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Executive Summary 

The Permittees at the Waste Isolation Pilot Plant (WIPP) facility perform groundwater sampling and 
monitoring in accordance with the Hazardous Waste Facility Permit (Permit) issued by the New Mexico 
Environment Department (NMED).  This is the annual groundwater monitoring report required by the 
Permit.  This report includes results from the Water Level Monitoring Program (WLMP) and Detection 
Monitoring Program (DMP) for groundwater wells completed in the Culebra Member (Culebra) of the 
Rustler Formation (Rustler).   

Water levels are measured in 43 Culebra wells monthly and in 6 redundant wells on the H-19 pad 
quarterly.  Fluid density is measured in the Culebra wells annually.  Maintenance activities were 
performed on wells SNL-10, and SNL-18 to remove broken tubing from near the bottom of the well.  SNL-
1 was brushed to remove scale buildup in the screen.      

Water level trends over the past year show a generally decreasing equivalent freshwater head across the 
Culebra monitoring network.  There were no unknown changes to the DMP wells over two feet during the 
last year.  The Culebra flow model and potentiometric map show the water particle predicted path from 
the WIPP Waste Handling Shaft to the land withdrawal boundary (LWB).  Flow rate was calculated to 
have an average velocity of 0.69 meters per year (m/yr) and take 5,964 years to reach the LWB.       

The baseline sample set is used to determine whether statistically significant changes in groundwater 
chemistry have occurred at any well.  The data in this report are presented in both table and graph 
formats to show the Round 35 results with respect to the established baseline and Permit background 
values, as applicable. 

The Round 35 groundwater analysis results indicate no evidence of groundwater contamination resulting 
from the disposal and management of transuranic (TRU) mixed waste at the WIPP facility.  Examination 
of time-trend plots for the analytical parameters revealed no changes in overall groundwater chemistry or 
the development of concentration trends.   

During Round 35, the Permittees used a contract analytical laboratory for analysis of the required 
parameters.  Analytical results were reviewed in accordance with WIPP facility data verification and 
validation (V&V) procedures and U.S. Environmental Protection Agency (EPA) technical guidance.   
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Combined Report Introduction 

This Annual Culebra Groundwater Report combines the 2013 Culebra groundwater sampling and 
analysis results from the DMP with data collected monthly from the Water Level Monitoring Program 
(WLMP).  The reporting requirements are outlined in the Permit, Part 5, Section 5.10.2 and Attachment L, 
Section L-5b&c. 

This report is presented in two sections.  Part 1 contains the WLMP information including well inventory, 
fluid density, Culebra groundwater trends, changes to DMP wells greater than two feet during a year, 
annotated hydrographs and the potentiometric surface map for the previous year.  Part 2 contains the 
information related to the DMP including sampling results, data validation, and analytical discussions.  
The appendices contain the annotated hydrographs, water levels, and DMP sample results. 
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Part 1 – Water Level Monitoring Program 

1.0  Introduction 

The Culebra is the most transmissive hydrologic unit in the WIPP site area and is considered the most 
significant potential hydrologic pathway for a release of hazardous waste to the accessible environment.  
The transmissivity of the Culebra varies spatially over ten orders of magnitude from east to west in the 
vicinity of the WIPP site.  Transmissivities have been calculated at 1 × 10

-7
 square feet per day (1 × 10

-13
 

square meters per second) at well SNL-15 east of the WIPP site to 1 × 10
3
 square feet per day (1 × 10

-3
 

square meters per second) at the H-07 pad wells in Nash Draw (see Amended Renewal Application 
Addendum L1, Section L1-2a(3)(a)(ii) (DOE, 2009)). The regional flow direction of groundwater in the 
Culebra is generally south.  Figure 1 shows a map of the current Culebra monitoring well locations. 
 
2.0  Summary of Groundwater Activities 

Permit required routine groundwater level monitoring activities include groundwater level monitoring and 
the fluid density survey.  Table 1 contains a list of the active Culebra wells monitored through August 
2013.  Water level data collected from March 2013 to August 2013 are presented in Appendix 2.    

Monthly groundwater level data and yearly fluid density data were gathered from 43 Culebra wells across 
the WIPP region.  Well C-2737(PIP) is equipped with a production-injection packer (PIP) to allow 
groundwater level surveillance of different hydrologic zones within the same well. The 6 redundant wells 
on the H-19 pad are measured quarterly for water level and annually for fluid density.  Monthly water 
levels were not taken where access was poor or in certain wells when testing equipment was present, 
blocking access to the well. 

Table 1 – Active Culebra Monitoring Wells as of August 2013 

AEC-7 C-2737(PIP) ERDA-9 H-02b2 H-03b2 H-04bR H-05b 

H-06bR H-07b1 H-09bR H-10c H-11b4R
 

H-12
 

H-15R  

H-16 H-17 H-19b0 H-19b2
1
 H-19b3

1 
H-19b4

1 
H-19b5

1 

H-19b6
1 

H-19b7
1 

I-461
 

SNL-01 SNL-02 SNL-03 SNL-05 

SNL-06 SNL-08 SNL-09 SNL-10 SNL-12 SNL-13 SNL-14 

SNL-15 SNL-16 SNL-17 SNL-18 SNL-19 WIPP-11 WIPP-13 

WIPP-19 WQSP-1 WQSP-2 WQSP-3 WQSP-4 WQSP-5 WQSP-6 

1: Redundant wells on H-19 pad, measured quarterly 
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Figure 1 - Culebra Monitoring Wells 

2.1  Plugging and Abandonment, Drilling, and Well Maintenance  

Drilling of a replacement well for AEC-7 was started in August 2013 and completed in early September.  
Final completion details and plugging and abandonment details of AEC-7 will be presented in the next 
report and forthcoming basic data report.  Wells SNL-10 and SNL-18 were found to have pieces of plastic 
tubing limiting access to the well screens.   This tubing was discovered during video logging of the wells 
and was later removed.  SNL-1 was brushed and bailed to remove scale buildup on the screen.   

2.2  Pumping/Testing and Other Activities that Impacted Culebra Water Levels  

Monitor wells in the southern part of the network have been affected by large volume pumping of oil/gas 
water supply wells  in the area.  This is evident in the hydrographs of H-9bR and SNL-12 and continues 
as far north as H-4bR.  Well H-7b has been affected by pumping of a BLM water well on the same pad.  
Also, SNL-13 continues to recover from nearby oil/gas drilling disturbance.    
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3.0  Fluid Density Survey 

Around the WIPP facility, both temporal and spatial differences in total dissolved solids (TDS) 
concentrations in groundwater result in variability in groundwater fluid density.  The Permittees measure 
the density of well-bore fluids in Culebra monitoring wells to adjust water levels to their equivalent 
freshwater head values. This allows more accurate determination of relative heads between wells.  In 
2012, fluid densities were derived from 49 wells, as shown in Table 2.  The six redundant wells on the H-
19 pad serve as backup wells to H-19b0 when used to produce the annual potentiometric map.   

Prior to 2007 pressure density was obtained using a mobile trailer-mounted system that obtained data 
from each well.  In 2007, Sandia National Laboratories (SNL) installed a dedicated pressure transducer in 
each well.  This allows for continuous pressure monitoring during the year from which fluid densities are 
calculated. For the detection monitoring wells (DMWs) that are sampled (WQSP wells in Table 1), field 
hydrometer measurements are used.  Fluid densities have been adjusted thermally since 2009, when it 
was determined that the average Culebra water temperature is 70°F. 

Fluid densities for previous years are also shown in Table 2 for comparison.  When historical fluid 
densities are plotted back to the beginning of SNL continuous measurements in 2007, no apparent overall 
trends exist between years.  In general, wells to the south and west (i.e. H-9bR and SNL-16) of the WIPP 
facility tend to have lower fluid densities compared to eastern wells (i.e. H-12 and SNL-15).   

4.0  Groundwater Trends 

Over the last year (September 2012 – August 2013) Culebra water levels have generally been decreasing 
across the monitoring region.  There were no unexplained changes in DMWs greater than 2 feet over the 
course of the year.   

A few individual wells have shown interesting trends over the past year.  SNL-13 has shown the most 
notable change due to increased oil/gas drilling nearby in the past two years.  The well has been 
stabilizing back to normal water elevations in the last year (see hydrograph).   H-16 has shown a trend of 
water level decrease and increase cycles each year since it was reconfigured to a Culebra-only well in 
2008.  This may be attributed to its close proximity to the WIPP Air Intake Shaft (AIS).  The water level 
decrease has started in the winter months and the well recovers by mid spring each year.  

Appendix 1 contains annotated hydrographs as required by the Permit.  Groundwater data and equivalent 
freshwater heads recorded for the period of March – August 2013 are in Appendix 2.  

 

 

 

 

 

 

 

 

 

 

 



 

9 
 

Table 2 – Fluid Density Survey for 2012 

 

 

2010 Fluid 

Density 

Survey 

Result

2010 

Conversion 

to Specific 

Gravity at 

70° F

2011 Fluid 

Density 

Survey 

Result

2011 

Conversion 

to Specific 

Gravity at 

70° F

2012 Fluid 

Density 

Survey 

Result

2012 

Conversion 

to Specific 

Gravity at 

70° F Notes for 2010-2012 Fluid Density Survey

AEC-7 1.076 1.078 1.069 1.071 1.065 1.067

C-2737 1.025 1.027 1.025 1.027 1.021 1.023

ERDA-9 1.070 1.072 1.071 1.073 1.071 1.073

H-02b2 1.011 1.013 1.010 1.012 1.010 1.012

H-03b2 1.041 1.043 1.039 1.041 1.034 1.036

H-04bR 1.016 1.018 1.015 1.017 1.015 1.017

H-05b 1.091 1.093 1.095 1.097 1.093 1.095

H-06bR 1.035 1.037 1.036 1.038 1.036 1.038

H-07b1 1.004 1.006 1.004 1.006 1.005 1.007

H-09c 1.004 1.006 NA NA NA NA Plugged back to Magenta only in October 2010

H-9bR NA NA 1.000* 1.000* 1.000* 1.000*
Replacement well for H-09c-Culebra, drilled in 2010,         

* Rounded up to 1.000 for 2011 & 2012

H-10c 1.089 1.091 1.092 1.094 1.092 1.094

H-11b4 1.049 1.051 1.039 1.041 NA NA Plugged and abandoned in Nov. 2011

H-11b4R NA NA NA NA 1.074 1.076 New replacement well to H-11b4 drilled in 2011

H-12 1.105 1.107 1.105 1.107 1.111 1.113

H-15R 1.117 1.119 1.117 1.119 1.116 1.118

H-16 1.035 1.037 1.035 1.037 1.035 1.037

H-17 1.134 1.136 1.134 1.136 1.131 1.133

H-19b0 1.066 1.068 1.064 1.066 1.064 1.066

H-19b2 1.068 1.070 1.059 1.061 1.060 1.062

H-19b3 1.069 1.071 1.052 1.054 1.064 1.066

H-19b4 1.063 1.065 1.054 1.056 1.065 1.067

H-19b5 1.066 1.068 1.062 1.064 1.067 1.069

H-19b6 1.073 1.075 1.061 1.063 1.068 1.070

H-19b7 1.071 1.073 1.062 1.064 1.070 1.072

I-461 1.003 1.005 1.000* 1.000* 1.000* 1.000* * Rounded up to 1.000 for 2011 & 2012

SNL-01 1.026 1.028 1.029 1.031 1.027 1.029

SNL-02 1.007 1.009 1.007 1.009 1.007 1.009

SNL-03 1.026 1.028 1.026 1.028 1.026 1.028

SNL-05 1.006 1.008 1.007 1.009 1.007 1.009

SNL-06 1.231 1.233 1.239 1.241 1.241 1.243

SNL-08 1.092 1.094 1.092 1.094 1.092 1.094

SNL-09 1.016 1.018 1.016 1.018 1.016 1.018

SNL-10 1.007 1.009 1.007 1.009 1.007 1.009

SNL-12 1.003 1.005 1.003 1.005 1.004 1.006

SNL-13 1.021 1.023 1.023 1.025 1.016 1.018

SNL-14 1.044 1.046 1.045 1.047 1.044 1.046

SNL-15 1.226 1.228 1.230 1.232 1.227 1.229

SNL-16 1.007 1.009 1.006 1.008 1.007 1.009

SNL-17 1.002 1.004 1.004 1.006 1.003 1.005

SNL-18 1.004 1.006 1.005 1.007 1.003 1.005

SNL-19 1.004 1.006 1.004 1.006 1.005 1.007

WIPP-11 1.035 1.037 1.036 1.038 1.036 1.038

WIPP-13 1.042 1.044 1.041 1.043 1.039 1.041

WIPP-19 1.049 1.051 1.050 1.052 1.050 1.052

WQSP-1 1.047 1.049 1.047 1.049 1.049 1.051 Average Round 34, field hydrometer

WQSP-2 1.045 1.047 1.046 1.048 1.046 1.048 Average Round 34, field hydrometer

WQSP-3 1.144 1.146 1.143 1.146 1.145 1.147 Average Round 34, field hydrometer

WQSP-4 1.076 1.078 1.074 1.076 1.075 1.077 Average Round 34, field hydrometer

WQSP-5 1.026 1.028 1.025 1.027 1.025 1.027 Average Round 34, field hydrometer

WQSP-6 1.014 1.016 1.015 1.017 1.013 1.015 Average Round 34, field hydrometer

g/cc: grams per cubic centimeter 

NA: no available measurement

Well I.D.
Density 

(g/cc)

Density 

(g/cc)

Density 

(g/cc)

Density 

(g/cc)

Density 

(g/cc)

Density 

(g/cc)
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5.0  Potentiometric Surface Map 

The potentiometric map was produced using data from the 2012 calendar year.  The schedule for this 
report was approved after the Permit modifications were made in order to provide a cut off point for the 
data and allow time to produce the map.  Following a review of hydrographs and data from each Culebra 
well, February 2012 data was selected to produce a potentiometric map for this report.   This month had 
the fewest wells behaving contrary to the site-wide water level trends and not disturbed by any man-made 
effects such as pumping or well maintenance activities.  A June 2012 water level was used for well H-16 
since this well was affected by a seasonal change in February due to its location near the Air Intake 
Shaft.  
 
Modeled freshwater head contours for February 2012 for the model domain are shown in Figure 2.  
These contours were generated using the results of the Culebra MODFLOW 2K (Harbaugh et al., 2000) 
run utilizing ensemble average distributed aquifer parameters from the SNL Culebra flow model, which 
was calibrated as part of the performance assessment baseline calculation for the 2009 Compliance 
Recertification Application (DOE, 2009).  Because that model was calibrated to both a snapshot of 
assumed steady-state water levels (May, 2007) and to transient multi-well responses observed during 
large-scale pumping tests throughout the domain, the boundary conditions were adjusted to improve the 
match between the model and the observed February 2012 Culebra freshwater heads.  The portion of the 
flow domain of interest to the site is extracted as shown on Figure 3.  
 
The freshwater head values for February 2012 were computed using 2011 densities.  The base 
transmissivity fields and the 100 calibrated model realizations derived from them for the performance 
assessment baseline calculation, embody the hydrologic and geologic understanding of the Culebra 
behavior in the vicinity of the WIPP site. Using the ensemble average of these 100 realizations, therefore, 
captures the mean flow behavior of the system, and allows straightforward contouring of results from a 
single-flow model. 
 
The Culebra flow model is a single-layer groundwater flow model. The boundary conditions of the flow 
model are of two types. First are the geologic or hydrologic type boundary conditions, which include the 
specified head along the eastern boundary and the no-flow boundary along the northwestern boundary of 
the domain. The second type of boundary condition is specified head. The northern and southern 
boundaries are of this type, along with the southern portion of the west boundary. The no-flow constant 
head boundary defined in Figure 3 is due to the low transmissivity for this area defined by such wells as 
SNL-8 and SNL-15 (Figure 1).  The second type of boundary condition was determined using the 
parameter estimation code PEST (Doherty, 2002) to systematically adjust and optimize the boundary 
conditions to maximize the fit between modeled and observed heads at wells. 

The illustrated particle in Figure 3 (heavy blue line) shows the predicted path a water particle would take 
through the Culebra from the coordinates corresponding to the WIPP Waste Handling shaft to the land 
withdrawal boundary (LWB) (a computed path length of 4.089 kilometers [km]). Assuming a thickness of 4 
meters (m) for the transmissive portion of the Culebra and a constant porosity of 16 percent, the travel 
time to the WIPP LWB is 5,964 years, for an average velocity of 0.69 m/yr. Since the flow model has the 
ensemble hydraulic conductivity and anisotropy fields as inputs, the freshwater head contours and 
particle tracks take into account the variability of known aquifer conditions across the site. 

The scatter plot in Figure 4 shows measured and modeled freshwater heads at the observation locations 
used in the PEST calibration. The observations are divided into three groups based on proximity to the 
WIPP site. Wells within the LWB are represented by red crosses, wells outside but within 3 km of the 
LWB are represented with green "x"s, and other wells within the MODFLOW model domain but distant 
from the WIPP site are shown by blue asterisks. These groupings were used in the PEST calibration; 
higher weights (2.5) were given to wells inside the LWB, lower weights (0.4) were given to wells distant to 
the WIPP site, and wells in the middle received an intermediate weight (1.0). Additional observations 
representing the average heads north of the LWB and south of the LWB were used to help prevent over-
smoothing of the estimated results across the LWB. This allowed PEST to improve the fit of the model to 
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observed heads inside the area contoured in Figure 3, at the expense of fitting wells closer to the 
boundary conditions (i.e., wells shown in Figure 2). 

 

 

Figure 2 – Model Generated February 2012 Freshwater Head Contours in the Model Domain  
(contour interval in feet amsl) 

Constant Head 

No-Flow Area 
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Figure 3 – Model-generated February 2012 Freshwater Head Contours (5-foot Contour Interval)  
in the WIPP Vicinity with Blue Water Particle Track from Waste Handling Shaft to  

WIPP Land Withdrawal Boundary (contour interval in feet amsl) 
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Figure 4 – Measured Versus Modeled Scatter Plot for PEST-calibrated MODFLOW 2000  
Generated Heads and February 2012 Observed Freshwater Heads 

 
The central diagonal line in Figure 4 represents a perfect model fit (1:1 or 45-degree slope).  The two 
lines on either side of the central line represent a 1-m misfit above or below the perfect fit. Wells more 
than 1.5 m from the 1:1 line are labeled. AEC-7 has a large misfit for two reasons. First, this well has 
historically had an anomalously low freshwater head elevation, lower than all wells surrounding it. 
Second, this well was undergoing well reconfiguration activities during May 2007 and was not measured. 
Therefore, AEC-7 was not included as a calibration target in the SNL Performance Assessment 
MODFLOW model calibration. The ensemble-average transmissivity, anisotropy, and recharge fields 
used here were not calibrated to accommodate this observation. This well is situated in a low-
transmissivity region, and near the constant-head boundary associated with the halite margin; therefore, 
PEST will not be able to improve this fit solely through adjustment of the second type boundary conditions 
along the edges of the domain (Figure 2). 

Figures 5 and 6 show the distribution of errors resulting from the PEST-adjusted fit to observed data. The 
distribution in Figure 5 is roughly symmetric, indicating there is not a strong bias. Aside from AEC-7, the 
model fit to the February 2012 observations is very good. The averaged MODFLOW model captures the 
bulk Culebra flow behavior, while the PEST calibration improved the model fit to the specific February 
2012 observations. 
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Figure 5 – Frequency of Modeled Freshwater Head Residuals 

 

Figure 6 – Modeled Residual Freshwater Head at Each Well 
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Part 2 – Detection Monitoring Program 

1.0  Introduction 

The Permittees collect groundwater quality data annually in accordance with the Permit, which was 
originally issued by the NMED on October 27, 1999.  Sampling for this reporting period was performed 
under a Permit modification effective on March 1, 2012.  References to specific sections in the Permit 
regarding sampling and reporting are relative to the Permit in effect at the time.  This report documents 
groundwater quality based upon the chemical analysis results of sampling conducted from March 2013 to 
May 2013 (Sampling Round 35) and compares the data to the baseline water quality data and Permit 
background values, as applicable. 

The DMP prescribed by the Permit requires the sampling of six DMWs (WQSP-1 through WQSP-6) 
completed in the Culebra.  Figure 1 shows the locations of the monitoring wells.  The DMP statistical 
baseline includes data from the first 10 sampling rounds.  These sampling events provided groundwater 
quality data prior to the first receipt of mixed waste at the WIPP facility on September 9, 2000.  The data 
collected during Round 35 were compared with the analytical parameter concentration ranges measured 
during the baseline study.  The concentrations of the analytical parameters were evaluated to determine 
whether statistically significant changes in water quality have occurred or are occurring compared with the 
baseline.   

The analytical results for Round 35 indicate no evidence of groundwater contamination resulting from the 
disposal and management of TRU mixed waste at the WIPP facility.  However, toluene was detected 
during analysis of WQSP-5 groundwater at concentrations of 141 ug/L in the primary sample and 82.1 
ug/L in the duplicate sample.  The assessment indicated the source of toluene in the WQSP-5 samples 
was not the regulated unit; rather it was introduced into the well while replacing the pump prior to 
sampling.  The source was electrical tape used to secure the electrical wire harness supplying electricity 
to the pump motor to the sample line (DOE, 2013).   No other VOCs were detected at concentrations 
above the method reporting limit (MRL).   
 
The analysis data showed the detection of a few trace metals in some of the wells.  The data were typical 
of previous sampling rounds and generally included barium (Ba), beryllium (Be) and vanadium (V).      
 
2.0  Background Water Quality Analyses 
 
Sampling of the DMWs first began in August 1995.  The WIPP Permittees completed five rounds of 
background sampling in September 1997.  However, TRU mixed waste was not received at the WIPP 
facility until September 2000.  Therefore, five additional rounds of background samples were collected 
and analyzed.  The Permittees performed a groundwater quality background baseline analysis for each of 
the DMWs using data from these 10 initial sampling rounds.  Based on this sampling and the statistical 
baseline developed by the Permittees, the NMED has specified the background water quality values in 
the Permit Part 5, Table 5.6. 
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Figure 1 – Location of DMP wells 
 
3.0  Round 35 Groundwater Analyses 
 
In accordance with Permit requirements, the Permittees sampled the six Culebra DMWs for the analytical 
constituents and parameters listed in Table 1.  In addition to the Permit required analytical constituents 
and parameters listed in Table 1, the samples were analyzed for alkalinity; sodium (major cation), sulfate 
(major anion); and nitrate (anion).  
 
Table 2 lists the volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), and the 
trace metal constituents measured in the Round 35 samples along with the corresponding method 
reporting limits (MRLs) specified in the contract laboratory statement of work (SOW).   Round 35 samples 
were analyzed for groundwater parameters in accordance with Permit requirements.  On August 31, 
2001, the Permit added trans-1, 2- dichloroethylene (VOC) and vanadium (trace metal) to the constituent 
list.  Rounds 13 through 16 were used to establish the statistical baseline concentration of 1.0 microgram 
per liter (μg/L) for trans-1, 2- dichloroethylene, and Rounds 1-10 were used to establish the vanadium 
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baseline concentration for each DMP well.  Recently, the Permit modification effective March 1, 2012 
reduced the number of required constituents and parameters from 53 to 52.  

Chemical synonyms used by the current analytical laboratory, Hall Environmental Analysis Laboratory 
(HEAL), which deviate from the Permit-listed organic compound nomenclature, are provided in 
parentheses (Table 2) and will be used for subsequent discussions of analyses results. The chemical 
name of an organic compound (i.e., volatile and semivolatile) may vary between laboratories because of 
the use of various chemical synonyms.  

Table 3 summarizes the analytical results for analytical parameters and constituents (excluding VOCs 
and semivolatile organic compounds (SVOCs)) measured in the Round 35  samples along with their 
baseline distribution types, the baseline 95

th
 Upper Tolerance Limit Value (UTLV) or 95

th 
percentile 

concentrations (DOE, 2000), and the Permit background values (Permit Table 5.6), as applicable.  
Results with parameter concentrations higher than the 95

th UTLV, 95
th
 percentile, or Permit background 

values (hereinafter referred as baseline) are shown in bold type and will be discussed in this report.  The 
analytical parameters with concentrations between the method detection limit (MDL) and the MRL/ 
practical quantitation limit (PQL) are J-flagged as estimated concentrations.  The actual lab MDLs and lab 
MRL/PQLs are presented in the Groundwater Concentration and Precision Summary Sheets (which also 
include any detected VOC/SVOCs) in the appendices for each DMW.  These same summaries show the 
SOW-prescribed MRL, the concentrations of the parameters measured in the primary and duplicate 
samples, the average concentration of the primary and duplicate samples, and the relative percent 
difference (RPD).  

The analytical results from Round 35 are discussed in Sections 3.1 through 3.4 by parameter and 
constituent type including VOCs, SVOCs, trace metals, major cations, and general chemistry indicator 
parameters along with the cation-anion balances.   

The DMW samples were collected in the order of WQSP-1 first followed by WQSP-2, WQSP-3, WQSP-4, 
WQSP-6, and WQSP-5 last.  WQSP-5 was sampled last due to the need to replace the pump prior to 
sampling.  The pump replacement activities resulted in the introduction of toluene in the well as discussed 
above.     

The DMW groundwater samples were used as the sample matrix for matrix spike (MS) and matrix spike 
duplicate (MSD) where required.  The two groundwater samples taken from each well are referred to as 
the “primary” groundwater sample and the “duplicate” groundwater sample.  The primary groundwater 
samples were used for the MS/MSD. 

Individual appendices for each well (Appendices 3 through 8) contain the Groundwater Concentration and 
Precision Summary spreadsheets discussed above along with the lab’s Case Narrative, data summary 
reports, and the quality assurance/quality control (QA/QC) data summaries.  Additional items in the 
appendices include a summary narrative of the groundwater sampling and mobile lab (serial sample) 
analysis results; data verification and validation narratives and checklists for all the laboratory and QA/QC 
data from each DMW; and time-trend charts comparing the Round 35 chemical analysis results for the 
metals and the general chemistry parameters along with the historical baseline data and concentrations 
measured during previous rounds.   
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Table 1 - Permit Required Indicator Parameters and Hazardous Constituents List 
 

Hazardous Constituents: 
Volatile and Semivolatile  

Organic Compounds 

Indicator Parameters: 
General Chemistry and  
Major Cations/Anions 

Hazardous Constituents 
Total Trace Metals 

VOCs: 
Isobutanol 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethylene 
Trans-1,2-Dichloroethylene 
Methyl ethyl ketone 
Methylene chloride 
1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Toluene 
Trichloroethylene 
Trichlorofluoromethane 
Vinyl chloride 
Xylenes 
 
SVOCs: 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachloroethane 
Cresols (2-, 3-, & 4-
Methylphenols) 
Nitrobenzene 
Pentachlorophenol 
Pyridine 

General Chemistry:  
Density (measured as Specific 
Gravity) 
pH 
Specific conductance  
TOC  (Total organic carbon)  
TDS  (Total dissolved solids) 
TSS  (Total suspended solids) 
 
Major Cations: 
Calcium (Ca

++
) 

Magnesium (Mg
++

) 
Potassium (K

+
) 

 
Major Anions: 
Chloride (Cl

-
) 

 

Trace Metals:  
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be)  
Cadmium (Cd) 
Chromium (Cr) 
Lead (Pb) 
Mercury (Hg) 
Nickel (Ni) 
Selenium (Se) 
Silver (Ag) 
Thallium (Tl) 
Vanadium (V) 

pH= hydrogen ion potential (measure of alkalinity or acidity) 

SVOC = semivolatile organic compound 

VOC= volatile organic compound 
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Table 2 - VOC, SVOC, and Metal Constituents and Their Associated SOW-Prescribed MRLs 
 

Compounda 
MRL, µg/L  Trace Metal MRL, mg/L 

VOCs     

Isobutanol (Isobutyl Alcohol) 5.0  Antimony 0.025 

Carbon tetrachloride 1.0  Arsenic 0.050 

Chlorobenzene 1.0  Barium 0.020 

Chloroform 1.0  Beryllium 0.010 

1,1-Dichloroethane 1.0  Cadmium 0.010 

1,2-Dichloroethane 1.0  Chromium 0.025 

1,1-Dichloroethylene (1,1-Dichloroethene) 1.0  Lead 0.020 

trans-1,2-Dichloroethylene (trans-1,2-DCE) 1.0  Mercury 0.0002 

Methyl ethyl ketone (2-Butanone) 5.0  Nickel 0.025 

Methylene chloride 5.0  Selenium 0.025 

1,1,2,2-Tetrachloroethane 1.0  Silver 0.013 

Tetrachloroethylene (Tetrachloroethene) 1.0  Thallium 0.025 

1,1,1-Trichloroethane 1.0  Vanadium 0.025 

1,1,2-Trichloroethane 1.0    

Toluene 1.0    

Trichloroethylene (Trichloroethene) 1.0    

Trichlorofluoromethane  1.0    

Vinyl chloride 1.0    

Xylenes (Xylenes, Total) 1.0    

     

SVOCs     

1,2-Dichlorobenzene 5.0    

1,4-Dichlorobenzene 5.0    

2,4-Dinitrophenol
 

5.0    

2,4-Dinitrotoluene 5.0    

Hexachlorobenzene 5.0    

Hexachloroethane 5.0    

2-Methylphenol 
b
 5.0    

3-Methylphenol 
b
 5.0    

4-Methylphenol 
b
 5.0    

Nitrobenzene 5.0    

Pentachlorophenol 5.0    

Pyridine 5.0    
a
: Chemical synonyms used by the current analytical laboratory, HEAL, are noted in parentheses. 

b
: 2-, 3-, and 4-methylphenol, are listed collectively as Cresols in the Permit 

µg/L = microgram(s) per liter 

mg/L     = milligrams per liter 

SVOC = semivolatile organic compound 

VOC  = volatile organic compound 

MRL = method reporting limit 
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Table 3 - Round 35 Analytical Data Summary 
 

WQSP-1 Culebra 

Chemical 

Concentration (mg/L) 
Distribution 

Type
a

 
95

th
 UTLV 

or 95
th

 
Percentile 

Permit 
Table 5.6 Primary 

Sample 
Duplicate 

WQSP-1 General Chemistry 

Specific Gravity
b
 1.039 1.038 Normal 1.07 N/A 

pH (SU) 7.05 7.07 Lognormal 5.6 – 8.8 N/A 

Specific Conductance 

( mhos/cm) 
115,000 113,000 Lognormal 175,000 N/A 

Total Dissolved Solids 61,800 64,700 Lognormal 80,700 N/A 

Total Organic Carbon 0.78 J 0.81 J Nonparametric <5.0 N/A 

Total Suspended Solids 39 40 Nonparametric 33.3 N/A 

WQSP-1 Total Trace Metals 

Antimony ND (0.020) ND (0.020) Nonparametric 0.33 0.33 

Arsenic ND (0.020) ND (0.020) Nonparametric <0.1 0.10 

Barium 0.031 J 0.029 J Nonparametric <1.0 1.00 

Beryllium 0.0047 J 0.0028 J Nonparametric <0.02 0.02 

Cadmium ND (0.0020) ND (0.0020) Nonparametric <0.2 0.20 

Chromium ND (0.0080) ND (0.0080) Nonparametric <0.5 0.50 

Lead ND (0.026) ND (0.026) Nonparametric 0.105 0.11 

Mercury ND (0.00012) ND (0.00012) Nonparametric <0.002 0.002 

Nickel ND (0.0060) ND (0.0060) Nonparametric 0.490 0.50 

Selenium ND (0.020) ND (0.020) Nonparametric 0.150 0.15 

Silver ND (0.0020) ND (0.0020) Nonparametric <0.5 0.50 

Thallium ND (0.020) ND (0.020) Nonparametric 0.98 1.00 

Vanadium 0.034 J 0.026 J Nonparametric <0.1 0.10 

WQSP-1 Major Cations, Dissolved 

Calcium 1,850 1,840 Normal 2,087 N/A 

Magnesium 1,130 1,120 Normal 1,247 N/A 

Potassium 515 534 Lognormal 799 N/A 

WQSP-1 Major Anions 

Chloride 36,200 39,500 Normal 40,472 N/A 

a,b
Refer to footnotes at end of table. 
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Table 3 - Round 35 Analytical Data Summary (Continued) 
 

WQSP-2 Culebra 

Chemical 

Concentration (mg/L) 

Distribution 
Type

a
 

95
th

 UTLV 
Or 95

th
 

Percentile 

Permit 
Table 5.6 Primary     

Sample 
Duplicate 

WQSP-2 General Chemistry 

Specific Gravity
b
 1.044 1.041 Lognormal 1.06 N/A 

pH (SU) 7.18 7.20 Normal 7.0–7.6 N/A 

Specific Conductance 

( mhos/cm) 
116,000 119,000 Lognormal 124,000 N/A 

Total Dissolved Solids 63,000 63,000 Normal 80,500 N/A 

Total Organic Carbon 0.28 J 0.29 J Nonparametric 7.97 N/A 

Total Suspended Solids 35 34 Nonparametric 43.0 N/A 

WQSP-2 Total Trace Metals 

Antimony ND (0.020) ND (0.020) Nonparametric <0.5 0.50 

Arsenic ND (0.020) ND (0.020) Nonparametric 0.062 0.06 

Barium 0.021 J 0.027 J Nonparametric <1.0 1.00 

Beryllium ND (0.0025) 0.0060 J Nonparametric <1.0 1.00 

Cadmium ND (0.0040) ND (0.0040) Nonparametric <0.5 0.50 

Chromium ND (0.0075) ND (0.0075) Nonparametric <0.5 0.50 

Lead ND (0.017) ND (0.017) Nonparametric 0.163 0.17 

Mercury ND (0.00009) ND (0.00009) Nonparametric <0.002 0.002 

Nickel ND (0.0070) ND (0.0070) Nonparametric 0.37 0.50 

Selenium ND (0.020 ND (0.020) Nonparametric 0.150 0.15 

Silver ND (0.0055) ND (0.0055) Nonparametric <0.5 0.50 

Thallium ND (0.020) ND (0.020) Nonparametric 0.980 1.00 

Vanadium 0.020 J 0.031 J Nonparametric <0.1 0.10 

WQSP-2 Major Cations, Dissolved 

Calcium 1,400 1,450 Lognormal 1,827 N/A 

Magnesium 1,020 1,060 Normal 1,244 N/A 

Potassium 463 485 Lognormal 845 N/A 

WQSP-2 Major Anions 

Chloride 36,100 32,100 Normal 39,670 N/A 

a,b
Refer to footnotes at end of table. 
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Table 3 - Round 35 Analytical Data Summary (Continued) 
 

WQSP-3 Culebra 

Chemical 

Concentration (mg/L) 

Distribution 
Type

a
 

95
th

 UTLV 
Or 95

th
 

Percentile 

Permit 
Table 5.6 Primary   

Sample 
Duplicate 

WQSP-3 General Chemistry 

Specific Gravity
b
 1.133 1.034 Normal 1.17 N/A 

pH (SU) 6.83 6.84 Lognormal 6.6 – 7.2 N/A 

Specific Conductance 

( mhos/cm) 
383,000 385,000 Normal 517,000 N/A 

Total Dissolved Solids 220,000 211,000 Lognormal 261,000 N/A 

Total Organic Carbon 0.42 J 0.44 J Nonparametric <5.0 N/A 

Total Suspended Solids 123 168 Nonparametric 107 N/A 

WQSP-3 Total Trace Metals 

Antimony ND (0.020) ND (0.020) Nonparametric <1.0 1.00 

Arsenic ND (0.020) ND (0.020) Nonparametric <1.0 0.21 

Barium 0.040 J 0.046 J Nonparametric <1.0 1.00 

Beryllium 0.019 J 0.019 J Nonparametric <0.1 0.10 

Cadmium ND (0.020) ND (0.020) Nonparametric <0.5 0.50 

Chromium ND (0.038) ND (0.038) Nonparametric <2.0 2.00 

Lead ND (0.085) ND (0.085) Nonparametric 0.8 0.80 

Mercury ND (0.00035) ND (0.00035) Nonparametric <0.002 0.002 

Nickel ND (0.035) ND (0.035) Nonparametric <5.0 5.00 

Selenium ND (0.020) ND (0.020) Nonparametric <2.0 2.00 

Silver ND (0.028) ND (0.028) Nonparametric 0.31 0.31 

Thallium ND (0.020) ND (0.020) Nonparametric 5.8 5.80 

Vanadium 0.16 J 0.16 J Nonparametric <5.0 5.00 

WQSP-3 Major Cations, Dissolved 

Calcium 1,440 1,380 Normal 1,680 N/A 

Magnesium 2,300 2,190 Lognormal 2,625 N/A 

Potassium 1,510 1,410 Lognormal 3,438 N/A 

WQSP-3 Major Anions 

Chloride 127,000 129,000 Lognormal 149,100 N/A 

a,b
Refer to footnotes at end of table. 
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Table 3 - Round 35 Analytical Data Summary (Continued) 
 

WQSP-4 Culebra 

Chemical 

Concentration (mg/L) 

Distribution 
Type

a
 

95
th

 UTLV 
Or 95

th
 

Percentile 

Permit 
Table 5.6 Primary  

Sample 
Duplicate 

WQSP-4 General Chemistry 

Specific Gravity
b
 1.062 1.059 Lognormal 1.09 N/A 

pH (SU) 7.20 7.21 Lognormal 6.8 – 7.6 N/A 

Specific Conductance 

( mhos/cm) 
193,000 182,000 Lognormal 319,800 N/A 

Total Dissolved Solids 108,000 101,000 Normal 123,500 N/A 

Total Organic Carbon 0.37 J ND (0.23) Nonparametric <5.0 N/A 

Total Suspended Solids 51 64 Nonparametric 57.0 N/A 

WQSP-4 Total Trace Metals 

Antimony ND (0.020) ND (0.020) Nonparametric <10.0 0.80 

Arsenic ND (0.020) ND (0.020) Nonparametric <0.5 0.50 

Barium 0.033 J 0.037 J Nonparametric 1.00 1.00 

Beryllium 0.0053 J 0.0046 J Nonparametric 0.25 0.25 

Cadmium ND (0.0040) ND (0.0040) Nonparametric <0.5 0.50 

Chromium ND (0.0075) ND (0.0075) Nonparametric <2.0 2.00 

Lead ND (0.017) ND (0.017) Nonparametric 0.525 0.53 

Mercury ND (0.00035) ND (0.00035) Nonparametric <0.002 0.002 

Nickel ND (0.0070) ND (0.0070) Nonparametric <5.0 5.00 

Selenium ND (0.020) ND (0.020) Nonparametric 2.009 2.00 

Silver ND (0.0055) ND (0.0055) Nonparametric 0.519 0.52 

Thallium ND (0.020) ND (0.020) Nonparametric 1.00 1.00 

Vanadium 0.043 J 0.038 J Nonparametric <5.0 5.00 

WQSP-4 Major Cations, Dissolved 

Calcium 1,630 1,630 Lognormal 1,834 N/A 

Magnesium 1,150 1,180 Lognormal 1,472 N/A 

Potassium 701 717 Lognormal 1,648 N/A 

WQSP-4 Major Anions 

Chloride 62,900 56,100 Normal 63,960 N/A 

a,b
Refer to footnotes at end of table. 
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Table 3 - Round 35 Analytical Data Summary (Continued) 
 

WQSP-5 Culebra 

Chemical 

Concentration (mg/L) 

Distribution 
Type

a
 

95
th

 UTLV 
Or 95

th
 

Percentile 

Permit 
Table 5.6 Primary  

Sample 
Duplicate 

WQSP-5 General Chemistry 

Specific Gravity
b
 1.020 1.019 Normal 1.04 N/A 

pH (SU) 7.32 7.43 Normal 7.4 – 7.9 N/A 

Specific Conductance 

( mhos/cm) 
62,000 61,300 Lognormal 67,700 N/A 

Total Dissolved Solids 31,600 31,800 Nonparametric 43,950 N/A 

Total Organic Carbon 0.38 J 0.38 J Nonparametric <5.0 N/A 

Total Suspended Solids  5.0  ND (1.5) Nonparametric <10 N/A 

WQSP-5 Total Trace Metals 

Antimony ND (0.010) ND (0.010) Nonparametric 0.073 0.07 

Arsenic ND (0.010) ND (0.010) Nonparametric <0.5 0.50 

Barium 0.018 J 0.017 J Nonparametric <1.0 1.00 

Beryllium 0.0015 J 0.0017 J Nonparametric <0.02 0.02 

Cadmium ND (0.00080) ND (0.00080) Nonparametric <0.05 0.05 

Chromium ND (0.0015) ND (0.0015) Nonparametric <0.5 0.50 

Lead ND(0.0034) ND (0.0034) Nonparametric <0.05 0.05 

Mercury ND (0.00044) ND (0.00044) Nonparametric <0.002 0.002 

Nickel ND (0.0014) ND (0.0014) Nonparametric <0.1 0.10 

Selenium ND (0.010) ND (0.010) Nonparametric <0.1 0.10 

Silver ND (0.0011) ND (0.0011) Nonparametric <0.5 0.50 

Thallium ND (0.010) ND (0.010) Nonparametric 0.209 0.21 

Vanadium 0.011 J 0.012 J Nonparametric 2.70 2.70 

WQSP-5 Major Cations, Dissolved 

Calcium 1,010 1,040 Lognormal 1,303 N/A 

Magnesium 424 427 Nonparametric 547 N/A 

Potassium 313 337 Lognormal 622 N/A 

WQSP-5 Major Anions 

Chloride 14,300 14,700 Lognormal 18,100 N/A 

a,b
Refer to footnotes at end of table. 
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Table 3 - Round 35 Analytical Data Summary (Continued) 
 

WQSP-6 Culebra 

Chemical 

Concentration (mg/L) 

Distribution 
Type

a
 

95
th

 UTLV 
Or 95

th
 

Percentile 

Permit 
Table 5.6 Primary  

Sample 
Duplicate 

WQSP-6 General Chemistry 

Specific Gravity
b
 1.007 1.007 Normal 1.02 N/A 

pH (SU) 7.66 7.71 Normal 7.5 – 7.9 N/A 

Specific Conductance 

( mhos/cm) 
25,000 24,000 Lognormal 27,660 N/A 

Total Dissolved Solids 15,000 14,600 Lognormal 22,500 N/A 

Total Organic Carbon 0.61 J 0.60 J Nonparametric 10.14 N/A 

Total Suspended Solids 9.0 10 Nonparametric 14.8 N/A 

WQSP-6 Total Trace Metals 

Antimony ND (0.020) ND (0.020) Nonparametric 0.140 0.14 

Arsenic ND (0.020) ND (0.020) Nonparametric <0.5 0.50 

Barium 0.011 J 0.010 J Nonparametric <1.0 1.00 

Beryllium 0.00064 J 0.00053 J Nonparametric <0.02 0.02 

Cadmium ND (0.00080) ND (0.00080) Nonparametric <0.05 0.05 

Chromium ND (0.0015) ND (0.0015) Nonparametric <0.5 0.50 

Lead ND (0.0034) ND (0.0034) Nonparametric 0.150 0.15 

Mercury ND (0.00009) ND (0.00009) Nonparametric <0.002 0.002 

Nickel ND (0.0014) ND (0.0014) Nonparametric <0.5 0.50 

Selenium ND (0.020) ND (0.020) Nonparametric 0.10 0.10 

Silver ND (0.0011) ND (0.0011) Nonparametric <0.5 0.50 

Thallium ND (0.020) ND (0.020) Nonparametric 0.560 0.56 

Vanadium 0.0051 J 0.0040 J Nonparametric 0.070 0.10 

WQSP-6 Major Cations, Dissolved 

Calcium 675 671 Normal 796 N/A 

Magnesium 199 201 Lognormal 255 N/A 

Potassium 147 150 Lognormal 270 N/A 

WQSP-6 Major Anions 

Chloride 5,010 4,720 Nonparametric 15,800 N/A 

a,b
Refer to footnotes at end of table. 
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Table 3 - Round 34 Analytical Data Summary (Continued) 

Footnotes: 
Note:  Values (concentrations) in bold exceed, or are outside of the baseline range for the 95

th
 UTLV, 

95
th
 percentile, or Permit background value.  In these cases, the UTLVs are also shown in bold for 

ease of comparison. 
 
a
Baseline sample distribution type based upon Rounds 1 through 10.  The 95

th
 UTLV is used in cases 

where the sample distribution type is either normal or lognormal.  The 95
th
 percentile value is used in 

cases where the sample distribution type is nonparametric or had greater than 15 percent non-
detects. 
 
b
Specific gravity is compared to density (g/mL) as presented in Addendum 1 (DOE, 2000). 

 
J = Estimated concentration.  The concentration is between the laboratory’s MDL and the 
MRL/PQL for the particular sample.  

 
N/A = Not applicable 
 
ND = The analytical parameter was analyzed, but not detected in sample.   The trace metals were  
analyzed by ICP.  Antimony, As, Se, and Tl were analyzed by ICP/MS.  The MDLs are  
shown in parentheses. 
 
pH (SU) = Potential of hydrogen (measure of alkalinity or acidity) standard unit. 
 
95th UTLV = Upper tolerance limit value in mg/L (coverage and tolerance coefficient value of 95 
percent). 
 
 

3.1  Volatile and Semivolatile Organic Compounds 
 
The MRLs for VOCs and SVOCs (Table 2) are used as background values in Permit Table 5.6 and are 
used in this report to evaluate possible groundwater contamination. The Round 35 VOC concentrations 
reported for man-made organic compounds were less than the Permit background values and less than 
the MRL/PQLs in the groundwater samples except for the initial sampling of WQSP-5 which contained 
toluene due to use of electrical tape when installing a new pump.  The well was subsequently purged and 
re-sampled twice.  The first re-sampling resulted in the detection of toluene at concentrations of 7.6 ug/L 
in the primary sample and 8.1 ug/L in the duplicate sample.  During the second re-sampling toluene was 
detected above the MRL at 2.9 ug/L in both the primary and duplicate sample.     
 
As shown in the Groundwater Concentration and Precision Summary Sheets in the appendices for each 
DMW, there were no other detections of VOCs in any of the groundwater samples at concentrations 
above the MRL.  The laboratory reported the detection of isobutyl alcohol in the duplicate sample from 
WQSP-3 at a concentration below the 5.0-ug/L MRL for the compound at 4.3 ug/L.  The compound was 
not detected in the primary sample.  The author reviewed the raw GC/MS data from the lab and 
concluded that the compound could not be firmly identified in the duplicate sample.    
 
The groundwater samples were analyzed for SVOCs, but none were detected in any of the Round 35 
groundwater samples.   No target SVOCs have ever been detected in groundwater samples during any of 
the 35 Rounds.   
 
The Verification and Validation narratives in the appendices discuss the VOC and SVOC analyses in 
more detail including the results of analysis of field blank and trip blank samples (VOCs) as well as the 
results of analysis of the quality assurance samples (method blanks, field blanks, trip blanks, laboratory 
control samples and duplicates, and matrix spikes and duplicates).  The QC sample analyses 
demonstrated that the analyses were in control and that nearly all the quality assurance objectives for 
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blank cleanliness, spike recoveries, and precision of duplicate samples were met.  The small number of 
QC samples in which the quality assurance objectives were not met is discussed in Section 4.0. 
 
The VOC and SVOC data were also searched for the presence of non-target compounds that may have 
been present in the samples.  In contrast to Round 34 where methyl bromide was detected in the 
samples from WQSP-6, no non-target compounds were detected in the samples.  The detection of some 
VOC and SVOC artifact compounds is discussed in the Verification and Validation narratives in Section 
3.5.      
 
3.2  Trace Metals  
 
Groundwater samples were analyzed for a suite of trace metals as required by the Permit.  Historically, 
most of these metals have not been detected in the DMW samples although the detection limits have 
varied.  The updated baseline analysis results (DOE, 2000) show nonparametric distributions for all trace 
metals, based upon the small number of samples analyzed and the high percentage of non-detects. 
 
Analytical results for trace metals in the DMWs are shown in Table 3.  The specific SOW-prescribed 
MRLs, the laboratory’s MRL/PQLs, and the laboratory’s MDLs for each metal parameter are listed on the 
Groundwater Concentration and Precision Summary spreadsheets in the appendices for each DMW.  
Note that  acid preserved and non-acid preserved field blanks are analyzed with the first and last well of a 
round (i.e. WQSP-1 and 6).  

The Round 35 trace metals were reported as not detected (ND) with the exception of barium, beryllium, 
and vanadium.  In most cases the metals detected and their concentrations were very similar to previous 
rounds.  In addition the concentrations of the recoverable cations (Ca, Mg, and K) as well as the 
dissolved cations (used for ion balance calculations) were very similar to the concentrations measured in 
previous rounds.   

The Verification and Validation narratives in the appendices discuss the metals analyses in more detail 
including the results of analysis of the quality assurance samples (method blanks, field blanks, laboratory 
control samples and duplicates, and matrix spikes and matrix spike duplicates).  The QC sample analyses 
demonstrated that the analyses were in control and that the quality assurance objectives for blank 
cleanliness, spike recoveries, and precision of duplicate samples were generally met.  The small number 
of QC samples in which the metals quality assurance objectives were not met is discussed in Section 4.0.  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
3.3  General Chemistry Parameters Including Major Cations and Anions 
 
In addition to the 52 analytical parameters listed in Table 1, the concentrations of the major cation, 
sodium, and the anions sulfate and nitrate were measured in the DMW groundwater samples for inclusion 
in the ion balance calculations.  Sodium is the most abundant ion in the groundwater samples and sulfate 
is the second most abundant anion following chloride.  Nitrate has not been detected in any of the DMW 
groundwater samples.  The analytical parameter concentrations in Round 35, including those of the major 
cations, were all below the concentrations from the baseline studies with the following exceptions:  
 

 WQSP-1:  The concentrations of TSS in the primary and duplicate groundwater samples were 39 
mg/L and 40 mg/L, respectively, which are higher than the 95

th
 percentile concentration of 33.3 

mg/L.      
  

 WQSP-3:  The TSS concentrations of 123 mg/L in the primary groundwater sample and 168 mg/L 
in the duplicate sample were higher than the 95th percentile concentration of 107 mg/L. 
 

 WQSP-4:  The TSS concentrations of 64 mg/L in the duplicate groundwater sample was higher 
than the 95th percentile concentration of 57.0 mg/L.  The primary sample concentration was 
lower than the 95

th
 percentile concentration at 51 mg/L but the average of 58 mg/L was just 

above the 95
th
 percentile. 
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TSS is the only general chemistry parameter that yielded any concentrations higher than the baseline 
concentrations.  Analyses for TSS are affected by the high salt content of the groundwater samples and 
the results can depend on how long the samples are allowed to stand following shaking and before 
filtering. The particle size of the TSS is likely very close to the pore size of the filters used to collect the 
suspended solids, making it challenging to achieve accurate and reproducible results for TSS 
measurements.   

3.4  Cation-Anion Balance Analyses 
 
Calcium, magnesium, potassium, sodium, chloride, sulfate, and bicarbonate ions generally comprise the 
majority of dissolved solids in groundwater.  The sum of the cation equivalent weights (mass/ionic charge) 
should be close to or equal to the anion equivalent weights.  The comparison of the two values (i.e. 
charge balance) indicates the general quality and reliability of the general chemistry indicator parameter 
analysis data.  Standard Method 1030 E (SM, 2005) was used by HEAL to evaluate the charge balance 
for DMWs WQSP-1 through WQSP-6.  The percent difference between the total cations and anions was 
calculated from the absolute value of the difference between the total cation milli-equivalents per liter 
(meq/L) and the total anion meq/L and dividing the absolute value of the difference by the sum of the two 
meq/L concentrations and multiplying by 100.    
 
Table 4 presents the results of these evaluations for the primary samples of the current sampling round.  
Round 34 values are shown in parentheses for comparison.  The cation-anion charge balances for the 
duplicate samples are provided on the individual cation-anion balance calculation sheets located in the 
summary data packets in the appendices to this report. 
 

Table 4 - Summary of Analytical Cation-Anion Balances for Round 35 Samples
a 

 

Well 
Total Cations  

meq/L
b,c

 
Total Anions  

meq/L
b,c

 
Percent  

Difference
 c
 

WQSP-1 Culebra
 

1055.39 (1159.08)  1123.76 (1150.93)  3.14 (0.353)  

WQSP-2 Culebra
 

1033.87 (1140.04)  1133.79 (1047.60)  4.61 (4.23)  

WQSP-3 Culebra 3575.11 (3758.16)  3751.60 (4258.74)  2.41 (6.24)  

WQSP-4 Culebra
 

1703.27 (1763.83)  1920.01 (1896.41)  5.98 (3.62)  

WQSP-5 Culebra
 

513.48 (577.58)  508.40 (590.83)  0.50 (1.13)  

WQSP-6 Culebra
 

239.12 (261.92)   238.90 (271.22)  0.046 (1.74)  
a
HEAL, Albuquerque, NM data.  Individual cation-anion balance calculation sheets are provided in the 

summary data packets for each DMW in the appendices to this report.  The cation-anion data for the 
duplicate samples are also included on the sheets.  
 
b
meq/L = milliequivalents per liter in filtered samples analyzed for cations and anions. 

c
Round 34 cation-anion  results are in parentheses for comparison.  

 

The Round 35 percent differences for the cation-anion balance concentrations were quite precise 
considering the multiple chemical analyses used to generate the sample concentrations.  The Round 35 
total anion and cation concentrations agree quite well with the Round 34 concentrations although the 
Round 35 concentrations were all lower than Round 34 concentrations except for WQSP-2.  With respect 
to the precision of the cation and anion concentrations three of the six percent differences were higher for 
Round 35 and three of the percent differences were lower for Round 35.  The precision of the WQSP-5 
and WQSP-6 cation-anion analysis results were particularly precise with RPDs less than one.     

A 10-percent difference in cation-anion balance is generally acceptable for the analyses of potable water 
with low TDS.  All the Round 35 cation-anion percent differences were well below 10 percent in the high-
TDS groundwater samples suggesting that the analytical results used to calculate the cation-anion 
balances were accurate and reliable.  
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The cation-anion percent differences were also calculated for the duplicate samples.  The good precision 
also applied to the duplicate samples with percent differences of 4.98 for WQSP-1; 1.60 for WQSP-2; 
3.61 for WQSP-3; 0.54 for WQSP-4; 0.11 for WQSP-5; and 2.12 for WQSP-6. 

Except for the TSS analyses discussed above all the QC analysis results for the general chemistry 
parameter samples that were analyzed met the quality assurance objectives.  There were a few cases in 
which the lab used a sample from another client rather than a DMW sample as the QC sample matrix as 
discussed in QA Section 4.1. 

3.5  Search for Tentatively Identified Compounds (TICs):   
 
The VOC and SVOC gas chromatography/mass spectrometry (GC/MS) data was searched for the 
presence of any TICs that may be present in the groundwater samples.  The mass spectra and mass 
spectral library search results for all peaks in the total ion chromatogram, including trace peaks greater 
than about one percent of the nearest internal standard, were printed and reviewed during data validation.   
 
Some trace VOC and SVOC peaks were observed in the groundwater samples but they were also 
present in the method blank (MB) samples.  Some of the peaks were attributed to column bleed from the 
gas chromatography columns used to separate the compounds.  For example, two TIC VOC peaks 
appeared in most of the primary and duplicate groundwater samples.  The peaks do not appear in the 
method blank samples but do sometimes appear in field blank and trip blank samples.  During this round 
the lab’s mass spectral library identified one of the compounds as trimethylsilylfluoride, a likely column 
bleed artifact.  The other peak is also a likely artifact from the GC column that is released when analyzing 
the groundwater samples.  It is tentatively identified as trimethylsilanol.   
 
The compound methyl bromide (bromomethane) appeared in both the primary and duplicate samples 
from WQSP-6 during Round 34.  However, the compound did not appear in the 2013 Round 35 
groundwater samples from WQSP-6 or any of the other wells.   
 
The only other VOC reported in the groundwater data was isobutyl alcohol in the duplicate sample from 
WQSP-3.  However, during data verification and validation, it was determined that the compound was not 
present based on review of the mass spectral data.   

The SVOC TIC data showed the detection of some readily identifiable compounds in the groundwater 
extract samples including toluene, xylenes, C3- and C4-alkyl benzenes, triethyl phosphate, and 
triphenylphosphine oxide.  However, these same compounds generally appeared at similar 
concentrations in lab method blank samples and thus are known to not be components of the 
groundwater.  One compound that appeared in some of the groundwater samples that did not appear in 
the method blank sample was bisphenol A (phenol, 4,4’-(1-methylethylidene) bis- ).  The compound is a 
common antioxidant and is often seen as an artifact in SVOC GC/MS data.  The source of the compound 
is not known, but it is not likely to be an actual component of the groundwater.   
 
4.0  Quality Assurance 
 
Hall Environmental Analysis Laboratory (HEAL) was awarded the groundwater analysis contract in 
February 2008 and performed the chemical analyses for the sampling in 2013 (Round 35).  HEAL 
followed Standard Operating Procedures (SOPs) based on standard analytical methods from EPA and 
from Standard Methods for the Examination of Water and Wastewater. 
 
The remainder of this section provides a general discussion of the QA data requirements associated with 
each DMW sampled in Round 35.  Quality control (QC) samples were prepared and analyzed with each 
analytical batch (termed Sample Delivery Group [SDG] by the analytical laboratory).  The purpose of the 
QC samples was to measure the accuracy and precision of the analyses and thus their overall reliability.   
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4.1  Completeness 

 
Six DMP monitoring wells were sampled during March through May 2013, to complete Round 35.  The 
completeness objective was met as analytical results were received for all the samples submitted (100 
percent completeness). 
 
A few QC samples were not analyzed by the laboratory. The WQSP-3 sample set did not include a 
duplicate analysis of the primary groundwater sample for conductivity and for pH; the WQSP-4 sample set 
did not include MS/MSD samples for alkalinity, but did analyze 4 LCS samples; and the WQSP-6 sample 
set did not include MS/MSD for alkalinity, a duplicate for conductivity, and a duplicate for pH.  In all these 
cases the lab did analyze the missing QC samples but used a sample from a different client rather than a 
WQSP groundwater sample.  Since a large body of QC data was generated that met the quality 
assurance objectives, this small amount of missing QC data does not adversely affect the overall quality 
or usability of the Round 35 analytical data.      
 
4.2  Precision 

 
The term precision is a measure of the agreement between a set of analysis measurements and is 
expressed as the relative percent difference (RPD) for a set of duplicate measurements.  RPDs were 
calculated taking the difference between the two sample concentrations and dividing by the average of 
the two concentrations times and multiplying by 100.  The laboratories provided precision data for the 
analyses of LCS/LCSD pairs, MS/MSD pairs, and analysis of single primary groundwater samples in 
duplicate.  The quality assurance objective for the precision of the LCS/LCSD, MS/MSD, and duplicate 
sample concentrations is ≤20 RPD for all constituents and general chemistry parameters. 

In addition the data validator calculated the precision of the analysis results for each detected analyte in 
the primary and duplicate groundwater samples.  Since the primary and duplicate groundwater samples 
are separate samples, there are no particular precision requirements for the analysis results.  However, 
the duplicate samples are taken consecutively from continuously flowing water, and the composition of 
the samples is expected to be consistent. 
 
The LCS/LCSD and MS/MSD samples generally contained all the target constituents and general 
chemistry parameters for precision measurement.  Duplicate samples were analyzed for general 
chemistry parameters in cases where LCS/LCSD and MS/MSD samples are not applicable such as pH, 
specific gravity, TSS, and specific conductance.   
 
The duplicate groundwater precision measurements were calculated for the detectable concentrations of 
the major cations including calcium, magnesium, potassium, and sodium; some detected trace metals 
including Ba, Be, and V; and general chemistry parameters detected in all the groundwater samples 
including chloride, total organic carbon (TOC), specific gravity, TDS, total suspended solids (TSS), pH, 
specific conductance, TOC, and alkalinity.  The precision would not be expected to be as good for 
constituents and general chemistry parameters with concentrations between the method detection limit 
(MDL) and MRL.   
 
The RPDs for the primary and duplicate sample analysis results for all the samples are shown on the 
Groundwater Concentration and Precision Summary sheets in the appendices of this report for each 
DMW.  Table 5 shows the groundwater samples for which the analysis of the primary and duplicate 
groundwater sample yielded RPDs >20.  The precision objective was sometimes not met during the 
analyses for analytes for which the analytical methods are challenged by the high-brine groundwater 
samples such as TSS.  Other cases where the duplicate groundwater sample RPD was >20 was for 
analytes, especially the trace metals, that were detected at low concentrations between the MDL and the 
MRL where the concentrations were J-flagged as estimated.   

LCS samples were prepared by spiking the target constituent (VOCs, SVOCs, and trace metals) and 
general chemistry parameter target analytes into clean water and preparing and analyzing the samples.  
LCSD samples were only analyzed for analytical methods involving an instrumental analysis step and 
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simply involved the reanalysis of the LCS sample so that only the variability in the instrumental analysis 
step is measured.  MS and MSD samples were generated by spiking the target constituents and general 
chemistry indicator parameter analytes into separate portions of the primary groundwater samples.  The 
samples were analyzed, and the recoveries of the VOCs, SVOCs, and metals and general chemistry 
indicator parameters were measured and reported.   

Table 5 shows those cases where the precision objective was not met for the duplicate groundwater 
samples, MS/MSD samples, and duplicate samples when applicable.  Note that all LCS/LCSD 
measurements met the precision objective. 

Table 5 - Individual Cases Where the Round 35 Groundwater RPDs were >20 for the Primary and 
Duplicate Groundwater Samples, MS/MSD Pairs, and Laboratory Duplicate QA/QC Samples 

 

 
DMW 

Parameter or 
Constituent 

Primary Sample, 
Conc. (or as noted) 

Duplicate Sample, 
Conc. (or as noted) 

 
RPD 

WQSP-1 Be 0.0047 ug/L J 0.0028 ug/L J 51 

WQSP-1 V 0.034 ug/L J 0.026 ug/L J 27 

WQSP-1 2,4-dinitrophenol 23.7 ug/L (MS) 49.1 ug/L (MSD) 70 

WQSP-1 2-methylphenol 55.0 ug/L (MS) 68.7 ug/L (MSD) 22 

WQSP-1 3- + 4-methylphenol 55.1 ug/L (MS) 67.9 ug/L (MSD) 21 

WQSP-1 Nitrobenzene 54.2 ug/L (MS) 67.7 ug/L (MSD) 22 

WQSP-1 Pentachlorophenol 37.9 ug/L (MS) 59.9 ug/L (MSD) 45 

WQSP-1 Pyridine 32.2 ug/L (MS) 17.1 ug/L (MSD) 61 

WQSP-2 Ba 0.021 ug/L J 0.027 ug/L J 25 

WQSP-2 V 0.020 ug/L J 0.031 ug/L J 43 

WQSP-2 2,4-dinitrophenol 16.5 ug/L (MS) 20.4 ug/L (MSD) 21 

WQSP-2 Pentachlorophenol 12.7 ug/L (MS) 16.9 ug/L (MSD) 28 

WQSP-2 TSS 35 mg/L 24 mg/L (dup) 37 

WQSP-3 TSS 123 mg/L 168 mg/L 31 

WQSP-4 TSS 51 mg/L 64 mg/L 23 

WQSP-5 
Toluene (initial 

sampling) 
141 ug/L 82.1 ug/L 53 

WQSP-5 Pyridine 50.9 ug/L (MS) 40.9 ug/L (MSD) 22 

WQSP-6 V 0.0051 mg/L 0.0040 mg/L 24 

 
Table 5 contains five entries for trace metals at concentrations between the MDL and MRL; three sample 
sets where the recoveries of some of the SVOCs were higher in one of the matrix spike samples 
compared to the other; and three cases where TSS was higher in one of the groundwater samples 
compared to the other or in one of the duplicates compared to the other.   

Considering the hundreds of groundwater sample data points and QA/QC sample data points that were 
generated during Round 35, the number of duplicate groundwater samples and QA samples that did not 
meet the precision quality assurance objective was very low, at less than three percent. 

4.3  Accuracy 
 
The accuracy of the analyses was checked by analyzing initial calibration verification (ICV) and CCV 
standards, MB, LCS/LCSD, MS/MSD as specified in the standard methods and in the corresponding lab 
SOPs.  The daily calibration standards were used to confirm that the instrument or analytical response 
measured during analysis of the daily standard closely matched the corresponding analytical response 
measured during the initial calibration.  Method blanks were used to confirm that the accuracy of the 
sample analyses was not adversely affected by the presence of any of the analytical parameters as 
background contaminants that may have been introduced during sample preparation and analysis.  The 
LCS was analyzed to check that the analytical method was in control by measuring the percent 
recoveries of the analytical parameters spiked into clean water.  The LCS samples from applicable 
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instrumental measurement methods were analyzed in duplicate to check the precision of the instrument 
measurement portion of the analytical method without the sample preparation steps taken into account.   
 
The MS and MSD samples were prepared and analyzed to check the effect of the groundwater sample 
matrix on the accuracy of the analytical measurements as percent recovery.  The MS and MSD samples 
were generated by spiking portions of the primary groundwater samples with the target analytical 
parameters.  The samples were analyzed, and the recoveries of the analytes measured and reported.  
Every groundwater sample and associated QC sample analyzed by GC/MS also served as a surrogate 
spike sample in that the surrogate recovery compounds were spiked into the samples prior to analysis 
and their recoveries were reported as a measure of the accuracy of the analyses.    

Table 6 summarizes the QA/QC samples for which the accuracy objective, as measured by percent 
recovery, was not met during Round 35.  None of the target analytes were detected at any significant 
concentrations in the method blank samples as contaminants, and thus accuracy was not adversely 
affected by contamination.  The recoveries of analytes from samples that contained native concentrations 
greater than about four times the matrix spike concentration, such as the major cations and chloride are 
not generally included in Table 6 since MS/MSD recovery data are not applicable per EPA guidance for 
samples with high native concentrations of a given analyte.  However, in most cases, even when the 
spike concentration was relatively small compared to the native concentration, the matrix spike recoveries 
met the recovery objective.  

The objective for recovery varies from 70 – 130 percent for VOCs in LCS samples and MS samples; 90 – 
110 percent for chloride and sulfate in LCS samples, 80 – 120 percent for mercury and recoverable 
metals in LCS samples and 75 – 125 percent for mercury and recoverable metals in MS samples; 90 – 
110 or 80 – 120 percent for general chemistry parameters in LCS samples and 80 – 120 percent or 75 – 
125 percent for general chemistry parameters in MS samples; and varies widely according to the lab’s 
historical control chart range for SVOCs.  The EPA guidance for SVOC recovery was 40-140 percent for 
base/neutral SVOCs and 30-130 percent for acidic SVOCs.  However, the lab’s historical control chart 
recovery range was generally wider than the EPA guidance. 
 

Table 6 - Individual Cases Where the Round 35 Accuracy Objectives Were Not Met 
 

DMW Constituent or Parameter Sample % Rec. Sample % Rec. 

WQSP-1 Isobutyl alcohol MS 146 MSD 156 

WQSP-1 Pyridine MS 32.2 (a) MSD 17.1 

WQSP-2 Isobutyl alcohol MS 138 MSD 147 

WQSP-2 Pentachlorophenol MS 12.7 MSD 16.9 

WQSP-2 Nickel MS 77.0 (a) MSD 74.6 

WQSP-3 Isobutyl alcohol MS 377 MSD 411 

WQSP-3 2-butanone MS 292 MSD 299 

WQSP-3 1,1,2,2-tetrachloroethane MS 199 MSD 183 

WQSP-4 Isobutyl alcohol MS 202 MSD 213 

WQSP-4 2-butanone MS 152 MSD 163 

WQSP-5 Isobutyl alcohol MS 152 MSD 145 

(a) Accuracy recovery objective was met. 

 
Table 6 primarily contains entries for high matrix spike recoveries of VOCs from groundwater samples 
with high TDS.   The VOC compounds 2-butanone and isobutyl alcohol generally yielded high recoveries 
due to higher purging efficiencies from the high-TDS groundwater than from the clean calibration 
standards or LCS/LCSD samples.  The only other entries were for a low pentachlorophenol recovery and 
a nickel recovery just below the low objective of 75 percent recovery.  The recoveries of the SVOCs 
pentachlorophenol and 2,4-dinitrophenol are adversely affected by the high-TDS groundwater, and the 
two compounds generally show lower recoveries than the other SVOCs.     
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Not shown in Table 6 are negative recoveries for toluene from WQSP-5 MS/MSD samples due to the high 
native concentrations of toluene in the samples.   

Overall, the quality of the accuracy QA/QC data was excellent, with nearly all the spiked LCS/LCSD and 
MS/MSD data meeting the quality assurance objectives. 

 
4.4  Comparability 
 
The Permit requires that groundwater analytical results be comparable by reporting data in consistent 
units and collecting and analyzing samples using consistent methodology.  These comparability 
requirements were met through the use of consistent, approved SOPs for sample collection and 
analyses.  The normal reporting units for metals and general chemistry parameters were mg/L, and the 
normal reporting limits for organics were micrograms per liter (μg/L). 
 
HEAL and its subcontract laboratory are certified by several states and by the National Environmental 
Laboratory Accreditation Conference (NELAC) through Oregon for HEAL and Anatek.  HEAL's state 
certifications include Oregon, Utah, Texas, New Mexico, and Arizona.  As such, the labs participate in 
inter-laboratory evaluation programs, including on-site NELAC QA audits.  The labs also regularly analyze 
performance evaluation samples provided by a NELAC accredited Proficiency Standard Vendor such as 
Wibby Environmental.  HEAL also analyzed Mixed Analyte Performance Evaluation Program (MAPEP) 
performance evaluation samples as part of the Department of Energy (DOE) performance evaluation 
program.  The Wibby Water Supply performance evaluation samples included chloride, nitrate, sulfate, 
trace metals, mercury, pH, TOC, regulated VOCs, unregulated VOCs, and the Wibby Water Pollution 
performance evaluation samples included chloride, sulfate, TDS, TSS, nitrate, TKN, alkalinity, trace 
metals, mercury, specific conductance, pH, VOCs, SVOCs (acids and base-neutrals), and the MAPEP 
performance evaluation samples included SVOCs. 

The most recent performance evaluation (PE) sample results are for 2012.  HEAL analyzed four sets of 
PE samples, including the Wibby Water Pollution Proficiency Testing, the Wibby Water Supply Proficiency 
Testing, the Phenova Water Pollution Proficiency Testing, and the Phenova Water Supply Proficiency 
Testing. The Wibby Water Supply performance evaluation samples included chloride, nitrate, sulfate, 
trace metals, mercury, pH, TOC, regulated VOCs, and unregulated VOCs. The Wibby Water Pollution 
performance evaluation samples included chloride, TDS, TSS, nitrate, TKN, alkalinity, trace metals, 
mercury, specific conductance, pH, VOCs, and SVOCs (acids and base-neutrals). The Phenova PE 
samples basically included the same list of analytes as the Wibby PE samples. The PE samples covered 
all of the WIPP target analytes except for isobutyl alcohol. Most of the WIPP target analytes were 
included in all four sample sets. The sample sets also included a large number of analytes that are not 
WIPP analytes. 

HEAL scored a very high percentage of acceptable results analyzing the PE samples. The percentage of 
acceptable results and description of results that were not acceptable are summarized in Table 7. 
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Table 7 – Performance Evaluation Sample Analysis Results for HEAL, 2012 

PE Source No. Results No. Passing Percent Missed
a
 Assigned Reported 

Wibby WPPT
b
 240 238 99.2 

Alkalinity 

TSS 

51.6 mg/L 

40.7 mg/L 

62.2 mg/L 

29.0 mg/L 

Wibby WSPT
c
 100 96 96.0 

Ba 

Cr 

V 

20.0 mg/L 

46.7 mg/L 

417 mg/L 

23.3 mg/L 

54.5 mg/L 

481 mg/L 

Wibby RRPT
d
 

2 

Alkalinity 

TSS 

2 100 None 

— 

64.1 mg/L 

25.0 mg/L 

— 

64.4 mg/L 

21.0 mg/L 

Phenova WPPT
c
 275 275 100 None — — 

Phenova WSPT
c
 101 98 97.0 

1,2-dichloroethane 

1,1-dichloroethylene 

17.9 μg/L 

11.6 μg/L 

21.9 μg/L 

15.3 μg/L 

(a) WIPP analytes 

(b) WPPT = Water Pollution Proficiency Testing 

(c) WSPT = Water Supply Proficiency Testing 

(d) RRPT = Rapid Return Proficiency Testing (retest of missed results) 

 

Table 7 shows that HEAL had passing results for 238 out of 240 Wibby Water Pollution Proficiency 
Testing samples. The two misses were for WIPP analytes alkalinity and TSS. HEAL requested another 
PE sample (Wibby Rapid Return Proficiency Testing) with those analytes, and both results were 
acceptable. HEAL provided somewhat high results for the three WIPP metals Ba, Cr, and V in the Wibby 
Water Supply Proficiency Testing PE sample. None of these metals were detected at concentrations 
above the MRL in the WIPP groundwater samples.  The other missed metal analyte was Mn, which is not 
a WIPP analyte.  

HEAL had passing results for 275 out of 275 Phenova Water Pollution Proficiency Testing PE samples, 
which included all the WIPP analytes except isobutyl alcohol. HEAL reported slightly high results for the 
compounds 1,2-dichloroethane and 1,1-dichloroethylene in the Phenova Water Supply Proficiency 
Testing PE samples.  

Overall, HEAL PE sample analysis results were accurate, confirming their ability to provide accurate and 
reliable environmental analysis results for the WIPP samples. 

4.5  Representativeness 
 
The groundwater DMP is designed so that representative groundwater samples are collected from 
specific monitoring well locations. Prior to collecting the final samples from each well, field parameters 
were analyzed using an in-line flow-through cell within an on-site mobile laboratory to help determine 
whether the water being pumped from the monitoring wells was stable and representative of the natural 
groundwater at each well.  The parameters analyzed in the mobile laboratory included temperature, pH, 
specific gravity, and specific conductance.  The final samples for analysis of VOCs, SVOCs, metals and 
general chemistry parameters were collected only when it had been determined from serial sampling and 
analysis that the water being pumped was representative of the natural groundwater at each location.  
The entire set of mobile laboratory data generated for each well is presented in the appendices of this 
report. 
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4.6  Data Verification and Validation 

 
The quality and usability of the groundwater data were rigorously evaluated against a checklist contained 
in WP 02-EM3003, Revision 10, “Data Validation and Verification of RCRA Constituents” (WIPP, 2013).  
The information and data that were reviewed included sample preservation, preparation and analysis 
procedures; the associated calibration standards; laboratory documentation; chain of custody procedures; 
and the QC data generated during analysis of the samples.  
 
The checklist items were taken from various standard analytical methods as well as from guidance 
provided in USEPA Contract Laboratory Program National Functional Guidelines for Organic Data 
Review (1991) and the USEPA Contract Laboratory Program National Functional Guidelines for Inorganic 
Data Review (1988).  Later versions of both of these documents have since been published and 
incorporated into procedure, WP 02-EM3003, Revision 10, “Data Validation and Verification of RCRA 
Constituents”.  The data review process provides information on analytical limitations of the data based 
on specific QC criteria specified in the laboratory methods used to analyze the samples.  In cases where 
a QA objective may not have been met, the guidelines prescribe that the reviewer should use 
professional judgment to determine if data are acceptable or need to be qualified or rejected.  Data 
validation was performed by the Permittees staff.  The data were evaluated against the QA objectives 
established in the standard methods used to analyze the samples as well as HEAL’s Standard Operating 
Procedures (SOPs).   
 
Table 8 shows the standard analytical methods that were used for each of the analytical parameters in 
Round 35.  The general chemistry parameters were analyzed using standard methods from a variety of 
sources including those published by the EPA, ASTM International (ASTM) and methods published in 
Standard Methods for the Examination of Water and Wastewater (Standard Methods or SM).  The EPA 
methods were from Methods for Chemical Analysis of Water and Wastes (EPA, 1986) and from SW-846, 
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods.  HEAL contracted the analysis of 
some trace metals (Tl, As, Se, and Sb) to another laboratory, Anatek Labs Inc., where the samples were 
analyzed by ICP-MS according to EPA SW-846 Method 6020-A in order to achieve the required SOW-
prescribed MRLs.   
 
 

Table 8 - Summary of Analytical Methods Used for the DMP Samples  
 

Analytical Parameter(s) Standard Analytical Method 

Volatile Organic Compounds EPA SW-846 Method 8260B 

Semivolatile Organic Compounds EPA SW-846 Method 8270C 

Trace Metals and Cation Metals EPA SW-846 Method 6010B 

Mercury EPA SW-846 Method 7470A  

ICP/MS Metals (Sb, As, Se, and Tl)  EPA SW-846 Method 6020A 

pH SM 4500-H
+ 

B 

Total Organic Carbon SM 5310B  

Total Dissolved Solids SM 2540C  

Total Suspended Solids SM 2540D  

Alkalinity SM 2320B  

Anions EPA Method 300.0  

Specific Conductance (Conductivity) EPA Method 120.1 

Specific Gravity SM 2710F 

Cation-Anion Charge Balance SM 1030E 

 
4.7  Additional QA/QC Information  
 
The sampling and analysis of the six Culebra DMWs was successful for Round 35 with the generation of 
high quality accurate and precise data with only a few minor issues.  All samples were received at 4 +2 
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degrees C during Round 35; and no samples were lost during Round 35.  There were no other issues 
with the data other than a few missed QA objectives as discussed in this section of the report.   
 
Although not a QC issue, toluene was detected in WQSP-5 due to the use of electrical tape to attach 
electrical cables to the well pipe following pump replacement.  The well was subsequently purged and re-
sampled two different times with concentrations of toluene detected at less than 10 ug/L during the first 
re-sampling and at less than 3.0 ug/L during the second re-sampling. 
    
5.0  Groundwater Chemistry Analytical Results and Concentration Plots in the Appendices 
 
The WIPP DMP requires that a primary and duplicate sample be collected from each DMW and analyzed 
for each analytical parameter.  All the analytical results received from HEAL for each of the samples from 
WQSP-1 through WQSP-6 are presented as individual appendices (Appendices 3 through 8) at the end 
of this report.  The appendices are divided into sections which include the following information:  
 

  Analytical Results, consisting of the groundwater sample analysis data summarized in this 
report as well as the field parameter measurements generated in the mobile laboratory.  
 

 Selected sections of the HEAL and Anatek laboratory submittals containing the cover sheet as 
well as sample concentrations and associated QA/QC data for each parameter in each DMW 
including: 
 

o  Sample collection and analysis dates 
o  WIPP and laboratory sample numbers 
o  Reporting Limits 
o  Analyst’s initials 
o  A list of any data qualifiers  

 

 The Chain of Custody Forms for each sample 
 

 The Data Verification and Validation Report consisting of: 
 

o Data Verification and Validation Narrative 
o Verification and Validation Checklists 
o Groundwater concentration data including duplicate groundwater analysis results and 

associated precision as RPD for trace metals, dissolved cations, and general 
chemistry indicator parameters along with MRL/PQLs, MDLs, and any data flags 

 

 The plots of the concentrations of the metals and the general chemistry parameters for each 
sampling round.        
 

 A data validation narrative was prepared for each DMW, which in part described any situations 
where a QC objective was not met, situations when a metal(s) MRL/PQL or MDL could not be 
met; and discussions of whether there may have been an associated impact on the overall 
quality and usability of the DMP data.  The data validation narratives are included in the 
appendices and are not repeated in this Annual Culebra Groundwater Report.    

 
6.0  Test for Outliers 
 
An external outlier test was performed on the groundwater monitoring data from the WIPP DMWs.  In this 
external test, a newly obtained sample result for a selected groundwater analytical constituent is simply 
compared with the established 10 rounds of baseline (background) data to determine whether the 
suspected outlier is greater than, less than, or equal to the 95

th
 UTLV or 95

th
 percentile.  The 95

th
 UTLV is 

used for parameters with normal or lognormal distributions, while the 95
th
 percentile is used for 

nonparametric distributions.  This external test also compared results with the Permit background values, 
as applicable.  The chemical analysis data from Round 35 showed that the constituent, toluene, initially 



 

38 
 

yielded concentrations higher than the 95
th
 percentile concentration of 1.0 ug/L as shown in Table 8.   The 

general chemistry parameters, TSS and chloride, also exceeded the 95
th
 UTLV or 95

th
 percentile in a 

limited number of cases as shown in Table 9. 

Table 9 - Summary of Round 35 General Chemistry Parameters Exceeding the 95
th

 UTLV or 95
th

 
Percentile 

 

DMW 
Analytical 

Parameter(s) 

Primary 
Sample, 
Conc. 

Duplicate 
Sample, 
Conc. 

Avg., 
Conc. 

Applicable 95th UTLV 
or 95th Percentile, 

Conc. 

WQSP-1 TSS 39 mg/L 40 mg/L 40 mg/L 33.3 mg/L (percentile) 

WQSP-3 TSS 123 mg/L 168 mg/L 146 mg/L 107 mg/L (percentile) 

WQSP-4 TSS 51 mg/L 64 mg/L 58 mg/L 57.0 mg/L (percentile) 

WQSP-5 Toluene 141 ug/L 82.1 ug/L 112 ug/L 1.0 ug/L (percentile) 

WQSP-5 
(1

st
 re-

sample) 
Toluene 7.6 8.1 7.8 1.0 ug/L (percentile) 

WQSP-5 
(2

nd
 re-

sample) 
Toluene 2.9 2.9 2.9 1.0 ug/L (percentile) 

 

7.0  Summary 
 
The WIPP DMP annual groundwater sampling of six DMWs of the Culebra was performed from March - 
May 2013 (Sampling Round 35).  Groundwater samples were submitted to HEAL in Albuquerque, New 
Mexico, for the chemical analyses.  HEAL subcontracted the analyses of four metals, Sb, As, Se, and Tl 
to Anatek Labs Inc. in order to achieve the requisite SOW prescribed MRL/PQLs for four trace metals.  
Sampling and analysis were performed in accordance with requirements specified in the modified Permit 
issued by the NMED effective March 1, 2012. 
 
The groundwater analysis results from Round 35 were compared with the baseline water quality statistics 
to determine whether any measurable or statistically significant changes indicating a release of a 
constituent from the WIPP repository.  The Permit requires analytical constituents in Round 35, including 
VOCs, SVOCs, and metals to be evaluated against the established baseline statistics for each DMW.   

Toluene was detected in the WQSP-5 groundwater samples during Round 35 without a corresponding 
detection in the field blank or trip blank associated with the samples.  Laboratory experiments 
demonstrated that the source of the toluene was the electrical tape used in the well during replacement of 
the pump.  The well was purged and re-sampled two times to confirm that the residual concentration in 
the well was significantly reduced (DOE, 2013).     

Evaluation of the resulting water quality data indicates no evidence of groundwater contamination 
associated with the disposal and management of radioactive mixed waste at the WIPP facility.  However, 
toluene was introduced directly into WQSP-5 during pump replacement activities. The GC/MS data was 
also searched for non-target VOCs and SVOCs that may be present in the groundwater and none were 
present. 
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Measured Water Level Adjusted Freshwater Head

Reporting period

Fluctuations due to recharge
in Nash Draw from heavy 
rain events

Fluid density change
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3045.00

3046.00

3047.00

3048.00

3049.00

3050.00

3051.00

3052.00

3053.00

3054.00

3055.00

3056.00

3057.00

3058.00

3059.00

3060.00

E
le

v
a
ti
o

n
 (
ft

)

Date

SNL-10

Measured Water Level Adjusted Freshwater Head

Reporting period

Development after
drilling and SNL testing
prior to Apr. 2007 Well located further from 

Nash Draw but still shows
slight response to fluctuations
caused by rainfall events

Fluid density change
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2995.00

2996.00

2997.00

2998.00

2999.00

3000.00

3001.00

3002.00

3003.00

3004.00

3005.00

3006.00

E
le

v
a
ti
o

n
 (
ft

)

Date

SNL-12

Measured Water Level Adjusted Freshwater Head

Reporting period

Recovery from SNL testing

Fluid density change

Possible effects of 
nearby oil/gas activities

Slight drawdown
from H-11b4R 
testing in June 2012

Drawdown from H-9bR
test in Aug. 2012

Result of oil/gas watersupply 
wells pumping to the south
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3005.00

3006.00

3007.00

3008.00

3009.00

3010.00

3011.00

3012.00

3013.00

3014.00

3015.00

3016.00

3017.00

3018.00

3019.00

3020.00

3021.00

3022.00

3023.00

3024.00

3025.00

3026.00

3027.00

3028.00

3029.00

E
le

v
a
ti
o

n
 (
ft

)

Date

SNL-13

Measured Water Level Adjusted Freshwater Head

Fluctuations due to drilling
of near by oil/gas well

Reporting period

Fluid density change
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2985.00

2988.00

2991.00

2994.00

2997.00

3000.00

3003.00

3006.00

3009.00

E
le

v
a
ti
o

n
 (
ft

)

Date

SNL-14

Measured Water Level Adjusted Freshwater Head

Reporting 
period

SNL testing 
prior to Nov. 2007

Drawdown from H-11b4R 
testing in June 2012

Drawdown from H-9bR 
testing in Aug 2012

Result of oil/gas water supply 
wells pumping to the south
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2778.00

2788.00

2798.00

2808.00

2818.00

2828.00

2838.00

2848.00

2858.00

2868.00

2878.00

2888.00

2898.00

2908.00

2918.00

2928.00

2938.00

2948.00

2958.00

2968.00

2978.00

2988.00

2998.00

3008.00

3018.00

3028.00

3038.00

3048.00

E
le

v
a
ti
o

n
 (
ft

)

Date

SNL-15

Measured Water Level Adjusted Freshwater Head

Recovering to expected equilibrium  
from drilling

Reporting period
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3005.00

3006.00

3007.00

3008.00

3009.00

3010.00

3011.00

3012.00

3013.00

3014.00

3015.00

3016.00

3017.00

3018.00

3019.00

3020.00

E
le

v
a
ti
o

n
 (
ft

)

Date

SNL-16

Measured Water Level Adjusted Freshwater Head

Reporting period

Well located in Nash Draw, 
fluctuations due to recharge
from rainfall events

Fluid density change Change due to nearby 
potash mine roof collapse
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3002.00

3003.00

3004.00

3005.00

3006.00

3007.00

3008.00

3009.00

3010.00

E
le

v
a
ti
o

n
 (
ft

)

Date

SNL-17

Measured Water Level Adjusted Freshwater Head

Reporting period

Fluid density change

Possible effect of 
oil/gas activities 

Result of oil/gas water 
supply wells pumping to 
the south
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3069.00

3070.00

3071.00

3072.00

3073.00

3074.00

3075.00

3076.00

3077.00

3078.00

3079.00

3080.00

3081.00

3082.00

3083.00

3084.00

3085.00

E
le

v
a
ti
o

n
 (
ft

)

Date

SNL-18

Measured Water Level Adjusted Freshwater Head

Reporting period

Fluctuations due to recharge in 
Nash Draw from heavy rains 

Fluid density change
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3066.00

3067.00

3068.00

3069.00

3070.00

3071.00

3072.00

3073.00

3074.00

3075.00

3076.00

3077.00

3078.00

3079.00

3080.00

3081.00

3082.00

3083.00

3084.00

3085.00

E
le

v
a
ti
o

n
 (
ft

)

Date

SNL-19

Measured Water Level Adjusted Freshwater Head

Reporting period

Well in northern Nash Draw,
fluctuations due to recharge from 
heavy rain events

Fluid density change
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3055.00

3060.00

3065.00

3070.00

3075.00

3080.00

3085.00

3090.00

3095.00

E
le

v
a
ti
o

n
 (
ft

)

Date

WIPP-11

Measured Water Level Adjusted Freshwater Head

Reporting period

Slight fluctuations due to recharge
in Nash Draw from heavy rain 
events

Fluid density change
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3050.00

3055.00

3060.00

3065.00

3070.00

3075.00

3080.00

3085.00

3090.00

E
le

v
a
ti
o

n
 (
ft

)

Date

WIPP-13

Measured Water Level Adjusted Freshwater Head

Reporting period

Slight fluctuations due to 
recharge in Nash Draw from 
heavy rain events

Fluid density change
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3040.00

3045.00

3050.00

3055.00

3060.00

3065.00

3070.00

3075.00

E
le

v
a
ti
o

n
 (
ft

)

Date

WIPP-19

Measured Water Level Adjusted Freshwater Head

Reporting period

Closest well north of WIPP shafts, 
shows last evidence of fluctuations 
from rainfall events over Nash Draw

Fluid density change
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3055.00

3060.00

3065.00

3070.00

3075.00

3080.00

3085.00

E
le

v
a
ti
o

n
 (
ft

)

Date

WQSP-1

Measured Water Level Adjusted Freshwater Head

Reporting period

Slight response fluctuations due
to recharge in Nash Draw from 
heavy rain events

Fluid density change
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3060.00

3065.00

3070.00

3075.00

3080.00

3085.00

3090.00

E
le

v
a
ti
o

n
 (
ft

)

Date

WQSP-2

Measured Water Level Adjusted Freshwater Head

Reporting period

Slight response to fluctuations
due to recharge in Nash Draw 
from heavy rain events

Fluid density change
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3005.00

3010.00

3015.00

3020.00

3025.00

3030.00

3035.00

3040.00

3045.00

3050.00

3055.00

3060.00

3065.00

3070.00

3075.00

3080.00

E
le

v
a
ti
o

n
 (
ft

)

Date

WQSP-3

Measured Water Level Adjusted Freshwater Head

Reporting period

DMP sampling results in a 
drawdown and recovery cycle 
in the spring and fall each year 

Possible measurement 
error in Feb. 2008
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2985.00

2990.00

2995.00

3000.00

3005.00

3010.00

3015.00

3020.00

E
le

v
a
ti
o

n
 (
ft

)

Date

WQSP-4

Measured Water Level Adjusted Freshwater Head

Reporting period

DMP sampling results in 
drawdown and recovery 
events in spring and fall 
each year.

Fluid density change

Drawdown from H-11b4R 
testing in June 2012

Result of extra 
pumping at 
WQSP-5
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3001.00

3003.00

3005.00

3007.00

3009.00

3011.00

3013.00

3015.00
E

le
v
a
ti
o

n
 (
ft

)

Date

WQSP-5

Measured Water Level Adjusted Freshwater Head

Reporting period

DMP sampling results in a 
drawdown and recovery event 
in the spring and fall each year Drawdown from H-11b4R 

testing in June 2012

Result of resampling in 
2013
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3015.00

3017.00

3019.00

3021.00

3023.00

3025.00

3027.00

3029.00

E
le

v
a
ti
o

n
 (
ft

)

Date

WQSP-6

Measured Water Level Adjusted Freshwater Head

Reporting period

DMP sampling results in a 
drawdown and recovery event 
in the spring and fall each year

Fluid density change
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Appendix 2 

Culebra Groundwater Levels 

March – August 2013 
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WELL 
NUMBER 

ZONE DATE 

ADJUSTED 
DEPTH 

TOC 
ft 

WATER 
LEVEL 

ELEVATION 
ft amsl* 

ADJUSTED 
FRESHWATER 

HEAD 
ft amsl 

AEC-7 CUL 03/11/13 613.00 3044.06 3061.44 

AEC-7 CUL 04/08/13 612.96 3044.10 3061.49 

AEC-7 CUL 05/08/13 613.14 3043.92 3061.29 

AEC-7 CUL 06/11/13 612.93 3044.13 3061.52 

AEC-7 CUL 07/15/13 613.25 3043.81 3061.18 

AEC-7 CUL 08/06/13 613.10 3043.96 3061.34 

C-2737 (PIP) CUL 03/13/13 388.03 3012.73 3019.70 

C-2737 (PIP) CUL 04/10/13 387.78 3012.98 3019.96 

C-2737 (PIP) CUL 05/13/13 387.89 3012.87 3019.84 

C-2737 (PIP) CUL 06/13/13 387.77 3012.99 3019.97 

C-2737 (PIP) CUL 07/17/13 388.02 3012.74 3019.71 

C-2737 (PIP) CUL 08/09/13 388.41 3012.35 3019.31 

ERDA-9 CUL 03/13/13 400.09 3010.08 3033.23 

ERDA-9 CUL 04/10/13 399.81 3010.36 3033.53 

ERDA-9 CUL 05/13/13 399.93 3010.24 3033.40 

ERDA-9 CUL 06/12/13 399.71 3010.46 3033.63 

ERDA-9 CUL 07/17/13 399.83 3010.34 3033.51 

ERDA-9 CUL 08/09/13 399.85 3010.32 3033.48 

H-02b2 CUL 03/13/13 337.44 3040.92 3044.50 

H-02b2 CUL 04/10/13 337.24 3041.12 3044.70 

H-02b2 CUL 05/13/13 337.31 3041.05 3044.63 

H-02b2 CUL 06/13/13 337.26 3041.10 3044.68 

H-02b2 CUL 07/17/13 337.50 3040.86 3044.44 

H-02b2 CUL 08/09/13 337.26 3041.10 3044.68 

H-03b2 CUL 03/14/13 388.88 3001.03 3011.79 

H-03b2 CUL 04/10/13 388.69 3001.22 3011.98 

H-03b2 CUL 05/13/13 388.93 3000.98 3011.74 

H-03b2 CUL 06/10/13 388.95 3000.96 3011.72 

H-03b2 CUL 07/17/13 390.12 2999.79 3010.50 

H-03b2 CUL 08/09/13 391.24 2998.67 3009.34 

H-04bR CUL 03/13/13 331.38 3003.26 3006.26 

H-04bR CUL 04/10/13 331.15 3003.49 3006.49 

H-04bR CUL 05/07/13 331.39 3003.25 3006.25 

H-04bR CUL 06/12/13 332.08 3002.56 3005.55 

H-04bR CUL 07/15/13 333.25 3001.39 3004.36 

H-04bR CUL 08/09/13 332.44 3002.20 3005.18 

H-05b CUL 03/12/13 466.04 3040.74 3082.94 

H-05b CUL 04/09/13 465.76 3041.02 3083.25 

H-05b CUL 05/08/13 465.96 3040.82 3083.03 

H-05b CUL 06/11/13 465.96 3040.82 3083.03 

H-05b CUL 07/15/13 466.06 3040.72 3082.92 

H-05b CUL 08/06/13 466.01 3040.77 3082.98 

H-06bR CUL 03/13/13 291.17 3058.05 3070.44 

H-06bR CUL 04/09/13 290.76 3058.46 3070.87 

H-06bR CUL 05/13/13 291.22 3058.00 3070.39 

H-06bR CUL 06/11/13 291.24 3057.98 3070.37 

H-06bR CUL 07/15/13 291.54 3057.68 3070.06 

H-06bR CUL 08/08/13 291.50 3057.72 3070.10 
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WELL 
NUMBER 

ZONE DATE 

ADJUSTED 
DEPTH 

TOC 
ft 

WATER 
LEVEL 

ELEVATION 
ft amsl 

ADJUSTED 
FRESHWATER 

HEAD 
ft amsl 

H-07b1 CUL 03/11/13 165.91 2997.81 2998.54 

H-07b1 CUL 04/08/13 165.70 2998.02 2998.75 

H-07b1 CUL 05/08/13 166.02 2997.70 2998.43 

H-07b1 CUL 06/12/13 168.55 2995.17 2995.88 

H-07b1 CUL 07/16/13 168.98 2994.74 2995.45 

H-07b1 CUL 08/06/13 168.98 2994.74 2995.45 

H-09bR CUL 03/12/13 412.89 2995.45 2995.45 

H-09bR CUL 04/08/13 413.84 2994.50 2994.50 

H-09bR CUL 05/07/13 416.46 2991.88 2991.88 

H-09bR CUL 06/10/13 419.80 2988.54 2988.54 

H-09bR CUL 07/16/13 423.93 2984.41 2984.41 

H-09bR CUL 08/07/13 423.84 2984.50 2984.50 

H-10c CUL 03/12/13 718.79 2969.61 3031.02 

H-10c CUL 04/09/13 718.34 2970.06 3031.51 

H-10c CUL 05/07/13 718.56 2969.84 3031.27 

H-10c CUL 06/10/13 718.21 2970.19 3031.66 

H-10c CUL 07/16/13 718.50 2969.90 3031.34 

H-10c CUL 08/07/13 718.01 2970.39 3031.87 

H-11b4R
 CUL 03/12/13 428.05 2983.82 3007.21 

H-11b4R
 CUL 04/09/13 427.74 2984.13 3007.55 

H-11b4R
 

CUL 05/07/13 428.30 2983.57 3006.94 

H-11b4R CUL 06/10/13 428.83 2983.04 3006.37 

H-11b4R CUL 07/16/13 430.01 2981.86 3005.10 

H-11b4R CUL 08/08/13 430.58 2981.29 3004.49 

H-12 CUL 03/12/13 457.08 2970.25 3013.34 

H-12 CUL 04/09/13 456.84 2970.49 3013.61 

H-12 CUL 05/07/13 456.94 2970.39 3013.50 

H-12 CUL 06/10/13 456.91 2970.42 3013.53 

H-12 CUL 07/16/13 457.35 2969.98 3013.04 

H-12 CUL 08/07/13 457.55 2969.78 3012.82 

H-15R CUL 03/14/13 507.86 2974.16 3017.21 

H-15R CUL 04/10/13 507.59 2974.43 3017.52 

H-15R CUL 05/13/13 507.78 2974.24 3017.30 

H-15R CUL 06/13/13 507.80 2974.22 3017.28 

H-15R CUL 07/17/13 508.35 2973.67 3016.67 

H-15R CUL 08/08/13 508.49 2973.53 3016.51 

H-16 CUL 03/14/13 376.50 3033.56 3046.06 

H-16 CUL 04/10/13 375.86 3034.20 3046.73 

H-16 CUL 05/14/13 375.64 3034.42 3046.96 

H-16 CUL 06/11/13 375.24 3034.82 3047.37 

H-16 CUL 07/17/13 375.51 3034.55 3047.09 

H-16 CUL 08/09/13 375.32 3034.74 3047.29 

H-17 CUL 03/12/13 418.12 2967.12 3007.33 

H-17 CUL 04/09/13 417.80 2967.44 3007.69 

H-17 CUL 05/07/13 418.31 2966.93 3007.11 

H-17 CUL 06/10/13 418.68 2966.56 3006.69 

H-17 CUL 07/16/13 419.65 2965.59 3005.60 

H-17 CUL 08/08/13 420.19 2965.05 3004.98 
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WELL 
NUMBER 

ZONE DATE 

ADJUSTED 
DEPTH 

TOC 
ft 

WATER 
LEVEL 

ELEVATION 
ft amsl 

ADJUSTED 
FRESHWATER 

HEAD 
ft amsl 

H-19b0 CUL 03/14/13 426.52 2991.81 3013.42 

H-19b0 CUL 04/10/13 426.33 2992.00 3013.62 

H-19b0 CUL 05/07/13 426.48 2991.85 3013.46 

H-19b0 CUL 06/13/13 426.67 2991.66 3013.26 

H-19b0 CUL 07/17/13 427.16 2991.17 3012.74 

H-19b0 CUL 08/09/13 428.05 2990.28 3011.79 

H-19b2 CUL 03/14/13 427.91 2991.02 3011.36 

H-19b2 CUL 06/13/13 428.07 2990.86 3011.19 

H-19b3 CUL 03/14/13 428.13 2990.89 3012.44 

H-19b3 CUL 06/13/13 428.30 2990.72 3012.26 

H-19b4 CUL 03/14/13 427.38 2991.60 3013.52 

H-19b4 CUL 06/13/13 427.57 2991.41 3013.32 

H-19b5 CUL 03/14/13 427.35 2991.23 3013.78 

H-19b5 CUL 06/13/13 427.53 2991.05 3013.59 

H-19b6 CUL 03/14/13 428.03 2990.99 3013.85 

H-19b6 CUL 06/13/13 428.23 2990.79 3013.64 

H-19b7 CUL 03/14/13 SNL Testing 

H-19b7 CUL 06/13/13 SNL Testing 

I-461 CUL 03/11/13 242.31 3041.30 3041.30 

I-461 CUL 04/08/13 242.20 3041.41 3041.41 

I-461 CUL 05/08/13 242.49 3041.12 3041.12 

I-461 CUL 06/11/13 242.74 3040.87 3040.87 

I-461 CUL 07/15/13 242.85 3040.76 3040.76 

I-461 CUL 08/08/13 242.42 3041.19 3041.19 

SNL-01 CUL 03/11/13 437.96 3074.88 3079.95 

SNL-01 CUL 04/08/13 437.75 3075.09 3080.17 

SNL-01 CUL 05/08/13 438.25 3074.59 3079.65 

SNL-01 CUL 06/11/13 437.61 3075.23 3080.31 

SNL-01 CUL 07/15/13 438.90 3073.94 3078.98 

SNL-01 CUL 08/06/13 438.91 3073.93 3078.97 

SNL-02 CUL 03/11/13 252.63 3070.43 3072.39 

SNL-02 CUL 04/08/13 252.43 3070.63 3072.59 

SNL-02 CUL 05/08/13 252.84 3070.22 3072.18 

SNL-02 CUL 06/11/13 253.12 3069.94 3071.90 

SNL-02 CUL 07/15/13 253.52 3069.54 3071.50 

SNL-02 CUL 08/06/13 253.49 3069.57 3071.53 

SNL-03 CUL 03/12/13 421.30 3069.05 3078.72 

SNL-03 CUL 04/09/13 421.14 3069.21 3078.88 

SNL-03 CUL 05/08/13 421.65 3068.70 3078.36 

SNL-03 CUL 06/12/13 421.79 3068.56 3078.21 

SNL-03 CUL 07/15/13 422.22 3068.13 3077.77 

SNL-03 CUL 08/06/13 422.23 3068.12 3077.76 

SNL-05 CUL 03/11/13 310.55 3069.43 3072.48 

SNL-05 CUL 04/08/13 310.15 3069.83 3072.88 

SNL-05 CUL 05/08/13 310.87 3069.11 3072.15 

SNL-05 CUL 06/11/13 310.88 3069.10 3072.14 

SNL-05 CUL 07/15/13 311.56 3068.42 3071.46 

SNL-05 CUL 08/06/13 311.45 3068.53 3071.57 
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WELL 
NUMBER 

ZONE DATE 

ADJUSTED 
DEPTH 

TOC 
ft 

WATER 
LEVEL 

ELEVATION 
ft amsl 

ADJUSTED 
FRESHWATER 

HEAD 
ft amsl 

SNL-06 CUL 03/12/13 600.45 3045.66 3224.94 

SNL-06 CUL 04/08/13 597.40 3048.71 3228.73 

SNL-06 CUL 05/08/13 594.24 3051.87 3232.65 

SNL-06 CUL 06/11/13 590.63 3055.48 3237.14 

SNL-06 CUL 07/15/13 587.30 3058.81 3241.28 

SNL-06 CUL 08/06/13 585.09 3061.02 3244.03 

SNL-08 CUL 03/12/13 542.20 3013.53 3053.72 

SNL-08 CUL 04/09/13 541.86 3013.87 3054.09 

SNL-08 CUL 05/08/13 542.22 3013.51 3053.70 

SNL-08 CUL 06/11/13 542.06 3013.67 3053.87 

SNL-08 CUL 07/15/13 542.20 3013.53 3053.72 

SNL-08 CUL 08/08/13 541.95 3013.78 3053.99 

SNL-09 CUL 03/13/13 311.74 3049.22 3053.82 

SNL-09 CUL 04/08/13 311.34 3049.62 3054.22 

SNL-09 CUL 05/08/13 311.54 3049.42 3054.02 

SNL-09 CUL 06/10/13 311.78 3049.18 3053.78 

SNL-09 CUL 07/15/13 312.03 3048.93 3053.52 

SNL-09 CUL 08/08/13 311.88 3049.08 3053.68 

SNL-10 CUL 03/11/13 326.93 3050.66 3053.24 

SNL-10 CUL 04/08/13 327.45 3050.14 3052.71 

SNL-10 CUL 05/08/13 326.72 3050.87 3053.45 

SNL-10 CUL 06/12/13 326.86 3050.73 3053.31 

SNL-10 CUL 07/16/13 327.08 3050.51 3053.09 

SNL-10 CUL 08/06/13 327.02 3050.57 3053.15 

SNL-12 CUL 03/12/13 338.61 3000.85 3002.24 

SNL-12 CUL 04/08/13 338.28 3001.18 3002.58 

SNL-12 CUL 05/07/13 339.22 3000.24 3001.63 

SNL-12 CUL 06/10/13 340.59 2998.87 3000.25 

SNL-12 CUL 07/16/13 342.51 2996.95 2998.32 

SNL-12 CUL 08/07/13 342.55 2996.91 2998.28 

SNL-13 CUL 03/11/13 282.75 3011.36 3013.49 

SNL-13 CUL 04/08/13 282.66 3011.45 3013.58 

SNL-13 CUL 05/08/13 283.01 3011.10 3013.22 

SNL-13 CUL 06/12/13 283.30 3010.81 3012.93 

SNL-13 CUL 07/15/13 283.68 3010.43 3012.54 

SNL-13 CUL 08/06/13 283.75 3010.36 3012.47 

SNL-14 CUL 03/12/13 377.78 2990.63 3004.05 

SNL-14 CUL 04/09/13 377.40 2991.01 3004.45 

SNL-14 CUL 05/07/13 378.14 2990.27 3003.67 

SNL-14 CUL 06/10/13 378.98 2989.43 3002.79 

SNL-14 CUL 07/16/13 380.53 2987.88 3001.17 

SNL-14 CUL 08/08/13 380.93 2987.48 3000.75 

SNL-15 CUL 03/13/13 544.08 2935.85 3022.58 

SNL-15 CUL 04/09/13 543.05 2936.88 3023.85 

SNL-15 CUL 05/07/13 542.48 2937.45 3024.55 

SNL-15 CUL 06/10/13 540.88 2939.05 3026.52 

SNL-15 CUL 07/16/13 539.70 2940.23 3027.97 

SNL-15 CUL 08/08/13 538.87 2941.06 3028.99 
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WELL 
NUMBER 

ZONE DATE 

ADJUSTED 
DEPTH 

TOC 
ft 

WATER 
LEVEL 

ELEVATION 
ft amsl 

ADJUSTED 
FRESHWATER 

HEAD 
ft amsl 

SNL-16 CUL 03/11/13 123.39 3009.61 3010.36 

SNL-16 CUL 04/08/13 123.28 3009.72 3010.47 

SNL-16 CUL 05/08/13 123.61 3009.39 3010.13 

SNL-16 CUL 06/10/13 123.94 3009.06 3009.80 

SNL-16 CUL 07/16/13 124.08 3008.92 3009.66 

SNL-16 CUL 08/06/13 123.60 3009.40 3010.14 

SNL-17 CUL 03/11/13 233.24 3004.82 3005.40 

SNL-17 CUL 04/08/13 233.03 3005.03 3005.61 

SNL-17 CUL 05/08/13 233.35 3004.71 3005.29 

SNL-17 CUL 06/10/13 233.78 3004.28 3004.86 

SNL-17 CUL 07/15/13 234.43 3003.63 3004.21 

SNL-17 CUL 08/06/13 234.28 3003.78 3004.36 

SNL-18 CUL 03/11/13 304.48 3070.96 3072.19 

SNL-18 CUL 04/08/13 304.33 3071.11 3072.34 

SNL-18 CUL 05/08/13 304.94 3070.50 3071.73 

SNL-18 CUL 06/11/13 304.77 3070.67 3071.90 

SNL-18 CUL 07/15/13 305.25 3070.19 3071.42 

SNL-18 CUL 08/06/13 302.51 3072.93 3074.17 

SNL-19 CUL 03/11/13 151.71 3070.94 3072.36 

SNL-19 CUL 04/08/13 151.61 3071.04 3072.46 

SNL-19 CUL 05/08/13 152.08 3070.57 3071.99 

SNL-19 CUL 06/11/13 152.31 3070.34 3071.76 

SNL-19 CUL 07/15/13 152.69 3069.96 3071.38 

SNL-19 CUL 08/06/13 152.59 3070.06 3071.48 

WIPP-11 CUL 03/13/13 366.07 3061.71 3080.39 

WIPP-11 CUL 04/09/13 365.60 3062.18 3080.88 

WIPP-11 CUL 05/13/13 366.16 3061.62 3080.30 

WIPP-11 CUL 06/12/13 366.14 3061.64 3080.32 

WIPP-11 CUL 07/16/13 366.55 3061.23 3079.90 

WIPP-11 CUL 08/08/13 366.54 3061.24 3079.91 

WIPP-13 CUL 03/13/13 345.12 3060.55 3075.73 

WIPP-13 CUL 04/09/13 344.43 3061.24 3076.45 

WIPP-13 CUL 05/13/13 345.15 3060.52 3075.70 

WIPP-13 CUL 06/12/13 345.01 3060.66 3075.84 

WIPP-13 CUL 07/17/13 345.48 3060.19 3075.36 

WIPP-13 CUL 08/08/13 345.30 3060.37 3075.54 

WIPP-19 CUL 03/13/13 392.26 3042.85 3062.50 

WIPP-19 CUL 04/10/13 392.06 3043.05 3062.71 

WIPP-19 CUL 05/13/13 392.26 3042.85 3062.50 

WIPP-19 CUL 06/13/13 392.15 3042.96 3062.61 

WIPP-19 CUL 07/17/13 392.91 3042.20 3061.81 

WIPP-19 CUL 08/08/13 392.24 3042.87 3062.52 

WQSP-1 CUL 03/13/13 361.96 3057.29 3075.23 

WQSP-1 CUL 04/10/13 361.81 3057.44 3075.38 

WQSP-1 CUL 05/13/13 362.43 3056.82 3074.73 

WQSP-1 CUL 06/13/13 362.12 3057.13 3075.06 

WQSP-1 CUL 07/17/13 362.63 3056.62 3074.52 

WQSP-1 CUL 08/08/13 362.41 3056.84 3074.75 
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WELL 
NUMBER 

ZONE DATE 

ADJUSTED 
DEPTH 

TOC 
ft 

WATER 
LEVEL 

ELEVATION 
ft amsl 

ADJUSTED 
FRESHWATER 

HEAD 
ft amsl 

WQSP-2 CUL 03/13/13 402.04 3061.83 3082.14 

WQSP-2 CUL 04/10/13 401.95 3061.92 3082.23 

WQSP-2 CUL 05/13/13 402.05 3061.82 3082.12 

WQSP-2 CUL 06/13/13 402.28 3061.59 3081.88 

WQSP-2 CUL 07/17/13 402.74 3061.13 3081.40 

WQSP-2 CUL 08/08/13 402.62 3061.25 3081.53 

WQSP-3 CUL 03/13/13 465.24 3014.90 3072.91 

WQSP-3 CUL 04/10/13 468.39 3011.75 3069.29 

WQSP-3 CUL 05/13/13 466.01 3014.13 3072.02 

WQSP-3 CUL 06/13/13 465.73 3014.41 3072.34 

WQSP-3 CUL 07/17/13 465.94 3014.20 3072.10 

WQSP-3 CUL 08/08/13 465.65 3014.49 3072.44 

WQSP-4 CUL 03/13/13 443.92 2989.17 3015.12 

WQSP-4 CUL 04/10/13 443.65 2989.44 3015.41 

WQSP-4 CUL 05/07/13 443.84 2989.25 3015.20 

WQSP-4 CUL 06/12/13 443.90 2989.19 3015.14 

WQSP-4 CUL 07/17/13 444.70 2988.39 3014.28 

WQSP-4 CUL 08/09/13 445.35 2987.74 3013.58 

WQSP-5 CUL 03/14/13 379.34 3005.04 3012.58 

WQSP-5 CUL 04/10/13 379.17 3005.21 3012.76 

WQSP-5 CUL 05/13/13 379.44 3004.94 3012.48 

WQSP-5 CUL 06/12/13 379.29 3005.09 3012.63 

WQSP-5 CUL 07/15/13 381.19 3003.19 3010.68 
WQSP-5 CUL 08/05/13 382.15 3002.23 3009.70 
WQSP-6 CUL 03/13/13 344.60 3020.12 3023.91 
WQSP-6 CUL 04/10/13 344.33 3020.39 3024.18 
WQSP-6 CUL 05/07/13 346.61 3018.11 3021.87 
WQSP-6 CUL 06/13/13 344.63 3020.09 3023.88 
WQSP-6 CUL 07/17/13 344.76 3019.96 3023.75 
WQSP-6 CUL 08/09/13 344.55 3020.17 3023.96 
 Notes: 
amsl: Above Mean Sea Level 
SNL Testing: water levels were not taken when testing equipment was blocking  

access to well 
PIP: Production Injection Packer 
TOC: Top of Casing 
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Summary for Volatile Organics Analysis 

The groundwater samples were purged and analyzed for 1,1,1-trichloroethane, 1,1,2,2-
tetrachloroethane, 1,1,2-trichloroethane, 1,1-dichloroethane, 1,1-dichloroethylene, 1,2-
dichloroethane, benzene, carbon tetrachloride, chlorobenzene, chloroform, cis-1,2-
dichloroethylene, trans-1,2-dichloroethylene, isobutanol, methyl ethyl ketone (2-butanone), 
methylene chloride,  tetrachloroethylene, toluene, trichloroethylene, trichlorofluoromethane, 
vinyl chloride, and xylenes (o-, m-, and p-).  Starting with Round 33 HEAL calibrated for and 
analyzed for the isobutyl alcohol in separate analysis runs from the other VOC compounds.    
 
The samples were analyzed according to the laboratory’s SOP S-8260-11 based on EPA’s SW-
846 Method 8260B.   
 
Toluene was detected at concentrations above the MRL and above the Permit concentration of 
concern at 141 ug/L in the primary sample and 82.1 ug/L in the duplicate sample.  The toluene 
was later confirmed to have been introduced during well pump replacement using a heavy duty 
electrical tape to bind the electrical wires to the well pipe.  This detection of toluene resulted in 
removing the well pipe and reinstalling it with cable ties to bind the electrical wires to the pipe 
and subsequently purging and re-sampling the well twice.  During the first re-sampling the 
toluene concentrations were still above the MRL/concentration of concern at 7.6 ug/L in the 
primary sample and 8.1 ug/L in the duplicate sample.  Following several days of additional 
purging of the well, the toluene was still detectable above 1.0 ug/L at 2.9 ug/L in both the 
primary and duplicate samples.  The initial field blank contained 2-butanone above the MRL at 
15.1 ug/L, but the compound was not detected in the groundwater samples. No VOCs were 
detected in the initial trip blank sample.     
 
The QA/QC data met the accuracy objective for recovery and precision objective in both the 
LCS/LCSD and MS/MSD samples except for isobutyl alcohol and toluene.  The recoveries for 
isobutyl alcohol were 152 percent and 145 percent, respectively, in the MS and MSD.   The polar 
compound typically purges more efficiently from the MS/MSD samples than from the calibration 
standards and LCS/LCSD samples.  The toluene yielded significant negative recoveries (-149%, 
-170%) in the MS/MSD due to the high native concentration of toluene in the samples during 
analysis of the initial batch of samples. 
 
All other quality assurance objectives were met for the VOC analyses.   
 

 
Summary for Semivolatile Organic Compound Analysis 

The groundwater samples were analyzed for 1, 2-dichlorobenzene, 1, 4-dichlorobenzene, 2,4-
dinitrophenol, 2,4-dinitrotoluene, 2-methylphenol (o-cresol), 3+4-methylphenol  
(m-, p-methyl phenol), hexachlorobenzene, hexachloroethane, nitrobenzene, pentachlorophenol, 
and pyridine. 
 
The samples were analyzed according to the laboratory’s SOP S-8270C-11 based on EPA’s SW-
846 Method 8270C.  No SVOCs were detected in any of the groundwater samples.   
 












































































































































































































































































































































































