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Introduction

On behalf of the Navajo Refining Company, LLC (NRC), ARCADIS performed an analysis of groundwater 
quality and developed a geochemical solute transport model related to the application of the reverse 
osmosis (RO) plant reject water onto the discharge fields at the Artesia Refinery located in Artesia, New 
Mexico (the Site).  These efforts are intended to support a request for modification of Discharge Permit 
GW-028 to increase the total volume of reject fluids discharged to the fields.  Discharge Permit GW-028is 
issued and administered by the Oil Conservation Division (OCD) of the New Mexico Energy, Minerals and 
Natural Resources Department.  The permit modification requests that the allowable discharge volume be 
increased from 10,000 barrels per day (BPD) to 20,000 BPD. In support of the permit modification 
request and to address the items listed in the OCD email to NRC on June 3, 2015, NRC has been 
directed to determine the potential impacts to the underlying aquifer that may result from discharge to the 
RO reject fields.  The specific objectives of the evaluation are:

• Perform a complete evaluation of RO reject water quality using all of the available historical data
including discharge data from the temporary RO unit that was installed in 2011.  The evaluation includes 
assessment of the variability of constituent concentrations and trends in the data over time.
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• Perform a statistical evaluation of the monitoring well groundwater quality, including minimum, 
maximum, and average concentrations, indicating concentrations that exceed the Water Quality Control
Commission (WQCC) standards found in 20 New Mexico Administrative Code (NMAC) 6.2.3103.  The
statistical evaluation provides additional assessment of data variability and trends over time.

• Estimate mass loading rates for key water constituents to provide insight into the quantities being placed 
on the RO reject fields.

• Develop and perform simulations using a contaminant hydrogeologic model to estimate impacts to 
groundwater related to the RO reject fields. 

This memorandum is hereby resubmitted as Revision 1, which includes corrections to the RO reject 
stream water quality results, following the discovery of errors subsequent to the original submission of the 
memorandum in August, 2015.  Although the modifications to the water quality results did not result in any 
significant modification to the conclusions and recommendations presented in the original memorandum, 
all affected data tables and modeling results included herein have been updated.

Site Overview and Background

NRC operates a petroleum refinery located at 501 East Main Street in the city of Artesia, Eddy County, 
New Mexico.  The facility has been in operation since the 1920’s and processes crude oil into asphalt, fuel 
oil, gasoline, diesel, jet fuel, and liquefied petroleum gas.  The refinery is an active, growing industrial 
facility.  

As part of the overall facility operation, NRC operates three RO units (two permanent, one temporary) that 
process fresh water as a means to remove contaminants such as minerals and salts.  The two permanent 
units were installed and began operations in the early 1990’s while the temporary unit was installed and 
began operations in 2011.  The RO units produce two effluent streams:  the RO permeate stream, which 
is the purified water, and the RO reject water stream, which contains the concentrated salts and minerals
that cannot pass through the RO membranes. The RO reject water stream is discharged to the surface of 
one of two vacant fields located northeast of the Refinery operations areas to water perennial rye grass in 
those fields.

In 1993, the RO reject stream was permitted to be discharged to a 40-acre rye “farm”, which is now called 
the South RO reject field.  It should be noted that the area of the South RO reject field that receives 
discharge is approximately 29.2 acres in size.  In 1999, the permit was amended to include a field north of 
Eagle Draw, which is now referred to as the North RO reject field.  Discharge to the North RO reject field 
is limited to an area approximately 25.8 acres in size.  Both of the fields have earthen berms that limit the 
area in which discharge occurs, and contain several ditches that disperse flow throughout the field from 
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the point of discharge.  Figure 1 shows an overview of the Site including the locations of the RO reject 
fields.  

RO Reject Water Quality Evaluation

Based on the request from OCD, ARCADIS performed statistical analyses of the RO Reject Water 
Quality, using available data from November of 1992 through November of 2014, which provides 
approximately 22.5 years of data.  The GW-28 permit modification approval of April 27, 1993 was the first 
that required the sampling and analysis of RO reject water.  The data collected beginning in November 
1992, prior to the 1993 permit modification approval was collected to support NRC’s request to discharge 
RO reject water to Eagle Draw.  

The statistical analyses consisted of calculation the maximum, minimum, and average concentrations for 
the relevant water quality constituents, using the available data.  The evaluation also included a trend 
analysis to determine if concentrations were increasing, decreasing, or remaining stable over the 
historical data period. The data set includes non-detect values for certain constituents; however, the 
detection limit for each constituent changed over time, typically a relatively high value in the early 
analyses and much lower in the more recent sampling.  In order to provide a complete analysis, the 
average calculations show three values:

• An average based on all data (including non-detects) using the reporting limit at the time of analysis for 
non-detect values.

• An average based on all data (including non-detects) from 2004 to the present, using the reporting limit
at the time of analysis for non-detect values.

• An average based on detections only.

The results of the statistical analysis are summarized in Table 1.  Appendix A contains the RO discharge 
and concentration dataset, and Appendix B contains the plots generated from the trend analysis of that 
data. It should be noted that not all of the samples of the RO reject discharge were analyzed for the same 
set of constituents during each event, due to changes in the permit requirements, laboratory performing 
the analyses, and the purpose of the analyses. However, there is adequate data available to evaluate 
changes and trends in concentrations of key constituents through time.

The results of the RO reject discharge water quality evaluation indicate the following:

• The concentrations of all of the constituents were highly variable over the 22.5 year operating and 
monitoring period, often with one or two orders of magnitude difference between the minimum and 
maximum concentration values.
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• Most of the metals that have been part of the sampling have results that are non-detect, with few 
concentration detections relative to the number of sampling events.

• A qualitative analysis of the trend plots for most constituents show stable or decreasing trends, with the 
exception of pH and bicarbonate, which fluctuate but show no specific trend.  In cases where a
constituent has typically been below detection, the apparent decreasing trend may be the result of 
decreasing reporting limits over time (e.g., mercury).    

Monitoring Well Water Quality Evaluation

Based on the request from OCD, a statistical evaluation of available historical water quality data for the 
relevant monitoring wells was performed that included the calculation of the maximum, minimum, and 
average concentrations for the key constituents.  This also included identifying the samples that exceeded 
WQCC standards and reviewing the distribution of exceedances.  The monitoring wells selected are listed 
below and shown in Figure 2.  

• RO reject field monitoring wells:  MW-114, MW-115, MW-116, MW-117, MW-118, and MW-119; data 
from 2013 (quarterly) and 2014 (semiannually) was used for the analysis.

• Nearby upgradient monitoring wells:  MW-18, MW-54A, MW-54B, MW-55, NCL-44, NCL-49, and NCL-
33; data from 2013 and 2014 was used in the analysis as a comparison of nearby upgradient water 
quality in relation to the RO reject field monitoring wells for the same time period as those wells

• Several nearby wells surrounding the RO reject fields with extensive historical data, from 1992 through 
2010:  KWB-1A, KWB-10, MW-20, MW-30, MW-45, MW-46, and MW-56.  Chloride, fluoride, and sulfate 
data from these wells from the time period of 1992 through 2010 was selected because this data has 
previously been presented to OCD for their review.

It should be noted that the monitoring wells located within the RO reject fields were installed in 2013.  Not 
all wells listed above were sampled during every period for the same set of parameters, due to variations 
in the monitoring program through time.  Thus, a comprehensive, historical dataset for all monitoring 
locations and constituents evaluated was not available; however, the dataset can be used to understand 
general trends and statistical parameters to provide insight into the local groundwater quality. 

The results of the statistical evaluation are summarized in Table 2 and the full data set used for this 
evaluation is presented in Appendix C.  Appendix C also includes trend plots for sulfate concentrations 
in historical wells KWB-1A and MW-45 to provide insight into long term groundwater constituent 
concentration trends.  The trend plots are intended to be illustrative of long term trends at the Site, and 
were previously submitted to OCD for their review. Table 2 shows the minimum, maximum, and average 
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concentrations, as well as the exceedances for each constituent, using the data from both sets of data 
presented in Appendix C.  The analysis indicates the following:

• Similar to the RO discharge water quality, the data for the groundwater monitoring network is highly 
variable.

• The trend plots shown in Appendix C for KWB-1A and MW-45 over the data period (1992-2010) show 
a decreasing trend for sulfate concentrations.

• Chloride, fluoride, and sulfate have numerous exceedances of the WQCC standards in groundwater, 
along with iron, manganese, and nitrate.  This is the case in the RO reject field wells, the background 
wells, and the surrounding wells with no observed spatial distribution that would suggest one well group
is more impacted than another. 

• When comparing the historical and the more recent (2013 and 2014 data) average groundwater 
concentrations for chloride, fluoride, and sulfate, the values for each time period are similar, suggesting 
concentrations have remained relatively stable over the operation period. If loading effects from the RO 
discharge was impacting groundwater quality, then the more recent averages would be higher than the 
historical averages. In fact, the average for the more recent sampling results for chloride and sulfate are 
lower, as summarized below:

Average 
Concentration 

(mg/L)

Historical 
(1992-2010)

Recent
(2013-2014)

Chloride 367.1 238.4
Fluoride 1.6 1.9
Sulfate 2068.7 1700.2

• When considering the data shown in Appendix B for the RO reject field monitoring wells, the 
surrounding wells, and the nearby upgradient wells, there is no discernable pattern of the distribution of 
WQCC standard exceedances when the data is evaluated qualitatively. Exceedances of the WQCC 
standards, shown in the highlighted cells, occur in all of the well groups.  If the data from the RO reject 
fields monitoring wells had more exceedances of the WQCC standards, this would confirm that the RO 
reject water could be a source of groundwater impacts.  However, the data from the RO reject fields 
monitoring wells is similar to the data in surrounding wells, which does not confirm that the discharge of 
RO reject to the fields is a significant impact to groundwater quality.

It should be noted that a more thorough evaluation of background groundwater quality has been 
conducted over a 12-month period, according to a work plan approved by OCD.  The results of the 
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background groundwater evaluation will be submitted in a separate report on or before October 4, 2015, 
as requested by OCD.  The analytical results of the background groundwater quality were evaluated 
statistically to develop an upper tolerance limit (UTL) with 95% confidence and 95% coverage.  The 
proposed alternate standards based on the background UTLs, although not yet approved for use, have 
been added to Table 2 for comparison.  As can be seen, the average concentrations presented in Table 2
do not exceed the proposed alternate standards, or the WQCC standards for those constituents where an 
alternate standard is not proposed.

RO Reject Water Mass Loading Calculations

Mass loading rates for key constituents were calculated to provide insight into the quantity of constituents 
deposited onto the RO discharge fields.  The rates were calculated using the average concentrations for 
the RO discharge water using data obtained during the period from 1992 to 2014.  The calculations also 
considered the area of the discharge fields (approximately 55 acres total for the North and South fields
combined) and used the maximum, minimum, and average flow rates using historical data from 1992 
through 2014.  As with the RO water quality dataset, this represents the entirety of the available data 
based on operational period and permit requirements. This led to the estimation of a worst case, best 
case, and average scenario. The worst case scenario consists of the maximum observed flow rate and 
the best case scenario consists of the lowest observed flow rate. The results are summarized in Table 3. 
The table shows pounds/acre/year and total tons applied at the surface of the fields, assuming an 
operational period of 22.5 years.  

As expected, major ions (sulfate, chloride, magnesium, calcium, and sodium) have the highest relative 
loading rates, whereas the trace metals mercury, cadmium, molybdenum, and silver have relatively low 
loading rates.  The calculated mass loading rates for each of the scenarios are indicative of the variability 
in the constituent concentrations and the flow rates of the RO discharge.  It is unlikely that the “worst 
case” would be the case observed in every year, and the same could be said of the “best case”. 
Therefore, the “average” case is likely the most representative over the operational period of the system.  
The significance of the loading rates relative to the observed groundwater concentrations is dependent on 
the transport of these constituents to groundwater.  The mobility of the constituents depends on several 
flow and transport characteristics, including vadose zone water budget, infiltration capacity, and 
geochemical processes which may facilitate or limit movement of constituents to the water table.  The 
evaluation of transport using a numerical flow and transport geochemical model is summarized in the next 
section. 

Hydrogeologic Modeling 

A geochemical reactive transport model simulating percolation of RO discharge water in the vadose zone 
beneath the discharge fields was developed to better understand the transport of dissolved constituents to 
groundwater.  Due to uncertainties in the levels of discharge to the north versus the south field, two 
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scenarios were considered for modeling; one in which 100% of the discharge was sent to the south field 
(Scenario 1), and one in which 67% was sent to the south field and the remaining 33% was sent to the 
north field (Scenario 2).  These scenarios are based on the observation that the north field was 
constructed at a later date, and historically the south field has typically had the majority of the discharge 
water applied.  

The model also considered evapotranspiration and resulting solute concentration in the discharge fields 
prior to infiltration.  Evapotranspiration was determined by using the measured pan evaporation rate of 
100 inches (Kohler, et al, 1959), which was then adjusted using the crop coefficient for pasture grasses 
(Jenson et al, 1990).  The resulting evapotranspiration was combined with long term average precipitation 
for a balance deficit of 68 inches. This was then combined with the discharge rate and RO reject field 
areas (29.2 acres and 25.8 acres for the south and north fields, respectively) to determine a net infiltration 
rate in inches per day (in/day).  

The following infiltration rates were assumed based on an average of the available discharge data from 
1992 through 2003:

Scenario 1 Scenario 2a Scenario 2b
South Field South Field North Field

Average Discharge, 1992-2003 (in/day)* 0.348 0.233 0.264
Evapotranspiration (in/day) 0.178 0.178 0.178
Water Lost to Evaporation 51% 76% 67%
Infiltration Rate (in/day) 0.170 0.055 0.086
* Corrected to effective inches per day based on volumetric discharge and field surface area

Model construction and assumptions, geochemical model parameters, and modeling results are described 
below.  Appendix D includes parameters and calculations for model inputs, Appendix E includes model 
input files, and Appendix F includes model output files. Note that PHREEQC model outputs include a full 
output file as well as a user-specified “selected output” file.  Since the full model output files can be 
several hundred pages in length, only the selected output file results tables are included in Appendix F.  
The full output files can be regenerated by running the model input files included in Appendix E.

Geochemical Model Construction

One-dimensional reactive transport models were constructed for each scenario using the geochemical 
modeling code PHREEQC with the Wateq4f database (Parkhurst and Appelo 1999).  The model was 
used to 1) predict the concentrations of dissolved constituents at the surface within the discharge fields 
following evapotranspiration (with solute concentrations changing as a result of evapoconcentration and 
potential precipitation) and 2) to qualitatively understand concentration dynamics in the seepage water at 
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the water table interface following transport through the vadose zone.  Geochemical processes included 
in the reactive transport model include aqueous speciation, adsorption to mineral surfaces, cation 
exchange, and mineral dissolution/precipitation reactions.  Specifically, calcite, gypsum, fluorite, 
rhodochrosite, and barite were allowed to precipitate if they were supersaturated.

The following physical and hydrologic assumptions were included in the model: 

• Depth to water table: 25 ft
• Total Porosity: 35%
• Effective Porosity: 20%
• Void Saturation: 95%
• Vadose zone seepage velocity, based on infiltration rates and porosity:

– Scenario 1: 0.51 in/day
– Scenario 2a: 0.16 in/day
– Scenario 2b: 0.26 in/day

The “total porosity” represents the total void space in the vadose zone matrix, while the “effective porosity” 
represents the portion of the void space potentially containing readily-mobile solution (this can also be 
referred to as the “mobile porosity”).  The approach below assumes that only the cation exchange and 
sorption sites within the mobile zone are available for reaction with dissolved constituents.  A void 
saturation of 95% was assumed based on the anticipated high degree of saturation in the vadose zone, 
given the low infiltration rate (less than 1 inch per day) and the high saturation state of the fields.

Influent aqueous concentrations were based on the 2004 to present average RO reject water 
concentrations, corrected for evapotranspiration. Initial aqueous concentrations within the model domain 
were arbitrarily low to better illustrate the time at which influent concentrations reach the water table 
based on the contrast between initial and influent solutions.

Solids Data Evaluation and Geochemical Model Assumptions

Boring logs for monitoring wells MW-114, MW-115, MW-116, MW-117, MW-118, MW-119, and RO-SB-1
(ARCADIS, 2014) indicate that the unsaturated zone beneath the RO discharge fields is composed 
primarily of silty clay, varying in color from white/light brown to darker red, with interspersed caliche 
gravels, with the observed clay content varying from approximately 55% to 90%.  This material represents 
the valley fill deposits of the Quaternary Alluvium, and is consistent with information obtained from 
multiple previous investigations throughout the Refinery and surrounding areas.
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Total metals analyses on soil samples collected from boreholes within the RO reject discharge fields 
(ARCADIS, 2014) indicate the following average elemental compositions:

Al 9,000 mg/kg
Fe 6,000 mg/kg
Ca 120,000 mg/kg
SO4 1300 mg/kg

These concentrations suggest that the samples likely comprise large amounts of calcite, with lesser 
amounts of gypsum, clay minerals, and metal oxides, with the remainder comprising silica oxide phases 
such as quartz.

The following assumptions were used in the geochemical modeling (described below):

• Solid phases in the unsaturated alluvium controlling surface reactions (including adsorption and cation 
exchange) are assumed to include iron oxyhydroxides and clay minerals.  Specifically, the predominant 
clay mineral phase was assumed to be kaolinite, with the chemical formula Al2Si2O5(OH)4.  Although the 
specific proportions of clay minerals present in the alluvium in Artesia could not be found, studies on 
analogous valley fill materials along the Rio Puerco in New Mexico indicate the presence of illite, 
montmorillonite, and kaolinite, with kaolinite predominating (Heath, 1983).  The iron within the alluvium 
was assumed to be present as iron oxyhydroxides, with ferrihydrite (Fe(OH)3) assumed for modeling 
purposes.

• Based on the average elemental abundances provided above, the following mineral quantities were 
calculated (Appendix D, Table D-1):

– Ferrihydrite: 11.5 g/kg 1% of total

– Kaolinite: 43 g/kg 4% of total

– Calcite: 298 g/kg 30% of total

– Gypsum: 2.3 g/kg 0.2% of total

The remaining 65% of the mineralogy was assumed to be unreactive.  Although gypsum content was 
small, the sulfate content is assumed to be indicative of conditions in thermodynamic equilibrium with 
gypsum.

Adsorption was accounted for in the model using a surface complexation model for ferrihydrite (Dzombak 
and Morel 1990), which includes sorption reactions for H+, Ca2+, Ba2+, Zn2+, Cu2+, Mg2+, Mn2+, UO22+, 
Fe2+, As(V), SO42-, Se(VI), and F-, with the bicarbonate sorption constants added based on Appelo et al. 
(2002).  Note that arsenic and selenium were assumed to be present in the RO reject water in their most 
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oxidized forms, and it is assumed that the vadose zone remains oxic down to the water table (i.e., no 
reduction of arsenic, selenium, or nitrate).  

Although the ferrihydrite surface complexation model parameters were used, ferrihydrite itself is an 
extremely reactive, high-surface area mineral which may not represent all of the iron oxide minerals 
present in the aquifer.  In reality, other slightly less reactive ferric minerals may constitute the majority, 
including goethite and hematite.  For calculation of the surface adsorption sites, a mineral surface area of 
30 m2/g was assumed (typical of goethite; Kosmulski et al. 2004).  The surface adsorption site density for 
ferrihydrite was used, but was scaled back by more than two orders of magnitude (a factor of 500) to 
provide a conservative estimate of adsorption.  Ultimately, the sorption affinity of the aquifer matrix for 
particular metals must be obtained based on site-specific results.  In lieu of this information, the 
adsorption model included here is not meant to provide quantitative predictions, but rather is intended to 
provide an illustration of metals dynamics (e.g., the degree of retardation of various metals relative to one 
another).  Increasing the sorption site density is expected to have an approximately linear effect on 
retardation; for example, a doubling of the concentration of sites for adsorption would result in a doubling 
of the time required for metals to reach the water table, all else (e.g., solution pH) being equal.  The 
concentrations of “strong” and “weak” sites, as described by Dzombak and Morel (1990), are included in 
Appendix D, Table D-2 along with all other model input parameters. 

Cation exchange was accounted for using a kaolinite cation exchange capacity of 0.074 mol/kg based on 
an average of results presented by Ma and Eggleton (1999).  The default Wateq4f cation exchange 
coefficients were used for Na+, K+, H+, Ca2+, Mg2+, Ba2+, Mn2+, Fe2+, Cu2+, Zn2+, and Al3+.

Model Results

The average aqueous species concentrations from the RO reject water (Table 1) before and after 
evapoconcentration at the ground surface are included in Table 4, compared against WQCC standards
and the proposed alternate standards.  It should be noted that total dissolved solids (TDS) values 
presented in Table 4 are calculated as the sum of the average concentrations of cations and anions 
presented in the table for the discharge and for the three scenarios.  The calculated value provides a 
conservative estimate of TDS, which is higher than the measured values presented in Appendix A, Table 
A-2.  

The PHREEQC model selected output file data table is included in Appendix F.  Upon evaporation, the 
concentrations of most constituents increased based simply upon the fraction of water lost to evaporation, 
whereas the pH, alkalinity, and concentrations of calcium, sulfate, fluoride, and barium were controlled by 
the precipitation of calcite, gypsum, fluorite, and barite.  The results demonstrate that only chloride, 
fluoride, sulfate, and total dissolved solids (TDS) exceed WQCC before and after evapoconcentration.  
However, only fluoride exceeded the proposed alternate standard before and after evapoconcentration in 
Scenario 2a.  Following evapoconcentration, cadmium also exceeded the WQCC standard in Scenario 
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2a.  However, it is important to note that the geochemical model does not include potential coprecipitation 
reactions, but arsenic, selenium, and metal cations (including cadmium) can also be coprecipitated in the 
calcite that forms on evapoconcentration, thereby reducing aqueous concentrations.  The 
evapoconcentrated results are therefore conservative in most cases.  Accordingly, the cadmium 
exceedance on evapoconcentration is not believed to be significant.

Several metals, including chromium, cadmium, lead, nickel, molybdenum, beryllium, cobalt, vanadium, 
silver, and mercury, were not included further in the geochemical model since they do not represent a 
water quality risk following evapoconcentration.

The water quality predicted for each discharge scenario following evapoconcentration was used as input 
to the reactive transport model to simulate the concentrations of seepage discharging to groundwater at 
the water table interface as a function of time.  Results for Scenario 1, 2a, and 2b are shown in Figures 3, 
4, and 5, respectively. Chloride and nitrate are transported with groundwater conservatively, since no 
geochemical reactions are assumed to attenuate these constituents.  Breakthrough of these analytes at 
the water table interface therefore provides the seepage time for each scenario, which is 10 months, 2.6 
years, and 1.7 years for Scenarios 1, 2a, and 2b, respectively.  Note that these breakthrough times are 
expected to vary linearly based on the actual mobile porosity and saturation state; e.g., a saturated mobile 
pore volume of one-half of the assumed value would result in a doubling of the seepage velocity, resulting
in a 50% decrease in breakthrough time.

The transport of all other analytes is attenuated to various levels depending on the degree of retardation 
controlled by cation exchange, adsorption, and mineral precipitation.  Cation exchange exhibits a 
relatively small control, based on the fast breakthrough of calcium and magnesium at influent 
concentrations relative to chloride.  Sorption retards the transport of metals and oxoanions to various 
levels, with uranium, selenium, and zinc exhibiting minimal retardation, whereas copper and arsenic 
exhibit substantial retardation (breakthrough of arsenic does not occur within the 14-year timeframe
shown for Scenarios 2a and 2b).  As described above, it is important to point out that the metal retardation 
predictions are only qualitative without site-specific calibration of the adsorption parameters, and these 
results are used only to illustrate sorption dynamics rather than to make quantitative predictions.

Overall, the transport model results illustrate that the eventual concentrations reaching the water table are 
limited by influent concentrations.  Discharge volume may affect the extent of evaporation (for example, 
increased discharge volume may result in a lower proportion of the total water lost to evaporation, and
hence more dilute water percolating to depth), but otherwise does not affect the concentration of 
constituents reaching the water table.  Although sorption and exchange reactions may limit the transport 
time, the concentrations reaching the water table will likely come up to (but are also not anticipated to 
exceed) the influent concentrations of the RO reject water.
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Summary and Conclusions

This memorandum summarizes the results of a water quality evaluation performed to assess impacts from 
the discharge of RO reject water to discharge fields at the Navajo Refinery Site. This evaluation included 
an assessment of the RO discharge water quality (summary statistics, trend evaluation, and mass loading 
assessment) as well as the water quality in monitoring wells beneath, surrounding, and upgradient of the 
discharge fields. The following observations were noted:

• Constituent concentration trends in the RO discharge were generally stable or slightly decreasing.  In 
many cases, analytes are below detection most of the time, and decreasing trends are the result of 
decreasing reporting limits.

• A comparison of the analytical results from the RO discharge field monitoring wells against nearby 
upgradient and surrounding area monitoring wells qualitatively indicates similar concentrations and 
similar number of exceedances of the WQCC standards, with no clear pattern of distribution of 
exceedances. 

• The comparability of the analytical results from the RO discharge field monitoring wells to results from 
nearby upgradient and surrounding monitoring wells indicates that exceedances of WQCC standards 
are not attributable to the RO reject discharge.

Mass loading calculations indicate the loading to the RO discharge fields can be highly variable due to the 
changes in flow rate and constituent concentration.  However, the average mass loading is likely 
representative of loading conditions over the operational period of the system.  The significance of the 
loading is dependent on the transport characteristics of the vadose zone beneath the fields. 

In addition to the water quality assessment, a hydrogeochemical reactive transport model simulating the 
evapoconcentration and percolation of RO discharge within the vadose zone down to the groundwater 
table was performed. Key observations from the vadose zone hydrogeochemical model are as follows:

• Evapoconcentration results in increasing solute concentrations, but with the concentrations of several 
analytes controlled by mineral precipitation.  Although the concentrations of other constituents may be 
reduced via coprecipitation, this process is not included in the model, making the predicted 
concentrations conservatively high.  The minerals that precipitate from solution (e.g., calcite, gypsum, 
fluorite) do not represent a risk to water quality.

Page:

12/14



• The transport model illustrates the concept that a steady-state is ultimately reached between RO reject 
concentrations and the concentrations in seepage to groundwater.  Specifically, although geochemical 
reactions within the vadose zone control the rate at which analytes are transported to groundwater, 
concentrations of constituents reaching the water table are ultimately limited by the concentrations in the 
RO discharge water following evapoconcentration.  In this way, the concentrations reaching the water 
table are not dependent on the volume of discharge water.

Based on this evaluation and the observed concentrations in groundwater from wells within the RO reject 
discharge fields, the water quality data, mass loading estimates, and hydrogeochemical modeling indicate 
that the RO discharge system is not detrimental to the water quality beneath or downgradient of the fields.  
The ongoing application of discharge waters has resulted in a system that has reached and maintained a 
steady-state condition, and therefore the concentrations of constituents are not increasing or adversely 
impacting groundwater when compared to background conditions. 
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Table 1: RO Reject Field Discharge Water Quality Statistics
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

Constituent/
Parameter

Concentration
Units

Number of
Detections 1

Maximum
Concentration

Minimum
Detected

Concentration

Average of
Detections

Only
Average of
All Data 2

Average of
2004 to

Present 2

134 1090 7.3 227 227 265
125 31 0.57 3.2 3.2 3.2
134 5897 38 1692 1692 1651
20 0.62 0.00668 0.22 0.15 0.015
17 1.6 0.00125 0.32 0.11 0.007
45 0.344 0.04 0.074 0.14 0.075
3 0.1 0.02 0.073 0.018 0.003

41 0.82 0.02 0.15 0.13 0.08
8 0.12 0.01 0.04 0.013 0.0026

10 0.15 0.01 0.052 0.026 0.006
3 0.13 0.0229 0.07 0.031 0.007

12 0.88 0.00177 0.11 0.054 0.019
29 4.08 0.02 0.31 0.20 0.23
6 0.483 0.001 0.085 0.014 0.0065

88 504 15.3 187 187 185
13 0.34 0.003 0.06 0.04 0.006
1 0.00027 0.00027 0.0003 0.0007 0.00020

22 0.07 0.00639 0.02 0.07 0.010
20 8.6 0.00127 1.59 0.42 0.0056
41 0.422 0.001 0.020 0.024 0.009
10 0.11 0.0003 0.02 0.006 0.007
5 1.3 0.003 0.27 0.60 0.005

25 0.14 0.0075 0.03 0.045 0.010
34 0.316 0.00657 0.05 0.048 0.012
88 115 0.3 6.0 5.8 3.8
90 691 13.9 133 133 144
23 4.6 0.1 1.7 1.7 1.3
90 1200 42.7 548 548 607
23 8.01 6.8 7.52 7.52 7.73
93 982 38 443 438 699

Notes:
1 Based on a total of 139 sampling events conducted at various intervals between 1992 and 2014 (Appendix A)
2 Non detect values were incorporated into the average as equal to the respective reporting limits.
mg/L = milligrams per liter
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Table 2: Observation Well Groundwater Quality Statistics
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

Constituent/
Parameter

Concentration
Units

Number of
Exceedances 1

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Average

Concentration 2
WQCC

Standard

Proposed
Alternate
Standards

60 1057 49 353
87 6.78 0.1 1.6

193 3600 26.3 2028

0.01
0.05

1
1

0.05
0.2 1.13

0.002 0.0044
0.2

0.05
0.05

10
8.75
4300

10 15.1
1027

1000 16700

Notes:
1 Number of samples with concentrations above WQCC standards (Appendix C).
2 Non detect values were incorporated into the average as equal to the respective reporting limits.
mg/L = milligrams per liter
WQCC = Water Quality Control Commission
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Table 3: RO Reject Field Discharge Mass Loading Estimates
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico
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Table 4: Average Aqueous Species Concentrations, RO Discharge Water
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

Analyte Units
WQCC

Standard

Proposed
Alternate
Standard

RO
Discharge1

Scenario
1

Scenario
2a

Scenario
2b Control on Concentration

Chloride mg/L 250 5930 265 542 1123 813
Fluoride mg/L 1.6 2.95 3.21 2.36 3.11 2.72 Fluorite precipitation
Sulfate mg/L 600 4413 1651 2844 4391 3561 Gypsum and barite precipitation
Aluminum mg/L 5 0.015 0.0036 0.0042 0.0039 Gibbsite precipitation
Arsenic mg/L 0.1 0.007 0.014 0.028 0.021
Barium mg/L 1 0.075 0.010 0.010 0.010 Barite precipitation
Beryllium 2 mg/L 0.003 0.005 0.010 0.008
Boron mg/L 0.75 0.085 0.173 0.358 0.260
Cadmium 2 mg/L 0.01 0.0026 0.005 0.011 0.008
Chromium 2 mg/L 0.05 0.006 0.012 0.025 0.018
Cobalt 2 mg/L 0.05 0.007 0.014 0.029 0.021
Copper mg/L 1 0.019 0.039 0.081 0.059
Iron mg/L 1 0.225 0.0007 0.0007 0.0007 Ferrihydrite precipitation
Lead 2 mg/L 0.05 0.0065 0.013 0.027 0.020
Magnesium mg/L 185 378 783 567
Manganese mg/L 0.2 1.13 0.0064 0.013101 0.02712 0.01965
Mercury 2 mg/L 0.002 0.0044 0.0002 0.000408 0.000833 0.00061
Molybdenum 2 mg/L 1 0.010 0.020 0.042 0.030
Nickel 2 mg/L 0.2 0.006 0.011 0.023 0.017
Selenium mg/L 0.05 0.009 0.019 0.039 0.029
Silver 2 mg/L 0.05 0.007 0.013 0.027 0.020
Uranium mg/L 0.03 0.005 0.011 0.023 0.017
Vanadium 2 mg/L 0.010 0.020 0.042 0.030
Zinc mg/L 10 0.012 0.025 0.052 0.038
Potassium mg/L 8.75 3.8 7.8 16.1 11.7
Sodium mg/L 4300 181 370 767 555 Adjusted to achieve charge balance
Nitrate mg/L 10 15.1 1.3 2.7 5.6 4.1
Calcium mg/L 1027 607 559 524 540 Calcite and gypsum precipitation
pH s.u. 6 9 7.73 7.82 7.87 7.85 Calcite precipitation, CO2 exchange
Bicarbonate mg/L 699 30.1 35.9 33.0 Calcite precipitation
TDS 3 mg/L 1000 16700 3596 4737 7648 6089

Notes:
Scenario 1: 100% of RO reject water to south field (51% evapotranspiration)
Scenario 2a: 67% of RO reject water to south field (76% evapotranspiration)
Scenario 2b: 33% of RO reject water to north field (67% evapotranspiration)
Values highlighted in yellow exceed the WQCC standard but do not exceed the proposed alternate standard
Values highlighted in green with bold font exceed the WQCC standard and the proposed alternate standard
1 Values represent average results from 2004 to present, with non detect values represented by reporting limits
2 Evapoconcentrated values calculated directly from RO discharge concentration and were not included in the geochemical model
3 Total dissolved solids calculated as the sum of individual ion concentrations, with alkalinity as mg/L bicarbonate
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Scenario 2a: 67% Discharge to South Field
Infiltration Rate = 0.055 in/day
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Scenario 2b: 33% Discharge to South Field
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Table A 1: RO Discharge Volumes
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

Total Discharge Total Discharge Average Daily 
Discharge

(gallons) (barrels) (barrels/day)
1993 79,945,474 1,903,464 5,211
1994 155,533,458 3,703,178 10,139
1995 108,789,126 2,590,217 7,092
1996 107,586,865 2,561,592 7,013
1997 63,425,777 1,510,138 4,135
1998 62,887,000 1,497,310 4,099
1999 95,383,000 2,271,024 6,218
2000 89,719,000 2,136,167 5,849
2001 101,790,000 2,423,571 6,635
2002 114,874,000 2,735,095 7,488
2003 103,964,000 2,475,333 6,777
2004 103,428,000 2,462,571 6,742
2005 NA NA NA
2006 NA NA NA
2007 NA NA NA
2008 136,000,000 3,238,095 8,865
2009 NA NA NA
2010 NA NA NA
2011 109,241,096 2,600,978 7,121
2012 172,151,612 4,098,848 11,222
2013 171,589,230 4,085,458 11,185
2014 181,177,065 4,313,740 11,810

Max 181,177,065 4,313,740 11,810
Min 62,887,000 1,497,310 4,099
Ave 115,146,159 2,741,575 7,506

NA = discharge volume not available

Year
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Table A 2: RO Discharge Water Quality Analytical Results
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico
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Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico
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Table A 2: RO Discharge Water Quality Analytical Results
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico
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Table A 2: RO Discharge Water Quality Analytical Results
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico
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Table A 2: RO Discharge Water Quality Analytical Results
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico
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Table A 2: RO Discharge Water Quality Analytical Results
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

3850

3150
3300
2410
2290
2770
2460
2460
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Appendix B: RO Discharge Water Quality Data Trend Analysis
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Appendix B: RO Discharge Water Quality Data Trend Analysis
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Appendix B: RO Discharge Water Quality Data Trend Analysis
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Appendix B: RO Discharge Water Quality Data Trend Analysis
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Calcium Chloride Fluoride (F-, Anion) Nitrate/Nitrite Potassium Sodium Sulfate Total Dissolved Solids
mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
--- 250 1.6 10 --- --- 600 1000

WQCC Dom WQCC HH USEPA MCL WQCC Dom WQCC Dom
Location Name Location Date Dup

Analyte:
Units:

CGWSL:
CGWSL Source:

MW-117 2/3/2013 568 154 2.73 6.92 176 2310 3910
MW-117 5/15/2013 524 137 2.29 0.03 4.37 160 2010 4260
MW-117 9/4/2013 550 71 2.8 8.92 118 2020 3970
MW-117 11/20/2013 556 92.4 3.95 0.03 7.54 115 2190 4150
MW-117 4/30/2014 646 97 3.03 0.15 9.29 167 2140 4980
MW-117 11/13/2014 FD 640 96 2.4 0.64 5 98 2200 3300
MW-117 11/13/2014 610 96 3 0.65 5.2 110 2000 3000
MW-118 2/5/2013 563 296 5.16 7.95 218 2450 4610
MW-118 5/15/2013 530 287 5.39 2.09 7.2 229 2250 5090
MW-118 9/4/2013 543 132 4.48 7.69 215 2310 4550
MW-118 11/20/2013 532 90.1 6.78 0.03 6.92 163 2470 4640
MW-118 4/30/2014 732 92.3 5.58 0.15 6.15 134 2190 5200
MW-118 11/13/2014 670 160 4.9 0.98 6.2 140 2700 3700
MW-119 2/5/2013 494 116 2.36 0.87 127 2090 3670
MW-119 5/15/2013 491 118 2.43 1.91 0.794 120 1970 4030
MW-119 9/4/2013 635 244 2.28 0.993 133 1940 4030
MW-119 11/20/2013 551 185 3.17 0.03 1.1 98.8 2210 4130
MW-119 4/30/2014 FD 655 216 2.62 0.174 1.08 136 1830 4140
MW-119 4/30/2014 FD
MW-119 4/30/2014 680 235 2.61 0.176 1.13 140 1980 4200
MW-119 11/13/2014 670 49 2.6 0.02 1.8 77 2300 3200
Background: MW-18 4/12/2012 319 213 1.14 15.3 1.21 80.9 1010 2490
Background: MW-18 10/8/2012 498 96.7 2.06 32.6 10.1 72 1710 3410
Background: MW-18 4/11/2013 FD 480 141 1.11 32.5 2.85 97.1 1640 3440
Background: MW-18 4/11/2013 494 143 1.13 32.5 2.86 97.3 1590 3110
Background: MW-18 10/18/2013 456 114 2.26 21.3 13.3 64.7 1450 3260
Background: MW-18 4/17/2014 507 159 0.954 35.2 2.89 83.2 1830 3700
Background: MW-54A 4/16/2012 354 195 1.07 1 0.247 70.6 545 1850
Background: MW-54A 10/2/2012 397 262 1.58 11 0.53 84.3 857 2210
Background: MW-54A 4/5/2013 347 212 0.947 1 0.302 66.5 621 1950
Background: MW-54A 10/22/2013 355 224 1.27 1.66 0.393 74.9 657 2060
Background: MW-54A 4/17/2014 354 211 0.6 0.15 0.275 69.2 666 1800
Background: MW-54A 11/13/2014 370 190 1.2 0.85 0.38 74 680 1900
Background: MW-54B 4/5/2013 345 176 0.500 1 1.16 48.8 747 2050
Background: MW-55 4/12/2012 441 359 1.72 9.31 1.03 237 2550 5000
Background: MW-55 10/10/2012 FD 498 216 2.26 8.15 1.48 165 2560 4540
Background: MW-55 10/10/2012 510 225 2.27 6.94 1.48 163 2470 4270
Background: MW-55 4/11/2013 596 337 1.37 7.65 1.08 235 2460 4620
Background: MW-55 10/25/2013 519 327 1.6 5.25 0.835 214 2280 4450
Background: MW-55 4/17/2014 FD 573 445 1.1 9.43 0.882 231 2600 5360
Background: MW-55 4/17/2014 560 357 1.14 9.61 0.926 233 2670 5100
Background: MW-55 11/13/2014 610 190 2.4 6.5 0.9 130 2300 3600
Background: NCL-33 4/12/2012 298 368 2.39 1 3.76 81.2 534 2070
Background: NCL-33 10/8/2012 350 349 2.29 1 3.81 110 459 1920
Background: NCL-33 4/11/2013 343 321 1.85 1 3.65 111 401 2010

N RO Reject Field

N RO Reject Field

NCL

NCL



Calcium Chloride Fluoride (F-, Anion) Nitrate/Nitrite Potassium Sodium Sulfate Total Dissolved Solids
mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
--- 250 1.6 10 --- --- 600 1000

WQCC Dom WQCC HH USEPA MCL WQCC Dom WQCC Dom
Location Name Location Date Dup

Analyte:
Units:

CGWSL:
CGWSL Source:

Background: NCL-33 10/18/2013 303 340 2.52 0.5 3.7 98.2 448 1820
Background: NCL-33 4/17/2014 358 302 1.83 0.15 3.78 105 557 1920
Background: NCL-33 11/12/2014 450 340 2.6 0.02 5 110 720 2100
Background: NCL-44 4/11/2012 208 160 1.82 1 1.68 48.6 441 1560
Background: NCL-44 10/8/2012 262 157 1.72 1 2.37 66 432 1620
Background: NCL-44 4/11/2013 283 153 1.42 1 2.43 65.1 471 1780
Background: NCL-44 10/18/2013 250 146 1.7 0.5 2.09 64.6 399 1810
Background: NCL-44 4/17/2014 265 149 1.2 0.15 2.06 66 454 1720
Background: NCL-44 11/12/2014 290 850 1.8 0.02 2.2 70 450 1500
Background: NCL-49 4/16/2012 415 119 0.665 5.6 0.614 121 1420 2800
Background: NCL-49 10/2/2012 FD 454 127 0.679 6.08 0.823 123 1790 3000
Background: NCL-49 10/2/2012 450 118 0.683 5.59 0.834 121 1750 2970
Background: NCL-49 4/9/2013 397 117 0.553 5.16 0.737 126 1580 3190
Background: NCL-49 10/22/2013 450 106 0.622 4.65 0.699 130 1490 2940
Background: NCL-49 4/17/2014 430 104 0.501 5.21 0.625 116 1680 3000
Background: NCL-49 11/13/2014 440 98 0.65 4.3 0.72 120 1500 2600
Background: NCL-49 11/13/2014 FD 430 98 0.59 4.5 0.75 120 1700 2600
MW-114 2/3/2013 600 158 1.76 2.86 146 2200 3760
MW-114 5/15/2013 576 150 1.91 0.03 2.76 123 1800 3990
MW-114 9/5/2013 672 199 1.82 2.94 138 1950 3870
MW-114 11/21/2013 558 422 1.37 0.03 0.678 250 3060 5390
MW-114 4/29/2014 611 167 2.07 0.15 2.84 152 1920 3620
MW-114 11/12/2014 620 200 2.2 0.36 2.7 130 2300 3400
MW-115 2/3/2013 518 422 1.1 1.78 199 2790 4960
MW-115 5/15/2013 FD 495 364 1.15 0.03 0.766 201 2420 4990
MW-115 5/15/2013 511 373 1.18 0.03 0.78 206 2490 5510
MW-115 9/4/2013 622 530 0.845 0.782 247 2900 6130
MW-115 11/21/2013 606 428 1.36 0.03 0.709 261 3090 5370
MW-115 4/29/2014 569 222 1.29 0.15 0.645 227 2470 4880
MW-115 11/12/2014 690 500 1.5 0.02 0.72 340 3000 5700
MW-116 2/3/2013 624 389 1.31 1.06 206 2250 3650
MW-116 5/16/2013 578 330 1.19 0.03 1.38 194 2080 4480
MW-116 9/4/2013 FD 631 339 1.11 1.22 230 2140 4470
MW-116 9/4/2013 588 344 1.17 1.21 235 2180 4440
MW-116 11/20/2013 FD 616 331 1.51 0.487 1.37 235 2470 4210
MW-116 11/20/2013 606 331 1.61 0.457 1.3 235 2470 4570
MW-116 4/29/2014 607 221 1.43 2.86 1.39 241 2160 4520
MW-116 11/12/2014 580 240 1.7 0.74 1.6 230 2200 3700

S RO Reject Field

S RO Reject Field



Calcium Chloride Fluoride (F-, Anion) Nitrate/Nitrite Potassium Sodium Sulfate Total Dissolved Solids
mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
--- 250 1.6 10 --- --- 600 1000

WQCC Dom WQCC HH USEPA MCL WQCC Dom WQCC Dom
Location Name Location Date Dup

Analyte:
Units:

CGWSL:
CGWSL Source:

red text = reporting limit/detection limit
green text = J flag
duplicate row not used in stats

= Exceedance of CGWSL
Max 732 850 6.78 35.20 19.00 391 3090 6130
Min 175 49 0.50 0.02 0.25 49 100 1200
Ave 482 238 1.95 3.58 2.78 153 1700 3484



Arsenic Barium Cadmium Chromium Copper Iron Lead Manganese Mercury Nickel Selenium Silver
7440-38-2 7440-39-3 7440-43-9 7440-47-3 7440-50-8 7439-89-6 7439-92-1 7439-96-5 7439-97-6 7440-02-0 7782-49-2 7440-22-4

mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
0.01 1 0.005 0.05 1 1 0.015 0.2 0.002 0.2 0.05 0.05

USEPA MCL WQCC HH USEPA MCL WQCC HH WQCC Dom WQCC Dom USEPA MCL WQCC Dom WQCC HH WQCC Irr USEPA MCL WQCC HH
Location Name Location Date Dup

MW-117 2/3/2013 0.00498 0.0235 0.0008 0.0012 0.0141 0.078 0.0007 0.108 0.000042 0.00413 0.00427 0.0008
MW-117 5/15/2013 0.00367 0.0113 0.0008 0.001 0.001 0.078 0.0007 0.00978 0.000042 0.001 0.00585 0.0008
MW-117 9/4/2013 0.00559 0.0108 0.0008 0.001 0.001 0.078 0.0007 0.00502 0.000042 0.00189 0.00316 0.0008
MW-117 11/20/2013 0.00347 0.0108 0.0008 0.001 0.00345 0.11 0.00125 0.00982 0.000042 0.00305 0.0038 0.0008
MW-117 4/30/2014 0.00328 0.0009 0.001 0.078 0.0007 0.0204 0.00425
MW-118 2/5/2013 0.011 0.0145 0.0008 0.0012 0.00156 0.078 0.0007 0.0232 0.000042 0.00173 0.00861 0.0008
MW-118 5/15/2013 0.0146 0.00919 0.0008 0.001 0.00156 0.078 0.0007 0.0025 0.000042 0.00184 0.0127 0.0008
MW-118 9/4/2013 0.0156 0.0099 0.0008 0.001 0.001 0.078 0.0007 0.0025 0.000042 0.00131 0.0129 0.0008
MW-118 11/20/2013 0.0125 0.00964 0.0008 0.00105 0.00338 0.179 0.00107 0.00526 0.000042 0.00214 0.00327 0.0008
MW-118 4/30/2014 0.00974 0.0009 0.001 0.078 0.0007 0.0121 0.00108
MW-119 2/5/2013 0.00294 0.00981 0.0008 0.0012 0.00309 0.078 0.0007 0.0424 0.000042 0.00174 0.00246 0.0008
MW-119 5/15/2013 0.00537 0.00625 0.0008 0.001 0.00137 0.078 0.0007 0.0025 0.000042 0.00163 0.00506 0.0008
MW-119 9/4/2013 0.00595 0.00864 0.0008 0.001 0.001 0.078 0.0007 0.0025 0.000042 0.0014 0.0066 0.0008
MW-119 11/20/2013 0.00438 0.00973 0.0008 0.00116 0.00311 0.185 0.0007 0.00459 0.00222 0.00144 0.0008
MW-119 4/30/2014 FD 0.00461 0.0009 0.001 0.078 0.0007 0.0025 0.00402
MW-119 4/30/2014 0.00468 0.0009 0.001 0.078 0.0007 0.0025 0.00393
Background: MW-18 4/12/2012 0.005 0.0159 0.005 0.2 0.005 0.0061 0.0002 0.005 0.00653
Background: MW-18 4/11/2013 FD 0.005 0.0185 0.005 0.2 0.005 0.005 0.0002 0.005 0.00965
Background: MW-18 4/11/2013 0.005 0.0184 0.005 0.2 0.005 0.00555 0.0002 0.005 0.00971
Background: MW-18 4/17/2014 0.00488 0.0183 0.0017 0.078 0.000942 0.011 0.000042 0.00102 0.0136
Background: MW-54A 4/16/2012 0.00573 0.0179 0.005 0.2 0.005 0.523 0.005
Background: MW-54A 4/5/2013 0.005 0.0183 0.005 0.2 0.005 0.498 0.005
Background: MW-54A 4/17/2014 0.0062 0.0182 0.001 0.078 0.0007 0.491 0.00228
Background: MW-54B 4/5/2013 0.005 0.0157 0.005 0.2 0.005 0.138 0.005
Background: MW-55 4/12/2012 0.00615 0.00902 0.005 0.2 0.005 0.0963 0.0002 0.00541 0.0278
Background: MW-55 4/11/2013 0.005 0.00863 0.005 0.2 0.005 0.0285 0.0002 0.005 0.0195
Background: MW-55 4/17/2014 FD 0.00659 0.00871 0.001 0.078 0.0007 0.0596 0.000042 0.00345 0.0272
Background: MW-55 4/17/2014 0.00641 0.00965 0.001 0.078 0.0007 0.0595 0.000042 0.004 0.0253
Background: NCL-33 4/12/2012 0.005 0.0237 0.005 1.46 0.005 0.0967 0.005
Background: NCL-33 4/11/2013 0.005 0.0269 0.005 2.48 0.005 0.0848 0.005
Background: NCL-33 4/17/2014 0.00264 0.0247 0.001 2.68 0.0007 0.0855 0.00104
Background: NCL-44 4/11/2012 0.0488 0.0269 0.005 1.32 0.005 0.643 0.005
Background: NCL-44 4/11/2013 0.0354 0.0279 0.005 1.3 0.005 0.753 0.005
Background: NCL-44 4/17/2014 0.0372 0.0289 0.001 1.21 0.0007 0.661 0.001
Background: NCL-49 4/16/2012 0.005 0.0116 0.005 0.2 0.005 0.005 0.00626
Background: NCL-49 4/9/2013 0.005 0.0111 0.005 0.2 0.005 0.005 0.00506
Background: NCL-49 4/17/2014 0.00338 0.0112 0.001 0.078 0.0007 0.0025 0.00503
MW-114 2/3/2013 0.00561 0.0204 0.0008 0.0012 0.0015 0.078 0.0007 1.51 0.000042 0.00651 0.00222 0.0008
MW-114 5/15/2013 0.00437 0.0129 0.0008 0.001 0.001 0.078 0.0007 0.844 0.000042 0.0041 0.00636 0.0008
MW-114 9/5/2013 0.00502 0.017 0.0008 0.001 0.00197 0.078 0.0007 1.42 0.000042 0.00558 0.00245 0.0008
MW-114 11/21/2013 0.00539 0.0112 0.0008 0.00119 0.001 0.167 0.0007 0.035 0.00369 0.00451 0.0008
MW-114 4/29/2014 0.00297 0.0136 0.001 0.078 0.0007 1.13 0.001
MW-115 2/3/2013 0.00499 0.0309 0.0008 0.0012 0.00704 0.078 0.0007 0.255 0.000042 0.00483 0.0081 0.0008
MW-115 5/15/2013 FD 0.00427 0.011 0.0008 0.001 0.00151 0.078 0.0007 0.023 0.000042 0.00225 0.00734 0.0008

S RO Reject Field

NCL

N RO Reject Field

NCL

CGWSL Source:

Analyte:
cas_rn
Units:

CGWSL:



Arsenic Barium Cadmium Chromium Copper Iron Lead Manganese Mercury Nickel Selenium Silver
7440-38-2 7440-39-3 7440-43-9 7440-47-3 7440-50-8 7439-89-6 7439-92-1 7439-96-5 7439-97-6 7440-02-0 7782-49-2 7440-22-4

mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
0.01 1 0.005 0.05 1 1 0.015 0.2 0.002 0.2 0.05 0.05

USEPA MCL WQCC HH USEPA MCL WQCC HH WQCC Dom WQCC Dom USEPA MCL WQCC Dom WQCC HH WQCC Irr USEPA MCL WQCC HH
Location Name Location Date Dup

CGWSL Source:

Analyte:
cas_rn
Units:

CGWSL:

MW-115 5/15/2013 0.00478 0.0107 0.0008 0.001 0.001 0.078 0.0007 0.0267 0.000042 0.001 0.00654 0.0008
MW-115 9/4/2013 0.00467 0.0106 0.0008 0.001 0.001 0.078 0.0007 0.0362 0.000042 0.00208 0.00568 0.0008
MW-115 11/21/2013 0.00616 0.011 0.0008 0.001 0.001 0.078 0.0007 0.0249 0.00206 0.00506 0.0008
MW-115 4/29/2014 0.00368 0.0087 0.001 0.078 0.0007 0.0216 0.00166
MW-116 2/3/2013 0.00274 0.0161 0.0008 0.0012 0.0015 0.078 0.0007 0.0437 0.000131 0.0012 0.00203 0.0008
MW-116 5/16/2013 0.00502 0.0111 0.0008 0.00119 0.00176 0.201 0.0007 0.0342 0.000046 0.00204 0.00733 0.0008
MW-116 9/4/2013 FD 0.00467 0.00946 0.0008 0.001 0.001 0.078 0.0007 0.00366 0.00006 0.00112 0.00558 0.0008
MW-116 9/4/2013 0.00535 0.00928 0.0008 0.001 0.001 0.078 0.0007 0.00478 0.000061 0.00115 0.00493 0.0008
MW-116 11/20/2013 FD 0.00526 0.011 0.0008 0.001 0.001 0.132 0.0007 0.00576 0.00144 0.00582 0.0008
MW-116 11/20/2013 0.00525 0.00989 0.0008 0.001 0.001 0.078 0.0007 0.0092 0.00245 0.00611 0.0008
MW-116 4/29/2014 0.00348 0.0095 0.001 0.078 0.0007 0.0025 0.00563

red text = reporting/detection limit
green text = J flag
duplicate row not used in stats

= Exceedance of CGWSL
Max  0.0488 2.58 0.0008 0.005 0.0141 10.8 0.005 2.39 0.0002 0.005 0.0278 0.0008
Min 0.001 0.0009 0.0008 0.001 0.001 0.078 0.0007 0.0025 0.000042 0.001 0.001 0.0008
Ave 0.0082 0.1864 0.0008 0.0029 0.0023 0.6567 0.0027 0.3665 0.00009 0.0028 0.0051 0.0008



Location Name Location Date Dup
MW-117 2/3/2013
MW-117 5/15/2013
MW-117 9/4/2013
MW-117 11/20/2013
MW-117 4/30/2014
MW-118 2/5/2013
MW-118 5/15/2013
MW-118 9/4/2013
MW-118 11/20/2013
MW-118 4/30/2014
MW-119 2/5/2013
MW-119 5/15/2013
MW-119 9/4/2013
MW-119 11/20/2013
MW-119 4/30/2014 FD
MW-119 4/30/2014
Background: MW-18 4/12/2012
Background: MW-18 4/11/2013 FD
Background: MW-18 4/11/2013
Background: MW-18 4/17/2014
Background: MW-54A 4/16/2012
Background: MW-54A 4/5/2013
Background: MW-54A 4/17/2014
Background: MW-54B 4/5/2013
Background: MW-55 4/12/2012
Background: MW-55 4/11/2013
Background: MW-55 4/17/2014 FD
Background: MW-55 4/17/2014
Background: NCL-33 4/12/2012
Background: NCL-33 4/11/2013
Background: NCL-33 4/17/2014
Background: NCL-44 4/11/2012
Background: NCL-44 4/11/2013
Background: NCL-44 4/17/2014
Background: NCL-49 4/16/2012
Background: NCL-49 4/9/2013
Background: NCL-49 4/17/2014
MW-114 2/3/2013
MW-114 5/15/2013
MW-114 9/5/2013
MW-114 11/21/2013
MW-114 4/29/2014
MW-115 2/3/2013
MW-115 5/15/2013 FD

S RO Reject Field

NCL

N RO Reject Field

NCL

CGWSL Source:

Analyte:
cas_rn
Units:

CGWSL:

Vanadium Zinc
7440-62-2 7440-66-6

mg/l mg/l
0.0631 10

NMED TW WQCC Dom

0.0123
0.0025

0.00266
0.0343

0.0025
0.0025
0.0025
0.0407

0.0025
0.0025
0.0025
0.0241

0.0155
0.0157
0.0156
0.0161

0.0178
0.0165
0.0156
0.0156

0.00343
0.0025
0.0025
0.0806

0.00973
0.0025



Location Name Location Date Dup
CGWSL Source:

Analyte:
cas_rn
Units:

CGWSL:

MW-115 5/15/2013
MW-115 9/4/2013
MW-115 11/21/2013
MW-115 4/29/2014
MW-116 2/3/2013
MW-116 5/16/2013
MW-116 9/4/2013 FD
MW-116 9/4/2013
MW-116 11/20/2013 FD
MW-116 11/20/2013
MW-116 4/29/2014

red text = reporting/detection limit
green text = J flag
duplicate row not used in stats

= Exceedance of CGWSL
Max  
Min
Ave

Vanadium Zinc
7440-62-2 7440-66-6

mg/l mg/l
0.0631 10

NMED TW WQCC Dom

0.00821
0.0025
0.0257

0.0025
0.0025
0.0025
0.0025
0.0218
0.0311

0.005 0.00821
0.0009 0.0025
0.0036 0.0029



Location KWB 1A KWB 1A KWB 1A KWB 10 KWB 10 KWB 10 MW 20 MW 20 MW 20 MW 30 MW 30 MW 30 MW 45 MW 45 MW 45 MW 46 MW 46 MW 46 MW 56 MW 56 MW 56
Analyte Chloride Fluoride Sulfate Chloride Fluoride Sulfate Chloride Fluoride Sulfate Chloride Fluoride Sulfate Chloride Fluoride Sulfate Chloride Fluoride Sulfate Chloride Fluoride Sulfate
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Date

10/1/1990 283 2.59 1310 638 3.17 1250
11/14/1992 671 2.5 1780
11/15/1992 636 2.9 2580
11/12/1994 2
11/14/1994 1.5
3/9/1995 333 1.2 2365
3/10/1995 1057 2.3 3197
6/14/1995 972 3040
6/28/1995 328 2540
6/29/1995
1/20/1997 260 1.4 3600 670 2.4 2700
1/13/2000 340 1.9 2400
1/21/2000 470 2.9 2200
6/15/2002 262 1.96 2000 185 1.4 26.3
4/1/2008 210 1.01 1830 431 2.45 3080 204 1.8 1720 426 0.1 1700
9/1/2008 196 0.653 1940 398 2.14 3150 223 1.86 1580 310 1.01 1830
4/1/2009 210 0.784 1890 181 0.384 1760 353 2.32 3120 264 1.75 1690 329 0.75 1920
9/1/2009 198 0.955 1850 343 2 1840 337 0.854 1850
9/1/2009 338 0.853 1830
10/1/2009 157 0.501 1710 301 2.46 3000
3/1/2010 416 1.02 1930 353 1.65 2060 306 0.863 1790
4/1/2010 223 1.11 1950 158 0.582 1900 279 2.51 3170

10/10/2010 220 1.15 1490 360 1.1 1800
10/1/2010 248 1.18 1660
11/1/2010 377 1.96 1920 357 2.02 2050
11/1/2010 368 1.82 1730

Min 198.0 0.8 1490.0 157.0 0.4 26.3 279.0 2.1 3000.0 416.0 1.0 1930.0 204.0 1.7 1310.0 357.0 2.0 1250.0 306.0 0.1 1700.0
Avg 257.5 1.3 2143.2 175.4 0.7 1467.3 352.4 2.4 3104.0 416.0 1.3 1930.0 481.2 2.1 2059.0 543.7 2.7 1960.0 343.7 0.8 1817.1
Max 340.0 2.0 3600.0 196.0 1.4 1940.0 431.0 2.5 3170.0 416.0 1.5 1930.0 1057.0 2.9 3197.0 638.0 3.2 2580.0 426.0 1.1 1920.0
CGWSL
Chloride = 250
Fluoride = 1.5

Sulfate = 600
Exceeds CGWSL



y = 0.1646x + 8482.9
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y = 0.0761x + 4927.6
R² = 0.1403
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Table D 1: Mineral Abundances Based on Average Soil Analytical Results
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

Element Elemental
Abundance

Element
Formula
Weight

Mineral Mineral Formula Mineral Formula
Weight

Calculated
Mineral
Quantity

Percent of
Total

mg/kg g/mol g/mol mg/kg %
Al 9,000 26.98 Kaolinite Al2Si2O5(OH)4 258.14 43,055 4.3
Fe 6,000 55.85 Ferrihydrite Fe(OH)3 106.85 11,479 1.1
SO4 1,300 96.07 Gypsum CaSO4*2H2O 172.15 2,329 0.2
Ca (total) 120,000 40.08
Ca (as gypsum) a 542 40.08 Gypsum CaSO4*2H2O
Ca (as calcite) b 119,458 40.08 Calcite CaCO3 100.08 298,286 29.8

Notes:
a Calcium present as gypsum estimated from calculated gypsum content, with gypsum content calculated based on sulfate content
b Calcium present as calcite estimated as total calcium minus calcium present as gypsum
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Table D 2: Model Input Parameters and Assumptions
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

Model Domain Value Units Comment/Reference
Domain length 25 ft
Total Porosity 0.35
Effective Porosity 0.2
Effective porosity water saturation 0.9
Effective saturated porosity 0.18 L sat/L total
Bulk Density 1.7 kg/L total
Mobile zone solution quantity per mass solid 0.106 L sat/kg solid
Cation Exchange on Kaolinite Value Units Comment/Reference
Kaolinite CEC 0.074 mol/kg kaolinite Ma and Eggleton (1999)
Total kaolinite concentration 0.043 kg/kg solid
Mobile zone kaolinite concentration 0.025 kg/kg solid
Mobile zone exchange site concentration 0.0172 mol/L
Adsorption on Ferrihydrite Value Units Comment/Reference
Ferrihydrite surface area 30 m^2/g Dzombak and Morel (1990), scaled down 10x
Downscale Factor 500 x
Total ferrihydrite concentration 2.30E 05 kg/kg solid
Mobile zone ferrihydrite concentration (solids mass basis) 1.31E 05 kg/kg solid

1.24E 04 kg/L
0.1241 g/L
2.255 sites/nm^2 Dzombak and Morel (1990)

3.746E 06 mol sites/m^2
Weak site concentration (solution basis for PHREEQC) 1.39E 05 mol/L

0.0564 sites/nm^2 Dzombak and Morel (1990)
9.369E 08 mol sites/m^2

Strong site concentration (solution basis for PHREEQC) 3.49E 07 mol/L
Scenario 1: 100% South Value Units Comment/Reference
Discharge to pond 0.348 in/day
Evapotranspiration rate (corrected for precipitation) 0.178 in/day
Percentage of total water lost to evapotranspiration 51.1%
Infiltration rate, evapotranspiration corrected 0.17 in/day
Quantity of water to remove on evapotranspiration 28.39 moles/L
Seepage velocity 0.944 in/day
Number of grid cells in the domain 25
Cell lengths 1.000 ft
Time step 12.706 days
Shifts 600
Total Run Time 20.886 years
Scenario 2a: 67% South Value Units Comment/Reference
Discharge to pond 0.233 in/day
Evapotranspiration rate (corrected for precipitation) 0.178 in/day
Percentage of total water lost to evapotranspiration 76.4%
Infiltration rate, evapotranspiration corrected 0.055 in/day
Quantity of water to remove on evapotranspiration 42.40 moles
Seepage velocity 0.306 in/day
Number of grid cells in the domain 25
Cell lengths 1.000 ft
Time step 39.273 days
Shifts 150
Total Run Time 16.139 years
Scenario 2b: 33% North Value Units Comment/Reference
Discharge to pond 0.264 in/day
Evapotranspiration rate (corrected for precipitation) 0.178 in/day
Percentage of total water lost to evapotranspiration 67.4%
Infiltration rate, evapotranspiration corrected 0.086 in/day
Quantity of water to remove on evapotranspiration 37.42 moles
Seepage velocity 0.478 in/day
Number of grid cells in the domain 25
Cell lengths 1.000 ft
Time step 25.116 days
Shifts 250
Total Run Time 17.203 years

Mobile zone ferrihydrite concentration (solution basis)

Weak site density

Strong site density
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TITLE Navajo Refinery RO Reject Infiltration - Batch Evapotranspiration Model

selected_output
-file       output.sel
-reset            FALSE
-solution         TRUE
-ph               TRUE
-pe TRUE
-alkalinity       TRUE
-ionic_strength   TRUE
-water            TRUE
-charge_balance   TRUE
-saturation_indices  Calcite  Gypsum  Barite  Fluorite  Rhodochrosite

Fe(OH)3(a)
-totals  C  S(6) Ca Fe(2) Fe(3)
-molalities  HCO3- CO3-2 CO2 O2 H2
-equilibrium_phases  Calcite  Gypsum  Barite  Fluorite  Rhodochrosite

Fe(OH)3(a)
user_punch
-headings Alk_ppm totC_ppm Na_ppm Ca_ppm Mg_ppm K_ppm Cl_ppm SO4_ppm NO3_ppm F_ppm 
Al_ppm FeIII_ppm As_ppm Se_ppm U_ppm Zn_ppm Mn_ppm Cu_ppm B_ppm Ba_ppm

-start
10    Alk_ppm = ALK * 50.05 * 1000
11    totC_ppm = TOT("C") * (1.008+12.0111+3*16.0) * 1000

20    Na_ppm = TOT("Na") * 22.9898 * 1000
21    Ca_ppm = TOT("Ca") * 40.08 * 1000
22    Mg_ppm = TOT("Mg") * 24.312 * 1000
23    K_ppm = TOT("K") * 39.102 * 1000

30    Cl_ppm = TOT("Cl") * 35.453 * 1000
31    SO4_ppm = TOT("S(6)") * 96.056 * 1000
32    NO3_ppm = TOT("N(5)") * 14.0067 * 1000
33    F_ppm = TOT("F") * 18.9984 * 1000

40    Al_ppm = TOT("Al") * 26.9815 * 1000
41    FeIII_ppm = TOT("Fe(3)") * 55.847 * 1000

50    As_ppm = TOT("As") * 74.9216 * 1000
51    Se_ppm = TOT("Se") * 78.96 * 1000
52    U_ppm = TOT("U") * 238.0290 * 1000
53    Zn_ppm = TOT("Zn") * 65.37 * 1000
54    Mn_ppm = TOT("Mn") * 54.938 * 1000
57    Cu_ppm = TOT("Cu") * 63.546 * 1000
58    B_ppm = TOT("B") * 10.81 * 1000
59    Ba_ppm = TOT("Ba") * 137.34 * 1000

110   punch Alk_ppm
111   punch totC_ppm

120   punch Na_ppm
121   punch Ca_ppm
122   punch Mg_ppm
123   punch K_ppm

130 punch Cl_ppm
131   punch SO4_ppm
132   punch NO3_ppm
133   punch F_ppm

140   punch Al_ppm
141   punch FeIII_ppm



150   punch As_ppm
151   punch Se_ppm
152   punch U_ppm
153   punch Zn_ppm
154   punch Mn_ppm
157   punch Cu_ppm
158   punch B_ppm
159   punch Ba_ppm

end

# RO reject, based on averages from 2004 to present

solution 1
units mg/kgw
temp 20
pe 8
pH 7.73
C(4) 699.3
Na 144.1 charge
Ca 606.5
Mg 184.7
K 3.8
Cl 264.9 # charge
S(6) 1651.3
N(5) 1.33
F 3.21
As(5) 0.0067
Se(6) 0.0093
U 0.0054
Zn 0.0123
Mn(2) 0.0064
Cu 0.0192
B 0.0846
Ba 0.0749
Al 0.0154
Fe(3) 0.225

end

# Scenario 1: 100% to south pond, 51.1% evaporation on 55.5 mol/L
use solution 1
reaction 1

H2O -1
28.39 moles

save solution 11
end

# Scenario 2a: 67% to south pond, 76.4% evaporation on 55.5 mol/L
use solution 1
reaction 2

H2O -1
42.40 moles

save solution 12
end

# Scenario 2b: 33% to north pond, 67.4% evaporation on 55.5 mol/L
use solution 1
reaction 3

H2O -1
37.42 moles

save solution 13
end



equilibrium_phases 1
Calcite 0.0 0.0
Gypsum 0.0 0.0
Barite 0.0 0.0
Fluorite 0.0 0.0
Rhodochrosite 0.0 0.0
Gibbsite 0.0 0.0
Fe(OH)3(a) 0.0 0.0
CO2(g) -3.5 1.0
O2(g) -0.68 1.0
end

use solution 11
use equilibrium_phases 1
save solution 21
end

use solution 12
use equilibrium_phases 1
save solution 22
end

use solution 13
use equilibrium_phases 1
save solution 23
end



title   Navajo Refinery RO Reject Infiltration

#  Scenario 1
#  100% of RO Discharge to South Field 

SURFACE_SPECIES

# Carbonate adsorption to ferrihydrite: Appelo et al. 2002

Hfo_wOH + CO3-2 + H+ = Hfo_wCO3- + H2O
log_k   12.78

Hfo_wOH + CO3-2 + 2H+= Hfo_wHCO3 + H2O
log_k   20.37

END

# Initial condition in the vadose zone (arbitrary), low metals, sodium-exchanged

solution 1-25
units mg/kgw
temp 20
pe 8
pH 8.0
C(4) 400 calcite 1.0
Na 300.0
Ca 800
S(6) 2200
Cl 10.0 charge
As(5) 0.001
Se(6) 0.001

end

# Adsorption on ferrihydrite (scaled-back reactivity):
surface 1-25

-equilibrate 1
# Site concentration (mol/L), surface area (m^3/g), mineral concentration 

(g/L):
Hfo_wOH 1.39e-5 30 0.1241 # Weak sites
Hfo_sOH 3.49e-7 30 0.1241 # Strong sites

end

# Cation exchange on kaolinite:
exchange 1-25

-equilibrate 1
X 0.0172

end

equilibrium_phases 1-25
calcite 0.0 1.0
gypsum 0.0 1.0

end

# Inflow: Scenario 1 solution following evapotranspiration

solution 0
units mg/kgw
temp 20
pe 8
pH 7.82



C(4) 30.1
Na 370     charge
Ca 559
Mg 378
K 7.8
Cl 542
S(6) 2844
N(5) 2.7
F 2.4
As(5) 0.014
Se(6) 0.019
U 0.011
Zn 0.025
Mn(2) 0.013
Cu 0.039
B 0.173
Ba 0.010

end

transport
-cells 25
-lengths 1.0 # ft
-dispersivities 0.5 # ft
-warnings false
-flow_direction forward
-boundary_cond flux flux
-time_step 12.706 # days
-shifts 600
-punch_cells 25 # To selected output file
-punch_frequency 6
-print_cells 25 # To output file
-print_frequency 600

selected_output
-file       output.sel
-reset            FALSE
-solution         TRUE
-time TRUE
-ph               TRUE
-pe               TRUE
-alkalinity       TRUE
-ionic_strength   TRUE
-water            TRUE
-charge_balance   TRUE
-saturation_indices  Calcite  Gypsum  Barite  Fluorite  Rhodochrosite

Fe(OH)3(a)
-totals  C  S(6) Ca Fe(2) Fe(3)
-molalities  HCO3- CO3-2 CO2 O2 H2
-equilibrium_phases  Calcite  Gypsum  Barite  Fluorite  Rhodochrosite

Fe(OH)3(a)
user_punch
-headings Alk_ppm totC_ppm Na_ppm Ca_ppm Mg_ppm K_ppm Cl_ppm SO4_ppm NO3_ppm F_ppm 
Al_ppm FeIII_ppm As_ppm Se_ppm U_ppm Zn_ppm Mn_ppm Cu_ppm B_ppm Ba_ppm

-start
10    Alk_ppm = ALK * 50.05 * 1000
11    totC_ppm = TOT("C") * (1.008+12.0111+3*16.0) * 1000

20    Na_ppm = TOT("Na") * 22.9898 * 1000
21    Ca_ppm = TOT("Ca") * 40.08 * 1000
22    Mg_ppm = TOT("Mg") * 24.312 * 1000
23    K_ppm = TOT("K") * 39.102 * 1000



30    Cl_ppm = TOT("Cl") * 35.453 * 1000
31    SO4_ppm = TOT("S(6)") * 96.056 * 1000
32    NO3_ppm = TOT("N(5)") * 14.0067 * 1000
33    F_ppm = TOT("F") * 18.9984 * 1000

40    Al_ppm = TOT("Al") * 26.9815 * 1000
41 FeIII_ppm = TOT("Fe(3)") * 55.847 * 1000

50    As_ppm = TOT("As") * 74.9216 * 1000
51    Se_ppm = TOT("Se") * 78.96 * 1000
52    U_ppm = TOT("U") * 238.0290 * 1000
53    Zn_ppm = TOT("Zn") * 65.37 * 1000
54    Mn_ppm = TOT("Mn") * 54.938 * 1000
57    Cu_ppm = TOT("Cu") * 63.546 * 1000
58    B_ppm = TOT("B") * 10.81 * 1000
59    Ba_ppm = TOT("Ba") * 137.34 * 1000

110   punch Alk_ppm
111   punch totC_ppm

120   punch Na_ppm
121   punch Ca_ppm
122   punch Mg_ppm
123   punch K_ppm

130   punch Cl_ppm
131   punch SO4_ppm
132   punch NO3_ppm
133   punch F_ppm

140   punch Al_ppm
141   punch FeIII_ppm

150   punch As_ppm
151   punch Se_ppm
152   punch U_ppm
153   punch Zn_ppm
154   punch Mn_ppm
157   punch Cu_ppm
158   punch B_ppm
159   punch Ba_ppm

end



title Navajo Refinery RO Reject Infiltration

#  Scenario 2a
#  67% of RO Discharge to South Field 

SURFACE_SPECIES

# Carbonate adsorption to ferrihydrite: Appelo et al. 2002

Hfo_wOH + CO3-2 + H+ = Hfo_wCO3- + H2O
log_k   12.78

Hfo_wOH + CO3-2 + 2H+= Hfo_wHCO3 + H2O
log_k   20.37

END

# Initial condition in the vadose zone (arbitrary), low metals, sodium-exchanged

solution 1-25
units mg/kgw
temp 20
pe 8
pH 8.0
C(4) 400 calcite 1.0
Na 300.0
Ca 800
S(6) 2200
Cl 10.0 charge
As(5) 0.001
Se(6) 0.001

end

# Adsorption on ferrihydrite (scaled-back reactivity):
surface 1-25

-equilibrate 1
# Site concentration (mol/L), surface area (m^3/g), mineral concentration 

(g/L):
Hfo_wOH 1.39e-5 30 0.1241 # Weak sites
Hfo_sOH 3.49e-7 30 0.1241 # Strong sites

end

# Cation exchange on kaolinite:
exchange 1-25

-equilibrate 1
X 0.0172

end

equilibrium_phases 1-25
calcite 0.0 1.0
gypsum 0.0 1.0

end

# Inflow: Scenario 2a solution following evapotranspiration

solution 0
units mg/kgw
temp 20
pe 8
pH 7.87



C(4) 35.9
Na 767    charge
Ca 524
Mg 783
K 16.1
Cl 1123
S(6) 4391
N(5) 5.6
F 3.1
As(5) 0.028
Se(6) 0.039
U 0.023
Zn 0.052
Mn(2) 0.027
Cu 0.081
B 0.358
Ba 0.010

end

transport
-cells 25
-lengths 1.0 # ft
-dispersivities 0.5 # ft
-warnings false # true during de-bugging
-flow_direction forward
-boundary_cond flux flux
-time_step 39.273 # days
-shifts 150
-punch_cells 25 # To selected output file
-punch_frequency 2
-print_cells 25 # To output file
-print_frequency 150

selected_output
-file       output.sel
-reset            FALSE
-solution         TRUE
-time TRUE
-ph               TRUE
-pe               TRUE
-alkalinity       TRUE
-ionic_strength   TRUE
-water            TRUE
-charge_balance   TRUE
-saturation_indices  Calcite Gypsum  Barite  Fluorite  Rhodochrosite

Fe(OH)3(a)
-totals  C  S(6) Ca Fe(2) Fe(3)
-molalities  HCO3- CO3-2 CO2 O2 H2
-equilibrium_phases  Calcite  Gypsum  Barite  Fluorite  Rhodochrosite

Fe(OH)3(a)
user_punch
-headings Alk_ppm totC_ppm Na_ppm Ca_ppm Mg_ppm K_ppm Cl_ppm SO4_ppm NO3_ppm F_ppm 
Al_ppm FeIII_ppm As_ppm Se_ppm U_ppm Zn_ppm Mn_ppm Cu_ppm B_ppm Ba_ppm

-start
10    Alk_ppm = ALK * 50.05 * 1000
11    totC_ppm = TOT("C") * (1.008+12.0111+3*16.0) * 1000

20    Na_ppm = TOT("Na") * 22.9898 * 1000
21    Ca_ppm = TOT("Ca") * 40.08 * 1000
22    Mg_ppm = TOT("Mg") * 24.312 * 1000
23    K_ppm = TOT("K") * 39.102 * 1000



30    Cl_ppm = TOT("Cl") * 35.453 * 1000
31    SO4_ppm = TOT("S(6)") * 96.056 * 1000
32    NO3_ppm = TOT("N(5)") * 14.0067 * 1000
33    F_ppm = TOT("F") * 18.9984 * 1000

40    Al_ppm = TOT("Al") * 26.9815 * 1000
41    FeIII_ppm = TOT("Fe(3)") * 55.847 * 1000

50    As_ppm = TOT("As") * 74.9216 * 1000
51    Se_ppm = TOT("Se") * 78.96 * 1000
52    U_ppm = TOT("U") * 238.0290 * 1000
53    Zn_ppm = TOT("Zn") * 65.37 * 1000
54    Mn_ppm = TOT("Mn") * 54.938 * 1000
57    Cu_ppm = TOT("Cu") * 63.546 * 1000
58    B_ppm = TOT("B") * 10.81 * 1000
59    Ba_ppm = TOT("Ba") * 137.34 * 1000

110   punch Alk_ppm
111   punch totC_ppm

120   punch Na_ppm
121   punch Ca_ppm
122   punch Mg_ppm
123   punch K_ppm

130   punch Cl_ppm
131   punch SO4_ppm
132   punch NO3_ppm
133   punch F_ppm

140   punch Al_ppm
141   punch FeIII_ppm

150   punch As_ppm
151   punch Se_ppm
152   punch U_ppm
153   punch Zn_ppm
154   punch Mn_ppm
157   punch Cu_ppm
158   punch B_ppm
159   punch Ba_ppm

end



title   Navajo Refinery RO Reject Infiltration

#  Scenario 2b
#  33% of RO Discharge to North Field 

SURFACE_SPECIES

# Carbonate adsorption to ferrihydrite: Appelo et al. 2002

Hfo_wOH + CO3-2 + H+ = Hfo_wCO3- + H2O
log_k   12.78

Hfo_wOH + CO3-2 + 2H+= Hfo_wHCO3 + H2O
log_k   20.37

END

# Initial condition, low metals, sodium-exchanged

solution 1-25
units mg/kgw
temp 20
pe 8
pH 8.0
C(4) 400 calcite 1.0
Na 300.0
Ca 800
S(6) 2200
Cl 10.0 charge
As(5) 0.001
Se(6) 0.001

end

# Adsorption on ferrihydrite (scaled-back reactivity):
surface 1-25

-equilibrate 1
# Site concentration (mol/L), surface area (m^3/g), mineral concentration 

(g/L):
Hfo_wOH 1.39e-5 30 0.1241 # Weak sites
Hfo_sOH 3.49e-7 30 0.1241 # Strong sites

end

# Cation exchange on kaolinite:
exchange 1-25

-equilibrate 1
X 0.0172

end

equilibrium_phases 1-25
calcite 0.0 1.0
gypsum 0.0 1.0

end

# Inflow: Scenario 2b solution following evapotranspiration

solution 0
units mg/kgw
temp 20
pe 8
pH 7.85



C(4) 33.0
Na 555      charge
Ca 540
Mg 567
K 11.7
Cl 813
S(6) 3561
N(5) 4.1
F 2.7
As(5) 0.021
Se(6) 0.029
U 0.017
Zn 0.038
Mn(2) 0.020
Cu 0.059
B 0.260
Ba 0.010

end

transport
-cells 25
-lengths 1.0 # ft
-dispersivities 0.5 # ft
-warnings false # true during de-bugging
-flow_direction forward
-boundary_cond flux flux
-time_step 25.116 # days
-shifts 250
-punch_cells 25 # To selected output file
-punch_frequency 3
-print_cells 25 # To output file
-print_frequency 250

selected_output
-file       output.sel
-reset            FALSE
-solution         TRUE
-time TRUE
-ph               TRUE
-pe               TRUE
-alkalinity       TRUE
-ionic_strength   TRUE
-water            TRUE
-charge_balance   TRUE
-saturation_indices  Calcite  Gypsum  Barite  Fluorite  Rhodochrosite

Fe(OH)3(a)
-totals  C  S(6) Ca Fe(2) Fe(3)
-molalities  HCO3- CO3-2 CO2 O2 H2
-equilibrium_phases  Calcite  Gypsum  Barite  Fluorite  Rhodochrosite

Fe(OH)3(a)
user_punch
-headings Alk_ppm totC_ppm Na_ppm Ca_ppm Mg_ppm K_ppm Cl_ppm SO4_ppm NO3_ppm F_ppm 
Al_ppm FeIII_ppm As_ppm Se_ppm U_ppm Zn_ppm Mn_ppm Cu_ppm B_ppm Ba_ppm

-start
10    Alk_ppm = ALK * 50.05 * 1000
11    totC_ppm = TOT("C") * (1.008+12.0111+3*16.0) * 1000

20    Na_ppm = TOT("Na") * 22.9898 * 1000
21    Ca_ppm = TOT("Ca") * 40.08 * 1000
22    Mg_ppm = TOT("Mg") * 24.312 * 1000
23    K_ppm = TOT("K") * 39.102 * 1000



30    Cl_ppm = TOT("Cl") * 35.453 * 1000
31    SO4_ppm = TOT("S(6)") * 96.056 * 1000
32    NO3_ppm = TOT("N(5)") * 14.0067 * 1000
33    F_ppm = TOT("F") * 18.9984 * 1000

40    Al_ppm = TOT("Al") * 26.9815 * 1000
41    FeIII_ppm = TOT("Fe(3)") * 55.847 * 1000

50    As_ppm = TOT("As") * 74.9216 * 1000
51    Se_ppm = TOT("Se") * 78.96 * 1000
52    U_ppm = TOT("U") * 238.0290 * 1000
53    Zn_ppm = TOT("Zn") * 65.37 * 1000
54    Mn_ppm = TOT("Mn") * 54.938 * 1000
57    Cu_ppm = TOT("Cu") * 63.546 * 1000
58    B_ppm = TOT("B") * 10.81 * 1000
59    Ba_ppm = TOT("Ba") * 137.34 * 1000

110   punch Alk_ppm
111   punch totC_ppm

120   punch Na_ppm
121   punch Ca_ppm
122   punch Mg_ppm
123   punch K_ppm

130   punch Cl_ppm
131   punch SO4_ppm
132   punch NO3_ppm
133   punch F_ppm

140   punch Al_ppm
141   punch FeIII_ppm

150   punch As_ppm
151   punch Se_ppm
152   punch U_ppm
153   punch Zn_ppm
154   punch Mn_ppm
157   punch Cu_ppm
158   punch B_ppm
159   punch Ba_ppm

end





Table F 1: Batch PHREEQC Model Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

soln pH pe Alk mu mass_H2O charge C S(6) Ca Fe(2) Fe(3) m_HCO3 m_CO3 2 m_CO2 m_O2 m_H2 Calcite
1 7.73 8 0.011317 0.066097 1 1.66E 17 1.15E 02 1.72E 02 1.51E 02 0.00E+00 4.03E 06 1.00E 02 4.21E 05 3.62E 04 1.40E 25 2.54E 35 0.00E+00
1 7.65214 12.0763 0.023165 0.125646 0.488526 3.52E 17 2.35E 02 3.52E 02 3.10E 02 4.03E 14 8.25E 06 1.96E 02 7.92E 05 7.94E 04 1.36E 09 0.00E+00 0.00E+00
1 7.56737 12.2165 0.047927 0.240685 0.236122 2.54E 17 4.85E 02 7.28E 02 6.41E 02 1.55E 13 1.71E 05 3.79E 02 1.47E 04 1.73E 03 2.20E 09 0.00E+00 0.00E+00
1 7.60574 12.1533 0.03473 0.180551 0.325842 3.63E 17 3.52E 02 5.28E 02 4.64E 02 8.52E 14 1.24E 05 2.83E 02 1.12E 04 1.23E 03 1.78E 09 0.00E+00 0.00E+00

11 7.82249 13.2355 0.000497 0.090545 0.488525 2.12E 16 4.94E 04 2.97E 02 1.40E 02 8.20E 19 1.29E 08 4.29E 04 2.38E 06 1.21E 05 2.86E 04 0.00E+00 5.53E 03
12 7.87066 13.1875 0.0006 0.141842 0.235989 3.26E 17 5.88E 04 4.58E 02 1.32E 02 7.70E 19 1.27E 08 4.96E 04 3.41E 06 1.20E 05 2.83E 04 0.00E+00 5.58E 03
13 7.84761 13.2105 0.000547 0.114628 0.325755 2.86E 17 5.40E 04 3.72E 02 1.36E 02 7.94E 19 1.28E 08 4.63E 04 2.87E 06 1.21E 05 2.85E 04 0.00E+00 5.57E 03

Page 1 of 4



Table F 1: Batch PHREEQC Model Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

d_Calcite Gypsum d_Gypsum Barite d_Barite Fluorite d_Fluorite Rhodochrosite d_Rhodochrosite Fe(OH)3(a) d_Fe(OH)3(a) si_Calcite si_Gypsum si_Barite si_Fluorite
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.3841 0.0898 0.7795 0.4502
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.771 0.2845 1.1384 1.155
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.1467 0.6533 1.5015 1.8428
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.982 0.4907 1.3399 1.5412
5.53E 03 2.69E 03 2.69E 03 5.08E 07 5.08E 07 5.40E 05 5.40E 05 0.00E+00 0.00E+00 4.02E 06 4.02E 06 0 0 0 0
5.58E 03 6.38E 03 6.38E 03 5.28E 07 5.28E 07 6.50E 05 6.50E 05 0.00E+00 0.00E+00 4.03E 06 4.03E 06 0 0 0 0
5.57E 03 5.08E 03 5.08E 03 5.21E 07 5.21E 07 6.10E 05 6.10E 05 0.00E+00 0.00E+00 4.02E 06 4.02E 06 0 0 0 0
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Table F 1: Batch PHREEQC Model Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

si_Rhodochrosite si_Fe(OH)3(a) Alk_ppm totC_ppm Na_ppm Ca_ppm Mg_ppm K_ppm Cl_ppm SO4_ppm NO3_ppm F_ppm Al_ppm FeIII_ppm As_ppm Se_ppm U_ppm
1.2936 2.4844 5.66E+02 6.99E+02 1.81E+02 6.07E+02 1.85E+02 3.80E+00 2.65E+02 1.65E+03 1.33E+00 3.21E+00 1.54E 02 2.25E 01 6.70E 03 9.30E 03 5.40E 03

0.954 2.7829 1.16E+03 1.43E+03 3.70E+02 1.24E+03 3.78E+02 7.78E+00 5.42E+02 3.38E+03 2.72E+00 6.57E+00 3.15E 02 4.61E 01 1.37E 02 1.90E 02 1.11E 02
0.6237 3.0845 2.40E+03 2.96E+03 7.66E+02 2.57E+03 7.82E+02 1.61E+01 1.12E+03 6.99E+03 5.63E+00 1.36E+01 6.52E 02 9.53E 01 2.84E 02 3.94E 02 2.29E 02
0.7688 2.9509 1.74E+03 2.15E+03 5.55E+02 1.86E+03 5.67E+02 1.17E+01 8.13E+02 5.07E+03 4.08E+00 9.85E+00 4.73E 02 6.91E 01 2.06E 02 2.85E 02 1.66E 02

2.128 0 2.49E+01 3.01E+01 3.70E+02 5.63E+02 3.78E+02 7.78E+00 5.42E+02 2.85E+03 2.72E+00 2.37E+00 3.63E 03 7.19E 04 1.37E 02 1.90E 02 1.11E 02
1.7894 0 3.01E+01 3.59E+01 7.67E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.64E+00 3.14E+00 4.18E 03 7.10E 04 2.84E 02 3.94E 02 2.29E 02
1.9405 0 2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.08E+00 2.74E+00 3.91E 03 7.15E 04 2.06E 02 2.85E 02 1.66E 02
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Table F 1: Batch PHREEQC Model Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

Zn_ppm Mn_ppm Cu_ppm B_ppm Ba_ppm
1.23E 02 6.40E 03 1.92E 02 8.46E 02 7.49E 02
2.52E 02 1.31E 02 3.93E 02 1.73E 01 1.53E 01
5.21E 02 2.71E 02 8.13E 02 3.58E 01 3.17E 01
3.77E 02 1.96E 02 5.89E 02 2.60E 01 2.30E 01
2.52E 02 1.31E 02 3.93E 02 1.73E 01 1.04E 02
5.21E 02 2.71E 02 8.14E 02 3.58E 01 9.91E 03
3.78E 02 1.96E 02 5.89E 02 2.60E 01 1.01E 02
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Table F 2: PHREEQC Model Scenario 1 Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

soln time pH pe Alk mu mass_H2O charge C S(6) Ca Fe(2) Fe(3) m_HCO3 m_CO3 2 m_CO2 m_O2 m_H2 Calcite d_Calcite
25 0 7.1653 11.3285 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 1.60E 14 0.00E+00 1.00E+00 2.40E 04
25 76.236 7.1653 11.5088 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 8.42E 14 0.00E+00 1.00E+00 0.00E+00
25 152.472 7.16533 12.081 1.62E 03 0.0549488 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 1.64E 11 0.00E+00 1.00E+00 1.60E 10
25 228.708 7.18132 12.4545 1.55E 03 0.0555677 1.00E+00 2.55E 07 1.73E 03 1.79E 02 1.50E 02 0.00E+00 0.00E+00 1.45E 03 1.66E 06 1.87E 04 5.91E 10 0.00E+00 1.00E+00 1.84E 08
25 304.944 7.32946 12.4042 1.12E 03 0.0624821 1.00E+00 9.74E 07 1.20E 03 1.90E 02 1.54E 02 0.00E+00 0.00E+00 1.03E 03 1.70E 06 9.37E 05 1.45E 09 0.00E+00 1.00E+00 4.45E 07
25 381.18 7.60952 12.1177 6.81E 04 0.0768884 1.00E+00 1.14E 06 6.99E 04 2.39E 02 1.48E 02 0.00E+00 0.00E+00 6.11E 04 2.01E 06 2.86E 05 1.36E 09 0.00E+00 1.00E+00 5.98E 07
25 457.416 7.77474 11.9359 0.000526 0.0866056 1.00E+00 4.41E 07 5.28E 04 2.79E 02 1.43E 02 0.00E+00 0.00E+00 4.60E 04 2.27E 06 1.46E 05 1.17E 09 0.00E+00 1.00E+00 1.35E 07
25 533.652 7.81558 11.8902 0.000498 0.0897339 1.00E+00 7.81E 08 4.97E 04 2.93E 02 1.41E 02 0.00E+00 0.00E+00 4.32E 04 2.36E 06 1.24E 05 1.12E 09 0.00E+00 1.00E+00 2.60E 08
25 609.888 7.8222 11.8827 0.000495 0.0904109 1.00E+00 9.05E 09 4.93E 04 2.96E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 4.95E 09
25 686.124 7.82312 11.8817 0.000494 0.0905284 1.00E+00 2.39E 08 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.28E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.28E 09
25 762.36 7.82323 11.8815 0.000494 0.0905462 1.00E+00 2.65E 08 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.28E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.47E 08
25 838.596 7.82321 11.8816 0.000494 0.0905486 1.00E+00 2.76E 08 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.28E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.28E 08
25 914.832 7.82314 11.8817 0.000495 0.0905489 1.00E+00 2.95E 08 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 5.16E 08
25 991.068 7.82303 11.8818 0.000495 0.0905489 1.00E+00 3.21E 08 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 6.00E 08
25 1067.3 7.82291 11.8819 0.000495 0.0905488 1.00E+00 3.58E 08 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 5.50E 08
25 1143.54 7.8228 11.882 0.000496 0.0905488 1.00E+00 3.88E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 4.28E 08
25 1219.78 7.82271 11.8821 0.000496 0.0905487 1.00E+00 4.20E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.00E 08
25 1296.01 7.82266 11.8822 0.000496 0.0905487 1.00E+00 4.36E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.96E 08
25 1372.25 7.82262 11.8823 0.000496 0.0905486 1.00E+00 4.55E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.23E 08
25 1448.48 7.82259 11.8823 0.000496 0.0905486 1.00E+00 4.59E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 7.45E 09
25 1524.72 7.82258 11.8823 0.000496 0.0905486 1.00E+00 4.69E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 4.42E 09
25 1600.96 7.82257 11.8823 0.000496 0.0905486 1.00E+00 4.67E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.58E 09
25 1677.19 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.74E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.48E 09
25 1753.43 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.70E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 8.35E 10
25 1829.66 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.75E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 4.66E 10
25 1905.9 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.72E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.53E 10
25 1982.14 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.74E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.37E 10
25 2058.37 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.74E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 6.84E 11
25 2134.61 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.73E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.49E 11
25 2210.84 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.75E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.29E 11
25 2287.08 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.72E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 5.17E 12
25 2363.32 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.77E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.46E 12
25 2439.55 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.70E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.13E 12
25 2515.79 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.78E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 5.64E 12
25 2592.02 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.69E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 5.61E 12
25 2668.26 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.79E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 5.14E 12
25 2744.5 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.68E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 6.94E 12
25 2820.73 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.80E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.34E 12
25 2896.97 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.68E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 8.45E 12
25 2973.2 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.79E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 7.96E 13
25 3049.44 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.69E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.06E 11
25 3125.68 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.78E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.44E 12
25 3201.91 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.71E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.37E 11
25 3278.15 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.76E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 6.57E 12
25 3354.38 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.73E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.80E 11
25 3430.62 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.73E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.20E 11
25 3506.86 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.76E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.43E 11
25 3583.09 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.69E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.85E 11
25 3659.33 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.80E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.82E 11
25 3735.56 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.66E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.09E 12
25 3811.8 7.82256 11.8823 0.000496 0.0905486 1.00E+00 4.83E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.92E 10
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Table F 2: PHREEQC Model Scenario 1 Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

25 3888.04 7.82256 11.8823 0.000496 0.0905486 1 4.63E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 7.21E 10
25 3964.27 7.82256 11.8823 0.000496 0.0905486 1 4.85E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 4.12E 09
25 4040.51 7.82256 11.8823 0.000496 0.0905486 1 4.61E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.00E 08
25 4116.74 7.82256 11.8823 0.000496 0.0905486 1 4.84E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 8.08E 08
25 4192.98 7.82257 11.8823 0.000496 0.0905486 1 4.50E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.64E 07
25 4269.22 7.82261 11.8823 0.000496 0.0905487 1 4.38E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.57E 07
25 4345.45 7.82272 11.8821 0.000496 0.0905489 1 2.66E 08 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 5.25E 08
25 4421.69 7.82279 11.8821 0.000496 0.090549 1 9.81E 09 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.00E 08
25 4497.92 7.82281 11.882 0.000496 0.090549 1 3.57E 09 4.94E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.30E 09
25 4574.16 7.82281 11.882 0.000496 0.090549 1 1.36E 09 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 5.71E 10
25 4650.4 7.82282 11.882 0.000496 0.0905491 1 5.32E 10 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.26E 10
25 4726.63 7.82282 11.882 0.000496 0.0905491 1 2.05E 10 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.09E 11
25 4802.87 7.82282 11.882 0.000496 0.0905491 1 7.04E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.40E 11
25 4879.1 7.82282 11.882 0.000496 0.0905491 1 1.29E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.49E 11
25 4955.34 7.82282 11.882 0.000496 0.0905491 1 1.20E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.09E 11
25 5031.58 7.82282 11.882 0.000496 0.0905491 1 2.31E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 7.08E 12
25 5107.81 7.82282 11.882 0.000496 0.0905491 1 2.81E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 4.32E 12
25 5184.05 7.82282 11.882 0.000496 0.0905491 1 3.04E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.55E 12
25 5260.28 7.82282 11.882 0.000496 0.0905491 1 3.15E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.49E 12
25 5336.52 7.82282 11.882 0.000496 0.0905491 1 3.20E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 8.70E 13
25 5412.76 7.82282 11.882 0.000496 0.0905491 1 3.22E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 4.86E 13
25 5488.99 7.82282 11.882 0.000496 0.0905491 1 3.23E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.86E 13
25 5565.23 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.70E 13
25 5641.46 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.03E 13
25 5717.7 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 6.97E 14
25 5793.94 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.38E 14
25 5870.17 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 9.77E 15
25 5946.41 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 6.66E 15
25 6022.64 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.78E 15
25 6098.88 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.11E 15
25 6175.12 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.44E 15
25 6251.35 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 5.77E 15
25 6327.59 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 4.66E 15
25 6403.82 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 4.44E 16
25 6480.06 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 6.66E 15
25 6556.3 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.00E 15
25 6632.53 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 5.55E 15
25 6708.77 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 4.89E 15
25 6785 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 6.66E 16
25 6861.24 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.89E 15
25 6937.48 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.11E 15
25 7013.71 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.66E 15
25 7089.95 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 8.88E 15
25 7166.18 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 9.77E 15
25 7242.42 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.22E 15
25 7318.66 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 2.89E 15
25 7394.89 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.33E 15
25 7471.13 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 6.44E 15
25 7547.36 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 1.55E 15
25 7623.6 7.82282 11.882 0.000496 0.0905491 1 3.24E 11 4.93E 04 2.97E 02 1.40E 02 0.00E+00 0.00E+00 4.29E 04 2.38E 06 1.21E 05 1.11E 09 0.00E+00 1.00E+00 3.11E 15
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Table F 2: PHREEQC Model Scenario 1 Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

Gypsum d_Gypsum Barite d_Barite Fluorite d_Fluorite Rhodochrosite d_Rhodochrosite Fe(OH)3(a) d_Fe(OH)3(a) si_Calcite si_Gypsum si_Barite si_Fluorite si_Rhodochrosite si_Fe(OH)3(a)
1.00E+00 4.90E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 999.999 999.999 999.999 1.00E+03
1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 999.999 999.999 999.999 1.00E+03
1.00E+00 6.01E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 6.7005 7.4566 7.8511 1.00E+03
1.00E+00 1.31E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 2.7452 1.9654 4.2857 1.00E+03
1.01E+00 1.63E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 1.1026 0.3256 2.9328 1.00E+03
1.01E+00 1.96E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.3774 0.0185 2.3809 1.00E+03
1.01E+00 7.39E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.1154 0.0289 2.1872 1.00E+03
1.01E+00 1.77E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0398 0.0153 2.1337 1.00E+03
1.01E+00 3.36E 06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0214 0.0106 2.123 1.00E+03
1.01E+00 5.41E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0174 0.0096 2.1217 1.00E+03
1.01E+00 6.91E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0166 0.0095 2.1218 1.00E+03
1.01E+00 1.18E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0165 0.0095 2.1221 1.00E+03
1.01E+00 3.50E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1224 1.00E+03
1.01E+00 4.35E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1228 1.00E+03
1.01E+00 4.10E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1232 1.00E+03
1.01E+00 3.24E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1234 1.00E+03
1.01E+00 2.29E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1236 1.00E+03
1.01E+00 1.51E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1237 1.00E+03
1.01E+00 9.46E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 5.74E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 3.43E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 1.98E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 1.16E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 6.28E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 3.78E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 1.75E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 1.25E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 3.11E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 4.57E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 1.02E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 1.94E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 1.73E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 6.58E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 1.18E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 4.76E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 3.98E 13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 1.78E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 1.44E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 3.26E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 3.10E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 4.82E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 4.74E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 6.32E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 6.15E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 7.58E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 7.13E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 8.44E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 7.47E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 9.19E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 4.74E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
1.01E+00 2.24E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 1.00E+03
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Table F 2: PHREEQC Model Scenario 1 Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

1.01E+00 6.81E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 999.999
1.01E+00 4.03E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 999.999
1.01E+00 1.95E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 999.999
1.01E+00 7.82E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 999.999
1.01E+00 1.56E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 999.999
1.01E+00 1.43E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0095 2.1238 999.999
1.01E+00 4.73E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 9.35E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 2.27E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 6.17E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.66E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 3.71E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.69E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 5.88E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 5.86E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 4.26E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 2.76E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.69E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.01E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 6.00E 13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 3.40E 13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 2.01E 13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.20E 13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 7.31E 14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 4.91E 14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 2.42E 14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 7.55E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 5.11E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.55E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.78E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.55E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 3.77E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 2.89E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 2.22E 16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 4.44E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.33E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 3.55E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 3.33E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 6.66E 16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.78E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 4.44E 16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.78E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 5.77E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 6.66E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.55E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 2.00E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 2.22E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 4.00E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.33E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
1.01E+00 1.78E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0164 0.0094 2.1238 999.999
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Table F 2: PHREEQC Model Scenario 1 Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

Alk_ppm totC_ppm Na_ppm Ca_ppm Mg_ppm K_ppm Cl_ppm SO4_ppm NO3_ppm F_ppm Al_ppm FeIII_ppm As_ppm Se_ppm U_ppm Zn_ppm Mn_ppm Cu_ppm B_ppm Ba_ppm
8.10E+01 1.11E+02 2.98E+02 5.96E+02 0.00E+00 0.00E+00 1.80E+02 1.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.38E 03 1.00E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.10E+01 1.11E+02 2.98E+02 5.96E+02 0.00E+00 0.00E+00 1.80E+02 1.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.38E 03 1.00E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.10E+01 1.11E+02 2.98E+02 5.96E+02 3.39E 04 3.55E 06 1.80E+02 1.73E+03 3.53E 04 3.13E 04 0.00E+00 0.00E+00 4.38E 03 1.00E 03 1.49E 07 8.14E 10 2.62E 08 0.00E+00 2.27E 05 2.15E 09
7.75E+01 1.05E+02 3.02E+02 6.01E+02 1.78E+00 2.19E 02 2.06E+02 1.72E+03 1.96E 01 1.74E 01 0.00E+00 0.00E+00 4.00E 03 2.31E 03 1.91E 04 1.01E 05 9.72E 05 0.00E+00 1.26E 02 1.95E 05
5.58E+01 7.33E+01 3.32E+02 6.16E+02 5.28E+01 7.07E 01 3.61E+02 1.83E+03 1.35E+00 1.20E+00 0.00E+00 0.00E+00 1.67E 03 9.97E 03 2.33E 03 4.59E 04 2.24E 03 2.00E 18 8.63E 02 8.71E 04
3.41E+01 4.27E+01 3.61E+02 5.94E+02 2.09E+02 3.17E+00 4.94E+02 2.29E+03 2.34E+00 2.08E+00 0.00E+00 0.00E+00 2.83E 04 1.66E 02 7.42E 03 2.75E 03 7.63E 03 5.75E 12 1.50E 01 4.52E 03
2.63E+01 3.22E+01 3.70E+02 5.72E+02 3.28E+02 5.77E+00 5.35E+02 2.68E+03 2.64E+00 2.35E+00 0.00E+00 0.00E+00 1.20E 04 1.86E 02 1.07E 02 7.86E 03 1.14E 02 3.41E 08 1.69E 01 8.05E 03
2.49E+01 3.03E+01 3.71E+02 5.64E+02 3.67E+02 7.12E+00 5.41E+02 2.82E+03 2.69E+00 2.39E+00 0.00E+00 0.00E+00 1.01E 04 1.90E 02 1.14E 02 1.57E 02 1.28E 02 3.03E 06 1.73E 01 9.50E 03
2.48E+01 3.01E+01 3.71E+02 5.63E+02 3.76E+02 7.61E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.80E 05 1.90E 02 1.13E 02 2.23E 02 1.30E 02 4.51E 05 1.73E 01 9.89E 03
2.47E+01 3.01E+01 3.71E+02 5.63E+02 3.78E+02 7.75E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.77E 05 1.90E 02 1.12E 02 2.59E 02 1.31E 02 2.88E 04 1.73E 01 9.98E 03
2.47E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.79E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.75E 05 1.90E 02 1.12E 02 2.72E 02 1.31E 02 1.14E 03 1.73E 01 1.00E 02
2.47E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.71E 05 1.90E 02 1.12E 02 2.74E 02 1.31E 02 3.29E 03 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.63E 05 1.90E 02 1.11E 02 2.71E 02 1.30E 02 7.34E 03 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.49E 05 1.90E 02 1.11E 02 2.65E 02 1.30E 02 1.31E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.33E 05 1.90E 02 1.11E 02 2.60E 02 1.30E 02 1.94E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.19E 05 1.90E 02 1.10E 02 2.56E 02 1.30E 02 2.50E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.09E 05 1.90E 02 1.10E 02 2.53E 02 1.30E 02 2.93E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.01E 05 1.90E 02 1.10E 02 2.52E 02 1.30E 02 3.23E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.97E 05 1.90E 02 1.10E 02 2.51E 02 1.30E 02 3.43E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.94E 05 1.90E 02 1.10E 02 2.51E 02 1.30E 02 3.55E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.63E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.67E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.70E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.71E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.72E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.91E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.92E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.93E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.93E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.93E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 8.94E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
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Table F 2: PHREEQC Model Scenario 1 Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.02E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.41E 05 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.15E 04 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 2.24E 04 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.73E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 7.80E 04 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.74E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 3.31E 03 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.76E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 9.14E 03 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.81E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.24E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.85E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.34E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.88E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.38E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.89E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.39E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.89E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
2.48E+01 3.01E+01 3.71E+02 5.62E+02 3.78E+02 7.80E+00 5.42E+02 2.85E+03 2.70E+00 2.40E+00 0.00E+00 0.00E+00 1.40E 02 1.90E 02 1.10E 02 2.50E 02 1.30E 02 3.90E 02 1.73E 01 1.00E 02
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Table F 3: PHREEQC Model Scenario 2a Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

soln time pH pe Alk mu mass_H2O charge C S(6) Ca Fe(2) Fe(3) m_HCO3 m_CO3 2 m_CO2 m_O2 m_H2 Calcite d_Calcite
25 0 7.1653 11.3285 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 1.60E 14 0.00E+00 1.00E+00 2.40E 04
25 78.546 7.1653 11.4496 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 4.88E 14 0.00E+00 1.00E+00 4.00E 15
25 157.092 7.1653 11.5053 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 8.15E 14 0.00E+00 1.00E+00 1.33E 15
25 235.638 7.1653 11.5168 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 9.06E 14 0.00E+00 1.00E+00 0.00E+00
25 314.184 7.1653 11.5382 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 1.10E 13 0.00E+00 1.00E+00 2.22E 16
25 392.73 7.1653 11.8106 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 1.36E 12 0.00E+00 1.00E+00 7.84E 14
25 471.276 7.16531 12.1263 0.001619 0.0549505 1.00E+00 1.45E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 2.48E 11 0.00E+00 1.00E+00 2.88E 11
25 549.822 7.16561 12.314 0.001617 0.0550072 1.00E+00 1.54E 07 1.81E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.51E 03 1.67E 06 2.03E 04 1.40E 10 0.00E+00 1.00E+00 2.22E 09
25 628.368 7.16792 12.4331 0.001601 0.0554205 1.00E+00 2.14E 07 1.79E 03 1.80E 02 1.50E 02 0.00E+00 0.00E+00 1.50E 03 1.66E 06 2.00E 04 4.29E 10 0.00E+00 1.00E+00 2.81E 08
25 706.914 7.17747 12.504 0.001553 0.056994 1.00E+00 4.02E 07 1.74E 03 1.80E 02 1.52E 02 0.00E+00 0.00E+00 1.45E 03 1.65E 06 1.89E 04 9.00E 10 0.00E+00 1.00E+00 1.37E 07
25 785.46 7.20399 12.5293 0.00146 0.0609526 1.00E+00 7.75E 07 1.62E 03 1.84E 02 1.54E 02 0.00E+00 0.00E+00 1.36E 03 1.67E 06 1.65E 04 1.45E 09 0.00E+00 1.00E+00 2.98E 07
25 864.006 7.25921 12.5038 0.001328 0.0684248 1.00E+00 1.29E 06 1.45E 03 1.98E 02 1.56E 02 0.00E+00 0.00E+00 1.22E 03 1.75E 06 1.30E 04 1.90E 09 0.00E+00 1.00E+00 1.59E 07
25 942.552 7.34826 12.427 0.001174 0.0796703 1.00E+00 1.79E 06 1.26E 03 2.27E 02 1.54E 02 0.00E+00 0.00E+00 1.07E 03 1.94E 06 9.13E 05 2.12E 09 0.00E+00 1.00E+00 4.21E 07
25 1021.1 7.46118 12.3142 0.001018 0.0934466 1.00E+00 2.05E 06 1.07E 03 2.70E 02 1.49E 02 0.00E+00 0.00E+00 9.13E 04 2.22E 06 5.92E 05 2.12E 09 0.00E+00 1.00E+00 7.84E 07
25 1099.64 7.57693 12.1922 0.000879 0.107307 1.00E+00 1.97E 06 9.03E 04 3.18E 02 1.44E 02 0.00E+00 0.00E+00 7.74E 04 2.54E 06 3.79E 05 1.99E 09 0.00E+00 1.00E+00 6.82E 07
25 1178.19 7.67675 12.0844 0.000771 0.119043 1.00E+00 1.65E 06 7.81E 04 3.63E 02 1.39E 02 0.00E+00 0.00E+00 6.68E 04 2.82E 06 2.57E 05 1.84E 09 0.00E+00 1.00E+00 4.51E 07
25 1256.74 7.75183 12.0023 0.000698 0.12773 1.00E+00 1.22E 06 6.99E 04 3.98E 02 1.36E 02 0.00E+00 0.00E+00 5.95E 04 3.04E 06 1.91E 05 1.72E 09 0.00E+00 1.00E+00 2.72E 07
25 1335.28 7.80241 11.9466 0.000652 0.13355 1.00E+00 8.11E 07 6.49E 04 4.22E 02 1.34E 02 0.00E+00 0.00E+00 5.50E 04 3.19E 06 1.57E 05 1.64E 09 0.00E+00 1.00E+00 1.59E 07
25 1413.83 7.83358 11.9121 0.000625 0.137169 1.00E+00 4.89E 07 6.19E 04 4.37E 02 1.33E 02 0.00E+00 0.00E+00 5.24E 04 3.29E 06 1.39E 05 1.59E 09 0.00E+00 1.00E+00 8.93E 08
25 1492.37 7.8515 11.8922 0.000611 0.139295 1.00E+00 2.63E 07 6.03E 04 4.47E 02 1.33E 02 0.00E+00 0.00E+00 5.09E 04 3.34E 06 1.29E 05 1.56E 09 0.00E+00 1.00E+00 4.41E 08
25 1570.92 7.86124 11.8814 0.000603 0.140489 1.00E+00 1.16E 07 5.95E 04 4.52E 02 1.32E 02 0.00E+00 0.00E+00 5.02E 04 3.37E 06 1.24E 05 1.55E 09 0.00E+00 1.00E+00 1.10E 08
25 1649.47 7.86631 11.8757 0.000599 0.141135 1.00E+00 2.76E 08 5.91E 04 4.55E 02 1.32E 02 0.00E+00 0.00E+00 4.98E 04 3.39E 06 1.22E 05 1.54E 09 0.00E+00 1.00E+00 1.83E 08
25 1728.01 7.86885 11.8729 0.000598 0.141474 1.00E+00 2.35E 08 5.89E 04 4.56E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.40E 06 1.21E 05 1.53E 09 0.00E+00 1.00E+00 4.76E 08
25 1806.56 7.87005 11.8715 0.000597 0.141648 1.00E+00 5.26E 08 5.88E 04 4.57E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 7.60E 08
25 1885.1 7.87058 11.8709 0.000597 0.141735 1.00E+00 6.93E 08 5.88E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.95E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 9.98E 08
25 1963.65 7.87076 11.8707 0.000597 0.141778 1.00E+00 7.96E 08 5.88E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.95E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.15E 07
25 2042.2 7.87078 11.8707 0.000597 0.141798 1.00E+00 8.73E 08 5.88E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.95E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.21E 07
25 2120.74 7.87071 11.8708 0.000598 0.141808 1.00E+00 9.36E 08 5.88E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.95E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.18E 07
25 2199.29 7.87061 11.8709 0.000598 0.141812 1.00E+00 9.90E 08 5.88E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.95E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.08E 07
25 2277.83 7.87051 11.871 0.000598 0.141814 1.00E+00 1.04E 07 5.88E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 9.61E 08
25 2356.38 7.87041 11.8712 0.000599 0.141815 1.00E+00 1.09E 07 5.88E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 8.24E 08
25 2434.93 7.87032 11.8713 0.000599 0.141816 1.00E+00 1.13E 07 5.88E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 6.89E 08
25 2513.47 7.87024 11.8714 0.000599 0.141816 1.00E+00 1.16E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 5.65E 08
25 2592.02 7.87017 11.8714 0.000599 0.141816 1.00E+00 1.19E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 4.56E 08
25 2670.56 7.87012 11.8715 0.000599 0.141816 1.00E+00 1.21E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 3.63E 08
25 2749.11 7.87008 11.8715 0.0006 0.141816 1.00E+00 1.23E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 2.86E 08
25 2827.66 7.87005 11.8716 0.0006 0.141816 1.00E+00 1.25E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 2.24E 08
25 2906.2 7.87002 11.8716 0.0006 0.141816 1.00E+00 1.26E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.74E 08
25 2984.75 7.87 11.8716 0.0006 0.141816 1.00E+00 1.27E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.34E 08
25 3063.29 7.86998 11.8716 0.0006 0.141816 1.00E+00 1.28E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.03E 08
25 3141.84 7.86997 11.8717 0.0006 0.141816 1.00E+00 1.28E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 7.82E 09
25 3220.39 7.86996 11.8717 0.0006 0.141816 1.00E+00 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 5.94E 09
25 3298.93 7.86996 11.8717 0.0006 0.141816 1.00E+00 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 4.49E 09
25 3377.48 7.86995 11.8717 0.0006 0.141816 1.00E+00 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 3.38E 09
25 3456.02 7.86995 11.8717 0.0006 0.141816 1.00E+00 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 2.53E 09
25 3534.57 7.86994 11.8717 0.0006 0.141816 1.00E+00 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.89E 09
25 3613.12 7.86994 11.8717 0.0006 0.141816 1.00E+00 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.41E 09
25 3691.66 7.86994 11.8717 0.0006 0.141816 1.00E+00 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.05E 09
25 3770.21 7.86994 11.8717 0.0006 0.141816 1.00E+00 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 7.73E 10
25 3848.75 7.86994 11.8717 0.0006 0.141816 1.00E+00 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 5.68E 10
25 3927.3 7.86994 11.8717 0.0006 0.141816 1.00E+00 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 4.15E 10
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25 4005.85 7.86994 11.8717 0.0006 0.141816 1 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 3.03E 10
25 4084.39 7.86994 11.8717 0.0006 0.141816 1 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 2.20E 10
25 4162.94 7.86994 11.8717 0.0006 0.141816 1 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.56E 10
25 4241.48 7.86994 11.8717 0.0006 0.141816 1 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.11E 10
25 4320.03 7.86993 11.8717 0.0006 0.141816 1 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 7.95E 11
25 4398.58 7.86993 11.8717 0.0006 0.141816 1 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 5.39E 11
25 4477.12 7.86993 11.8717 0.0006 0.141816 1 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 3.35E 11
25 4555.67 7.86993 11.8717 0.0006 0.141816 1 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 2.25E 11
25 4634.21 7.86993 11.8717 0.0006 0.141816 1 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.53E 11
25 4712.76 7.86993 11.8717 0.0006 0.141816 1 1.31E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 5.06E 12
25 4791.31 7.86993 11.8717 0.0006 0.141816 1 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.47E 12
25 4869.85 7.86993 11.8717 0.0006 0.141816 1 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.97E 13
25 4948.4 7.86993 11.8717 0.0006 0.141816 1 1.31E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 2.64E 12
25 5026.94 7.86993 11.8717 0.0006 0.141816 1 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.04E 11
25 5105.49 7.86993 11.8717 0.0006 0.141816 1 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 9.37E 12
25 5184.04 7.86993 11.8717 0.0006 0.141816 1 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 3.66E 12
25 5262.58 7.86993 11.8717 0.0006 0.141816 1 1.31E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 9.84E 12
25 5341.13 7.86993 11.8717 0.0006 0.141816 1 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.60E 11
25 5419.67 7.86993 11.8717 0.0006 0.141816 1 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 6.90E 12
25 5498.22 7.86993 11.8717 0.0006 0.141816 1 1.30E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 3.74E 12
25 5576.77 7.86993 11.8717 0.0006 0.141816 1 1.31E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.70E 11
25 5655.31 7.86994 11.8717 0.0006 0.141816 1 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 1.52E 11
25 5733.86 7.86993 11.8717 0.0006 0.141816 1 1.29E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 4.77E 13
25 5812.4 7.86993 11.8717 0.0006 0.141816 1 1.31E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 8.84E 12
25 5890.95 7.86993 11.8717 0.0006 0.141816 1 1.31E 07 5.89E 04 4.58E 02 1.32E 02 0.00E+00 0.00E+00 4.96E 04 3.41E 06 1.20E 05 1.53E 09 0.00E+00 1.00E+00 2.42E 11
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Gypsum d_Gypsum Barite d_Barite Fluorite d_Fluorite Rhodochrosite d_Rhodochrosite Fe(OH)3(a) d_Fe(OH)3(a) si_Calcite si_Gypsum si_Barite si_Fluorite si_Rhodochrosite si_Fe(OH)3(a)
1.00E+00 4.90E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 999.999 999.999 999.999 1.00E+03
1.00E+00 1.55E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 999.999 999.999 999.999 1.00E+03
1.00E+00 4.44E 16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 999.999 999.999 999.999 1.00E+03
1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 999.999 999.999 999.999 1.00E+03
1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 999.999 999.999 999.999 1.00E+03
1.00E+00 9.70E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 9.4372 11.6949 10.122 1.00E+03
1.00E+00 2.56E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 6.6201 7.2341 7.4776 1.00E+03
1.00E+00 7.82E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 4.813 4.5984 5.823 1.00E+03
1.00E+00 7.97E 06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 3.5369 2.891 4.6852 1.00E+03
1.01E+00 4.11E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 2.5885 1.7431 3.8662 1.00E+03
1.01E+00 1.30E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 1.864 0.9715 3.2641 1.00E+03
1.01E+00 2.73E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 1.306 0.4794 2.8173 1.00E+03
1.01E+00 3.99E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.8823 0.2007 2.4855 1.00E+03
1.01E+00 4.17E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.5727 0.0673 2.2436 1.00E+03
1.01E+00 3.34E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.3584 0.0144 2.0743 1.00E+03
1.01E+00 2.27E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.2174 0.0019 1.9605 1.00E+03
1.01E+00 1.42E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.128 0.0038 1.8863 1.00E+03
1.01E+00 8.50E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0729 0.001 1.8396 1.00E+03
1.01E+00 4.93E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0399 0.0027 1.8116 1.00E+03
1.01E+00 2.78E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0205 0.0058 1.7956 1.00E+03
1.01E+00 1.53E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0095 0.0081 1.7871 1.00E+03
1.01E+00 8.20E 06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0033 0.0096 1.7828 1.00E+03
1.01E+00 4.28E 06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0002 0.0105 1.7808 1.00E+03
1.01E+00 2.16E 06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.002 0.0111 1.7802 1.00E+03
1.01E+00 1.04E 06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.003 0.0114 1.7801 1.00E+03
1.01E+00 4.62E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0035 0.0115 1.7804 1.00E+03
1.01E+00 1.72E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0037 0.0116 1.7807 1.00E+03
1.01E+00 3.25E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0039 0.0117 1.7811 1.00E+03
1.01E+00 2.93E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0039 0.0117 1.7814 1.00E+03
1.01E+00 5.24E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7816 1.00E+03
1.01E+00 5.69E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7818 1.00E+03
1.01E+00 5.30E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.782 1.00E+03
1.01E+00 4.59E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7821 1.00E+03
1.01E+00 3.82E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7822 1.00E+03
1.01E+00 3.10E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7822 1.00E+03
1.01E+00 2.47E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7823 1.00E+03
1.01E+00 1.94E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7823 1.00E+03
1.01E+00 1.51E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7823 1.00E+03
1.01E+00 1.17E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 8.97E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 6.85E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 5.21E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 3.93E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 2.96E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 2.23E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 1.67E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 1.23E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 9.14E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 6.89E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 4.97E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
1.01E+00 3.50E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 1.00E+03
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Table F 3: PHREEQC Model Scenario 2a Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

1.01E+00 2.70E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 2.04E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 1.26E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 8.49E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 8.37E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 5.29E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 8.13E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 1.70E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 3.52E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 3.46E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 2.69E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 1.43E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 1.85E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 3.58E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 2.65E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 3.06E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 3.18E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 5.71E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 1.54E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 4.17E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 3.93E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 5.90E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 4.03E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 2.77E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
1.01E+00 8.16E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.004 0.0117 1.7824 999.999
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Table F 3: PHREEQC Model Scenario 2a Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

Alk_ppm totC_ppm Na_ppm Ca_ppm Mg_ppm K_ppm Cl_ppm SO4_ppm NO3_ppm F_ppm Al_ppm FeIII_ppm As_ppm Se_ppm U_ppm Zn_ppm Mn_ppm Cu_ppm B_ppm Ba_ppm
8.10E+01 1.11E+02 2.98E+02 5.96E+02 0.00E+00 0.00E+00 1.80E+02 1.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.38E 03 1.00E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.10E+01 1.11E+02 2.98E+02 5.96E+02 0.00E+00 0.00E+00 1.80E+02 1.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.38E 03 1.00E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.10E+01 1.11E+02 2.98E+02 5.96E+02 0.00E+00 0.00E+00 1.80E+02 1.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.38E 03 1.00E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.10E+01 1.11E+02 2.98E+02 5.96E+02 0.00E+00 0.00E+00 1.80E+02 1.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.38E 03 1.00E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.10E+01 1.11E+02 2.98E+02 5.96E+02 0.00E+00 0.00E+00 1.80E+02 1.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.38E 03 1.00E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.10E+01 1.11E+02 2.98E+02 5.96E+02 1.58E 06 1.43E 08 1.80E+02 1.73E+03 4.31E 06 2.38E 06 0.00E+00 0.00E+00 4.38E 03 1.00E 03 1.32E 09 2.74E 12 1.40E 10 0.00E+00 2.76E 07 3.94E 12
8.10E+01 1.11E+02 2.98E+02 5.96E+02 8.11E 04 7.95E 06 1.80E+02 1.73E+03 7.33E 04 4.04E 04 0.00E+00 0.00E+00 4.38E 03 1.01E 03 3.75E 07 2.21E 09 6.19E 08 0.00E+00 4.69E 05 2.59E 09
8.09E+01 1.11E+02 2.98E+02 5.97E+02 4.19E 02 4.34E 04 1.82E+02 1.73E+03 1.52E 02 8.40E 03 0.00E+00 0.00E+00 4.37E 03 1.10E 03 1.16E 05 1.68E 07 2.80E 06 0.00E+00 9.73E 04 1.66E 07
8.02E+01 1.09E+02 3.03E+02 6.00E+02 6.52E 01 6.99E 03 1.98E+02 1.73E+03 1.09E 01 5.99E 02 0.00E+00 0.00E+00 4.29E 03 1.74E 03 1.14E 04 3.61E 06 3.86E 05 0.00E+00 6.94E 03 3.15E 06
7.78E+01 1.06E+02 3.19E+02 6.07E+02 4.87E+00 5.32E 02 2.48E+02 1.73E+03 4.06E 01 2.24E 01 0.00E+00 0.00E+00 3.99E 03 3.76E 03 5.68E 04 3.52E 05 2.58E 04 0.00E+00 2.60E 02 2.82E 05
7.31E+01 9.87E+01 3.56E+02 6.19E+02 2.20E+01 2.43E 01 3.48E+02 1.77E+03 1.00E+00 5.53E 01 0.00E+00 0.00E+00 3.32E 03 7.79E 03 1.82E 03 2.00E 04 1.06E 03 6.10E 20 6.39E 02 1.51E 04
6.64E+01 8.84E+01 4.17E+02 6.24E+02 6.84E+01 7.70E 01 4.91E+02 1.90E+03 1.85E+00 1.02E+00 0.00E+00 0.00E+00 2.29E 03 1.35E 02 4.36E 03 7.57E 04 2.99E 03 2.63E 17 1.18E 01 5.50E 04
5.87E+01 7.66E+01 4.92E+02 6.16E+02 1.57E+02 1.83E+00 6.50E+02 2.18E+03 2.79E+00 1.54E+00 0.00E+00 0.00E+00 1.24E 03 1.99E 02 8.33E 03 2.07E 03 6.34E 03 1.19E 14 1.79E 01 1.45E 03
5.09E+01 6.50E+01 5.68E+02 5.97E+02 2.82E+02 3.49E+00 7.98E+02 2.59E+03 3.67E+00 2.03E+00 0.00E+00 0.00E+00 5.94E 04 2.59E 02 1.29E 02 4.38E 03 1.07E 02 3.66E 12 2.34E 01 2.89E 03
4.40E+01 5.51E+01 6.34E+02 5.76E+02 4.18E+02 5.57E+00 9.15E+02 3.06E+03 4.37E+00 2.42E+00 0.00E+00 0.00E+00 3.08E 04 3.06E 02 1.70E 02 7.71E 03 1.52E 02 5.14E 10 2.79E 01 4.61E 03
3.86E+01 4.77E+01 6.84E+02 5.59E+02 5.38E+02 7.77E+00 9.99E+02 3.49E+03 4.86E+00 2.69E+00 0.00E+00 0.00E+00 1.89E 04 3.40E 02 1.99E 02 1.22E 02 1.91E 02 2.91E 08 3.11E 01 6.25E 03
3.49E+01 4.27E+01 7.18E+02 5.47E+02 6.29E+02 9.83E+00 1.05E+03 3.82E+03 5.18E+00 2.87E+00 0.00E+00 0.00E+00 1.38E 04 3.62E 02 2.18E 02 1.84E 02 2.21E 02 7.10E 07 3.31E 01 7.56E 03
3.26E+01 3.96E+01 7.39E+02 5.39E+02 6.92E+02 1.16E+01 1.09E+03 4.05E+03 5.38E+00 2.98E+00 0.00E+00 0.00E+00 1.13E 04 3.75E 02 2.29E 02 2.60E 02 2.42E 02 8.49E 06 3.44E 01 8.50E 03
3.13E+01 3.78E+01 7.51E+02 5.34E+02 7.31E+02 1.29E+01 1.10E+03 4.20E+03 5.49E+00 3.04E+00 0.00E+00 0.00E+00 1.01E 04 3.82E 02 2.34E 02 3.44E 02 2.56E 02 5.71E 05 3.51E 01 9.11E 03
3.06E+01 3.68E+01 7.58E+02 5.31E+02 7.55E+02 1.39E+01 1.11E+03 4.29E+03 5.54E+00 3.07E+00 0.00E+00 0.00E+00 9.48E 05 3.86E 02 2.35E 02 4.22E 02 2.64E 02 2.48E 04 3.54E 01 9.49E 03
3.02E+01 3.63E+01 7.62E+02 5.30E+02 7.68E+02 1.47E+01 1.12E+03 4.34E+03 5.57E+00 3.09E+00 0.00E+00 0.00E+00 9.17E 05 3.88E 02 2.35E 02 4.86E 02 2.68E 02 7.79E 04 3.56E 01 9.72E 03
3.00E+01 3.61E+01 7.64E+02 5.29E+02 7.75E+02 1.52E+01 1.12E+03 4.37E+03 5.59E+00 3.09E+00 0.00E+00 0.00E+00 9.01E 05 3.89E 02 2.35E 02 5.32E 02 2.70E 02 1.94E 03 3.57E 01 9.85E 03
2.99E+01 3.59E+01 7.64E+02 5.28E+02 7.79E+02 1.55E+01 1.12E+03 4.38E+03 5.59E+00 3.10E+00 0.00E+00 0.00E+00 8.92E 05 3.90E 02 2.34E 02 5.62E 02 2.71E 02 4.07E 03 3.58E 01 9.92E 03
2.99E+01 3.59E+01 7.65E+02 5.28E+02 7.81E+02 1.57E+01 1.12E+03 4.39E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.85E 05 3.90E 02 2.33E 02 5.76E 02 2.72E 02 7.45E 03 3.58E 01 9.96E 03
2.99E+01 3.59E+01 7.65E+02 5.28E+02 7.82E+02 1.59E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.80E 05 3.90E 02 2.33E 02 5.80E 02 2.72E 02 1.22E 02 3.58E 01 9.98E 03
2.99E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.60E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.73E 05 3.90E 02 2.32E 02 5.76E 02 2.71E 02 1.82E 02 3.58E 01 9.99E 03
2.99E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.60E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.66E 05 3.90E 02 2.32E 02 5.68E 02 2.71E 02 2.50E 02 3.58E 01 9.99E 03
2.99E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.59E 05 3.90E 02 2.31E 02 5.59E 02 2.71E 02 3.22E 02 3.58E 01 1.00E 02
2.99E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.52E 05 3.90E 02 2.31E 02 5.51E 02 2.71E 02 3.92E 02 3.58E 01 1.00E 02
2.99E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.45E 05 3.90E 02 2.31E 02 5.44E 02 2.71E 02 4.58E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.39E 05 3.90E 02 2.31E 02 5.38E 02 2.70E 02 5.18E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.34E 05 3.90E 02 2.30E 02 5.34E 02 2.70E 02 5.69E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.30E 05 3.90E 02 2.30E 02 5.30E 02 2.70E 02 6.13E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.27E 05 3.90E 02 2.30E 02 5.28E 02 2.70E 02 6.49E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.24E 05 3.90E 02 2.30E 02 5.26E 02 2.70E 02 6.78E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.22E 05 3.90E 02 2.30E 02 5.24E 02 2.70E 02 7.01E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.21E 05 3.90E 02 2.30E 02 5.23E 02 2.70E 02 7.20E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.19E 05 3.90E 02 2.30E 02 5.22E 02 2.70E 02 7.34E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.18E 05 3.90E 02 2.30E 02 5.22E 02 2.70E 02 7.45E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.18E 05 3.90E 02 2.30E 02 5.21E 02 2.70E 02 7.54E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.21E 02 2.70E 02 7.61E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.66E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.70E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.73E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.75E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.76E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.78E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.79E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.79E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.80E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.80E 02 3.58E 01 1.00E 02
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Table F 3: PHREEQC Model Scenario 2a Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.80E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.16E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
3.00E+01 3.59E+01 7.65E+02 5.28E+02 7.83E+02 1.61E+01 1.12E+03 4.40E+03 5.60E+00 3.10E+00 0.00E+00 0.00E+00 8.17E 05 3.90E 02 2.30E 02 5.20E 02 2.70E 02 7.81E 02 3.58E 01 1.00E 02
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Table F 4: PHREEQC Model Scenario 2b Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

soln time pH pe Alk mu mass_H2O charge C S(6) Ca Fe(2) Fe(3) m_HCO3 m_CO3 2 m_CO2 m_O2 m_H2 Calcite d_Calcite
25 0 7.1653 11.3285 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 1.60E 14 0.00E+00 1.00E+00 2.40E 04
25 75.348 7.1653 11.4868 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 6.87E 14 0.00E+00 1.00E+00 2.89E 15
25 150.696 7.1653 11.5383 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 1.10E 13 0.00E+00 1.00E+00 6.66E 16
25 226.044 7.1653 11.5765 1.62E 03 0.0549479 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 1.57E 13 0.00E+00 1.00E+00 1.33E 14
25 301.392 7.16532 12.107 1.62E 03 0.0549496 1.00E+00 1.44E 07 1.82E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.52E 03 1.67E 06 2.03E 04 2.08E 11 0.00E+00 1.00E+00 7.24E 11
25 376.74 7.16662 12.3606 1.61E 03 0.0550638 1.00E+00 1.64E 07 1.81E 03 1.80E 02 1.49E 02 0.00E+00 0.00E+00 1.51E 03 1.66E 06 2.02E 04 2.18E 10 0.00E+00 1.00E+00 1.17E 09
25 452.088 7.17938 12.4825 0.001551 0.0562181 1.00E+00 3.24E 07 1.73E 03 1.80E 02 1.51E 02 0.00E+00 0.00E+00 1.45E 03 1.65E 06 1.88E 04 7.52E 10 0.00E+00 1.00E+00 5.07E 08
25 527.436 7.22795 12.5035 0.001384 0.0606231 1.00E+00 7.71E 07 1.52E 03 1.84E 02 1.54E 02 0.00E+00 0.00E+00 1.29E 03 1.67E 06 1.48E 04 1.42E 09 0.00E+00 1.00E+00 9.79E 08
25 602.784 7.33533 12.423 0.001143 0.0700563 1.00E+00 1.37E 06 1.23E 03 2.05E 02 1.54E 02 0.00E+00 0.00E+00 1.05E 03 1.80E 06 9.33E 05 1.82E 09 0.00E+00 1.00E+00 4.09E 07
25 678.132 7.48994 12.2685 0.000904 0.0832632 1.00E+00 1.65E 06 9.43E 04 2.46E 02 1.50E 02 0.00E+00 0.00E+00 8.15E 04 2.07E 06 4.99E 05 1.82E 09 0.00E+00 1.00E+00 7.86E 07
25 753.48 7.64093 12.1068 0.000725 0.0960223 1.00E+00 1.41E 06 7.40E 04 2.93E 02 1.44E 02 0.00E+00 0.00E+00 6.40E 04 2.37E 06 2.74E 05 1.64E 09 0.00E+00 1.00E+00 5.15E 07
25 828.828 7.74703 11.9905 0.000623 0.10508 1.00E+00 9.14E 07 6.26E 04 3.30E 02 1.40E 02 0.00E+00 0.00E+00 5.40E 04 2.61E 06 1.79E 05 1.49E 09 0.00E+00 1.00E+00 2.46E 07
25 904.176 7.80484 11.9264 0.000575 0.110237 1.00E+00 4.75E 07 5.73E 04 3.52E 02 1.38E 02 0.00E+00 0.00E+00 4.93E 04 2.75E 06 1.42E 05 1.40E 09 0.00E+00 1.00E+00 1.10E 07
25 979.524 7.83117 11.8971 0.000555 0.112768 1.00E+00 1.98E 07 5.52E 04 3.63E 02 1.37E 02 0.00E+00 0.00E+00 4.73E 04 2.82E 06 1.28E 05 1.36E 09 0.00E+00 1.00E+00 4.70E 08
25 1054.87 7.84182 11.8852 0.000548 0.113889 1.00E+00 5.62E 08 5.44E 04 3.68E 02 1.36E 02 0.00E+00 0.00E+00 4.66E 04 2.85E 06 1.23E 05 1.35E 09 0.00E+00 1.00E+00 1.74E 08
25 1130.22 7.84581 11.8807 0.000546 0.11435 1.00E+00 8.11E 09 5.41E 04 3.70E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.61E 10
25 1205.57 7.84722 11.8791 0.000545 0.11453 1.00E+00 3.46E 08 5.40E 04 3.71E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.54E 08
25 1280.92 7.84769 11.8786 0.000545 0.114597 1.00E+00 4.50E 08 5.40E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.62E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 3.43E 08
25 1356.26 7.8478 11.8784 0.000545 0.114621 1.00E+00 5.01E 08 5.40E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.62E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 5.60E 08
25 1431.61 7.84778 11.8785 0.000545 0.114629 1.00E+00 5.32E 08 5.40E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.62E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 7.58E 08
25 1506.96 7.8477 11.8786 0.000545 0.114632 1.00E+00 5.60E 08 5.40E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 8.81E 08
25 1582.31 7.8476 11.8787 0.000546 0.114633 1.00E+00 5.98E 08 5.40E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 9.05E 08
25 1657.66 7.84748 11.8788 0.000546 0.114633 1.00E+00 6.36E 08 5.40E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 8.44E 08
25 1733 7.84737 11.8789 0.000546 0.114633 1.00E+00 6.72E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 7.34E 08
25 1808.35 7.84727 11.879 0.000547 0.114633 1.00E+00 7.10E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 6.05E 08
25 1883.7 7.84719 11.8791 0.000547 0.114633 1.00E+00 7.41E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 4.80E 08
25 1959.05 7.84712 11.8792 0.000547 0.114633 1.00E+00 7.63E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 3.70E 08
25 2034.4 7.84707 11.8793 0.000547 0.114633 1.00E+00 7.86E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.79E 08
25 2109.74 7.84703 11.8793 0.000547 0.114633 1.00E+00 8.03E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.07E 08
25 2185.09 7.847 11.8794 0.000547 0.114633 1.00E+00 8.10E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.52E 08
25 2260.44 7.84698 11.8794 0.000547 0.114633 1.00E+00 8.22E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.10E 08
25 2335.79 7.84697 11.8794 0.000547 0.114633 1.00E+00 8.30E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 7.87E 09
25 2411.14 7.84696 11.8794 0.000547 0.114633 1.00E+00 8.29E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 5.60E 09
25 2486.48 7.84695 11.8794 0.000547 0.114633 1.00E+00 8.35E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 3.96E 09
25 2561.83 7.84694 11.8794 0.000547 0.114633 1.00E+00 8.41E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.78E 09
25 2637.18 7.84694 11.8794 0.000547 0.114633 1.00E+00 8.36E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.94E 09
25 2712.53 7.84694 11.8794 0.000547 0.114633 1.00E+00 8.40E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.35E 09
25 2787.88 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.45E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 9.30E 10
25 2863.22 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.38E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 6.37E 10
25 2938.57 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.40E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 4.36E 10
25 3013.92 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.47E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.94E 10
25 3089.27 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.39E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.96E 10
25 3164.62 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.40E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.31E 10
25 3239.96 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.48E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 8.47E 11
25 3315.31 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.40E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 5.19E 11
25 3390.66 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.39E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 3.40E 11
25 3466.01 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.49E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.92E 11
25 3541.36 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.40E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 6.84E 12
25 3616.7 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.38E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 4.33E 12
25 3692.05 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.50E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.39E 13
25 3767.4 7.84693 11.8794 0.000547 0.114633 1.00E+00 8.41E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 7.10E 12
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25 3842.75 7.84693 11.8794 0.000547 0.114633 1 8.36E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 4.06E 12
25 3918.1 7.84693 11.8794 0.000547 0.114633 1 8.50E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 4.07E 12
25 3993.44 7.84693 11.8794 0.000547 0.114633 1 8.42E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.19E 11
25 4068.79 7.84693 11.8794 0.000547 0.114633 1 8.34E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 5.99E 12
25 4144.14 7.84693 11.8794 0.000547 0.114633 1 8.51E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 3.70E 12
25 4219.49 7.84693 11.8794 0.000547 0.114633 1 8.44E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.44E 11
25 4294.84 7.84693 11.8794 0.000547 0.114633 1 8.32E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 5.89E 12
25 4370.18 7.84693 11.8794 0.000547 0.114633 1 8.51E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.57E 12
25 4445.53 7.84693 11.8794 0.000547 0.114633 1 8.46E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.73E 11
25 4520.88 7.84693 11.8794 0.000547 0.114633 1 8.30E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 4.81E 12
25 4596.23 7.84693 11.8794 0.000547 0.114633 1 8.51E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.53E 12
25 4671.58 7.84693 11.8794 0.000547 0.114633 1 8.48E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.16E 11
25 4746.92 7.84693 11.8794 0.000547 0.114633 1 8.27E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.58E 12
25 4822.27 7.84693 11.8794 0.000547 0.114633 1 8.50E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 5.49E 12
25 4897.62 7.84693 11.8794 0.000547 0.114633 1 8.52E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.85E 11
25 4972.97 7.84693 11.8794 0.000547 0.114633 1 8.25E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.78E 12
25 5048.32 7.84693 11.8794 0.000547 0.114633 1 8.49E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.02E 11
25 5123.66 7.84693 11.8794 0.000547 0.114633 1 8.55E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 3.92E 11
25 5199.01 7.84693 11.8794 0.000547 0.114633 1 8.23E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 9.90E 12
25 5274.36 7.84693 11.8794 0.000547 0.114633 1 8.46E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.48E 11
25 5349.71 7.84693 11.8794 0.000547 0.114633 1 8.60E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 5.79E 11
25 5425.06 7.84693 11.8794 0.000547 0.114633 1 8.21E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.86E 11
25 5500.4 7.84693 11.8794 0.000547 0.114633 1 8.43E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 4.73E 12
25 5575.75 7.84693 11.8794 0.000547 0.114633 1 8.65E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.72E 10
25 5651.1 7.84693 11.8794 0.000547 0.114633 1 8.19E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.72E 10
25 5726.45 7.84693 11.8794 0.000547 0.114633 1 8.38E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.14E 09
25 5801.8 7.84693 11.8794 0.000547 0.114633 1 8.72E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 4.41E 09
25 5877.14 7.84693 11.8794 0.000547 0.114633 1 8.18E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.48E 08
25 5952.49 7.84693 11.8794 0.000547 0.114633 1 8.31E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 4.88E 08
25 6027.84 7.84693 11.8794 0.000547 0.114633 1 8.77E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 1.40E 07
25 6103.19 7.84694 11.8794 0.000547 0.114633 1 8.09E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.44E 07
25 6178.54 7.84696 11.8794 0.000547 0.114633 1 7.94E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.76E 07
25 6253.88 7.84703 11.8793 0.000547 0.114633 1 7.91E 08 5.41E 04 3.72E 02 1.36E 02 0.00E+00 0.00E+00 4.63E 04 2.87E 06 1.21E 05 1.34E 09 0.00E+00 1.00E+00 2.11E 07
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Gypsum d_Gypsum Barite d_Barite Fluorite d_Fluorite Rhodochrosite d_Rhodochrosite Fe(OH)3(a) d_Fe(OH)3(a) si_Calcite si_Gypsum si_Barite si_Fluorite si_Rhodochrosite si_Fe(OH)3(a)
1.00E+00 4.90E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 999.999 999.999 999.999 1.00E+03
1.00E+00 1.11E 15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 999.999 999.999 999.999 1.00E+03
1.00E+00 2.22E 16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 999.999 999.999 999.999 1.00E+03
1.00E+00 5.56E 13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 11.6882 15.5705 12.3994 1.00E+03
1.00E+00 1.50E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 6.6606 7.3542 7.6359 1.00E+03
1.00E+00 1.68E 06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 4.182 3.7782 5.3743 1.00E+03
1.00E+00 2.52E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 2.668 1.8629 4.0477 1.00E+03
1.01E+00 1.24E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 1.6667 0.8009 3.2145 1.00E+03
1.01E+00 2.74E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.9909 0.2644 2.6798 1.00E+03
1.01E+00 3.19E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.5512 0.0527 2.3408 1.00E+03
1.01E+00 2.32E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.2884 0.0037 2.1385 1.00E+03
1.01E+00 1.29E 04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.1446 0.0076 2.026 1.00E+03
1.01E+00 6.36E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.071 0.0002 1.9676 1.00E+03
1.01E+00 2.89E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0353 0.0065 1.9398 1.00E+03
1.01E+00 1.23E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0188 0.0106 1.9279 1.00E+03
1.01E+00 5.00E 06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0115 0.0127 1.9235 1.00E+03
1.01E+00 1.92E 06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0083 0.0136 1.9221 1.00E+03
1.01E+00 6.97E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.007 0.014 1.9219 1.00E+03
1.01E+00 2.19E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0065 0.0142 1.9221 1.00E+03
1.01E+00 3.40E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0062 0.0142 1.9224 1.00E+03
1.01E+00 3.72E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0062 0.0142 1.9229 1.00E+03
1.01E+00 6.13E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9233 1.00E+03
1.01E+00 6.46E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9236 1.00E+03
1.01E+00 5.87E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9238 1.00E+03
1.01E+00 4.94E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.924 1.00E+03
1.01E+00 3.96E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9242 1.00E+03
1.01E+00 3.07E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9243 1.00E+03
1.01E+00 2.32E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9244 1.00E+03
1.01E+00 1.73E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9244 1.00E+03
1.01E+00 1.26E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9244 1.00E+03
1.01E+00 9.17E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 6.58E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 4.67E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 3.32E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 2.33E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 1.61E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 1.14E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 7.78E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 5.16E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 3.78E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 2.48E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 1.42E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 1.24E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 7.64E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 1.70E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 4.37E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 2.62E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 2.60E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 1.89E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 1.64E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
1.01E+00 4.35E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 1.00E+03
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Table F 4: PHREEQC Model Scenario 2b Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

1.01E+00 1.09E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 2.06E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 5.39E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 6.92E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 3.07E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 6.29E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 2.83E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 4.46E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 7.25E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 2.55E 12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 6.20E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 8.34E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 1.00E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 8.27E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 9.60E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 1.90E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 1.07E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 1.11E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 2.86E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 1.33E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 1.31E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 4.36E 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 1.37E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 2.39E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 3.61E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 9.28E 10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 4.41E 09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 1.48E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 4.79E 08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 1.38E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 2.37E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 2.62E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
1.01E+00 1.95E 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.0061 0.0142 1.9245 999.999
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Table F 4: PHREEQC Model Scenario 2b Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

Alk_ppm totC_ppm Na_ppm Ca_ppm Mg_ppm K_ppm Cl_ppm SO4_ppm NO3_ppm F_ppm Al_ppm FeIII_ppm As_ppm Se_ppm U_ppm Zn_ppm Mn_ppm Cu_ppm B_ppm Ba_ppm
8.10E+01 1.11E+02 2.98E+02 5.96E+02 0.00E+00 0.00E+00 1.80E+02 1.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.38E 03 1.00E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.10E+01 1.11E+02 2.98E+02 5.96E+02 0.00E+00 0.00E+00 1.80E+02 1.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.38E 03 1.00E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.10E+01 1.11E+02 2.98E+02 5.96E+02 0.00E+00 0.00E+00 1.80E+02 1.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.38E 03 1.00E 03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.10E+01 1.11E+02 2.98E+02 5.96E+02 7.44E 09 6.61E 11 1.80E+02 1.73E+03 4.17E 08 2.74E 08 0.00E+00 0.00E+00 4.38E 03 1.00E 03 8.79E 12 9.57E 15 7.42E 13 0.00E+00 2.66E 09 2.21E 14
8.10E+01 1.11E+02 2.98E+02 5.96E+02 5.47E 04 5.54E 06 1.80E+02 1.73E+03 5.37E 04 3.52E 04 0.00E+00 0.00E+00 4.38E 03 1.00E 03 2.55E 07 1.42E 09 4.30E 08 0.00E+00 3.40E 05 2.36E 09
8.07E+01 1.10E+02 2.99E+02 5.97E+02 1.21E 01 1.34E 03 1.85E+02 1.73E+03 3.29E 02 2.16E 02 0.00E+00 0.00E+00 4.34E 03 1.22E 03 2.68E 05 5.35E 07 7.87E 06 0.00E+00 2.09E 03 7.11E 07
7.76E+01 1.06E+02 3.10E+02 6.04E+02 3.06E+00 3.55E 02 2.26E+02 1.73E+03 2.98E 01 1.95E 01 0.00E+00 0.00E+00 4.00E 03 3.03E 03 3.59E 04 1.99E 05 1.69E 04 0.00E+00 1.89E 02 2.34E 05
6.93E+01 9.30E+01 3.46E+02 6.17E+02 2.46E+01 2.94E 01 3.38E+02 1.77E+03 1.03E+00 6.74E 01 0.00E+00 0.00E+00 2.95E 03 8.00E 03 1.74E 03 2.13E 04 1.18E 03 3.82E 20 6.50E 02 2.38E 04
5.72E+01 7.49E+01 4.05E+02 6.19E+02 9.54E+01 1.19E+00 4.96E+02 1.97E+03 2.04E+00 1.35E+00 0.00E+00 0.00E+00 1.46E 03 1.50E 02 4.96E 03 1.05E 03 4.04E 03 2.00E 16 1.30E 01 1.13E 03
4.52E+01 5.76E+01 4.67E+02 6.00E+02 2.20E+02 2.94E+00 6.37E+02 2.37E+03 2.96E+00 1.95E+00 0.00E+00 0.00E+00 5.28E 04 2.12E 02 9.66E 03 3.01E 03 8.54E 03 7.80E 13 1.88E 01 3.05E 03
3.63E+01 4.52E+01 5.11E+02 5.77E+02 3.55E+02 5.20E+00 7.30E+02 2.82E+03 3.56E+00 2.34E+00 0.00E+00 0.00E+00 2.24E 04 2.53E 02 1.37E 02 6.21E 03 1.30E 02 6.07E 10 2.26E 01 5.43E 03
3.12E+01 3.82E+01 5.37E+02 5.61E+02 4.55E+02 7.37E+00 7.78E+02 3.17E+03 3.88E+00 2.55E+00 0.00E+00 0.00E+00 1.36E 04 2.75E 02 1.61E 02 1.10E 02 1.64E 02 7.23E 08 2.46E 01 7.42E 03
2.88E+01 3.50E+01 5.48E+02 5.52E+02 5.15E+02 9.05E+00 8.00E+02 3.38E+03 4.02E+00 2.65E+00 0.00E+00 0.00E+00 1.07E 04 2.84E 02 1.72E 02 1.78E 02 1.84E 02 2.02E 06 2.55E 01 8.70E 03
2.78E+01 3.37E+01 5.53E+02 5.48E+02 5.44E+02 1.02E+01 8.09E+02 3.49E+03 4.07E+00 2.68E+00 0.00E+00 0.00E+00 9.68E 05 2.88E 02 1.75E 02 2.54E 02 1.94E 02 2.11E 05 2.58E 01 9.39E 03
2.74E+01 3.32E+01 5.55E+02 5.46E+02 5.58E+02 1.09E+01 8.12E+02 3.54E+03 4.09E+00 2.69E+00 0.00E+00 0.00E+00 9.32E 05 2.89E 02 1.75E 02 3.21E 02 1.99E 02 1.16E 04 2.59E 01 9.73E 03
2.73E+01 3.30E+01 5.55E+02 5.45E+02 5.64E+02 1.13E+01 8.13E+02 3.56E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 9.19E 05 2.90E 02 1.74E 02 3.71E 02 2.01E 02 4.28E 04 2.60E 01 9.88E 03
2.73E+01 3.30E+01 5.55E+02 5.44E+02 5.66E+02 1.15E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 9.14E 05 2.90E 02 1.74E 02 4.03E 02 2.01E 02 1.20E 03 2.60E 01 9.95E 03
2.73E+01 3.29E+01 5.55E+02 5.44E+02 5.67E+02 1.16E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 9.11E 05 2.90E 02 1.73E 02 4.19E 02 2.01E 02 2.77E 03 2.60E 01 9.98E 03
2.73E+01 3.29E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 9.08E 05 2.90E 02 1.73E 02 4.24E 02 2.01E 02 5.51E 03 2.60E 01 9.99E 03
2.73E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 9.02E 05 2.90E 02 1.72E 02 4.22E 02 2.01E 02 9.64E 03 2.60E 01 1.00E 02
2.73E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.95E 05 2.90E 02 1.72E 02 4.16E 02 2.01E 02 1.50E 02 2.60E 01 1.00E 02
2.73E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.85E 05 2.90E 02 1.71E 02 4.08E 02 2.01E 02 2.12E 02 2.60E 01 1.00E 02
2.73E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.76E 05 2.90E 02 1.71E 02 4.01E 02 2.00E 02 2.75E 02 2.60E 01 1.00E 02
2.73E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.67E 05 2.90E 02 1.71E 02 3.95E 02 2.00E 02 3.35E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.59E 05 2.90E 02 1.70E 02 3.91E 02 2.00E 02 3.87E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.53E 05 2.90E 02 1.70E 02 3.88E 02 2.00E 02 4.30E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.48E 05 2.90E 02 1.70E 02 3.85E 02 2.00E 02 4.65E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.44E 05 2.90E 02 1.70E 02 3.84E 02 2.00E 02 4.92E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.42E 05 2.90E 02 1.70E 02 3.82E 02 2.00E 02 5.12E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.40E 05 2.90E 02 1.70E 02 3.82E 02 2.00E 02 5.28E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.38E 05 2.90E 02 1.70E 02 3.81E 02 2.00E 02 5.39E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.81E 02 2.00E 02 5.47E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.53E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.57E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.60E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.35E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.62E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.35E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.63E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.35E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.64E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.35E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.65E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.35E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.65E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.35E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.35E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.35E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.35E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.35E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
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Table F 4: PHREEQC Model Scenario 2b Selected Output File
Reverse Osmosis Reject Fields Hydrogeologic and Water Quality Evaluation

Navajo Refining Company, Artesia, New Mexico

2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.36E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.37E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.38E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.38E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.40E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.46E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 8.70E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 9.56E 05 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 1.26E 04 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 2.40E 04 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.66E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 6.39E 04 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.67E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 1.97E 03 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.68E 02 2.60E 01 1.00E 02
2.74E+01 3.30E+01 5.55E+02 5.44E+02 5.67E+02 1.17E+01 8.13E+02 3.57E+03 4.10E+00 2.70E+00 0.00E+00 0.00E+00 6.34E 03 2.90E 02 1.70E 02 3.80E 02 2.00E 02 5.71E 02 2.60E 01 1.00E 02
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