Amendment No. 39 
(Attachment A-1 in Appendix A).  
These standards were set at either 
background levels or appropriate 
drinking water standards.  These site 
standards are included in Table 1.1-1 
for the alluvial aquifer, the three 
Chinle formation aquifers, and the 
Chinle Mixing Zone. 

POC standards 

4.2.3 3 The wells used to generate the 
dissolved uranium distribution maps 
were selected based on wells that are 
sampled frequently with available 
concentration data throughout this 
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Document Section Paragraph Text 
(includes table and figure 

references) 

Comment 

time period.  This subset of wells 
includes the three POC wells (DI, X, 
and S4) for the alluvial aquifer. 

5.1 7 Overall, model simulations show that 
the site standards will be met at the 
POC wells by 2020 if active flushing 
of the LTP continues until the average 
uranium concentrations within the 
tailings is 2 mg/L or less and active 
groundwater treatment is continued. 

Forecast of when 
POC standards met 

6.1.1 1 Results from the groundwater model, 
which are discussed in detail in 
Section 5.1 and in Appendix G, 
indicate that the site standards will be 
met at the POC wells if the average 
uranium concentration in the LTP is 2 
mg/L or less.  Appendix G also 
includes detailed information about 
the groundwater modeling effort. 

Forecast of when 
POC standards met 

6.2 1 These schedules were developed 
employing groundwater modeling 
(described in detail in Section 5.1 and 
in Appendix G) to predict when COC 
concentrations at the POC wells 
would be achieved, based upon 
anticipated operational parameters. 

Forecast of when 
POC standards met 

7.2.1 1 Five POC wells are designated for the 
site (Figure 1.1-1). D1, X, and S4 are 
the POC wells for the alluvial aquifer, 
and CE2 and CE8 are the POC wells 
for the Upper Chinle Aquifer. 
Additionally, wells P and Q are used 
to monitoring upgradient site 
background water quality. 

POC Network 

7.2.1 1 There are no POC wells for the 
Middle and Lower Chinle aquifers 
because they subcrop with the alluvial 
aquifer outside the NRC license 
boundary (Figure 3.2.3-1, Figure 5.3-
1). 

POC Network 

7.2.1 1 Groundwater from the edge of the 
tailings must migrate in either the 
alluvial or Upper Chinle aquifers for 
more than a mile before reaching the 
subcrops of the Middle and Lower 
Chinle aquifers, where impacted 
water could potentially enter these 
aquifers.  Therefore, monitoring for 
the Middle and Lower Chinle aquifers 

POC Network 
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Document Section Paragraph Text 
(includes table and figure 

references) 

Comment 

can be accomplished using the 
existing POC monitoring wells. 

7.2.1 2 In addition to the POC and 
background wells, HMC regularly 
monitors approximately 80 additional 
wells to comply with all federal and 
state licenses and permits and 
voluntarily samples several hundred 
more to assess the performance of 
the CAP.  Compliance monitoring 
wells, including their sampling 
frequencies, are listed in Table 7.2.2-
1.  The network of voluntary 
performance monitoring wells evolves 
to stay relevant to current CAP 
operations and varies from year to 
year. 

POC Network 

7.4 1 The compliance monitoring program 
was specified by NRC License 
Amendment No. 34 in August 1999.  
Attachment L-1 of Appendix L 
includes detailed information on 
groundwater data submitted to the 
NRC and the NMED. 

 

7.4.1 1 The five POC wells (D1, X, and S4 in 
the alluvial aquifer and CE2 and CE8 
in the Upper Chinle aquifer; Figure 
1.1-1) are the locations at which the 
site standards (Table 1.1-1) must be 
met to comply with the NRC license 
and to demonstrate that groundwater 
restoration objectives have been met.  
There are no POC wells for the other 
aquifers, as discussed previously. 

 

7.4.2 1 Whole section Performance 
monitoring not 
formalized 

 
 

Figure 
1.1-1 

 Figure of POC well locations  

 
21. Description of the Deficiency 
 
The Chinle Mixing Zones located adjacent to the subcrop locations are not clearly delineated or 
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adequately discussed. 
 
Basis of the Request 
 
The boundaries of the mixing zones should be well defined to ensure that the appropriate 
standards are enforced. 
 
Formulation of RAI 
 
Please provide figures that clearly define the boundaries of each of the Chinle Mixing Zones and 
include the proposed compliance and corrective action monitoring locations discussed in more 
detail in RAI number 14 above. 

 
Response 
 
Figures 5-5, 5-7, and 5-11 (attached) from the 2003 Hydro Engineering Report depict the extent 
of the Chinle Mixing Zone in the three Chinle aquifers.  These figures were originally submitted 
to the NRC as part of the 2003 Final Background Report.  The Upper Chinle compliance 
monitoring consists of Upper Chinle wells CE2 and CE8 that are just downgradient of the 
tailings.  Compliance monitoring is needed for the Upper Chinle because it has direct contact 
with the alluvial aquifer in the LTP area.  Upper Chinle CAP monitoring wells are identified as 
494, CE9, CE15, CF4, CW3, CW18, CW25, and CW50.  Wells 494, CE2, CW3, CW18, and 
CW25 are shown in the Upper Chinle figure referenced above, while wells CE8, CE9, CF4, and 
CW50 are not shown on the figure because they were drilled after the 2003 investigation. The 
Upper Chinle CAP monitoring wells are also shown on Figure RAI 14-2. 
 
Figure 5-7 from the 2003 Hydro Engineering Report shows the locations of Middle Chinle wells 
493, ACW, CW2, CW17, CW28, and CW45 that are used in the CAP monitoring.  Middle Chinle 
wells CW55, CW62, and Y7 are also used for the CAP monitoring but were drilled after the 2003 
investigation.  Lower Chinle CAP monitoring wells CW29, CW32, CW41, CW42, and CW43 are 
shown on Figure 5-11 from the 2003 Hydro Engineering Report.  The Middle Chinle and Lower 
Chinle CAP monitoring wells are also shown on Figures RAI 14-3 and RAI 14-4, respectively. 
 
22. Description of the Deficiency 
 
Section 5.3.2 states that “Unimpacted or slightly impacted water is injected into the alluvial, 
Upper Chinle, and Middle Chinle aquifers to control the local hydraulic gradient in order to inhibit 
movement of the contaminant plume. This water has the additional benefit of hydraulically 
driving more contaminated water to the extraction well….” This section provides additional 
information about the alluvial plume control program but does not discuss the plume control 
programs for the Upper, Middle, and Lower Chinle aquifers and associated Mixing Zones. 
Section 6.1-2 further discusses the alluvial plume control program but does not discuss plume 
control in the Upper, Middle, and Lower Chinle aquifers and associated Mixing Zones. Figures 
6.1-1 and 6.1-2 show the projected future operations and the future restoration strategies for the 
plume control program, respectively, but do not provide projected injection and extraction rates 
required to complete groundwater restoration in the Upper, Middle, and Lower Chinle aquifers 
and associated Mixing Zones. Figure 6.2-1 provides the schedule for the revised CAP, which 
includes the plume control program, but does not provide a schedule for completion of the 
plume control program in the Upper, Middle, and Lower Chinle aquifers and associated Mixing 
Zones. 
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Basis for the Request 
 
The information provided for the plume control program did not provide an adequate description 
or information for each of the impacted aquifers and associated mixing zones. 
 
Formulation of the RAI 
 
Please provide a general description of the plume control programs utilized in the Upper, Middle, 
and Lower Chinle aquifers and associated Mixing Zones and revise the aforementioned figures 
to include the projected rates of injection and extraction and schedule for completion for the 
Upper, Middle, and Lower Chinle aquifers and associated Mixing Zones. 
 
Response 
 
The 2014 remediation strategy report presents the wells planned to be used to restore the 
Upper, Middle, and Lower Chinle aquifers on Figures 2-3, 2-4, and 2-5 respectively.  Sections 4 
and 5 of the remediation strategy report give more details on the Chinle Aquifer restoration in 
the South and On-Site areas, respectively.  Figure 4-8 in the strategy report presents the 
location of the collection and injection wells planned to be used in the South Middle Chinle 
restoration.  The predicted progress in restoration with time is provided on Figures 4-9 through 
4-13 for the South Middle Chinle Aquifer.  Wells planned to be used in the restoration of the 
South Lower Chinle Aquifer are shown on Figure 4-14 in the strategy report, while the 
restoration is presented on Figures 4-15 through 4-17.  The updated modeling includes 
collection, injection, and treatment rates that have been adjusted based on the recent expansion 
of treatment systems.  The aforementioned are among the discussion topics for the proposed 
NRC modeling workshop. 
 
On-Site restoration is presented in Section 5 of the strategy report for the Upper and Middle 
Chinle aquifers.  Figures 5-8 and 5-15 show the wells planned to be used in the On-Site area for 
the Upper and Middle Chinle aquifers, respectively.  Uranium restoration in the Upper Chinle 
Aquifer is presented on Figures 5-9 through 5-14 in the strategy report, while Figures 5-16 
through 5-21 shows the predicted restoration progress in the Middle Chinle aquifer. 
  
23. Description of the Deficiency 
 
Without input and output files, an assessment of the modeled results could not be performed for 
each of the models used to determine the completion date for groundwater remediation. 
 
Basis for the Request 
 
Verification of the modeled results will be necessary to evaluate completion schedules. 
 
Formulation of the RAI 
 
Please provide an electronic file with all the input and output files for each of the models used in 
the CAP and any spreadsheet calculations used to evaluate CAP components and analyses. 
 

Response 
 
HMC proposes to meet with the NRC to provide a workshop style presentation, with the focus of 
presenting and explaining the site’s hydrologic modeling approach and results.  The planned 
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restoration program has been refined with more current data from the site’s restoration 
operations, new well installations, and the extensive sampling events that have occurred since 
the 2012 CAP was submitted to NRC.  As such, there is little value in revisiting past modeling 
efforts that are obsolete or otherwise no longer representative of the current planned restoration 
program.  Instead, HMC believes a comprehensive presentation of the updated ground-water 
modeling, along with a detailed description of the planned restoration sequence would be much 
more productive. 
 
It is also important to note that the demonstration of the restoration progress and eventual 
completion is entirely by an extensive program of water quality monitoring in restoration areas.  
Thus, while the model be a useful for scheduling, planning, and evaluating restoration activities, 
only the collection and analysis of real data points (i.e., water sampling) can determine whether 
or not restoration is successful.  The results of periodic sampling of numerous wells within each 
active restoration area or aquifer are designed to be used to make operational changes in the 
restoration program, and to also be used to confirm when restoration goals are met.  Additional 
sampling after restoration is terminated are intended to be used to confirm post-restoration 
stability. 
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Requests for Additional Information on the 2006 Revised CAP 
 
RAI 2 Description of the Deficiency 
 
In reviewing the CAP, the staff is unable to find a detailed description of the re-injection program 
including water quality and locations of the re-injection wells. 
 
Basis of the Request 
 
Section 4.4.3(1)(f) of NUREG-1620 states that information on pumping, injection and sampling 
wells should be included in the CAP. This information is needed so the staff can verify that the 
groundwater reclamation activities are achieving the desired results. 
 
Formulation of RAI 
 
The collection for re-injection program should have its own section to describe well locations 
and water quality for each extraction well. The water quality of the reinjection area should be 
discussed including the effectiveness the program will have on the injection area. 
 
Response 
 
The collection for re-injection wells used each year have been described in the Annual 
Performance Report, and Section 4.3 of each annual report presents the water quality of the 
alluvial aquifer in the area of the collection for re-injection wells.  The “L” line of collection wells 
(which are just east and run roughly parallel to New Mexico Highway 605) have been used for 
this purpose for the last several years.  Every Annual Performance report contains an appendix 
(usually designated “Appendix B”), that presents the tabulation of the water quality data 
collected each year.   
 
The Annual Performance reports also show which wells are used each year for the injection of 
collection for re-injection water.  The water quality for the re-injection area is shown in Section 
4.3 (and the corresponding appendix) in each of the Annual Performance reports.   
 
The re-injection wells have been located between the LTP and Small Tailings Pile (STP) for the 
last several years. The collection for re-injection water has recently been switched to the feed 
stream to the RO and in the future, re-injection will likely be used only when the RO plant is 
offline. 
 
 
RAI 24 Description of the Deficiency 
 
Section 3.3, page 22, provides a brief description of the tailing toe drain and the French drain. 
However, the discussion is not detailed enough for the staff to evaluate the effectiveness of the 
reclamation activities. 
 
Basis of the Request 
 
Section 4.4.3(1)(f) of NUREG-1620 states that information on pumping, injection and sampling 
wells should be included in the CAP. This information is needed so the staff can verify the 
models supporting groundwater reclamation activities. 
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Formulation of RAI 
Section 3.3, page 22: HMC needs a more thorough discussion of the tailing toe drain and the 
French drain. How do they differ? Are they interconnected? 
 
Response 
 
A toe drain is installed at the toe of an embankment or dam and assists with draining water 
away from the foundation of the structure.  A French drain is a perforated conduit installed in a 
gravel bed or similar permeable material slightly below grade and is designed to prevent 
infiltration of water past the French drain, instead redirecting it down slope via the conduit.  
Therefore, the French drains on the LTP are designed to reduce the amount of surface water 
that infiltrates and saturates the embankment around the LTP, while the toe drains are designed 
to intercept groundwater seeping from the tailings into the alluvium. Water removed by the toe 
drains is reported in HMC’s Annual Monitoring Report as it is part of the collection system that 
discharges water to the RO plant and/or evaporation ponds for treatment/evaporation. As seen 
on Figure 29 of the CAP, toe drains and several French drains overlap, but the toe drains are 
located under the French drains, and often drain in the opposite direction as they are not 
interconnected.  
 
Section 3.3 of the 2006 CAP was removed and reincorporated into other sections of the 2012 
CAP. Text addressing materials from Section 3.3 of the 2006 CAP has been modified as follows 
in response to this RAI with additions in italics: 
 
• First bullet point in section 5.2 of 2012 CAP: 

Source Control – Groundwater with relatively low concentrations of contaminants is injected 
into the LIP to hydraulically force contaminated tailings pore water to toe drains and 
extraction wells to expedite the natural draindown process of COC mass from the LTP. 
Water from the toe drains is collected in sumps and sent to the RO plant or the evaporation 
ponds for treatment/evaporation. 

 
• Fifth paragraph of Section 5.3.1 of 2012 CAP: 

...Toe drains, installed along the perimeter of the LTP, collected a total average flow of 
approximately 35 gpm of groundwater seepage from the tailings in 2010, and this water was 
also directly routed to the evaporation ponds... 

 
 
RAI 26 Description of the Deficiency 
 
Section 3.4, paragraph 1, page 23, discusses the Alluvial aquifer extraction wells. However, the 
discussion does not describe the effectiveness of extraction well P2 that pumps approximately 
40 gpm of “clean groundwater” up-gradient from the Large Tailings Pile. 
 
Basis of the Request 
 
Section 4.4.3(1)(f) of NUREG-1620 states that information on pumping, injection and sampling 
wells should be included in the CAP. This information is needed so the staff can verify the 
effectiveness of groundwater reclamation activities. 
 
Formulation of RAI 
 
Section 3.4, paragraph 1, page 23: Additional clarification is required on the effectiveness of 
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extraction well P2 that pumps approximately 40 gpm of “clean groundwater” up-gradient from 
the Large Tailings Pile. 
 
Response 
 
The freshwater or treated water injection lines near the LTP aid in developing the hydraulic 
barrier.  Pumping from the upgradient wells (such as well P2) decreases the amount of alluvial 
water entering the LTP area from the places farther upgradient (i.e., to the area north of the 
LTP).  The upgradient pumping in the vicinity of well P2 was terminated in 2013, but the 
pumping prior to 2013 was beneficial in decreasing the amount of water than was necessary to 
pump from the alluvial aquifer in the vicinity of the LTP to maintain the hydraulic barrier.  
 
 
RAI 30 Description of the Deficiency 
 
Sections 3.5, 3.7 and 3.9, pages 23-24 discuss the injection wells in the Alluvial, Upper Chinle 
and Middle Chinle aquifers. These sections describe the effectiveness of the hydraulic barriers 
created by the injection wells and explain why their locations were chosen. However, these 
sections do not include the minimum injection rate needed in each well to create an effective 
hydraulic barrier and how these rates are achieved, as well as how these rates were determined 
to be effective. 
 
Basis of the Request 
 
Section 4.4.3(1)(f) of NUREG-1620 states that information on pumping, injection and sampling 
wells should be included in the CAP. This information is needed so the staff can verify the 
effectiveness of groundwater reclamation activities. 
 
Formulation of RAI 
 
Sections 3.5, 3.7 and 3.9, pages 23-24, should provide the minimum injection rate needed in 
each well to create an effective hydraulic barrier and how these rates are achieved, as well as 
how these rates were determined to be effective. 
 
Response 
 
The hydraulic barrier or reversal of gradient towards the area of the LTP in the alluvial aquifer is 
primarily a result of alluvial collection in the area of the LTP, while the injection on the southern 
and western sides of the tailings area strengthens and expands the hydraulic barrier and area of 
containment.  The reversal of the gradient between the hydraulic barrier and the collection wells 
determines whether adequate collection and injection is being maintained and the effectiveness 
of the hydraulic barrier.  If a reversal does not exist in one area of the alluvial aquifer, the 
collection or injection rate needs to be increased to regain the gradient reversal.  The ratio of the 
collection to the injection rate is typically less than one because a large portion of the injected 
water flows down gradient from the mound created around the injection wells and lines.  The 
typical ratio can be increased with larger collection rates and can be decreased with larger 
injection rates.  A typical minimum collection rate is 200 gpm with an injection rate of 300 gpm 
and this allows generally consistent containment.  Because the collection is the most important 
component in maintaining the gradient reversal, an increase in collection rate can allow a 
corresponding reduction in injection rate so  specification of an absolute minimum injection rate 
is not particularly useful.  The response to the 2012 RAI #9 should be reviewed for additional 
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discussion on the combination of collection and injection to maintain the hydraulic barrier. 
 
RAI 42 Description of the Deficiency 
 
Section 4.3, Table 4-1, page 29: The “Parameters to be Monitored” for the Chinle compliance 
monitoring wells are inconsistent with License Condition No. 35.B. 
 
Basis of the Request 
 
The CAP must be consistent with the license. 
 
Formulation of RAI 
 
Section 4.3, Table 4-1: Revise the table to ensure that the Chinle Wells “Parameters to be 
Monitored” column is consistent with License Condition No. 35.B. 
 
Response 
 
Table 7.2.2-1 of the Revised CAP (2012) provides the compliance monitoring program and 
parameters to be monitored and is updated in Table RAI 14-1, which lists all of the Chinle wells 
proposed to be monitored.  The updated monitoring table includes only three of the parameter 
lists (B, F, and H) for future use.  The Chinle wells are monitored annually for water level and all 
site standard constituents (Analytical Suites “B and F”).  License Condition No. 35.B requires 
that constituents that require restoration to background conditions in the Chinle Mixing Zone 
include selenium, uranium, molybdenum, sulfate, chlorine, total dissolved solids (TDS), nitrate, 
and vanadium.  The license includes restoration of vanadium in the Upper Chinle Non-Mixing 
Zone.  Analytical Suites “B and F” are appropriate for the Middle and Lower Chinle Non-Mixing 
Zone, which requires restoration for selenium, uranium, molybdenum, sulfate, chlorine, and TDS 
(see response to RAI #14). 
 
 
RAI 44 Description of the Deficiency 
 
Section 6.0, page 31, states: “The CAP will continue to change as site conditions change and 
water quality improves the aquifers. Modifications will be made to optimize the removal of 
constituents and to bring water quality in each of the aquifers to the approved water quality 
standards.” This section does not include a discussion to indicate that significant changes to the 
CAP must be approved by NRC prior to implementation. 
 
Basis of the Request 
 
The CAP is an NRC-approved document which will become referenced in a license condition. 
HMC is not permitted to make significant changes to the CAP without prior NRC approval. 
 
Formulation of RAI 
 
Section 6.0, page 31: HMC should revise this section to indicate that significant changes to the 
CAP must be approved by NRC prior to implementation. This discussion should identify what 
type of changes can be made without NRC approval, and what type of changes must be 
requested through a license amendment. 
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Response 
 
A proposed change will be evaluated by HMC to determine the potential significance regarding 
regulatory compliance, environmental protection, and health and safety as described in 10 Code 
of Federal Regulations (CFR) 50.59.  A Safety and Environmental Review Panel (SERP) will 
review proposed changes that could potentially affect compliance with the license and its 
reference documents. 
 
The SERP consists of the following individuals: 
• One member of the SERP with expertise in management is responsible for managerial and 

financial approval of all changes. The Closure Manager or a designee will fulfill this role. 

• One member with specific expertise in the operations and/or construction of the particular 
change being evaluated is responsible for implementing any operational changes.  This 
person may either be an HMC employee or designated contractor. 

• One member is the Radiation Safety Officer (RSO) or equivalent, with responsibility for 
verifying that changes conform to radiation safety and environmental requirements. 

The Closure Manager or a designee will act as the Chairperson of the SERP.  The Chairperson 
will appoint a SERP Secretary to act as the facilitator and maintain the records of the Panel.  
Generally, the RSO or an appropriate designee will fulfill this role.  The Chairperson may 
appoint other individuals to the SERP as appropriate to address specific technical aspects of the 
proposed change, test, or experiment.  Additional members may include additional HMC staff or 
subject matter experts including consultants. 
 
In the course of its review, the SERP must determine if the proposed change, test, and/or 
experiment may result in an increased environmental, health, or safety risk from that reviewed 
by the NRC staff during the initial licensing or license amendment process.  Specific aspects 
that must be reviewed by the SERP are listed in Table 1. 
 
If the SERP concludes that the proposed change, test, or experiment results in an increased 
environmental, health, or safety risk from that reviewed by the NRC staff during the initial 
licensing or license amendment process, a license amendment for the proposed change is 
necessary.  However, if the SERP concludes the proposed change, test, or experiment does not 
meet any of the criteria listed in Table 1, the SERP may approve the proposed change, test, or 
experiment, and work may proceed with the appropriate documentation.  The SERP review 
process for a change, recommendations and conclusions will be documented.  

Table 1: SERP Evaluation Checklist 

NRC License Requirement Yes No 

Does the proposed change, test, or experiment conflict with any regulations in 
10 CFR Parts 20 or 40? 

  

Does the proposed change, test, or experiment conflict with safety or 
environmental commitments in any approved relevant documents?*  

  

Does the proposed change, test, or experiment conflict with any condition 
found in HMC’s NRC materials license? 
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NRC License Requirement Yes No 

Does proposed change, test, or experiment contradict any conclusions of the 
NRC found in any Technical Evaluation Report (TER) approving any relevant 
decommissioning plans, reclamation plans, or corrective action programs? 

  

Does proposed change, test, or experiment contradict any conclusions of the 
NRC found in any TER approving any relevant decommissioning plans, 
reclamation plans, or corrective action programs? 

  

Does proposed change, test, or experiment contradict any conclusions of the 
NRC found in any environmental review document (e.g., Environmental 
Impact Statement [EIS] or Environmental Assessment [EA]) approving any 
relevant decommissioning plans, reclamation plans, or corrective action 
programs?  

  

Does the proposed change, test, and/or experiment result in more than a 
minimal increase in the frequency of occurrence of an accident previously 
evaluated in the relevant documents? 

  

Does the proposed change, test, and/or experiment result in more than a 
minimal increase in the likelihood of occurrence of a malfunction of a facility 
structure, equipment, or monitoring system (SEMS) important to safety 
previously evaluated in the relevant documents? 

  

Does the proposed change, test, and/or experiment result in more than a 
minimal increase in the consequences of an accident previously evaluated in 
the relevant documents? 

  

Does the proposed change, test, and/or experiment result in more than a 
minimal increase in the consequences of a malfunction of an SEMS previously 
evaluated in the relevant documents? 

  

Does the proposed change, test, and/or experiment create a possibility for an 
accident of a different type than previously evaluated in the relevant 
documents? 

  

Does the proposed change, test, and/or experiment create a possibility for a 
malfunction of an SEMS with a different result than previously evaluated in the 
relevant documents? 

  

Does the proposed change, test, and/or experiment result in the departure 
from the method of evaluation described in the relevant documents used in 
establishing the final safety evaluation report, the EA, TERs, or other analyses 
and evaluations?   

  

* Relevant documents could include license applications, license amendment applications, corrective action 
programs, reclamation plans, or decommissioning plans, decommissioning cost estimates, design documents, risk 
analyses, or other HMC internal documents. 
(1) Change means a modification or addition to, or removal from, the facility or procedures that affects a design 
function, method of performing or controlling the function, or an evaluation that demonstrates that intended functions 
will be accomplished. 
 
 
RAI 45 Description of the Deficiency 
 
Appendix C provides a discussion on groundwater modeling calibration (both flow and 
transport). This discussion includes a comparison of measured versus simulated groundwater 
levels in 2004, and observed versus simulated U concentrations in 2004. Lacking is a more 
quantitative comparison of the measured versus simulated groundwater levels and U 
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concentrations. 
 
With regard to transport modeling, only U concentrations are compared in the discussion. 
Simulated U concentrations were provided for only areas with a U concentration greater or 
equal to 0.15 mg/L. Simulated U values greater than 0.15 mg/L were not compared to observed 
U concentrations greater than 0.15 mg/L. The discussion does not include comparisons of 
observed versus simulated concentrations of the other chemicals of concern at the site. 
 
Basis of the Request 
 
Section 4.4.3(4) of NUREG-1620 states that the licensee should provide sufficient evidence that 
relevant site features have been considered, that the models are consistent with available data 
and current scientific understanding, and that the effects on cleanup time have been evaluated. 
Licensees should adequately consider alternate modeling approaches where necessary to 
incorporate uncertainties in site parameters and ensure that they are propagated through the 
modeling. 
 
Formulation of RAI 
 
Appendix C: HMC should provide the following items for the groundwater calibration: (1) a 
comparison of measured versus simulated groundwater levels or U concentrations and other 
chemicals of concern concentrations at wells or model nodes; (2) statistical analysis like the 
root-mean square approach; (3) information on the acceptable calibration criteria; and (4) more 
details on the calibration approach (trial and error changes, apparently a manual approach was 
used instead of a numerical approach). 
 
With regard to transport modeling, only U concentrations are compared in the discussion. HMC 
should provide comparisons of observed versus simulated concentrations of the other 
chemicals of concern at the site. 
 
Response 
 
The groundwater modeling has been updated and revised with significant changes in the 
sequence, extent, duration, and rates of groundwater restoration.  These updates and other 
aspects of the groundwater modeling are discussed and presented in responses to the 2012 
RAI #9, 10, 15, and 23.  Of particular relevance is the response to 2012 RAI #23 where a 
cooperative presentation and discussion the groundwater modeling is proposed.  HMC feels 
that this meeting would be the most productive approach in conveying the current status of the 
modeling effort and addressing NRC questions.   
 
The original calibration efforts used comparison of water level and uranium concentration 
changes in alluvial aquifer wells over the period from 2000 to 2004.  These comparisons used 
available wells that exhibited significant water-level changes and/or uranium concentration 
changes over the modeling period.  Hydraulic properties were determined from field 
measurements and were input to the model.  Uranium was and is still considered the key 
indicator constituent and is, therefore, used in the modeling.  In the updated modeling, uranium 
is the only constituent in the North and South Off-Site areas that is above the site standards. 
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Request for Additional Information 
 

Grants Reclamation Project, Decommissioning and Reclamation Plan, Update 2013 
 

License Condition (LC) 36, of Homestake Mining Company of California’s (HMC’s) License No. 
SUA-1471, requires that site reclamation be conducted in accordance with an approved 
reclamation plan.  The reclamation plan currently in effect was submitted to the U.S. Nuclear 
Regulatory Commission (NRC) on October 29, 1993, and approved by the NRC in License 
Amendment 21, dated May 5, 1995. 
 
On April 4, 2013, HMC submitted its Decommissioning and Reclamation Plan (DRP), Update 
2013 (Agencywide Documents Access and Management Systems [ADAMS] Accession No. 
ML131070607).  The NRC noticed receipt of the DRP and offered an opportunity to request a 
hearing and submit comments in the Federal Register (ADAMS Accession No. ML13141A575) 
on June 27, 2013.  The opportunity to request a hearing and submit public comments on the 
DRP closed on August 26, 2013. 
 
The purpose of the updated DRP is to update the October 1993 reclamation plan and to provide 
supporting documentation to amend groundwater and site reclamation schedules provided in 
the Updated Corrective Action Program (CAP) submitted by HMC on March 15, 2012 (ADAMS 
Accession No. ML120890113) for NRC review and approval.  
 
NUREG-1620, Rev. 1, “Standard Review Plan for the Review of a Reclamation Plan for Mill 
Tailings Sites under Title II of the Uranium Mill Tailings Radiation Control Act of 1978,” provides 
guidance to the staff for reviewing reclamation plans.  However, because most of the mill and 
soil remediation at this facility has already been completed, much of the guidance in NUREG-
1620 is not applicable. 
 
The NRC has reviewed the DRP.  The staff’s review consisted of: (1) verifying that information 
common to the DRP and CAP is consistent and (2) evaluating the adequacy of new information.  
Based on the staff’s review, the NRC requested that HMC provide additional information.  For 
completeness, each request for additional information (RAI) is presented below, including the 
description, basis for the request, and formulation of the RAI as detailed by the NRC.  To 
facilitate NRC staff review, the associated RAI responses include supporting background 
information followed by the revised DRP content. 
   
 
1. Description 

 
Section 2.1.1 “Facility Ownership” and Section 2.2.1 “Operational History” of the DRP do not 
include a discussion of the 1984 licensee name change from Homestake Mining Company to 
Homestake Mining Company of California 
 
Basis of Request 
 
License SUA-1471 is currently held by Homestake Mining Company of California. In 1984, 
Homestake Mining Company officially changed its name to Homestake Mining Company of 
California. With License Amendment 47, the NRC changed the licensee name from Homestake 
Mining Company to Homestake Mining Company of California. 
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Formulation of RAI 
 
Please revise the DRP to reflect the correct, current name of the licensee. 
 
Response 
 
In 1984, Homestake Mining Company legally changed its name to Homestake Mining Company 
of California. To address this change, Section 2.1.1 “Facility Ownership” and Section 2.2.1 
“Operational History” of the DRP have been revised.  
 
The first paragraph of Section 2.1.1 “Facility Ownership” has been revised as follows: 
 

HMC began uranium milling operations in 1958 under a license (SUA-708) issued by the 
AEC, with original operations being conducted by two distinct partnerships – the 
Homestake-Sapin Partners and Homestake-New Mexico Partnership.  HMC acted as the 
managing partner of both partnerships.  The Homestake-New Mexico Partnership was 
dissolved in 1961, and the property was acquired by Homestake-Sapin Partners.  The name 
of the partnership was changed in 1968 to United Nuclear-Homestake Partners.  Combining 
of the two milling operations resulted in a mill with a nominal throughput capacity of 3,400 
tons per day (tpd).  HMC purchased United Nuclear Corporation’s interest in March 1981, 
and the name was changed to Homestake Mining Company – Grants.  In 1984, Homestake 
Mining Company legally changed its name to Homestake Mining Company of 
California. The NRC changed the licensee name from Homestake Mining Company to 
Homestake Mining Company of California (HMC) with License Amendment 47.  HMC 
merged with Barrick Gold Corporation on December 4, 2001, and HMC is currently a wholly 
owned subsidiary of the Barrick Gold Corporation. 
 

The first paragraph of Section 2.2.1 “Operational History” has been revised as follows:  
 

Uranium milling operations that produced uranium concentrate at the Grants site began in 
1958 and were terminated in February 1990.  Milling facilities were originally constructed 
and operated as two distinct partnerships, with HMC acting as the managing partner of both.  
The smaller mill was organized as Homestake-New Mexico Partners, with a nominal milling 
capacity of 750 tpd.  The larger of the two mills was organized as Homestake-Sapin 
Partners, with a nominal milling capacity of 1,750 tpd.  The smaller mill started processing 
ore in April 1958, and the larger mill in May 1958. Both mills employed alkaline leach 
circuits, concentrating uranium oxide from ores with average grades of 0.05 to 0.30 percent 
uranium oxide (U3O8).  The smaller mill only operated until 1961, when the two milling 
operations were combined, resulting in a single mill with a nominal throughput capacity of 
3,400 tpd.  The Homestake-Sapin Partners Mill continued to use a portion of the smaller 
mill’s facilities.  In April 1968, United Nuclear Corporation acquired an interest in the 
partnership, and the operation became known as United Nuclear-Homestake Partners.  
United Nuclear’s interest was purchased by HMC in March 1981, and the operation became 
Homestake Mining Company – Grants. In 1984, Homestake Mining Company legally 
changed its name to Homestake Mining Company of California. The NRC changed the 
licensee name from Homestake Mining Company to Homestake Mining Company of 
California (HMC) with License Amendment 47.  In 2001, HMC merged with Barrick Gold 
Corporation as a wholly owned subsidiary. 
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2. Description 

 
Section 2.1.2 of the DRP includes a list of the major remaining tasks to be completed for final 
site closure. However, the list does not include the conduct of final status surveys for the four 
off-site irrigation areas. 
 
Basis of Request 
 
Section 9.7.3 of the DRP states that HMC will conduct Class 2 MARSSIM surveys across 
irrigation fields to verify and document that the soil meets the soil cleanup criteria. 
 
Request for Additional Information 
 
Please revise Section 2.1.2 of the DRP to include the conduct of final status surveys for the four 
off-site irrigation areas on the list of the major remaining tasks to be completed for final site 
closure. 
 
Response 
 
The list of the major remaining tasks to be completed for final site closure in Section 2.1.2 
“Facility Status” of the DRP did not include final status surveys for the four off-site irrigation 
areas.  These areas are regulated by the NMED under DP200 and are located outside the NRC 
license boundary regulated under NRC Materials License No. SUA-1471.  Final closure-related 
activities associated with the land application areas are detailed in the closure plan (ADAMS 
Accession No. ML15006A082) required by Condition 56 of DP-200.   
 
On April 20, 1999, the NRC notified HMC by letter (ADAMS Public Legacy Library Accession 
No. 99050050038) that the irrigation program was not subject to regulation under the Materials 
License No. SUA-1471, and that the radiological dose assessment for the irrigation program 
was generally acceptable for demonstrating compliance with the radiation dose limits for 
individual members of the public established by 10 Code of Federal Regulations (CFR) Part 
20.1301.  Therefore, Section 2.1.2 “Facility Status” of the DRP has not been revised, and 
Section 9.7.3 “Outlying Land Areas” of the DRP has been revised to remove the MARSSIM 
Class II surveys as follows:  
 

The only known off-site activity having the potential for contaminating the environment is 
associated with the irrigation program. This program was conducted from 2000 through 
2012.  The report titled, “Evaluation of Years 2000 Through 2013 Irrigation with Alluvial 
Ground Water (ERG et al. 2014, ADAMS Accession No. ML14120A176) presents the 
data collected to date.  A slight buildup of uranium has occurred in the soils.  However, 
these concentrations are a very small fraction of the applicable cleanup levels for 
uranium.  The irrigation fields, which are outside of the NRC license boundary, will be 
closed according to DP-200 and the DP-200 closure plan approved by New Mexico 
Environment Department (NMED). 

 
 

3. Description 
 
Section 2.1.4.3 of the DRP discusses remedial actions associated with Operable Unit 3 (OU3). 
HMC states that the current schedule for EPA’s release of the Final Human Health Risk 
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Assessment (HHRA) is early 2013. 
 
Basis of Request 
 
The U.S. Environmental Protection Agency released the Final HHRA in December 2014. 
 
Request for Additional Information 
 
Please revise the DRP to address the release of the Final HHRA and the impact of that 
assessment on HMC’s plans for reclamation and decommissioning of the Homestake site. 
 
Response 
 
Section 2.1.4.3 “OU3” of the DRP has been revised to reflect the U.S. Environmental Protection 
Agency’s (EPA’s) issuance of the final Human Health Risk Assessment (HHRA) in December 
2014 and that the HHRA is designed to have no impact on HMC’s plans for reclamation and 
decommissioning. Specifically: 
 

A Record of Decision (ROD) for OU3 was signed by the EPA on September 27, 1989, 
with the final selected remedial action being that no further action was required. 
However, the decision presented in the ROD did not constitute a finding by the EPA 
that adequate protection had been achieved within the neighboring subdivisions. 
Based on sampling of the soils and air in the neighboring subdivisions, the EPA 
reviewed outdoor air monitoring and particulate data collected at the site 
boundary. The EPA finalized a Human Health Risk Assessment (HHRA) in December, 
2014.  The findings of this HHRA do not impact HMC’s plans for reclamation and 
decommissioning of the site. 
 

 
4. Description 
 
Section 2.2.2.5 “Groundwater Restoration History” of the DRP, page 2-55, states, in reference 
to the groundwater collection and irrigation system, that: “This land application methodology 
was reviewed and approved by the NRC and NMED through letter authorizations (MFG 2006).” 
 
Basis of Request 
 
New Mexico Environment Department (NMED) approved HMC’s request to use water from the 
alluvial aquifer as a source of irrigation water by letter dated February 15, 1999, (Enclosure 2 to 
February 16, 1999 Letter (ADAMS Public Legacy Library Accession No. 9903030316) from 
HMC to the NRC describing the land application system). On April 20, 1999, the NRC notified 
HMC by letter (ADAMS Public Legacy Library Accession No. 9905050038) that the irrigation 
program was not subject to regulation under Materials License No. SUA-1471, and that the 
radiological dose assessment for the irrigation program was generally acceptable for 
demonstrating compliance with the radiation dose limits for individual members of the public 
established by 10 CFR Part 20.1301. 
 
Request for Additional Information 
 
Please revise the DRP to indicate that NMED approved the land application program by letter in 
1999, and that NRC approval was not required or given. 
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Response 
 
Section 2.2.2.5 “Groundwater Restoration History” has been revised to indicate that the NMED 
approved the land application by letter in 1999, and that NRC approval was not required or 
given.  Specifically, DRP Section 2.2.2.5 “Groundwater Restoration History”, final paragraph on 
page 2-55 has been revised as follows: 

 
HMC operated a groundwater collection and irrigation system (four fields) for remediation of 
portions of the downgradient ends of two contaminant plumes that had migrated from the 
mill site (Figure 2.2-14). The irrigation program was conducted from 2000 through 2012 to 
assist with the restoration of low contaminant concentrations in the offsite area while 
providing water for crop production. This land application methodology was reviewed and 
approved by the NMED through letter authorizations in 1999 (as noted in the CAP). On April 
20, 1999, the NRC notified HMC by letter (ADAMS Public Legacy Library Accession No. 
9905050038) that the irrigation program was not subject to regulation under Materials 
License No. SUA-1471, and that the radiological dose assessment for the irrigation program 
was generally acceptable for demonstrating compliance with the radiation dose limits for 
individual members of the public established by 10 CFR Part 20.1301. NMED provided sole 
regulatory oversight and approval for the irrigation program. Land application of water as 
part of the irrigation program ceased in 2012, as indicated in the DP-200 closure plan.  
 
When land application was conducted, the upper limit for the uranium concentration in 
irrigation water was set at the NRC’s effluent standard of 0.44 milligrams per liter (mg/L), 
and the maximum allowable concentration of selenium in the irrigation water was set at the 
New Mexico Water Quality Control Commission’s standard of 0.12 mg/L. In 2010, new 
temporary limits for concentrations in irrigation water were set at 0.16 and 0.10 mg/l for 
uranium and selenium, respectively. With five exceptions, measured uranium and selenium 
concentrations in irrigation water remained below these limits. The irrigation water supply 
configuration and production rates were adjusted to keep seasonal average concentrations 
below established limits. The report titled “Evaluation of Years 2000 Through 2013 Irrigation 
with Alluvial Ground Water” (ADAMS Accession No. ML14120A176) presents the monitoring 
results which show no effects on the uranium and selenium concentrations in the underlying 
groundwater from HMC irrigation/land treatment program. Final closure related activities 
associated with the land application areas will be conducted in accordance with DP-200 and 
the DP-200 closure plan. 
 

 
5. Description 
 
Section 9.1.2 “Small Tailings Pile” page 9-8, states: “Because no significant subsequent 
settlements should occur before barrier placement, no settlement monitoring will be performed.” 
 
Basis of Request 
 
The technical basis for HMC’s conclusion that no significant subsequent settlements should 
occur is provided on page 9-7. While it appears that settlement will likely not occur after slope 
re-contouring, HMC should perform settlement monitoring to ensure that the Small Tailings Pile 
(STP) is still performing as designed in accordance with 10 CFR Part 40, Appendix A, Criterion 
6. See Section 2.6 “Construction Considerations,” acceptance criterion 7 of NUREG-1620, 
Rev.1, for guidance on what criteria NRC staff will use to review plans for measuring settlement 
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of the disposal cell. 
 
Request for Additional Information 
 
Please revise the DRP to indicate how HMC will verify that the STP barrier is performing as 
designed after slope re-contouring. 
 
Response 
 
The slopes of the STP perimeter berm were reshaped to a final five-to-one grade of 5H:1V 
during EP1 Pond construction in 1990, and final reclamation of these slopes may require only 
the addition of the radon barrier and rock cover.  These perimeter slopes are underlain by 
compacted tailing sand and local native sandy clay soil; therefore, any settlement driven by 
cover placement is designed to be very small and virtually instantaneous, and therefore, not 
possible (or meaningful) to monitor. 
 
The 1993 Reclamation Plan (ADAMS Accession No. ML091490367, Section 4.2.2 “Small 
Impoundment”) anticipated that primarily compacted soils solids would be used to backfill the 
EP1 basin, leaving no potential for time-dependent consolidation and settlement.  Over the 
years, and since 1993, many changes in the groundwater restoration program have created 
additional materials (pond liners, sludge, contaminated soil, RO demolition debris, etc.) that are 
planned to eventually be placed in the EP1 basin, and some residual settlement potential may 
remain in them after placement in the STP.  The relative properties and quantities of these 
materials continues to change as the groundwater restoration program progresses; therefore, 
the reclamation design cannot be revised until the final inventory of materials to be contained in 
the STP can be compiled.  Subsequently, an estimate of settlement rates and magnitudes in the 
STP can be made, and a settlement monitoring plan can be prepared.   
 
As a standard for planning STP monitoring, the settlement monitoring plan that has been used 
on the Large Tailing Pile (LTP) for more than 20 years can still be used.  The pattern and 
configuration of settlement points is shown on Figures 6 and 8 of the 1993 Reclamation Plan; 
this monitoring system has been very effective on the LTP and will be used on the STP, as well.  
Monitoring points would be installed at the top of the waste and after the interim cover is placed, 
extended vertically as cover soil is placed.  Zero reading is taken after the last cover lift is 
placed.  Monitoring would consist of surveying the x/y/z position of the tops of each riser to 0.01 
foot precision, referencing a set of benchmarks established outside the STP limits.  Initial 
frequency of surveys would be quarterly until the rate of vertical change (delta z) in a quarter 
drops to less than 50 percent of the average of the four previous quarters, then annually until 
the settlement vs. time curve indicates 90 percent of primary settlement has been achieved. 
 
 
6. Description 
 
Section 9.11 of the DRP provides a schedule for completion of the remaining decommissioning 
and reclamation activities. The activities and dates provided are not consistent with the activities 
and dates provided in LC 36 of Materials License No. SUA-1471. 
 
Basis of Request 
 
LC 36 of Materials License No. SUA-1471 establishes completion dates for: (1) placement of 
the final radon barrier on the Large Tailings Pile (LTP); (2) placement of the erosion protection 
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on the LTP; (3) placement of the erosion protection on the STP; and (4) projected completion of 
groundwater corrective actions. Scheduled dates for completion of decommissioning activities 
that are established in the DRP can only be revised via license amendment. 
 
Request for Additional Information 
 
Please revise Section 9.11 to include, at a minimum, a schedule for the decommissioning 
activities as found in LC 36. 
 
Response 
 
HMC acknowledges that the dates submitted in the DRP no longer reflect current conditions. 
However, as noted, the Material License No. SUA-1471 is the document that governs activities 
at the HMC site and its related plans and programs. Therefore, following approval of the DRP, 
HMC intends to submit a license amendment request to amend the dates in LC 36. Subsequent 
to the approval of that License Amendment request, related milestones presented in the DRP 
will be referenced to the aforementioned amended LC. While possible to submit a document 
that acknowledges the dates in LC 36, it is not appropriate because the dates have already 
lapsed. 
 
7. Description 
 
Section 9.11.7 “Physical Reclamation/Closure,” provides a schedule for completion of 
groundwater reclamation activities. The schedule for placement of the Radon Barrier and Rock 
Cover on the LTP is seven years after completion of tailings flushing. 
 
Basis of Request 
 
After completion of the tailings flushing program, HMC will continue extracting tailings pore 
water and impacted groundwater beneath the tailings impoundment. Extraction of the tailings 
pore water is scheduled to be completed in 2016. It appears that additional extraction wells 
drilled through the tailings impoundment will continue to be used until 2020 based on the 
proposed completion date for alluvial aquifer collection. HMC stated it plans to defer placement 
of the final radon barrier and rock cover on the LTP until 2022. 
 
Request for Additional Information 
 
What is HMC’s technical justification for waiting six years to place the Radon Barrier and Rock 
Cover on the LTP after completion of tailings flushing? 
 
Response 
 
The final radon barrier and rock cover cannot be placed until the remediation system 
components are removed from the LTP.  While the tailings flushing is intended to be completed 
sooner, components of the remediation system on the LTP may continue to operate past the 
completion of tailing flushing, such as the extraction systems and the zeolite treatment system 
that are projected to operate through 2020.  Monitoring to confirm these systems will not need to 
be reactivated is scheduled through the end of 2021.  At that point, system decommissioning 
and reclamation will commence.  HMC will remove, abandon, and dispose of the aquifer 
remediation system in 2022.  Therefore, HMC is required to defer starting placement of the final 
radon barrier and rock cover until 2022.  The timing of active groundwater restoration efforts and 
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the placement of the final radon barrier and rock cover is discussed in RAI #6 above. 
 
8. Description 
 
Section 2.2.2.3, “Surface Water Runoff Control-Onsite,” states that the diversion channel will be 
cleared of windblown sediments and re-established as needed. Additionally, this section states 
that the diversion channel and drainage crossings were not originally part of the 1993 
design/reclamation plan and occurred as a field engineering change. The amount of windblown 
sediments accumulating in both the diversion channel and the drainage crossings is not 
discussed. 
 
Basis for the Request 
 
The diversion channels and crossings should be designed to store or flush the expected volume 
of sediment that will enter the channels over a 1000-year period in such a way that provides 
reasonable assurance that the on-site earthen covers will be effective radiological barriers for 
1,000 years to the extent reasonable achievable (10 CFR Part 40, Appendix A, Criterion 6). 
 
Request for Additional Information 
 
Provide the design specifications and engineering calculations used for the drainage channels 
and crossings, which document the adequacy of the protection provided from erosion when 
subjected to design flood flows over a 1000-year period.  
 
Response 
 
The diversion channel constructed along the northern (North Diversion Channel) and western 
(West Diversion Channel) side of the LTP (Figure 2.2-9) was designed to deflect the Probable 
Maximum Flood (PMF) from Lobo Canyon away from the LTP.  As acknowledged in Section 
2.2.2.3 “Surface Water Runoff Control-Onsite”, accumulation or removal of windblown sediment 
from the channel was not originally part of the 1993 design/reclamation plan and occurred as a 
field engineering change.  Loose windblown sediment will be flushed from the channel naturally 
when flow reaches scour velocity of this sediment; therefore, clearing windblown sediment is not 
required.  The “expected volume of sediment that will enter the channel over a 1000-year 
period” depends on upwind land use, climate change, and other factors that have not, and 
cannot, be quantified for 1,000 years.  
 
The NRC “Basis for the Request” links storing/flushing of sediment entering the diversion 
channel over 1,000 years to effectiveness of radiological barriers for 1,000 years. However, 
HMC is not aware of a connection between tailing cover performance and diversion channel 
sedimentation in 10 CFR Part 40, Appendix A, Criterion 6. Rather, Criterion 6 addresses radon 
barrier performance and is silent on drainage or erosion that is not directly related to barrier 
performance. 
 
NRC’s concerns about design floods and erosion are addressed in the 1993 Reclamation Plan, 
Section 4.2 3 “Erosion Protection”, including reference to design studies and runoff analyses 
using THYD and HEC-2 codes and dating back to 1988.  Details were included in Table 4 and 
Appendices B6, C8, C9, C10, and C11 of the 1993 Reclamation Plan, which were reviewed and 
approved by the NRC in 1994 through 1997. 
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9. Description  
 
The clean-up of non-radiological constituents is not addressed. 
 
Basis for the Request 
 
Non-radiological constituents must be addressed per the requirement of 10 CFR Part 40, 
Appendix A, Criterion 6(7). 
 
Request for Additional Information 
 
Please explain how the non-radiological constituents will be evaluated to address any 
hazardous concentrations in the soils to comply with 10 CFR 40, Appendix A, Criterion 6(7).  
 
Response 
 
As outlined in Appendix B, Attachment B-2 of the CAP, several chemicals were used in the 
milling process at the site.  These chemicals (i.e., sodium carbonate, sodium bicarbonate, 
polyacrylamide flocculant, sodium hydroxide, sulfuric acid, and ammonia) were consumed by 
the milling process or were diluted prior to discharge into the tailings ponds.  Of these 
chemicals, sodium hydroxide, sulfuric acid, and ammonia are the only chemicals that could, in 
high concentrations, present a hazard to human health and the environment as hazardous 
constituents.  Sodium hydroxide, in addition to being neutralized by sulfuric acid, readily breaks 
down in the environment into non-hazardous constituents and is allowed in food with no 
limitation other than current good manufacturing practice (21 CFR 184.1763).  Sulfuric acid is a 
strong acid that through exposure to alkaline constituents, such as sodium hydroxide and 
carbonaceous materials in the tailings, would have been rapidly and completely neutralized. 
Ammonia is a naturally occurring substance and is rapidly recycled by biological processes and 
broken down in the atmosphere.  Ammonia is only hazardous in high concentrations that cannot 
persist long-term in the environment and, therefore, would not be present at the site in 
hazardous concentrations.  Residual concentrations of these chemicals would be limited to the 
soils that could contain other process constituents (i.e., the tailings piles, ponds, and mill yard).  
Soils within these areas are addressed in Section 1.3.1 “Surface Contamination” of the DRP.  In 
summary, process chemicals used in the milling of uranium ore at the site have been placed in 
the disposal areas by remedial activities and by virtue of the milling process and should not be 
present at concentrations that would make them hazardous and a threat to human health and 
the environment.  
 
Selenium, molybdenum, sulfate, chloride, nitrate, and vanadium are potentially hazardous non-
radiological constituents identified as COCs for this site in LC 35B of Materials License No. 
SUA-1471.  These constituents are currently being actively monitored and remediated in 
groundwater as part of the groundwater restoration program.  Groundwater within the 
groundwater collection area established by the hydraulic barrier that contains COCs at 
concentrations in excess of the approved cleanup standards is extracted from the aquifer and 
treated, and surface-water drainage features that direct surface water away from the tailings 
piles are in place.  The interim and final covers will prevent the release of these COCs through 
erosion of non-radiological hazardous constituents, as these barriers are designed to perform as 
required by 10 CFR 40 Appendix A Criterion 6 (1).  In addition, meeting the soil 
decommissioning standards for Ra-226 and natural uranium presented in Table 5.1 of the DRP 
should be adequate to control these constituents.  Furthermore, the public does not have 
access to the tailings piles and site access controls will be maintained as part of the U.S. 
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Department of Energy stewardship of the site after closure.  The measures listed above are 
designed to be sufficient to prevent threats to human health and the environment from non-
radiological hazardous constituents.  
 
10. Description 
 
Sufficient description of the methodology to be used to measure radon flux through the final 
cover of the STP and the LTP is required for NRC evaluation. 
 
Basis for the Request 
 
License condition 36.A.(3) of Materials License No. SUA-1471 requires that the final radon 
barrier for the STP and the LTP limit radon emissions to an average flux of no more than 20 
pCi/m2s. 
 
Formulation of the RAI 
 
Please provide a complete description of how HMC’s radon flux measurement methodology will 
be used to measure radon flux from the final cover, including how many measurements will be 
taken and from where on each pile, and how these values will be used for an ultimate value.  
 
Response 
 
EPA’s method 115 “Monitoring for Radon-222 Emissions” Section 2 “Radon-222 Emissions from 
Uranium Mill Tailings Piles”, is to be used.  This method requires 100 measurements for each 
pile.  The location of the measurement is designed to be on a systematic triangular grid pattern, 
with a randomly selected starting point and will cover the top and side slopes of the piles, with 
the exception of LTP-1.  The side slopes of LTP-1 will not be measured because the radon 
barrier and rock have already been placed and radon flux measurements made.  The results of 
the side slope flux measurements on LTP-1 will be included in the final flux value for LTP-1 
using the method in Section 2.1.7 “Calculations” of Method 115.  A copy of the procedure is 
attached. 
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Mass Removal Data Summary Chart 
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Mass Removal Input Data and Mass Balance Table 



Year
X- position (ft)
center of mass

Y- position (ft)
center of mass

Spatial 
Moments

U mass (kg)

Estimated LTP Seepage U 
mass
 (kg)

Annual Alluvium U 
mass (kg) extraction 
(Hydro Engineering)

Cummulative 
Alluvium U mass 

(kg) extracted
2001 491117.56 1543805.12 83,675 1,459 10,753 10,753
2002 491026.22 1543970.22 75,849 3,897 11,358 22,111
2003 490841.96 1543966.68 90,463 3,125 9,285 31,396
2004 490496.27 1543601.33 47,587 2,203 6,637 38,033
2005 490733.70 1543834.15 52,047 1,479 5,844 43,877
2006 490861.42 1543887.01 54,573 2,027 4,812 48,689
2007 490650.05 1543911.32 52,401 1,734 5,370 54,059
2008 490206.67 1543673.11 35,830 3,049 5,971 60,029
2009 490108.48 1543645.51 32,278 2,154 7,720 67,750

Spatial Moments Mass Reduction 51397 kg = Sum Alluvial Umass Extraction 67,750 kg
Minus Sum LTP Seepage Mass 21,128 kg

51397 kg 46,622 kg

Equation Imbalance -4,775 kg

Mass balance verification step
2001-2009 time period

Mass Removal Data Summary
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Memorandum on the Reformulated Mixing Model 
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Reformulated Mixing Model: 
Concept, Development, Implementation 
and Updates 

The Reformulated Mixing Model (RMM) was developed as a revision and enhancement of an earlier version 
of the spreadsheet-based model to predict uranium and water exchanges and balances within the Large 
Tailings Pile (LTP) at the Grants Reclamation Project (GRP) site.  The earlier version of the model was 
designated as the Original Mixing Model (OMM) and has been superseded by the RMM.  Since it was first 
developed, the RMM has been updated and several features have been added to refine the predictions of water 
and uranium balances. 

Model Concept 
The OMM was developed as an empirical means of predicting future uranium concentrations in the LTP with 
the flushing program along with estimates of seepage from the tailings to the underlying alluvial aquifer.  The 
concept in developing the OMM and the subsequent RMM was an analogy to a mixed reactor in which 
flushing water is injected into the LTP while water is removed from the tailings by seepage and dewatering.    
The “clean” flushing water displaces or mixes with the resident solution in the LTP and results in a gradual 
reduction in the quantity of uranium and the average uranium concentration in the LTP.  However, the 
analogy to a mixed reactor is imperfect and a more empirical means of predicting water and uranium 
exchanges was employed in the RMM.  In its simplest form, the RMM sums the uranium and water inputs to 
and outputs from the LTP on an annual basis to maintain a tabulation of predicted water and uranium balance 
from the LTP.  With ongoing revision, the RMM has expanded to incorporate separate balances for and 
exchanges between the slime and sand portions of the tailings in the LTP.  This expansion was facilitated by 
the available monitoring record and the fact that sand dikes around the perimeter of the interior slime areas 
represent relatively distinct portions of the tailings that function somewhat independently.    

Development 
The RMM was developed within an EXCEL worksheet and the calculations are performed by Visual Basic 
routines activated as a macro.  The EXCEL worksheet provides a convenient format to tabulate water and 
uranium quantities and rates annually.  The spreadsheet also conveniently provides graphical presentation of 
the results that are updated with the tabulation.  The following description includes the general water and 
uranium exchanges in the RMM. 

Inputs 
The primary inputs to the tailings are flushing water and natural recharge through the surface of the tailings.  
Flushing injection added large quantities of water and relatively small quantities of uranium to the LTP up 
until flushing was discontinued in 2015. The natural recharge through the tailings cover is a relatively small 
quantity of water in contrast to the flushing, and the quantity was adjusted in 2007 after additional cover was 
placed on the tailings.  The quantity of uranium added to the LTP by the natural recharge is insignificant.  The 
input section of the RMM is shown in Figure 1 and includes the tabulation of actual flushing and dewatering 
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rates through 2015, and projected dewatering rates for 2016.  In the current RMM spreadsheet, both inputs 
and outputs are separated into slime and sand exchanges. 

An additional input of both water and uranium was included as the recapture calculation.  The recapture 
calculation is an empirical estimate of water and uranium quantities that are added to the resident quantities 
when the water level in the LTP rises due to flushing injection.   The reasoning behind the recapture 
calculation was that, prior to flushing, the residual water in the partially saturated zone of the tailings would 
likely have large uranium concentrations.  When the water level increases due to flushing injection, both the 
residual water and uranium in the partially saturated zone are “recaptured” to the resident volumes or masses 
in the RMM.  The significant recapture of uranium was limited to a single cycle of water level rise.  

The uranium inputs to the LTP consisted of the relatively small contribution by the flushing water and the 
assumed recapture uranium mass.  The assumed concentration of uranium in the recapture water is listed in 
the input parameters in Figure 1 as the Assumed Recapture U Concentration.   

Outputs 
The primary outputs from the tailings are dewatering collection, seepage and toe drain collection.  The toe 
drain collection actually represents a portion of the seepage that is intercepted on the perimeter of the tailings, 
but the rates are separated from the seepage discharge in the RMM.   

The rates of seepage and toe drain discharge from the tailings were originally estimated using the 
VADOSE/W modeling described in the CAP.  Since the original implementation of the RMM, the sequence 
and rates of flushing and dewatering have changed significantly and it was necessary to modify the estimates 
of seepage and toe drain rates to accommodate these changes.  To that end, the VADOSE/W predictions of 
toe drain and seepage rates were plotted against the estimated resident water volume in the tailings from the 
RMM with the result shown in Figure 2.   The following factors were considered in extending the available 
VADOSE/W predictions to a modified sequence of flushing and eventual LTP drain down. 

• The seepage and toe drain rates generally increase as the water volume in the LTP increases due to
increasing head and an expansion of the saturated footprint of the tailings.

• The seepage and toe drain rates generally decrease as the water volume in the LTP decreases due to
decreasing head and shrinkage of the saturated footprint of the tailings.

• The measured water levels and water balance predicted by the RMM showed that seepage and toe
drain rates will equilibrate with the difference between the inputs (flushing plus natural recharge) and
the dewatering extraction.  There are changes in water level and water storage in the LTP when there
is a change in flushing or dewatering rates, but eventually the water levels stabilize and at that point
the seepage and toe drain rates are equivalent to the difference between other inputs and outputs from
the LTP.

• With the flushing program operated through 2015, there was an extended period wherein observed
water levels and measured injection and dewatering rates reveal the relative stability of the estimated
resident water volume in the LTP when net injection rate was relatively steady.

• When dewatering is terminated, the seepage and toe drain rates are predicted to gradually decline as
the water levels decline and the saturated footprint of the LTP shrinks.

Equations for predicting seepage and toe drain rates were developed by fitting two line segments to both the 
seepage and toe drain rates as shown in Figure 2.   A two segment linear fit was used to generally represent 
the active flushing and long-term drainage phases independently.  Like the flushing inputs to the tailings, the 
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seepage rates were proportioned between the slime and sand portion of the tailings according to seepage 
fractions listed in the input table shown in Figure 1.  The combination of seepage or toe drain rates and 
resident water volumes used to calculate the predicted output rates are also shown with blue shading in Figure 
1.   

The estimated quantity of uranium removed from the LTP in seepage from the slime and sand is calculated 
for each year and is proportional to the estimated average concentration in the corresponding portion of the 
tailings, and to the corresponding seepage and toe drain rates.   During flushing, the uranium concentration in 
the seepage is assumed to be a fraction of the average LTP sand or slime concentration to incorporate a 
variety of factors in expected uranium exchange during flushing.  The factors include the following. 

• Portions of the flushing injection at the base of the tailings will effectively bypass the tailings by
contributing to seepage without significant mixing with the resident water in the LTP.

• Portions of the tailings that have been successfully flushed will continue to contribute seepage to the
alluvium at relatively low uranium concentrations.

• Heterogeneities in the tailings hydraulic properties may allow some short circuiting of the mixing
process.

The fraction of the average uranium concentration estimated to be present in the seepage from the sand or 
slime tailings is listed as 0.4 in the input table shown in Figure 1.   This factor is applied to calculate uranium 
removal from the tailings through the date listed as the End of Injection in Figure 1.  After flushing, the 
uranium concentration in the seepage is assumed to be the corresponding average concentration in the LTP.  
The dewatering extraction is assumed to be at the average uranium concentration in the corresponding portion 
of the tailings. 

LTP Internal Exchanges 
Because the sand and slime portions of the LTP have dramatically different hydraulic properties and can be 
treated as somewhat independent, the RMM calculates and tabulates water and uranium balances separately 
for the sand and slime.  The flushing injection was primarily in the slime tailings through 2013, but with the 
increased head within the slime tailings, much of the water from the slime will flow outward to the perimeter 
sand dike.  In the RMM, this transfer was represented as a slime to sand transfer of both uranium and water.  
The portion of the resident water volume that is assumed to reside in the slime tailings is included in the input 
table in Figure 1 as 60 percent of the total volume.  The RMM spreadsheet makes an iterative calculation as 
indicated in Figure 3 to maintain this approximate 60 vs. 40 percent resident water distribution between slime 
and sand tailings by transferring water from the slime to sand tailings.  Because much of the water transferred 
from the slime to sand tailings is flushing injection water, only a small fraction of the average slime tailings 
uranium concentration is assumed to be transferred with the water (see Figure 1).   

Updates 
The RMM has been updated to include the most recent available operational flushing and dewatering rates.  
The predicted model results are compared with the measured uranium concentrations within the LTP as 
presented in Figures 4 and 5.   Figure 6 presents the tabulation of model results for the most recent update.  
There is relatively good correspondence between measured and predicted uranium concentrations in the sand, 
slime and overall LTP (see Figure 5).  The operational configuration of the flushing program and the physical 
exchange processes within the tailings have resulted in the significantly different uranium concentrations in 
the slime and sand tailings.  The dramatically lower hydraulic conductivity of the slime tailings results in 
much slower vertical and horizontal water movement and limited practical dewatering rates.  In contrast, the 
sand tailings on the perimeter of the LTP have much greater hydraulic conductivity and faster corresponding 
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rates of water movement.  The flushing injection was primarily in the slime tailings through 2013.  However, 
a significant portion of the flushing injection in the slime tailings moves laterally into the sand tailings 
resulting in the significant reduction in measured sand uranium concentration as shown in Figure 6.  In effect, 
the flushing of slime tailings indirectly flushes the sand tailings, and this exchange process is expected to 
continue after flushing is completed.  With this exchange process, the difference between predicted uranium 
concentration in the sand and slime tailings gradually becomes smaller.    

The estimated long-term seepage and toe drain rates from the LTP are predicted to vary within a modest range 
during the operation of the flushing injection, with a fairly rapid decline after flushing is terminated (see 
Figure 4).  Given that the combination of seepage and toe drain discharge from the LTP effectively balances 
the net inputs to the LTP (flushing injection plus natural recharge minus dewatering) over the duration of the 
flushing program, the extension of the VADOSE/W model results to a longer flushing program provides a 
reasonable estimate of discharge from the tailings.  After flushing and dewatering are completed, the rate of 
seepage and toe drain discharge from the LTP declines fairly quickly and will gradually approach the very 
small estimated rate of recharge to the LTP through the cover system.    

Summary 
The RMM has been refined and updated to provide a more comprehensive method of estimating the quantity 
and uranium concentration in seepage from the tailings.  The record of water levels and measured uranium 
concentration in the LTP through 2015 has allowed comparison of measured and predicted uranium 
concentrations.   The long-term predicted uranium concentration in seepage from the LTP with the current 
update of the RMM is slightly greater than three (3) mg/l.  As noted, the RMM is an empirical model, but 
numerous inputs can be adjusted to develop a good representation of available measured LTP uranium 
concentrations and further refine model predictions.    
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Figure 1.  RMM Input Section 
Slime Sand Total Total Slime Effective Sand Effective Injection

Dewater Dewater Dewater Injection Injection Slime Injection Sand Uranium
Year Rate Rate Rate Rate Rate Injection Rate Injection Conc.

Assumed Tails Partition Fraction 1.00 (gpm) (gpm) (gpm) (gpm) (gpm) (fraction) (gpm) (fraction) (mg/l)
Assumed Starting U Concentration 39.38 2000 23.6 0 23.6 61 61 1 0 0 0.40

Assumed Long-Term Flushing U Concentration 0.15 2001 60 0 60 162 162 1 0 0 0.40
2002 34 0 34 302 302 1 0 0 0.44

Assumed Scaling Slimes Volume (gallon) 6.05E+07 2003 17 0 17 267 267 1 0 0 0.57
Slimes Specific Yield Scaling Factor 3.20 2004 84.9 0 84.9 280 280 1 0 0 0.91

2005 87.2 0 87.2 228 228 1 0 0 0.92
Assumed Scaling Sand Volume (gallon) 6.34E+07 2006 84.5 0 84.5 269 269 1 0 0 0.72

Sand Specific Yield Scaling Factor 2.13 2007 46.7 0 46.7 224 224 1 0 0 0.21
2008 14.68 0 14.68 300 300 1 0 0 0.21

Initial Fraction U Conc. In Seepage & Toe Drain Water 0.4 2009 56.1 0 56.1 284 284 1 0 0 0.15
Final Fraction U Conc. In Seepage & Toe Drain Water 1 2010 25 0 25 193 193 1 0 0 0.15

Other Water Uranium Conc. 0.1 2011 104 0 104 270 270 1 0 0 0.15
Residual Partially Saturated Water Recapture Fraction 0.3 2012 105 0 105 264 264 1 0 1 0.15

Assumed Recapture U Concentration 55 2013 60.4 0 60.4 232 232 1 0 1 0.15
Slime to Sand U Transfer Fraction 0.15 2014 46 0 46 308 200 1 108 1 0.15

Assumed Slime Portion (%) 60 2015 5 11.8 16.8 79 30 1 49 1 0.15
Calculated Sand Fraction (%) 40 2016 10 10 20 0 0 0 0 0 0.15

Seepage Lower Threshold 0.45 At Volume 2.2E+08
Seepage Break Threshold 6 At Volume 2.7E+08
Seepage Upper Threshold 160 At Volume 4.55E+08 Assumed Slime Seepage Fraction (%) 40

Calculated Sand Seepage Fraction (%) 60
Toe Drain Lower Threshold 0.3 At Volume 2.2E+08
Toe Drain Break Threshold 2 At Volume 2.7E+08 End of Injection 2,015
Toe Drain Upper Threshold 50 At Volume 4.55E+08
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Figure 2.  Seepage Rate Correlation 
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Figure 3.  RMM Simplified Flow Chart
Adjust input parameters as necessary.  If available, 
enter measured injection and dewatering rates.
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Figure 4.  RMM Predicted Seepage Rates and Average Uranium Concentration 
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Figure 5.   RMM Predicted and Measured Uranium Concentrations 
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Figure 6.  RMM Estimated Uranium Concentration and Water Balance 
Estimated Flushing Water Mixing and Tailings Uranium Concentration (Starting in Year 2000) Slime Slime Sand Sand

Slime Sand Resident Slime Sand Residual Residual Residual Residual Slime Slime Sand Sand Slime Sand Slime Slime Sand Sand Total
Resident Slime Sand Solution Solution Solution Average Average Average Total Water Water Water Water Effective Flushing Effective Flushing Slime Dewatering Sand Dewatering Seepage Seepage Seepage Seepage Slime Slime Other Total Toe

Water Water Water Uranium Uranium Uranium Uranium Uranium Uranium Alluvial U Recapture Uranium Recapture Uranium Flushing Uranium Flushing Uranium Dew. Uranium Dew. Uranium &Toe D Uranium &Toe D Uranium Water Uranium Water Seepage Drain
Year Volume Volume Volume Mass Mass Mass Conc. Conc. Conc. Loading Volume Added Volume Added Rate Added Rate Added Rate Removed Rate Removed Rate Removed Rate Removed to Sand to Sand Added Rate Rate

(gallon) (gallon) (gallon) (lb) (lb) (lb) (mg/l) (mg/l) (mg/l) (kg/yr/10) (gallon) (lb/year) (gallon) (lb/year) (gpm) (lb/year) (gpm) (lb/year) (gpm) (lb/year) (gpm) (lb/year) (gpm) (lb/year) (gpm) (lb/year) (gal/year) (lb/year) (gal/year) (gpm) (gpm)
Initial 328,731,600 197,238,960 131,492,640 64,763 43,175 107,938 39.38 39.38 39.38 0
2000 328,731,600 197,238,960 131,492,640 64,763 43,175 107,938 39.38 39.38 39.38 565.5 61.0 107 0 0 23.6 4,076 0 0 22.0 1517 50.2 3466 19,401,746 956 831,000 54.9 17.2
2001 311,309,270 186,453,162 124,856,108 58,322 40,665 98,986 37.51 39.06 38.14 408.0 162.0 284 0 0 60.0 9,871 0 0 16.2 1063 37.0 2532 29,700,754 1394 831000 40.4 12.7
2002 337,839,347 202,371,208 135,468,139 46,278 39,526 85,805 27.43 34.99 30.46 534.2 4,775,414 2,190 3,183,609 1460 302.0 576 0 0 34.0 4,089 0 0 25.0 1202 57.1 3504 69,092,890 2370 831,000 62.5 19.6
2003 444,352,479 266,279,087 178,073,392 41,383 39,852 81,235 18.64 26.84 21.93 961.4 19,172,364 8,792 12,781,576 5861 267.0 667 0 0 17.0 1,390 0 0 60.5 1977 137.9 6494 83,344,272 1943 831,000 151.1 47.2
2004 504,272,014 302,230,808 202,041,205 45,533 41,163 86,696 18.07 24.43 20.62 1181.5 10,785,516 4,946 7,190,344 3297 280.0 1116 0 0 84.9 6,727 0 0 80.4 2549 183.4 7861 81,948,177 1852 831,000 201.0 62.8
2005 486,970,305 291,849,783 195,120,522 40,467 38,451 78,919 16.63 23.63 19.44 1048.3 228.0 919 0 0 87.2 6,359 0 0 74.6 2178 170.3 7059 67,602,474 1406 831,000 186.6 58.3
2006 433,082,079 259,516,847 173,565,232 31,443 32,799 64,242 14.53 22.66 17.79 747.8 269.0 849 0 0 84.5 5,385 0 0 56.7 1445 129.4 5143 67,665,153 1230 831,000 141.8 44.3
2007 433,088,938 259,520,963 173,567,975 24,233 28,885 53,118 11.20 19.96 14.71 640.5 224.0 206 0 0 46.7 2,294 0 0 56.7 1114 129.4 4530 65,925,386 923 263,000 141.8 44.3
2008 428,739,541 257,138,525 171,601,016 20,108 25,279 45,387 9.38 17.67 12.70 546.6 300.0 276 0 0 14.7 604 0 0 55.3 909 126.1 3907 88,126,234 1034 263,000 138.1 43.2
2009 483,661,568 290,091,741 193,569,827 17,838 22,406 40,243 7.37 13.88 9.98 571.6 284.0 187 0 0 56.1 1,814 0 0 73.5 951 167.8 4085 85,354,114 787 263,000 183.9 57.4
2010 476,883,981 286,025,188 190,858,792 14,472 19,108 33,579 6.07 12.01 8.45 474.9 193.0 127 0 0 25.0 665 0 0 71.3 759 162.6 3425 71,613,100 543 263,000 178.2 55.7
2011 442,512,600 265,402,360 177,110,240 12,631 16,226 28,857 5.71 10.99 7.82 366.7 270.0 178 0 0 104.0 2,603 0 0 59.8 599 136.5 2631 65,372,568 467 263,000 149.6 46.8
2012 426,815,698 255,984,219 170,831,479 9,140 14,062 23,201 4.28 9.87 6.52 291.5 264.0 174 0 0 105.0 1,972 0 0 54.6 410 124.6 2158 61,242,956 328 263,000 136.5 42.7
2013 416,448,023 249,763,614 166,684,409 6,603 12,232 18,835 3.17 8.80 5.42 236.9 232.0 153 0 0 60.4 840 0 0 51.2 285 116.7 1802 62,136,438 246 263,000 127.9 40.0
2014 418,652,900 251,086,540 167,566,360 5,385 10,676 16,061 2.57 7.64 4.60 206.7 200.0 132 108 71 46.0 519 0 0 51.9 234 118.4 1587 24,750,683 80 263,000 129.7 40.6
2015 467,106,642 280,158,785 186,947,857 4,684 9,239 13,923 2.01 5.93 3.57 210.3 30.0 20 49 32 5.0 44 12 307 68.0 239 155.2 1614 28,161,807 71 263,000 170.1 53.1
2016 382,737,980 229,537,588 153,200,392 4,350 7,422 11,771 2.27 5.81 3.69 123.5 0.0 0 0 0 10.0 100 10 255 39.9 398 91.2 2323 21,402,385 61 263,000 99.8 31.3
2017 303,584,036 182,045,222 121,538,814 3,791 4,905 8,696 2.50 4.84 3.44 36.7 0.0 0 0 0 0.0 0 0 0 13.6 149 31.1 660 6,948,172 22 263,000 34.0 10.7
2018 280,368,412 168,115,847 112,252,565 3,621 4,267 7,888 2.58 4.56 3.37 15.2 0.0 0 0 0 0.0 0 0 0 5.9 66 13.5 269 3,017,107 10 263,000 14.6 4.7
2019 270,476,197 162,180,518 108,295,679 3,545 4,007 7,552 2.62 4.44 3.35 6.6 0.0 0 0 0 0.0 0 0 0 2.6 29 6.0 116 263,000 6.4 2.1
2020 266,261,108 161,098,739 105,162,370 3,515 3,891 7,407 2.62 4.44 3.34 5.8 0.0 0 0 0 0.0 0 0 0 2.2 26 5.2 102 2,624,998 9 263,000 5.6 1.9
2021 262,604,257 157,457,354 105,146,903 3,481 3,798 7,279 2.65 4.33 3.32 5.3 0.0 0 0 0 0.0 0 0 0 2.1 24 4.9 92 263,000 5.2 1.7
2022 259,226,101 156,631,506 102,594,595 3,457 3,706 7,163 2.65 4.33 3.31 4.9 0.0 0 0 0 0.0 0 0 0 1.9 22 4.5 86 2,221,252 7 263,000 4.8 1.6
2023 256,105,402 153,558,041 102,547,361 3,427 3,628 7,055 2.68 4.24 3.30 4.5 0.0 0 0 0 0.0 0 0 0 1.8 21 4.2 78 263,000 4.5 1.5
2024 253,222,537 152,883,854 100,338,683 3,406 3,549 6,956 2.67 4.24 3.29 4.2 0.0 0 0 0 0.0 0 0 0 1.7 19 3.9 73 263,000 4.1 1.4
2025 250,559,381 152,276,944 98,282,437 3,387 3,477 6,863 2.67 4.24 3.29 3.9 0.0 0 0 0 0.0 0 0 0 1.5 18 3.6 68 2,872,669 10 263,000 3.8 1.3
2026 248,099,189 148,754,314 99,344,876 3,359 3,418 6,778 2.71 4.13 3.28 3.6 0.0 0 0 0 0.0 0 0 0 1.4 17 3.4 61 263,000 3.6 1.3
2027 245,826,494 148,266,965 97,559,529 3,342 3,357 6,699 2.70 4.13 3.27 3.3 0.0 0 0 0 0.0 0 0 0 1.3 16 3.2 57 263,000 3.3 1.2
2028 243,727,005 147,832,653 95,894,352 3,327 3,300 6,626 2.70 4.13 3.26 3.1 0.0 0 0 0 0.0 0 0 0 1.2 15 3.0 54 2,374,823 8 263,000 3.1 1.1
2029 241,787,523 144,967,314 96,820,209 3,304 3,254 6,558 2.73 4.03 3.25 2.8 0.0 0 0 0 0.0 0 0 0 1.1 14 2.8 49 263,000 2.9 1.0
2030 239,995,852 144,627,258 95,368,594 3,290 3,205 6,496 2.73 4.03 3.25 2.7 0.0 0 0 0 0.0 0 0 0 1.1 13 2.6 46 263,000 2.7 1.0
2031 238,340,728 144,329,014 94,011,714 3,278 3,160 6,437 2.72 4.03 3.24 2.5 0.0 0 0 0 0.0 0 0 0 1.0 12 2.4 43 1,982,348 7 263,000 2.5 0.9
2032 236,811,744 141,981,847 94,829,898 3,259 3,124 6,383 2.75 3.95 3.23 2.3 0.0 0 0 0 0.0 0 0 0 0.9 11 2.3 39 263,000 2.3 0.9
2033 235,399,288 141,757,909 93,641,379 3,248 3,084 6,332 2.75 3.95 3.23 2.1 0.0 0 0 0 0.0 0 0 0 0.9 10 2.1 37 263,000 2.2 0.8
2034 234,094,477 141,566,933 92,527,544 3,237 3,048 6,285 2.74 3.95 3.22 2.0 0.0 0 0 0 0.0 0 0 0 0.8 10 2.0 34 263,000 2.0 0.8
2035 232,889,109 141,406,408 91,482,701 3,228 3,013 6,241 2.74 3.95 3.21 1.9 0.0 0 0 0 0.0 0 0 0 0.8 9 1.9 32 2,208,649 8 263,000 1.9 0.7
2036 231,775,604 138,960,163 92,815,442 3,211 2,989 6,200 2.77 3.86 3.21 1.7 0.0 0 0 0 0.0 0 0 0 0.7 9 1.8 30 263,000 1.8 0.7
2037 230,746,962 138,853,751 91,893,210 3,202 2,959 6,161 2.77 3.86 3.20 1.6 0.0 0 0 0 0.0 0 0 0 0.7 8 1.7 28 263,000 1.6 0.7
2038 229,796,714 138,771,346 91,025,369 3,194 2,931 6,125 2.76 3.86 3.20 1.5 0.0 0 0 0 0.0 0 0 0 0.6 7 1.6 26 263,000 1.5 0.6
2039 228,918,887 138,711,115 90,207,772 3,187 2,905 6,092 2.76 3.86 3.19 1.4 0.0 0 0 0 0.0 0 0 0 0.6 7 1.5 25 263,000 1.4 0.6
2040 228,107,961 138,671,370 89,436,591 3,180 2,880 6,060 2.75 3.86 3.19 1.4 0.0 0 0 0 0.0 0 0 0 0.5 7 1.4 23 2,235,247 8 263,000 1.3 0.6
2041 227,358,837 136,310,102 91,048,735 3,166 2,864 6,030 2.79 3.77 3.18 1.3 0.0 0 0 0 0.0 0 0 0 0.5 6 1.3 22 263,000 1.3 0.6
2042 226,666,805 136,306,764 90,360,042 3,160 2,842 6,002 2.78 3.77 3.18 1.2 0.0 0 0 0 0.0 0 0 0 0.5 6 1.2 21 263,000 1.2 0.5
2043 226,027,515 136,319,575 89,707,940 3,154 2,822 5,976 2.77 3.77 3.17 1.1 0.0 0 0 0 0.0 0 0 0 0.4 5 1.2 19 263,000 1.1 0.5
2044 225,436,946 136,347,305 89,089,641 3,148 2,802 5,951 2.77 3.77 3.17 1.1 0.0 0 0 0 0.0 0 0 0 0.4 5 1.1 18 263,000 1.1 0.5
2045 224,891,385 136,388,817 88,502,568 3,143 2,784 5,927 2.76 3.77 3.16 1.0 0.0 0 0 0 0.0 0 0 0 0.4 5 1.1 18 1,810,619 6 263,000 1.0 0.5
2046 224,387,403 134,527,242 89,860,161 3,132 2,772 5,905 2.79 3.70 3.16 1.0 0.0 0 0 0 0.0 0 0 0 0.4 5 1.0 16 263,000 0.9 0.4
2047 223,921,830 134,593,247 89,328,584 3,128 2,756 5,884 2.79 3.70 3.15 0.9 0.0 0 0 0 0.0 0 0 0 0.4 4 1.0 16 263,000 0.9 0.4
2048 223,491,740 134,670,116 88,821,624 3,123 2,740 5,864 2.78 3.70 3.15 0.9 0.0 0 0 0 0.0 0 0 0 0.3 4 0.9 15 263,000 0.8 0.4
2049 223,094,427 134,757,023 88,337,405 3,119 2,725 5,845 2.78 3.70 3.14 0.8 0.0 0 0 0 0.0 0 0 0 0.3 4 0.9 14 263,000 0.8 0.4
2050 222,727,395 134,853,201 87,874,194 3,115 2,711 5,827 2.77 3.70 3.14 0.79 0.0 0 0 0 0.0 0 0 0 0.3 4 0.8 14 263,000 0.8 0.4
2051 222,388,335 134,957,945 87,430,390 3,112 2,697 5,809 2.77 3.70 3.13 0.8 0.0 0 0 0 0.0 0 0 0 0.3 3 0.8 13 1,825,532 6 263,000 0.7 0.4
2052 222,075,115 133,139,869 88,935,246 3,102 2,691 5,793 2.79 3.63 3.13 0.7 0.0 0 0 0 0.0 0 0 0 0.3 3 0.8 12 263,000 0.7 0.4
2053 221,785,766 133,259,835 88,525,931 3,099 2,678 5,777 2.79 3.63 3.12 0.7 0.0 0 0 0 0.0 0 0 0 0.3 3 0.7 12 263,000 0.6 0.4
2054 221,518,469 133,386,553 88,131,916 3,095 2,666 5,762 2.78 3.63 3.12 0.7 0.0 0 0 0 0.0 0 0 0 0.2 3 0.7 12 263,000 0.6 0.4
2055 221,271,544 133,519,509 87,752,035 3,092 2,655 5,747 2.78 3.63 3.12 0.6 0.0 0 0 0 0.0 0 0 0 0.2 3 0.7 11 263,000 0.6 0.3
2056 221,043,437 133,658,227 87,385,210 3,090 2,644 5,733 2.77 3.63 3.11 0.6 0.0 0 0 0 0.0 0 0 0 0.2 3 0.7 11 263,000 0.6 0.3
2057 220,832,714 133,802,269 87,030,445 3,087 2,633 5,720 2.77 3.63 3.11 0.6 0.0 0 0 0 0.0 0 0 0 0.2 3 0.7 10 263,000 0.5 0.3
2058 220,638,052 133,951,228 86,686,823 3,084 2,623 5,707 2.76 3.63 3.10 0.6 0.0 0 0 0 0.0 0 0 0 0.2 3 0.6 10 1,829,796 6 263,000 0.5 0.3
2059 220,458,224 132,169,735 88,288,490 3,075 2,619 5,694 2.79 3.56 3.10 0.5 0.0 0 0 0 0.0 0 0 0 0.2 2 0.6 10 263,000 0.5 0.3
2060 220,292,102 132,327,433 87,964,669 3,073 2,609 5,682 2.79 3.56 3.09 0.5 0.0 0 0 0 0.0 0 0 0 0.2 2 0.6 9 263,000 0.5 0.3
2061 220,138,641 132,489,009 87,649,632 3,070 2,600 5,670 2.78 3.56 3.09 0.5 0.0 0 0 0 0.0 0 0 0 0.2 2 0.6 9 263,000 0.5 0.3
2062 219,996,874 132,654,165 87,342,709 3,068 2,591 5,659 2.77 3.56 3.09 0.5 0.0 0 0 0 0.0 0 0 0 0.2 2 0.6 9 263,000 0.4 0.3
2063 219,865,913 132,822,630 87,043,283 3,066 2,582 5,648 2.77 3.56 3.08 0.5 0.0 0 0 0 0.0 0 0 0 0.2 2 0.6 9 263,000 0.4 0.3
2064 219,744,932 132,994,151 86,750,780 3,064 2,573 5,637 2.76 3.56 3.08 0.5 0.0 0 0 0 0.0 0 0 0 0.2 2 0.5 8 263,000 0.4 0.3
2065 219,633,171 133,168,496 86,464,675 3,062 2,565 5,627 2.76 3.56 3.07 0.5 0.0 0 0 0 0.0 0 0 0 0.2 2 0.5 8 263,000 0.4 0.3
2066 219,529,928 133,345,448 86,184,480 3,060 2,556 5,616 2.75 3.56 3.07 0.5 0.0 0 0 0 0.0 0 0 0 0.2 2 0.5 8 1,864,078 6 263,000 0.4 0.3
2067 219,434,553 131,555,532 87,879,021 3,052 2,555 5,606 2.78 3.49 3.06 0.4 0.0 0 0 0 0.0 0 0 0 0.2 2 0.5 8 263,000 0.4 0.3
2068 219,346,447 131,737,119 87,609,327 3,050 2,547 5,596 2.78 3.49 3.06 0.4 0.0 0 0 0 0.0 0 0 0 0.2 2 0.5 8 263,000 0.4 0.3
2069 219,265,055 131,920,763 87,344,292 3,048 2,539 5,587 2.77 3.49 3.06 0.4 0.0 0 0 0 0.0 0 0 0 0.1 2 0.5 8 263,000 0.4 0.3
2070 219,189,867 132,106,306 87,083,561 3,046 2,531 5,577 2.77 3.49 3.05 0.4 0.0 0 0 0 0.0 0 0 0 0.1 2 0.5 7 263,000 0.4 0.3
2071 219,120,409 132,293,604 86,826,805 3,044 2,524 5,568 2.76 3.49 3.05 0.4 0.0 0 0 0 0.0 0 0 0 0.1 2 0.5 7 263,000 0.4 0.3
2072 219,056,244 132,482,523 86,573,721 3,043 2,517 5,559 2.75 3.49 3.04 0.4 0.0 0 0 0 0.0 0 0 0 0.1 2 0.5 7 263,000 0.3 0.3
2073 218,996,970 132,672,939 86,324,031 3,041 2,509 5,550 2.75 3.49 3.04 0.4 0.0 0 0 0 0.0 0 0 0 0.1 2 0.5 7 263,000 0.3 0.3
2074 218,942,213 132,864,738 86,077,474 3,039 2,502 5,541 2.74 3.49 3.04 0.4 0.0 0 0 0 0.0 0 0 0 0.1 2 0.5 7 263,000 0.3 0.3
2075 218,891,629 133,057,815 85,833,813 3,038 2,495 5,533 2.74 3.49 3.03 0.4 0.0 0 0 0 0.0 0 0 0 0.1 2 0.5 7 1,945,133 7 263,000 0.3 0.3
2076 218,844,900 131,201,740 87,643,160 3,029 2,495 5,524 2.77 3.41 3.03 0.4 0.0 0 0 0 0.0 0 0 0 0.1 2 0.5 7 263,000 0.3 0.3
2077 218,801,732 131,397,088 87,404,644 3,028 2,488 5,516 2.76 3.41 3.02 0.4 0.0 0 0 0 0.0 0 0 0 0.1 2 0.4 7 263,000 0.3 0.3
2078 218,761,855 131,593,444 87,168,411 3,026 2,481 5,508 2.76 3.41 3.02 0.4 0.0 0 0 0 0.0 0 0 0 0.1 2 0.4 7 263,000 0.3 0.3
2079 218,725,016 131,790,730 86,934,287 3,025 2,475 5,499 2.75 3.41 3.02 0.4 0.0 0 0 0 0.0 0 0 0 0.1 1 0.4 7 263,000 0.3 0.3
2080 218,690,985 131,988,876 86,702,110 3,023 2,468 5,491 2.75 3.41 3.01 0.4 0.0 0 0 0 0.0 0 0 0 0.1 1 0.4 7 263,000 0.3 0.3
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Revised 2011 Hydro Engineering Annual Report Figures 3.2.2-3, 
3.2.2.1-1, 3.2.3.2-1 and 3.2.3.3-1 
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FIGURE 3.2.3.1-1
EXTENT OF UPPER CHINLE AQUIFER

(Subcrop boundary dashed
 where inferred)
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Mixing Zone Site Standards:
Selenium >0.14 mg/L
Uranium >0.18 mg/L
Molybdenum >0.10 mg/L
Sulfate >1,750 mg/L
Chloride >250 mg/L
Total Dissolved Solids >3,140 mg/L

Non-Mixing Zone Site Standards:
Selenium >0.06 mg/L
Uranium >0.09 mg/L
Molybdenum >0.10 mg/L
Sulfate >914 mg/L
Chloride >412 mg/L
Total Dissolved Solids >2,010 mg/L

Mixing Zone Maximum Extent of COC Impacts, 2011

Note: Displays composite extent of mixing zone groundwater 
contamination that exceeds site standards for Selenium, Uranium, 
Molybdenum, Sulfate, Chloride, and Total Dissolved Solids. 

E E E E

E E E E

Non-Mixing Zone Maximum Extent of COC Impacts, 2011
Note: Displays composite extent of non-mixing zone groundwater 
contamination that exceeds site standards for Uranium, 
Molybdenum, Sulfate, Chloride, and Total Dissolved Solids.  2011 
non-mixing zone Selenium results were below the site standard.

Non-Mixing Zone Area of Natural Exceedance
Note: Displays area where available data indicates that COC 
concentrations naturally exceed one or more site standards.  
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FIGURE 3.2.3.2-1
EXTENT OF MIDDLE CHINLE AQUIFER

(Subcrop boundary dashed where inferred)
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Mixing Zone Site Standards:
Selenium >0.14 mg/L
Uranium >0.18 mg/L
Molybdenum >0.10 mg/L
Sulfate >1,750 mg/L
Chloride >250 mg/L
Total Dissolved Solids >3,140 mg/L

Non-Mixing Zone Site Standards:
Selenium >0.07 mg/L
Uranium >0.07 mg/L
Molybdenum >0.10 mg/L
Sulfate >857 mg/L
Chloride >250 mg/L
Total Dissolved Solids >1,560 mg/L

Mixing Zone Maximum Extent of COC Impacts, 2011
Note: Displays composite extent of mixing zone groundwater 
contamination that exceeds site standards for Selenium, 
Uranium, Molybdenum, Sulfate, and Total Dissolved Solids.  
2011 mixing zone Chloride results were below the site standard.

Mixing Zone Area of Natural Exceedance
Note: Displays area where uranium concentration naturally 
exceeds site standard.   D D D D

D D D D

Non-Mixing Zone Maximum Extent of COC Impacts, 2011
Note: Displays composite extent of non-mixing zone groundwater 
contamination that exceeds site standards for Selenium, Uranium, 
Sulfate, Chloride, and Total Dissolved Solids.  2011 non-mixing 
zone Molybdenum results were below the site standard.

E E E E

E E E E

Non-Mixing Zone Area of Natural Exceedance
Note: Displays area where available data indicates that COC 
concentrations naturally exceed one or more site standards.   



±
0 1,250 2,500

Feet

LEGEND:

Source: NAIP 2009.

GRANTS RECLAMATION PROJECT
Updated Corrective Action Program (CAP)

FIGURE 3.2.3.3-1
EXTENT OF LOWER CHINLE AQUIFER

(Subcrop boundary dashed
 where inferred)
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Mixing Zone Site Standards:
Selenium >0.14 mg/L
Uranium >0.18 mg/L
Molybdenum >0.10 mg/L
Sulfate >1,750 mg/L
Chloride >250 mg/L
Total Dissolved Solids >3,140 mg/L

Non-Mixing Zone Site Standards:
Selenium >0.32 mg/L
Uranium >0.03 mg/L
Molybdenum >0.10 mg/L
Sulfate >2,000 mg/L
Chloride >634 mg/L
Total Dissolved Solids >4,140 mg/L

Mixing Zone Maximum Extent of COC Impacts, 2011
Note: Displays extent of mixing zone groundwater 
contamination that exceeds the site standard for Uranium only.  
2011 mixing zone Selenium, Molybdenum, Sulfate, Chloride, and 
Total Dissolved Solids results were below the site standards.

Non-Mixing Zone Maximum Extent of COC Impacts, 2011
Note: Displays composite extent of non-mixing zone groundwater 
contamination that exceeds site standards for Uranium, Sulfate, and 
Total Dissolved Solids only. 2011 non-mixing zone Selenium, 
Molybdenum, and Chloride results were below the site standards.E E E E

E E E E

E E E E

Non-Mixing Zone Area of Natural Exceedance
Note: Displays area where available data indicates that COC 
concentrations naturally exceed one or more site standards.   
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Table A-3 Reformulated Mixing Model Flushing Case F Water Volume and Tailings Uranium Concentration 

Year 
Resident Water 
Volume (gallon) 

Resident Solution 
Uranium Mass (lb) 

Average Uranium 
Conc. (mg/l) 

Flushing Rate 
(gpm) 

Dewatering 
Rate (gpm) 

Seepage Rate 
(gpm) 

Toe Drain Rate 
(gpm) 

2000 3.29E+08 107,938 39.38 61 -23.6 -80.48 -15.20
2001 2.99E+08 92,600 37.16 162 -60.0 -74.23 -18.30
2002 3.06E+08 73,349 28.72 302 -34.0 -116.13 -31.00
2003 3.90E+08 65,612 20.16 267 -17.0 -154.11 -49.21
2004 4.46E+08 65,740 17.69 280 -84.9 -154.47 -50.85
2005 4.53E+08 53,904 14.27 300 -100.0 -152.24 -49.72
2006 4.53E+08 39,202 10.38 300 -120.0 -145.25 -47.44
2007 4.47E+08 27,937 7.49 300 -120.0 -140.63 -45.51
2008 4.44E+08 20,006 5.40 300 -120.0 -138.92 -44.78
2009 4.42E+08 14,383 3.90 300 -120.0 -138.12 -44.46
2010 4.41E-f-08 10,393 2.82 200 -110.0 -116.76 -37.78
2011 4.08E+08 7,853 2.31 200 -100.0 -98.61 -30.88
2012 3.92E+08 6,074 1.86 0 -40.0 -56.14 -18.28
2013 3.32E+08 5,143 1.86 0 0.0 -25.63 -7.94
2014 3.15E+08 4,870 1.85 0 0.0 -18.09 -5.23
2015 3.03E+08 4,681 1.85 0 0.0 -14.07 -4.07
2016 2.94E+08 4,534 1.85 0 0.0 -11.56 -3.27
2017 2.86E+08 4,413 1.85 0 0.0 -9.65 -2.76
2018 2.80E+08 4,313 1.85 0 0.0 -8.24 -2.31
2019 2.75E+08 4,228 1.85 0 0.0 -7.04 -2.01
2020 2.70E+08 4,155 1.84 0 0.0 -6.18 -1.76
2021 2.66E+08 4,091 1.84 0 0.0 -5.38 -1.56
2022 2.63E+08 4,035 1.84 0 0.0 -4.83 -1.36
2023 2.60E+08 3,985 1.84 0 0.0 -4.22 -1.21
2024 2.57E+08 3,942 1.84 -3.82 -1.11
2025 2.55E+08 3,902 1.84 -3.42 -1.01
2026 2.53E+08 3,867 1.83 -3.12 -0.90
2027 2.51E+08 3,835 1.83 -2.76 -0.80
2028 2.49E+08 3,806 1.83 -2.51 -0.75
2029 2.48E+08 3,780 1.83 -2.31 -0.65
2030 2.47E+08 3,757 1.83 -2.11 -0.65
2031 2.46E+08 3,735 1.82 -1.96 -0.55
2032 2.44E+08 3,715 1.82 -1.76 -0.55
2033 2.44E+08 3,697 1.82 -1.66 -0.50
2034 2.43E+08 3,680 1.82 -1.51 -0.45



Table A-3 Reformulated Mixing Model Flushing Case F Water Volume and Tailings Uranium Concentration 
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Year 
Resident Water 
Volume (gallon) 

Resident Solution 
Uranium Mass (lb) 

Average Uranium 
Conc. (mg/l) 

Flushing Rate 
(gpm) 

Dewatering 
Rate (gpm) 

Seepage Rate 
(gpm) 

Toe Drain Rate 
(gpm) 

2035 2.42E+08 3,664 1.82 -1.36 -0.40
2036 2.41E+08 3,650 1.81 -1.31 -0.40
2037 2.41E+08 3,637 1.81 -1.21 -0.40
2038 2.40E+08 3,624 1.81 -1.11 -0.35
2039 2.39E+08 3,613 1.81 -1.06 -0.30
2040 2.39E+08 3,603 1.81 -0.95 -0.35
2041 2.39E+08 3,592 1.81 -0.90 -0.30
2042 2.38E+08 3,583 1.80 -0.85 -0.25
2043 2.38E+08 3,575 1.80 -0.80 -0.25
2044 2.38E+08 3,566 1.80 -0.75 -0.30
2045 2.37E+08 3,558 1.80 -0.70 -0.20
2046 2.37E+08 3,551 1.80 -0.70 -0.25
2047 2.37E+08 3,544 1.79 -0.60 -0.20
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Table 14-1 



Well Parameter 
List Code* Frequency of Monitoring

D1, S4 B, F Annual
D1, S4 H Semiannual

B, F Annual
H Semiannual

CE2, CE8 B, F Annual
CE2, CE8 H Semiannual

B, BA, KZ, DZ, SM, SN, S2, S5 Water level Weekly

Collection system trunk pipeline Total Volume Monthly
Injection system trunk pipeline Total Volume Monthly

B, F Quarterly
H Monthly

B, F, t2, pH Annual
H, t1, pH Quarterly

Monitoring Wells B, F, pH Annual
DD, DD2, X H, pH Semiannual

639, 1A, 1K, B11, F, FB, GH, GN, K9, 
L, L5, M3, MB, MQ, MX, NC, T2, T12, 

T21, T41
B, F Annual

FB, GH, L H Semiannual

490, 688, 802, SUB2 B, F Annual

555, 556, 557, 844, 845, 846 B, F Annual

659, 881, 882, 884, 886, 888, 893
H2A, MR, H55, MO

659, 881, 886, H2A, H55, MO, MR H Semiannual

541, 551, 637, 649, 650, 657, 899 B, F Annual

497, 540, 631, 643#, 644, 864, 869, Q5, 
R3 B, F Annual

497, 869, Q5, R3 H Semiannual

CE15, CF4, CW2, CW3, CW17, CW25#, 
CW50, CW62 B, F Annual

CE15, CW2, CW62 H Semiannual

493, 494, ACW, CE9, CW55 B, F Annual

CW29, CW41, CW42, CW45, Y7 B, F Annual
CW29, CW42, CW45, Y7 H Semiannual

CW18, CW28, CW32, CW43 B, F Annual

B, F Annual
H Quarterly

Upper Chinle Wells
On-Site monitoring wells 

Treatment Processes

SP2

#1 Deep, #2 Deep, 943, 951R, @

Subdivision wells

San Andres Wells

EP1, EP2, EP3, West Collection and East 
Collection

B, F Annual

South Off-Site

Regional Wells

Corrective Action Monitoring

*See Table 7.2.2-2 of the CAP for parameter lists not defined below
# Monitoring start after well used for injection
@ Monitoring of these wells will cease if abandoned  t1 = also total U, Se & Mo
 t2 = also total U, Se, Mo & Mn

Compliance Monitoring

Alluvial Wells

North Off-Site Wells

Sections 20, 29, 32, 33 wells 

South Off-Site

On-Site Monitoring wells 

Subdivision wells 

Section 34  

Chinle Wells

Reversal wells 

On-Site monitoring wells 

Pond Monitoring

Table RAI 14-1.  Compliance and Corrective Action Monitoring Programs

Alluvial Wells
On-Site Monitoring wells 

Background Wells 

P, Q
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Figures 14-1, 14-2, 14-3, 14-4 and 14-5 













CAP RAI 21 

Figures 5-5, 5-7 and 5-11 
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