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1.0 INTRODUCTION

HollyFrontier Navajo Refining LLC (HFNR) owns and operates the Navajo Refinery (Refinery), which is located in
Artesia, New Mexico (Figure 1) and can process heavy, sour and light, sweet crude oils. The facility 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.

HFNR 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 rejected 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 May 2017 (OCD 2017) and the most recent modification issued in December 2018 (OCD
2018).

In 2017, OCD renewed the Permit, and required that discharge of RO reject water to the surface cease upon
operational completion of a Class | disposal well, but not later than October 31, 2018 (OCD 2017). An extension to the
October 31, 2018 deadline was requested and approved by OCD due to delays in operational completion of the Class |
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. The 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. The first quarterly groundwater monitoring event was conducted in July 2019 and the second quarterly
groundwater monitoring event was conducted in October 2019. Moisture probe readings have been recorded since
July 2019 through the current time period. Quarterly monitoring reports were submitted in August 2019 (Wood
2019c¢), January 2020 (Wood 2020a), and April 2020 (Wood 2020b).

This fourth and final report provides a summary of the AP activities conducted through June 2020 including:
» Continued monitoring of soil moisture probes

» Collection of final quarterly groundwater samples from new and existing monitoring wells (delayed due to COVID-
19 restrictions)

» Laboratory analyses of groundwater samples

In addition, this final report provides a review of the data obtained from four quarterly sampling events and
recommendations for future activities.
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2.0 BACKGROUND

2.1 Soil Moisture Probe Monitoring

As described in the RO AP (Wood 2019a) and the first quarterly progress report (Wood 2019c), soil moisture probes
were installed to evaluate the moisture level in the vadose zone to determine when the fields have returned to field
capacity. Field capacity is the soil moisture condition after excess water has drained and downward movement of pore
water has ceased or greatly reduced. To evaluate changes in soil water content, moisture probes were placed at
depths of 2, 5, and 10 feet (ft) below ground surface (bgs) at three locations within each of the two RO reject discharge
fields and in two locations outside the two RO reject discharge fields. The depths of the probes were selected based
on expected shallow groundwater depths of between 10 to 15 ft bgs. One probe was placed within each field near the
former discharge point, the other two probes within the fields were placed to evaluate other areas of the each field
(away from the discharge point), and one probe was placed outside the each field to evaluate conditions outside the
former discharge areas. The location of each probe is shown on Figure 3.

During the installation of the moisture probes, soil samples were collected and analyzed for potential contaminants of
concern (COCs). The results of the soil analyses are discussed in Section 4 of this report.

2.2 Soil Characteristics

The soil types within the North and South RO reject discharge fields were described in the Stage 1 AP (Wood 2019a).
The boundaries of each field were used to generate a custom soil resource report from the United States Department
of Agriculture Natural Resources Conservation Service (NRCS). A copy of the two soil reports are provided in
Appendix A of this report. The NRCS reports provide information on soil types and provide additional information on
soil geochemical and physical properties. Specific characteristics of interest were amount of calcium carbonate and
gypsum present in the soil, along with the soil water capacity and hydraulic conductivity. Soils present in the two fields
and their characteristics are:

» North RO Reject Discharge Field (approximately 25.3 acres):
e Soils present in this field include:
= Reeves loam 0-1% slope — 79.5% (20.1 acres)
= Karro loam 0-1% slope — 16.8% (4.2 acres)
= Pima silt loam 0-1% slope — 3.7% (0.9 acres)

e Calcium Carbonate Equivalent (% carbonates by weight in soil fraction of less than 2 millimeters) ranges from
10 to 46%, with the Karro loam soil containing an average of 46% and Pima silt loam having 10% and the
Reeves loam having 18% carbonates.

e Reeves loam soil has a gypsum (calcium sulfate) composition of 24% by weight. The parent material for the
Reeves silt loam soil is weathered gypsum. Gypsum is not significantly present in the Karro loam or Pima silt
loams.

e Soil pH values are 8.2 in the Karro loam, and 7.6 in the Pima silt loam and Reeves loam

e Available soil water holding capacity for the three soils are 1.6 inches/ft in the Reeves loam, 2.2 inches/ft in the
Karro loam, and 2.4 inches/ft in the Pima silt loam

e 1/3 bar soil moisture, roughly field capacity on a volumetric basis, are 0.297 in the Pima silt loam, 0.308 in the
Reeves loam, and 0.314 in the Karro loam

» South RO Reject Discharge Field (approximately 28.9 acres):
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e Soils present in this field include:
=  Pima silt loam 0-1% slope — 98% (28.3 acres)
= Karro loam 0-1% — 2.0% (0.6 acres)

e (Calcium Carbonate Equivalent for the two soils were 10% by weight for Pima silt loam and 46%, for the Karro
loam

e Gypsum is not significantly present in either the Karro loam or Pima silt loam soil series

e Soil pH values are 8.2 for the Karro loam and 7.6 for the Pima silt loam

e Available soil water holding capacity are 2.2 inches/ft for the Karro loam and 2.4 inches/ft for the Pima silt
loam

e 1/3 bar soil moisture, roughly field capacity on a volumetric basis, are from 0.297 for the Pima silt loam and
0.314 for the Karro loam

The 1/3 bar soil moisture was used to compare the soil moisture probe data while the geochemical data was used to
interpret the soil and groundwater data presented later in this report.

2.3 Groundwater Sampling

Groundwater samples were collected from the five monitoring wells specifically for the AP and from 12 existing
monitoring wells located upgradient, within, and downgradient of each of the two RO reject discharge fields as shown
in Figure 3. The wells included in the groundwater monitoring program for the AP are:

» North RO Reject Discharge Field:
e Upgradient: MW-55, MW-140, MW-141
e Within Field: MW-117, MW-118, MW-119
e Downgradient: MW-142, MW-143

» South RO Reject Discharge Field:
e Upgradient: MW-29, MW-40, MW-56
e  Within Field: MW-114, MW-115, MW-116
e Downgradient: MW-125, RW-18A, MW-144

Due to travel and other restrictions imposed due to the COVID-19 pandemic, groundwater monitoring samples were
not collected in April 2020, as planned for the fourth quarterly monitoring event. Water levels were measured in April
2020 and again in June 2020. Groundwater samples were collected in June 2020 for the fourth quarterly monitoring
event.

Prior to sampling, the water level was measured in each well. Table 1 provides a summary of the water level
measurements throughout the Stage 1 AP period.

Low-flow groundwater sampling procedures using a peristaltic pump and dedicated tubing were utilized for all
groundwater samples collected. The water was purged at a rate of 150 to 250 milliliters per minute (mL/min) until the
field measurements of at least three of the five water quality parameters, including pH, temperature, specific
conductance, oxidation-reduction potential, and dissolved oxygen, stabilized within 10% for three consecutive
readings. Table 2 provides a summary of the final purge parameter readings for each well. Groundwater sampling
forms for all four quarters of monitoring events conducted as part of this AP are included in Appendix B.

Following the completion of purging, groundwater samples were collected directly into the laboratory-provided
sample containers from the dedicated tubing. Samples to be analyzed for dissolved metals were collected directly into
the laboratory-provided sample containers from the dedicated tubing with a dedicated disposable filter attached to
remove any particles greater than 0.45 microns in size. The sample containers were labeled and placed into
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appropriate shipping containers (coolers) with ice for submittal to the analytical laboratory under the proper chain of
custody.

Quality Assurance/Quality Control (QA/QC) samples were collected to monitor the validity of the groundwater sample
collection procedures. The following samples were collected for QA/QC purposes:

> Field duplicates were collected at a rate of 10%, or 1 field duplicate for every 10 groundwater samples. Field
duplicates were analyzed for the same constituents as the parent sample.

> Equipment blanks were collected from non-dedicated sampling apparatus at a frequency of 5%, or one for
every 20 groundwater samples collected, with a minimum of 1 equipment blank per day. Equipment blank
samples were analyzed for the same constituents as the sample associated with the equipment blank (sample
collected immediately prior to the equipment blank).
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3.0 REGULATORY CRITERIA

3.1 Soil Screening Levels

The regulations found in New Mexico Administrative Code (NMAC) 20.6.2 do not provide screening values for soil
concentrations. Therefore, HFNR has followed guidance provided by the New Mexico Environment Department
(NMED) to develop critical soil screening levels (CSSLs) to evaluate which COCs require additional evaluation, risk
assessment or cleanup. The primary source of soil screening levels is the NMED risk-based soil screening guidance
document Risk Assessment Guidance for Site Investigations and Remediation (NMED 2019).

The RO reject discharge fields are located within the active Refinery and access to these areas is limited to approved
personnel approved, which includes employees and contractors who have met the safety and security requirements
for Refinery entry. The primary purpose of this investigation is to determine whether there is a current risk of exposure.
Thus, the screening levels were selected based on exposure pathways including soil to groundwater leaching as well as
direct exposure to industrial and construction workers. The CSSLs were used according to the following hierarchy:

» The lowest value of the Industrial/Occupational (Ind/Occ) or Construction Worker (CW) soil screening levels (SSLs)
for both cancer and noncancer endpoints (when both are published) was used to screen shallow soil samples (0 to
10 ft bgs). If no NMED SSL is published for a specific compound, the United States Environmental Protection
Agency (EPA) Industrial Regional Screening Level (RSL) was used, if available, to screen shallow soil samples (0 to
10 ft bgs). When used, the EPA Industrial RSL for carcinogenic compounds were adjusted to a cancer risk level of
1x107 to be comparable to the NMED SSLs.

> The lowest value of the Target Leachate Concentration (Cy) with Dilution Attenuation Factor (DAF) 20 SSLs was
used to screen soil samples from greater than 10 ft bgs. If no NMED C,, DAF 20 SSL is published for a specific
compound, the lowest value of the EPA protection of groundwater SSL was used. The EPA SSLs are based on a
DAF = 1 so the values were adjusted to a DAF = 20 when the EPA SSLs were used. When used, the EPA risk-based
DAF 20 SSLs for carcinogenic compounds were adjusted to a cancer risk level of 1x107 to be comparable to the
NMED DAF 20 SSLs.

Screening standards for the soil to groundwater leaching pathway are not available for Calcium, Chloride, Potassium,
Sodium, and Sulfate; thus, the lowest of the applicable direct contact screening standards will be used for these COCs.
There is no direct contact screening standard for Sulfate.

The data screening evaluation does not include residential SSLs and is not intended to allow for future unrestricted
land use. HFNR does not currently intend to close the RO reject discharge fields included in this investigation without
land use controls. In the future, if HFNR elects to close any of these areas without controls, it is understood that
residential SSLs may be applicable.

3.2 Groundwater Screening Levels

HFNR has followed guidance provided by OCD and NMED to develop a critical groundwater screening level (CGWSL)
to determine which potential COCs require additional evaluation, risk assessment or cleanup. The CGWSL was
determined as follows:

> New Mexico Water Quality Control Commission (WQCC) Standards (WQS) found in NMAC 20.6.2.3103, updated
December 28, 2018.

EPA’s Federal Maximum Contaminant Levels (MCL), primary or secondary.

If no value for the WQS or MCL was available, then Tap Water value from Table A-1 of the Risk Assessment
Guidance for Site Investigations and Remediation (NMED 2019), if available.
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4.0 Analytical Results and Data Evaluation
4.1 Soil Analytical Results

Soil samples were collected during the installation of the moisture probes, as described in the first quarterly progress
report (Wood, 2019a). The laboratory analytical reports and a data usability report are included in Appendix C.

The soil samples were analyzed for COCs that have been present in previous soil, vadose zone, and groundwater
samples at concentrations above the screening standards as well as for cations. Both the total COC concentrations and
the leachable concentrations, using the synthetic precipitation leaching procedure (SPLP) method, were measured to
evaluate the potential for mobilization of these compounds from the soils to groundwater.

Each soil sample was submitted for analyses including:

Total Metals (arsenic, boron, cobalt, iron, lead, manganese, and uranium)

v

Leachable Metals (arsenic, boron, cobalt, iron, lead, manganese, and uranium) using the SPLP leaching method
> Total Cations and Anions

» Leachable Cations and Anions (Calcium, Chloride, Fluoride, Magnesium, Nitrate/Nitrite as N, Potassium, Sodium,
Sulfate) using the SPLP leaching method

Table 3 provides a summary of the soil analytical data. The COCs with reported concentrations above the applicable
standards listed in Section 3.1 include:

» Total Metals:

e Arsenic
e (Cobalt
e ron

e Manganese

» Leachable Cations/Anions:
e Fluoride
e Sulfate

» Leachable Metals:
e ron

Figure 4 provides a graphical depiction of the soil analytical data for total concentrations of COCs for the
cations/anions and for those metals that had at least one reported value over the applicable screening level.

Figure 5 provides a similar depiction of the soil analytical data for the leachable concentrations of COCs for the
cations/anions and for those metals that had at least one reported value over the default groundwater screening level
or the upgradient groundwater upper tolerance limits (UTLs), as applicable. A discussion of upgradient groundwater
UTLs is provided in Section 4.4.3 of this report.

4.2 Soil Moisture Monitoring

Soil moisture monitoring within the vadose zone at MP-1 through MP-8 started on July 16, 2019. Remotely recorded
data from the probes was downloaded periodically and has been tabulated for evaluation of the soil conditions.

Data recording ceased from the 10 ft bgs probe at location MP-2 in early October 2019. The manufacturer was
contacted to determine the possible cause. Additional data loss began in mid-October and personnel were sent to the
field to inspect the probes. Intermittent data loss was reported in October through December 2019 and was listed in
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the second quarterly report (Wood 2020a). More robust measures were instituted to prevent additional damage to the
wires from livestock.

Precipitation data for Artesia was obtained from www.usclimatedata.com for the period of July 16, 2019 through June
30, 2020. The weather station that provides the precipitation data to this website is located approximately 6 miles
south of the RO reject discharge fields.

An evaluation of the data trends for soil moisture from July 16, 2019 through June 30, 2020 was performed. The data
trends are presented in Appendix D, with graphs that depict the soil moisture data at the three probe depths as line
graphs and the precipitation data as a vertical bar graph. Gaps in the line graphs reflect time periods when the probes
were not recording data due to damaged wires.

In general, the data indicates that the moisture content is fairly stable. As expected, the shallow soil moisture (2 ft bgs)
increases immediately following precipitation events. The soil moisture in deeper zones (5 ft bgs and 10 ft bgs) shows
a delayed response to precipitation events and slower draining. The soil moisture readings from the majority of the 5
ft bgs and 10 ft bgs probes are within the range of the expected 1/3 bar soil moisture for the soil types present in each
field, while the moisture readings from the majority of the 2 ft bgs probes are lower (drier). The responsiveness of the
soil to precipitation events and the measurements recorded from the deeper probes indicate that the fields have
reached field capacity.

4.3 Groundwater Potentiometric Surface

Water level measurements were recorded during each of the four quarterly monitoring events and in April 2020, as
described in Section 2.2. Figures 6 through 15 depict the potentiometric surface within and immediately surrounding
the two RO fields for each of the five measuring periods, respectively.

A review of the potentiometric surface maps for the North RO reject discharge field shows that the direction of
groundwater flow is generally from the southwest to the northeast. The primary direction of flow appears to be
consistent throughout the measurement period and little to no mounding of groundwater is observed near the former
discharge point. The groundwater gradient fluctuates somewhat through the measurement period, changing from
approximately 0.0054 ft/ft in July 2019 to approximately 0.0070 ft/ft in October 2019, then reducing again to
approximately 0.0055 ft/ft in June 2020. The gradient fluctuation appears to be related to seasonal rainfall events.

A review of the potentiometric surface maps for the South RO reject discharge field shows that the overall direction of
groundwater flow is from the west to the east, with mounding observed near MW-114 toward MW-115. The
mounding of groundwater between MW-114 and MW-115 was observed and described in the report of the previous
investigation of the RO reject discharge fields (Arcadis 2015b) and has been reported in annual groundwater reports.
The source of the mounding was previously believed to be due to the infiltration of the RO reject discharge. However,
the persistence of the mounding even though the moisture probe data shows the soil has reached field capacity
indicates that there may be other reasons for the mounding, including variation in the soil matrix in the shallow
groundwater zone or infiltration from the unlined stormwater ditch that is located along the south side of the South
RO reject discharge field.

The direction of groundwater flow does not appear to change throughout the measurement period. The groundwater
gradient east of the observed mounding between MW-114 and MW-115 also fluctuated throughout the measurement
period, changing from approximately 0.0057 ft/ft in July 2019 to approximately 0.0078 ft/ft in October 2019, then
reducing to approximately 0.0053 ft/ft in June 2020. The gradient fluctuation appears to be related to vegetation and
seasonal rainfall events.
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Groundwater Analytical Results

Groundwater samples were analyzed during this fourth quarterly monitoring event for the following parameters:

vV v v v Y

Total Metals (Arsenic, Boron, Cobalt, Iron, Lead, Manganese, and Uranium)

Dissolved (field-filtered) Metals (Arsenic, Boron, Cobalt, Iron, Lead, Manganese, and Uranium)

Total Cations (Calcium, Magnesium, Potassium, and Sodium)

Total Anions (Chloride, Fluoride, Sulfate, Alkalinity [Carbonate, Bicarbonate, and Total], and Nitrate/Nitrite as N)
Total Dissolved Solids (TDS)

Groundwater analytical laboratory reports for the fourth quarterly monitoring vent are included in Appendix C, along
with a data assessment summary. The data was determined to be usable for the purposes of this investigation.
Laboratory reports and data assessment summaries were provided for the previous three monitoring events in the
quarterly progress reports, but are also included in Appendix C.

Table 4 provides a summary of the groundwater analytical data screened against the CGWSLs listed in Section 3.2. The
analytes with reported concentrations above the CGWSLs include:

» Total Metals:

Arsenic — in MW-29 (upgradient) only

Boron - in MW-29 and MW-55 (upgradient); MW-115 (in-field); and MW-143 (downgradient)

I[ron —in MW-29 (upgradient); none in-field; and MW-142 (downgradient)

Manganese - in MW-29 and MW-56 (upgradient); MW-114 (in-field); and MW-125 (downgradient)
Uranium — in MW-55 and MW-140 (upgradient); MW-115, MW-118 and MW-119 (in-field); and MW-125,
MW-142, MW-143, and RW-18A (downgradient)

» Dissolved Metals:

Arsenic — in MW-29 (upgradient) only

Boron — in MW-29 and MW-55 (upgradient); MW-115 (in-field); and MW-143 (downgradient)

I[ron —in MW-29 (upgradient) only

Manganese — in MW-29 and MW-56 (upgradient); MW-114 (in-field); and MW-125 (downgradient)
Uranium — in MW-55 and MW-140 (upgradient); MW-115, MW-118, and MW-119 (in-field); and MW-125,
MW-142, MW-143, and RW-18A (downgradient)

» General Chemistry Parameters:

Chloride —in at least one sample from all of the wells except MW-40 (upgradient) and RW-18A
(downgradient)

Fluoride — in at least one sample from all of the wells except MW-56 (upgradient) and MW-125
(downgradient)

Nitrate/Nitrite — in MW-140 only (upgradient)

Sulfate —in all samples from all wells

TDS —in all samples from all wells

A background groundwater evaluation was performed following the initial investigation of the RO reject discharge
fields, as described in the AP (Wood 2019a). A recommendation from the background groundwater evaluation
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(Arcadis 2015a) was to use the calculated UTLs for select COCs in lieu of the CGWSLs; however, OCD and NMED
rejected the calculated UTLs. The basis for the rejection was that the UTLs were not calculated using EPA’s ProUCL
software and that the calculation assumed the groundwater beneath the Refinery and beneath the evaporation ponds,
located approximately three miles east of the Refinery, should be treated as a single groundwater unit.

To properly evaluate whether operation of the RO reject discharge fields has impacted the underlying local vicinity
groundwater, it is also necessary to evaluate the concentrations of COCs that occur in groundwater immediately
upgradient from areas not impacted by Refinery operations. Four monitoring wells installed to the west of US 285,
upgradient of the Refinery were included in the background groundwater evaluation (Arcadis 2015a). These wells are
included in the facility-wide groundwater monitoring program and have continued to be sampled for inorganic
constituents routinely. The data from these four wells was evaluated using ProUCL statistical evaluation software.
Results from this evaluation are summarized in Table 5. The dataset used for the evaluation and the software output
are provided in Appendix E.

It should be noted that the additional wells included in the previous background groundwater evaluation (Arcadis
2015a), which were cross-gradient and downgradient from the RO reject discharge fields, were not included in this
updated evaluation of upgradient groundwater concentrations.

Table 5 provides a summary of the number of samples collected between 2014 and 2020 (first semiannual sampling
event), the number of detected results, and the range of concentrations for the inorganic COCs, along with the
calculated UTL and a recommendation for a revised CGWSL based on the regulatory standards or on the calculated
UTL. The COCs where the UTL of the four upgradient wells exceeds the regulatory standards include:

Boron
Uranium
Fluoride
Nitrate-Nitrite
Sulfate

DS

vV v vy vVvyyVvyy

Table 6 provides a summary of the groundwater analytical data screened against the CGWSLs and UTLs. The analytes
with reported concentrations above the CGWSLs include:

> Total Metals:
e Arsenic —in MW-29 (upgradient) only
e Iron—in MW-29 (upgradient); none in-field, MW-142 (downgradient)
e Manganese - in MW-29 and MW-56 (upgradient); MW-114 (in-field); and MW-125 (downgradient)
e Uranium —in MW-55 (upgradient); MW-115, MW-118, and MW-119 (in-field); and MW-125, MW-142, MW-
143, and RW-18A (downgradient)

» Dissolved Metals:
e Arsenic —in MW-29 (upgradient) only
e Iron—in MW-29 (upgradient) only
e Manganese - in MW-29 and MW-56 (upgradient); MW-114 (in-field); and MW-125 (downgradient)
e Uranium —in MW-55 (upgradient); MW-115, MW-118, and MW-119 (in-field); and MW-125, MW-142, MW-
143, and RW-18A (downgradient)
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» General Chemistry Parameters:

e Chloride —in at least one sample from all of the wells except MW-40 (upgradient) and RW-18A
(downgradient)

e Fluoride —in at least one sample from all of the wells except MW-56 (upgradient) and MW-125
(downgradient)

e Sulfate — in MW-29 (upgradient); MW-115 and MW-118 (in-field); and MW-143, and RW-18A
(downgradient)

e TDS -in MW-29 and MW-55 (upgradient); MW-115 (in-field); and MW-142 and MW-143 (downgradient)

Figure 16 depicts the groundwater analytical data graphically, including those parameters that had one or more
values reported above the screening levels, using the upgradient UTLs as described above, at one or more locations
throughout the monitoring period.

The ionic data obtained during the fourth quarterly sampling event was used to construct Stiff diagrams (Stiff 1951)
and Piper diagrams (Piper 1953) to classify the groundwater upgradient, beneath, and downgradient from the two RO
reject discharge fields. The data and diagrams are provided in Appendix F, along with the diagrams constructed for
the previous three quarterly monitoring events.

The Piper diagrams constructed using the analytical data from wells upgradient, within, and downgradient from the
North RO field indicate the following “types” of groundwater for all four monitoring events:

> Groundwater in all of the wells are of a Calcium Chloride type, as depicted by the diamond plot (combined
cation/anion balance)

» Two of the upgradient wells (MW-140 and MW-141) and the westernmost in-field well (MW-117) are of a Calcium
type for cations, while the remaining wells have no dominant type for cations

All of the wells show Sulfate to be the dominant anion
Individual diagrams for each of the wells associated with the North RO field indicate the following:

e Five of the wells (MW-55, MW-118, MW-119, MW-142, and MW-143) can be classified as Calcium Chloride
type, with no dominant cations, and Sulfate as the dominant anion

e The remaining three wells (MW-117, MW-140, and MW-141) can be classified as Calcium Chloride type,
with Calcium as the dominant cation, and Sulfate as the dominant anion

The Stiff diagrams constructed for the wells associated with the North RO field appear to be of a very similar shape
between upgradient, in-field, and downgradient wells. There are only minor changes in the overall shape of the Stiff
diagrams for each well throughout the four quarterly monitoring periods, with the exception of MW-55. The shape of
the Stiff diagram was very different during the first quarterly monitoring event for MW-55 than the remaining three
events. The Stiff diagrams for the North RO reject discharge field indicate that, based on cation and anion
concentrations, the cessation of RO reject discharge did not result in any significant change in groundwater
characteristics, and that there is no significant difference between upgradient, in-field, and downgradient water quality.

The Piper diagrams constructed using the analytical data from wells upgradient, within, and downgradient from the
South RO field indicate the following “types” (Piper 1953) of groundwater for all four monitoring events:

» Groundwater in all of the wells are of a Calcium Chloride type, as depicted by the diamond plot (combined
cation/anion balance)

» Three of the wells (MW-40, MW-114, and MW-144) are of a Calcium type for cations
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One of the wells (MW-115) is of a Magnesium type for cations
The remaining wells (MW-29, MW-56, MW-116, MW-125, and RW-18A) have no dominant type for cations

All of the wells are of a Sulfate type for anions

vV v. v Vv

Individual diagrams for each of the wells associated with the South RO field indicate the following:

e Five of the wells (MW-29, MW-56, MW-116, MW-125, and RW-18A) can be classified as Calcium Chloride
type, with no dominant cations, and Sulfate as the dominant anion

e One well (MW-115) can be classified as Calcium Chloride type, with Magnesium as the dominant cation,
and Sulfate as the dominant anion

e The remaining three wells (MW-40, MW-114, and MW-144) can be classified as Calcium Chloride type, with
Calcium as the dominant cation, and Sulfate as the dominant anion

The Stiff diagrams constructed for the wells associated with the South RO field appear to be of a very similar shape
between upgradient, in-field, and downgradient wells. There appears to be a decrease in Sulfate concentrations in all
of the wells throughout the monitoring period, as shown in the individual well cumulative Stiff diagrams. The Stiff
diagrams for the South RO reject discharge field indicate that, based on cation and anion concentrations, the cessation
of RO reject discharge has resulted in a decrease in sulfate concentrations, but otherwise did not result in any
significant change in groundwater characteristics, and that there is no significant difference between upgradient, in-
field, and downgradient water quality.

The analytical data for the dissolved metals and general chemistry parameters with at least one reported concentration
above the applicable standards were used to construct trend plots for the time period of 2013 through 2020. The
monitoring wells located within the two fields were installed in 2013 and samples were collected on a quarterly basis
throughout that year. The trend charts are provided in Appendix G.

The analytical data for the dissolved metals and general chemistry parameters were also used to construct a profile of
concentrations for each of the four quarterly monitoring period across each of the two fields. The profile across the
North field was constructed using wells MW-55 (upgradient), MW-117 (near discharge point), MW-118 (near the
northern central portion of the field), and MW-142 (downgradient to the northeast). The profile across the South field
was constructed along the northern portion of the field using MW-56 (west of the field), MW-115 (northwestern area
of the field), MW-116 (northeastern area of the field), and MW-144 (downgradient to the east of MW-116). The
profiles are also provided in Appendix G.

North RO Field Profiles and Trends

> Profiles were constructed from upgradient to downgradient, from southwest to northeast, across the North RO
field using wells MW-55, MW-117 (near the former discharge point), MW-118, and MW-142. The profiles indicate
the following:

e Chloride concentrations decrease from the upgradient well MW-55, through the field, and increase slightly
in downgradient well MW-142. The chloride concentrations are lower in the downgradient well than in the
upgradient well. All of the four wells used for the profile contain concentrations of chloride above the
screening level.

e Fluoride concentrations increase across the field, then decrease at the downgradient location. The fluoride
concentrations in the downgradient well are only slightly higher than in the upgradient well. All but one of
the reported concentrations (MW-55 in October 2019) are above the default screening level and the
upgradient UTL.
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* Magnesium does not have a screening level, but this analyte was included in the profiles as it is used in the
groundwater classification evaluation. The concentration of magnesium decreases from the upgradient well
to the well nearest the former discharge point, then increases across the field and decreases again in the
downgradient well. The magnesium concentrations are lower in the downgradient well than in the
upgradient well.

e Nitrate/nitrite concentrations in all of the wells are below the screening level for all events. The
concentrations fluctuate across the field. The nitrate/nitrite concentrations are typically lower in the
downgradient well than in the upgradient well. All of the reported concentrations of Nitrate/Nitrite are
below both the default screening level and the upgradient UTL.

e Sulfate concentrations increase from the upgradient well, across the field, and decrease slightly in the
downgradient well. The sulfate concentrations are higher in the downgradient well than in the upgradient
well. The sulfate concentrations in all wells are above the default screening level; however, all but one of the
reported concentrations (MW-118 in January 2020) are below the upgradient UTL.

e TDS concentrations decrease from the upgradient well to the well closest to the former discharge point,
then increase across the field. The downgradient concentrations of TDS are lower in the downgradient well
than the upgradient well during two events and higher than the upgradient well in the other two events.
The TDS concentrations in all wells are above the default screening level; however, all but two of the
reported concentrations (MW-55 and MW-142 in July 2019) are below the upgradient UTL.

e Dissolved arsenic concentrations decrease significantly from the upgradient well to the well closest to the
former discharge point, then increase slightly across the field to the downgradient well. The dissolved
arsenic concentrations all of the wells are below the screening level.

e Dissolved boron concentrations decrease significantly from the upgradient well to the well closest to the
former discharge point, then increase slightly across the field to the downgradient well. The dissolved
boron concentrations in the upgradient well are above the default screening level but the concentrations
are below the screening level in all of the other three wells. All reported concentrations of dissolved boron
are below the upgradient UTL.

e Dissolved cobalt concentrations were primarily not detected or were detected at very low concentrations,
well below the default screening level, in all wells.

e Dissolved iron concentrations were primarily not detected or were detected at very low concentrations, well
below the default screening level, in all wells.

e Dissolved lead concentrations were not detected in all samples from all wells during this investigation.

e Dissolved manganese concentrations decrease significantly from the upgradient well to the well closest to
the former discharge point, then increase slightly across the field to the downgradient well. The dissolved
manganese concentrations in all wells are below the default screening level.

e Dissolved uranium concentrations decrease significantly from the upgradient well to the well closest to the
former discharge point, then increase across the field to the downgradient well. The dissolved uranium
concentrations in the downgradient well are below the concentrations in the upgradient well. The dissolved
uranium concentrations are below the default screening level in the well closest to the former discharge
point, but above the default screening level in all other wells. The upgradient UTL for uranium is slightly
higher than the default screening level.

> Trends in the data were reviewed between 2013 and 2020. The trend charts indicate the following:

e Chloride concentrations appear to be increasing in upgradient well MW-55 and have been above the
screening level since 2017. The chloride concentrations were relatively stable in the upgradient wells MW-
141 and MW-142 installed as part of this AP. Chloride concentrations fluctuated in the in-field wells from
2013 to 2020, with an overall decrease observed in the wells between 2013 to 2014, an increase between
2014 and 2016, a slight decrease between late 2016 and early 2018, an increase between early 2018 and
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mid-2018, followed by a decrease in 2020. The concentrations in the downgradient well MW-142 appear
stable while the concentrations in downgradient well MW-143. As seen in the profile across the field, all of
the chloride concentrations reported during this AP were above the screening level.

e Fluoride concentrations have fluctuated between 2013 and 2020 in both the upgradient and in-field wells.
The concentrations in the in-field wells are typically higher than those in either the upgradient or
downgradient directions. The concentrations in the upgradient wells MW-140 and MW-141 are similar to
those reported for downgradient wells MW-142 and MW-143.

e Magnesium concentrations appear to be relatively stable and appear to be slightly higher in the in-field and
downgradient wells than the upgradient wells.

e Nitrate/nitrite concentrations in upgradient well MW-44 have been below the default screening level
between 2013 and 2020, with the exception of one value reported in early 2015. The concentrations of
nitrate/nitrite in upgradient well MW-140 fluctuated above and below the default screening level between
2019 and 2020, but the concentrations in MW-141 were all below the default screening level. Nitrate/nitrite
concentrations in all of the in-field wells are below the screening level for all events between 2013 and 2020
but show fluctuation through that time period. The nitrate/nitrite concentrations are significantly lower in
the downgradient wells, well below the default screening level. All of the nitrate/nitrite concentrations in all
of the wells included in this investigation are below the calculated upgradient UTL.

e Sulfate concentrations have fluctuated in the upgradient well MW-55 but show an overall decrease between
2013 and 2020. The sulfate concentrations in upgradient wells MW-140 and MW-141 are generally in the
same range as those in MW-55 during 2019 and 2020. The sulfate concentrations in in-field wells fluctuate
between 2013 and 2020, but in general appear fairly stable. The concentrations in sulfate in the
downgradient wells MW-142 and MW-143 appear to be in the same range as the concentrations in the
upgradient and in-field wells. The sulfate concentrations in all wells are above the default screening level,
with the exception of an anomalously low value reported for sulfate in MW-117 in October 2017. The
majority of the sulfate concentrations in these wells are below the upgradient UTL.

e TDS concentrations have fluctuated in the upgradient well MW-55 but show an overall decrease between
2013 and 2020. The TDS concentrations in upgradient wells MW-140 are generally in the same range as
those in MW-55 during 2019 and 2020, while the concentrations in MW-141 are lower than the other two
upgradient wells. The TDS concentrations in in-field wells fluctuate between 2013 and 2020, but in general
appear fairly stable. The concentrations in TDS in the downgradient wells MW-142 and MW-143 appear to
be in the same range as the concentrations in the upgradient and in-field wells. The TDS concentrations in
all wells are above the default screening level. The TDS concentrations have been below the upgradient UTL
since early 2016 in all wells, with a few exceptions (MW-55 in Jul 2019, MW-142 in July 2019, and MW-143
in July and October 2019).

e Dissolved arsenic concentrations in upgradient well MW-55 fluctuate but appear relatively stable between
2013 and 2020, with an outlier in early 2019. The concentrations of dissolved arsenic in upgradient wells
MW-140 and MW-141 in 2019 and 2020 are lower than the concentrations in MW-55. Concentrations of
dissolved arsenic in the in-field wells have been generally decreasing between 2013 and 2020, with an
outlier in MW-117 in early 2018. The dissolved arsenic concentrations in the downgradient wells are lower
than those of the upgradient wells. The concentrations of dissolved arsenic in all of the wells were below
the default screening level in 2019 and 2020.

e Dissolved boron concentrations in upgradient well MW-55 fluctuate but have an overall stable to declining
trend. The concentrations in MW-55 are above the default screening level but the concentrations in MW-
140 and MW-141 are below the default screening level. The concentrations of dissolved boron reported for
the in-field wells are below the default screening level. The concentrations in wells MW-118 and MW-119
show a slight increase between 2013 and 2014. The concentrations of dissolved boron for MW-142 are
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below the default screening level, but concentrations for MW-143 are above the default screening level. All
of the concentrations of dissolved boron are below the upgradient UTL.

Dissolved cobalt concentrations were primarily not detected or were detected at very low concentrations,
well below the default screening level, in all wells for this investigation. No significant trends are noted in
this data.

Dissolved iron concentrations were either not detected or were detected at very low concentrations, well
below the default screening level, in all wells for this investigation. No significant trends are noted in this
data.

Dissolved lead concentrations were either not detected or were detected at very low concentrations, well
below the default screening level, in all wells for this investigation. No significant trends are noted in this
data.

Dissolved manganese concentrations appear to be stable to declining in upgradient well MW-55 between
2013 to early 2017, then appear to increase between early 2017 to 2020. The dissolved manganese
concentrations in upgradient wells MW-140 and MW-141 are lower than those in MW-55. Dissolved
manganese concentrations appear to have decreased in the in-field wells between 2013 and 2020. The
dissolved manganese concentrations in downgradient wells MW-142 and MW-143 appear to be similar to
or lower than the upgradient concentrations. All of the reported concentrations of dissolved manganese
between 2013 and 2020 are below the default screening level.

Dissolved uranium concentrations appear to be stable to slightly increasing in upgradient well MW-55, with
all values above the default screening level and the upgradient UTL. The dissolved uranium concentrations
in upgradient well MW-140 are slightly above the default screening level, while the concentrations in well
MW-141 are below the default screening level. The dissolved uranium concentrations reported for in-field
well MW-117 are below the default screening level from 2013 to 2020, with a decreasing trend in
concentrations. The concentrations of dissolved uranium show decreasing trends for in-field wells MW-118
and MW-119 but increasing trends in these two wells in 2019 to 2020. The concentrations in MW-118 were
below the default screening level in 2013, but are above the default screening level in 2020, while the
concentrations in MW-119 are above the default screening level throughout. The dissolved uranium
concentrations in downgradient wells MW-142 and MW-143 are above the default screening level, at
similar concentrations to those reported in MW-55, MW-118, and MW-119. There is little difference
between the default screening level and the UTL for uranium.

South RO Field Profiles and Trends

> Profiles were constructed from upgradient to downgradient across the northern and southern portions of the
South RO field. The profile across the northern portion of the field included wells MW-56, MW-115, MW-116, and
MW-144. The profile across the southern portion of the field included wells MW-40, MW-114, MW-125, and RW-
18A. The groundwater potentiometric surface is mounded between MW-114 and MW-115, as described in Section
4.3; however, the primary flow pattern is from MW-114 or MW-115 to the east. The profiles indicate the following:

Chloride concentrations appear to increase as slightly moving from the area of MW-114 and MW-115 to
the east, then decreases again in the downgradient wells. Chloride concentrations are primarily above the
default screening level in the northern portion of the field, decreasing to near or below the default
screening level in MW-144. Chloride concentrations are primarily below the default screening level within
the southern portion of the field, but increase at MW-125, then decrease at RW-18A.

Fluoride concentrations appear to decrease moving east across the northern portion of the field, then
increase at MW-144. However, fluoride concentrations decrease moving east across the southern portion of
the field to below the screening levels at MW-125, then increase at RW-18A. Fluoride concentrations are
above the default screening level and upgradient UTL in the northern portion of the field and at RW-18A.
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® Magnesium concentrations decrease moving eastward across the northern portion of the field but increase
from the southern portion of the field moving eastward.

e Nitrate/nitrite concentrations appear slightly elevated at MW-115 in the northern portion of the field but
decrease significantly to the east. Nitrate/nitrite concentrations do not fluctuate significantly in the southern
portion of the field. All of the nitrate/nitrite concentrations observed during this investigation are below the
default screening level and upgradient UTL.

o Sulfate concentrations are slightly higher at MW-115 and decrease moving to the east across the northern
portion of the field; however, sulfate concentrations increase eastward of MW-114 in the southern portion
of the field. All of the sulfate concentrations reported during this investigation are above the default
screening level but are below the upgradient UTL with two exceptions (MW-115 and RW-18A in July 2019).

e TDS concentrations are very similar to the sulfate concentrations in that the concentrations are slightly
higher at MW-115 and decrease moving to the east across the northern portion of the field but increase
eastward of MW-114 in the southern portion of the field. All of the TDS concentrations reported during this
investigation are above the default screening level but are below the upgradient UTL with two exceptions
(MW-115 in July 2019 and June 2020).

o Dissolved arsenic concentrations decrease moving eastward across the field from both MW-114 and MW-
115. All of the reported concentrations for dissolved arsenic for this investigation were below the default
screening level.

e Dissolved boron concentrations decrease moving eastward across the field from MW-115 in the northern
portion of the field but increase slightly moving eastward from MW-114 in the southern portion of the field.
All of the reported concentrations for dissolved boron for this investigation were below both the default
screening level and the upgradient UTL.

e Dissolved cobalt concentrations were primarily not detected or were detected at very low concentrations,
well below the default screening level, in all wells for this investigation. No significant trends are noted in
this data.

e Dissolved iron concentrations were either not detected or were detected at very low concentrations, well
below the default screening level, in all wells for this investigation. No significant trends are noted in this
data.

e Dissolved lead concentrations were either not detected or were detected at very low concentrations, well
below the default screening level, in all wells for this investigation. No significant trends are noted in this
data.

e Dissolved manganese concentrations decline significantly moving eastward from both MW-114 and MW-
115. The reported concentrations in both MW-114 is above the default screening level but the
concentrations in downgradient wells MW-144 and RW-18A are below the default screening level.

e Dissolved uranium concentrations decrease significantly to the east from MW-115 but are above both the
default screening level and the upgradient UTL at MW-115. Uranium increases significantly eastward from
MW-114 and the concentrations in RW-18A are above both the default screening level and the upgradient
UTL.

» Trends in the data were reviewed between 2013 and 2020. The trend charts indicate the following:

e Chloride concentrations appear to be increasing in wells MW-29, MW-40, and MW-56, located west of the
South RO field. The concentrations have been above and below the screening level in all three wells
between 2013 and 2020 but appear to be generally stable to declining in these wells. Chloride
concentrations also fluctuated in the in-field wells from 2013 to 2020, with an overall decrease observed in
the wells between 2013 to 2018, followed by a general increase in 2019 to 2020. The concentrations in the
downgradient wells MW-125 and RW-18A appear stable to decreasing. Concentrations in downgradient
well MW-144, installed for this AP, are in the same general range as wells MW-125 and RW-18A.
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Concentrations of chloride are above the screening level during some or most of 2019 to 2020 in wells
MW-29, MW-56, MW-115, MW-116, and MW-125.

Fluoride concentrations have fluctuated between 2013 and 2020 in all of the wells associated with the
South RO field. The concentrations in the in-field wells are typically higher than those in either the west or
east directions. Concentrations in downgradient well MW-144 are slightly higher than those reported for
downgradient well RW-18A. Concentrations of fluoride are above the both the default screening level and
the upgradient UTL during some or most of 2019 to 2020 in wells MW-29, MW-40, MW-114, MW-115,
MW-116, MW-144, and RW-18A.

Magnesium concentrations have decreased in MW-29 between 2013 and 2020 but appear to be relatively
stable with little to no trend in concentrations in the remaining wells. Magnesium was not analyzed in wells
within or downgradient (east) of the South RO reject discharge field prior to 2019.

Nitrate/nitrite concentrations in all of the wells associated with the South RO field are below the default
screening level. Concentrations have fluctuated between 2013 and 2020 in all of the wells, with a general
overall decrease in concentrations. The nitrate/nitrite concentration in MW-115 appears to have increased
during the June 2020 sampling event above previous concentrations.

Sulfate concentrations have fluctuated in all of the wells associated with the South RO field, with a general
stable to declining trend observed in all wells between 2013 and 2020. The concentration of sulfate in all
wells associated with this field exceed the default screening level. However, the majority of the
concentrations reported between 2019 and 2020 are below the upgradient UTL and show a general
decreasing trend.

TDS concentrations have fluctuated in all of the wells associated with the South RO field, with a general
stable to declining trend observed in all wells between 2013 and 2020. The concentration of TDS in all wells
associated with this field exceed the default screening level. However, the majority of the concentrations
reported between 2019 and 2020 are below the upgradient UTL, with a few exceptions (MW-29 in July
2019, MW-115 in July 2019 and June 2020, MW-125 in July 2019).

Dissolved arsenic concentrations all of the wells associated with the South RO field are below the default
screening level, with the exception of two values reported for MW-29 (April 2013 and October 2019). The
concentrations reported between 2013 and 2020 show a general decrease for all wells.

Dissolved boron concentrations in well MW-29 are above the default screening level, with a decrease in
concentrations between October 2019 and June 2020. The concentration in wells MW-40 and MW-56 are
below the default screening level and appear to be relatively stable. The dissolved boron concentrations
reported for in-field wells MW-114 and MW-116 are generally below the default screening level (with the
exception of MW-115 in 2013 and MW-114 in late 2013) with stable to decreasing trends between 2013
and 2020. The concentrations of dissolved boron in downgradient wells MW-125, MW-144, and RW-18A
are all below the default screening level. All of the reported concentrations of dissolved boron between
2013 and 2020 are below the upgradient UTL.

Dissolved cobalt concentrations were primarily not detected or were detected at very low concentrations,
well below the default screening level, in all wells for this investigation. No significant trends are noted in
this data.

Dissolved iron concentrations were primarily not detected or were detected at very low concentrations, well
below the default screening level, in all wells for this investigation. There is one anomalous reported
concentration of iron in MW-29 in October 2019; however, the samples collected between 2013 and 2019
and in June 2020 were much lower, if detected. No significant trends are noted in this data.

Dissolved lead concentrations were either not detected or were detected at very low concentrations, well
below the default screening level, in all wells for this investigation. No significant trends are noted in this
data.

Project 6703180022 | 11/19/2020 Page 16



Reverse Osmosis Reject Discharge Fields Stage 1 Abatement — Final Report

HollyFrontier Navajo Refining LLC

e Dissolved manganese concentrations appear to be stable to declining between 2013 and 2020 in all of the
wells associated with the South RO field. The concentrations of dissolved manganese are above the
screening level in wells MW-29, MW-56, MW-114, and MW-125, but are below the screening level in wells
MW-40, MW-115, MW-116, and RW-18A.

e Dissolved uranium concentrations are below the default screening level for wells MW-29, MW-40, MW-56,
MW-114 (with the exception of late 2013), and MW-144. The concentrations of dissolved uranium are
above the default screening level for wells MW-115, MW-116 (in 2013), MW-125, and RW-18A. The
concentrations of dissolved uranium appear to be declining in MW-116 between 2013 and 2020 but appear
to be increasing slightly in MW-115. Dissolved uranium has not been reported for the wells located east or
west of the South RO field prior to this AP.
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5.0 SUMMARY AND CONCLUSIONS

The Stage 1 AP approved work plan has been implemented and completed, with a delay in collection of the fourth
quarterly sampling event due to pandemic restrictions.

5.1 Summary of Activities

The monitoring events conducted for this AP included the following activities:
» Soil sampling:

e Soil samples were collected from three different depths during installation of the soil moisture probe.

e Analytical data indicate that four metals (arsenic, cobalt, iron, and manganese) are present in total
concentrations above the applicable screening levels for soil. Arsenic, cobalt, and iron concentrations exceed
the soil-leaching-to-groundwater screening level while manganese exceeds the construction worker screening
level.

e Analytical data indicate that two general chemistry parameters (fluoride and sulfate) and one metal (iron) are
present at leachable concentrations above the applicable screening levels for groundwater. All of the
leachable sulfate concentrations were below the upgradient UTL. Only one of the reported leachable
concentrations of iron exceeded the default groundwater screening level.

» Soil moisture:

e Monitoring of soil moisture was conducted at three different depths at eight different locations.

e Graphs of data collected between July 16, 2019 and June 30, 2020 indicate that the fields have stabilized.
Moisture contents observed were consistent with values expected for the soil types within the fields. Soil
moisture responded to significant precipitation events as observed during October 2019 and March 2020.

» Groundwater sampling:

e Groundwater samples during four different events were collected from the 17 monitoring wells along with 2
duplicate samples collected during each event.

e Groundwater analytical data was compared to default screening levels for all analytes. The default screening
levels were exceeded in at least one well for the following analytes: Boron, Manganese, Uranium, Chloride,
Fluoride, Nitrate/Nitrite, Sulfate, and TDS.

e Fourwells (UG-1, UG2, UG3R, UG4) located to the west of the refinery, hydraulically upgradient and not
impacted by Refinery operations, were used to calculate upgradient UTLs for Boron, Uranium, Fluoride,
Nitrate/Nitrite, Sulfate, and TDS. The groundwater analytical data was compared to the upgradient UTLs,
which were exceeded in at least one well for: Uranium, Fluoride, Sulfate, and TDS. None of the reported
concentrations of Boron or Nitrate/Nitrite exceed the upgradient UTLs.

e Water classification diagrams have been constructed for samples collected from each well to evaluate changes
to the groundwater following cessation of discharge of the RO reject stream.

e Concentration trends and profiles were constructed and reviewed for each field to evaluate changes to the
groundwater through time and across the two RO reject discharge fields.

5.2 Conclusions

The groundwater data collected as part of this Stage 1 AP, as well as data collected during the 2013 investigation of
the RO fields and for the semiannual facility-wide groundwater monitoring program has been evaluated. The following
conclusions are based on the data evaluations presented in this report:

» Soil Moisture and Potentiometric Surfaces:
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Soil moisture probe data indicates that both the North and South RO reject discharge fields have reached field
capacity, or normal conditions, following cessation of discharge.

Potentiometric surface maps indicate that little to no mounding is present near the former outfall within the
North RO reject discharge field and while the groundwater gradient appears to fluctuate seasonally, the
direction of flow is consistently from southwest to northeast.

The potentiometric surface maps indicate that mounding is present between MW-114 and MW-115 in the
South RO reject discharge field. The source of the mounding was previously believed to be the RO reject
discharge; however, the persistence of the mounding even though the moisture probe data shows the soil has
reached field capacity indicates that there may be other reasons for the mounding.

» North RO Reject Discharge Field groundwater impacts:

COCs that exceed the UTL or default screening standards in at least one well associated with the North RO
reject discharge field, for at least one of the groundwater monitoring events between July 2019 and June
2020, include:

= Chloride
=  Fluoride

= Nitrate/Nitrite

= Sulfate
= TDS
=  Boron

=  Uranium

The following observations are made regarding the groundwater beneath and downgradient of the North RO
reject discharge field:

= Chloride decreases near the discharge point, indicating that some dilution of chloride occurred as a result
of the application of the RO reject stream, then increases in the downgradient direction but does not
return to the concentration observed upgradient of the North RO reject discharge field. The leachable
concentrations of chloride in shallow soils do not exceed the default screening level for groundwater.
Thus, it does not appear that discharge of the RO reject stream has resulted in increased chloride
concentrations in groundwater. Further, it does not appear that future migration of chloride from the
shallow soil to groundwater will occur at concentrations that would negatively impact groundwater
quality. Thus, no further action is needed to address chloride.

= Fluoride increases in groundwater as it moves to the middle of the field, then decreases in the
downgradient well but does not decrease to below the upgradient UTL for groundwater. The leachable
fluoride concentrations in shallow soils within the field exceed the upgradient UTL for groundwater. These
two observations indicate that, although attenuation appears to be occurring, fluoride in the soil within
the field may be migrating into groundwater beneath the North RO reject discharge field. Thus, continued
monitoring of fluoride in groundwater is needed, and additional future actions may be needed to address
fluoride in the shallow sails.

=  Nitrate/Nitrite concentrations in MW-140, upgradient of the North RO field, exceeded the default
screening level but were below the upgradient UTL for groundwater. The leachable concentrations of
nitrate/nitrite in shallow soils do not exceed the default screening level for groundwater. Thus, it does not
appear that discharge of the RO reject stream has resulted in increased nitrate/nitrite concentrations in
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groundwater. Further, it does not appear that future migration of nitrate/nitrite from the shallow soil to
groundwater will occur at concentrations that would negatively impact groundwater quality. Thus, no
further action is needed to address nitrate or nitrite.

Sulfate increases slightly in groundwater as it moves across the field, then decreases in the downgradient
well to below the upgradient UTL for groundwater. The leachable sulfate concentrations in shallow soils
within the field do not exceed the upgradient UTL for groundwater. These two observations indicate that
adequate attenuation of sulfate is occurring beneath the North RO reject discharge field and that future
migration of sulfate from the shallow soil to groundwater will not occur at concentrations that would
negatively impact groundwater quality. It should be noted that gypsum is a natural source of sulfate and
the parent material for the Reeves loam soil, which comprises approximately 20 acres of the North RO
reject discharge field, likely contributes to the presence of sulfate in both upgradient groundwater and
groundwater beneath the North RO reject discharge field. Thus, continued monitoring of sulfate
concentrations in groundwater is needed; however, it is not anticipated that remediation of sulfate in
shallow soil is warranted and may not even be possible.

TDS fluctuates across the field, decreasing significantly at the discharge point, then increasing slightly
across the field and in the downgradient direction. TDS did not exceed the upgradient UTL during the two
sampling events of 2020. This indicates that adequate attenuation of TDS is occurring beneath the North
RO reject discharge field. Thus, no further action is warranted to address TDS.

Boron decreases significantly near the discharge point, then increases in the middle and downgradient of
the field. Only two wells contained reported concentrations of boron above the default screening level
and none of the concentrations exceeded the upgradient UTL for groundwater. None of the leachable
concentrations of boron in shallow soils exceed the default screening level for groundwater. Thus, it does
not appear that discharge of the RO reject stream caused an increase in boron concentrations in
groundwater. Further, it does not appear that future migration of boron from the shallow soil to
groundwater will occur at concentrations that would negatively impact groundwater quality. Thus, no
further action is warranted to address boron.

Uranium decreases near the discharge point, then increases in the middle and downgradient of the field,
but the concentrations do not return to the concentration observed upgradient of the North RO reject
discharge field. The leachable uranium concentrations in shallow soil do not exceed either the default
screening level or the upgradient UTL for groundwater. Thus, it does not appear that discharge of the RO
reject stream has caused a significant increase in uranium concentrations above the UTL in groundwater.
Further, it does not appear that future migration of uranium from the shallow soil to groundwater will
occur at concentrations that would negatively impact groundwater quality. Thus, no further action is
warranted to address uranium.

» South RO Reject Discharge Field:

e COCs that exceed the UTL or default screening standards in at least one well for at least one of the monitoring
events between July 2019 and June 2020 include:

Chloride
Fluoride
Sulfate
TDS

Boron
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Manganese

Uranium

e The following observations are made based on the concentration profiles across the South RO reject
discharge field:

Chloride increases from the mounded groundwater (between MW-114 and MW-115) as groundwater
moves eastward across the field, then decreases downgradient of the field. The leachable concentrations
of chloride in shallow soils do not exceed the default screening level for groundwater. Thus, it does not
appear that discharge of the RO reject stream caused a significant increase in chloride concentrations in
groundwater. Further, it does not appear that future migration of chloride from the shallow soil to
groundwater will occur at concentrations that would negatively impact groundwater quality. Thus, no
further action is warranted to address chloride.

Fluoride decreases in groundwater as it moves eastward from the groundwater mound between MW-114
and MW-115, then increases in the downgradient wells. The leachable fluoride concentrations in shallow
soils within the field exceed the upgradient UTL for groundwater. These two observations indicate that,
although attenuation appears to be occurring within the field, the potential exists for fluoride in the
shallow soil to migrate into groundwater beneath and downgradient of the South RO reject discharge
field. Thus, continued monitoring of fluoride in groundwater is needed, and additional future actions may
be needed to address fluoride in the shallow soils.

Sulfate increases moving eastward across the southern portion of the field but decreases slightly across
the northern portion of the field and to the northernmost downgradient well. The sulfate concentrations
in the downgradient wells have not exceeded the upgradient UTL for groundwater since July 2019. The
leachable sulfate concentrations in shallow soils within the field do not exceed the upgradient UTL for
groundwater. These two observations indicate that adequate attenuation of sulfate is occurring beneath
the South RO reject discharge field. It does not appear that future migration of sulfate from the shallow
soil to groundwater will occur at concentrations that would negatively impact groundwater quality. Thus,
continued monitoring of sulfate in groundwater concentrations is needed; however, it is not anticipated
that remediation of sulfate in shallow soil is warranted.

TDS fluctuates across the field, decreasing to below the upgradient UTL in the downgradient wells. This
indicates that adequate attenuation of TDS is occurring beneath the North RO reject discharge field. Thus,
continued monitoring of TDS concentrations is needed.

Boron decreases significantly near the discharge point, and the concentrations in the downgradient wells
are below the default screening levels. Only two wells contained reported concentrations of boron above
the default screening level and none of the concentrations exceeded the upgradient UTL for groundwater.
None of the leachable concentrations of boron in shallow soils exceed the default screening level for
groundwater. Thus, it does not appear that discharge of the RO reject stream caused an increase in boron
concentrations in groundwater. Further, it does not appear likely that future migration of boron from the
shallow soil to groundwater will occur at concentrations that would negatively impact groundwater
quality. Thus, no further action is warranted for boron.

Manganese exceeds the screening levels near the discharge point and the well east of the discharge point,
however, is below the default screening level in the two most downgradient wells. None of the leachable
concentrations of manganese in shallow soils exceed the default screening level for groundwater. Thus, it
does not appear that discharge of the RO reject stream has caused an increase in manganese
concentrations in groundwater. Further, it does not appear that future migration of manganese from the
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shallow soil to groundwater will occur at concentrations that would negatively impact groundwater
quality. Thus, no further action is warranted for manganese.

= Uranium decreases near the discharge point (MW-114), then increases to above the default screening
level and the upgradient UTL in RW-18A. Uranium concentrations at MW-115 exceed both the default
screening level and the upgradient UTL, but decrease moving eastward to MW-144 to well below the
screening levels. Uranium concentrations appear to have a stable to declining trend between 2013 and
2020. None of the leachable concentrations of uranium in shallow soils exceed the default screening level
for groundwater. Thus, it does not appear that future migration of uranium from the shallow soil to
groundwater will occur at concentrations that would negatively impact groundwater quality. Continued
monitoring of uranium concentrations is needed.

P The characteristics of the soil types present in both the North and South RO reject discharge fields were reviewed
to evaluate potential sources of inorganic COCs and/or effects on COCs that were present in the former discharge
water.

5.3

The presence of gypsum in the primary soil within the North RO reject discharge field indicates that the
sulfate present in groundwater may be from a natural source. Continued groundwater monitoring is needed
to monitor the trends of sulfate in groundwater, but remediation of sulfate in the soil is not warranted.

Calcium carbonate present in the soils present in both fields may be contributing to binding fluoride from the
former discharge water into the form of calcium fluoride. Further study of the leachability of fluoride from the
soil and potential methods for limiting migration of fluoride from the soil to groundwater is needed.

Recommendations

The conclusions listed above indicate that, in general, the majority of potential contaminants, do not pose a threat to
either human health or the environment due to past operation of the RO reject discharge fields. However, there
remains a potential for migration of fluoride from shallow soil to the underlying groundwater. Thus, the following
recommendations are made for the RO reject discharge fields:

» 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

= TDS (South RO reject discharge field only

= Uranium (South RO reject discharge field only)

Inclusion of the analytical data in the annual facility-wide monitoring report.
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P> Preparation and submittal of a Stage 2 Abatement Plan Work Plan in accordance with NMAC 20.6.2.4106.D,
following approval of this Stage 1 Abatement Plan Report. The Stage 2 work plan would 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 following recommendations will be implemented upon receipt of approval of this Stage 1 AP Report, as follows:

» Continued groundwater monitoring will be scheduled to occur at the same time as semiannual facility-wide
groundwater monitoring. Installation of the recommended two additional monitoring wells will be performed
prior to the first semiannual monitoring event following approval of this Stage 1 AP Report, if scheduling and
weather allows.

» Stage 2 Abatement Plan Work Plan will be submitted within 60 days of receipt of approval of this Stage 1 AP
Report.
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Table 1 - Water Level Measurements

Reverse Osmosis Reject Discharge Fields Stage 1 Abatement

HollyFrontier Navajo Refining LLC, Artesia, NM

Depth to Top of Groundwater

Field Area Well Event Date Water Casing Elevation
(ft btoc) (ft amsl) (ft amsl)

Quarter 1 | 7/17/2019 13.10 3364.77 3351.67

Quarter 2 | 10/22/2019 12.51 3364.77 3352.26

MW-55 Quarter 3 | 1/16/2020 14.50 3364.77 3350.27

Quarter 4a | 4/15/2020 13.78 3364.77 3350.99

Quarter 4b | 6/16/2020 15.02 3364.77 3349.75

Quarter 1 | 7/15/2019 9.46 3361.23 3351.77

Quarter 2 | 10/22/2019 9.31 3361.23 3351.92

Upgradient MW-140 | Quarter 3 | 1/16/2020 11.21 3361.23 3350.02
Quarter 4a | 4/15/2020 10.45 3361.23 3350.78

Quarter 4b | 6/16/2020 11.92 3361.23 3349.31

Quarter 1 | 7/15/2019 10.62 3359.89 3349.27

Quarter 2 [ 10/22/2019 9.95 3359.89 3349.94

MW-141 Quarter 3 | 1/16/2020 11.35 3359.89 3348.54

Quarter 4a | 4/15/2020 10.38 3359.89 3349.51

Quarter 4b | 6/16/2020 12.57 3359.89 3347.32

Quarter 1 | 7/17/2019 12.58 3363.01 3350.43

Quarter 2 | 10/22/2019 11.78 3363.01 3351.23

MW-117 | Quarter 3 | 1/16/2020 13.95 3363.01 3349.06

Quarter 4a | 4/15/2020 13.37 3363.01 3349.64

Quarter 4b | 6/16/2020 14.65 3363.01 3348.36

North RO Field Quarter 1 | 7/17/2019 1523 336195 3346.72
Quarter 2 [ 10/22/2019 15.19 3361.95 3346.76

In Field MW-118 | Quarter 3 | 1/16/2020 16.60 3361.95 3345.35
Quarter 4a | 4/15/2020 16.10 3361.95 3345.85

Quarter 4b | 6/16/2020 17.76 3361.95 3344.19

Quarter 1 | 7/17/2019 13.75 3356.11 3342.36

Quarter 2 | 10/22/2019 13.70 3356.11 3342.41

MW-119 [ Quarter 3 | 1/16/2020 15.99 3356.11 3340.12

Quarter 4a | 4/15/2020 16.47 3356.11 3339.64

Quarter 4b | 6/16/2020 16.02 3356.11 3340.09

Quarter 1 | 7/12/2019 13.16 3355.78 3342.62

Quarter 2 [ 10/22/2019 13.13 3355.78 3342.65

MW-142 [ Quarter 3 | 1/16/2020 15.35 3355.78 3340.43

Quarter 4a | 4/15/2020 15.80 3355.78 3339.98

) Quarter 4b | 6/16/2020 15.51 3355.78 3340.27
Downgradient Quarter 1 | 7/12/2019 13.51 3355.85 3342.34
Quarter 2 [ 10/22/2019 13.58 3355.85 3342.27

MW-143 [ Quarter3 | 1/16/2020 15.96 3355.85 3339.89

Quarter 4a | 4/15/2020 16.47 3355.85 3339.38

Quarter 4b | 6/16/2020 15.79 3355.85 3340.06

Quarter 1 | 7/17/2019 18.61 3360.64 3342.03

Quarter 2 | 10/22/2019 18.21 3360.64 3342.43

MW-29 Quarter 3 | 1/16/2020 19.49 3360.64 3341.15

Quarter 4a | 4/15/2020 19.03 3360.64 3341.61

South RO Field Upgradient Quarter 4b | 6/16/2020 20.76 3360.64 3339.88
Quarter 1 | 7/17/2019 11.87 3356.93 3345.06

Quarter 2 | 10/22/2019 11.44 3356.93 3345.49

MW-40 Quarter 3 | 1/16/2020 12.34 3356.93 3344.59

Quarter 4a | 4/15/2020 11.75 3356.93 3345.18

Quarter 4b | 6/16/2020 13.86 3356.93 3343.07
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Table 1 - Water Level Measurements
Reverse Osmosis Reject Discharge Fields Stage 1 Abatement
HollyFrontier Navajo Refining LLC, Artesia, NM

Depth to Top of Groundwater
Field Area Well Event Date Water Casing Elevation
(ft btoc) (ft amsl) (ft amsl)
Quarter 1 | 7/17/2019 14.00 3357.44 3343.44
Quarter 2 | 10/22/2019 13.21 3357.44 3344.23
Upgradient MW-56 Quarter 3 | 1/16/2020 16.14 3357.44 3341.30
Quarter 4a | 4/15/2020 15.58 3357.44 3341.86
Quarter 4b | 6/16/2020 16.67 3357.44 3340.77
Quarter 1 | 7/17/2019 13.96 3361.68 3347.72
Quarter 2 | 10/22/2019 13.47 3361.68 3348.21
MW-114 | Quarter 3 | 1/16/2020 14.02 3361.68 3347.66
Quarter 4a | 4/15/2020 13.98 3361.68 3347.70
Quarter 4b | 6/16/2020 15.98 3361.68 3345.70
Quarter 1 | 7/17/2019 13.75 3359.31 3345.56
Quarter 2 | 10/22/2019 12.95 3359.31 3346.36
In Field MW-115 | Quarter 3 | 1/16/2020 15.11 3359.31 3344.20
Quarter 4a | 4/15/2020 14.89 3359.31 3344.42
Quarter 4b | 6/16/2020 16.18 3359.31 3343.13
Quarter 1 | 7/17/2019 14.06 3353.77 3339.71
Quarter 2 | 10/22/2019 1277 3353.77 3341.00
South RO Field MW-116 | Quarter 3 | 1/16/2020 15.22 3353.77 3338.55
Quarter 4a | 4/15/2020 15.53 3353.77 3338.24
Quarter 4b | 6/16/2020 16.18 3353.77 3337.59
Quarter 1 | 7/17/2019 17.02 3358.81 3341.79
Quarter 2 | 10/22/2019 16.11 3358.81 3342.70
MW-125 | Quarter 3 | 1/16/2020 17.45 3358.81 3341.36
Quarter 4a | 4/15/2020 17.82 3358.81 3340.99
Quarter 4b | 6/16/2020 19.17 3358.81 3339.64
Quarter 1 | 7/16/2019 14.51 3351.12 3336.61
Quarter 2 | 10/22/2019 13.13 3351.12 3337.99
Downgradient | MW-144 | Quarter 3 | 1/16/2020 15.75 3351.12 3335.37
Quarter 4a | 4/15/2020 16.35 3351.12 3334.77
Quarter 4b | 6/16/2020 16.04 3351.12 3335.08
Quarter 1 | 7/17/2019 15.99 3350.84 3334.85
Quarter 2 | 10/22/2019 14.02 3350.84 3336.82
RW-18A | Quarter 3 | 1/16/2020 16.94 3350.84 3333.90
Quarter 4a | 4/15/2020 16.41 3350.84 3334.43
Quarter 4b | 6/16/2020 16.94 3350.84 3333.90
Abbreviations Notes
ft feet Quarter 4a includes water level measurements conducted in April
ft amsl feet above mean sea level 2020; however, no samples were collected in April 2020 due to COVID
ft btoc feet below top of casing travel restrictions. Quarter 4b includes water level measurements
RO Reverse Osmosis conducted in June 2020 associated with the final sampling event for

this investigation.
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Reverse Osmosis Reject Discharge Fields Stage 1 Abatement — Final Report

HollyFrontier Navajo Refining LLC

FIGURES
(1 through 5)
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require


http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
https://offices.sc.egov.usda.gov/locator/app?agency=nrcs
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951

alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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Soil Map

The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Custom Soil Resource Report

Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
Karro loam, 0 to 1 percent 4.2
slopes
Pima silt loam, 0 to 1 percent 0.9
slopes
Reeves loam, 0 to 1 percent 20.1
slopes
Totals for Area of Interest 25.3

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
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landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.
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Eddy Area, New Mexico

Kr—Karro loam, 0 to 1 percent slopes

Map Unit Setting
National map unit symbol: 1w4v
Elevation: 2,500 to 5,300 feet
Mean annual precipitation: 10 to 15 inches
Mean annual air temperature: 57 to 64 degrees F
Frost-free period: 200 to 230 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Karro and similar soils: 99 percent
Minor components: 1 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Karro

Setting
Landform: Alluvial fans, plains
Landform position (three-dimensional): Riser, rise, talf
Down-slope shape: Linear, convex
Across-slope shape: Linear
Parent material: Mixed alluvium

Typical profile
H1 - 0to 10 inches: loam
H2 - 10 to 90 inches: clay loam

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.60 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 60 percent
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Sodium adsorption ratio, maximum: 1.0
Available water capacity: High (about 10.5 inches)

Interpretive groups
Land capability classification (irrigated): 2s
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C
Ecological site: R042XC030NM - Limy
Hydric soil rating: No

Minor Components

Reeves
Percent of map unit: 1 percent

10
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Ecological site: R042XC007NM - Loamy
Hydric soil rating: No

Pe—Pima silt loam, 0 to 1 percent slopes

Map Unit Setting
National map unit symbol: 1w58
Elevation: 600 to 4,200 feet
Mean annual precipitation: 8 to 25 inches
Mean annual air temperature: 60 to 70 degrees F
Frost-free period: 195 to 290 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Pima and similar soils: 98 percent
Minor components: 2 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pima

Setting
Landform: Alluvial fans, alluvial flats, flood plains
Landform position (three-dimensional): Rise, talf
Down-slope shape: Linear, convex
Across-slope shape: Linear, convex
Parent material: Alluvium

Typical profile
H1 -0 to 3 inches: silt loam
H2 - 3 to 60 inches: silty clay loam

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.60 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: RareNone
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Sodium adsorption ratio, maximum: 1.0
Available water capacity: High (about 11.9 inches)

Interpretive groups
Land capability classification (irrigated): 1
Land capability classification (nonirrigated): 7c¢
Hydrologic Soil Group: C
Ecological site: R042XC017NM - Bottomland

11
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Hydric soil rating: No

Minor Components

Dev
Percent of map unit: 1 percent
Ecological site: R042XC017NM - Bottomland
Hydric soil rating: No

Reagan
Percent of map unit: 1 percent
Ecological site: R042XC007NM - Loamy
Hydric soil rating: No

RI—Reeves loam, 0 to 1 percent slopes

Map Unit Setting
National map unit symbol: 1w5p
Elevation: 1,250 to 4,800 feet
Mean annual precipitation: 10 to 25 inches
Mean annual air temperature: 57 to 70 degrees F
Frost-free period: 120 to 225 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Reeves and similar soils: 98 percent
Minor components: 2 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Reeves

Setting
Landform: Hills, plains, ridges
Landform position (two-dimensional): Backslope, footslope, shoulder, toeslope
Landform position (three-dimensional): Crest, nose slope, side slope, head slope
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Residuum weathered from gypsum

Typical profile
Ap - 0 to 8inches: loam
H2 - 8 to 32 inches: clay loam
H3 - 32 to 60 inches: gypsiferous material

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)

12
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Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum content: 25 percent

Gypsum, maximum content: 80 percent

Maximum salinity: Very slightly saline to moderately saline (2.0 to 8.0 mmhos/cm)
Sodium adsorption ratio, maximum: 4.0

Available water capacity: Low (about 4.3 inches)

Interpretive groups
Land capability classification (irrigated): 3s
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: B
Ecological site: R042XC007NM - Loamy
Hydric soil rating: No

Minor Components

Cottonwood
Percent of map unit: 1 percent
Ecological site: R042XC0O06NM - Gyp Upland
Hydric soil rating: No

Karro
Percent of map unit: 1 percent
Ecological site: R042XC030NM - Limy
Hydric soil rating: No

13



Soil Information for All Uses

Soil Properties and Qualities

The Soil Properties and Qualities section includes various soil properties and
qualities displayed as thematic maps with a summary table for the soil map units in
the selected area of interest. A single value or rating for each map unit is generated
by aggregating the interpretive ratings of individual map unit components. This
aggregation process is defined for each property or quality.

Soil Chemical Properties

Soil Chemical Properties are measured or inferred from direct observations in the
field or laboratory. Examples of soil chemical properties include pH, cation
exchange capacity, calcium carbonate, gypsum, and electrical conductivity.

Calcium Carbonate (CaCO3) (Navajo Refinery - North
RO Reject Field)

Calcium carbonate equivalent is the percent of carbonates, by weight, in the fraction
of the sail less than 2 millimeters in size. The availability of plant nutrients is
influenced by the amount of carbonates in the soil.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.

14
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Custom Soil Resource Report

Table—Calcium Carbonate (CaCO3) (Navajo Refinery - North RO
Reject Field)

Map unit symbol Map unit name Rating (percent) Acres in AOI Percent of AOI

Karro loam, 0 to 1 46 4.2
percent slopes

16.8%

Pima silt loam, 0 to 1 10 0.9 3.7%
percent slopes
Reeves loam, 0 to 1 18 201 79.5%
percent slopes
Totals for Area of Interest 25.3 100.0%

Rating Options—Calcium Carbonate (CaCO3) (Navajo Refinery -
North RO Reject Field)

Units of Measure: percent

Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: Yes

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Gypsum (Navajo Refinery - North RO Reject Field)

The content of gypsum is the percent, by weight, of hydrated calcium sulfates in the
fraction of the soil less than 20 millimeters in size. Gypsum is partially soluble in
water. Soils high in content of gypsum, such as those with more than 10 percent
gypsum, may collapse if the gypsum is removed by percolating water. Gypsum is
corrosive to concrete.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.
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Custom Soil Resource Report

Table—Gypsum (Navajo Refinery - North RO Reject Field)

Map unit symbol Map unit name Rating (percent) Acres in AOI Percent of AOI

Kr Karro loam, 0 to 1 0 4.2 16.8%
percent slopes

Pe Pima silt loam, 0 to 1 0 0.9 3.7%
percent slopes

RI Reeves loam, 0 to 1 24 201 79.5%
percent slopes

Totals for Area of Interest 25.3 100.0%

Rating Options—Gypsum (Navajo Refinery - North RO Reject
Field)

Units of Measure: percent

Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: Yes

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

pH (1 to 1 Water) (Navajo Refinery - North RO Reject
Field)

Soil reaction is a measure of acidity or alkalinity. It is important in selecting crops
and other plants, in evaluating soil amendments for fertility and stabilization, and in
determining the risk of corrosion. In general, soils that are either highly alkaline or
highly acid are likely to be very corrosive to steel. The most common soil laboratory
measurement of pH is the 1:1 water method. A crushed soil sample is mixed with an
equal amount of water, and a measurement is made of the suspension.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.
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Custom Soil Resource Report

Table—pH (1 to 1 Water) (Navajo Refinery - North RO Reject
Field)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

Karro loam, 0 to 1 8.2 4.2
percent slopes

16.8%

Pima silt loam, 0 to 1 7.6 0.9 3.7%
percent slopes
Reeves loam, 0 to 1 7.6 201 79.5%
percent slopes
Totals for Area of Interest 25.3 100.0%

Rating Options—pH (1 to 1 Water) (Navajo Refinery - North RO
Reject Field)

Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Cation-Exchange Capacity (CEC-7) (Navajo Refinery -
North RO Reject Field)

Cation-exchange capacity (CEC-7) is the total amount of extractable cations that
can be held by the soil, expressed in terms of milliequivalents per 100 grams of soll
at neutrality (pH 7.0) or at some other stated pH value. Soils having a low cation-
exchange capacity hold fewer cations and may require more frequent applications
of fertilizer than soils having a high cation-exchange capacity. The ability to retain
cations reduces the hazard of ground-water pollution.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.
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Custom Soil Resource Report

Table—Cation-Exchange Capacity (CEC-7) (Navajo Refinery -
North RO Reject Field)

Map unit symbol Map unit name Rating (milliequivalents Acres in AOI Percent of AOI
per 100 grams)
Karro loam, 0 to 1 14.1 4.2 16.8%
percent slopes
Pima silt loam, 0 to 1 15.0 0.9 3.7%
percent slopes
Reeves loam, 0 to 1 15.0 201 79.5%
percent slopes
Totals for Area of Interest 25.3 100.0%

Rating Options—Cation-Exchange Capacity (CEC-7) (Navajo
Refinery - North RO Reject Field)

Units of Measure: milliequivalents per 100 grams
Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Sodium Adsorption Ratio (SAR) (Navajo Refinery -
North RO Reject Field)

Sodium adsorption ratio is a measure of the amount of sodium (Na) relative to
calcium (Ca) and magnesium (Mg) in the water extract from saturated soil paste. It
is the ratio of the Na concentration divided by the square root of one-half of the

Ca + Mg concentration. Soils that have SAR values of 13 or more may be
characterized by an increased dispersion of organic matter and clay particles,
reduced saturated hydraulic conductivity (Ksat) and aeration, and a general
degradation of soil structure.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.
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Custom Soil Resource Report

Table—Sodium Adsorption Ratio (SAR) (Navajo Refinery - North
RO Reject Field)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

Karro loam, 0 to 1 0.0 4.2
percent slopes

16.8%

Pima silt loam, 0 to 1 0.0 0.9 3.7%
percent slopes
Reeves loam, 0 to 1 2.0 201 79.5%
percent slopes
Totals for Area of Interest 25.3 100.0%

Rating Options—Sodium Adsorption Ratio (SAR) (Navajo
Refinery - North RO Reject Field)

Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: Yes

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Electrical Conductivity (EC) (Navajo Refinery - North
RO Reject Field)

Electrical conductivity (EC) is the electrolytic conductivity of an extract from
saturated soil paste, expressed as decisiemens per meter at 25 degrees C.
Electrical conductivity is a measure of the concentration of water-soluble salts in
soils. It is used to indicate saline soils. High concentrations of neutral salts, such as
sodium chloride and sodium sulfate, may interfere with the absorption of water by
plants because the osmotic pressure in the soil solution is nearly as high as or
higher than that in the plant cells.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.
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Custom Soil Resource Report

Table—Electrical Conductivity (EC) (Navajo Refinery - North RO
Reject Field)

per meter)

Map unit symbol Map unit name Rating (decisiemens Acres in AOI Percent of AOI

Karro loam, 0 to 1 2.0 4.2
percent slopes

16.8%

Pima silt loam, 0 to 1 2.0 0.9 3.7%
percent slopes
Reeves loam, 0 to 1 5.0 201 79.5%
percent slopes
Totals for Area of Interest 25.3 100.0%

Rating Options—Electrical Conductivity (EC) (Navajo Refinery -
North RO Reject Field)

Units of Measure: decisiemens per meter
Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Soil Physical Properties

Soil Physical Properties are measured or inferred from direct observations in the
field or laboratory. Examples of soil physical properties include percent clay, organic
matter, saturated hydraulic conductivity, available water capacity, and bulk density.

Saturated Hydraulic Conductivity (Ksat) (Navajo
Refinery - North RO Reject Field)

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a
saturated soil transmit water. The estimates are expressed in terms of micrometers
per second. They are based on soil characteristics observed in the field, particularly
structure, porosity, and texture. Saturated hydraulic conductivity is considered in the
design of soil drainage systems and septic tank absorption fields.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this

33




Custom Soil Resource Report

attribute for the component. For this soil property, only the representative value is
used.

The numeric Ksat values have been grouped according to standard Ksat class
limits.
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Custom Soil Resource Report

Table—Saturated Hydraulic Conductivity (Ksat) (Navajo Refinery
- North RO Reject Field)

Map unit symbol Map unit name Rating (micrometers Acres in AOI Percent of AOI
per second)
Karro loam, 0 to 1 3.5132 4.2 16.8%
percent slopes
Pima silt loam, 0 to 1 3.1542 0.9 3.7%
percent slopes
Reeves loam, 0 to 1 4.9847 201 79.5%
percent slopes
Totals for Area of Interest 25.3 100.0%

Rating Options—Saturated Hydraulic Conductivity (Ksat) (Navajo
Refinery - North RO Reject Field)

Units of Measure: micrometers per second
Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Fastest

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Available Water Capacity (Navajo Refinery - North RO
Reject Field)

Available water capacity (AWC) refers to the quantity of water that the soil is
capable of storing for use by plants. The capacity for water storage is given in
centimeters of water per centimeter of soil for each soil layer. The capacity varies,
depending on soil properties that affect retention of water. The most important
properties are the content of organic matter, soil texture, bulk density, and soil
structure, with corrections for salinity and rock fragments. Available water capacity
is an important factor in the choice of plants or crops to be grown and in the design
and management of irrigation systems. It is not an estimate of the quantity of water
actually available to plants at any given time.

Available water supply (AWS) is computed as AWC times the thickness of the soil.
For example, if AWC is 0.15 cm/cm, the available water supply for 25 centimeters of
soil would be 0.15 x 25, or 3.75 centimeters of water.

For each soil layer, AWC is recorded as three separate values in the database. A
low value and a high value indicate the range of this attribute for the soil
component. A "representative" value indicates the expected value of this attribute
for the component. For this soil property, only the representative value is used.
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Custom Soil Resource Report

Table—Auvailable Water Capacity (Navajo Refinery - North RO
Reject Field)

Map unit symbol Map unit name Rating (centimeters per Acres in AOI Percent of AOI
centimeter)
Karro loam, 0 to 1 0.18 4.2 16.8%
percent slopes
Pima silt loam, 0 to 1 0.20 0.9 3.7%
percent slopes
Reeves loam, 0 to 1 0.13 201 79.5%
percent slopes
Totals for Area of Interest 25.3 100.0%

Rating Options—Available Water Capacity (Navajo Refinery -
North RO Reject Field)

Units of Measure: centimeters per centimeter
Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Water Content, One-Third Bar (Navajo Refinery - North
RO Reject Field)

Water content, one-third bar, is the amount of soil water retained at a tension of 1/3
bar, expressed as a volumetric percentage of the whole soil. Water retained at 1/3
bar is significant in the determination of soil water-retention difference, which is
used as the initial estimation of available water capacity for some soils. Water
retained at 1/3 bar is the value commonly used to estimate the content of water at
field capacity for most soils.

Water content varies between soil types, depending on soil properties that affect
retention of water. The most important properties are the content of organic matter,
soil texture, bulk density, and soil structure.

For each soil layer, water content is recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.
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Custom Soil Resource Report

Table—Water Content, One-Third Bar (Navajo Refinery - North
RO Reject Field)

Map unit symbol Map unit name Rating (percent) Acres in AOI Percent of AOI

Kr Karro loam, 0 to 1 31.4 4.2 16.8%
percent slopes

Pe Pima silt loam, 0 to 1 29.7 0.9 3.7%
percent slopes

RI Reeves loam, 0 to 1 30.8 201 79.5%
percent slopes

Totals for Area of Interest 25.3 100.0%

Rating Options—Water Content, One-Third Bar (Navajo Refinery
- North RO Reject Field)

Units of Measure: percent

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: Yes

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require


http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
https://offices.sc.egov.usda.gov/locator/app?agency=nrcs
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951

alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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Soil Map

The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Custom Soil Resource Report

Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
Kr Karro loam, 0 to 1 percent 0.6 2.0%
slopes
Pe Pima silt loam, 0 to 1 percent 28.3 98.0%
slopes
Totals for Area of Interest 28.9 100.0%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
maijor kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic

class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some

observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made

up of the soils or miscellaneous areas for which it is named and some minor

components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different

management. These are called contrasting, or dissimilar, components. They

generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a

given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not

mentioned in the descriptions, especially where the pattern was so complex that it

was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the

usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,




Custom Soil Resource Report

onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.
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Eddy Area, New Mexico

Kr—Karro loam, 0 to 1 percent slopes

Map Unit Setting
National map unit symbol: 1w4v
Elevation: 2,500 to 5,300 feet
Mean annual precipitation: 10 to 15 inches
Mean annual air temperature: 57 to 64 degrees F
Frost-free period: 200 to 230 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Karro and similar soils: 99 percent
Minor components: 1 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Karro

Setting
Landform: Alluvial fans, plains
Landform position (three-dimensional): Riser, rise, talf
Down-slope shape: Linear, convex
Across-slope shape: Linear
Parent material: Mixed alluvium

Typical profile
H1 - 0to 10 inches: loam
H2 - 10 to 90 inches: clay loam

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.60 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 60 percent
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Sodium adsorption ratio, maximum: 1.0
Available water capacity: High (about 10.5 inches)

Interpretive groups
Land capability classification (irrigated): 2s
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C
Ecological site: R042XC030NM - Limy
Hydric soil rating: No

Minor Components

Reeves
Percent of map unit: 1 percent

10
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Ecological site: R042XC007NM - Loamy
Hydric soil rating: No

Pe—Pima silt loam, 0 to 1 percent slopes

Map Unit Setting
National map unit symbol: 1w58
Elevation: 600 to 4,200 feet
Mean annual precipitation: 8 to 25 inches
Mean annual air temperature: 60 to 70 degrees F
Frost-free period: 195 to 290 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Pima and similar soils: 98 percent
Minor components: 2 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pima

Setting
Landform: Alluvial fans, alluvial flats, flood plains
Landform position (three-dimensional): Rise, talf
Down-slope shape: Linear, convex
Across-slope shape: Linear, convex
Parent material: Alluvium

Typical profile
H1 -0 to 3 inches: silt loam
H2 - 3 to 60 inches: silty clay loam

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.60 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: RareNone
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Sodium adsorption ratio, maximum: 1.0
Available water capacity: High (about 11.9 inches)

Interpretive groups
Land capability classification (irrigated): 1
Land capability classification (nonirrigated): 7c¢
Hydrologic Soil Group: C
Ecological site: R042XC017NM - Bottomland

11
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Hydric soil rating: No

Minor Components

Dev
Percent of map unit: 1 percent
Ecological site: R042XC017NM - Bottomland
Hydric soil rating: No

Reagan
Percent of map unit: 1 percent
Ecological site: R042XC007NM - Loamy
Hydric soil rating: No

12



Soil Information for All Uses

Soil Properties and Qualities

The Soil Properties and Qualities section includes various soil properties and
qualities displayed as thematic maps with a summary table for the soil map units in
the selected area of interest. A single value or rating for each map unit is generated
by aggregating the interpretive ratings of individual map unit components. This
aggregation process is defined for each property or quality.

Soil Chemical Properties

Soil Chemical Properties are measured or inferred from direct observations in the
field or laboratory. Examples of soil chemical properties include pH, cation
exchange capacity, calcium carbonate, gypsum, and electrical conductivity.

Calcium Carbonate (CaCO3) (Navajo Refinery - South
RO Reject Field)

Calcium carbonate equivalent is the percent of carbonates, by weight, in the fraction
of the sail less than 2 millimeters in size. The availability of plant nutrients is
influenced by the amount of carbonates in the soil.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.

13
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Custom Soil Resource Report

Table—Calcium Carbonate (CaCO3) (Navajo Refinery - South RO
Reject Field)

Map unit symbol Map unit name Rating (percent) Acres in AOI Percent of AOI
Kr Karro loam, 0 to 1 46 0.6 2.0%
percent slopes
Pe Pima silt loam, 0 to 1 10 28.3 98.0%
percent slopes
Totals for Area of Interest 28.9 100.0%

Rating Options—Calcium Carbonate (CaCO3) (Navajo Refinery -
South RO Reject Field)

Units of Measure: percent

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: Yes

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Gypsum (Navajo Refinery - South RO Reject Field)

The content of gypsum is the percent, by weight, of hydrated calcium sulfates in the
fraction of the soil less than 20 millimeters in size. Gypsum is partially soluble in
water. Soils high in content of gypsum, such as those with more than 10 percent
gypsum, may collapse if the gypsum is removed by percolating water. Gypsum is
corrosive to concrete.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the

soil component. A "representative" value indicates the expected value of this

attribute for the component. For this soil property, only the representative value is

used.

16
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Custom Soil Resource Report

Table—Gypsum (Navajo Refinery - South RO Reject Field)

Map unit symbol Map unit name Rating (percent) Acres in AOI Percent of AOI
Kr Karro loam, 0 to 1 0 0.6 2.0%
percent slopes
Pe Pima silt loam, 0 to 1 0 28.3 98.0%
percent slopes
Totals for Area of Interest 28.9 100.0%

Rating Options—Gypsum (Navajo Refinery - South RO Reject
Field)

Units of Measure: percent

Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: Yes

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

pH (1 to 1 Water) (Navajo Refinery - South RO Reject
Field)

Soil reaction is a measure of acidity or alkalinity. It is important in selecting crops
and other plants, in evaluating soil amendments for fertility and stabilization, and in
determining the risk of corrosion. In general, soils that are either highly alkaline or
highly acid are likely to be very corrosive to steel. The most common soil laboratory
measurement of pH is the 1:1 water method. A crushed soil sample is mixed with an
equal amount of water, and a measurement is made of the suspension.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.
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Custom Soil Resource Report

Table—pH (1 to 1 Water) (Navajo Refinery - South RO Reject

Field)
Map unit symbol Map unit name Rating Acres in AOI Percent of AOI
Kr Karro loam, 0 to 1 8.2 0.6 2.0%
percent slopes
Pe Pima silt loam, 0 to 1 7.6 28.3 98.0%
percent slopes
Totals for Area of Interest 28.9 100.0%

Rating Options—pH (1 to 1 Water) (Navajo Refinery - South RO
Reject Field)

Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Cation-Exchange Capacity (CEC-7) (Navajo Refinery -
South RO Reject Field)

Cation-exchange capacity (CEC-7) is the total amount of extractable cations that
can be held by the soil, expressed in terms of milliequivalents per 100 grams of sail
at neutrality (pH 7.0) or at some other stated pH value. Soils having a low cation-
exchange capacity hold fewer cations and may require more frequent applications
of fertilizer than soils having a high cation-exchange capacity. The ability to retain
cations reduces the hazard of ground-water pollution.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.
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Custom Soil Resource Report

Table—Cation-Exchange Capacity (CEC-7) (Navajo Refinery -
South RO Reject Field)

Map unit symbol Map unit name Rating (milliequivalents Acres in AOI Percent of AOI
per 100 grams)
Kr Karro loam, 0 to 1 14.1 0.6 2.0%
percent slopes
Pe Pima silt loam, 0 to 1 15.0 28.3 98.0%
percent slopes
Totals for Area of Interest 28.9 100.0%

Rating Options—Cation-Exchange Capacity (CEC-7) (Navajo
Refinery - South RO Reject Field)

Units of Measure: milliequivalents per 100 grams
Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Sodium Adsorption Ratio (SAR) (Navajo Refinery -
South RO Reject Field)

Sodium adsorption ratio is a measure of the amount of sodium (Na) relative to
calcium (Ca) and magnesium (Mg) in the water extract from saturated soil paste. It
is the ratio of the Na concentration divided by the square root of one-half of the

Ca + Mg concentration. Soils that have SAR values of 13 or more may be
characterized by an increased dispersion of organic matter and clay particles,
reduced saturated hydraulic conductivity (Ksat) and aeration, and a general
degradation of soil structure.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.
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Custom Soil Resource Report

Table—Sodium Adsorption Ratio (SAR) (Navajo Refinery - South
RO Reject Field)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI
Kr Karro loam, 0 to 1 0.0 0.6 2.0%
percent slopes
Pe Pima silt loam, 0 to 1 0.0 28.3 98.0%
percent slopes
Totals for Area of Interest 28.9 100.0%

Rating Options—Sodium Adsorption Ratio (SAR) (Navajo
Refinery - South RO Reject Field)

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: Yes

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Soil Physical Properties

Soil Physical Properties are measured or inferred from direct observations in the
field or laboratory. Examples of soil physical properties include percent clay, organic
matter, saturated hydraulic conductivity, available water capacity, and bulk density.

Available Water Capacity (Navajo Refinery - South RO
Reject Field)

Available water capacity (AWC) refers to the quantity of water that the soil is
capable of storing for use by plants. The capacity for water storage is given in

centimeters of water per centimeter of soil for each soil layer. The capacity varies,

depending on soil properties that affect retention of water. The most important
properties are the content of organic matter, soil texture, bulk density, and soil

structure, with corrections for salinity and rock fragments. Available water capacity
is an important factor in the choice of plants or crops to be grown and in the design
and management of irrigation systems. It is not an estimate of the quantity of water

actually available to plants at any given time.

Available water supply (AWS) is computed as AWC times the thickness of the soil.
For example, if AWC is 0.15 cm/cm, the available water supply for 25 centimeters of

soil would be 0.15 x 25, or 3.75 centimeters of water.
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Custom Soil Resource Report

For each soil layer, AWC is recorded as three separate values in the database. A
low value and a high value indicate the range of this attribute for the soil
component. A "representative" value indicates the expected value of this attribute
for the component. For this soil property, only the representative value is used.
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Custom Soil Resource Report

Table—Available Water Capacity (Navajo Refinery - South RO
Reject Field)

Map unit symbol Map unit name Rating (centimeters per Acres in AOI Percent of AOI
centimeter)
Kr Karro loam, 0 to 1 0.18 0.6 2.0%
percent slopes
Pe Pima silt loam, 0 to 1 0.20 28.3 98.0%
percent slopes
Totals for Area of Interest 28.9 100.0%

Rating Options—Available Water Capacity (Navajo Refinery -
South RO Reject Field)

Units of Measure: centimeters per centimeter
Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Saturated Hydraulic Conductivity (Ksat) (Navajo
Refinery - South RO Reject Field)

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a
saturated soil transmit water. The estimates are expressed in terms of micrometers
per second. They are based on soil characteristics observed in the field, particularly
structure, porosity, and texture. Saturated hydraulic conductivity is considered in the
design of soil drainage systems and septic tank absorption fields.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the
soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.

The numeric Ksat values have been grouped according to standard Ksat class
limits.
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Custom Soil Resource Report

Table—Saturated Hydraulic Conductivity (Ksat) (Navajo Refinery

- South RO Reject Field)

Map unit symbol Map unit name Rating (micrometers Acres in AOI Percent of AOI
per second)
Kr Karro loam, 0 to 1 3.5132 0.6 2.0%
percent slopes
Pe Pima silt loam, 0 to 1 3.1542 28.3 98.0%
percent slopes
Totals for Area of Interest 28.9 100.0%

Rating Options—Saturated Hydraulic Conductivity (Ksat) (Navajo
Refinery - South RO Reject Field)

Units of Measure: micrometers per second

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified

Tie-break Rule: Fastest

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)

Water Content, One-Third Bar (Navajo Refinery - South
RO Reject Field)

Water content, one-third bar, is the amount of soil water retained at a tension of 1/3
bar, expressed as a volumetric percentage of the whole soil. Water retained at 1/3

bar is significant in the determination of soil water-retention difference, which is
used as the initial estimation of available water capacity for some soils. Water

retained at 1/3 bar is the value commonly used to estimate the content of water at

field capacity for most soils.

Water content varies between soil types, depending on soil properties that affect
retention of water. The most important properties are the content of organic matter,
soil texture, bulk density, and soil structure.

For each soil layer, water content is recorded as three separate values in the

database. A low value and a high value indicate the range of this attribute for the

soil component. A "representative" value indicates the expected value of this

attribute for the component. For this soil property, only the representative value is

used.
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Custom Soil Resource Report

Table—Water Content, One-Third Bar (Navajo Refinery - South
RO Reject Field)

Map unit symbol Map unit name Rating (percent) Acres in AOI Percent of AOI
Kr Karro loam, 0 to 1 31.4 0.6 2.0%
percent slopes
Pe Pima silt loam, 0 to 1 29.7 28.3 98.0%
percent slopes
Totals for Area of Interest 28.9 100.0%

Rating Options—Water Content, One-Third Bar (Navajo Refinery
- South RO Reject Field)

Units of Measure: percent

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Interpret Nulls as Zero: Yes

Layer Options (Horizon Aggregation Method): All Layers (Weighted Average)
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wood.

WELL SAMPLING
AND/OR DEVELOPMENT RECORD

wellip: MW -29

Initial Depth to Water:

Sample ID: Mw -29 Duplicate ID:

{g.6)

Sample Depth:

Total Depth to Well:

Project and Task No.:

Depth to Water after Sampling:

ry¥4

Well Diameter:

Project Name: _ B0 F\E/\GLS

1 Casing/Borehole Volume:

Date:  (~\1 ‘l?

(Circle one)

Sampled By: __ SHM

4 Casing/Borehole Volumes:

Method of Purging:

(Circie one)

Peci pump
low  Flgw

Total Casing/Borehole
Volumes Removed:

Method of Sampling:

is4q_ § A le_

"--um

Buffer Solution pH 4.0

pH7.0

Field Temperature °C

Instrument Readmg

Model or Unit No.:

i

- SPECIFIC. ELEGTRICAL CONDUGTANGE/(SEC) = CALIR

KCI Solution (uS/cm pmhos/cm)

1413 at 252 12880 at 25°C

Field Temperature °C

Model or Unit No.:

Instrument Reading

ED OXYGEN CALIBRATION::

| Notes:

Standard Solutlon (mV)

Alt|tude / Sallnlty %

e

Field Temperature °C

Field Temperature °C

Instrument Reading (pya/

Instrument Reading (mg/L)

Model W

Model or Unit No.:

Documentl




wood.

"WELL SAMPLING
!ANDIOR DEVELOPMENT RECORD

wellD: __ MW -4HJ

Sampile ID: MN"‘\C) Duplicate ID:

Sample Depth:

Project and Task No.:

Project Name: Y F\ :",\(LS
Date: 1-\1-\1

Sampled By: g H A

Method of Purging: Pery pYMp

F‘lv»d

'IG )

Method of Sampling:

Initial Depth to Water: _ 1) -.€ 7

Depth to Water after Sampling: _Y2- \ @

Total Depth to Well:

Well Diameter: '7_‘

1 Casing/Borehole Volume:

(Circle one)

4 Casing/Borehole Volumes:

(Circle one)

Total Casing/Borehole
Volumes Removed:

Xl : rks
1556 |1z.2{ | 200 | @) 251/7 £§12 |3.2¢ ’@.'2.0\' -30g | 114 Sleac
1999 (1293 |Zov | 928 |23.21 | 675 | 3.2 |v.36¢ |-32) | &0.) cleas
1602 [\Z00 | 200 |0.40 |253%8]| .78 | 3.22 0.34 |-333 | 39.2 | Q\eac
V695 hzag | 290 G,%< [25.5% GWO( 2. zo .40 | 3440 a.¢ RPN
VO0Z |12y0 | 200 | G0 282\ | £.81 | 3.2 0.31 |-343 | V2 | Neao
g1 |120d | 200 | 0.%5 |95 | 6.%3 J22- |0-35 |- | 0.0 c\eos
| MR Semple
M\\.M
(__;7\‘\

pH.CALIBRATION!(choose two)

Model or Unit No.:

Buffer Solution pH 4.0

pH7.0

Field Temperature °C

Instrument Readmg

4 'SPECIFIC ELECTRICAL CONDUCTANCE (SEC) = CA'{‘“

Model or Unit No.:

KCI Solution (uS/cm—umhos/cm)

1413 at 25°C/

/2880 at 25°C

Field Temperature °C

Instrument Reading

R REDOX CALIBRATION

D."OXYGEN CALIBRATION | Notes:

i

Standard Solution (mV)

Altltude / Salin

ity %

Field Temperature °C

Field Temperature °C

Instrument Reading (mV)/

Instrument Re

ading (mg/L)

Model or Uny

Model or Unit

No.:

Documentl 4




WELL SAMPLING
AND/OR DEVELOPMENT RECORD

wood.

well iD: M\iJ-3S5

Initial Depth to Water:

Sample ID: MN-’S$ Duplicate ID:

13.]¢

Sample Depth:

Total Depth to Well:

Depth to Water after Sampling:

i2.\%

Project and Task No.:

Well Diameter: z

Project Name: ¢ ) ﬂ}g(*

1 Casing/Borehole Volume:

(Circle one)

4 Casing/Borehole Volumes:

(Circle one)

Date: - i7-19

Sampled By: 5‘{(‘?

Method of Purging: ___ Fe¢)  Pu: "Mp
Low F Jow

Total Casing/Borehole
Volumes Removed:

Method of Sampling:

b _fRemarks ot
C k (color, turbldl y, and sedlment)
1621 <. . 5. '3 clear
1424 | 1328 | 20 d.25 6.7 | 5.34 .00 d.q cleac
1€21 |13 | 200 |gMo 2238 618 | 9335 |goe |-289)| d.o clear
1630 | 315 | 200 | 085 |72.4616.8) | 9.2 |d.09 | -254 | d.0 cleas
1633 | 13.0S | 200 | gw |22.62. | 6.82 | S.30 | 0.9¢ | —235&| 0.7 cleas
636 | 1345 | 280 | g%5 2243 £%2 | Sgx |pdo |-2s57| CoO e
(€31 |13 | 200 | (-0 |Z25) |g8) | £.3S |[d.d0 | -259 |@.d clear
(€42 <ewvv'p"’
\\\
w \\\\
e f_‘sz CALIBRAT[ON (choose two) . T Model or Unit No.:
Buffer Solution pH 4.0 pH7.0 pH 10.0 /
Field Temperature °C P
Instrument Reading /

. SPECIFIC ELECTRICAL CONDUCTANCE (SE

YZCALIBRATION

KCI Solution (pS/cm pmhos/cm)

12880 at 25°C

ya/t 25°C

Field Temperature °C

i

/

Instrument Reading

Model or Unit No.:

* ORP/REDOX CALIBRAT)ON

| DISSOLVED OXYGEN CALIBRATION

Notes:

Altitude / Salinity %

Standard Sotutxon (mV)
Field Temperature °C

Field Temperature °C

Instrument Read‘ipg/(n';V)

[nstrument Reading (mg/L)

Modetnjtt/ﬂ%.:

Model or Unit No.:

Documéntl




wo00dJO.

WELL SAMPLING

‘AND/OR DEVELOPMENT RECORD

well ID: M/ —36

Sample ID: Mw"sg Duplicate ID:
Sample Depth:

Project and Task No.: .

Project Name: _%¢ i &\LLS

Date: 7 -1~ \?

Sampled By: s5i¢)

Initial Depth to Water: \"‘ RV

Depth to Water after Sampling: {01

Total Depth to Well:

Well Diameter: __ "2

1 Casing/Borehole Volume:

(Circle one)

4 Casing/Borehole Volumes:

(Circle one)

ina: Yers 2
Method of Purging: Pers Py g Total Casing/Borehole
Method of Sampling: L(]w F] gw Volumes Removed:

emarks -+ ..

|(color; turbidjty, :éh;d‘Sedihientj
0.0\ deac
¢.0 olead
9.0 cleac
0.0 c\eat
g.9 clear
0.0 c\éas
g.g C\eas
1520 |Samplic.
S B
T T

!

ALIBRATION (choose ¢

Buffer Solution

pH 4.0

Field Temperature °C

Instrument Reading

e

Model or Unit No.§ )

|- | ' SPECIFIC ELECTRICAL CONDUCTANCE (SEC) - GATIBRATION "~

KCI Solution (uS/cm=pmhos/cm)

1413 at 2

12880 at 25°C

Field Temperature °C

Instrument Reading

Model or Unit No.:

) OXYGEN CALIBRATION./,

Standard Solution (mV)

A

Altitude / Salinity %

Field Temperature °C /

Field Temperature °C

Instrument Reading (W

Instrument Reading (mg/L)

Model W

Model or Unit No.:

Document{




woOodJd.

WELL SAMPLING

‘AND/OR DEVELOPMENT RECORD

welliD: __MlW-hY . Initial Depth to Water: 1395
Sample ID: _MW-YY  puplicate ID: — Depth to Water after Sampling: __ 14 2
Sample Depth: Total Depth to Well:

Project and Task No.: Well Diameter: Z&\

Project Name: %d F\(’/l JS 1 Casing/Borehole Volume:

Date: 7-11- \ci (Circle one})

Sampled By: s H | 4 Casing/Borehole Volumes:

(Circle one})

f Purging: __Tes -
Method of Purging P PUeE Total Casing/Borehole

Method of Sampling: L@'—J FIO'\A/ Volumes Removed:

4933 |0 | 200 g0 | 23S e1d |12\ |Goo | 11 | zos | ceas
043z | 1Moo | 200 |G.S5 |zia0 6.1 |[4-22 |0go |15 | 13.3 Llene
A4l | Mg | 290 |0 W [A.83 |6 | M.24 Gogg | ¥2 | 3.2 leal
0414 | 1400 | 200 |0.%S 2192 (g | 420 |@.vo | 193 |2.0 | cleal
10447 | 4.0d | 200 |).0 [2VF) 1o, 74|84\ |@.00 153 |\® N et
Samplle

—
Model or Unit No.:

B . pHCALIBRATION (choose tw)
Buffer Solution pH 4.0 pH 7.0

Field Temperature °C

Instrument Readmg

|~ ! SPECIFIC ELECTRICAL CONDUCTANCE/(SEC)~CALIBRATI

141 25°C 12880 at 25°C

Mode! or Unit No.:

KCI Solution (pS/cm =pmhos/cm})

Field Temperature °C ﬁ/

Instrument Reading

Standard Solution (V) pd Altitude / Salinity % ER-01v74 —G W
Field Temperature °C / Field Temperature °C 6(7\)863’50(. <
[ Instrument ReadingAmV) Instrument Reading (mg/L) ‘04 e
Model or UnitNo.: Model or Unit No.: atece Jewe) (
/ rete(

Documeritl




wOoOodJd.

WELL SAMPLING
AND/OR DEVELOPMENT RECORD

wel 1D: __TAW-1\S
Sample ID: W =WS  Duplicate ID:

—

Sample Depth:

Project and Task No.:

Project Name: _ & @ F¢ f/\c‘(‘i

Datei:y 7-1-1\1

Sampled By: S

Method of Purging: __ VL) PUM;’J
Lo Flow

Method of Sampling:

Initial Depth to Water: 13.1<

Depth to Water after Sampling: 12 .83

Total Depth to Well:

5\
Well Diameter: 2

1 Casing/Borehole Volume:

(Circle one)

4 Casing/Borehole Volumes:

(Circle one)

Total Casing/Borehole
Volumes Removed:

'emarks L T

- ‘olon\ turbldlty) and»vsedlment)
0850 | Pump| 9O ST : :
0353 |\3.%2| zog |0.10 |2132[9 03| 479 |¢-00 | W¢ | 128 l 2\ ecl
logss [ 1283 | 290 |g.25 l20. 00| B6as|9.99 |owo [12s [ he ]
O9u3 |13.83 290 |g.ug |14.65(4.93 | 423 |G.op [ 130 [ 194 [ leas
0906 | ;3.3 |2d0 | 0-95 |19.62 | 642 4.95 |d.99d |33 22.6 | s\ewnn
o907 113.83 (290 |09 [\9.R| 6.94| 494 | (-d0 |13 202, | cleap
10U2 | 1885 | 290 |g-83 §4.92 .94 | 4.6 | ¢.00 |3 | €.\ | lead
OUS [13.83|200 ||.¢ 197 6.94 | Y.97 |0-vd |I134 |I3.2 | cleasr
JN8 | Lample

Model or Unit No.:

Buffer Solution pH 4.0

Field Temperature °C

Instrument Readmg

B ST SPECIFIC ELECTRlCAL CONDUCTANCE (SEC) oA

CIBRATION 1" i " | Model or Unit No.:

KCI Solution (pS/cm =pmhos/cm)

12880 at 25°C

Field Temperature °C

Instrument Readlng

VED OXYGEN CALIBRATION. .

Standard Solu’uon (mV) /

Altitude / Salinity %

Field Temperature}/

Field Temperature °C

Instrument ding (mV)

Instrument Reading (mg/L)

Mcﬁsel/emnit No.:

Model or Unit No.:

Documentl



wOoOJO.

WELL SAMPLING
AND/OR DEVELOPMENT RECORD

Well ID:

Date:

MW -\E

Sample Depth:

Project Name:

Sample ID: MW - WG

Duplicate ID: _ Dy prowW -2

Project and Task No.:
N gvenyo

Bo T’\‘&\JS

1 -17 119

Sampled By:

sHM

Method of Purging:

Pe

Pump

Method of Sampling:

low Flow

Initial Depth to Water:

{¥.06

Depth to Water after Sampling:

Total Depth to Well:

140

)
Well Diameter: __ 2

1 Casing/Borehole Volume:
(Circle one)

4 Casing/Borehole Volumes:

(Circle one)

Total Casing/Borehole
Volumes Removed:

and‘sedlment)

| 7 mv)s Seoloe
0M¢ | 1400 | 200 | 0.10 [2346 | 6.41 | 3.9 0.%0 | 2o ‘53.‘3 News
oy | M0 200 |0.25 |222) |6.62. 13 .99 | 044 | 2\ 1.3 cleac
0148 |WMae | 200 (o.M 258|670 | 4. 0.0¢ | 101 1277 cleas
oSt |[Wio |20 0.5 | 2049 | 6.3 | 4.16 0.0 | ‘oo 1358 cleas
@13Y4[14.1¢ | 200 |0.1d |2VN2| g6 | B8 | 0. | o) 139 leleac
0157 [ IH N0 | 200 |g.B5 [2V02 | .90 | 8.20 0.o0 103 139 c\eac
1dR]uo | Mg | 290 |10 |2V29|§.%33 | 4.23 |d-90 | |19 132 | )ear
0803 | Mg | 200 | J0S |Z21.20 | 6.89 | 4.21 (1 6.0g |123 128 JNess
0906 |40 | 2090 | 1.30 |2)1 e85 | Y- 30 |g.09 |125 124 cleal
g0 éa-ﬂw‘:\f/—

Buffer Solution

pH 4.0

pH 7.0

Field Temperature °C

Instrument Readmg

Model or Unit No.:

[

SPECIFIC ELECTRICAL CONDUCTANCE (S

7~ CALIBRATION

KCI Solution (uS/cm—pmhos/cm)

12880 at 25°C

Field Temperature °C

M 25°C
&)

, | Model or Unit No.:

Instrument Reading

D OXYGEN CALIBRATION:/,

Notes:

Standard Solution (mV) /

Altitude / Salinity %

Field Temperature °C

Field Temperature °C

| Instrument Rea /m/(mV)

Instrument Reading (mg/L)

Model or Upt

No.:

Model or Unit No.:

Documentl]



wOO0dJ.

WELL SAMPLING
AND/OR DEVELOPMENT RECORD

wellID: MW -W7)

sample ID: _ Mw -\ T Duplicate ID:

Sample Depth:

Project and Task No.:

Project Name:

Date: 1-\71-\4

Sampled By: ¥ WM

Method of Purging: __Pevi Py mMP
Lo

Method of Sampling:

Initial Depth to Water: __ 12.5%

Depth to Water after Sampling: __{2-6'0

Total Depth to Well:

Well Diameter: 2

1 Casing/Borehole Volume:

(Circle one)

4 Casing/Borehole Volumes:

(Circle one)

Total Casing/Borehole
Volumes Removed:

A

Elow

20

209¢

2390

200

209
1327 |26 290 | Lo |24S |61 | Y 26 0o | |6} 634 | el
130 |Sample I

B \\NM

ALIBRATION (ch

Buffer Solution pH 4.0

Field Temperature °C

Instrument Reading

Model or Unit No.:

f

. SPEGIFIC ELECTRICAL CONDUGTANCE (SEC) - 24

KCI Solution (uS/cm=pmhos/cm)

_ 1413)14?&

12880 at 25°C

(e

Field Temperature °C =

Instrument Reading

2| Model or Unit No.:

" ORP/REDOX G

ISSOL

D OXYGEN CALIBRATION

i| Notes:

Standard Solution (mV)

Altitude / Salinity

%

field Temperature °C

Field Temperature °C

Instrument Readingw

Instrument Reading (mg/L)

Model ory

Model or Unit No.:

Documentl




WOO0JO.

WELL SAMPLING
‘AND/OR DEVELOPMENT RECORD

well ID: _ MW - 1\¥

Initial Depth to Water:

1523

—-—

Sample ID: _ {4 \{-N&  Duplicate ID:

Sample Depth:

Total Depth to Well:

Depth to Water after Sampling:

1S-%

Project and Task No.:

Well Diameter: 7:

1 Casing/Borehole Volume:

(Circle one)

4 Casing/Borehole Volumes:

(Circle one)

Project Name: -0 Ff"/ldxs

Date: _ (—\1-\9

Sampled By: _ S HW\

Method of Purging: __Pec pym P
Low F\ g

Total Casing/Borehole
Volumes Removed:

Method of Sampling:

,Remarks' .
{ Z i v,and sedlment)
« D /e G vt “eolac
1038 | 15.68 | 290 | 00 |23.51 | 495 | Y4.69 406 | 150 \al e e
04y | 15876 | 200 | 0.20 21,26 | .74 |41 [d 70 [ 162 | H49.0 | osleal
oy NsS.8) | 1so |0.30 |ze16] 611 | Y.84 |3 ¢ |17 | 63.3 | cleac
047 185.8) [ 156 [8.40 [26.S1| 671 |H.85 | 356 | 16% | 70.7 |eleac
1059 15.81 1 159 1059 |20.65 | £ | 4. 3. |12 | 61.3 leleac
1083 1)5.81 | IS¢ |9.6¢ |70.60| 616 | 4.83 3.s61 172 | Qa.g Neald
lose [VS.8\ | (Sg | 9.10 [20.58 | 6.717 ['4.37 |2.55 | |7} §1-3 | eVeoc
105 | Bamplle_
=
=
\

Buffer Solution

pH 7.0

Field Temperature °C

Instrument Readmg

Model or Unit No.:

|~ . SPECIFIC ELECTRICAL CONDUGTANCE/(SE

KCI Solution (pS/cmmmhos/cm)

12880 at 25°C

Field Temperature °C

Instrument Reading

‘| Model or Unit No.:

LVED OXYGEN CALIBRATION:#

Notes:

Standard Solution (mV)

A!tltude / Sahnlty %

Field Temperature °C

Field Temperature °C

Instrument Reading (mV) Instrument Reading (mg/L)
Model orWhit No.: Model or Unit No.: (
7

Documentl




woodg.

WELL SAMPLING

"AND/OR DEVELOPMENT RECORD

Well ID: ___ MW -1y

Sample ID: _MW "W\4 __ Duplicate ID:

Sample Depth:

Project and Task No.:

Project Name: __F-C F\&\J’D

Date: 9 -\1-19

Sampled By: __ 56 M

Method of Purging: __ P2 ¢\ puU P
Low Flow

Method of Sampling:

Initial Depth to Water:
Depth to Water after Sampling:
Total Depth to Well:

Mo
Well Diameter:

1 Casing/Borehole Volume:

(Circle one)

4 Casing/Borehole Volumes:

(Circle one)

3.5

\3.Bo

-

Total Casing/Borehole
Volumes Removed:

HCALIBRATION (choose tiv

Buffer Solution pH 4.0

Field Temperature °C

Instrument Readmg

L ’emarks e
i olor; turbidity; and sedlment)
_ Y| v | coloe
loog | 1381200 | g 2302|886 | 410 |100 | -4 | 193 cear
{01} B.§y | 290 .25 (2¢6.971| 6.1 | 1.9 900 | 154 10 z\eeot
\0e [13.80 | 290 | g.M0 |20.5916.77 | 844 |0.0v | 152 | 78.3 | elenc
16\]_|13.80 | 200 |0.35 zoMg| 6.82| 496 (900 | V50 |Sg> | =lexe
{ozz |13.80 (209 0.0 (20,47 |6.85 | 496 | 0.0 | V1Y | $9.8 | =lent
1025 [V3.80 | 200 | 9.8S |29sH|6.%6 | M Y¢ |0-ug | MY | 529 |\eas
192% |\3.80 [200 |1.0 |2049(6%7 |4.9¢ |Q.uv | \b% | 4919 [ cNead
193] émru‘:\f
\-\ e —
—
= - \
| \

Model omTNo.:\

| . SPECGIFIC ELEGTRICAL CONDUGTANCE (SEC) = G2

CIBRATION -

KCI Solution (pS/cm—-pmhos/cm)

%\f

113&/254{

12880 at 25°C

Field Temperature °C

Instrument Reading

Model or Unit No.:

D OXYGEN CALIBRATION

| Notes:

Standard Solutlon (mV)

Altltude / Sallnlty %

A~

Field Temperature °C

Field Temperature °C

Instrument Reading (ry;)/

Instrument Reading (mg/L)

Model or Unit Ng/

o

Model or Unit No.:

Docuimentl



wood.

WELL SAMPLING

AND/OR DEVELOPMENT RECORD

Well ID: M 2%

Sample Depth:

Sample ID: _Mw~-123  pyplicate ID:

el

Initial Depth to Water:

e

Depth to Water after Sampling:
Total Depth to Well:

iz

Method of Sampling:

low Flow

Project and Task No.: Well Diameter: z
Project Name: rY ’ﬁt’;\&ﬁ 1 Casing/Borehole Volume:
Date: % 7-V7—Y (Circle one)

. : 4 Casing/Borehole Volumes:
Sampled By: 31 : (Circle one)
Method of Purging: Pegs P\NV\D

Total Casing/Borehole
Volumes Removed:

matks |
ity and sedlment)
: collvf‘
. cleas
Mzs |12 | 2oe |83 |'2251| 870 | 4A% 0009 | 1#A | 0.0 |clenc
M2 | 1792 | 290 |gNs |22 | g | .o Qoo | V3 | 0.9 clean
Y3 {702 | 209 G.GS 273\ 6-635| 5.02- 7g.9¢ | 145 0.0 cleas
sy 1202200 (0.8 22,41 6.61 |50\ | g.00 149 | 0. |eleal”
14370 SW\Q
TT—
\\\
=2
\

Buffer Solution

pH 4.0

Field Temperature °C

Instrument Readmg

Model or Unit No.;

| " . SPECIFIC ELEGTRICAL GONDUGTANGE (SEc),f;f_”"

KCI Solution (pS/cm pmhos/cm)

12880 at 25°C

Field Temperature °C

' <§/3at2/
/

instrument Reading

Model or Unit No.:

fORPIREDOX CAL]BRATION

‘OXYGEN CALlBRATlON

Notes:

Altltude / Salinity %

Standard Solution (mV)

’erld Temperature °C

Field Temperature °C

" Instrument ReadingM

Instrument Reading (mg/L)

Model or W

Model or Unit No.:

Documentl




wood.

Method of Sampling:

| WELL SAMPLING
AND/OR DEVELOPMENT RECORD
well ID: BN E A Initial Depth to Water: __ |3 .44
Sample ID: _ #{8 A Duplicate ID: - Depth to Water after Sampling: ‘S‘OH\
Sample Depth: Total Depth to Well: ~
Project and Task No.: Well Diameter: ’z(’\
Project Name: A f’/\d(ﬁ 1 Casing/Borehole Volume:
Date: 1—\7 =19 (Circle one)
Sampled By: SHW : ?C(i:risléngrl]z;arehole Volumes:
Method of Purging: Peci Pum P Total Casing/Borehole
Low  Flow Volumes Removed:

1397 LS."(‘] 229 P.S H3 | 7.20 | 4.1 g.e3| 9% 2.9 U\M
130 | 15.91 2z P.30 |2081]7.05 | 444 | 9 09 |8H 0.99 | e\ewr
123 | 1849 |2go  |d.45 |20.5%| 6.9 | 4. 4< | d.gg | BS J.90 | eac
136 | i394 |Zog | 0.0 |29.43 | 6. ¥ | Y448 d.od |94~ g. d o
AN 1597 | zoo |9.7s |20.5]| 6. 761446 |gue | AT | 9.0 | ear
V322 | {599 | 299 |0.90 |2089 | .74 | Y4 |g.90 |99 | 0.0 a\eoe
1W32s | 89|z |1.93 |z0.62. 1672 | MM6 |g9o | 102 | 0.0 c\eal
38 | (5.99 5@,«,\/{3{Q 20.65
\
Z
S
. Model or Unit No.:
Buffer Solution pH 10.0
Field Temperature °C /
Instrument Readmg /

| SPECIFIC ELECTRICAL CONDUGTANCE/(SEC) —1"

IBRATION

KCI Solution (uS/cm =pmhos/cm)

12880 at 25°C

Field Temperature °C

Model or Unit No.:

Instrument Reading

'OXYGEN CALIBRATION* ‘| Notes:

Standard Solution (mV) /

Altltude / Salinity %

Field Temperature"/(/

Field Temperature °C

Instrument Regading (mV)

Instrument Reading (mg/L)

Modey;ytﬁ]it No.:

Model or Unit No.:

Documentl




woOod.

WELL SAMPLING
AND/OR DEVELOPMENT RECORD

Well ID: _ Mw-ing

[

Sample ID: _MW Y0 puplicate ID:

Sample Depth:

Project and Task No.:

Rg Freld <

Project Name: NO\\(’O\E g

Date: 1 —\S-\9

Sampled By: SHM

Method of Purging: b pumMg

9
Method of Sampling: _L.vv/ Flgu

Initial Depth to Water: ‘1%6

Depth to Water after Sampling:

Total Depth to Well: 23.2%
=z

Well D

iameter:

1¢.1o
—> 249.90°

1 Casing/Borehole Volume:

(Circle

4 Casing/Borehole Volumes:

(Circle

one)

one)

Total Casing/Borehole

Volumes Removed:

- ‘ALIBRATION (G'”,é"f

Buffer Solution pH 4.0

Field Temperature °C

Instrument Readmg

maFk§ e
) ur Ildlt 'S and sedlment)
| | ey RV oo
W | Pumipl g Flo A&/Q\G[Pw@f(—t' \ovo £ o
inso | 2wo | 20 1972 | gve | 1.2 [1.s7 [ 13T | jogr+« | ToO
{S06 Yoo | U0 1196 | e | AN\NE |T .62z | V146 | \Igat | Fevn
122 Hoeg | SS O 1100 | €3 | 43S .28 | (v loog+ | ton
1S3 2 5000 | 10 169|626 | ©.2%8 |A.63| 15| OO | LighT daum
154z Mg | go [ 1116 €42 A 07 | g.sz | 14\ | \ovot | Fen
ssH <o | AS [ 1460 |6 M3 [N.26 | 0S4 | M3 | Vogoy | | gt fad
[60S S9ou | Mo | 19.51 e d-24 | 0.\ [\4S | "oot ‘%W‘W.
St Yo low| Flow | W/ pocy fbymp i
s oy | 1S9 | W o [e4q | M- 260 1099 [ 147 B 327 | ear
16\€ | 10.24 [ \vSg |\ [201.M010Ms | 429 |d.48 | N6 | 29 clepc
1621 | 1¢.1¢ 1O |20 .44 éL\S a3l |oHs [y | 340 < \eok

Model or Unit No.:

| SPEClFIC ELECTRICAL CONDUCTANCE (SEC) -;j'

ALIBRATION 0 "

KCI Solution (pS/cm pmhos/cm}

12880 at 25°C

Field Temperature °C

Instrument Reading

Model or Unit No.:

' ORP/REDOX CALIBRATION

N:2 | Notes:

Standard Solution.(mV) /

Altltude / Sahnlty %

ot ng a((\}— indes o el

Field Temperature °C

Field Temperature °C

~{ Instrument Readingm

Instrument Reading (mg/L)

(] 1]
while J&V ebpw

Model or W

Model or Unit No.:

¢

Zumple @

) &2+

Documentl
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WOOdJd.

'WELL SAMPLING
AND/OR DEVELOPMENT RECORD

well ID: ML -1 |

Initial Depth to Water: __ {0 . G2

1074

Depth to Water after Sampling:

Sample Depth:

Sample ID: _M - Y)Y Duplicate ID: bu?—é‘/‘/

Total Depth to Well: _29\d’

Project and Task No.:

Well Diameter: 2

1 Casing/Borehole Volume:

- (Circle one)

4 Casing/Borehole Volumes:

Project Name: _Newver ¢/ Bo Ff@\e(s
Date:__1-15— 19

Sampled By: _ €Y "

Method of Purging: sd PVM?

(Circle one)

Method of Sampling:

Total Casing/Borehole
Volumes Removed:

Buffer Solution

pH 10.0

Field Temperature °C

Instrument Reading

marks .
i (, ‘and sedlment)
, “NrofepleC
014 BY MP o F oc &vp/\ayw\ . oo+ Ty
1624 6o | 198 | 1949 | 418 |3 .28 |35 | 200 | jgog b \lpnt Tan
1923 ox/ | 30 119.09] 6.3 | 3.4\ | V.0g| 1€ 655 | <Neanl
(g2 2000 | 3O 140l | 8,30 | 3.4} 0€1 |63 1S enl
1dS) 1000 | 65 | VA4 | g2z | 3.43 0.32 |\ \ 29M | \eanr
g su 7990 | 3o .8 | .30 3.9 | 0.28 | 113\ 20.v <Neoas
1 1us9 J09 | AS 194971 6.3 | 245 | 0.%6] )38 9.3 | looc
N Weo | o | W.zo] 6.3 345 | (9.1S |13% 1.8 New(™
S YA ch ‘o (,c o  Fllow  $am \?\ 05— én// pec) PUCD
WS [e7s | vs9 | 1o 929 g3z | 3971 o | w3g | 9. oleeo
VIR |10.714] (Sg | o |39 (6.32 | 371 (0.4 IR . =2 Ve
1V2-) 16-74| Vso !CMO ¢33 | 348 |01 18] | 7.S cea™

Model or Unit No.:

[ S - SPECIFIC ELECTRICAL COpNDJ )

KCl Solution (pS/cm umhos/cm)

12880 at 25°C

Field Temperature °C

Model or Unit No.:

Instrument Reading

D OXYGEN CALIBRATION # | Notes:

Standard Solut:on (mV)

Altltude / Sahmty % Somple @
Field Temperature °/C/ Field Temperature °C 1) Q_L_\
Instrument R;ad@ (mV) Instrument Reading (mg/L)
Model orUnit No.: Model or Unit No.: '

Documentl




wWOO0O.

WELL SAMPLING
‘AND/OR DEVELOPMENT RECORD

wellID: _ Mlw -14 2

Sample ID: _MW-"14"2-  Duplicate ID:

Sample Depth: Z0

Project and Task No.:

|3.\E

Depth to Water after Sampling: ' 5 A é-)
Total Depth to Well: 3245 =2 32.75
2‘\

Initial Depth to Water:

Well Diameter:

Project Name: NO»\M‘\\\; gy BG FH &‘G(/S @@/Borehole Volume: & 3 .\9 3&/‘
Date:  ( —\Z “\q (© /one) ‘
Sampled By: <H ™M\ ( / (4 ?as;nognz;)rehole Volumes: | Z - 77 (fly,a
Method of Purging: _ 54t pumMP P pUMD —
Method of Sampling: ___ g \,4 P\ow ' ‘ %%fﬁvﬁ“ \\g ?"”\
*Romarks, -
»tu’fljidity,’ arjrd 'st‘adim\ent)
| , TV | oleC
Y90 | Pump on Foe dbeve IpPm eyl + {60+ a
K1Y boad | 1S | NS | e-sg|BM 098 | 196 | j00ox | BT e
|20 boov | 20 |\ B8.65] 47 0.02 | 104 | 1dvot | hight tug
127 500 | MS 1306 | .64 1\8 | G.0u | 109 | jogor | Light tae
1434 500 | 60 1713 ] 6,63 | 4.25 | gwo | i\ oo+ gt ton
1444 1890 | KS 799 | 6.62| B4.28 |U.0o | 1\ 1S) lewe
1 {444 3Sop | 1o (114 | 6,63 1.2 [ doov | o9 | 4.4 | cleon
Swiftch Yo peeli pump For lodd Flow SO\MF\ng
1uwsq U3.16 | 1sg | W\ [ 1749\ 663 | V.30 |g.uo | \u¥ 64\ cleac
#1302 113.)6 | vso | v | 1S | g6a | Y4.3¢ |g.wog | 1o 66.2. | cleac
(sos | 1346 | 1so | vwo  |[1&.2 g6 | 4.3\ |g.oo |1lg |£S.14 cNear
S I — a,\élcx(‘
‘CALIBRATION!(chdose two) Model or Unit No.:
Buffer Solution pH 4.0 pH 7.0 pH 10.0 /
Field Temperature °C
Instrument Reading
| | SPEGIFICELECTRICAL CONDUCTANCE (SEC) SCALIBRATION * . | Modelor UnitNo:

KCI Solution (uS/cm=pmhos/cm)

12880 at 25°C

Field Temperature °C

B

Instrument Reading

REDO

(CALIBRATION” |

| Notes:

Standard Solution (mV)

Altitude / Salinity %

Foal Jo

Field Temperature °C/

Field Temperature °C

Instrument Reag,ng/(mV)

Instrument Reading (mg/L)

Modey,\nﬁ/No.:

Mode! or Unit No.:

Documentl



wood,

WELL SAMPLING
AND/OR DEVELOPMENT RECORD

wellID: __ MW-14 3%

Sample ID: _MW-1143  puplicate ID:

Initial Depth to Water: 4,44

Depth to Water after Sampling: 9.52

Sample Depth: 2% Total Depth to Well: Z4.1 < = 30.39
Project and Task No.: : Well Diameter: 2—
Project Name: N N RO By e,\o(ﬁ Borehole Volume: __ 3. Yo
Date: " 1—\2-) 2 (Circle one)
Sampled By: SHH @i?rehole Volumes: _[ 3,60
Method of Purging: %S Ul pump / pec) PUmp .

Total Casing/Borehole
Method of Sampling: __\gwJ 'F \ow/ Volumes Removed: o ga \

J

ok

‘CALIB ATION (cl* oosev

Buffer Solution pH 4.0

pH7.0 | pH10.0

Field Temperature °C

Instrument Reading

Model or Unit No.:

HBE |4.44 |Spoo | 0 Fump | on o developrent \goe + (;a—owo/rm
1B Sg00 |VS 1193 | .83 | 1.38 1.6 | WO \ogo ¥ | light Yo
N\SE sooo | 30 |[7.96| €78 Y3 [G.0f | 107 | 1000+ | [yt tag
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|'WELL SAMPLING

AND/OR DEVELOPMENT RECORD

Well ID: _ MW-{4yYy

P

Sample ID: _MW ~144  Duplicate ID:

Sample Depth: 70O~

Project and Task No.:

ko Field s

Project Name: __Noa-verju

Date:  7-31—\¥

Sampled By: _J ™

Method of Purging:

Method of Sampling: _ L gw Flowd

Initial Depth to Water: _1Z..'2¢

‘7\35—
“"3 37.3? afte e dedr

Depth to Water after Sampling:
Total Depth to Well: _ 22 -1}
Well Diameter: _ 2

1 Casing/Borehole Volume:
(Circle one)

4 Casing/Borehole Volumes:
(Circle one)

Total Casing/Borehole
Volumes Removed:

Buffer Solution
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Field Temperature °C
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Field Temperature °C

Instrument Reading
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Field Temperature °C
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Hydrologic Monitoring
1654 W. Sam Houston Pkwy. N.
Houston, Texas 77043

Phone 713.464.5206

Fax 713.464.5207
November 3, 2019

Ms. Pam Krueger

Senior Associate

Wood Environment & Infrastructure Solutions
17325 Park Row

Houston, Texas 77084

Subject: 4Q19 RO Field Groundwater Sampling, October 22, 2019
Navajo Refining Company, Artesia, New Mexico

Dear Ms. Krueger:

This document summarizes the 4Q19 RO Field Program groundwater sampling conducted by
Hydrologic Monitoring, LLC (HMI) on behalf of Wood at the Navajo-Artesia Refinery, Artesia,
New Mexico.

Contents

Field Activities Narrative

Table 1: (Gauging Data, Groundwater Field Parameters, Well Inspections)
Groundwater Sampling Forms and Field Instrument Calibration Log
Chain-of-Custody Form

Lab Bottle Order (Wood Analytical Scope Summary)

Groundwater Sampling SOP Memo



Field Activities Narrative

1.

HMI conducted low-flow groundwater sampling in accordance with the Site Sampling
and Analysis Plan, and EPA guidance (Puls and Barcelona, 1996 EPA Guidance on Low-
Flow Groundwater Sampling, REV No. 4, September 19, 2017).

Samples were shipped overnight FedEx to Pace National, Mt. Juliet, TN, for analysis per
the attached COC. Proper chain-of-custody was maintained. The groundwater sampling
process is documented on the attached groundwater sampling forms.

Per Wood, the 4Q19 RO Field sampling program included the sampling of 17 wells. 12
of the 17 wells were existing monitoring (or recovery) wells in the Artesia Refinery’s
well network. Five wells were installed by Wood in 2019 to support the RO Field
Investigation. Field QA/QC program (with parent well locations) is shown below:

MW-40 + Duplicate (Dup-RO-01)

MW-29

MW-56

MW-55 + Duplicate (Dup-RO-02)

MW-140 (access support as needed — Navajo’s Domingo Torres)

MW-141 (access support as needed — Navajo’s Domingo Torres)

MW-115

MW-114

9. MW-125

10. MW-117

11. MW-118

12. MW-119

13. MW-142 (...horses in Mr. King’s field, access through northside gate, & close)
14. MW-143 (...horses in Mr. King’s field, access through northside gate, & close)
15. MW-116 + Equipment Blank (EB-RO-01)

16. RW-#18A

17. MW-144

PN R

Notes:

Training modules: “24HFNAV HOLLYFRONTIER SITE SPECIFIC ORIENTATION
ARTESIA-NM”, and the additional “LPS” module, both @ HASC, annually.

HMI’s DISA 2-yr backgound check/drug/alcohol requirements approved by safety-trailer
personnel on 10-3-17 (updated 2019), as reported through HASC system. HMI to
maintain its status.

Per Navajo, purgewater is disposed in the pad sump (inside/left of Main Gate entrance).
Alternately, purgewater is disposed in the North Bundle Pad sump (fenced area of drums,
etc.), notifying FCC control room prior to entrance.

Sitewide well and gate lock combinations: “2013” (less often “2002”).

With suggested telephone notification, FedEx pickup from locked shed (35-25-39
combination) no earlier than approximately 14:00 daily, across from Artesia Wool Co
(access area from “inside” Refinery).



North side of Hwy 82, east of site, gate with cable and combination lock (8810).
POTW bldg, check-in as needed, to borrow a key or get gate unlocked.

Navajo’s Robert Combs, Richard Orosco, Randy Dade for daily safety meeting, permit-
issuance, per HMI team member.

HMI appreciates the opportunity to assist Wood with this project. If you have any questions or
would like additional information please feel free to call us at 713.464.5206.

Sincerely,

HYDROLOGIC MONITORING

Scott C. Ude, P.G. The seal appearing on this
document was authorized by
Scott C. Ude, P.G. 353 on
November 3, 2019.

Attachments

cc: Greg Scherbenske, P.G., HMI
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Navajo-Artesia, Wood-RO Field, Quarterly Groundwater Program, 4Q19
=
<}
L
=
0
<
s <)
5 g
S @
E £
e} ]
) o —
3 [} ()
e £ | B
el — =
@ =) A
T |8 = | @ @
=z = —~ [] =
| = S| =2 |z S
x| = - | s | & S
- [ c Qo
> = = o =2 i
= — 5 ) o I
g |2 G e85 ]8
5 o =] < 5 [ ] 53
< = O = = = © el
O —~ - —~ < c N
. - ) %) o ) 3 9] ~
c o — < N ~ o gl %)
= = o = | o = 2 kel
= —~ ) —~ 1<) o = [ =
£ o ~ o ~ o =z O o
3 2 © N | e |2 w | X |2
5 ) g8 | 8|38 < | 23
by o Q e o < ] %) >
k] 51 L) S k%) s <z = Q =
3 < [ < s o
c = k] = o = = @
£ 8 ) [} 7} [} < z > @
5 Q = = = = 1%} O = (a)
° ] = o = o c = = =
Sl |zT|8 S| 8|8 |E|g|¢T
3 = |2 135 elalslz13 |0
Team B
TAB to
MW-40 Monitoring | SCD 1 X X X X X X
TAB to
MW-29 Monitoring | SCD 2 X X X X X X X X
TAB to
MW-56 Monitoring | SCD 3 X X X X X X X X
Team B - QA/QC:
Dup-RO-01 mw40 SCD X X X X X X X X
Team C
CJHto
MW-55 Monitoring BRH 4 X X X X X X X X
RO Fields | BRH 5 X X X X X X X X
RO Fields | BRH 6 X X X X X X X X
Team C - QA/QC:
Dup-RO-02 mw55 BRH X X X X X X X X
Team D
MW-115 Monitoring | BTB 7 X X X X X X X X
MW-114 Monitoring | BTB 8 X X X X X X X X
MW-125 Monitoring | BTB 9 X X X X X X X X
Team E
MW-117 Monitoring | GDS 10 X X X X X X X X
MW-118 Monitoring | GDS 11 X X X X X X X X
MW-119 Monitoring | GDS 12 X X X X X X X X
RO Fields | GDS 13 X X X X X X X X
RO Fields | GDS 14 X X X X X X X X
Team F
MW-116 Monitoring | SCU 15 X X X X X X X X
GDS to
RW-#18A Recovery scu 16 X X X X X X X X
RO Fields | SCU 17 X X X X X X X X
Team F - QA/QC:
EB-RO-01 mw116 scu X X X X X X X X
Team G
Team H

Instructions for Pace National:

Please send kits directly to Pace-Houston. Pace-Houston to transfer to HMI on or before October 1, 2019.
Sampling scheduled - week of October 21, 2019

No COCs are needed; HMI produces COCs using Pace's writable PDF, as arranged with Chris McCord
Preprinted labels (including QA/QC samples); labels affixed to bottles and bagged-per-well

Pack 5 wells per cooler as possible; coolers labeled by Team (Team A, Team B, etc. through Team H)
Lab-grade DI water provided by Pace for all Equipment Blank samples

Analytical Suite:

1.
. Total Metals Select List (6010)

. Dissolved Metals Select List (6010) (field-filtered, 0.45 micron)
. Total Metals Select List (6020)

. Dissolved Metals Select List (6020) (field-filtered, 0.45 micron)
. Anions (Method 300) (Chloride, Fluoride, Sulfate)

. Nitrate-Nitrite as Nitrogen (353.2)

. Alkalinity (2320)

00 ~NO O WN

Field-Measured Parameters - pH, temp, SC, DO, ORP, and turbidity

- Carbonate
- Bicarbonate

. Total Dissolved Solids (2540C)

= HMI only (field-strategy note)
= Existing well included in Wood-RO Field, Quarterly Groundwater Program

_ = Well installed by Wood in 2019, included in Wood-RO Field, Quarterly Groundwater Program

lofl

...taken away from TAB list

...taken away from TAB list

...taken away from TAB list

...taken away from CJH list

..Domingo for access, per Pam Krueger

..Domingo for access, per Pam Krueger

..Mr. King's horses in field? (special access, possible...)

..Mr. King's horses in field? (special access, possible...)

...taken away from GDS list

...moved to SCD list
...moved to SCD list

...moved to SCD list

...moved to BRH list



Hydrologic Monitoring
1654 W. Sam Houston Pkwy. N.
Houston, Texas 77043

MEMORANDUM o 7134645207

Groundwater Monitoring Standard Operating Procedures
Navajo Refining LLC — Artesia, New Mexico

HMI conducts low-flow groundwater sampling in accordance with the site Sampling and Analysis
Plan and EPA guidance (including Puls and Barcelona, 1996 EPA Guidance on Low-Flow
Groundwater Sampling; REV No. 4, September 19, 2017, and Yeskis & Zavala, 2002,
EPA/542:S-02/00, Groundwater Sampling Guidelines for Superfund and RCRA Project
Managers).

Groundwater Sampling Methodology

HMI conducts low-flow groundwater sampling using a peristaltic pump and dedicated
polyethylene tubing at wells with requisite depths-to-water. At a limited number of wells with
depths-to-water greater than peristaltic range, low-flow groundwater sampling is conducted using
dedicated or non-dedicated bladder pumps. In 2016, at no cost to TRC, HMI installed HMI-
owned bladder pumps in a limited number of wells (approximately four). At such time that HMI
no longer conducts routine groundwater monitoring at the site, it respectfully requests the
opportunity to recover these dedicated bladder pumps. Sample intakes are set at midscreen, when
possible (generally at least two feet from the base of the well). Sample intake depths are
permanently marked, ensuring future sampling events consistently monitor the targeted water-
bearing interval. During sampling with a peristaltic pump, the sample tube is attached to the pump
using a one-foot section of dedicated, flexible silicone tubing (item #5703, Geotech
Environmental Equipment, Inc.). A two-foot segment of polyethylene tubing connects the silicone
tubing in the pump to the flow-through cell, using a disposable segment of silicone tubing.
Purging commences through a sealed flow-through cell at EPA-recommended purge rates
(generally 0.1 to 0.2 liters/minute), while well drawdown is monitored. Groundwater field
parameter readings are measured at 0.5-liter intervals (generally an equivalent of one cell-volume
“turnover”). Field parameters of pH, specific conductivity, temperature, dissolved oxygen, and
oxidation-reduction potential are monitored inside the cell. Turbidity is monitored outside the
cell. Groundwater field instrumentation is calibrated and recorded daily in accordance with
manufacturer specifications.



Purging continues until a requisite volume of groundwater is purged (generally a minimum of
3,000 ml or six flow-through cell volumes), and field parameters have stabilized in accordance
with EPA guidance:

Water Quality Parameters (Stabilization Parameters in Accordance with EPA (2002),
Groundwater Sampling Guidelines for Superfund and RCRA Project Managers, Yeskis &
Zavala, EPA/542:5-02/001)

e pH +/- 0.1 units;
e Temperature -

e Conductivity +/- 3%

e Dissolved Oxygen +/- 0.3 mg/L
e ORP +/- 10%

e Turbidity 10%

Immediately prior to sampling, the input tubing to the flow-through cell is disconnected from the
disposable silicone receiving tubing on the input barb on the flow-through cell, and groundwater
samples are collected directly into lab-supplied containers. Groundwater samples are placed in
iced coolers, and remain in HMI’s custody until shipped to ESC Lab Sciences via FedEx-
overnight. Peristaltic tubes and/or dedicated bladder pumps may be dedicated in respective wells.
Alternatively, dedicated tubing may be retrieved, bagged, labeled, and stored in tubs maintained at
HMI. Wells with very limited water column thicknesses may be sampled with disposable bailers.
Active recovery well and irrigation wells are sampled using sample ports. The purging and
sampling process is documented on groundwater sampling field forms.

Cross-Contamination Prevention Program

Dedicated peristaltic tubing and dedicated bladder pumps are used as possible, to minimize any
potential cross-contamination issues during the groundwater monitoring process. Remaining non-
dedicated equipment (e.g., electronic gauging probes or non-dedicated bladder pumps, etc.) is
properly decontaminated prior to use and between wells. The decontamination procedure may
include a combination of chemical and mechanical decontamination. For example, scrubbing with
ethyl alcohol (isopropanol) as warranted, followed by scrubbing using an Alconox-water solution,
and distilled water rinse. The decontamination procedure for non-dedicated bladder pumps
consists of cycling an Alconox-water solution through the pump bladder. Distilled water is cycled
through the pump bladder, followed by decontaminating the exterior body of the pump, using the
methods outlined above.

HMI Deliverables

HMI provides field documentation of groundwater monitoring activities in a deliverables package
that includes a brief narrative, summary table (with gauging data, field parameters, well inspection
data, and required analytical scope), groundwater sampling forms, field instrument calibration log,
and chain-of-custody forms (by Refinery “Area”), and a groundwater sampling SOP memo.



Third Quarterly Event (January 2020)



Hydrologic Monitoring
1654 W. Sam Houston Pkwy. N.
Houston, Texas 77043

Phone 713.464.5206

Fax 713.464.5207
January 22, 2020

Ms. Pam Krueger

Senior Associate

Wood Environment & Infrastructure Solutions
17325 Park Row

Houston, Texas 77084

Subject: 1Q20 RO Field Groundwater Sampling, January 16, 2020
Navajo Refining Company, Artesia, New Mexico

Dear Ms. Krueger:

This document summarizes the 1Q20 RO Field Program groundwater sampling conducted by
Hydrologic Monitoring, LLC (HMI) on behalf of Wood at the Navajo-Artesia Refinery, Artesia,
New Mexico.

Contents

Field Activities Narrative

Table 1: (Gauging Data, Groundwater Field Parameters, Well Inspections)
Groundwater Sampling Forms and Field Instrument Calibration Log
Chain-of-Custody Form

Lab Bottle Order (Wood Analytical Scope Summary)

Groundwater Sampling SOP Memo

