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1 BACKGROUND 

1.1 FACILITY DESCRIPTION 

HFSinclair Navajo Refining LLC (HFSNR) owns and operates the Artesia Refinery (Refinery) which is located 
in the City of Artesia, New Mexico (Figure 1). The Refinery has been in operation since the 1920s, runs a 
predominant slate of Permian Basin crudes that are gathered in west Texas and southeast New Mexico, and can 
also source a variety of crude oils from Cushing, Oklahoma, including Canadian crudes. The Refinery serves 
markets in the southwestern United States and northern Mexico. 

HFSNR utilizes reverse osmosis (RO) to remove minerals and salts from fresh water prior to use in the refining 
process. The fresh water is supplied from a blend of publicly supplied water from the City of Artesia and fresh 
groundwater obtained from the Refinery’s water supply wells. The treated water (permeate stream) is used in 
the Refinery process while the RO reject stream cannot be used in the Refinery process as it contains 
concentrated salts and minerals that do not pass through the RO membranes. Prior to January 24, 2019, this 
concentrated RO reject stream was discharged to the surface of two fields located northeast of the Refinery 
operations area (Figure 2). The RO reject discharge fields are covered with native grass and discharged water 
was allowed to percolate or evaporate in those permitted areas. The discharge was performed under the 
jurisdiction of the State of New Mexico Energy, Minerals and Natural Resource Department Oil Conservation 
Division (OCD) in accordance with Discharge Permit GW-028 (Permit), which was initially issued in October 
1991. The Permit has subsequently been modified and renewed several times with the most recent renewal 
issued in August 2022 (OCD 2022). 

1.2 REGULATORY BACKGROUND 

When OCD renewed the Permit in 2017 (OCD 2017), it included a requirement that discharge of RO reject 
discharge stream to the surface cease upon operational completion of a Class I disposal well, but not later than 
October 31, 2018. An extension to the October 31, 2018 deadline was requested and approved by OCD due to 
delays in operational completion of the Class I disposal well (OCD 2018). The renewed Permit required 
characterization and abatement of vadose zone and groundwater contamination due to the historical discharge of 
RO reject fluid. The Permit stipulated that a plan for characterization and abatement of such contamination 
should be submitted within 60 days after cessation of discharge of RO reject fluid. The disposal well became 
operational on January 16, 2019, and the discharge of RO reject to the fields was discontinued on January 24, 
2019. A Stage 1 Abatement Plan (AP) was submitted on March 21, 2019 (Wood 2019a), amended on May 24, 
2019 (Wood 2019b) per OCD requests, and approved by OCD via email on June 7, 2019. 

Implementation of the Stage 1 AP began in July 2019, and the final report of the activities was submitted to 
OCD on November 19, 2020 (Wood 2020). The Stage 1 AP included the following activities: 

— Soil moisture monitoring to evaluate the moisture level in the vadose zone beneath both fields 

— Analysis of constituents of concern (COCs) in soil samples collected during the installation of the soil 
moisture probes in both fields 

— Installation of additional monitoring wells upgradient of the North RO reject field and downgradient 
of both the North and South RO reject fields 

— Collection of shallow groundwater samples on a quarterly basis, for four quarters, from monitoring 
wells located upgradient, within, and downgradient of both fields 

— Evaluation of the soil moisture, soil analytical, and groundwater analytical data 
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The recommendations made in the final Stage 1 AP report included: 

— Continued groundwater monitoring: 

— Installation of additional downgradient wells: 

— One well approximately 350 feet northeast of MW-119 to provide downgradient monitoring of the 
North RO reject discharge field 

— One well approximately 1,000 feet east of RW-18A to provide additional downgradient monitoring 
of the South RO reject discharge field 

— Semiannual gauging and sampling of the wells included in this study, with the addition of the two new 
wells recommended downgradient of MW-119 and RW-18A along with inclusion of MW-134 for 
additional downgradient monitoring of the South RO reject discharge field. 

— Analysis of groundwater samples for the following analytes, at a minimum (additional analytes may 
be required for the facility-wide groundwater monitoring program): 

— Fluoride 

— Sulfate 

— Total Dissolved Solids (TDS) – for the South RO reject discharge field only 

— Uranium – for the South RO reject discharge field only 

— Inclusion of the analytical data in the annual facility-wide monitoring report. 

— Preparation and submittal of this Stage 2 Abatement Plan (Stage 2 AP) in accordance with NMAC 
20.6.2.4106.D, following approval of this Stage 1 AP. The Stage 2 AP will evaluate remedial 
alternatives focused on removal of fluoride (and potentially other inorganics) from shallow soil and/or 
groundwater or removal of the potential infiltration pathway. The Stage 2 AP will be submitted within 
60 days of receipt of approval of the Stage 1 AP. 

OCD approved the Stage 1 AP in a letter dated August 22, 2022 (OCD 2022) and requested submittal of this 
Stage 2 AP within 60 days.  

1.3 CURRENT STATUS 

1.3.1 STATUS OF DISCHARGE 

Discharge of RO reject to the fields was discontinued on January 24, 2019. The moisture probes remain in place 
but have not been operated following completion of the Stage 1 AP. Some vegetation is present on the fields, 
but no cultivation and or irrigation is being conducted. The vegetation in the fields has not been cut or removed 
following completion of the Stage 1 AP. The surrounding berms that prevented runoff from the fields remain in 
place and thus rainfall that falls within the fields either evaporates or infiltrates.  

1.3.2 SOIL CONDITIONS 

No additional soil samples have been collected following completion of the Stage 1 AP. Table 1 of the Stage 1 
AP presented a summary of the soil analytical data and stated the following COCs were present in the soil 
samples within the two RO reject discharge fields above the Soil Screening Levels (SSLs) published by the New 
Mexico Environment Department in 2019: 

— Arsenic (exceeded the soil-leaching-to-groundwater SSL) 

— Cobalt (exceeded the soil-leaching-to-groundwater SSL) 

— Iron (exceeded the soil-leaching-to-groundwater SSL) 

— Manganese (exceeded the construction worker noncancer SSL) 
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Additionally, the following COCs were present in the soil leachate samples (analyzed by the Synthetic 
Precipitation Leaching Procedure) at concentrations above the Water Quality Control Commission (WQCC) 
standards found at NMAC 20.6.2.3103:  

— Iron 

— Fluoride 

— Sulfate 

Although the concentrations of Arsenic and Cobalt in soil exceed the soil-leaching-to-groundwater SSLs, the 
SPLP results are below the WQCC standards. Thus, no further action is recommended for these COCs in soil. 

Based on the information presented in the Stage 1 AP, remediation is recommended for the following soil 
COCs: 

— Iron 

— Manganese 

— Fluoride 

— Sulfate 

Appendix A contains graphs of the vertical distribution of the primary soil COCs listed in Section 1.3.2 of the 
Stage 2 AP (Arsenic, Cobalt, Iron, Manganese, Fluoride, and Sulfate). As can be seen in these graphs, 1) the 
concentrations of soil COCs generally decrease with depth in the soil samples collected during the installation of 
the monitoring wells, and 2) at most well locations the concentrations from samples collected deeper than 10 
feet below ground surface (bgs) are lower than the concentrations from samples collected between the ground 
surface and 10 feet bgs.  

The soil-leaching-to-groundwater SSL (Cw DAF20 SSL), if applicable and in range, is shown on the vertical 
profile graphs in Appendix A. The soil analytical data from depths greater than 10 feet bgs, collected during 
installation of monitoring wells within the former RO reject discharge fields, indicate that reported 
concentrations do not exceed the Cw DAF20 SSL for Cobalt, Manganese, and Fluoride. Only one sample 
collected from depths greater than 10 feet bgs exceed the Cw DAF20 SSL for Arsenic in each of the two former 
RO reject discharge fields (MW-116 in the South field and MW-117 in the North field). Several samples 
collected from depths greater than 10 feet bgs exceed the Cw DAF20 SSL for Iron; however, the concentrations 
of Iron in groundwater samples collected from wells located within the two former RO reject discharge fields do 
not exceed the WQCC standard, indicating that Iron is not leaching from the soil column within the fields at 
rates high enough to negatively impact the groundwater. There is no Cw DAF20 SSL established for Sulfate. 

The soil analytical results indicate that the bulk of the soil COC loading is within the upper 10 feet of the soil 
column within the two former RO reject discharge fields. The vadose zone is believed to be limited to a range of 
less than 16 feet bgs based on semiannual groundwater level measurements following cessation of discharge, 
which range from 8 to 16 feet bgs (note that the total well depth is greater to ensure capture of groundwater 
during periods of fluctuation).  

Evaluation of soil remediation alternatives is presented in Section 3 of this Stage 2 AP. 

1.3.3 GROUNDWATER CONDITIONS 

1.3.3.1 POTENTIOMETRIC SURFACE 

The shallow groundwater mound that was present beneath the fields during the discharge of RO reject water has 
dissipated following cessation of the discharge. A copy of the semiannual potentiometric surface maps created 
using groundwater gauging data gathered after the Stage 1 AP was completed (fall of 2020 and for both the 
spring and fall of 2023) are provided in Appendix B. These maps were submitted in the annual groundwater 
monitoring reports (TRC 2021, TRC 2022, TRC 2023, TRC 2024).  

Semiannual groundwater level measurements from 2019 (following cessation of discharge) through 2023 
indicate that the vadose zone is limited to a range of 8 to 16 feet bgs. 
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1.3.3.2 GROUNDWATER CONCENTRATIONS 

The monitoring wells evaluated in the Stage 1 AP remain in place and those wells that were previously included 
in the facility-wide monitoring program have continued to be sampled and analyzed for COCs included in that 
program. However, monitoring wells MW-140 through MW-143 have not been sampled since June of 2020 as 
they are not currently included in the facility-wide monitoring program, as stated in the Stage 1 AP.  

A copy of the isopleth maps generated using groundwater sampling data obtained after the Stage 1 AP was 
completed (fall of 2020 and for both the spring and fall of 2021) and submitted in annual groundwater 
monitoring reports (TRC 2021 and TRC 2022) are provided in Appendix B. Spring and fall 2022 isopleth maps 
are also provided in Appendix B. The isopleth maps provided include only those COCs that are included in the 
facility-wide monitoring plan that were also addressed in the Stage 1 AP, which are:  

— Arsenic 

— Chloride 

— Fluoride 

— Sulfate 

— TDS 

— Nitrate/Nitrite 

OCD clarified that the future groundwater monitoring associated with the former RO reject discharge fields 
must include the COCs that exceed the WQCC standards and that the alternate standards proposed for select 
COCs in the Stage 1 AP are not approved.  

Table 1 contains analytical data for total and dissolved metals and water quality parameters that were evaluated 
in the Stage 1 AP, for the period of 2019 through 2022, compared to the current WQCC standards. This table is 
similar to Table 4 of the Stage 1 AP, with the addition of data from the five subsequent sampling events. The 
total metals concentrations are provided for comparison purposes; however, the dissolved metals concentrations 
were used in the determination of COCs to be addressed in this Stage 2 AP. It should be noted that groundwater 
samples have historically been analyzed for Nitrate and Nitrite combined but the WQCC standards have been 
defined separately for Nitrate and Nitrite. The lower standard for Nitrite of 1.0 mg/L was used for the screening 
presented in Table 1. 

Plots of concentration versus time for the COCs evaluated during the Stage 1 AP have been updated and are 
provided in Appendix C. The plots are divided by field (North or South) and are grouped into wells located 
upgradient, within, and downgradient of the fields. The plots are very similar to the plots provided in the Stage 1 
AP with the addition of data collected between the end of the Stage 1 AP and 2022, and the revision of the 
Nitrate/Nitrite screening standard. 

The data presented in Table 1 and the plots provided Appendix C indicate the following: 

— Dissolved Arsenic was reported at concentrations above the WQCC standard in two samples from 
MW-29 (upgradient of the South RO reject discharge field) but has not been reported at 
concentrations above the standard in any of the wells located within the two fields since October 
2019. No further action is recommended for dissolved Arsenic in groundwater beneath the RO reject 
discharge fields. Arsenic is included in the facility-wide groundwater monitoring program and will 
continue to be analyzed under that program.   

— Dissolved Boron is not included in the facility-wide monitoring program for any well except MW-55 
(upgradient of the North RO reject discharge field) and thus little data is available since October 2020. 
Additional monitoring of dissolved Boron is recommended prior to determining if further action is 
required. 

— Dissolved Cobalt concentrations from the samples collected from the wells associated with both RO 
reject discharge fields were all below the WQCC standard. No further action is recommended for 
dissolved Cobalt in groundwater beneath the RO reject discharge fields. 

— Dissolved Iron is not detectable in the majority of the samples collected from wells associated with 
both RO reject discharge fields. The sample collected from MW-29 (upgradient of the South RO 
reject discharge field) in October 2019 contained dissolved Iron above the WQCC standard; however, 
the four subsequent samples collected from this well were either not detectable for dissolved Iron or 
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contained a concentration below the standard. No further action is recommended for dissolved Iron in 
groundwater beneath the RO reject discharge fields. 

— Dissolved Lead concentrations from the samples collected from the wells associated with both RO 
reject discharge fields were all below the WQCC standard. No further action is recommended for 
dissolved Lead in groundwater beneath the RO reject discharge fields. 

— Dissolved Manganese concentrations in MW-29 and MW-56 (upgradient of the South RO reject 
discharge field), MW-114 (within the South RO reject discharge field), and MW-125 (downgradient 
of the South RO reject discharge field) are above the WQCC standard. Concentrations of dissolved 
Manganese in the wells within and downgradient of the North RO reject discharge field are below the 
WQCC standard. Additional evaluation is recommended to determine if further action is required. 

— Dissolved Uranium is not included in the facility-wide monitoring program for any well except MW-
55 (upgradient of the North RO field) and thus little data is available since October 2020. 
Concentrations of Uranium reported in the samples collected in 2021 and 2022 from MW-55 have 
decreased and are below the WQCC standard. Additional monitoring of dissolved Uranium is 
recommended prior to determining if further action is required. 

— Chloride concentrations generally appear to be decreasing in samples collected from wells within the 
two fields and in MW-55, which is upgradient of the North RO reject discharge field. The 
concentrations of Chloride appear to be increasing in samples collected from MW-29 and appear to be 
decreasing in samples collected from MW-56, both of which are upgradient of the South RO reject 
discharge field. Chloride remains a COC within groundwater beneath the fields. 

— Fluoride concentrations generally appear to be decreasing in samples collected from wells within both 
fields. Fluoride remains a COC within groundwater beneath the fields. 

— Nitrate/Nitrite concentrations generally appear to be decreasing in samples collected from wells 
within both fields, with only one well (MW-118 inside the North RO reject discharge field) containing 
a concentration above the WQCC standard for Nitrite. None of the reported concentrations exceed the 
WQCC standard for Nitrate. Future samples will be analyzed for Nitrate and Nitrite separately. Nitrite 
remains a COC within groundwater beneath the fields. 

— Sulfate and TDS exceed the respective WQCC standards in more than one of the samples collected 
from one or more of the wells located upgradient, within, and downgradient of the two RO reject 
discharge fields between the cessation of discharge and the fall 2022 sampling event. Concentrations 
of Sulfate and TDS generally appear to be stable or decreasing slightly in samples collected from 
wells within the two fields. Sulfate and TDS remain COCs within groundwater beneath the fields. 

A statistical evaluation of the groundwater concentrations of COCs recommended for further evaluation 
(Chloride, Fluoride, Nitrite, Sulfate, TDS, Boron, Manganese, and Uranium) was performed to determine 
whether there is a statistically significant trend in concentrations following the cessation of discharge of the RO 
reject stream to the fields. The statistical evaluation software ProUCL 5.2 (EPA 2022) was used to perform 
Mann-Kendall trend analyses of the data. Table 2 presents a summary of the statistical evaluation of the 
concentrations reported between 2019 and 2021. Appendix C contains printouts from the ProUCL program for 
each well and each analyte.  

1.3.3.3 GROUNDWATER REMEDIATION RECOMMENDATIONS 

Soil remediation (phytoremediation) is proposed to reduce the mass of COCs in the shallow soil, thus removing 
or reducing the potential for leaching of soil COCs into shallow groundwater. Additionally, the 
phytoremediation will also uptake water from the shallow soil to further reduce infiltration and thus leaching of 
soil COCs to groundwater. Natural attenuation of groundwater COCs will continue to occur as the soil 
remediation progresses.  

The following recommendations for groundwater are based on the current data and the updated evaluations 
presented in this section: 

— Dissolved Arsenic has been present at concentrations above the WQCC standard in MW-29 
(upgradient of the South RO reject discharge field). Although concentrations of dissolved Arsenic do 
not exceed the WQCC standard in samples from the wells within the field, semiannual monitoring of 
dissolved Arsenic within and downgradient of the fields is recommended for a period of three (3) 
years to confirm natural attenuation of this COC. 
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— Dissolved Boron has inadequate data to determine statistically significant trends for the period of 
2019 through 2022 since this COC is not included in the facility-wide monitoring program for most of 
the wells. However, the most recent concentrations of dissolved Boron in the wells within both fields 
were below the WQCC standard. Semiannual monitoring of dissolved Boron in wells within and 
downgradient of the fields is recommended for a period of three (3) years to confirm natural 
attenuation of this COC. 

— Dissolved Iron has been present at concentrations above the WQCC standard in MW-29 (upgradient 
of the South RO reject discharge field). Although concentrations of dissolved Iron do not exceed the 
WQCC standard in samples from the wells within the field, semiannual monitoring of dissolved Iron 
within and downgradient of the fields is recommended for a period of three (3) years to confirm 
natural attenuation of this COC. 

— Dissolved Manganese is not currently present at concentrations above the WQCC standard in wells 
associated with the North RO reject discharge field. Dissolved Manganese is present at concentrations 
above the WQCC standard in MW-29 (upgradient of South RO reject discharge field) and MW-114 
(near the former discharge point into the South RO reject discharge field). Dissolved Manganese 
concentrations are an order of magnitude below the standard in wells MW-115 and MW-116 (within 
the South RO reject discharge field). Semiannual monitoring of dissolved Manganese in wells within 
and downgradient of the fields is recommended for a period of three (3) years to confirm natural 
attenuation of this COC. 

— Dissolved Uranium has inadequate data to determine statistically significant trends for the period of 
2019 through 2022 since this COC is not included in the facility-wide monitoring program for most of 
the wells. Semiannual monitoring of dissolved Uranium in wells within and downgradient of the 
fields is recommended for a period of three (3) years to confirm natural attenuation of this COC. 

— Chloride concentrations in wells associated with the North RO reject discharge field are statistically 
decreasing, except for MW-117 (near the former discharge point). Chloride concentrations in wells 
associated with the South RO reject discharge field show no statistically significant trend, but the 
concentrations from wells within the field show an overall decrease in concentrations. Natural 
attenuation of Chloride appears to be occurring in groundwater beneath the fields; however, recent 
increases in Chloride upgradient of the South RO reject discharge field appear to have resulted in a 
recent increase in Chloride in MW-114. Semiannual monitoring of Chloride in wells associated with 
the fields is recommended to evaluate natural attenuation following implementation of soil 
remediation and source removal. 

— Fluoride concentrations in wells associated with both fields show either a decreasing or no statistically 
significant trend. Semiannual monitoring of Fluoride in wells associated with the fields is 
recommended to evaluate natural attenuation following implementation of soil remediation and source 
removal. 

— Nitrate/Nitrite concentrations in wells associated with both fields are currently below the WQCC 
standard for Nitrite with the exception of the most recent concentration reported for MW-118 (within 
the North RO reject discharge field). No statistically significant trends were determined for the period 
of 2019 to 2022 with the exception of MW-55 (upgradient of the North RO reject discharge field), 
which has a decreasing trend. Semiannual monitoring of Nitrite and Nitrate, separately, in wells 
associated with the fields is recommended to confirm natural attenuation following implementation of 
soil remediation and source removal. 

— Sulfate concentrations in wells associated with both fields show either a decreasing or no statistically 
significant trend. Semiannual monitoring of Sulfate in wells associated with the fields is 
recommended to evaluate natural attenuation following implementation of soil remediation and source 
removal. 

— TDS concentrations in wells associated with both fields show either a decreasing or no statistically 
significant trend. Semiannual monitoring of TDS in wells associated with the fields is recommended 
to evaluate natural attenuation following implementation of soil remediation and source removal. 
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1.4 STAGE 2 ABATEMENT PLAN  

Section 2 of this Stage 2 AP provides detailed information regarding the installation of additional downgradient 
monitoring wells recommended by the Stage 1 AP and approved by OCD as well as the future groundwater 
monitoring plan for wells associated with the RO reject discharge fields. The groundwater monitoring results 
will be used to evaluate the effectiveness of soil remediation and natural attenuation of groundwater COCs.  

Section 3 summarizes an evaluation of remediation alternatives to address both soil and groundwater. The 
recommended remediation approach includes phytoremediation of shallow soils through the use of vegetation to 
reduce infiltration and remove COCs from the soil, which should enhance the natural attenuation of inorganic 
COCs in groundwater beneath the fields. Section 3 provides details on implementation of a phytoremediation 
pilot study to select a plant species most likely to meet the remediation goals, including development of 
irrigation and fertilization schedules to enhance vegetation health. The pilot study will be performed throughout 
both fields. Following completion of the pilot study, recommendations will be made to amend the Stage 2 AP, 
as necessary. 

Section 4 provides a schedule for implementation of the Stage 2 AP and reports that will be submitted under this 
plan. 

Section 5 includes a public notification proposal, as required by NMAC 20.6.2.4108.B and NMAC 
20.6.2.4108.C.  

Section 6 provides a financial assurance plan to conduct the actions described in this Stage 2 AP, as required by 
NMAC 20.6.2.4104.C.  
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2 WELL INSTALLATION AND 
MONITORING PLAN UPDATES 

This section described the locations and methods for installation of additional monitoring wells described in the 
Stage 1 AP as well as the changes to the facility-wide monitoring program required.  

2.1 WELL INSTALLATION AND SAMPLING PROCEDURES 

2.1.1 WELL LOCATIONS 

The Stage 1 AP recommended the installation of two additional shallow groundwater monitoring wells, as 
follows: 

— One well approximately 350 feet northeast of MW-119 to provide downgradient of the North RO 
reject discharge field 

— One well approximately 1,000 feet east of RW-18A to provide additional downgradient monitoring of 
the South RO reject discharge field 

Figure 3 shows the recommended locations for these two wells. The actual locations of the wells will depend on 
subsurface utility clearance. If subsurface utilities require the location to be moved beyond a 50-foot radius of 
the planned location, OCD will be notified prior to well installation. 

2.1.2 WELL INSTALLATION PROCEDURES 

The installation of monitoring wells will be performed by a driller licensed in New Mexico, using hollow-stem 
drilling methods. The driller will be directed by an experienced geologist or environmental scientist.  

2.1.2.1 WELL CONSTRUCTION METHODS 

The monitoring wells will be installed within the shallow saturated zone. The depth of the wells is anticipated to 
be between 20 to 30 ft bgs, based on previously installed monitoring wells in the area. The minimum diameter 
of the borings will be approximately 8 inches to allow for the installation of 2-inch diameter PVC well casings. 
Each monitoring well will consist of a bottom cap, a section of 0.010-inch slotted well screen, and solid casing 
extending to the surface. The well screens for these monitoring wells will extend to 5 ft above the observed 
capillary zone. If no obvious capillary zone is present, the well screen will extend to within 5 ft of the ground 
surface. Well materials, including end caps, casings, and screens, will have threaded connections. Well 
construction materials will be kept wrapped in original packaging or plastic sheeting until used. 

The monitoring well casings will be extended from the top of the well screen to 3 ft above the ground surface. 
An 8/16-grade sand pack will be placed in the annular space to three feet above the screened interval, and a 2-ft 
bentonite seal placed on top of the sand pack. A grout seal will be placed from the bentonite seal to the surface. 
The wells will be completed with locking steel protective casings set into a 4-ft by 4-ft by 4-inch thick concrete 
pad. Protective bollards will be placed around the wells, as deemed necessary by HFSNR and as space allows. 
The concrete pads will be approximately one inch higher than the surrounding surface and the concrete will be 
sloped from the protective casings to the surrounding surface. A locking J-plug cap will be placed in the casings 
inside the protective casing.  

An experienced geoscientist or environmental scientist will observe the installation and construction of the 
monitoring wells, and will record measurements of various well dimensions, including distance from the ground 
surface to the: 

— Bottom of the well  

— Top of the sand pack 
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— Top of the bentonite seal  

— Top of the screen 

— Top of the well casing 

The field measurements will be included in the field logbook and on the final well completion logs. The wells 
will be surveyed as described below. 

2.1.2.2 WELL DEVELOPMENT 

The monitoring wells will be developed through bailing and/or pumping to remove fine-grained materials 
accumulated in the sand pack and well casing until the bottom of the well casing can be reached. Conductivity, 
pH, dissolved oxygen (DO), oxidation-reduction potential (ORP), turbidity, and temperature of the purged 
groundwater will be monitored throughout the development process using a multi-parameter water meter. The 
development process will be considered complete after at least 4 of the 6 parameters stabilize (i.e., less than 10 
percent variation between three consecutive readings) and at least three well casing volumes are removed. The 
measurements and equipment used to make the measurements will be recorded in the field logbook. Equipment 
will be calibrated following the manufacturer’s recommendations and the calibration results will be recorded in 
the field logbook. 

The volume of purged fluids will be recorded in the field logbook. Fluids produced during development will be 
collected and disposed of in the refinery wastewater treatment system, upstream of the oil-water separator. 

Following well development, the depth to water and total depth of each well will be measured from the top of 
casing and will be recorded in the field logbook. Depth to water will be measured using a battery-operated water 
level meter. Although no phase-separated hydrocarbons (PSH) are expected to be present in these locations, if 
PSH is observed during well installation or development, the depth to water and PSH will be measured using a 
battery-operated oil/water interface probe. The model of meter(s) used will be recorded in the field logbook. 

2.1.3 GROUNDWATER SAMPLE COLLECTION PROCEDURES 

2.1.3.1 SAMPLE LOCATIONS 

Groundwater samples will then be collected semiannually, during the routine facility-wide monitoring events, 
the from the following wells: 

— North RO Reject Discharge Field: 

— Upgradient: MW-55, MW-140, MW-141 

— Within Field: MW-117, MW-118, MW-119 

— Downgradient: MW-142, MW-143, new well northeast of MW-119 (well number to be determined) 

— South RO Reject Discharge Field: 

— Upgradient: MW-29, MW-40, MW-56 

— Within Field: MW-114, MW-115, MW-116 

— Downgradient: MW-125, RW-18A, MW-144, new well east of RW-18A (well number to be 
determined) 

The locations of the monitoring wells associated with the former RO reject discharge fields are shown in 
Figure 3.  

Low-flow sampling procedures, as described in the NMED Position Paper “Use of Low-Flow and Other Non-
Traditional Sampling Techniques for RCRA Compliant Groundwater Monitoring” (NMED 2001), will be used 
to collect the groundwater sample. Low-flow purging will be continued until the field measurements of at least 4 
of the 6 water quality parameters, including conductivity, pH, DO, ORP, turbidity, and temperature, stabilize 
(less than 10 percent variation for three consecutive readings). Equipment used to monitor water quality 
parameters will be calibrated following the manufacturer’s recommendations, and the type (make and model) of 
equipment used and the calibration results will be recorded in the field logbook. Purge parameter readings will 
be documented in the field sampling logbook and will be included in the well installation report.  
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Dedicated tubing will be used in each well to prevent the potential for cross-contamination. Following 
completion of purging, groundwater samples will be collected directly into the laboratory-provided sample 
containers. Disposable filters will be used to collect samples that will be analyzed for dissolved metals. The 
samples that do not require field filtering will be collected first, then the filter will be attached to the tubing to 
collect the dissolved metals sampled. The filters will be removed from the tubing prior to placing it into the well 
casing. Used filters will be disposed of as trash in appropriate containers within the refinery. 

Sample containers will be labeled and placed into appropriate containers (coolers) with ice for shipment to the 
analytical laboratory under proper chain of custody. 

2.1.3.2 GROUNDWATER ANALYTICAL METHODS 

The groundwater samples will be analyzed for the following COCs and methods for the purposes of the Stage 2 
AP: 

— Dissolved (field-filtered) metals by Methods 6010 or 6020: 

— Arsenic 

— Boron 

— Iron 

— Manganese 

— Uranium 

— Chloride by Method 300 or 9056 

— Fluoride by Method 300 or 9056 

— Nitrate by Method 300 or 9056 

— Nitrite by Method 300 or 9056 

— Sulfate by Method 300 or 9056 

— TDS by Method 2540 

Additional analyses will be included as required for the facility-wide monitoring program. 

The laboratory will be provided the screening standards for groundwater samples and will make every possible 
attempt to maintain method detection limits that are less than or equal to the screening standards. It should be 
noted that this may not be possible if a sample contains constituents at concentrations high enough to require 
sample dilution.  

2.1.3.3 GROUNDWATER QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

Quality assurance/quality control (QA/QC) samples will be collected to monitor the validity of the groundwater 
sample collection procedures.  The following samples will be collected for QA/QC purposes: 

— Field duplicates will be collected at a rate of 10 percent, or 1 field duplicate for every 10 groundwater 
samples, with a minimum of 1 field duplicate sample to be collected during the implementation of this 
work plan. Field duplicates will be analyzed for the same constituents as the parent sample. 

— Equipment blanks will be collected from non-dedicated sampling apparatus at a frequency of 5 
percent, or 1 equipment blank for every 20 groundwater samples collected, with a minimum of one 
equipment blank per day.  Equipment blank samples will be analyzed for the same constituents as the 
sample associated with the equipment blank (sample collected immediately prior to the equipment 
blank).  When dedicated sampling materials are used, such as dedicated tubing, no equipment blank 
samples are required. 

— Trip blanks will not be required for the RO reject discharge fields groundwater monitoring since none 
of the COCs included volatile organic compounds (VOCs). 

2.2 GROUNDWATER MONITORING PLAN 

The facility-wide groundwater monitoring work plan will be updated to reflect the groundwater sampling 
outlined in Section 2.1. Groundwater samples will be collected and analyzed semiannually as described in 
Section 2.1.3 for a period of at least 3 years to determine if the COC concentrations continue to attenuate 
following cessation of discharge of the RO reject stream to the fields.  
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3 EVALUATION OF REMEDIATION 
ALTERNATIVES 

As stated above, the primary goal of this Stage 2 AP is to evaluate and select an appropriate method to reduce or 
minimize the migration of inorganic COCs from the shallow soils within the former RO reject discharge fields 
to the shallow groundwater. The removal or minimization of migration of inorganic COCs from the shallow 
soils should enhance the natural attenuation of COCs in groundwater. Shallow soil COCs include Iron, 
Manganese, Fluoride, and Sulfate. 

3.1 POTENTIAL REMEDIATION ALTERNATIVES 

There are limited remediation alternatives that will minimize leaching of inorganic chemicals through the 
unsaturated zone. These alternatives include soil stabilization or certain phytotechnology mechanisms, that 
either reduce infiltration by evapotranspiration, extract the chemicals by phytoextraction, or sequester the 
chemical in the roots of the plant. Other alternatives that would meet the remediation goal include installing an 
impervious cover and solidification of the soil; however, because of the size of the former RO reject discharge 
fields and feasibility of implementation, neither of these alternatives are currently being considered.  

3.1.1 SOIL STABILIZATION 

The Stage 1 AP concluded that fluoride was the COC of most concern based on the concentrations reported in 
the soil samples analyzed using the synthetic precipitation leaching procedure (SPLP) and groundwater 
concentrations. Thus, soil stabilization of fluoride was also considered as a remediation alternative. Fluoride in 
soil is primarily associated with the soil colloid or clay fraction and its mobility in soil is highly dependent on 
the soil’s sorption capacity, which varies with pH, the types of sorbents present, and soil salinity. The clay and 
organic carbon content as well as the pH of soil are primarily responsible for the retention of fluoride in soils. In 
soils, fluoride is predominantly combined with aluminum or calcium. Fluoride forms its most stable bonds with 
iron, aluminum, and calcium. Labile fluoride is held by soil components that contain these elements, including 
clay minerals, calcium and magnesium compounds, and iron and aluminum compounds (Omueti and Jones 
1977). Macintire (Macintire 1950) also reported that some soils, especially those with relatively high calcium 
content, were very effective in fixing fluoride. The soil within the fields is alkaline in nature with a high calcium 
content and elevated iron concentrations. Thus, soil stabilization does not appear to be a feasible remediation 
alternative.  

3.1.2 PHYTOTECHNOLOGY MECHANISMS 

The natural physiological processes of plants are the basis for the various phytotechnology mechanisms that can 
serve as remediation alternatives for the former RO reject discharge fields. Certain species of vegetation have 
the capability to take up and transpire, and thereby remove, significant volumes of surface water, soil pore water 
and/or groundwater. This mechanism is termed phytohydraulics. The vertical migration of water from the 
surface downward can be limited by the water interception capacity of the aboveground canopy and subsequent 
evapotranspiration through the root system. As this water is consumed by the plants, dissolved contaminants can 
be sequestered in the roots (phytosequestration) or taken up into the plant through the roots and translocate the 
contaminants to the aboveground shoots or leaves of the plant (phytoextraction). For contaminants to be 
extracted by plants, the constituent must be dissolved in the soil water and come into contact with the plant roots 
through the transpiration stream. Thus, phytoremediation has been selected as the remediation alternative for 
soil. 

As the phytoremediation proceeds, the concentrations of COCs in the soil and soil pore water will decrease and 
the potential for leaching of COCs to groundwater will also decrease. Natural attenuation of COCs in 
groundwater should then occur and the concentrations of COCs in the groundwater should return to similar 
levels observed in upgradient (background) groundwater. Thus, monitored natural attenuation (MNA) has been 
selected as the remediation alternative for groundwater. 
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3.2 PHYTOREMEDIATION PILOT STUDY DESIGN 

Although a preliminary phytoremediation study was performed with the results included in the Stage 1 AP 
report, that study was limited and did not provide enough data to design a full phytoremediation plan. This 
section describes a stepwise approach to designing a phytoremediation pilot study including performing specific 
agronomic soil analysis to assist in species selection, as well as amendment and fertilizer needs, and provides 
further evaluation of potential species and provides details of additional pilot study activities that will be 
conducted prior to implementation of the full-scale remediation. 

3.2.1 SOIL AND SITE SUITABILITY  

The initial step in designing the phytoremediation pilot study will be to collect appropriate soil data to evaluate 
the plant growth conditions of the fields. There are limited data on the agronomic quality of the soil in the 
former RO reject discharge fields; therefore, additional soil information will be collected to help with species 
selection and evaluate the plant growth potential of the soil. Previous investigations of the RO fields have 
provided limited data on the soil profile from the surface through the capillary fringe. Soil samples are needed at 
specific depths (0–1, 1–2, and 2–4 feet) and will be used to assess the agronomic characteristics of the site soils. 
The results of these analyses will also assist in designing a fertility management program for the pilot study.  

Samples will be collected from three locations in each of the two former RO reject discharge fields at the three 
specified depths. The three samples from a specific depth will be composited and a composite sample will be 
submitted for laboratory analysis. Thus, each field will have three soil samples (composite from each depth 
interval) that will be submitted to an agricultural laboratory for the following agronomic analysis: 

— Soil Organic Matter – Method S-9.20 

— Soil pH – Method S-2.20 

— Cation Exchange Capacity – Method S-10.10 

— Soil Nitrate-Nitrogen – Method S-3.10 

— Extractable Soil Phosphorus and Soil Bases  

— Potassium, Calcium, Magnesium and Sodium - – Method S-5.11 

— Phosphorus – Method S-4.40 

— Soil Micronutrient  

— Zinc, Manganese, Iron, Copper, and Boron - – Method S-6.12 

— Soil Chloride – Method S-12.10 

— Extractable Aluminum – Method S-15.10 

— Extractable Soil Sulfate-Sulfur – Method S - 11.10 

— Soil Ammonium Nitrogen – Method S-3.50 

— Saturated Paste Extraction  

— Saturation Percentage – Method S-1.00 

— Saturation Paste Chloride Method S-1.40 

— Saturation Paste Boron – Method S-1.50 

— Saturation Paste Calcium, Magnesium, Sodium and SAR– Method S-1.60 

— Saturation Paste Soluble Salts – Method S-1.20 

The six soil samples will be analyzed for the above constituents using methods approved and monitored by 
North American Proficiency Testing Program for agricultural analysis of soils.  

The analytical results will be discussed with the agronomic experts familiar with soils in Eddy County to assist 
with development of the fertility management plan.  
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3.2.2 POTENTIAL SPECIES 

The second step in the design process is to identify potential species that are suitable based on soil 
characteristics and meet the criteria for phytoremediation at the site.  

The first criteria for potential species is tolerance to the soil COCs. As stated in the Stage 1 AP, Fluoride is the 
primary COC in soil; however fluoride is not an essential nutrient for plant growth and in certain cases can be 
toxic to plants by potentially impacting see germination and overall plant growth. Due to the potential toxicity, a 
variety of species will be evaluated. 

The second criteria for species selection is the potential water consumption. The historic average annual rainfall 
in Artesia is about 11.3 inches and the average annual evapotranspiration is reported at 75 inches with most of 
the evapotranspiration occurring during the April to November frost free season. Candidate species should have 
natural water use that exceeds the annual rainfall of the area.  

The third criteria for potential species are ones that are native to the area or of a type that will effectively grow 
in the specific environment, which is semi-arid.  

Several species have been identified as potential candidates for including in the phytoremediation pilot study. 
Selection criteria are based on the plant’s ability to: 

— reduce infiltration into the soil profile by interception, 

— have water use that exceeds evapotranspiration from rainfall, 

— sequester soil COCs or transport chemicals dissolved in the pore water into the aboveground biomass 
of the plant through transpiration, and  

— are native or will effectively grow in the Artesia, New Mexico area.  

Potential candidate species include: 

— Sudan Grass  

— Western Wheat Grass  

— Indian Grass  

— Tall Wheat Grass 

Both Sudan Grass and Indian Grass are expected to develop a root structure that will extend between 9 to 12 feet 
deep. While the roots of the Western Wheatgrass and Tall Wheatgrass are typically shallower, these two species 
are known to uptake more water than the typical rainfall and are expected to grow well in the area. Additional 
species may be evaluated based on the results of the soil chemical analysis performed as the initial step in the 
design process and consultation with local agronomic experts. 

As the total root depth is establishes, the candidate species should provide phytoremediation of soils from the 
surface to a depth of approximately 9 to 12 feet bgs. Considering the bulk of the COC loading is in the 
shallowest portion of the vadose zone (Appendix A), the selected species will be effective in sequestering the 
COCs from the soil and pore water in the upper 12 feet and allow for natural attenuation of the COCs in the 
remaining portion (about 4 additional feet or to 16 feet bgs) of the vadose zone soils. 

3.2.3 PILOT STUDY PLOT DESIGN 

Assuming the candidate species are suitable based on soil characteristics, the pilot study design will be finalized 
including a fertility management plan. The fertility management plan will consist of applying fertilizers at 
agronomic rates for the selected species. Agronomic rates are based on the actual reported plant uptake of 
specific plant nutrients including nitrogen, phosphorus and potassium and will also consider timing of 
applications to minimize potential for leaching of applied nutrients. The pilot study will consist of testing two of 
the candidate species in the North RO reject discharge fields and the remaining two in the South RO reject 
discharge field. If other species are identified during the evaluation process, they will be added in proportion to 
each of the fields. The North RO reject discharge field is approximately 25.3 acres and the South RO reject 
discharge field is approximately 28.9 acres in size.  
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3.2.3.1 IRRIGATION WATER SUPPLY 

The selected species will require addition of water during the growing season to maintain a vegetative cover that 
will minimize infiltration and maximize sequestration of soil COCs. As an example, irrigated sorghum and 
sudan grass grown as part of a performance test at the New Mexico Agricultural Service Center in Artesia 
required about an additional 28 inches of irrigation water during the growing season to produce a 2-cutting crop. 
Native species may require less water. Irrigation requirements for these species will be monitored by the soil 
moisture probes installed in the field (see Section 3.2.3.2).  

The refinery obtains water from a mixture of water supply wells and the City of Artesia public water. Both the 
city water and the water supply wells will be evaluated as potential irrigation water sources, as needed. A 
sample of the potential irrigation water source(s) will be analyzed for the following: 

— pH (field equipment) 

— Electrical Conductivity (field equipment) 

— TDS by Method 2540 

— Alkalinity by Method 2320 

— Carbonate 

— Bicarbonate 

— Anions by Method 300 or 9056 

— Chloride 

— Fluoride 

— Sulfate-Sulfur 

— Nitrate (as Nitrogen) by Method 300 or 9056 

— Dissolved Metals by Method 6010 or 6020: 

— Boron 

— Calcium 

— Copper  

— Iron 

— Magnesium 

— Manganese 

— Potassium 

— Sodium 

— Zinc  

The results of the water sampling will be used to determine the best water source for irrigation during the pilot 
study. A different source may be used for the two different fields, depending on availability and method selected 
to apply irrigation water. 

3.2.3.2 FINAL DESIGN 

The pilot study design will be finalized based on the results of soil and water analysis described above. The 
agronomic data will provide information on nutrient needs and soil and water constraints. The final design will 
include general plans and specifications for site preparation including removal of existing vegetation (if 
needed), planting guidelines, and management protocols that need to be implemented once the pilot study plots 
are established. The final design will also include details on the irrigation system that will be used during the 
pilot study.  

Existing soil moisture probes installed during the Stage 1 AP will be evaluated to determine if they are still 
functioning. These probes will be used and if needed, additional soil moisture probes will be installed, to 
monitor soil moisture and electrical conductivity (EC) at multiple depths in the soil profile. The number of 
probes and locations for the probes will be determined based on the evaluation of the existing probes. The data 
will be used to evaluate the need for irrigation and to monitor soil moisture changes with depth over time. The 
Stage 1 AP soil moisture probes were placed at depths of 2, 5, and 10 feet bgs at each location. If additional 
probes (or replacement probes) need to be installed, a hand auger or a direct-push rig will be used to advance a 
boring to a depth of 10 feet bgs at each location, then the probes will be placed at the desired depth according to 



 
 
 

 

Stage 2 Abatement Plan – Former RO Reject Discharge Fields 
Project No.  2467171018 
HFSinclair Navajo Refining LLC 

WSP
April 2024

Page 15

the manufacturer’s installation instructions. Each probe will be attached to a solar-powered data logger, and data 
will be automatically downloaded at regular intervals.  

Soil moisture probes will remain in place throughout the pilot study as well as during implementation of the 
full-scale phytoremediation, and data will continue to be collected to evaluate the vadose zone moisture. 

3.3 PHYTOREMEDIATION PILOT STUDY IMPLEMENTATION 

A local agricultural contractor will be retained to install and manage the plots. Plans and specifications 
developed as part of the final design will provide details as to the plant material, planting techniques including 
compost and fertilizer requirements, irrigation design, and follow up maintenance. It should be noted that after 
the system is implemented, ongoing operation, maintenance, and monitoring will be conducted to ensure the 
vegetation develops vigorous and deep root systems.   

The following activities will be conducted throughout the pilot study: 

— Weekly monitoring during the growing season. Monitoring inspections will include evaluation of 
plant health and growth characteristics, pests, and weed competition. These activities will be 
performed by field technicians trained to perform the specific monitoring tasks, with periodic 
oversight by a certified crop advisor or agronomist to address growth issues or pest and disease issues.  

— Pest monitoring and weed control: Pests can decimate a crop, and weeds provide unnecessary 
competition for water and nutrients that are important for plant growth. In the event that insecticides 
or herbicides are required to control pests or weeds, HFSNR will select the most environmentally 
sound alternative for the specific need and request concurrence from the OCD prior to use. HFSNR 
will report the agent and quantity used to OCD in the quarterly status reports. 

— Periodic fertilization: Fertilizer selection, as needed, will be based on the results of the evaluation of 
current soil nutrient conditions conducted prior to the initial planting. The residual nutrients in soil 
and in the irrigation water will be accounted for when assessing fertility needs. Fertilizers may be 
applied either in liquid or granular form, depending on the fertilization requirements. Liquid fertilizer 
would be applied through a spraying system while granular fertilizer would be broadcast on the 
ground surface. Fertilizer will be applied at or slightly below agronomic rates to avoid the potential 
for additional leaching of COCs. HFSNR will seek concurrence from the OCD, prior to application, 
for fertilizer to be applied during the initial planting and during subsequent growing seasons. 
Subsequent fertilizer applications will be based on additional agronomic sampling results. HFSNR 
will report the fertilizer and quantity used to OCD in the quarterly status reports.  

— Irrigation will be required to establish the vegetation and during growing season when soil moisture 
content drops below the ideal range for the species. The level of irrigation oversight will be dependent 
on the selected water source and the type of irrigation system selected. 

— Evaluation of plant growth will be conducted to determine if or when the plants need to be harvested 
or cut back. Vegetation that is harvested or cut will be removed from the fields and contained by 
bailing, bagging, or placing into a rolloff bin. Representative samples will be collected for analysis of 
soil and groundwater COCs and any additional parameters required for waste characterization, as per 
the potential disposal facilities. The vegetation will be characterized as either hazardous or non-
hazardous for offsite disposal at an approved facility and will not be used as food for humans or 
livestock. The actual disposal facility to be used for each disposal event will be determined by the 
waste characterization, facility capacity, and availability to receive wastes. Non-hazardous waste will 
likely be disposed at the Gandy Marley Inc. facility near Roswell, NM or the Eddy County Sandpoint 
Landfill in Carlsbad, NM. Hazardous waste will likely be disposed at the US Ecology Inc. facility in 
Robstown, TX or the Veolia North America facility near Arkadelphia, AR. Records of the source and 
volume of harvested vegetation, method of containment, analytical results, waste characterization 
determination, and copies of bills of lading or shipping manifests will be maintained at the Refinery 
and copies will be included in the final pilot study report and any future phytoremediation reports. 
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4 SCHEDULE AND REPORTING 

4.1 SCHEDULE 

The following is a tentative schedule for the phytoremediation pilot study, assuming that approval of this Stage 
2 AP is received no later than May 1, 2024: 

— May 1, 2024: OCD approval of Stage 2 AP received assumed 

— May 1 to June 15, 2024: collect soil and water samples for laboratory analyses; install monitoring 
wells and moisture probes 

— May 1 to July 15, 2024: finalize pilot study design based on laboratory analytical results and prepare 
detailed implementation specifications to include irrigation system selection and maintenance 
guidelines 

— June 15 to August 31, 2024: select implementation contractor, prepare fields including installation of 
moisture probes (as needed), confirm seed sources 

— September 15 to October 15, 2024: plant pilot study species (excluding Sudan grass since it will not 
survive winter) 

— September 15, 2024 to September 1, 2025: operate and maintain pilot study, plant Sudan grass in 
spring 2025 

— September 1 to September 30, 2025: harvest / cut plants from both fields, plant winter crop on field 
where Sudan grass was tested  

— October 1, 2025 to March 1, 2026: finalize full scale phytoremediation design, submit report to OCD 
with recommendations for implementation 

Adjustments to the schedule may be required and any changes will be communicated to OCD. 

4.2 REPORTING 

Status reports will be prepared for submittal to OCD throughout the phytoremedation pilot study. The reports 
will include: 

— Quarterly status reports, beginning in July 2023, to describe the activities completed during the 
previous three months. 

— Final pilot study design, to be submitted prior to implementation of the pilot study. 

— Final report of pilot study, to be submitted within 90 days of the completion of the pilot study. The 
final report will include recommendations for the full-scale phytoremediation system. 
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5 PUBLIC NOTIFICATION 
A draft public notification is provided in Appendix D. The draft public notification includes the information 
required by NMAC 20.6.2.4108.B and NMAC 20.6.2.4108.C. HFSNR will issue the public notification upon 
approval by OCD.   
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6 FINANCIAL ASSURANCE PLAN FOR 
CLOSURE/POST-CLOSURE CARE 

The Stage 2 AP activities outlined above and the associated financial assurance cost estimates meet the 
requirements of NMAC 20.2.4104.C. Appendix E-1 provides a financial assurance summary cost estimate for 
the activities described in this Stage 2 AP.   

Cost estimates for the tasks to be performed during 2023, which include installation of monitoring wells and 
moisture probes, as well as the phytoremediation pilot study, are detailed in Appendix E-2 and E-4. The cost 
estimate for groundwater monitoring assumes the post-closure groundwater monitoring program will continue 
for 30 years and is detailed in Appendix E-3. A detailed cost estimate for years 2 and 3 of the phytoremediation 
implementation program is included as Appendix E-5.  

HFSNR will provide the financial assurance for closure and post-closure activities within 30 days of OCD 
approval of this Stage 2 AP. The Stage 2 AP and financial assurance estimates are subject to change pending the 
results of the phytoremediation pilot study and groundwater monitoring results.  
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Table 1 - Summary of Groundwater Analytical Results Screened Using WQCC Standards

Reverse Osmosis Reject Discharge Fields Stage 2 Abatement Plan Work Plan

Analyte Group:

Analyte:

Units:

CGWSL:

CGWSL Source:

Location Well Event Date Type                         

North RO Field

Upgradient MW-55 Stage 1 AP Quarter 1 Jul-19 N

Oct-19 N 0.00615 1.07 <0.000260 0.0207 J <0.0020 BJU 0.132 0.0513 0.00595 1.00 <0.000260 <0.0141 <0.0020 BJU 0.126 0.0504

Oct-19 FD 0.00618 1.03 <0.000260 0.0288 J <0.000240 0.133 0.0511 0.00605 1.01 <0.000260 <0.0141 <0.0020 BJU 0.128 0.0528

Jan-20 N

Jan-20 FD

Stage 1 AP Quarter 4 Jun-20 N 0.00608 0.992 <0.000477 <0.0458 <0.00249 0.142 0.0548 0.00663 0.951 <0.000477 <0.0458 <0.00249 0.148 0.0549

2nd Semiannual 2020 Oct-20 N 0.00684 0.695 <0.000477 0.0508 J <0.00249 0.168 0.0364

1st Semiannual 2021 Apr-21 N 0.00683 0.631 0.000304 J <0.0281 0.00103 J 0.185 0.0314 0.00628 0.644 0.000223 J <0.0281 0.00144 J 0.171 0.0292

2nd Semiannual 2021 Sep-21 N 0.00611 0.608 0.000311 J <0.0281 <0.000849 0.202 0.0272

1st Semiannual 2022 Apr-22 N 0.00633 0.55 0.000316 J <0.0281 <0.000849 0.211 0.0201 0.00679 0.555 0.000849 J <0.0281 <0.000849 0.206 0.0188

2nd Semiannual 2022 Oct-22 N 0.0055 0.449 0.00341 <0.0281 <0.000849 0.35 0.0215

MW-140 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.00241 0.412 <0.000260 0.224 <0.0020 BJU 0.102 0.0318 0.00247 0.395 <0.000260 <0.0141 <0.0020 BJU 0.0975 0.0325

Stage 1 AP Quarter 3 Jan-20 N

Jun-20 N 0.00262 0.468 <0.000477 <0.0458 <0.00249 0.0636 0.0359 0.00265 0.445 <0.000477 <0.0458 <0.00249 0.00615 0.0348

Jun-20 FD 0.00252 0.460 <0.000477 <0.0458 <0.00249 0.0678 0.0323 0.00273 0.442 <0.000477 <0.0458 <0.00249 0.0564 0.0336

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

MW-141 Jul-19 N

Jul-19 FD

Stage 1 AP Quarter 2 Oct-19 N 0.00389 0.215 0.000333 J 0.132 <0.0020 BJU 0.00939 0.0280 0.00360 0.218 0.000308 J 0.0159 J <0.000240 0.00925 0.0288

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00310 B J 0.196 J <0.000477 <0.0458 <0.00249 0.00205 J 0.0244 0.00297 0.200 J <0.000477 <0.0458 <0.00249 0.00132 J 0.0259

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

In Field MW-117 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.0025 0.145 J <0.000260 0.0611 J <0.000240 <0.0050 BJU 0.0176 0.00243 0.147 J <0.000260 0.0195 J <0.000240 <0.0050 BJU 0.0172

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00248 0.143 J <0.000477 0.261 <0.00249 0.00392 J 0.0152 J 0.00246 0.131 J <0.000477 <0.0458 <0.00249 0.00158 J 0.0160 J

2nd Semiannual 2020 Oct-20 N 0.00255 0.132 <0.00249 0.00353 J

1st Semiannual 2021 Apr-21 N 0.0026 0.112 0.00109 J 0.00472 J 0.00263 <0.0281 <0.000849 0.00408 J

2nd Semiannual 2021 Sep-21 N 0.00286 0.144 0.00213 0.00367 J

1st Semiannual 2022 Apr-22 N 0.00285 <0.0281 <0.000849 0.00412 J 0.00353 <0.0281 <0.000849 0.00305 J

2nd Semiannual 2022 Oct-22 N 0.00265 0.0455 J <0.000849 0.00419 J

MW-118 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.00871 0.352 <0.000260 0.127 <0.000240 <0.0050 BJU 0.0371 0.00863 0.366 <0.000260 <0.0141 <0.0020 BJU <0.0050 BJU 0.0370

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00753 0.381 <0.000477 0.137 <0.00249 0.00167 J 0.0360 0.00787 0.399 <0.000477 <0.0458 <0.00249 <0.00132 0.0390

2nd Semiannual 2020 Oct-20 N 0.0077 0.249 <0.00249 0.00273 J

1st Semiannual 2021 Apr-21 N 0.00732 0.0458 J <0.000849 <0.000704 0.00732 <0.0281 <0.000849 <0.000704

2nd Semiannual 2021 Sep-21 N 0.00641 0.0652 J <0.000849 0.00119 J

1st Semiannual 2022 Apr-22 N 0.00634 0.117 <0.000849 0.00124 J 0.00614 0.0339 J <0.000849 <0.000704

2nd Semiannual 2022 Oct-22 N 0.00621 0.0611 J <0.000849 0.00142 J

0.01

WQCC HH

Boron

mg/L

0.75

WQCC Irr

Cobalt

mg/L

0.05

WQCC Irr

mg/L

Iron Lead ManganeseUranium

mg/L

Arsenic Boron Cobalt

0.01

Total Metals Dissolved Metals

Uranium

mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Iron

mg/L

Arsenic

mg/L

Lead

mg/L

Manganese

0.03

WQCC HH WQCC Irr WQCC Irr WQCC Dom WQCC HH WQCC Dom WQCC HH

0.75 0.05 1.0 0.015 0.21.0

WQCC Dom

0.015

WQCC HH

0.2

WQCC Dom

0.03

WQCC HH

Stage 1 AP Quarter 2

Stage 1 AP Quarter 3

Stage 1 AP Quarter 1

Stage 1 AP Quarter 4
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Table 1 - Summary of Groundwater Analytical Results Screened Using WQCC Standards

Reverse Osmosis Reject Discharge Fields Stage 2 Abatement Plan Work Plan

Analyte Group:

Analyte:

Units:

CGWSL:

CGWSL Source:

Location Well Event Date Type                         

0.01

WQCC HH

Boron

mg/L

0.75

WQCC Irr

Cobalt

mg/L

0.05

WQCC Irr

mg/L

Iron Lead ManganeseUranium

mg/L

Arsenic Boron Cobalt

0.01

Total Metals Dissolved Metals

Uranium

mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Iron

mg/L

Arsenic

mg/L

Lead

mg/L

Manganese

0.03

WQCC HH WQCC Irr WQCC Irr WQCC Dom WQCC HH WQCC Dom WQCC HH

0.75 0.05 1.0 0.015 0.21.0

WQCC Dom

0.015

WQCC HH

0.2

WQCC Dom

0.03

WQCC HH

MW-119 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.00430 0.334 0.000429 J 0.805 <0.0020 BJU 0.0188 0.0322 0.00388 0.338 <0.000260 0.0215 J <0.0020 BJU 0.00524 0.0325

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00376 0.482 <0.000477 <0.0458 <0.00249 0.00633 0.0451 0.00384 0.457 <0.000477 <0.0458 <0.00249 0.00643 0.0467

2nd Semiannual 2020 Oct-20 N 0.00451 0.0836 J <0.00249 0.0114 B

1st Semiannual 2021 Apr-21 N 0.00449 0.276 <0.000849 0.0119 0.00435 <0.0281 <0.000849 0.00426 J

2nd Semiannual 2021 Sep-21 N 0.00343 0.0477 J <0.000849 0.00435 J

1st Semiannual 2022 Apr-22 N 0.00442 0.206 <0.000849 0.0144 0.00393 <0.0281 <0.000849 0.00231 J

2nd Semiannual 2022 Oct-22 N 0.00414 0.0524 J <0.000849 0.00497 J

Downgradient MW-142 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.00364 0.381 0.000744 J 1.55 <0.0020 BJU 0.0257 0.0371 0.00317 0.380 0.000525 J 0.0160 J <0.000240 0.0177 0.0369

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00327 0.430 <0.000477 <0.0458 <0.00249 0.0140 0.0410 0.00336 0.402 <0.000477 <0.0458 <0.00249 0.0130 0.0401

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

MW-143 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.00338 0.870 0.00239 0.419 <0.0020 BJU 0.109 0.0491 0.00336 0.848 0.00248 0.0249 J <0.0020 BJU 0.107 0.0484

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00339 0.865 0.000864 J <0.0458 <0.00249 0.0511 0.0468 0.00318 0.839 0.000816 J <0.0458 <0.00249 0.0432 0.0473

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

South RO Field

Upgradient MW-29 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.0157 1.33 <0.000260 4.37 0.00892 0.579 V 0.0190 0.0143 1.26 <0.000260 4.05 <0.0020 BJU 0.574 V 0.0189

Stage 1 AP Quarter 3 Jan-20 N

Jun-20 N 0.00746 1.10 <0.000477 <0.0458 <0.00249 0.234 0.00789 J 0.00674 1.10 <0.000477 <0.0458 <0.00249 0.229 0.00811 J

Jun-20 FD 0.00772 1.12 <0.000477 0.0704 J <0.00249 0.223 <0.00754 0.00735 1.06 <0.000477 <0.0458 <0.00249 0.214 0.00779 J

2nd Semiannual 2020 Oct-20 N 0.017 0.294 <0.00249 0.233 V

1st Semiannual 2021 Apr-21 N 0.0433 1.62 0.00137 J 0.414 0.0165 0.217 <0.000849 0.456

2nd Semiannual 2021 Sep-21 N 0.104 25.5 0.00119 J 1.4

1st Semiannual 2022 Apr-22 N 0.011 0.801 <0.000849 0.385 0.00923 0.373 <0.000849 0.381

2nd Semiannual 2022 Oct-22 N 0.103 12.9 0.00265 1.16

MW-40 Stage 1 AP Quarter 1 Jul-19 N

Oct-19 N 0.00106 J 0.311 <0.000260 0.270 J <0.0020 BJU 0.0233 0.000622 J 0.000851 J 0.292 <0.000260 0.0179 J <0.0020 BJU 0.0238 0.000544 J

Oct-19 FD 0.000878 J 0.300 <0.000260 0.135 J <0.0020 BJU 0.0239 0.000602 J 0.000829 J 0.305 <0.000260 0.0236 J <0.0020 BJU 0.0243 0.000538 J

Jan-20 N

Jan-20 FD

Stage 1 AP Quarter 4 Jun-20 N <0.000735 0.315 <0.000477 0.145 <0.00249 0.0255 <0.00754 <0.000735 0.308 <0.000477 <0.0458 <0.00249 0.0266 <0.00754

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

Stage 1 AP Quarter 2

Stage 1 AP Quarter 3

Stage 1 AP Quarter 4
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Table 1 - Summary of Groundwater Analytical Results Screened Using WQCC Standards

Reverse Osmosis Reject Discharge Fields Stage 2 Abatement Plan Work Plan

Analyte Group:

Analyte:

Units:

CGWSL:

CGWSL Source:

Location Well Event Date Type                         

0.01

WQCC HH

Boron

mg/L

0.75

WQCC Irr

Cobalt

mg/L

0.05

WQCC Irr

mg/L

Iron Lead ManganeseUranium

mg/L

Arsenic Boron Cobalt

0.01

Total Metals Dissolved Metals

Uranium

mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Iron

mg/L

Arsenic

mg/L

Lead

mg/L

Manganese

0.03

WQCC HH WQCC Irr WQCC Irr WQCC Dom WQCC HH WQCC Dom WQCC HH

0.75 0.05 1.0 0.015 0.21.0

WQCC Dom

0.015

WQCC HH

0.2

WQCC Dom

0.03

WQCC HH

MW-56 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.00515 0.284 0.00698 <0.0141 <0.0020 BJU 0.306 0.0178 0.00524 0.269 0.00699 <0.0141 <0.0020 BJU 0.304 0.0173

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00552 0.253 0.00786 <0.0458 <0.00249 0.302 0.0172 J 0.00521 0.259 0.00813 <0.0458 <0.00249 0.295 0.0175 J

2nd Semiannual 2020 Jun-20 N 0.00529 <0.0489 <0.00249 0.302 0.00665 <0.0489 <0.00249 0.342

1st Semiannual 2021 Apr-21 N 0.00529 <0.0281 0.00105 J 0.287 0.00538 <0.0281 0.00128 J 0.274

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 N 0.00501 0.0459 J <0.000849 0.219 0.00541 <0.0281 <0.000849 0.207

2nd Semiannual 2022 Oct-22 -

In Field MW-114 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.00295 0.118 J 0.00643 <0.0141 <0.000240 1.03 0.0107 0.00286 0.122 J 0.00604 <0.0141 <0.0020 BJU 0.972 0.0108

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00353 0.121 J 0.00618 <0.0458 <0.00249 0.959 0.00950 J 0.00364 0.109 J 0.00583 <0.0458 <0.00249 0.927 0.00917 J

2nd Semiannual 2020 Oct-20 N 0.004 <0.0489 <0.00249 0.925

1st Semiannual 2021 Apr-21 N 0.00459 0.34 <0.000849 0.834 0.00460 <0.0281 <0.000849 0.889

2nd Semiannual 2021 Sep-21 N 0.00483 <0.0281 <0.000849 0.842

1st Semiannual 2022 Apr-22 N 0.00377 <0.0281 <0.000849 0.695 0.00388 <0.0281 <0.000849 0.746

2nd Semiannual 2022 Oct-22 N 0.00529 <0.0281 <0.000849 0.89

MW-115 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.00443 0.780 0.00109 J 0.286 <0.0020 BJU 0.155 0.0793 0.00405 0.767 0.000362 J <0.0141 <0.0020 BJU 0.120 0.0825

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00400 0.520 <0.000477 <0.0458 <0.00249 0.125 0.0953 0.00430 0.564 <0.000477 <0.0458 <0.00249 0.109 0.0947

2nd Semiannual 2020 Oct-20 N 0.00435 <0.0489 <0.00249 0.0983

1st Semiannual 2021 Apr-21 N 0.00467 <0.140 <0.000849 0.0602 0.00407 <0.0281 <0.000849 0.0444

2nd Semiannual 2021 Sep-21 N 0.00433 <0.0281 <0.000849 0.0334

1st Semiannual 2022 Apr-22 N 0.00444 <0.0281 <0.000849 0.0593 0.00458 <0.0281 <0.000849 0.0405

2nd Semiannual 2022 Oct-22 N 0.00533 <0.0281 <0.000849 0.0465

MW-116 Jul-19 N

Jul-19 FD

Stage 1 AP Quarter 2 Oct-19 N 0.00314 0.215 0.00231 0.0285 J <0.000240 0.00834 0.0268 0.00323 0.205 0.00233 <0.0141 <0.000240 0.00748 0.0271

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00292 0.227 0.00240 0.0746 J <0.00249 0.0128 0.0273 0.00290 0.220 0.00254 <0.0458 <0.00249 0.00781 0.0287

2nd Semiannual 2020 Oct-20 N 0.00300 0.0902 J <0.00249 0.015 B

1st Semiannual 2021 Apr-21 N 0.00289 0.366 <0.000849 0.0199 0.00311 <0.0281 <0.000849 0.0105

2nd Semiannual 2021 Sep-21 N 0.00306 0.0549 J <0.000849 0.0227

1st Semiannual 2022 Apr-22 N 0.00296 0.0323 J <0.000849 0.0366 0.00283 <0.0281 <0.000849 0.0308

2nd Semiannual 2022 Oct-22 N 0.00373 0.0502 J <0.000849 0.0916

Downgradient MW-125 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.00363 0.519 0.00633 0.0167 J <0.000240 0.418 0.0383 0.00362 0.509 0.00526 <0.0141 <0.000240 0.399 0.0382

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00357 0.519 0.00760 <0.0458 <0.00249 0.413 0.0351 0.00342 0.498 0.00557 <0.0458 <0.00249 0.389 0.0365

2nd Semiannual 2020 Oct-20 N 0.00367 <0.0489 <0.00249 0.43

1st Semiannual 2021 Apr-21 N 0.00388 0.0682 J <0.000849 0.444 0.0033 <0.0281 <0.000849 0.402

2nd Semiannual 2021 Sep-21 N 0.00331 <0.0281 <0.000849 0.413

1st Semiannual 2022 Apr-22 N 0.00343 <0.0281 <0.000849 0.387 0.00371 <0.0281 <0.000849 0.411

2nd Semiannual 2022 Oct-22 N 0.00348 <0.0281 <0.000849 0.408

Stage 1 AP Quarter 1
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Table 1 - Summary of Groundwater Analytical Results Screened Using WQCC Standards

Reverse Osmosis Reject Discharge Fields Stage 2 Abatement Plan Work Plan

Analyte Group:

Analyte:

Units:

CGWSL:

CGWSL Source:

Location Well Event Date Type                         

0.01

WQCC HH

Boron

mg/L

0.75

WQCC Irr

Cobalt

mg/L

0.05

WQCC Irr

mg/L

Iron Lead ManganeseUranium

mg/L

Arsenic Boron Cobalt

0.01

Total Metals Dissolved Metals

Uranium

mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Iron

mg/L

Arsenic

mg/L

Lead

mg/L

Manganese

0.03

WQCC HH WQCC Irr WQCC Irr WQCC Dom WQCC HH WQCC Dom WQCC HH

0.75 0.05 1.0 0.015 0.21.0

WQCC Dom

0.015

WQCC HH

0.2

WQCC Dom

0.03

WQCC HH

MW-144 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.00338 0.216 0.000788 J 0.468 <0.0020 BJU 0.0365 0.0180 0.00320 0.211 0.000698 J <0.0141 <0.0020 BJU 0.0272 0.0185

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00361 0.237 0.000816 J <0.0458 <0.00249 0.0216 0.0168 J 0.00375 0.224 0.000874 J <0.0458 <0.00249 0.0170 0.0187 J

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

RW-18A Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N 0.00281 0.675 <0.000260 0.556 <0.0020 BJU 0.00933 0.0583 0.00271 0.648 <0.000260 0.0519 J <0.0020 BJU 0.00668 0.0566

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N 0.00258 0.542 <0.000477 <0.00458 <0.00249 0.00320 J 0.0527 0.00280 0.506 <0.000477 <0.00458 <0.00249 0.00265 J 0.0565

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -
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Table 1 - Summary of Groundwater Analytical Results Screened Using WQCC Standards

Reverse Osmosis Reject Discharge Fields Stage 2 Abatement Plan Work Plan

Analyte Group:

Analyte:

Units:

CGWSL:

CGWSL Source:

Location Well Event Date Type

North RO Field

Upgradient MW-55 Stage 1 AP Quarter 1 Jul-19 N

Oct-19 N

Oct-19 FD

Jan-20 N

Jan-20 FD

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 N

1st Semiannual 2021 Apr-21 N

2nd Semiannual 2021 Sep-21 N

1st Semiannual 2022 Apr-22 N

2nd Semiannual 2022 Oct-22 N

MW-140 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Jun-20 N

Jun-20 FD

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

MW-141 Jul-19 N

Jul-19 FD

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

In Field MW-117 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 N

1st Semiannual 2021 Apr-21 N

2nd Semiannual 2021 Sep-21 N

1st Semiannual 2022 Apr-22 N

2nd Semiannual 2022 Oct-22 N

MW-118 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 N

1st Semiannual 2021 Apr-21 N

2nd Semiannual 2021 Sep-21 N

1st Semiannual 2022 Apr-22 N

2nd Semiannual 2022 Oct-22 N

Stage 1 AP Quarter 2

Stage 1 AP Quarter 3

Stage 1 AP Quarter 1

Stage 1 AP Quarter 4

                     

492 498 1.83 364 1.65 1.11 247 2,100 446 <2.71 446 4,680

418 514 1.53 312 0.469 <1.00 BJU 237 1,570 489 <2.71 489 3,390

413 523 1.67 305 0.453 <1.00 BJU 235 1,590 496 <2.71 496 3,350

435 562 1.73 311 0.302 1.32 237 1,570 492 <2.71 492 2,820

428 552 1.72 304 0.289 0.961 J 235 1,540 495 <2.71 495 3,480

411 600 1.66 302 0.0746 J 0.804 J 243 1,340 553 <8.45 553 3,910

333 505 1.3 <0.0500 0.842 JB 228 949 3,010

293 463 1.62 0.0762 J 0.683 J 244 781 2,130

282 448 1.58 <0.0500 0.644 J 199 770 2,520

232 408 1.2 0.055 J 0.64 JB 228 685 2,120

291 348 1.44 J <0.0500 0.679 J 191 1,020 2,230

659 293 1.82 241 15.5 39.6 168 2,430 295 <2.71 295 3,970

639 310 1.44 240 9.29 45.2 170 2,220 311 <2.71 311 3,390

637 310 1.79 235 10.3 58.3 172 2,190 304 <2.71 304 3,180

624 305 1.66 231 9.65 50.3 180 2,020 331 <8.45 331 3,900

628 305 1.74 227 10.3 49.5 177 2,150 330 <8.45 330 3,500 J

593 288 1.95 168 9.36 4.27 57.5 1,770 229 <2.71 229 2,660

607 285 1.83 171 9.53 4.20 57.7 1,680 227 <2.71 227 2,900

632 284 3.02 163 9.71 8.52 69.4 1,690 223 <2.71 223 2,880

597 275 2.35 157 8.54 5.37 58.5 1,570 224 <2.71 224 2,250

617 290 2.87 158 7.60 6.06 60.7 1,520 229 <8.45 229 3,260

597 284 3.40 268 0.191 6.54 107 2,230 344 <2.71 344 3,740

583 305 3.02 264 0.395 6.81 108 2,260 344 <2.71 344 3,490

584 285 3.28 263 0.593 7.34 114 1,990 344 <2.71 344 2,650 J3 J

584 290 3.41 265 2.37 6.97 131 2,010 365 <8.45 365 3,350 J

587 271 3.25 4.05 6.68 133 2,030 3,870 J3

663 304 2.89 5.55 5.49 147 2,290 4,080

614 325 B 2.66 1.76 5.98 144 1,910 4,020

571 365 3.03 1.82 5.39 169 2,140 3,830

507 248 2.89 0.53 4.52 163 1,730 2,960

600 301 6.16 378 1.02 5.31 146 2,860 360 <2.71 360 4,180

585 274 4.39 389 1.80 4.15 167 2,480 365 <2.71 365 4,240

585 313 5.75 J 382 1.90 4.79 160 2,910 354 <2.71 354 3,630

585 290 5.63 403 2.27 4.01 168 2,630 364 <8.45 364 4,350 J

558 262 5.06 2.03 3.07 B 178 2,600 4,640

575 241 4.51 2.29 2.85 192 2,880 4,840

568 253 B 4.12 2.06 2.38 186 2,720 4,770

562 265 4.4 2.25 2.09 186 3,180 4,750

588 245 4.36 1.94 2.04 202 2,630 4,440

----

mg/L

Alkalinity - 

Bicarbonate

mg/L

Sulfate

mg/L

Fluoride

mg/L

Nitrate/Nitrite

mg/L

General Chemistry

WQCC HH
a

250

WQCC Dom --

mg/L

1,000

WQCC Dom--

600

WQCC DomWQCC HH

Calcium

mg/L

--

Potassium Sodium

mg/L

TDS

mg/L

--

Total Alkalinity

mg/L

--

--

--

Alkalinity - 

Carbonate

mg/L

Chloride Magnesium

mg/L

-- --

--

-- 1.6 1.0

--
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Table 1 - Summary of Groundwater Analytical Results Screened Using WQCC Standards

Reverse Osmosis Reject Discharge Fields Stage 2 Abatement Plan Work Plan

Analyte Group:

Analyte:

Units:

CGWSL:

CGWSL Source:

Location Well Event Date Type

North RO Field MW-119 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 N

1st Semiannual 2021 Apr-21 N

2nd Semiannual 2021 Sep-21 N

1st Semiannual 2022 Apr-22 N

2nd Semiannual 2022 Oct-22 N

Downgradient MW-142 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

MW-143 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

South RO Field

Upgradient MW-29 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Jun-20 N

Jun-20 FD

2nd Semiannual 2020 Oct-20 N

1st Semiannual 2021 Apr-21 N

2nd Semiannual 2021 Sep-21 N

1st Semiannual 2022 Apr-22 N

2nd Semiannual 2022 Oct-22 N

MW-40 Stage 1 AP Quarter 1 Jul-19 N

Oct-19 N

Oct-19 FD

Jan-20 N

Jan-20 FD

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

Stage 1 AP Quarter 2

Stage 1 AP Quarter 3

Stage 1 AP Quarter 4

                     

----

mg/L

Alkalinity - 

Bicarbonate

mg/L

Sulfate

mg/L

Fluoride

mg/L

Nitrate/Nitrite

mg/L

General Chemistry

WQCC HH
a

250

WQCC Dom --

mg/L

1,000

WQCC Dom--

600

WQCC DomWQCC HH

Calcium

mg/L

--

Potassium Sodium

mg/L

TDS

mg/L

--

Total Alkalinity

mg/L

--

--

--

Alkalinity - 

Carbonate

mg/L

Chloride Magnesium

mg/L

-- --

--

-- 1.6 1.0

--

623 443 2.79 288 0.308 1.71 243 2,570 319 <2.71 319 3,980

625 388 2.36 304 0.174 1.39 217 2,330 331 <2.71 331 3,820

619 356 2.09 301 0.115 0.964 J 206 2,440 334 <2.71 334 3,860

636 341 1.70 350 0.184 0.781 J 206 2,590 356 <8.45 356 3,940 J

641 298 1.39 0.106 0.832 JB 200 V 2,490 4,420

620 278 1.49 0.237 0.69 J 189 V 2,580 4,400

607 282 B 1.70 0.314 0.786 J 192 2,320 4,360

585 294 1.88 1.430 0.684 J 186 2,730 3,520

582 263 1.69 0.107 0.724 J 183 2,140 3,930

633 380 2.22 311 0.159 1.74 195 2,610 334 <2.71 334 4,580

645 369 1.87 304 0.0910 J 1.84 188 2,280 343 <2.71 343 4,000

629 363 2.07 301 0.0950 J 1.46 183 2,350 338 <2.71 338 4,090

642 360 2.25 332 0.108 1.16 J 189 2,430 356 <8.45 356 4,020 J

583 264 1.54 430 0.0980 J 1.78 233 3,170 328 <2.71 328 4,870

550 296 1.2 446 0.127 1.22 B 220 2,970 333 <2.71 333 4,500

525 263 1.71 422 0.056 J 1.19 209 2,830 329 <2.71 329 4,070

536 278 1.82 443 <0.0500 0.936 J 214 2,770 348 <8.45 348 4,100 J

578 383 2.00 446 <0.985 2.48 384 3,300 503 <2.71 503 4,820

527 354 1.84 345 <0.0197 2.43 376 2,480 577 <2.71 577 3,910

416 O1V 344 1.86 298 O1V 0.021 JP1 2.46 358 O1V 2,010 542 <2.71 542 3,330

375 395 1.70 285 <0.0500 2.10 361 1,700 564 <8.45 564 3,980

379 397 1.74 292 <0.0500 1.95 J 369 1,780 563 <8.45 563 3,360 J

336 418 1.47 <0.0500 1.9 J 333 V 1,430 3,530

379 457 1.83 0.105 2.06 330 1,580 3,730

590 502 1.47 0.0504 J 2.77 328 2,170 4,180

378 571 1.68 <0.0500 2.14 317 1,720 3,190

461 631 1.62 <0.0500 2.52 358 1,670 3,130

588 87.7 1.93 205 <1.97 2.54 104 1,730 309 <2.71 309 2,580

435 V 68.2 2.18 198 V 0.033 J 2.11 98.7 V 1,570 299 <2.71 299 2,610

428 67.1 2.29 195 <0.0197 1.91 97.6 1,910 294 <2.71 294 2,410

380 94.1 J 3.38 J 196 <0.0394 UJ 1.81 95.4 1,770 320 <2.71 320 2,370

376 83.8 1.85 192 0.658 J 1.60 95.3 1,540 325 <2.71 325 2,620

365 91.2 1.56 190 < 0.0500 1.59 J 93.9 1,410 376 < 8.45 376 2,500
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Table 1 - Summary of Groundwater Analytical Results Screened Using WQCC Standards

Reverse Osmosis Reject Discharge Fields Stage 2 Abatement Plan Work Plan

Analyte Group:

Analyte:

Units:

CGWSL:

CGWSL Source:

Location Well Event Date Type

North RO Field MW-56 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Jun-20 N

1st Semiannual 2021 Apr-21 N

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 N

2nd Semiannual 2022 Oct-22 -

In Field MW-114 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 N

1st Semiannual 2021 Apr-21 N

2nd Semiannual 2021 Sep-21 N

1st Semiannual 2022 Apr-22 N

2nd Semiannual 2022 Oct-22 N

MW-115 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 N

1st Semiannual 2021 Apr-21 N

2nd Semiannual 2021 Sep-21 N

1st Semiannual 2022 Apr-22 N

2nd Semiannual 2022 Oct-22 N

MW-116 Jul-19 N

Jul-19 FD

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 N

1st Semiannual 2021 Apr-21 N

2nd Semiannual 2021 Sep-21 N

1st Semiannual 2022 Apr-22 N

2nd Semiannual 2022 Oct-22 N

Downgradient MW-125 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 N

1st Semiannual 2021 Apr-21 N

2nd Semiannual 2021 Sep-21 N

1st Semiannual 2022 Apr-22 N

2nd Semiannual 2022 Oct-22 N

Stage 1 AP Quarter 1

                     

----

mg/L

Alkalinity - 

Bicarbonate

mg/L

Sulfate

mg/L

Fluoride

mg/L

Nitrate/Nitrite

mg/L

General Chemistry

WQCC HH
a

250

WQCC Dom --

mg/L

1,000

WQCC Dom--

600

WQCC DomWQCC HH

Calcium

mg/L

--

Potassium Sodium

mg/L

TDS

mg/L

--

Total Alkalinity

mg/L

--

--

--

Alkalinity - 

Carbonate

mg/L

Chloride Magnesium

mg/L

-- --

--

-- 1.6 1.0

--

525 273 1.20 268 <0.0197 2.21 184 2,180 375 <2.71 375 3,430

508 286 1.1 261 <0.0197 2.07 155 1,890 363 <2.71 363 3,120

493 256 1.2 248 <0.0197 2.40 150 1,840 343 <2.71 343 2,850

504 209 1.11 254 < 0.0500 1.91 153 1,840 351 <8.45 351 3,040

496 219 1.08 <0.0500 1.7 J 142 1,990 3,520

484 211 1.19 0.252 1.8 J 140 1,740 2,860

388 193 1.15 <0.0500 1.55 J 121 1,400 2,020

604 219 2.10 239 0.375 3.08 137 2,320 377 <2.71 377 3,000

611 252 1.50 234 0.613 2.83 136 2,170 376 <2.71 376 3,650

606 239 2.15 225 0.785 3.25 133 1,980 370 <2.71 370 2,710

587 241 2.27 211 0.471 2.64 128 1,780 407 <8.45 407 2,920

528 233 2.07 0.110 2.37 B 119 1,590 3,300

532 180 B 1.98 0.110 2.46 118 1,410 2,960

466 227 2.32 <0.0500 2.26 109 1,380 2,820

380 114 2.75 <0.0500 1.89 J 97.1 1,320 2,080

467 408 2.25 <0.0500 2.09 158 1,170 2,670

477 254 2.33 451 <0.0197 0.765 J 217 2,940 410 <2.71 410 4,510

444 270 2.04 405 0.145 0.608 BJ 195 2,390 417 <2.71 417 3,870

437 286 2.12 411 0.793 0.812 J 191 2,250 406 <2.71 406 3,670

476 392 2.16 429 3.78 0.681 J 181 2,260 432 <8.45 432 4,740

467 406 1.73 3.99 <0.534 179 2,350 4,590

508 357 B 1.54 3.56 0.552 J 212 2,240 4,560

466 357 1.75 1.85 0.547 J 215 2,170 4,330

437 342 1.57 1.60 0.516 J 219 2,220 4,070 Q

433 306 1.85 0.49 0.363 J 251 1,870 3,390

576 265 2.01 289 0.371 2.10 189 2,550 341 <2.71 341 3,700

570 266 2.00 289 0.35 2.01 189 2,570 346 <2.71 346 3,490

567 309 1.99 282 0.403 1.71 187 2,380 336 <2.71 336 3,490

550 278 1.89 273 0.409 1.53 180 2,270 332 <2.71 332 3,570

572 321 1.75 297 0.528 1.29 J 188 2,140 341 <8.45 341 4,020 J

550 260 1.53 0.476 1.14 JB 176 1,920 4,040

588 278 B 1.52 0.636 1.39 J 186 2,080 4,000

542 283 B 1.38 0.709 1.03 J 174 1,940 3,860

534 320 B 1.56 0.505 1.09 J 164 2,300 4,010

573 321 1.57 0.313 1.03 J 167 1,910 3,980

557 298 1.26 392 0.587 1.67 231 2,750 407 <2.71 407 4,380

553 327 1.08 390 0.544 1.47 229 2,810 406 <2.71 406 3,920

545 291 1.24 381 0.388 1.89 226 2,560 398 <2.71 398 4,200

545 278 1.12 392 0.215 1.49 J 231 2,500 421 <8.45 421 4,080 J

541 271 1.1 0.0919 J 1.42 JB 221 2,270 4,350

549 261 B 0.983 0.155 1.36 J 224 2,300 4,440

519 271 B 1.06 0.0618 J 1.32 J 213 2,210 4,370

473 273 1.07 <0.0500 1.19 J 189 2,360 3,330 Q

486 261 1.42 J <0.0500 1.06 J 206 2,100 7,840
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Table 1 - Summary of Groundwater Analytical Results Screened Using WQCC Standards

Reverse Osmosis Reject Discharge Fields Stage 2 Abatement Plan Work Plan

Analyte Group:

Analyte:

Units:

CGWSL:

CGWSL Source:

Location Well Event Date Type

North RO Field MW-144 Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

RW-18A Stage 1 AP Quarter 1 Jul-19 N

Stage 1 AP Quarter 2 Oct-19 N

Stage 1 AP Quarter 3 Jan-20 N

Stage 1 AP Quarter 4 Jun-20 N

2nd Semiannual 2020 Oct-20 -

1st Semiannual 2021 Apr-21 -

2nd Semiannual 2021 Sep-21 -

1st Semiannual 2022 Apr-22 -

2nd Semiannual 2022 Oct-22 -

                     

----

mg/L

Alkalinity - 
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mg/L

Sulfate

mg/L

Fluoride
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Nitrate/Nitrite

mg/L

General Chemistry

WQCC HH
a

250

WQCC Dom --

mg/L

1,000

WQCC Dom--

600

WQCC DomWQCC HH

Calcium

mg/L

--

Potassium Sodium

mg/L
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mg/L
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Total Alkalinity

mg/L

--

--

--

Alkalinity - 

Carbonate

mg/L

Chloride Magnesium

mg/L

-- --

--

-- 1.6 1.0

--

787 222 2.57 220 0.290 2.36 137 2,360 344 <2.71 344 3,740

687 274 2.36 235 0.201 1.71 143 2,530 313 <2.71 313 3,330

648 245 2.47 225 0.26 1.63 139 2,300 309 <2.71 309 3,930

647 257 2.64 238 0.401 J 1.36 J 142 2,120 324 <8.45 324 3,500 J

521 247 2.10 375 0.256 0.884 J 126 3,090 293 <2.71 293 4,150

525 235 2.07 384 0.258 <1.00 BJU 124 2,750 298 <2.71 298 3,740

503 214 2.18 379 0.228 0.854 J 119 2,660 290 <2.71 290 3,830

525 228 2.13 369 0.549 0.900 J 136 2,320 325 <8.45 325 3,660 J

The sample for this event was not analyzed for this analyte. B

CGWSL not available for this analyte J

Reported concentration equal to X was above the CGWSL

Analyte was not detected at reporting limit equal to X. If italicized, reporting limit is greater than CGWSL.

Nitrate/Nitrite combined results are compared to the lower WQCC HH standard for Nitrite.

Critical Groundwater Screening Level

Critical Groundwater Screening Level Source

United States Environmental Protection Agency

EPA Maximum Contaminant Level

Field Duplcate

milligrams per Liter

Normal

New Mexico Administrative Code

New Mexico Water Quality Control Commission

Groundwater standard for domestic exposure from 20.6.2.3103.B NMAC

Groundwater standard for human health exposure from 20.6.2.3103.A NMAC

Groundwater standard for irrigation use from 20.6.2.3103.C NMAC

X

P1

Reported value is an estimate.

Analyte reported in associated method blank

Notes and Abbreviations

CGWSL Source

EPA

EPA MCL

FD

mg/L

N

NMAC

WQCC

WQCC Dom

"--"

U

WQCC Irr

The associated batch QC was outside the 

established quality control range for precision.
J3

Lab Footnotes

Sample concentration too high to evaluate accurate 

spike recoveries

Data Validation Qualifier

Result qualified as not detected at the reporting 

limit. See data validation report for more detail.

<X

a

WQCC HH

CGWSL
The analyte failed the method required serial 

dilution test and/or subsequent post-spike criteria.  

These failures indicate matrix interference.

V

O1

RPD value not applicable for sample concentrations 

less than 5 times the reporting limit.
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Table 2 - Summary of Groundwater Analytical Data from Previous Investigations
Stage 1 Abatement Plan for the Reverse Osmosis Reject Discharge Fields

HollyFrontier Navajo Refining LLC 

Barium Boron Cadmium Cobalt Silver Uranium
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

WQCC 5 0.1 1 0.75 0.01 0.05 0.05 1 1.0 0.05 0.2 0.002 1 0.2 0.05 0.05 0.03 10
EPA MCL -- 0.01 2 -- 0.005 0.1 -- 1.3 0.3 0.015 0.05 0.002 -- -- 0.05 -- 0.03 --

Sample ID* Date
MW-114 2/3/2013 0.0265 0.00561 0.0204 0.139 < 0.002 < 0.005 0.00738 < 0.005 < 0.2 < 0.005 1.51 < 0.0002 0.0103 0.00651 0.00222 J < 0.005 0.0156 0.00343 J

5/15/2013 < 0.01 0.00437 J 0.0129 0.101 < 0.002 < 0.005 0.00451 J < 0.005 < 0.2 < 0.005 0.844 < 0.0002 0.00978 0.0041 J 0.00636 < 0.005 0.0108 < 0.005
9/5/2013 0.00848 J 0.00502 0.017 0.132 < 0.002 < 0.005 0.00718 0.00197 < 0.2 < 0.005 1.42 < 0.0002 0.0116 0.00558 0.00245 J < 0.005 0.0138 < 0.005

11/21/2013 0.00813 J 0.00539 0.0112 0.816 < 0.002 0.00119 J < 0.005 < 0.005 0.167 J < 0.005 0.035 0.00815 0.00369 J 0.00451 J < 0.005 0.0856 0.0806
4/29/2014 0.00292 J 0.0153 < 0.00100 0.0777 J < 0.000700 1.2 < 0.00100 B
11/12/2014 0.0031 0.026 0.0023 0.81 0.00055 J 1.2 0.0018 J
4/16/2015 0.00279 0.0165 0.000896 0.361 0.000317 0.927 <0.000380
10/20/2015 0.00355 0.0134 <0.000540 0.0486 <0.000240 0.905 0.000757
4/29/2016 0.00344 0.0155 <0.00270 <0.0750 <0.00120 1.15 <0.00190
10/4/2016 0.00327 0.0119 0.00115 <0.0150 0.000617 0.899 0.00839
4/27/2017 0.00262 0.0138 <0.000540 <0.0150 <0.000240 0.944 0.00129
10/4/2017 0.00262 0.0129 <0.000540 0.0208 <0.000240 0.873 0.0179
4/4/2018 0.00226 0.0129 0.00708 0.0871 J <0.000240 0.9 0.0105

10/3/2018 0.00225 0.0133 <0.000540 <0.0150 <0.000240 0.867 0.00985
MW-115 2/3/2013 0.00888 J 0.00499 J 0.0309 0.865 < 0.002 < 0.005 0.0029 J 0.00704 < 0.2 < 0.005 0.255 < 0.0002 0.00877 0.00483 J 0.0081 < 0.005 0.0843 0.00973

5/15/2013 0.00816 J 0.00478 J 0.0107 0.605 < 0.002 < 0.01 < 0.01 < 0.01 < 0.4 < 0.005 0.0267 < 0.0002 0.0075 < 0.01 0.00654 J < 0.005 0.0825 0.00821 J
5/15/2013 (Dup) 0.00865 J 0.00427 J 0.011 0.635 < 0.002 < 0.005 < 0.005 0.00151 < 0.2 < 0.005 0.023 < 0.0002 0.00723 0.00225 J 0.00734 0.0731

9/4/2013 0.00648 J 0.00467 J 0.0106 0.782 < 0.002 < 0.005 < 0.005 < 0.005 < 0.2 < 0.005 0.0362 < 0.0002 0.00663 0.00208 J 0.00568 < 0.005 0.0936
11/21/2013 0.00714 J 0.00616 0.011 0.858 < 0.002 < 0.005 < 0.005 < 0.005 < 0.2 < 0.005 0.0249 0.00738 0.00206 J 0.00506 < 0.005 0.0874 0.0257
4/29/2014 0.00444 J 0.0102 < 0.00100 0.0685 J < 0.000700 0.0262 < 0.00100 B
11/12/2014 0.0034 0.015 0.00086 J 0.13 0.00024 J 0.03 0.0028
4/16/2015 0.00697 0.0118 <0.000540 0.0684 <0.000240 0.12 <0.000380
10/20/2015 0.00761 0.0119 0.000763 0.0367 <0.000240 0.124 0.00059
4/29/2016 0.023 0.0415 <0.00270 0.134 0.00135 0.308 0.00217 J
10/4/2016 0.00838 0.00908 0.000944 0.116 0.000381 0.146 <0.000380
4/27/2017 0.00336 0.00809 <0.000540 0.0381 <0.000240 0.0455 <0.000380
10/4/2017 0.00342 0.00796 <0.000540 0.0264 <0.000240 0.0553 0.000723 J
4/4/2018 0.00333 0.00824 <0.000540 0.0246 J <0.000240 0.0564 0.00159 J

10/3/2018 0.00298 0.00719 <0.000540 <0.0150 <0.000240 0.0425 0.00413
MW-116 2/3/2013 0.00274 J 0.0161 0.22 < 0.002 < 0.005 < 0.005 < 0.005 < 0.2 < 0.005 0.0437 0.000131 J 0.00348 J 0.0012 J 0.00203 J < 0.005 0.0331 < 0.005 B

5/16/2013 0.349 0.00502 0.0111 0.238 < 0.002 0.00119 J < 0.005 0.00176 J 0.201 < 0.01 0.0342 0.000046 J 0.00308 J 0.00204 J 0.00733 < 0.005 0.0343 < 0.005
9/4/2013 0.0126 0.00535 0.00928 0.304 < 0.002 < 0.005 < 0.005 < 0.005 < 0.2 < 0.005 0.00478 J 0.000061 J 0.00304 J 0.00115 J 0.00493 J < 0.005 0.04 < 0.005

9/4/2013 (Dup) 0.0118 0.00467 J 0.00946 0.281 < 0.002 < 0.005 < 0.005 < 0.005 < 0.2 < 0.005 0.00366 J 0.00006 J 0.003 J 0.00112 J 0.00558 < 0.005 0.0388 < 0.005
11/20/2013 0.00814 J 0.00525 0.00989 0.312 < 0.002 < 0.005 < 0.005 < 0.005 < 0.2 < 0.005 0.0092 0.0035 J 0.00245 J 0.00611 < 0.005 0.0391 0.0311

11/20/2013 (Dup) 0.0073 J 0.00526 0.011 0.307 < 0.002 < 0.005 < 0.005 < 0.005 0.132 J < 0.005 0.00576 0.00336 J 0.00144 J 0.00582 < 0.005 0.0387 0.0218
4/29/2014 0.00442 J 0.0102 < 0.00100 0.108 J < 0.000700 0.00627 < 0.00100 B
11/12/2014 0.0038 0.0098 0.001 J 0.11 < 0.00024 0.0042 J 0.0055
4/16/2015 0.00521 0.00931 <0.000540 <0.0150 <0.000240 0.00454 <0.000380
10/20/2015 0.00825 0.0434 0.00542 2.45 0.00183 0.0815 0.000668
4/29/2016 0.00422 0.0231 <0.00270 0.8 <0.00120 0.0396 <0.00190
10/5/2016 0.0072 0.0118 0.000922 JB 0.119 0.000397 0.0506 0.000738 J
4/26/2017 0.00357 0.0121 0.00056 J 0.224 0.000542 0.0545 0.00488
10/3/2017 0.00521 0.0178 0.00151 J 0.598 0.000647 0.0402 0.00741

Aluminum Arsenic Chromium Copper ManganeseLeadIron ZincSeleniumNickelMolybdenumMercury
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Table 2 - Summary of Groundwater Analytical Data from Previous Investigations
Stage 1 Abatement Plan for the Reverse Osmosis Reject Discharge Fields

HollyFrontier Navajo Refining LLC 

Barium Boron Cadmium Cobalt Silver Uranium
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

WQCC 5 0.1 1 0.75 0.01 0.05 0.05 1 1.0 0.05 0.2 0.002 1 0.2 0.05 0.05 0.03 10
EPA MCL -- 0.01 2 -- 0.005 0.1 -- 1.3 0.3 0.015 0.05 0.002 -- -- 0.05 -- 0.03 --

Sample ID* Date

Aluminum Arsenic Chromium Copper ManganeseLeadIron ZincSeleniumNickelMolybdenumMercury

MW-116 4/3/2018 0.00492 0.00839 <0.000540 0.0594 J <0.000240 0.0226 0.00743
(continued) 10/3/2018 0.00304 0.00833 <0.000540 <0.0150 <0.000240 0.0211 0.00475
MW-117 2/3/2013 0.0289 0.00498 J 0.0235 0.207 < 0.002 < 0.005 0.00256 J 0.0141 < 0.2 < 0.005 0.108 < 0.0002 0.0112 0.00413 J 0.00427 J < 0.005 0.0263 0.0123

5/15/2013 0.0184 0.00367 J 0.0113 0.175 < 0.002 < 0.01 < 0.01 < 0.01 < 0.4 < 0.005 0.00978 J < 0.0002 0.00664 < 0.01 0.00585 J < 0.005 0.0247 < 0.01
9/4/2013 0.0169 0.00559 0.0108 0.202 < 0.002 < 0.005 < 0.005 < 0.005 < 0.2 < 0.005 0.00502 < 0.0002 0.014 0.00189 J 0.00316 J < 0.005 0.0224 0.00266 J

11/20/2013 0.0298 0.00347 J 0.0108 0.204 < 0.002 < 0.005 < 0.005 0.00345 J 0.11 J 0.00125 J 0.00982 < 0.0002 0.0114 0.00305 J 0.0038 J < 0.005 0.0182 0.0343
4/30/2014 0.00366 J 0.017 0.0021 J 0.78 0.00109 J 0.033 < 0.00100 B
11/13/2014 0.0025 0.02 0.0031 0.95 0.00072 J 0.014 0.0077

11/13/2014 (Dup) 0.0024 0.016 0.0024 0.71 0.00086 J 0.014 0.0079
4/15/2015 0.00249 0.0162 <0.00270 0.492 <0.00120 0.00809 0.0168
10/20/2015 0.00351 0.0214 0.00364 1.42 0.00113 0.0149 0.00486
4/26/2016 0.00266 0.0186 <0.00270 0.684 <0.00120 0.0103 0.00857
10/5/2016 0.00312 0.0249 0.00417 1.57 0.00137 0.0171 0.00403
4/26/2017 0.00255 0.0197 0.00209 1.11 0.000901 0.0147 0.00349
10/4/2017 0.00238 0.0177 0.00279 1.15 0.000777 0.011 0.00982
4/4/2018 0.00236 0.011 0.000952 J 0.2 0.000293 J 0.00405 J 0.0126

10/3/2018 0.00224 0.00996 <0.000540 0.0302 J <0.000240 0.000557 J 0.0121
MW-118 2/5/2013 < 0.0146 B 0.011 0.0145 0.226 < 0.002 < 0.005 < 0.005 0.00156 J < 0.2 < 0.005 0.0232 0.000042 J 0.0195 0.00173 J 0.00861 < 0.005 0.037 < 0.005

5/15/2013 0.00796 J 0.0146 0.00919 0.23 < 0.002 < 0.005 < 0.005 0.00156 J < 0.2 < 0.005 < 0.005 < 0.0002 0.0179 0.00184 J 0.0127 < 0.005 0.033 < 0.005
9/4/2013 0.00992 J 0.0156 0.0099 0.307 < 0.002 < 0.005 < 0.005 < 0.005 < 0.2 < 0.005 < 0.005 < 0.0002 0.0162 0.00131 J 0.0129 < 0.005 0.0395 < 0.005

11/20/2013 0.0103 0.0125 0.00964 0.288 < 0.002 0.00105 J < 0.005 0.00338 J 0.179 J 0.00107 J 0.00526 < 0.0002 0.0141 0.00214 J 0.00327 J < 0.005 0.0311 0.0407
4/30/2014 0.0109 0.0147 0.00312 J 0.952 0.00266 J 0.0526 < 0.00100 
11/13/2014 0.012 0.033 0.0032 1.1 0.001 J 0.02 0.0065
4/15/2015 0.00977 0.018 <0.00270 0.253 0.00175 0.00454 0.00863
10/20/2015 0.0117 0.0131 0.00137 0.155 0.000329 0.00223 0.00509
4/26/2016 0.0108 0.0139 <0.00270 0.426 J <0.00120 0.0048 J 0.00645
10/5/2016 0.0117 0.0111 0.000649 JB 0.0658 J <0.000240 0.000302 J 0.0156
4/26/2017 0.0105 0.0091 <0.000540 0.0337 J <0.000240 0.00067 J 0.0222
10/4/2017 0.0109 0.00884 0.000983 J <0.0150 <0.000240 <0.000250 0.0196
4/4/2018 0.00991 0.00943 <0.000540 0.0223 J 0.00043 J 0.000501 J 0.00851

10/3/2018 0.0103 0.00867 0.000593 J 0.0156 J <0.000240 0.000403 J 0.00774

Page 2 of 6



Table 2 - Summary of Groundwater Analytical Data from Previous Investigations
Stage 1 Abatement Plan for the Reverse Osmosis Reject Discharge Fields

HollyFrontier Navajo Refining LLC 

Barium Boron Cadmium Cobalt Silver Uranium
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

WQCC 5 0.1 1 0.75 0.01 0.05 0.05 1 1.0 0.05 0.2 0.002 1 0.2 0.05 0.05 0.03 10
EPA MCL -- 0.01 2 -- 0.005 0.1 -- 1.3 0.3 0.015 0.05 0.002 -- -- 0.05 -- 0.03 --

Sample ID* Date

Aluminum Arsenic Chromium Copper ManganeseLeadIron ZincSeleniumNickelMolybdenumMercury

MW-119 2/5/2013 < 0.01 J 0.00294 J 0.00981 0.0987 < 0.002 < 0.005 0.000871 J 0.00309 J < 0.2 < 0.005 0.0424 < 0.0002 0.0083 0.00174 J 0.00246 J < 0.005 0.0244 < 0.005
5/15/2013 0.0296 0.00537 0.00625 0.13 < 0.002 < 0.005 < 0.005 0.00137 J < 0.2 < 0.005 < 0.005 < 0.0002 0.00745 0.00163 J 0.00506 < 0.005 0.0222 < 0.005
9/4/2013 0.0113 0.00595 0.00864 0.183 < 0.002 < 0.005 < 0.005 < 0.005 < 0.2 < 0.005 < 0.005 < 0.0002 0.00846 0.0014 J 0.0066 < 0.005 0.0275

11/20/2013 0.0149 0.00438 J 0.00973 0.219 < 0.002 0.00116 J < 0.005 0.00311 J 0.185 J < 0.005 0.00459 J 0.00861 0.00222 J 0.00144 J < 0.005 0.0213 0.0241
4/30/2014 0.0047 J 0.0126 0.00119 J 0.35 < 0.000700 0.0148 < 0.00100 B

4/30/2014 (Dup) 0.00446 J 0.0126 0.00114 J 0.341 < 0.000700 0.0136 < 0.00100 B
11/13/2014 0.0062 0.06 0.0042 2.3 0.0016 J 0.062 0.0013 J
4/15/2015 0.00398 0.0156 <0.00270 0.309 <0.00120 0.0151 <0.00190
10/20/2015 0.00417 0.0105 0.000744 0.0886 <0.000240 0.00485 0.00189
4/26/2016 0.00315 J 0.00645 <0.00270 <0.0750 <0.00120 <0.00125 0.00259 J
10/5/2016 0.00404 0.00979 <0.000540 0.066 J <0.000240 0.0019 J 0.00334
4/26/2017 0.00376 0.00966 <0.000540 0.0438 J <0.000240 0.00331 J 0.00442
10/4/2017 0.00513 0.0108 0.000757 J 0.0324 J <0.000240 0.00324 J 0.00145 J
4/4/2018 0.00392 0.00951 <0.000540 0.0347 J 0.000502 J 0.0025 J 0.00324

10/3/2018 0.00462 0.011 <0.000540 <0.0150 <0.000240 0.00375 J 0.00112 J
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Table 2 - Summary of Groundwater Analytical Data from Previous Investigations
Stage 1 Abatement Plan for the Reverse Osmosis Reject Discharge Fields

HollyFrontier Navajo Refining LLC 

Units
WQCC

EPA MCL
Sample ID* Date

MW-114 2/3/2013
5/15/2013
9/5/2013

11/21/2013
4/29/2014
11/12/2014
4/16/2015
10/20/2015
4/29/2016
10/4/2016
4/27/2017
10/4/2017
4/4/2018

10/3/2018
MW-115 2/3/2013

5/15/2013
5/15/2013 (Dup)

9/4/2013
11/21/2013
4/29/2014
11/12/2014
4/16/2015
10/20/2015
4/29/2016
10/4/2016
4/27/2017
10/4/2017
4/4/2018

10/3/2018
MW-116 2/3/2013

5/16/2013
9/4/2013

9/4/2013 (Dup)
11/20/2013

11/20/2013 (Dup)
4/29/2014
11/12/2014
4/16/2015
10/20/2015
4/29/2016
10/5/2016
4/26/2017
10/3/2017

Calcium Chloride Sulfate TDS
mg/L mg/L mg/L mg/l mg/l mg/L mg/L mg/l

-- 250 1.6 10 -- -- 600 1000
-- 250 4 1 -- -- 250 500

600 158 1.76 1.43 2.86 146 2200 3760
576 150 1.91 < 2 2.76 123 1800 3990
672 199 1.82 0.055 JH 2.94 138 1950 3870
558 422 1.37 < 1 0.678 250 3060 5390
611 167 2.07 < 0.150 2.84 152 1920 3620
620 200 2.2 0.36 2.7 130 2300 3400
570 80.3 1.95 0.0752 2.29 114 2140 3640
579 111 1.89 <0.197 2.46 104 2250 2990
681 88.6 1.87 0.416 J 2.59 126 1170 3710
569 231 2.03 4.69 2.49 89.3 2100 4050
599 266 1.78 0.26 JJ5 2.83 131 2350 3480
582 157 1.35 2.8 2.83 132 1950 3700
665 181 1.97 1.5 2.74 138 2260 3000
581 207 1.77 0.395 2.46 117 1050 3730
518 422 1.1 0.821 H 1.78 199 2790 4960
511 373 1.18 < 2 0.78 206 2490 5510
495 364 1.15 < 2 0.766 201 2420 4990
622 530 0.845 0.174 JH 0.782 247 2900 6130
606 428 1.36 < 1 0.709 261 3090 5370
569 222 1.29 < 0.150 0.645 227 2470 4880

690 V 500 1.5 < 0.02 0.72 J 340 3000 5700
546 464 2.42 0.0333 0.425 385 3510 6200
532 326 2.8 <0.197 0.578 320 3640 4640

2410 153 1.93 0.375 J 2.64 1290 2020 5390
541 382 2.69 0.113 B 0.395 144 2750 4990
394 304 1.51 <0.197 0.514 183 2770 4190
450 249 1.01 0.042 J 0.558 213 2910 4480
455 262 1.76 0.075 J 0.58 J 232 2830 3420
397 231 1.47 0.325 0.549 J 191 1720 4410
624 389 1.31 J 1.37 J 1.06 206 2250 3650
578 330 1.19 < 2 1.38 194 2080 4480
588 344 1.17 0.418 H 1.21 235 2180 4440
631 339 1.11 0.45 H 1.22 230 2140 4470
606 331 1.61 0.457 J 1.3 235 2470 4570
616 331 1.51 0.487 J 1.37 235 2470 4210
607 221 1.43 2.86 1.39 241 2160 4520
580 240 1.7 0.74 1.6 230 2200 3700
534 131 2.28 0.0753 3.57 92.1 1800 3300
644 223 2.8 <0.197 5.67 145 2280 3800
719 500 1.33 0.473 J 1.63 259 3300 4580
569 196 2.91 0.048 JB 4.26 114 2040 3500
501 270 2 0.258 J 2.22 154 2060 3450
614 233 2.72 1.4 4.47 147 2080 3160

Nitrate/Nitrite Potassium SodiumFluoride
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Table 2 - Summary of Groundwater Analytical Data from Previous Investigations
Stage 1 Abatement Plan for the Reverse Osmosis Reject Discharge Fields

HollyFrontier Navajo Refining LLC 

Units
WQCC

EPA MCL
Sample ID* Date

MW-116 4/3/2018
(continued) 10/3/2018
MW-117 2/3/2013

5/15/2013
9/4/2013

11/20/2013
4/30/2014
11/13/2014

11/13/2014 (Dup)
4/15/2015
10/20/2015
4/26/2016
10/5/2016
4/26/2017
10/4/2017
4/4/2018

10/3/2018
MW-118 2/5/2013

5/15/2013
9/4/2013

11/20/2013
4/30/2014
11/13/2014
4/15/2015
10/20/2015
4/26/2016
10/5/2016
4/26/2017
10/4/2017
4/4/2018

10/3/2018

Calcium Chloride Sulfate TDS
mg/L mg/L mg/L mg/l mg/l mg/L mg/L mg/l

-- 250 1.6 10 -- -- 600 1000
-- 250 4 1 -- -- 250 500

Nitrate/Nitrite Potassium SodiumFluoride

592 198 2.55 0.851 3.16 154 2040 2950
557 226 1.15 0.727 1.18 170 2150 4090
568 154 2.73 < 0.1 H 6.92 176 2310 3910
524 137 2.29 < 2 4.37 160 2010 4260
550 71 2.8 < 0.03 8.92 118 2020 3970
556 92.4 3.95 < 1 7.54 115 2190 4150
646 97 3.03 < 0.150 9.29 167 2140 4980
610 96 3 0.65 5.2 110 2000 3000
640 96 2.4 0.64 5 98 2200 3300
613 87.2 3.79 0.372 5.97 102 2220 3670
478 55.4 3.4 0.779 6.44 109 1690 2980
554 94.4 3.45 0.349 5.82 112 2060 3390
592 272 3.57 0.137 BJ6 6.9 115 2240 3590
548 245 3.33 0.266 J 6.5 96.7 2090 3640
559 216 2.05 0.196 5.82 105 <0.0774 3450
604 124 3.2 0.207 6.3 111 1070 2920
577 327 2.78 0.102 6.12 105 1940 3500
563 296 5.16 2.39 7.95 218 2450 4610
530 287 5.39 2.09 7.2 229 2250 5090
543 132 4.48 0.325 H 7.69 215 2310 4550
532 90.1 6.78 < 1 6.92 163 2470 4640
732 92.3 5.58 < 0.150 6.15 134 2190 5200
670 160 4.9 J6 0.98 6.2 140 2700 3700
601 767 4.14 1.7 5.3 153 2510 3960
583 86.6 5.13 0.622 5.64 162 2690 3960
573 189 5.86 1.57 4.8 152 2480 3950
559 131 6.47 6.71 5.92 164 2640 4450
544 175 5.98 8.51 5.06 139 2630 3830
550 192 4.2 6.27 5.72 118 2890 3780
607 292 5.55 1.21 4.86 136 2480 3300
559 259 5.06 1.88 4.98 136 1730 4120
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Table 2 - Summary of Groundwater Analytical Data from Previous Investigations
Stage 1 Abatement Plan for the Reverse Osmosis Reject Discharge Fields

HollyFrontier Navajo Refining LLC 

Units
WQCC

EPA MCL
Sample ID* Date

MW-119 2/5/2013
5/15/2013
9/4/2013

11/20/2013
4/30/2014

4/30/2014 (Dup)
11/13/2014
4/15/2015
10/20/2015
4/26/2016
10/5/2016
4/26/2017
10/4/2017
4/4/2018

10/3/2018

Calcium Chloride Sulfate TDS
mg/L mg/L mg/L mg/l mg/l mg/L mg/L mg/l

-- 250 1.6 10 -- -- 600 1000
-- 250 4 1 -- -- 250 500

Nitrate/Nitrite Potassium SodiumFluoride

494 116 2.36 2.35 0.87 127 2090 3670 Notes and Definitions:
491 118 2.43 1.91 J 0.794 120 1970 4030 Blue shaded, bold font indicates result is above the lower of the WQCC standard or MCL
635 244 2.28 0.228 H 0.993 133 1940 4030 < X = Not detected at a detection limit of X
551 185 3.17 < 1 1.1 98.8 2210 4130 Italics font indicates detection limit exceeds the lowest SSL
680 235 2.61 0.176 J 1.13 140 1980 4200 "--" in WQCC or MCL cell means that standard is not published for that analyte
655 216 2.62 0.174 J 1.08 136 1830 4140 Blank cells mean that analyte was not analyzed in that sample
670 49 2.6 < 0.02 1.8 77 2300 3200
590 48.2 1.99 0.292 0.232 54.5 2040 3030
624 152 2.65 0.437 0.985 86.3 2290 3500
595 191 2.5 0.518 J 0.614 101 1900 3330
619 280 2.91 0.189 B 0.991 132 2010 3690
587 290 2.86 <0.197 0.965 123 2420 3650
612 268 2.77 <0.0197 1.27 172 2240 3750
616 251 2.75 0.288 1.1 177 2240 2620
596 439 2.56 0.061 J 1.49 225 1390 4200

* Analytical results shown for 2013 metals are dissolved concentrations; total concentrations of metals
are reported for 2014 through 2018

B = Analyte detected in associated method blank
H = Sample analyzed outside of hold time
J = Estimated value reported below detection limit
J5 = The sample matrix interfered with the ability to make any accurate determination; spike value is high. 
J6 =  Spike value low; matrix interfered with accuracy
MCL = Maximum Contaminant Level published by USEPA
mg/L = milligrams per liter
USEPA = United States Environmental Protection Agency
WQCC = Water Quality Control Commission standard (New Mexico)
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APPENDIX 
 

 

A VERTICAL DISTRIBUTION OF PRIMARY SOIL 
COCS  
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B SHALLOW SATURATED ZONE 
POTENTIOMETRIC SURFACE MAPS AND 
CRITICAL GROUNDWATER SCREENING 
LEVEL EXCEEDANCE MAPS FOR 
CONSTITUENTS OF CONCERN: 
   FALL 2020  
   SPRING 2021  
   FALL 2021 
   SPRING 2022 
   FALL 2022 
   SPRING 2023 
   FALL 2023
  
 

PAM.KRUEGER
Text Box
Note: Figures in this appendix are exact duplicates from the
respective annual groundwater reports and the figure numbers are not sequential.



@A

@A

@A

@A

@A

@A

@A

@A

@A @A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A
@A@A

@A@A

@A

@A

@A

@A

@A
@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

!H

!H

!H

!H

!H !H

@A

@A

@A

@A

@A

@A

@A

@A

@A
@A

@A

@A

@A

@A
@A

@A

@A

@A

@A
@A

@A

@A

@A
@A

!H
!H

!H

!H

!H

!H

!H

!H

@A

@A
@A

@A

@A

@A

@A

@A
@A

@A

@A@A

@A @A
@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A @A

@A

@A

@A

@A@A

!H

!H

!H

!H

!H

!H

@A

@A @A

@A

@A
@A
@A

@A

@A
@A

@A

@A

@A

@A

@A

@A

@A
@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

!H

@A

@A

@A

@A

@A

@A

@A
@A

POND 6

POND 3

POND 2POND 1

POND 5

THREE-MILE DITCH

THREE-M ILE DITCH

REFINERY

W Logan Ave

W J J Clarke Dr

W Texas Ave

W Main St

W Richey Ave E Richey Ave

N 
Bo

lto
n 

Rd

NM
-2

29
N 

Ha
ld

em
an

 R
d

Lovington Hwy

EVAPORATION
PO NDS

MW-139
3359.54

KWB-P4
Note 1

3296

32
96

3356

33
58

3358

3302

33
10

33
06

33
08

3354

3318
3352

3316

3314

3302

33123324

3326

33
04

3332

3320

3350 3322

3338
3336

3348

3334

3340

3346

3328

3344

3330

3342

3298

3300

335
6

3302

33
10

33
06

33
08

33
54

33
18

33
52

33
16 33

14

33
02

33
12

33
24

33
26

33
04

33
32

33
20

33
50 33

22

33
38

33
36

33
48

33
34

33
40

33
46

33
28

33
44

33
30

33
42

32
98

33
00

KWB-13
3337.67

NP-5
3332.38

MW-136
3342.43

MW-1R
3301.69

MW-2A
3301.32

MW-3
3299.18

MW-4A
3298.97

MW-5A
3298.30

MW-6A
3299.18

MW-7A
3297.02

MW-10
3297.30

MW-11A
3299.83

MW-12
3302.70

MW-13
3301.35

MW-14
NOTE 1

MW-15
3300.30

MW-18A
3296.90

MW-22A
3297.70

MW-24
3300.81

MW-69
3302.25

MW-70
3296.22

MW-72
3299.28

MW-73
3298.26

MW-74
3299.02

MW-75
3299.14

MW-76
3299.07

MW-77
3299.06

MW-78
3299.10

MW-79
3299.72

MW-80
3300.35

MW-81
3299.92

MW-82
3299.46

MW-83
3299.18

MW-84
3300.78

MW-85
3299.27

MW-86
3299.61

MW-87
3297.38

MW-88
3297.97

MW-120
3299.53

MW-121
3300.56

MW-122
3299.67

MW-123
3296.04

MW-124
3295.06

OCD-1R
3301.24

OCD-2A
3300.90

OCD-3
3300.61

OCD-4
3300.48

OCD-5
3299.90

OCD-6
3299.46

OCD-7AR
3299.02

OCD-8A
3298.09

KWB-1A
3334.97

KWB-1B
3332.69

KWB-7
3328.41

KWB-8
3331.55

KWB-10R
3331.57

KWB-11A
3331.16

KWB-12A
3328.70

MW-57
3329.18

MW-58
3338.27

MW-111
3338.07

MW-112
3334.74

MW-113
3331.44

MW-125
3338.49

MW-126A
3335.19

MW-127
3335.05

MW-128
3339.28

MW-130
3346.67

MW-131
3337.21

MW-132
3335.30

MW-133
3330.01

MW-134
3326.50

MW-135
3306.63

RW-12R
3329.80

RW-13R
3331.50

RW-14R
3327.55

RW-18A
3333.24

RW-20A
NOTE 3

RW-22
3325.57
NOTE 5

MW-23
3350.07

MW-29
3338.45

MW-30
3344.27

MW-39
3341.95

MW-40
3341.53

MW-41
3341.84

MW-42
3341.40

MW-43
3349.64

MW-59
3344.32

MW-60
3342.63

MW-61
3354.50

MW-62
3351.25

MW-67
3350.66

MW-90
3354.95

MW-91
3352.85

MW-92
3353.44

MW-93
3351.92

MW-94
3349.93

MW-95
3351.57

MW-96
3353.89

MW-97
NOTE 1

MW-98
3347.82

MW-137
3351.11 MW-138

3347.82
RW-1

3349.30
RW-2
3352.31

RW-7
3347.87 RW-8

3349.22
RW-9
3342.76

RW-10
3343.85

RW-16B
NOTE 2RW-17A

NOTE 2

MW-117
3346.84

MW-118
3342.60

MW-119
3338.90

MW-18
3345.17

MW-19
3353.20

MW-45
3338.31

MW-53
NOTE 1

MW-54A
3349.99

MW-55
3348.13

MW-56
3338.93

MW-108
3351.22NCL-31

3353.10

NCL-32
3350.95

NCL-33
3349.93

NCL-34A
NOTE 4

NCL-44
3350.64

NCL-49
3351.51

KWB-2R
3339.18

KWB-4
3342.96

KWB-5
3338.33

KWB-6
3335.79

MW-28
3349.24

MW-48
3341.54

MW-50
3355.64

MW-52
3346.76

MW-64
3347.85

MW-65
3344.38

MW-66
3343.51

MW-99
3343.84

MW-101
3351.09

MW-102
3350.64

MW-103
3354.17 MW-104

3357.12

MW-105
3353.81

MW-106
3347.17

MW-107
3341.82

MW-109
3348.57MW-110

3351.91

RW-4
3349.28

RW-5R
3347.46

RW-6
3350.10

RW-11-0
NOTE 2

RW-15C
3342.14

RW-19
3341.29

MW-114
3344.30

MW-115
3341.42

MW-116
3336.59

MW-49
3345.48

TEL-1
3341.96

TEL-2
3342.17 TEL-3

3342.43

TEL-4
3345.44

MW-8
3319.83 MW-9

3319.08

MW-16
3305.73

MW-20
3322.58

MW-21
3321.55

MW-25
3296.33

MW-26
3300.87

MW-27
3300.43

MW-46R
3335.55

MW-68
3307.09

MW-71
3317.88

MW-89
3305.24

NP-1
3323.66

NP-2
3322.21

NP-3
3322.46

NP-4
3311.92

NP-6
3322.91

NP-8
3300.40

NP-9
3342.22

UG-1
NOTE 1

UG-2
NOTE 1

UG-3R
NOTE 1

UG-4
NOTE 1

RW-20B
3327.89

MW-145
3327.03

MW-147
3308.78

MW-148
3308.19

MW-129
3339.03

MW-146
3319.79

MW-138A
NOTE 4

MW-137A

PE
CO

S
R I

VE
R

PECOS RIVER

EAGLE CREE K

EAGLE CREE K

AUTHOR: MHORN

D
oc

um
en

t P
at

h:
 S

:\
1-

P
R

O
JE

C
T

S
\H

O
L

LY
_E

N
E

R
G

Y
_P

A
R

T
N

E
R

S
\A

rt
es

ia
\3

77
26

9_
20

20
_G

W
_

M
on

ito
ri

ng
\m

xd
\4

2
51

35
_

06
_S

ha
llo

w
P

o
t_

F
a

ll.
m

xd

FIGURE

6
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet

AERIAL IMAGERY SOURCE: GOOGLE EARTH PRO AND THEIR DATA PARTNERS, 12/29/2019. 

SAVED: 2/4/2021 MXD: 425135_06_ShallowPot_Fall

_̂

1 IN = 800 FT

LEGEND SHALLOW SATURATED ZONE
POTENTIOMETRIC SURFACE MAP

2020 SECOND SEMIANNUAL EVENT
2020 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

NOTE:
1. GROUNDWATER ELEVATION WAS NOT MEASURED BECAUSE WELL IS NOT IN GAUGING
PROGRAM, WELL COULD NOT BE LOCATED, OR WELL WAS DAMAGED.

2. WELL WAS DRY AT TIME OF GAUGING.
3. GROUNDWATER ELEVATION NOT MEASURED DUE TO PUMP INSTALLED IN WELL.
4. GROUNDWATER ELEVATION NOT AVAILABLE DUE TO PSH IN WELL TO TOTAL DEPTH.

5. GROUNDWATER ELEVATION NOT USED IN POTENTIOMETRIC SURFACE CONTOURING

NEW MEXICO

@A MONITORING WELL

!H RECOVERY WELL

GROUNDWATER FLOW DIRECTION

SHALLOW SATURATED ZONE POTENTIOMETRIC
SURFACE CONTOURS - DASHED WHERE INFERRED
(FEET ABOVE MEAN SEA LEVEL)

GROUNDWATER ELEVATION DEPRESSED LOCALLY DUE
TO RECOVERY PUMP

FENCELINE

HFNR PROPERTY BOUNDARY (FENCELINE SHOWN
WHERE COINCIDENT)

£¤82£¤82

£¤285
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GROUNDWATER ELEVATION (FEET)3337.67
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ARSENIC CRITICAL GROUNDWATER 
SCREENING LEVEL EXCEEDANCE MAP

2020 SECOND SEMIANNUAL EVENT
2020 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

13
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet

AERIAL IMAGERY  S OURCE: GOOGLE EART H PRO AND T HEIR DATA PART NERS , 3/12/2016. 

S AVED: 2/4/2021 MX D: 425135_13_Arsen ic_Fall

_̂

1 IN = 800 FT

£¤82
£¤82£¤82

£¤285

£¤285

£¤285

NOTES:
1. ALL CONCENT RAT IONS  ARE IN MILLIGRAMS  PER LIT ER (m g/L). 
2. J = CONCENT RAT ION QUALIFIED AS  AN ES T IMAT ED VALUE. 

LEGEND
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RECOVERY  W ELL!H
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COINCIDENT )
PHAS E-S EPARAT ED HY DROCARBON (PS H)

PHAS E-S EPARAT ED HY DROCARBON PRES ENT  IN W ELL (≥0.03 FEET T HICK )

0.0249 ARS ENIC CONCENT RAT ION

ARS ENIC CRIT ICAL GROUNDW AT ER S CREENING LEVEL
EX CEEDANCE AREA (CONCENT RAT ION > 0.01 m g/L)

PSH

FENCELINE

MW-19 W ELL NOT  S AMPLED
< .00368 ARS ENIC NOT DET ECT ED ABOVE MET HOD DET ECT ION LIMIT
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CHLORIDE CRITICAL GROUNDWATER 
SCREENING LEVEL EXCEEDANCE MAP

2020 SECOND SEMIANNUAL EVENT
2020 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

21
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet

AERIAL IMAGERY  SOU RCE: GOOGLE EART H PRO AND T HEIR DATA PART NERS, 12/29/2019. 

SAVED: 2/3/2021 MX D: 425135_ 21_ CHLORIDE_ Fall

_̂

1 IN = 800 FT

£¤82

NOTES:
1. ALL CONCENT RAT IONS ARE IN MILLIGRAMS PER LIT ER (m g/L). 

PHASE-SEPARAT ED HY DROCARBON PRESENT IN WELL (≥ 0.03 FEET  T HICK )

LEGEND

MONIT ORING WELL@A

IRRIGAT ION WELL"/

RECOVERY  WELL!H

188 CHLORIDE CONCENT RAT ION
@A MONIT ORING WELL EX CEEDS SCREENING LEVELS

PSH

FENCELINE

KWB-13 WELL NOT  SAMPLED

CHLORIDE CRIT ICAL GROU NDWAT ER SCREENING LEVEL
EX CEEDANCE AREA (CONCENT RAT ION > 250 m g/L)

NEW M EX IC O

HFNR PROPERT Y  BOU NDARY  (FENCELINE SHOWN
WHERE COINCIDENT )

PHASE-SEPARAT ED HY DROCARBON (PSH)
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£¤82£¤82

£¤285
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FLUORIDE CRITICAL GROUNDWATER 
SCREENING LEVEL EXCEEDANCE MAP

2020 SECOND SEMIANNUAL EVENT
2020 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

23
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet

AERIAL IMAGERY  S OURCE: GOOGLE EART H PRO AND T HEIR DATA PART NERS , 12/29/2019. 

S AVED: 2/3/2021 MX D: 425135_23_Fluoride_Fall

_̂

1 IN = 800 FT

NOTES:
1. ALL CONCENT RAT IONS  ARE IN MILLIGRAMS  PER LIT ER (m g/L). 
2. J = CONCENT RAT ION QUALIFIED AS  AN ES T IMAT ED VALUE.PHAS E-S EPARAT ED HY DROCARBON PRES ENT  IN W ELL (≥ 0.03 FEET  T HICK )

LEGEND

MONIT ORING W ELL@A

IRRIGAT ION W ELL"/

RECOVERY  W ELL!H

1.73 FLUORIDE CONCENT RAT ION
@A MONIT ORING W ELL EX CEEDS  S CREENING LEVELS

PSH

FENCELINE

MW-112 W ELL NOT  S AMPLED

FLUORIDE CRIT ICAL GROUNDW AT ER S CREENING LEVEL
EX CEEDANCE AREA (CONCENT RAT ION > 1.6 m g/L)

NEW M EX IC O

HFNR PROPERT Y  BOUNDARY  (FENCELINE S HOW N
W HERE COINCIDENT )

PHAS E-S EPARAT ED HY DROCARBON (PS H)
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SULFATE CRITICAL GROUNDWATER 
SCREENING LEVEL EXCEEDANCE MAP

2020 SECOND SEMIANNUAL EVENT
2020 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

25
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet

AERIAL IMAGERY  S OURCE: GOOGLE EART H PRO AND T HEIR DATA PART NERS , 12/29/2019. 

S AVED: 2/3/2021 MX D: 425135_25_S ulfate_Fall

_̂

1 IN = 800 FT

NOTES:
1. ALL CONCENT RAT IONS  ARE IN MILLIGRAMS  PER LIT ER (m g/L). 
2. J = CONCENT RAT ION QUALIFIED AS  AN ES T IMAT ED VALUE.

PHAS E-S EPARAT ED HY DROCARBON PRES ENT  IN W ELL (≥ 0.03 FEET  T HICK )

LEGEND

MONIT ORING W ELL@A

IRRIGAT ION W ELL"/

RECOVERY  W ELL!H

980 S ULFAT E CONCENT RAT ION
@A MONIT ORING W ELL EX CEEDS  S CREENING LEVELS

PSH

FENCELINE

MW-103 W ELL NOT  S AMPLED

S ULFAT E CRIT ICAL GROUNDW AT ER S CREENING LEVEL
EX CEEDANCE AREA (CONCENT RAT ION > 600 m g/L)

IRRIGAT ION W ELL EX CEEDS  S CREENING LEVELS"/

NEW M EX IC O

HFNR PROPERT Y  BOUNDARY  (FENCELINE S HOW N
W HERE COINCIDENT )

PHAS E-S EPARAT ED HY DROCARBON (PS H)
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TOTAL DISSOLVED SOLIDS CRITICAL
GROUNDWATER  SCREENING LEVEL

EXCEEDANCE MAP
2020 SECOND SEMIANNUAL EVENT

2020 ANNUAL GROUNDWATER REPORT
HOLLYFRONTIER NAVAJO REFINING LLC

ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

27
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet

AERIAL IMAGERY  SOU RCE: GOOGLE EART H PRO AND T HEIR DATA PART NERS, 12/29/2019. 

SAVED: 2/3/2021 MX D: 425135_ 27_ T DS_ Fall

_̂

1 IN = 800 FT

NOTES:
1. ALL CONCENT RAT IONS ARE IN MILLIGRAMS PER LIT ER (m g/L). 

PHASE-SEPARAT ED HY DROCARBON PRESENT IN WELL (≥ 0.03 FEET  T HICK )

LEGEND

MONIT ORING WELL@A

IRRIGAT ION WELL"/

RECOVERY  WELL!H

2210 T OTAL DISSOLVED SOLIDS CONCENT RAT ION
@A MONIT ORING WELL EX CEEDS SCREENING LEVELS

PSH

FENCELINE

MW-103 WELL NOT  SAMPLED

TOTAL DISSOLVED SOLIDS CRIT ICAL GROU NDWAT ER SCREENING LEVEL
EX CEEDANCE AREA (CONCENT RAT ION > 1000 m g/L)IRRIGAT ION WELL EX CEEDS SCREENING LEVELS"/

NEW M EX IC O

HFNR PROPERT Y  BOU NDARY  (FENCELINE SHOWN
WHERE COINCIDENT )

PHASE-SEPARAT ED HY DROCARBON (PSH)
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NITRATE/NITRITE CRITICAL GROUNDWATER
SCREENING LEVEL EXCEEDANCE MAP

2020 SECOND SEMIANNUAL EVENT
2020 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

29
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet

AERIAL IMAGERY  S OURCE: GOOGLE EART H PRO AND T HEIR DATA PART NERS , 12/29/2019. 

S AVED: 2/3/2021 MX D: 425135_29_Nitrate_Fall

_̂

1 IN = 800 FT

NOTES:
1. ALL CONCENT RAT IONS  ARE IN MILLIGRAMS  PER LIT ER (m g/L). 
2. J = CONCENT RAT ION QUALIFIED AS  AN ES T IMAT ED VALUE.

PHAS E-S EPARAT ED HY DROCARBON PRES ENT  IN W ELL (≥ 0.03 FEET  T HICK )

LEGEND

MONIT ORING W ELL@A

IRRIGAT ION W ELL"/

RECOVERY  W ELL!H

3.99 NIT RAT E/NIT RIT E CONCENT RAT ION
@A MONIT ORING W ELL EX CEEDS  S CREENING LEVELS

PSH

FENCELINE

MW-103 W ELL NOT  S AMPLED

NIT RAT E/NIT RIT E CRIT ICAL GROUNDW AT ER S CREENING LEVEL EX CEEDANCE
AREA (CONCENT RAT ION > 10 m g/L)

< 0.394 NIT RAT E/NIT RIT E NOT  DET ECT ED ABOVE MET HOD DET ECT ION LIMIT
NEW M EX IC O

HFNR PROPERT Y  BOUNDARY  (FENCELINE S HOW N
W HERE COINCIDENT )

PHAS E-S EPARAT ED HY DROCARBON (PS H)
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FIGURE

4
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet

AERIAL IMAGERY SOURCE: GOOGLE EARTH PRO AND THEIR DATA PARTNERS, 3/12/2016. 

SAVED: 2/2/2022 MXD: 476077_04_ShallowPot_Spring

_̂

1 IN = 800 FT
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LEGEND
@A MONITORING WELL

!H RECOVERY WELL

GROUNDWATER FLOW DIRECTION

SHALLOW SATURATED ZONE POTENTIOMETRIC
SURFACE CONTOURS (FEET ABOVE MEAN SEA LEVEL)

FENCELINE

NAVAJO PROPERTY BOUNDARY (FENCELINE SHOWN
WHERE COINCIDENT)

GROUNDWATER ELEVATION (FEET)3335.92

SHALLOW SATURATED ZONE
POTENTIOMETRIC SURFACE MAP
2021 FIRST SEMIANNUAL EVENT

2021 ANNUAL GROUNDWATER REPORT
HOLLYFRONTIER NAVAJO REFINING LLC

ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

NOTE:

1. GROUNDWATER ELEVATION WAS NOT MEASURED BECAUSE WELL IS NOT

IN GAUGING PROGRAM, WELL COULD NOT BE LOCATED, OR WELL WAS

DAMAGED.

2. WELL WAS DRY AT TIME OF GAUGING.

3. ONLY PSH PRESENT IN THE WELL.

4. GROUNDWATER ELEVATION NOT MEASURED DUE TO PUMP IN WELL.

NEW MEXICO
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ARSENIC CRITICAL GROUNDWATER 
SCREENING LEVEL EXCEEDANCE MAP

2021 FIRST SEMIANNUAL EVENT
2021 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

12
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet
SAVED: 2/2/2022 MX D: 476077_ 12_ Arsenic_ Sp ring

_̂

1 IN = 800 FT
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NOTES:
1. AL L  CONCENT RAT IONS ARE IN MIL L IGRAMS PER L IT ER (m g/L ). 
2. J = CONCENT RAT ION QU AL IFIED AS AN EST IMAT ED VAL U E. PHASE-SEPARAT ED HY DROCARBON PRESENT  IN WEL L  (≥0.03 FEET  T HICK)

L EGEND

MONIT ORING WEL L@A

IRRIGAT ION WEL L"/

RECOVERY  WEL L!H

0.0151 ARSENIC CONCENT RAT ION

RECOVERY  WEL L  EX CEEDS SCREENING L EVEL S!H

@A MONIT ORING WEL L  EX CEEDS SCREENING L EVEL S

ARSENIC CRIT ICAL  GROU NDWAT ER SCREENING L EVEL
EX CEEDANCE AREA (CONCENT RAT ION > 0.01 m g/L )

PSH

FENCEL INE

MW-97 WEL L  NOT  SAMPL ED NEW MEXICO

NAVAJO PROPERT Y  BOU NDARY
(FENCEL INE SHOWN WHERE
COINCIDENT )
PHASE-SEPARAT ED HY DROCARBON (PSH)

AERIAL IMAGERY  SOU RCE: ESRI WORL D IMAGERY  (10/1/20) 
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CHLORIDE CRITICAL GROUNDWATER 
SCREENING LEVEL EXCEEDANCE MAP

2021 FIRST SEMIANNUAL EVENT
2021 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

20
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet
SAV ED: 2/2/2022 MXD: 476077_ 20_ Chloride_ Sp ring

_̂

1 IN = 800 FT

£¤82

£¤82
£¤82

£¤285

£¤285

£¤285

NOTES:
1. AL L  CONCENTRATIONS ARE IN MIL L IGRAMS PER L ITER (m g/L ). 

PHASE-SEPARATED HY DROCARBON PRESENT IN WEL L  (≥ 0.03 FEET THICK)

L EGEND

MONITORING WEL L@A

IRRIGATION WEL L"/

RECOV ERY  WEL L!H

242 CHL ORIDE CONCENTRATION

RECOV ERY  WEL L  EXCEEDS SCREENING L EV EL S!H

@A MONITORING WEL L  EXCEEDS SCREENING L EV EL S

PSH

FENCEL INE

MW-128 WEL L  NOT SAMPL ED

CHL ORIDE CRITICAL  GROU NDWATER SCREENING L EV EL
EXCEEDANCE AREA (CONCENTRATION > 250 m g/L )IRRIGATION WEL L  EXCEEDS SCREENING L EV EL S"/

NEW MEXICO

NAV AJO PROPERTY  BOU NDARY  (FENCEL INE
SHOWN WHERE COINCIDENT)

PHASE-SEPARATED HY DROCARBON (PSH)

AERIAL IMAGERY  SOU RCE: ESRI WORL D IMAGERY  (10/1/20) 
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FLUORIDE CRITICAL GROUNDWATER 
SCREENING LEVEL EXCEEDANCE MAP

2021 FIRST SEMIANNUAL EVENT
2021 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

22
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet
SAV ED: 2/2/2022 MXD: 476077_ 22_ Fluoride_ Sp ring

_̂

1 IN = 800 FT

£¤82

£¤82
£¤82

£¤285

£¤285

£¤285

NOTES:
1. AL L  CONCENTRATIONS ARE IN MIL L IGRAMS PER L ITER (m g/L ). 

PHASE-SEPARATED HY DROCARBON PRESENT IN WEL L  (≥ 0.03 FEET THICK)

L EGEND

MONITORING WEL L@A

IRRIGATION WEL L"/

RECOV ERY  WEL L!H

2.89 FL U ORIDE CONCENTRATION

RECOV ERY  WEL L  EXCEEDS SCREENING L EV EL S!H

@A MONITORING WEL L  EXCEEDS SCREENING L EV EL S

PSH

FENCEL INE

MW-97 WEL L  NOT SAMPL ED

FL U ORIDE CRITICAL  GROU NDWATER SCREENING L EV EL
EXCEEDANCE AREA (CONCENTRATION > 1.6 m g/L )

NEW MEXICO

NAV AJO PROPERTY  BOU NDARY  (FENCEL INE
SHOWN WHERE COINCIDENT)

PHASE-SEPARATED HY DROCARBON (PSH)

AERIAL IMAGERY  SOU RCE: ESRI WORL D IMAGERY  (10/1/20) 
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SULFATE CRITICAL GROUNDWATER 
SCREENING LEVEL EXCEEDANCE MAP

2021 FIRST SEMIANNUAL EVENT
2021 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

24
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet
SAVED: 1/28/2022 MX D: 476077_ 24_ Sulfate_ Sprin g

_̂

1 IN = 800 FT

£¤82

£¤82
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£¤285

£¤285
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TOTAL DISSOLVED SOLIDS CRITICAL
GROUNDWATER  SCREENING LEVEL

EXCEEDANCE MAP
2021 FIRST SEMIANNUAL EVENT

2021 ANNUAL GROUNDWATER REPORT
HOLLYFRONTIER NAVAJO REFINING LLC

ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

26
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,500750

Feet
SAV ED: 1/28/2022 MXD: 476077_ 26_ TDS_ Spring

_̂

1 IN = 800 FT

£¤82
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£¤285

NOTES:
1. AL L  CONCENTRATIONS ARE IN MIL L IGRAMS PER L ITER (m g/L ). 

PHASE-SEPARATED HY DROCARBON PRESENT IN WEL L  (≥ 0.03 FEET THICK)

L EGEND

MONITORING WEL L@A

IRRIGATION WEL L"/

RECOV ERY  WEL L!H

1340 TOTAL  DISSOL V ED SOL IDS CONCENTRATION

RECOV ERY  WEL L  EXCEEDS SCREENING L EV EL S!H

@A MONITORING WEL L  EXCEEDS SCREENING L EV EL S

PSH

FENCEL INE

MW-19 WEL L  NOT SAMPL ED

TOTAL  DISSOL V ED SOL IDS CRITICAL GROU NDWATER SCREENING L EV EL
EXCEEDANCE AREA (CONCENTRATION > 1000 m g/L )IRRIGATION WEL L  EXCEEDS SCREENING L EV EL S"/

NEW MEXICO

NAV AJO PROPERTY  BOU NDARY  (FENCEL INE
SHOWN WHERE COINCIDENT)

AERIAL IMAGERY  SOU RCE: ESRI WORL D IMAGERY  (10/1/20) 

PHASE-SEPARATED HY DROCARBON (PSH)
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NITRATE/NITRITE CRITICAL GROUNDWATER
SCREENING LEVEL EXCEEDANCE MAP

2021 FIRST SEMIANNUAL EVENT
2021 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

28
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet
SAVED: 2/2/2022 MX D: 476077_ 28_ Nitrate_ Sp ring

_̂
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NOTES:
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FIGURE

6
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet

AERIAL IMAGERY SOURCE: ESRI WORLD IMAGERY (10/1/20) 

SAVED: 2/2/2022 MXD: 476077_06_ShallowPot_Fall

_̂

1 IN = 800 FT
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LEGEND

GROUNDWATER ELEVATION (FEET)3349.57

SHALLOW SATURATED ZONE
POTENTIOMETRIC SURFACE MAP

2021 SECOND SEMIANNUAL EVENT
2021 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

NOTE:
1. GROUNDWATER ELEVATION WAS NOT MEASURED BECAUSE WELL IS NOT IN
GAUGING PROGRAM, WELL COULD NOT BE LOCATED, OR WELL WAS DAMAGED.
2. WELL WAS DRY AT TIME OF GAUGING.

3. GROUNDWATER ELEVATION NOT USED IN POTENTIOMETRIC SURFACE
CONTOURING.
4. GROUNDWATER ELEVATION NOT MEASURED DUE TO PUMP IN WELL.

NEW MEXICO

@A MONITORING WELL

!H RECOVERY WELL

GROUNDWATER FLOW DIRECTION

SHALLOW SATURATED ZONE POTENTIOMETRIC
SURFACE CONTOURS - DASHED WHERE INFERRED
(FEET ABOVE MEAN SEA LEVEL)

FENCELINE

NAVAJO PROPERTY BOUNDARY (FENCELINE SHOWN
WHERE COINCIDENT)
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ARSENIC CRITICAL GROUNDWATER 
SCREENING LEVEL EXCEEDANCE MAP

2021 SECOND SEMIANNUAL EVENT
2021 ANNUAL GROUNDWATER REPORT

HOLLYFRONTIER NAVAJO REFINING LLC
ARTESIA REFINERY, EDDY COUNTY, NEW MEXICO

FIGURE

13
505 E. HUNTLAND DR.
SUITE 250
AUSTIN, TX 78752
PH:512-329-6080

µ
0 1,600800

Feet
SAVED: 1/28/2022 MX D: 476077_ 13_ Arsenic_ Fall

_̂

1 IN = 800 FT
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@A MONIT ORING WEL L  EX CEEDS SCREENING L EVEL S

ARSENIC CRIT ICAL  GROU NDWAT ER SCREENING L EVEL
EX CEEDANCE AREA (CONCENT RAT ION > 0.01 m g/L )

PSH

FENCEL INE

MW-105 WEL L  NOT  SAMPL ED NEW MEXICO

NAVAJO PROPERT Y  BOU NDARY
(FENCEL INE SHOWN WHERE
COINCIDENT )
PHASE-SEPARAT ED HY DROCARBON (PSH)

AERIAL IMAGERY  SOU RCE: ESRI WORL D IMAGERY  (10/1/20) 
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n 3

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 1.9149

Standardized Value of S 0.0000

M-K Test Value (S) 1

Tabulated p-value

Approximate p-value 0.5000

OLS Regression Slope 0.0000

OLS Regression Intercept 0.0012

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S 0.5213

M-K Test Value (S) 6

Tabulated p-value 0.3060

Approximate p-value 0.3011

OLS Regression Slope 0.0141

OLS Regression Intercept 287.3232

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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Time (days)

Mann-Kendall Trend Test



n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5394

Standardized Value of S -1.6773

M-K Test Value (S) -17

Tabulated p-value 0.0600

Approximate p-value 0.0467

OLS Regression Slope -0.0004

OLS Regression Intercept 3.3912

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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Time (days)

Mann-Kendall Trend Test



n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S 1.1468

M-K Test Value (S) 12

Tabulated p-value 0.1300

Approximate p-value 0.1257

OLS Regression Slope 0.0009

OLS Regression Intercept 1.3054

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -0.9383

M-K Test Value (S) -10

Tabulated p-value 0.1790

Approximate p-value 0.1740

OLS Regression Slope -0.2444

OLS Regression Intercept 2,240.5377

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S 0.3128

M-K Test Value (S) 4

Tabulated p-value 0.3810

Approximate p-value 0.3772

OLS Regression Slope 0.1295

OLS Regression Intercept 3,461.7496

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -1.9809

M-K Test Value (S) -20

Tabulated p-value 0.0220

Approximate p-value 0.0238

OLS Regression Slope -0.0459

OLS Regression Intercept 304.4153

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -2.1894

M-K Test Value (S) -22

Tabulated p-value 0.0120

Approximate p-value 0.0143

OLS Regression Slope -0.0013

OLS Regression Intercept 5.8412

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S 1.5639

M-K Test Value (S) 16

Tabulated p-value 0.0600

Approximate p-value 0.0589

OLS Regression Slope 0.0005

OLS Regression Intercept 1.5791

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5394

Standardized Value of S 0.4193

M-K Test Value (S) 5

Tabulated p-value 0.3810

Approximate p-value 0.3375

OLS Regression Slope 0.1255

OLS Regression Intercept 2,675.7238

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S 1.7724

M-K Test Value (S) 18

Tabulated p-value 0.0380

Approximate p-value 0.0382

OLS Regression Slope 0.5739

OLS Regression Intercept 4,015.8437

Statistically significant evidence

of an increasing trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -3.0235

M-K Test Value (S) -30

Tabulated p-value 0.0000

Approximate p-value 0.0012

OLS Regression Slope -0.1270

OLS Regression Intercept 417.9263

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5394

Standardized Value of S -1.6773

M-K Test Value (S) -17

Tabulated p-value 0.0600

Approximate p-value 0.0467

OLS Regression Slope -0.0007

OLS Regression Intercept 2.3721

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 4

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 2.9439

Standardized Value of S -1.0190

M-K Test Value (S) -4

Tabulated p-value 0.1670

Approximate p-value 0.1541

OLS Regression Slope 0.0000

OLS Regression Intercept 0.0073

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S 0.3128

M-K Test Value (S) 4

Tabulated p-value 0.3810

Approximate p-value 0.3772

OLS Regression Slope 0.0004

OLS Regression Intercept 0.0360

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -0.1043

M-K Test Value (S) -2

Tabulated p-value 0.4600

Approximate p-value 0.4585

OLS Regression Slope -0.0941

OLS Regression Intercept 2,532.9414

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S

M-K Test Value (S) 0

Tabulated p-value 0.5400

Approximate p-value

OLS Regression Slope -0.0138

OLS Regression Intercept 4,035.4305

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 5

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 4.0825

Standardized Value of S -0.7348

M-K Test Value (S) -4

Tabulated p-value 0.2420

Approximate p-value 0.2312

OLS Regression Slope -0.0001

OLS Regression Intercept 0.5199

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 10

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 11.1803

Standardized Value of S 3.3988

M-K Test Value (S) 39

Tabulated p-value 0.0000

Approximate p-value 0.0003

OLS Regression Slope 0.2244

OLS Regression Intercept 291.8941

Statistically significant evidence

of an increasing trend at the

specified level of significance.

323

373

423

473

523

573

623

C
h

lo
ri

d
e

64 264 464 664 864 1064 1264

Time (days)

Mann-Kendall Trend Test



n 10

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 11.1355

Standardized Value of S -1.3470

M-K Test Value (S) -16

Tabulated p-value 0.0780

Approximate p-value 0.0890

OLS Regression Slope -0.0002

OLS Regression Intercept 1.8230

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 3

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 1.9149

Standardized Value of S 0.0000

M-K Test Value (S) 1

Tabulated p-value

Approximate p-value 0.5000

OLS Regression Slope 0.0001

OLS Regression Intercept 0.0005

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 10

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 11.1803

Standardized Value of S -1.9677

M-K Test Value (S) -23

Tabulated p-value 0.0230

Approximate p-value 0.0245

OLS Regression Slope -0.9255

OLS Regression Intercept 2,690.0122

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 10

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 11.1803

Standardized Value of S -2.1466

M-K Test Value (S) -25

Tabulated p-value 0.0140

Approximate p-value 0.0159

OLS Regression Slope -1.1365

OLS Regression Intercept 4,652.9424

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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n 4

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 2.9439

Standardized Value of S -1.6984

M-K Test Value (S) -6

Tabulated p-value 0.0420

Approximate p-value 0.0447

OLS Regression Slope -0.0001

OLS Regression Intercept 0.3462

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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n 6

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 5.3229

Standardized Value of S -1.8787

M-K Test Value (S) -11

Tabulated p-value 0.0280

Approximate p-value 0.0301

OLS Regression Slope -0.0893

OLS Regression Intercept 289.1167

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 6

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 5.2281

Standardized Value of S -0.1913

M-K Test Value (S) -2

Tabulated p-value 0.3600

Approximate p-value 0.4242

OLS Regression Slope 0.0000

OLS Regression Intercept 1.1602

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 6

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 5.2281

Standardized Value of S -2.4865

M-K Test Value (S) -14

Tabulated p-value 0.0010

Approximate p-value 0.0064

OLS Regression Slope -2.3175

OLS Regression Intercept 2,661.9222

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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n 6

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 5.3229

Standardized Value of S -2.2544

M-K Test Value (S) -13

Tabulated p-value 0.0080

Approximate p-value 0.0121

OLS Regression Slope -2.0895

OLS Regression Intercept 3,792.8856

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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n 4

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 2.9439

Standardized Value of S -1.6984

M-K Test Value (S) -6

Tabulated p-value 0.0420

Approximate p-value 0.0447

OLS Regression Slope -0.0002

OLS Regression Intercept 1.0566

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -0.5213

M-K Test Value (S) -6

Tabulated p-value 0.3060

Approximate p-value 0.3011

OLS Regression Slope 0.0343

OLS Regression Intercept 210.2393

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S 1.3553

M-K Test Value (S) 14

Tabulated p-value 0.0900

Approximate p-value 0.0877

OLS Regression Slope 0.0005

OLS Regression Intercept 1.8037

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 6

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 5.2281

Standardized Value of S -0.9564

M-K Test Value (S) -6

Tabulated p-value 0.1360

Approximate p-value 0.1694

OLS Regression Slope -0.0008

OLS Regression Intercept 0.7845

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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Mann-Kendall Trend Test



n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -3.6490

M-K Test Value (S) -36

Tabulated p-value 0.0000

Approximate p-value 0.0001

OLS Regression Slope -0.9397

OLS Regression Intercept 2,353.0244

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -1.7724

M-K Test Value (S) -18

Tabulated p-value 0.0380

Approximate p-value 0.0382

OLS Regression Slope -0.6617

OLS Regression Intercept 3,375.0647

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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n 4

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 2.9439

Standardized Value of S -1.6984

M-K Test Value (S) -6

Tabulated p-value 0.0420

Approximate p-value 0.0447

OLS Regression Slope -0.0001

OLS Regression Intercept 0.1494

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5394

Standardized Value of S 0.8386

M-K Test Value (S) 9

Tabulated p-value 0.2380

Approximate p-value 0.2008

OLS Regression Slope 0.0465

OLS Regression Intercept 296.7226

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -1.5639

M-K Test Value (S) -16

Tabulated p-value 0.0600

Approximate p-value 0.0589

OLS Regression Slope -0.0005

OLS Regression Intercept 2.2507

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 8

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 8.0829

Standardized Value of S -0.1237

M-K Test Value (S) -2

Tabulated p-value 0.4520

Approximate p-value 0.4508

OLS Regression Slope -0.0003

OLS Regression Intercept 2.2804

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -2.8149

M-K Test Value (S) -28

Tabulated p-value 0.0010

Approximate p-value 0.0024

OLS Regression Slope -0.5267

OLS Regression Intercept 2,676.1064

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -0.9383

M-K Test Value (S) -10

Tabulated p-value 0.1790

Approximate p-value 0.1740

OLS Regression Slope -0.3626

OLS Regression Intercept 4,451.9107

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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APPENDIX C2I 

MANN-KENDALL STATISTICAL EVALUATION 

MW-116 



n 4

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 2.9439

Standardized Value of S 1.6984

M-K Test Value (S) 6

Tabulated p-value 0.0420

Approximate p-value 0.0447

OLS Regression Slope 0.0000

OLS Regression Intercept -0.0039

Statistically significant evidence

of an increasing trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.4868

Standardized Value of S 1.3703

M-K Test Value (S) 14

Tabulated p-value 0.0900

Approximate p-value 0.0853

OLS Regression Slope 0.0273

OLS Regression Intercept 273.2178

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -2.1894

M-K Test Value (S) -22

Tabulated p-value 0.0120

Approximate p-value 0.0143

OLS Regression Slope -0.0004

OLS Regression Intercept 2.0082

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S 1.1468

M-K Test Value (S) 12

Tabulated p-value 0.1300

Approximate p-value 0.1257

OLS Regression Slope 0.0001

OLS Regression Intercept 0.4380

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S -2.1894

M-K Test Value (S) -22

Tabulated p-value 0.0120

Approximate p-value 0.0143

OLS Regression Slope -0.3527

OLS Regression Intercept 2,418.1415

Statistically significant evidence

of a decreasing trend at the

specified level of significance.
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n 9

Confidence Coefficient 0.9500

Level of Significance 0.0500

Standard Deviation of S 9.5917

Standardized Value of S 0.9383

M-K Test Value (S) 10

Tabulated p-value 0.1790

Approximate p-value 0.1740

OLS Regression Slope 0.3406

OLS Regression Intercept 3,608.3096

Insufficient statistical evidence

of a significant trend at the

specified level of significance.
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D DRAFT PUBLIC NOTIFICATION 
 
 
 
 
  



PUBLIC NOTICE 

STATE OF NEW MEXICO 
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 
 

Notice is hereby given that pursuant to New Mexico Water Quality Control Commission Regulations (20.6.2.4108 NMAC), 
the following Stage 2 Abatement Plan has been submitted to the Permitting Group of the New Mexico Oil Conservation 
Division (“OCD”), 1220 S. Saint Francis Drive, Santa Fe, New Mexico 87505, Telephone (505) 490-0798 or E-mail: 
michael.buchanan@emnrd.nm.gov. 

 
 

HF Sinclair Navajo Refining LLC, PO Box 159, Artesia, NM has submitted a Stage 2 Abatement Plan 
Work Plan (APWP) to the Permitting Group of the OCD for the Former Reverse Osmosis (RO) Discharge 
Reject Fields at the Artesia Refinery. The exact location of the facility is/will be at latitude and longitude 
decimal degrees: 32.853099°, -104.389493° Datum: NAD83. To aid in locating this facility, the 
approximate location is 501 E Main St in Artesia, NM, Eddy County. The Former Reverse Osmosis 
Discharge Reject Fields are located north, northeast and east of the intersection of E Logan Avenue and 
Navajo Road in Artesia.  
 
HFSNR utilizes RO to remove minerals and salts from fresh water prior to use in the refining process. The 
fresh water is supplied from a blend of publicly supplied water from the City of Artesia and fresh 
groundwater obtained from the Refinery’s water supply wells. The treated water (permeate stream) is used 
in the Refinery process while the RO reject stream cannot be used in the Refinery process as it contains 
concentrated salts and minerals that do not pass through the RO membranes. Prior to January 24, 2019, this 
concentrated rejected stream was discharged to the surface of two fields located northeast of the Refinery 
operations area. The RO reject discharge fields are covered with native grass and discharged water was 
allowed to percolate or evaporate in those permitted areas. The discharge was performed under the 
jurisdiction of the OCD in accordance with Discharge Permit GW-028, which was initially issued in 
October 1991. The Permit has subsequently been modified and renewed several times with the most recent 
renewal issued in August 2022. 
 
The Stage 2 APWP includes remedial alternatives focused on removal of fluoride (and potentially other 
inorganics) from shallow soil and/or groundwater or removal of the potential infiltration pathway. The 
Stage 2 APWP includes the installation of two additional shallow groundwater monitoring wells, semi-
annual groundwater monitoring for a period of at least 3 years, and the design and implementation of a 
phytoremediation pilot study of the RO Discharge Reject Fields to reduce contaminant concentrations in 
soil and groundwater. It is anticipated that the tasks associated with the Stage 2 APWP will be completed 
during the period between May 2024 and March 2026. The Stage 2 APWP addresses well installation, 
construction and development, groundwater monitoring, potential remediation alternatives, details 
regarding the phytoremediation pilot study design and implementation, a proposed schedule, reporting, and 
a closure/post-closure plan. 

 
The OCD has determined the Stage 2 Work Plan is complete. The OCD will accept comments and statements of interest 
regarding this work plan and will create a facility-specific mailing list for persons who wish to receive future notices. 
Persons interested in obtaining further information, submitting comments or requesting to be on a facility-specific mailing 
list may contact the OCD Permitting Group at the address given above. The permit may be viewed at the Artesia OCD 
office located at 506 W. Texas, Artesia, New Mexico 88210 between 8:00 a.m. and 4:00 p.m., Monday through Friday, or 
at the OCD web site http://www.emnrd.state.nm.us/ocd/. Persons interested in obtaining a copy of the Stage 2 APWP may 
contact the OCD at the address given above. Prior to ruling on any proposed permit, the Director shall allow a period of at 
least sixty (60) days after the date of publication of this notice, during which interested persons may submit comments or 
request that OCD hold a public meeting or hearing. Requests for a hearing shall set forth the reasons why a meeting or 
hearing should be held. A hearing will be held if the Director determines there is a significant public interest. If no hearing 
is held, the Director will approve the proposed work plan based on information available, including all comments received. 
If a public hearing is held, the Director will approve or disapprove the proposed work plan based on information in the 
plan and information submitted at the hearing. 

 
Para obtener mas información sobre esta solicitud en español, sirvase comunicarse por favor: New Mexico Energy, 



Minerals and Natural Resources Department (Depto. Del Energia, Minerals y Recursos Naturales de Nuevo Mexico), Oil 
Conservation Division (Depto. Conservación Del Petró1eo), 1220 South St. Francis Drive, Santa Fe, New Mexico 
(Contacto: Michael Buchanan, (505) 490-0798). 

 
Given under the Seal of New Mexico Oil Conservation Commission at Santa Fe, New Mexico, on this XXst day of XX 
2024. 

 
STATE OF NEW MEXICO 

OIL CONSERVATION DIVISION 
 

Dylan Fuge, Director (Acting) 
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APPENDIX E-1
Cost Estimate for Financial Assurance

Former RO Reject Discharge Fields
HFSNR Artesia, New Mexico

Task Description Estimated Cost
1 Monitor Well/Probe Installation

Additional Well Installation (Year 1) $59,418
Moisture Probe Installation (Year 1) $37,796

Subtotal $97,214

2 Groundwater Monitoring (30 years Post-Closure) $1,656,279
Subtotal $1,656,279

3 Phytoremediation Pilot Study (Year 1)
Soil Sampling and Analysis $8,415
Irrigation Source Evaluation $7,347
Field Preparation $8,953
Plant Test Species $39,516
Phyto Pilot Study Monitoring $40,716
PM & Reporting $34,491

Subtotal $139,439

4 Phytoremediation Implementation (Years 2 & 3 combined)
Additional Planting $63,222
Phyto Monitoring $46,904
PM & Reporting $56,910

Subtotal $167,036

TOTAL FINANCIAL ASSURANCE ESTIMATE $1,962,754



APPENDIX E-2
Cost Estimate for Financial Assurance  - Task 1: Monitor Well/Probe Installation - Year 1

Former RO Reject Discharge Fields
HFSNR Artesia, New Mexico

Scope and Assumptions

—      One well approximately 350 feet northeast of MW-119 to provide downgradient of the North RO reject discharge field

Cost Estimate
Item: Monitor Well Installation Cost

Labor:
On-site Tasks (Well Installation) $3,830

Off-site Tasks (Project Management) $4,634

Expenses:
Drilling Subcontractor $43,050

Other Direct Costs (i.e. Travel, Equipment) $3,895
NMGRT $4,009

Subtotal $59,418

Item: Moisture Probe Installation Cost
Labor:

On-site Tasks (Probe Installation) $1,811
Off-site Tasks (Project Management) $4,634

Expenses:
Drilling Subcontractor $21,024

Other Direct Costs (i.e. Travel, Equipment) $7,900
NMGRT $2,427

Subtotal $37,796

TOTAL $97,214

Two additional 2-inch diamater shallow groundwater monitoring wells will be installed during 2023 to depths between 20 to 30 feet below ground surface.

—      One well approximately 1,000 feet east of RW-18A to provide additional downgradient monitoring of the South RO reject discharge field

During 2023, existing soil moisture probes installed during the Stage 1 AP will be evaluated to determine if they are still functioning. Two additional soil
moisture probe nests (one in each field) will be installed in 2023. Soil moisture probes will remain in place throughout the pilot study as well as during
implementation of the full-scale phytoremediation, and data will continue to be collected to evaluate the vadose zone moisture and electrical conductivity (EC).



APPENDIX E-3
Cost Estimate for Financial Assurance  - Task 2: Groundwater Monitoring - 30 Years

Former RO Reject Discharge Fields
HFSNR Artesia, New Mexico

Scope and Assumptions

—      North RO Reject Discharge Field:
— Upgradient: MW-55, MW-140, MW-141
— Within Field: MW-117, MW-118, MW-119
— Downgradient: MW-142, MW-143, new well northeast of MW-119 (well number to be determined)

—      South RO Reject Discharge Field:
— Upgradient: MW-29, MW-40, MW-56
— Within Field: MW-114, MW-115, MW-116
— Downgradient: MW-125, RW-18A, MW-144, new well east of RW-18A (well number to be determined)

Groundwater samples will be analyzed for the following COCs and methods:
—      Dissolved (field-filtered) metals by Methods 6010 or 6020:

—      Arsenic
—      Boron
—      Iron
—      Manganese
—      Uranium

—      Chloride by Method 300 or 9056
—      Fluoride by Method 300 or 9056
—      Nitrate by Method 300 or 9056
—      Nitrite by Method 300 or 9056
—      Sulfate by Method 300 or 9056
—      TDS by Method 2540

Cost Estimate
Item: Groundwater Monitoring - 30 Years Cost

Labor:
Off-site Tasks (Data, Reporting and Project Management) $24,541

Expenses:
Groundwater Monitoring Subcontractor $18,102

Laboratory $10,322
NMGRT $2,244

Annual Total $55,209

TOTAL FOR 30 YEARS (2023-2052) $1,656,279

Groundwater samples will be collected and analyzed semiannually during the routine facility-wide monitoring events for a period of 30 years to determine if
the COC concentrations continue to attenuate following cessation of discharge of the RO reject stream to the fields. The following wells will be sampled.



APPENDIX E-4
Cost Estimate for Financial Assurance  - Task 3: Phytoremediation Pilot Study - Year 1

Former RO Reject Discharge Fields
HFSNR Artesia, New Mexico

Scope and Assumptions

Quarterly status reports to describe the activities completed during the previous three months.
Final pilot study design to be submitted prior to implementation of the pilot study.
Final report of pilot study to be submitted within 90 days of the completion of the pilot study.

Cost Estimate
Item: Soil Sample Collection and Analysis Cost

Labor:
On-site Tasks (Sampling) $1,811

Off-site Tasks (Data Evaluation, Reporting and Project Management) $4,665
Expenses:

Laboratory $1,260
Other Direct Costs (i.e. Travel, Equipment) $405

NMGRT $274
Subtotal $8,415

Item: Irrigation Source Evaluation Cost
Labor:

On-site Tasks (Sampling) $1,502
Off-site Tasks (Data Evaluation, Reporting and Project Management) $4,336

Expenses:
Laboratory $709

Other Direct Costs (i.e. Travel, Equipment) $580
NMGRT $220

Subtotal $7,347

Item: Field Preparation Cost
Expenses:

Ag Subcontractor and Irrigation Setup $8,295
NMGRT $658

Subtotal $8,953

—      Reporting will consist of the following:

A stepwise approach to the Pilot Study is anticipated. Subtasks include performing agronomic soil analysis to confirm site suitability and assist in species
selection, as well as amendment and fertilizer needs, evaluate potential species, and evaluate the irrigation water supply to be used. Additional subtasks will
include field preparation, planting, irrigation and harvesting of the test species, monitoring, and reporting during Year 1.

—      Potential candidate species including Sudan Grass, Western Wheat Grass, Indian Grass and Tall Wheat Grass will be tested during the Pilot Study.

—      A local agricultural contractor will be retained to install and manage the plots. Plans and specifications developed as part of the final design will provide
details as to the plant material, planting techniques including compost and fertilizer requirements, irrigation design, and follow up maintenance. It should be
noted that after the system is implemented, ongoing operation, maintenance, and monitoring will be conducted to ensure the vegetation develops vigorous
and deep root systems

—      Soil samples will be collected from three locations in each of the two fields and will be submitted to an agricultural laboratory for agronomic analysis (6
samples total).

—      The available irrigation water supply will be sampled and analyzed for suitability prior to planting.

—      A Monitoring Program will be implemented, to include inspections for plant health and growth, pests and weeds; periodic local agricultural contractor
will be retained to install and manage the plots. Plans and specifications developed as part of the final design will provide details as to the plant material,
planting techniques including compost and fertilizer requirements, irrigation design, and follow up maintenance. It should be noted that after the system is
implemented, ongoing operation, maintenance, and monitoring will be conducted to ensure the vegetation develops vigorous and deep root systems



APPENDIX E-4
Cost Estimate for Financial Assurance  - Task 3: Phytoremediation Pilot Study - Year 1

Former RO Reject Discharge Fields
HFSNR Artesia, New Mexico

Cost Estimate (continued)
Item: Plant Test Species Cost

Labor:
Off-site Tasks (Coordination, Reporting and Project Management) $7,905

Expenses:
Agricultural Subcontractor $29,295

NMGRT $2,316
Subtotal $39,516

Item: Phyto Pilot Study Monitoring Cost
Labor:

On-site Tasks (Inspections, Sampling and Monitoring) $21,216
Off-site Tasks (Data, Reporting and Project Management) $5,103

Expenses:
Laboratory $583

Other Direct Costs (i.e. Travel, Equipment) $11,205
NMGRT $2,609

Subtotal $40,716

Item: Reporting Cost
Labor:

Off-site Tasks (Data Evaluation, Reporting and Project Management) $34,491
Subtotal $34,491

TOTAL $139,439



APPENDIX E-5
Cost Estimate for Financial Assurance  - Task 4: Phytoremediation Implementation (Years 2 & 3)

Former RO Reject Discharge Fields
HFSNR Artesia, New Mexico

Scope and Assumptions

—      Assume 1 planting event per field per year (however, the Sudan Grass plot will be replanted each winter since it is an annual species)
—      Assume 1 fertilizer application event per field per year

—      Assume 2 harvest operatons per year

Cost Estimate
Item: Additional Planting (one year) Cost

Agricultural Subcontractor $29,295
NMGRT $2,316

Subtotal $31,611

Item: Phyto Pilot Study Monitoring (one year)
Labor:

On-site Tasks (Inspections and Sampling) $4,387
Expenses:

Laboratory $7,308
Other Direct Costs (i.e. Travel, Equipment) $10,359

NMGRT $1,398
Subtotal $23,452

Item: Reporting (one year)
Labor:

Off-site Tasks (Data Evaluation, Reporting and Project Management) $28,455
Subtotal $28,455

Annual Total $83,518

TOTAL FOR 2 YEARS (2024-2025) $167,036

Years 2 and 3 of the Phytoremediation Implementation will consist of planting and harvesting, monitoring and reporting.

—      Assume weekly irrigation from April through October.  Total of 3 acre feet of water per field.  Assume $25 per acre foot



District I
1625 N. French Dr., Hobbs, NM 88240
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State of New Mexico
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Oil Conservation Division
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CONDITIONS

Action  342315

CONDITIONS
Operator:

HF Sinclair Navajo Refining LLC
ATTN: GENERAL COUNSEL
Dallas, TX 75201

OGRID:

15694
Action Number:

342315
Action Type:

[UF­GWA] Ground Water Abatement (GROUND WATER ABATEMENT)

CONDITIONS

Created By Condition Condition
Date

michael.buchanan Approval letter electronically issued to HF Sinclair for the ST2 AP RO discharge fields. Awaiting Public Notice distribution for upload to OCD
website and notice for docket to satisfy 19.15.30.15 of the NMAC. HF Sinclair has 15 days to distribute notice.
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