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EXECUTIVE SUMMARY 1 

ES.1 INTRODUCTION, PURPOSE, AND SCOPE 2 

The U.S. Army Corps of Engineers conducted a Resource Conservation and Recovery Act 3 
(RCRA) Facility Investigation (RFI) for Parcel 3 at Fort Wingate Depot Activity (FWDA) in 4 
accordance with the New Mexico Environment Department (NMED)-approved Parcel 3 5 
Groundwater RFI Work Plan (Sundance Consulting, Inc. [Sundance], 2016). This Final 6 
Revision 1 Parcel 3 Groundwater RFI Report was prepared for submission to the NMED–7 
Hazardous Waste Bureau, as required by Section VII.H.1.a of the RCRA permit (U.S. 8 
Environmental Protection Agency ID No. NM 6213820974), effective December 1, 2005, and 9 
revised February 2015 (NMED, 2015). 10 

The purpose of this Final Revision 1 Parcel 3 Groundwater RFI Report is to identify and define 11 
impacted groundwater and screening value exceedances that have the potential to contribute to 12 
human health and environmental risks. This report provides a record of investigative activities, 13 
chemical contaminant analytical laboratory data, a human health risk screening, findings, 14 
variances and deviations, conclusions, and recommendations. 15 

The area within the boundaries of FWDA Parcel 3 is referred to as the Study Area. It includes 16 
four areas of concern (AOCs): AOC 89, AOC 90, AOC 91, and AOC 92; three solid waste 17 
management units (SWMUs): SWMU 14, SWMU 15, and SWMU 33; and the former open 18 
burn/open detonation hazardous waste management unit (HWMU). 19 

As defined in the approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016), the scope of 20 
the Parcel 3 groundwater RFI consisted of the following. 21 

• Identify constituents of potential concern (CoPCs) in groundwater. 22 

• Define and further delineate the potential horizontal and vertical extent of groundwater 23 
contamination. 24 

• Identify source locations where CoPCs were potentially released into the environment. 25 

• Establish groundwater background threshold values (BTVs). 26 

• Consider the potential impact of CoPCs to human health and ecological receptors. 27 

• Provide sufficient information to conduct corrective measure studies for any identified 28 
CoPCs that will support the transfer of FWDA property from U.S. Army possession. 29 

ES.2 PARCEL 3 INVESTIGATION AND RISK SCREENING FINDINGS 30 

RFI field activities performed included the installation of 18 soil borings to explore for water-31 
bearing zones, completion of 11 groundwater monitoring wells and two background groundwater 32 
monitoring wells, and the installation of three exploratory soil borings to collect stratigraphic 33 
data. Laboratory geotechnical testing was conducted on rock core samples collected from each 34 
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water-bearing unit. Groundwater analytical samples were collected from monitoring wells that 1 
contained sufficient water volume to sample.  2 

Groundwater Background Study 3 

The Installation of background monitoring wells was proposed in the approved Parcel 3 4 
Groundwater RFI Work Plan (Sundance, 2016) that equated to three bedrock groundwater wells 5 
(BGMW04, BGMW05, and BGMW06) located in accessible areas outside of known historical 6 
site activities and redesignation of one existing well (CMW02) for use as a background location. 7 
Groundwater samples were to be collected and analyzed for metals and site constituents. 8 
Groundwater analytical data were to be used to calculate and establish BTVs for naturally 9 
occurring constituents in groundwater.  10 

During the investigation, two of three new well locations (BGMW04 and BGMW05) produced 11 
no water. Due to the absence of groundwater in the targeted strata, BGMW04 was drilled 12 
through the targeted strata into a non-water-bearing formation below the target strata. Boring 13 
BGMW04 did not produce groundwater and was later abandoned. BGMW05 was drilled and a 14 
well installed within the target strata; however, after attempts to develop the well, this well never 15 
produced water. The third new well location, BGMW06, produced limited water and one 16 
groundwater sample was collected in April 2017.  17 

Existing monitoring well CMW02 was sampled during a monitoring event following the initial 18 
sampling of the newly installed monitoring wells. That monitoring event was deemed outside the 19 
scope of this RFI and analytical results will be presented in a monitoring report under separate 20 
cover.  21 

BTVs were to be developed for naturally occurring chemical constituents in groundwater per the 22 
approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016). The BTVs were to be 23 
calculated based on laboratory analytical data collected from approved background well 24 
locations installed in accordance with the approved Parcel 3 Groundwater RFI Work Plan 25 
(Sundance, 2016) and monitoring well CMW02 redesignated as a background well. This 26 
objective was not achieved due to the lack of groundwater.  27 

BTVs could not be calculated due to a lack of sufficient groundwater volume in the proposed 28 
background monitoring well BGMW05; no groundwater was encountered at BGMW04; and a 29 
minimal data set consisting of one sample collected from BGMW06. The sample collected from 30 
BGMW06 also detected trace levels of site constituents that prohibited establishing BTVs for 31 
Parcel 3 groundwater.  32 

Analytical data from BGMW06 showed estimated detections of volatile organic compounds 33 
(VOCs), explosive compounds, and nitrate, along with detections of total and dissolved metals. 34 
Concentrations of total metals were greater than groundwater screening values, but dissolved 35 
metals concentrations were below groundwater screening values. New Mexico Water Quality 36 
Control Commission groundwater standards only apply to the dissolved portion of the 37 
contaminants, except for mercury where the standard applies to the “total unfiltered” 38 
concentration (New Mexico Administrative Code 20.6.2.3103). All VOCs, explosives, and 39 
nitrate detections from monitoring well BGMW06 did not exceed groundwater screening values 40 
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and vapor intrusion screening levels (VISLs). The site constituents detected were at low levels 1 
and were estimated concentrations due to uncertainties associated with the data. The following 2 
lists known uncertainties that can affect the results of the background concentration data set and 3 
background risk screening. For instance: 4 

• one sample per location,  5 

• laboratory limits of quantitation exceed permitted screening values, and 6 

• laboratory methods for hexahydro-1,3,5 trinitro-1,3,5-triazine (commonly known as 7 
RDX); 2-nitrotoluene; nitrate; and selected VOCs at wells with minimum groundwater 8 
flow. 9 

It is recommended that additional sampling at BGMW06 during future monitoring events is 10 
needed. The additional data will be used to determine trends, if any, and validate the detections 11 
recorded during this investigation.  12 

Study Area Groundwater Investigation 13 

Following groundwater monitoring well installation, the new monitoring wells were developed 14 
and sampled for nitrate and nitrite, perchlorate, VOCs, total and dissolved metals, and 15 
explosives.  16 

Nitrate, nitrite, perchlorate, VOCs, and explosives were detected at concentrations below 17 
screening values. Nitrate was detected in only two wells located on opposing sides of the Nutria 18 
Monocline, or Hogback, at concentrations well below the screening value of 10 mg/L. Nitrite 19 
was detected in one monitoring well east of the Hogback and was below the screening value of 20 
1.0 mg/L. Perchlorate was not detected in wells west of the Hogback. Perchlorate detections east 21 
of the Hogback ranged from one to three orders of magnitude lower than the screening level of 22 
15 µg/L. VOCs were detected in monitoring wells east and west of the Hogback, however no 23 
detections exceeded groundwater screening values or VISLs. Benzene and chloroform were 24 
detected in four monitoring wells and toluene was detected in five wells. 25 

Explosives were detected east and west of the Hogback with RDX and tetryl being detected in 26 
several monitoring wells. All explosives detections were below screening values. Total and 27 
dissolved metals were the only analytes detected above groundwater screening values. The 28 
highest concentrations of total and dissolved metals were detected in monitoring wells within, 29 
and adjacent to, the HWMU. It cannot be clearly demonstrated whether the detected 30 
concentrations are the result of natural conditions or anthropogenic sources of contamination 31 
because groundwater background metals concentrations have not yet been established for the 32 
Study Area. 33 

Study Area Risk Screening 34 

A human health risk screening was conducted using the groundwater analytical results collected 35 
from February 2017 through April 2017. 36 
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As established in the approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016), there are 1 
no complete exposure pathways for ecological receptors. Therefore, the risk screening was 2 
focused on human receptors. To assess potential tap water use, the risk screening used the 3 
applicable groundwater screening values selected from the hierarchy of sources presented in 4 
Section 7.1 of RCRA permit, Attachment 7 (NMED, 2015). To assess the vapor intrusion 5 
pathway for volatile analytes, the risk screening used VISLs taken from Table A-3 of 6 
Appendix A of NMED’s Risk Assessment Guidance for Site Investigations and Remediation 7 
(NMED, 2017 Revised). 8 

Groundwater is present on both sides of the Hogback but is separated by a north–south fault zone 9 
that creates two distinct hydrogeologic groundwater units that are not connected. Therefore, two 10 
groundwater exposure areas were separately evaluated and identified as groundwater west of the 11 
Hogback and groundwater east of the Hogback. Background well BGMW06 was not included in 12 
the risk screening for groundwater west of the Hogback.  13 

No screening value exceedances were identified in groundwater west of the Hogback, 14 
represented by one monitoring well, CMW31B. No VOC detections exceeded the VISLs; 15 
however, the vapor intrusion pathway is potentially complete for future receptors. 16 

The following screening value exceedances were identified in groundwater east of the Hogback. 17 

Nine total metals and 10 dissolved metals were detected at concentrations greater than the tap 18 
water screening values. The vapor intrusion pathway is potentially complete for future receptors, 19 
but no VOC detections exceeded the VISLs.  20 

Seven newly installed groundwater monitoring wells were sampled for VOCs in 2017 with 18 21 
VOCs detected at concentrations below VISLs. Additional sampling of new and existing wells is 22 
needed to verify the detections and determine any trends. It was not possible to assess whether 23 
metals concentrations in groundwater are naturally occurring because the background study 24 
could not be completed. 25 

ES.3 CONCLUSIONS 26 

RFI groundwater investigation results have demonstrated that very little groundwater is present 27 
in Parcel 3, as evidenced by the RFI slug testing results, the number of dry monitoring wells 28 
installed into target strata, and the lack of groundwater production observed during sample 29 
collection at the existing and new monitoring wells. The limited volume of groundwater 30 
combined with the very low transmissivity and hydraulic conductivity of the water-bearing strata 31 
in Parcel 3 suggest that it will not produce viable volumes of water for domestic use. 32 

The groundwater background study was not completed as originally proposed due to spatially 33 
limited groundwater and an absence of groundwater at accessible, upgradient locations. No 34 
additional background wells could be installed because of the spatially limited groundwater and 35 
physical access limitations due to the rough terrain. Detections of site constituents in background 36 
monitoring well BGMW06 need further data to confirm concentrations and determine if 37 
detections were anomalous. Future sampling rounds may generate enough data to complete a 38 
scientifically defensible background data set sufficient to establish BTVs. 39 
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A sufficient monitoring well network exists where groundwater is present to evaluate site-related 1 
conditions based on the nature and extent of CoPCs, the results of the human health risk 2 
screening, and the spatially limited groundwater. 3 

The human health risk screening identified tap water screening value exceedances for total and 4 
dissolved metals detected in groundwater only east of the Hogback.  5 

Low VOC concentrations were detected in wells located both east and west of the Hogback, 6 
including background well BGMW06. No VOC detections exceeded groundwater screening 7 
values or VISLs. The low-level VOC detections were sporadic. Coupled with a limited data set, 8 
no trends or evidence of a contaminant plume within the Study Area could be concluded. 9 
Additional data points are needed to determine no risk to human health. Future monitoring of 10 
VOCs at new and existing Parcel 3 wells is warranted.  11 

The human health risk screening was based on a limited data set because the newly installed 12 
wells have only been sampled once. Quarterly monitoring is recommended to obtain additional 13 
data sufficient to complete a human health risk evaluation that can be used to make decisions 14 
regarding corrective actions. 15 

ES.4 RECOMMENDATIONS 16 

The following activities are recommended to address data gaps before making decisions about 17 
the need for corrective measures in Parcel 3 groundwater. 18 

• Continue to collect and analyze groundwater from existing wells for metals, VOCs, 19 
explosives, and perchlorate to evaluate potential seasonal changes in groundwater and 20 
longer-term changes or trends in groundwater concentrations over time, including the 21 
following. 22 

o Conduct quarterly groundwater monitoring and water-level measurements to 23 
determine seasonal trends and generate a data set for trend analysis.  24 

o Determine whether the low concentrations of VOCs sporadically and infrequently 25 
detected in 2017 show any persistent or increasing trends that would indicate they 26 
are associated with historical site-related activities and/or could pose potential tap 27 
water use or vapor intrusion risk to future site occupants. 28 

o Confirm that VOCs in well CMW22 are present, and if present, determine if VOC 29 
detections were from the presumed source (an ink marker dropped into the well 30 
and later removed) and not from other historical site-related activities. 31 

o Verify whether groundwater exists at monitoring wells CMW32, CMW33B, 32 
CMW35, BGMW05, and KMW15B. Observations at these wells indicated no 33 
recharge after well development purging or following initial sample collection.   34 

o Determine whether the high dissolved metals concentrations detected in well 35 
CMW33B are a one-time sampling or laboratory analysis anomaly or are part of a 36 



Final Revision 1 Parcel 3 Groundwater RCRA Facility Investigation Report 
Fort Wingate Depot Activity – New Mexico 

ES-6 
Sundance Consulting, Inc. – March 2019 

longer-term trend or groundwater contaminant plume, solely influenced from high 1 
turbidity and low groundwater yield. 2 

o Determine if detected chromium concentrations are trivalent or hexavalent. Future 3 
monitoring should include total chromium and hexavalent chromium analysis for 4 
wells within Parcel 3.  5 

o Propose alternative sample collection approaches, such as using passive sampling 6 
technology, such as a Snap Sampler® by QED Environmental Systems, Inc. 7 
Groundwater yield and recharge is low, and conventional methods increase 8 
turbidity within wells that have available groundwater.   9 

• Incorporate the historical groundwater data set, along with additional data from newly 10 
installed wells, so that long-term and seasonal groundwater concentrations trends can be 11 
evaluated in a risk assessment. 12 

• Collect additional data from background well BGMW06 to determine if constituent 13 
detections were anomalous or representative of contamination. It is further recommended 14 
to collect eight quarterly rounds of data to identify any seasonal trends and build 15 
defensible data to support calculation of BTVs for Parcel 3 groundwater.   16 

• Investigate alternative locations to install two additional groundwater background wells 17 
to increase the data set and achieve an unaffected groundwater background sampling 18 
location.  19 

• Review other lines of evidence to evaluate whether metals in Parcel 3 groundwater are 20 
representative of naturally occurring conditions, including the following. 21 

o Evaluate whether metals concentrations in Parcel 3 soil samples correlate with 22 
metals concentrations detected in background monitoring wells. 23 

o Evaluate all Parcel 3 historical and newly acquired groundwater analytical metals 24 
data for trends in relation to weather patterns and sources from historical 25 
operations. 26 

o Evaluate whether groundwater background concentrations can be determined for 27 
the same geological unit in the northern groundwater area and use those 28 
background levels to assess whether the concentrations of metals detected in 29 
Parcel 3 groundwater are representative of background concentrations.30 
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1 INTRODUCTION 1 

The U.S. Army Corps of Engineers (USACE) conducted a Resource Conservation and Recovery 2 
Act (RCRA) Facility Investigation (RFI) of groundwater at Parcel 3 at Fort Wingate Depot 3 
Activity (FWDA) in accordance with the New Mexico Environment Department 4 
(NMED)-approved Parcel 3 Groundwater RFI Work Plan (Sundance Consulting, Inc. 5 
[Sundance], 2016). This Final Revision 1 Parcel 3 Groundwater RFI Report was prepared for 6 
submission to the NMED–Hazardous Waste Bureau, as required by Section VII.H.1.a of the 7 
RCRA permit (U.S. Environmental Protection Agency [EPA] ID No. NM 6213820974), 8 
effective December 1, 2005, and revised February 2015 (NMED, 2015). 9 

This Final Revision 1 Parcel 3 Groundwater RFI Report contains investigative information to 10 
identify and define potentially impacted groundwater and the potential human health and 11 
ecological risks associated with groundwater contaminants. This information includes a record of 12 
investigative activities, chemical contaminant analytical data and results, risk assessment and 13 
analyses for human health, findings, and recommendations. 14 

FWDA is located 7 miles east of Gallup, New Mexico (NM) in McKinley County. Access to 15 
FWDA is south of U.S. Route 66 at mile marker 31 as shown in Figure 1-1 and Figure 1-2. The 16 
boundaries of FWDA Parcel 3, with respect to the other numbered FWDA parcels, are shown on 17 
Figure 1-3. FWDA Parcel 3 is in the southern area of FWDA and will be referred to as the Study 18 
Area in this Final Revision 1 Parcel 3 Groundwater RFI Report. 19 

1.1 PURPOSE 20 

This Final Revision 1 Parcel 3 Groundwater RFI Report includes the installation and sampling of 21 
groundwater monitoring wells to assess Study Area groundwater quality, constituents of 22 
potential concern (CoPCs), and focuses on delineating environmental impacts to groundwater 23 
(Section 3.4). This Final Revision 1 Parcel 3 Groundwater RFI Report also contains the technical 24 
and risk factors necessary to facilitate future property transfer by USACE. 25 

The purpose of the Parcel 3 groundwater RFI was defined in the Parcel 3 Groundwater RFI 26 
Work Plan (Sundance, 2016) as follows. 27 

• Identify CoPCs in groundwater. 28 

• Define and further delineate the horizontal and vertical extent of potential groundwater 29 
contamination. 30 

• Identify source locations where CoPCs were potentially released into the environment. 31 

• Establish groundwater background threshold values (BTVs). 32 

• Consider the potential impact of CoPCs to human health and ecological receptors.  33 
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• Provide sufficient information to conduct corrective measure studies for any identified 1 
CoPCs that will support the transfer of FWDA property from U.S. Army (Army) 2 
possession. 3 

1.2 DOCUMENT ORGANIZATION 4 

The remainder of this Final Revision 1 Parcel 3 Groundwater RFI Report is organized into the 5 
following sections. 6 

• Section 2 presents background information about FWDA. 7 

• Section 3 describes the Study Area investigation methods, variances from the Parcel 3 8 
Groundwater RFI Work Plan (Sundance, 2016) performed in the field, and the 9 
background groundwater study.  10 

• Section 4 presents Study Area groundwater analytical results. 11 

• Section 5 presents the Study Area risk screening methodology and results. 12 

• Section 6 presents the Study Area findings, conclusions, and recommendations. 13 

• Section 7 presents works cited in this Final Revision 1 Parcel 3 Groundwater RFI Report.14 
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2 FORT WINGATE DEPOT ACTIVITY BACKGROUND 1 

FWDA is located approximately 7 miles east of Gallup, NM, and currently occupies 2 
approximately 15,277 acres of land in McKinley County. Access to FWDA is south of U.S. 3 
Route 66 at mile marker 31 as shown in Figure 1-1 and Figure 1-2. FWDA is almost entirely 4 
surrounded by federally owned or administered lands, including national forest and tribal lands. 5 
FWDA has been divided into several numbered subareas (parcels) based on their location and 6 
historical land use. 7 

The Study Area includes: 8 

• areas of concern (AOCs) - AOC 89, AOC 90, AOC 91, and AOC 92; 9 

• solid waste management units (SWMUs) - SWMU 14, SWMU 15, and SWMU 33; and  10 

• the former open burn/open detonation (OB/OD) hazardous waste management unit 11 
(HWMU) (Figure 2-1). 12 

FWDA was originally established by the Army in 1862 at the southern edge of the Navajo 13 
territory. In 1918, the FWDA mission changed from tribal issues to World War I-related 14 
activities. Beginning in 1940, the FWDA mission was primarily to receive, store, maintain, and 15 
ship explosives and military munitions, and to disassemble and dispose of unserviceable or 16 
obsolete explosives and military munitions. In 1975, FWDA came under the administrative 17 
command of Tooele Army Depot located near Salt Lake City, Utah. 18 

FWDA is currently undergoing final environmental characterization and restoration actions 19 
before final property transfer and reuse. FWDA has been divided into reuse parcels as part of the 20 
planned property transfer to the U.S. Department of the Interior. This Final Revision 1 Parcel 3 21 
Groundwater RFI Report includes only information related to groundwater encountered during 22 
the investigation within the Study Area. 23 

2.1 CULTURAL RESOURCES 24 

Traditional cultural properties (TCPs) and other cultural resources have been documented within 25 
the FWDA boundaries. Based on a review of available mapping (University of New Mexico 26 
Office of Contract Archaeology, 1994), a limited number of identified sites are located within the 27 
Study Area. 28 

USACE–Fort Worth District has developed a Programmatic Agreement (PA) to specify 29 
procedures to be employed during environmental characterization and remediation activities 30 
including consultation with stakeholders (Sundance, 2016). These procedures were followed 31 
while performing RFI field work. Maps showing the locations of TCPs relative to current 32 
investigation area are protected, and therefore not included in this Final Revision 1 Parcel 3 33 
Groundwater RFI Report, which is a public document. 34 

The consultation process included review by tribal cultural resource personnel to confirm the 35 
presence or absence of identified cultural resources within the proposed investigation locations. 36 



Final Revision 1 Parcel 3 Groundwater RCRA Facility Investigation Report 
Fort Wingate Depot Activity – New Mexico 

2-2 
Sundance Consulting, Inc. – March 2019 

During the Parcel 3 Groundwater RFI Work Plan (Sundance, 2016) review period, tribal cultural 1 
staff were offered the opportunity to visit FWDA and meet with Army representatives to view 2 
maps showing proposed sampling areas and inspect them for cultural resources. Specific 3 
sampling locations were not to be flagged, but the sampling areas were identified. No tribal 4 
entities accepted the Army invitation. 5 

Pursuant to the PA, the Army provided a letter to the Pueblo of Zuni, Navajo Nation, and State 6 
Historic Preservation Officer seeking comments on field operating procedures before beginning 7 
RFI field work. No comments were received regarding this field effort. 8 

2.2 SITE CONDITIONS 9 

2.2.1 Climate 10 

FWDA is located within the southern portion of the Colorado Plateau, in the Northwestern 11 
Plateau climate division of New Mexico. This region overall has a semiarid continental climate, 12 
and alternates seasonally and topographically from hot and dry, to cool and wet. 13 

Average annual precipitation for Gallup, NM, and the surrounding area is approximately 12 14 
inches of rainfall; the average snowfall amount is 35 inches. Most precipitation occurs during 15 
monsoon season from July through October, with minimal precipitation in the spring and late 16 
fall. Wind speed for the area averages approximately 6 miles per hour (mph) over the course of a 17 
year. However, wind gusts have been known to reach speeds of 60 mph or more (U.S. Climate 18 
Data, 2017). 19 

Average seasonal temperatures vary by elevation and topographic features, with the hottest 20 
temperatures occurring in the lower elevations (northern area) in the spring and summer months, 21 
and the lowest temperatures occurring in the higher elevations in the winter (Parcel 3 Study 22 
Area). The maximum temperature in 2016 was recorded in June as 100 degrees Fahrenheit (°F), 23 
with the lowest temperature recorded in February as 0°F, giving an overall range across the year 24 
of 100°F. Temperature fluctuations within FWDA can also vary from sunrise to sunset as much 25 
as 20°F, particularly in the late winter to early spring months. On February 6, 2017, a 26 
temperature change of 43°F was recorded during daylight hours, with a maximum temperature of 27 
66°F and a minimum temperature of 23°F (Weather Underground, 2017). 28 

2.2.2 Topography 29 

The topography of FWDA ranges from approximately 6,660 feet above mean sea level (amsl) in 30 
the north to 8,200 feet amsl in the south. FWDA can be divided into three general topological 31 
areas: 1) the rugged north-to-south trending Nutria Monocline (also known as the Hogback) 32 
along the western and the southwestern boundaries, 2) the northern hill slopes of the Zuni 33 
Mountains in the southern portion, and 3) the alluvial plains marked by bedrock outcrops in the 34 
northern area. As shown in Figure 2-1, the Hogback comprises a significant portion of the 35 
western boundary of the Study Area. The highest elevation in the Study Area is approximately 36 
7,820 feet amsl, located in the southern-most portion of the Hogback and adjacent to the 37 
southern parcel boundary. The lowest elevation is approximately 7,220 feet amsl, located along 38 
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the western parcel boundary. In general, topography is steep along the north-to-south trend of the 1 
Hogback, and becomes more gradual toward the eastern parcel boundary. 2 

Main drainages follow the topography, generally flowing from south to north, and discharging 3 
into the South Fork of the Rio Puerco near the FWDA northern boundary. Many local tributaries 4 
follow the regional trend of flowing from southwest to northeast. Drainages at FWDA are 5 
ephemeral with flow occurring only during and after heavy rainfall events or during snowmelt. 6 
During these events, streams transport sediment to low-lying areas in the northern part of 7 
FWDA, creating extensive alluvial deposits among bedrock remnants. 8 

Within the Study Area, surface water runoff is conveyed through two arroyos that merge near the 9 
Study Area’s northern boundary. Drainages are fed by washes in the Zuni Mountains and the 10 
Hogback. The drainages from the Study Area generally flow north until they intersect the South 11 
Fork of the Rio Puerco. 12 

2.2.3 Land Use 13 

The current FWDA land use is commercial/industrial and it is expected to remain as such until 14 
federal property transfer. However, given FWDA’s location within surrounding tribal lands, 15 
future residential use is feasible and, therefore, will also be evaluated as an exposure pathway for 16 
the human health risk screening in Section 5. The Study Area is an improved conventional 17 
munitions-designated area that will require future land use controls. Although the risk screening 18 
assumes a future residential land use, grazing and irrigation will not be a complete exposure 19 
pathway and thus is not evaluated. The Army intends to maintain ownership of most of Parcel 3 20 
indefinitely.   21 

2.2.4 Vegetation/Habitat 22 

Vegetation coverage of the Study Area consists of grasslands, sagebrush, and piñon-juniper 23 
woodlands. The Study Area provides habitat for antelope, rattlesnakes, field mice, mountain 24 
lions, bears, and various other insects and animals. 25 

2.2.5 Soil Types 26 

Soil types found on FWDA are consistent with those occurring in cool plateau and mountain 27 
regions of New Mexico. Major FWDA soil types are variants and complexes of sand, loams, 28 
clay, and rock as shown in Figure 2-2. Surface soil layers are relatively thin, and the parent 29 
bedrock is either at or near the surface in more than one-quarter of FWDA. 30 

Figure 2-2 presents the Natural Resources Conservation Service (NRCS) soil map for the Study 31 
Area (NRCS, 2018). Thickness of soil types vary widely over FWDA, with alluvium 32 
accumulations deepest along canyon floors and in the Rio Puerco valley. Wind and surface water 33 
runoff cause extensive soil erosion, especially where vegetation is absent. 34 

2.2.6 Geology 35 

Mapped geologic units exposed at ground surface in the southwestern portion of FWDA are 36 
shown on Figure 2-3. Stratigraphy is presented on Figure 2-4, and cross section maps are 37 
presented on Figure 2-5 through Figure 2-9. A map view of the cross section lines are illustrated 38 
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in Figure 2-10. The geologic and stratigraphic setting for potential groundwater contaminant 1 
plumes described in the following sections is based on this geologic mapping in combination 2 
with available geologic literature and recent subsurface investigations in the southern areas of 3 
FWDA. 4 

2.2.6.1 Structural Geology 5 

FWDA lies within a small basin defined by the Zuni Mountains (Zuni Uplift) to the south and 6 
east, the Nutria Monocline (Hogback) to the west, and the South Fork of the Rio Puerco to the 7 
north (U.S. Geological Survey [USGS], 2009). Laramide Orogeny processes, occurring 8 
approximately 75 million to 35 million years ago, provided the main uplifting force for the 9 
formation of the Zuni Uplift’s current configuration, tilting the bedrock underlying the majority 10 
of FWDA to the northwest at an angle of approximately 5 degrees (USACE, 2011). 11 

The northern boundary of FWDA terminates in the strike valley of the South Fork of the Rio 12 
Puerco. The valley represents the transition between the Zuni Uplift to the south and the gently 13 
north-dipping Chaco Slope to the north (USACE, 2011). 14 

To the west, the dominant FWDA topographic and structural feature is the Nutria Monocline 15 
(Hogback). The Nutria Monocline is a regionally northwest trending sharp-crested ridge that dips 16 
steeply to the west–southwest and defines the northwestern flank of the Zuni Uplift. The Nutria 17 
Monocline rises as much as 2,000 feet above the surrounding area exposing Mesozoic formations 18 
whose dips commonly exceed 60 degrees (USACE, 2011). 19 

Bisecting the Study Area is the axis of the Nutria Monocline fold, cut by roughly north–south 20 
trending high-angle faults. This fault zone is overlain by Quaternary alluvium; with no surface 21 
exposure, the slip angle and direction have not been determined. (TerranearPMC [TPMC], 22 
2008a). 23 

2.2.6.2 Stratigraphy 24 

The FWDA stratigraphy as reported by Innovar Environmental, Inc. (Innovar, 2016), consists of 25 
late-Paleozoic and Mesozoic rocks unconformably overlying Precambrian basement rock. A 26 
stratigraphic column with lithologic descriptions for FWDA is presented on Figure 2-4. Bedrock 27 
outcrops of clastic sedimentary rocks are predominately Triassic in age, but in the western and 28 
southern portions of FWDA, Jurassic and Cretaceous sandstone, claystone, and shale are present. 29 
Jurassic and Cretaceous rocks are exposed in the Nutria Monocline (Hogback), which is the 30 
dominate topographic feature within FWDA boundaries and within the Study Area specifically. 31 
Quaternary alluvial and colluvial deposits, derived from weathered bedrock, are present 32 
throughout FWDA and range from 5 feet to 60 feet thick. 33 

2.2.6.2.1 Hogback East 34 

Within the Study Area, the stratigraphy on the eastern side of the Nutria Monocline (Hogback) is 35 
largely the Triassic-aged Petrified Forest Formation. The Petrified Forest Formation is a 36 
purplish-red, cross-bedded, mudstone and sandstone containing greenish-gray calcrete nodules 37 
and petrified wood. The Petrified Forest Formation has low apparent permeability due to the fine 38 
to ultrafine muddy matrix. The Petrified Forest Formation is composed of three members: the 39 
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Blue Mesa, the Sonsela Sandstone, and the Painted Desert with a combined thickness of 1 
approximately 980 feet. 2 

2.2.6.2.2 Hogback West 3 

Within the Study Area, younger Jurassic and Cretaceous ridge-forming sandstone compose the 4 
Nutria Monocline west of the Hogback (Figure 2-5 through Figure 2-7). The Jurassic Entrada 5 
Sandstone, Zuni Sandstone, and Morrison Formation are stratigraphically above the Petrified 6 
Forest Formation. The Entrada Sandstone, approximately 650 feet thick, is a red, matrix-7 
supported, fine-to-medium-grained sandstone with large-scale crossbedding. Zuni Sandstone 8 
overlies the less competent Entrada Sandstone. The Zuni Sandstone is an approximately 620 feet 9 
thick, pale beige, reddish orange sandstone with thinly bedded crossbedding. The Morrison 10 
Formation overlies the Zuni Sandstone and is claystone and sandstone, 20 feet to 65 feet thick, 11 
grayish orange with trough bedding. Finally, forming the western-edge of the Hogback, the 12 
Cretaceous Dakota Sandstone unconformably overlies the irregular upper contact of the 13 
Morrison Formation. The Dakota Sandstone is a pale yellow to tan, medium-grained, thickly 14 
bedded sandstone with minor matrix, and is between 200 feet and 300 feet thick. 15 

The valley west of the Hogback—the upper contact of the Dakota Sandstone inter-tongued with 16 
the Cretaceous Mancos Shale—contains a dark gray mudstone and shale deposit. Abundant 17 
brachiopods and crinoid fossils are common throughout this formation. Stratigraphically above 18 
and west of the Mancos Shale is the Gallup Sandstone, which borders the western edge of the 19 
Study Area. Gallup Sandstone is a well-sorted calcareous sandstone with coal-carbonaceous 20 
layers. The minimal matrix and sorting of the grains accounts for a high apparent permeability. 21 
The Gallup Sandstone is approximately 200 feet thick. 22 

Five geologic cross sections, as shown in Figure 2-5 through Figure 2-9, were created based on 23 
borings completed within the Study Area to support surficial geologic observations. Figure 2-10 24 
provides a plan view of the cross sections in the Study Area. Three exploratory soil borings were 25 
advanced in the study area for stratigraphic information purposes only. These three locations are 26 
TSB01, TSB02, and TSB03 (Figure 2-10). Information from these borings and other monitoring 27 
wells installed during this RFI were used to generate cross sections presented in this report. 28 
Figure 2-5 and Figure 2-6 present cross sections trending north–south, while Figure 2-7 and 29 
Figure 2-8 have east–west trending cross sections. Figure 2-9 presents a northeast-southwest 30 
trending section. Existing geologic data from previous investigations (Program Management 31 
Company, 1999; TPMC, 2008a) and the New Mexico Bureau of Geology and Mineral Resources 32 
(Anderson et al., 2003) were incorporated to develop and depict the east–west geologic cross 33 
sections on the eastern side of the Hogback as presented in Figure 2-7. The cross sections 34 
emphasize the prevalence of the Triassic Petrified Forest Formation within the eastern portion of 35 
the Study Area, and illustrate the shallow northwest dip of the strata. 36 

The investigation outlined in this Final Revision 1 Parcel 3 Groundwater RFI Report is contained 37 
within the boundaries of the Study Area as shown in Figure 1-3. Four AOCs, three SWMUs, and 38 
an HWMU are located within the Study Area and are potential sources of groundwater 39 
contamination. The AOCs represent various areas where munitions were known to have been 40 
handled, or potentially handled, based on aerial photography evaluations and other historical 41 
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documents. The SWMUs represent landfill or debris disposal locations. The HWMU historically 1 
was the most active area within the Study Area and is where open burning and/or detonation of 2 
munitions was conducted. Monitoring wells have been installed near, or downgradient of, most 3 
AOCs and SWMUs, as well as within and downgradient of the HWMU. Separate from this Final 4 
Revision 1 Parcel 3 Groundwater RFI Report, soil RFIs are in process at AOC 91 and AOC 92, 5 
and at SWMU 14, SWMU 15, and SWMU 33. A removal action is currently underway at the 6 
HWMU. 7 

2.3 HYDROGEOLOGIC CONCEPTUAL MODEL 8 

The hydrogeologic conceptual model was developed using data collected during previous 9 
investigations performed over two decades preceding the RCRA permit. In general, the primary 10 
objective of current and historical investigations was to characterize area-wide environmental 11 
effects on groundwater. This Final Revision 1 Parcel 3 Groundwater RFI Report specifically 12 
focuses on potential environmental impacts associated with historical discharges and releases 13 
from within the Study Area AOCs, SWMUs, and the HWMU. Analytical results and discussion 14 
are presented in Section 4 and Section 6 of this Final Revision 1 Parcel 3 Groundwater RFI 15 
Report. 16 

The north–south oriented Hogback forms the northwestern boundary of the Zuni Uplift in 17 
McKinley County and is the main structure in the Study Area. The sedimentary rocks that are 18 
exposed along the monocline range in age from Permian to Cretaceous and rest unconformably 19 
on granite of probable Precambrian age. The Study Area is underlain by a complex 20 
hydrogeologic regime that includes three water-bearing rock formations located on the east and 21 
west sides of the Hogback. In general, the Hogback and associated fault zone/rock fracture 22 
system structurally control the northerly groundwater flow direction. The fault zone bisects the 23 
HWMU, the current OB/OD Area, and the eastern portion of the Closed OB/OD Area as shown 24 
in Figure 2-3. This fault zone consists of a complex series of steeply dipping, roughly north–25 
south trending faults overlain by Quaternary alluvium and underlain by Triassic-age geologic 26 
units (TPMC, 2008a). The slip direction has not been confirmed because the Study Area is 27 
overlain by Quaternary alluvium. While Laramide compression began with the Zuni Uplift 28 
creating the Hogback, pre-existing joint sets and fractures locally may have accommodated the 29 
folding and contributed to the nature of the fault zone, with multiple high-angle thrust and 30 
deflection faults. Due to the lack of surface fault expression in the Study Area, the boring logs do 31 
not display or define the type or number of faults within the fault zone. 32 

The Study Area groundwater system was previously divided into three distinct subsystems: 1) 33 
the saturated Quaternary Alluvium within the current OB/OD Area; 2) the shallow north–34 
northwest dipping bedrock water-bearing formations east of the fault zone; and 3) the steep, 35 
westerly dipping bedrock water-bearing formations west of the fault zone. During the current 36 
investigation, no saturated alluvium was encountered—only the bedrock water-bearing 37 
formations were encountered and investigated. Saturated alluvium is discontinuous within the 38 
Study Area and is localized within the confines of main drainage arroyos. For the purpose of this 39 
investigation, KMW16 is grouped with monitoring wells west of the Hogback because this well 40 
is screened in younger, Jurassic-aged strata and is believed to receive recharge from an arroyo 41 
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that originates west of the Hogback. The well monument for KMW16 is geographically east of 1 
the Hogback (Figure 2-11). 2 

2.3.1 Water-Bearing Formations East of the Hogback Fault Zone 3 

East of the Hogback, as defined by groundwater potentiometric surface data within the Triassic-4 
aged Petrified Forest Formation, groundwater flow is generally to the northwest. Groundwater 5 
flow within the weathered and competent bedrock (siltstone, claystone, and lenticular sandstone 6 
beds of the Painted Desert Member, located east of the fault zone) is dominated by secondary 7 
permeability characteristics. Review of boring logs from existing monitoring wells indicate 8 
northerly preferential flow is along fractures within the Painted Desert Member. However, the 9 
lack of interconnected fractures and joints inhibits the groundwater flow and isolates saturated 10 
areas with little or no actual groundwater flow throughout the Study Area.  11 

The Sonsela Sandstone Member, north of the current OB/OD Area and east of the fault zone, is 12 
generally located at depths greater than 75 feet below ground surface (bgs). Extensive mudstone 13 
units of the underlying Blue Mesa Member of the Petrified Forest Formation, with lower 14 
apparent permeability, inhibit vertical movement of groundwater to underlying potable aquifer 15 
units such as the San Andreas-Glorieta aquifer (TPMC, 2008b). Groundwater within the Sonsela 16 
Sandstone Member was not encountered south of the HWMU during the 2017 field events. The 17 
Blue Mesa Member was encountered at approximately 90 feet bgs at boring location BGMW04. 18 
Based on the interpreted bedding orientation, target strata should be expected to crop out south of 19 
the HWMU. Two borings were advanced to 350 feet bgs (TSB03 and TSB02, as shown on 20 
Figure 2-8 and Figure 2-9, respectively) and did not encounter the regional potable water aquifer 21 
found in the San Andreas limestone and Glorieta sandstone. Currently, no potable water is 22 
known to be impacted and no potable water wells have ever been installed within the Study 23 
Area. 24 

2.3.2 Water-Bearing Formations West of the Hogback Fault Zone  25 

West of the Hogback, as defined by Jurassic and Cretaceous ridge-forming sandstone, 26 
groundwater flow within the predominantly fine-grained, water-bearing bedrock formations is 27 
dominated by secondary permeability characteristics. These fine-grained sedimentary formations 28 
include the Mancos Shale located west of the Hogback. 29 

Groundwater flow within the fine-grained sedimentary water-bearing formations exposed west of 30 
the fault zone in the Closed OB/OD Area include both primary and secondary permeability 31 
characteristics. These formations exposed in the Closed OB/OD Area include Entrada Sandstone, 32 
Zuni Sandstone, and Dakota Sandstone (TPMC, 2008b). As with the water-bearing bedrock 33 
located east of the Hogback, the lack of interconnected fractures and joints inhibits the 34 
groundwater flow and isolates saturated areas with little or no actual groundwater flow 35 
throughout the Study Area. 36 

2.3.3 Hydrogeologic Summary 37 

Based on the northerly groundwater flow in the southern portion of Parcel 3 east of the Hogback, 38 
groundwater enters the Study Area from the south of groundwater monitoring well CMW02 39 
within proximity of the main arroyo. Groundwater west of the Hogback enters the Study Area 40 
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from the south and the west, and trends within an arroyo that bisects the Hogback through 1 
Fenced-up Horse Valley (Figure 2-11).  2 

Saturated water-bearing zones are encountered near the two main arroyos in Parcel 3:  3 

• the north–south trending arroyo east of the Hogback that bisects Parcel 3 and 4 

• the arroyo west of the Hogback that crosses from west to east through Fenced-up Horse 5 
Valley and joins the main arroyo on the east side of the Hogback.   6 

Groundwater monitoring wells located along the north–south trending arroyo east of the 7 
Hogback have sufficient groundwater for sampling and include CMW36A, CMW36B, 8 
CMW28B, CMW27B, and CMW26 (Figure 2-11). Groundwater monitoring wells BGMW05 9 
and CMW32, located outside and east of the arroyo, and KMW15B located outside and west of 10 
the main arroyo did not recharge following well development or purging activities and are dry. 11 
CMW35, located outside of the arroyo to the east, and CMW33B outside of the arroyo to the 12 
west had minimal recharge volume following well development and purging to collect a partial 13 
sample. CMW33B and CMW35 were emptied during sampling activities because yield was low. 14 
These two wells have not shown evidence of recharge since initial sampling and are now 15 
considered dry. Figure 2-11 shows an inferred dry line east and west of the main arroyo. This 16 
line represents a boundary between water producing wells within close proximity of the arroyo 17 
and wells that do not produce sufficient volume to sample or are dry. The dry line exhibits an 18 
approximate extent away from the arroyo where groundwater becomes limited. Additional 19 
monitoring and seasonal water-level inspections will provide further data to support this 20 
conclusion. This is the current interpretation of the existing data.  21 

Background monitoring well BGMW06 and monitoring wells CMW31B and KMW16 represent 22 
the groundwater regime west of the Hogback. BGMW06 had minimal recharge volume 23 
following well development and purging to collect a partial sample. CMW31B had sufficient 24 
groundwater for sampling. Monitoring well KMW16 required additional well development but is 25 
expected to produce groundwater. The existence of groundwater on the west side of the Hogback 26 
exhibits a similar relationship with arroyos and drainages as the east side.  Further monitoring 27 
will provide data to confirm whether groundwater is only encountered at areas within close 28 
proximity of arroyos. 29 

The locations of groundwater producing monitoring wells provide evidence that groundwater 30 
recharge is correlated to surface infiltration from arroyos. The headwaters of the arroyos 31 
originate from different areas south of the Study Area and off the FWDA property. As shown on 32 
Figure 2-12 (adapted from FWDA RCRA permit Attachment 2), the catchments for arroyos 33 
within the Study Area flowing west of the Hogback do not share the same origins with arroyos 34 
within the Study Area east of the Hogback (Figure 2-12). Surface water, when present after high-35 
energy precipitation events, flows west to east across the Hogback and links with the main 36 
arroyo system before flowing north on the east side of the arroyo (Figure 2-11).  37 
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3 PARCEL 3 INVESTIGATION METHODS 1 

3.1 PREVIOUS INVESTIGATIONS 2 

FWDA environmental restoration activities have been underway for approximately two decades. 3 
In 1980, the Comprehensive Environmental Response, Compensation, and Liability Act 4 
guidelines began to guide the environmental restoration activities with EPA Region 6 as the lead 5 
regulatory agency. In 1993, the U.S. Department of Defense (DoD) declared FWDA inactive. In 6 
1996, NMED was granted regulatory authority under RCRA and became the lead regulatory 7 
agency at FWDA. All activities are currently performed under the RCRA permit (NMED, 2015). 8 

A Summary Report of Historical Information (SRHI; TPMC, 2008b) was created for the Study 9 
Area in 2008. The SRHI provides a list of site surveys, data compilation efforts, operational 10 
history, site or facility drawings, and environmental investigations that are pertinent to the Study 11 
Area. The SRHI also provides a summary of findings and conclusions from relevant historical 12 
investigations. 13 

3.2 DATA QUALITY OBJECTIVES 14 

Data quality objectives (DQOs) for the Parcel 3 groundwater RFI were established based on 15 
Guidance on Systematic Planning Using the Data Quality Objectives Process, EPA QA/G4 16 
(EPA, 2006). The DQOs for data collection and characterization activities for the completed 17 
groundwater RFI were as follows. 18 

3.2.1 Investigation Focus 19 

The RFI focused on CoPCs in groundwater within the Study Area (Figure 2-1). CoPCs including 20 
nitrate, nitrite, explosives, perchlorate, volatile organic compounds (VOCs), and metals have 21 
been identified based on their presence within the Study Area, and their association with 22 
historical Study Area activities. Existing monitoring wells located along the Study Area western 23 
border have had detectable concentrations of the CoPCs within groundwater. The Study Area 24 
includes the following areas of interest: 25 

• AOC 89, AOC 90, AOC 91, and AOC 92; 26 

• SWMU 14, SWMU 15, and SWMU 33; and 27 

• HWMU (OB/OD Area). 28 

Soil and groundwater analytical data from previous investigations indicated that activities at 29 
some Study Area AOCs and SWMUs have potentially impacted groundwater. However, the 30 
horizontal and vertical extent of groundwater impacts from identified CoPCs have not been fully 31 
delineated within the Study Area during previous investigations. 32 

3.2.2 Investigation Goals 33 

The purpose of the Parcel 3 groundwater RFI was defined in the Parcel 3 Groundwater RFI 34 
Work Plan (Sundance, 2016) as follows. 35 
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• Identify CoPCs in groundwater. 1 

• Define and further delineate the horizontal and vertical extent of potential groundwater 2 
contamination. 3 

• Identify source locations where CoPCs were potentially released into the environment. 4 

• Establish groundwater BTVs. 5 

• Consider the potential impact of CoPCs to human health and ecological receptors. 6 

• Provide sufficient information to conduct future corrective measure studies for any 7 
identified CoPCs that will support the transfer of FWDA property from Army possession. 8 

3.2.3 Data Inputs 9 

Field observations during drilling and monitoring well installation, boring logs, monitoring well 10 
sample purge data, and known site geology were used to assist with determining whether 11 
environmental impacts were present from former munitions activities, to what extent, and the 12 
likely migration of CoPCs to other parts of the Study Area. 13 

Groundwater samples from bedrock aquifers were used in this investigation to determine where 14 
environmental impacts were present and which CoPCs were detected above applicable screening 15 
criteria. Groundwater analytical results are addressed in Section 4 of this Final Revision 1 16 
Parcel 3 Groundwater RFI Report. 17 

Field observations and water-level measurements during field activities were used to further 18 
define the hydrogeological conceptual model of groundwater flow within the Study Area. 19 

3.2.4 Groundwater Analytical Approach 20 

Groundwater samples were collected from each bedrock water-bearing unit encountered during 21 
monitoring well installation and analyzed for all CoPCs. Section 3.4 outlines the methodology 22 
for field investigations including monitoring well installation and groundwater and geotechnical 23 
soil sample collection. The rationale for monitoring well placement was based on desktop 24 
analyses of groundwater CoPC detections and field determinations. 25 

3.2.5 Performance or Acceptance Criteria 26 

Laboratory analytical data were generated by TestAmerica Laboratories, Inc. (TA), an 27 
Environmental Laboratory Accreditation Program-certified laboratory using EPA methods that 28 
follow Quality Systems Manual (QSM) for Environmental Laboratories, Version 5.0 29 
requirements (QSM; DoD/U.S. Department of Energy [DOE], 2013). The analytical data were 30 
subjected to quality assurance (QA) and quality control (QC) requirements based on the 31 
approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016) and the QSM (DoD/DOE, 32 
2013). Validation services were provided by Laboratory Data Consultants, Inc. in Carlsbad, 33 
California. 34 
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3.3 RISK SCREENING AND EVALUATION 1 

A risk screening was performed for groundwater at the Study Area. The general approach used to 2 
conduct the risk screening is described in this section. Laboratory results were used to evaluate 3 
the potential risks and hazards from exposure to CoPCs detected in groundwater. The evaluation 4 
used the screening values selected for each analyte following the hierarchy required by Section 5 
7.1 of Attachment 7of the RCRA permit, and as outlined below in Section 3.3.2.4, to determine 6 
if there is the potential for unacceptable risks from exposure to CoPCs in groundwater (NMED, 7 
2015). The risk evaluation approach presented in this section followed the risk evaluation 8 
process described in NMED’s guidance document Risk Assessment Guidance for Site 9 
Investigations and Remediation (NMED, 2017 Revised). Section 5 presents the results of the risk 10 
screening. The groundwater sample results from the background wells are evaluated in Section 11 
3.11. The groundwater sample results from other monitoring wells are evaluated in Section 4. 12 

3.3.1 Ecological Risk Evaluation 13 

As indicated in the approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016), the depth 14 
to groundwater within the Study Area ranges from 22 feet bgs to 212 feet bgs and groundwater 15 
does not discharge into any surface water bodies. Groundwater measured in monitoring wells 16 
installed during this investigation ranged from 19 feet bgs to 115 feet bgs. Therefore, there are no 17 
complete exposure pathways to groundwater for ecological receptors, and no ecological risk 18 
evaluation is required. 19 

3.3.2 Human Health Risk Screening 20 

A human health risk screening was conducted for the Study Area groundwater as part of this 21 
RFI. The objective of this risk screening was to determine which groundwater analytes should be 22 
retained for further evaluation, and which analytes can be eliminated from further evaluation. 23 

3.3.2.1 Regulatory History 24 

Field activities described in the approved Parcel 3 Groundwater RFI Work Plan (Sundance, 25 
2016) were performed between January and April 2017. This risk screening for Parcel 3 26 
groundwater was prepared and conducted in accordance with the most recent revised risk 27 
assessment guidance released by NMED in March 2017 (NMED, 2017 Revised). The hierarchy 28 
of groundwater cleanup values used in the risk screening are those provided in Section 7.1 of 29 
Attachment 7 of the RCRA permit (NMED, 2015). 30 

3.3.2.2 Selection of CoPCs 31 

Analytes detected in groundwater at least once in the RFI data set were identified as CoPCs. 32 

3.3.2.3 Exposure Pathway Analysis 33 

CoPCs in groundwater could be accessible to human receptors through two pathways in the Study 34 
Area. The first pathway is through tap water use, which considers consumption of tap water, 35 
dermal contact with tap water, and inhalation of volatiles during household use. Although 36 
groundwater is spatially limited in the Study Area, and groundwater monitoring has demonstrated 37 
a limited volume of groundwater is available from the water-bearing zones, the risk screening 38 
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conservatively assessed the tap water pathway as required by Section 7.1 of Attachment 7 of the 1 
RCRA permit (NMED, 2015). 2 

The second pathway is vapor intrusion into indoor air. There are currently no occupied Study 3 
Area buildings so the vapor intrusion pathway is incomplete. Parcel 3 is an improved 4 
conventional munitions-designated area. This designation will require land use restrictions 5 
preventing future residential land use. However, this pathway was evaluated to assess the 6 
potential future health risks from this pathway if future structures are built in the area where 7 
groundwater is present. Potential vapor intrusion risk to residential receptors was evaluated and 8 
is considered protective of a future resident and a commercial/industrial worker. No further 9 
evaluation of the commercial/industrial receptor will be made. Construction workers are not 10 
exposed to groundwater CoPCs through vapor intrusion because it is assumed that a majority of 11 
their work will be outside; therefore, the construction worker will not be evaluated for vapor 12 
intrusion risk. 13 

3.3.2.4 Groundwater Screening Values 14 

Groundwater screening values were selected to evaluate the potential for health risks from the 15 
tap water and vapor intrusion exposure pathways. The selection of screening values follows the 16 
hierarchy provided in Section 7.1 of Attachment 7 of the RCRA permit (NMED, 2015) as 17 
outlined below. The screening values used to evaluate vapor intrusion are from NMED risk 18 
guidance, Appendix A, Table A-3 (NMED, 2017 Revised) for those analytes that meet NMED 19 
criteria for volatility (molecular weight, Henry’s law constant, and that are toxic through the 20 
inhalation pathway). Analytes without published screening values were evaluated using 21 
surrogate analytes that are structurally similar or that provide a conservative estimate of toxicity. 22 
The uncertainty introduced by use of surrogate analytes in the risk screening is addressed in the 23 
uncertainty discussion, where applicable. Discussion of specific surrogate selections is presented 24 
in Section 5, where applicable. 25 

3.3.2.4.1 Tap Water Use 26 

Section 7.1 of Attachment 7 of the RCRA permit (NMED, 2015) references three sources of 27 
criteria from which the screening values used in the risk screening are selected, using the 28 
following hierarchy. 29 

1. NM Water Quality Control Commission (NM WQCC) standards for the analytes listed in 30 
New Mexico Administrative Code (NMAC) 20.6.2.7.T(2) having the values listed in 31 
NMAC 20.6.2.3103. 32 

2. EPA drinking water maximum contaminant levels (MCLs) provided under 40 Code of 33 
Federal Regulations Part 141 and Part 143. 34 

3. If both an NM WQCC standard and an EPA MCL have been established for a CoPC, the 35 
lowest value of 1. and 2., above, will be selected. 36 

4. If no NM WQCC standard or EPA MCL has been established for a carcinogenic 37 
hazardous constituent, values will be selected from the most recent version of the EPA 38 
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regional screening levels (RSLs) for tap water (EPA, 2018), adjusted to a target excess 1 
cancer risk level of 1 x 10-5. 2 

5. If no NM WQCC standard or EPA MCL has been established for a noncarcinogenic 3 
hazardous constituent, values will be selected from the most recent version of the EPA 4 
RSLs for tap water (EPA, 2018) with a target hazard index of 1.0. 5 

Additionally, EPA has published an MCL standard for perchlorate on its RSL summary table 6 
(EPA, 2018). The EPA MCL for perchlorate is 15 micrograms per liter (µg/L) and this value was 7 
used in the risk screening. 8 

3.3.2.4.2 Vapor Intrusion 9 

Detected analytes meeting the NMED vapor intrusion criteria (NMED, 2017 Revised, 10 
Section 2.5) were compared to the residential vapor intrusion screening levels (VISLs) for 11 
groundwater published by NMED in Appendix A (Table A-3) of the NMED risk guidance 12 
(NMED, 2017 Revised). Detected analytes that have the potential to be volatile, but do not have 13 
VISLs listed in NMED Table A-3, are discussed further in the uncertainty section. 14 

3.3.2.5 Data Quality Objectives 15 

The key DQO of the risk screening is to determine if the data collected between February and 16 
April 2017 are of sufficient quality to be used in the risk screening. Qualifiers were assigned 17 
during the validation process to indicate if there are limitations on data usability; these qualifiers 18 
and their definitions are provided below, along with a statement indicating how qualified data 19 
were used in the risk screening. 20 

• J-Qualified Results. The J qualifier indicates the analyte was positively identified; 21 
reported value is estimated. The reported values for results qualified with a “J” were used 22 
without modification in the risk assessment. The uncertainty associated with the use of 23 
J-qualified results is addressed in the uncertainty discussion. 24 

• U-Qualified Results. The U qualifier indicates the analyte was not detected above the 25 
limit of detection (LOD). Analytes for which all results are reported as U-qualified (i.e., 26 
not detected in any sample) were not identified as CoPCs and were eliminated from 27 
further consideration, unless the limit of quantitation (LOQ) or LOD were elevated, in 28 
which case these analytes are addressed further in the uncertainty discussion. 29 

The LOQs, LODs, and detection limits (DLs) achieved for CoPCs from the current analytical 30 
results were compared to screening values to identify where uncertainty could be introduced. 31 
Comparison of the LOQs, LODs, and DLs to screening values is discussed further in Section 32 
3.11 for background monitoring wells and Section 5 for the human health risk screening. 33 

3.3.2.6 Risk Screening Approach 34 

The risk screening consists of a sample-by-sample evaluation of analyte detections compared to 35 
screening values. Analytical results from the groundwater RFI were compared to tap water 36 
screening levels and VISLs that were selected for each analyte as described in Section 3.3.2.3. 37 



Final Revision 1 Parcel 3 Groundwater RCRA Facility Investigation Report 
Fort Wingate Depot Activity – New Mexico 

3-6 
Sundance Consulting, Inc. – March 2019 

The results of the risk screening are presented in Section 3.11 and Section 5 of this Final 1 
Revision 1 Parcel 3 Groundwater RFI Report. 2 

As allowed by NMED risk guidance (NMED, 2017 Revised; Section 2.8.3.2), the risk evaluation 3 
process may incorporate a comparison to background concentrations if site-specific background 4 
values have been established. A background study was planned during the RFI but was not 5 
completed because groundwater was not encountered in two of the three proposed background 6 
well locations. Additional discussion of the efforts made to install and sample wells for the 7 
background evaluation are presented in Section 3.11. This section also presents a risk screening 8 
of the available groundwater analytical results from the background wells. 9 

3.3.2.7 Evaluation of Uncertainty 10 

The discussions presented in Section 3.11 and Section 5.5.3 address the uncertainty associated 11 
with the specific data set and the impact on the outcome of the risk screening. The uncertainty 12 
discussion considered the size of the data set, effects of qualifiers added during data validation, 13 
and LOQs that were greater than the corresponding screening level. For each analyte with a LOQ 14 
greater than the screening level, the following factors were examined to evaluate what bias might 15 
be introduced into the evaluation of risk. 16 

1. Was the analyte detected above the LOD in any sample? Note: The U-qualification is 17 
assigned at the LOD. 18 

2. Was the analyte detected above the DL in any sample? Note: The lack of detection above 19 
all quantitation limits is a line of evidence that the analyte is not likely to be present. 20 

3. Is the analyte a chemical of concern at the site, based on uses identified in toxicological 21 
profiles or national chemical databases? 22 

3.4 MONITORING WELL INSTALLATION 23 

RFI field activities included installing groundwater monitoring wells and three exploratory soil 24 
borings in accordance with Section 3.4.1 of the approved Parcel 3 Groundwater RFI Work Plan 25 
(Sundance, 2016) and as summarized in Table 3-1. As stated previously, installing background 26 
monitoring wells was proposed; however, only two of the proposed three background wells were 27 
fully installed due to a lack of groundwater within the target strata. More detail is presented in 28 
Section 3.11. 29 

Monitoring well boring and exploratory soil borings locations were determined using historical 30 
groundwater potentiometric surface data, surface geology maps, existing boring logs, on-site 31 
terrain, and historical CoPCs from other Study Area wells. Available data were evaluated to 32 
determine strategic locations for the RFI to fill data gaps and determine the nature and extent of 33 
groundwater contaminant plumes. 34 

Locations were visually investigated before drilling to determine drilling equipment 35 
accessibility. The areas within AOC 92 and west of the HWMU were deemed not accessible due 36 
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to the rugged terrain to access these areas, terrain within these areas, and high risk of munitions 1 
hazards.  Accessible areas were limited to access roads throughout the Study Area.   2 

3.4.1 Field Variances from Approved Work Plan 3 

Quickly following the commencement of fieldwork, anticipated field conditions during the 4 
production of the approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016) were 5 
different or had changed within Parcel 3. Anticipated water-bearing zones were not encountered 6 
at prescribed depth intervals, if encountered at all. Most of the proposed well locations were 7 
drilled beyond the prescribed drilling depths proposed in the approved Parcel 3 Groundwater RFI 8 
Work Plan (Sundance, 2016) in an attempt to locate water-bearing units. Locating a water-9 
bearing unit became the driver to nature and extent of existing groundwater. Also, access by 10 
drilling equipment to and from proposed well locations also became a safety hazard due to 11 
precipitation. The terrain was exceedingly slick after precipitation events making equipment 12 
navigation and unexploded ordnance (UXO) avoidance a concern. Proposed areas had previously 13 
been accessed with a standard pickup truck, however the larger and heavier drilling equipment 14 
posed a high safety risk when accessing locations on damp terrain. 15 

Due to changed field conditions, several variances from the approved Parcel 3 Groundwater RFI 16 
Work Plan (Sundance, 2016) were performed in the field. The discussion below summarizes the 17 
variances and reasons for changes in fieldwork performed.    18 

3.4.1.1 Installation of Temporary Wells 19 

Monitoring wells BGMW05, BGMW06, CMW32, CMW36A, and CMW36B were installed and 20 
set permanent without first installing a temporary well. Further detail on BGMW05 and 21 
BGMW06 is provided below. Monitoring well CMW32 was set permanent once total depth was 22 
achieved because moving the drilling equipment posed a heightened safety issue. This well 23 
location is on a hillside with a narrow, rocky access road. Precipitation during the fieldwork 24 
made the road a safety hazard for the drilling equipment, thus the well was set permanent in the 25 
event the equipment could not safely return to the well at a later date. Monitoring wells 26 
CMW36A and CMW36B—nested adjacent to the arroyo in the south end of the HWMU—27 
produced the most groundwater. The determination was made to set these two wells permanent 28 
without first installing a temporary well because sufficient groundwater existed, and the 29 
locations provided data points at the south end of the HWMU.  30 

Temporary wells were installed in borings except for proposed location BGMW04 and 31 
CMW31A. Boring BGMW04 was left open for 16 days to monitor groundwater recharge before 32 
abandonment. This well is discussed in greater detail below. CMW31A was drilled after drilling 33 
the deeper boring—CMW31B—at the same location. The soil boring log from CMW31B did not 34 
indicate a water-bearing unit within the prescribed depth of CMW31A; however, the boring was 35 
drilled to investigate and confirm no shallow water-bearing unit existed. A geotechnical soil 36 
sample was collected from boring CMW31A before abandonment. The boring did not encounter 37 
groundwater and was abandoned after reaching a total depth of 52 feet bgs.  38 

Monitoring wells CMW33B, CMW35, and KMW15B were installed as temporary wells and 39 
were later completed as permanent wells. These wells are currently considered “dry” because 40 
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groundwater recharge has not been recorded since installation. Partial samples were collected 1 
from CMW33B and CMW35; however, these samples are now suspected to be residual water 2 
from well installation and development. Following initial groundwater sample collection, no 3 
recharge was observed at CMW33B or CMW35 through the end of the RFI field activities. 4 
Monitoring well KMW15B initially showed evidence of groundwater recharge; however, once 5 
the well was set permanent and development was attempted, no recharge was observed.   6 

3.4.1.2 Monitoring Well KMW16 Installation Location 7 

The proposed location for monitoring well KMW16 was moved in the field. This well was 8 
intended to replace existing well KMW13, however UXO anomalies prohibited drilling 9 
equipment access to areas near the proposed location large enough for drill rig setup and 10 
operation. The location was moved east to the nearest locale absent of UXO anomalies and with 11 
a surface area sufficient to safely set up and operate the drilling equipment. The current location 12 
of KMW16 no longer serves as a replacement well for KMW13. This well now serves as an 13 
additional data point for monitoring SWMU 14. KMW16 was also installed and set permanent 14 
without first installing a temporary well. The proposed location was adjacent to the arroyo that 15 
bisects the Hogback and had high apparent permeability sandstone, so it was likely within a 16 
water-bearing unit. The well was set permanent, and after several rounds of development 17 
indicated recharge. However, no groundwater sample was collected from the well during this 18 
investigation because of excessive amounts of formation sand in the well due to incomplete well 19 
development. The well has since been redeveloped and will be sampled during future monitoring 20 
events.  21 

3.4.1.3 Installation of Background Groundwater Monitoring Wells 22 

The approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016) prescribed installing three 23 
background groundwater monitoring wells: BGMW04, BGMW05, and BGMW06. An existing 24 
well, CMW02, was to be converted for use as a background well data point to provide four 25 
monitoring wells to evaluate background groundwater conditions.   26 

Soil boring BGMW04 was drilled at the proposed location. The soil boring encountered the 27 
Sonsela sandstone member of the Petrified Forest Formation at approximately 22 feet bgs. At 28 
approximately 90 feet bgs, lithology encountered was indicative of the Blue Mesa Member of the 29 
Petrified Forest Formation and is stratigraphically below the targeted members of the 30 
investigation. The boring was advanced to a total depth of 141 feet bgs. Due to the tight drilling 31 
conditions, potable water was used to advance the core barrel. Continuous rock cores were 32 
retrieved during drilling and were examined for saturation; however, the core interior did not 33 
indicate the presence of groundwater. Drilling water was bailed out of the boring to allow 34 
groundwater, if any existed, to recharge in the boring. Depth-to-water measurements were taken 35 
to determine if any groundwater recharge was occurring; however, no recharge was observed. 36 
The boring was left open, but covered, for 16 days. No groundwater recharge was observed and 37 
the boring was abandoned.   38 

Soil boring BGMW05 was drilled at the proposed location and a monitoring well was installed. 39 
This background well was drilled following the drilling of TSB02, the test soil boring to examine 40 
and verify stratigraphy to a depth of 350 feet bgs. Using the drilling log from TSB02, 41 
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background well BGMW05 was drilled to 61 feet bgs and installed to monitor a sandstone unit 1 
between 36 feet and 52 feet bgs. As seen in the boring log from TSB02, this sandstone had the 2 
highest apparent permeability. Due to the tight drilling conditions, potable water was used to 3 
advance the core barrel. Although no groundwater was encountered at TSB02, this sandstone had 4 
the best potential to produce groundwater. A permanent monitoring well was installed 5 
immediately once the targeted lithology was encountered and the prescribed boring depth was 6 
reached. Surface conditions posed a health and safety risk when moving equipment, and 7 
conditions were becoming worse due to inclement weather. It was determined to complete the 8 
boring as a permanent well in the event access to the location was not achievable at a later time. 9 
Efforts were made to develop the well. Deionized water was added to the well in an attempt to 10 
flush the well screen and allow groundwater to recharge in the well. The well was surged then 11 
bailed dry. No groundwater recharge has been measured at this location.  12 

BGMW06 was drilled at the proposed location and a monitoring well was installed. The well 13 
was advanced to 131 feet bgs. Groundwater was not observed during drilling; however, due to 14 
the safety concerns of moving equipment to and from the location, a field determination was 15 
made to install a permanent well at the location instead of first installing a temporary well.  The 16 
decision was made in the event drilling equipment and personnel could not access the site to 17 
complete the well or set the well permanent. Other factors contributing to the decision were the 18 
well was drilled into the same stratigraphic unit as monitoring well CMW31B, which produced 19 
groundwater, and BGMW06 is adjacent to a drainage arroyo and had a higher probability for 20 
groundwater to exist.  21 

CMW02 was an existing well that was proposed to be used as a background monitoring well 22 
location. Historical analytical data deemed this well to be satisfactory for background 23 
groundwater evaluation. This well was not sampled during the RFI sampling. A groundwater 24 
sample was collected in May 2017; however, that sampling event was not within scope of the 25 
approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016). Data from monitoring well 26 
CMW02 will be presented in the next Parcel 3 groundwater monitoring report and not in this 27 
Final Revision 1 Parcel 3 Groundwater RFI Report.   28 

3.4.2 Unexploded Ordnance Avoidance 29 

UXO avoidance procedures for the Study Area were designed to provide safe access to proposed 30 
sampling locations. Each field team was assigned a UXO technician who provided 100% escort 31 
and oversight while field activities were performed in the Study Area. 32 

Using handheld and down-hole magnetometers, the project UXO Technician III surveyed the 33 
proposed locations, including vehicle staging, work areas, and ingress/egress areas. Locations 34 
were also surveyed to determine if any shallow subsurface anomalies were present. Once a 35 
location was deemed safe for field activities, site personnel performed the required activities with 36 
oversight by the designated UXO technician. Site personnel and the UXO technician then 37 
surveyed the boring location by advancing a hand auger to the detection limit of the instrument. 38 
The handheld instrument was then lowered into the boring hole in advance of drilling activities. 39 
If deemed safe, personnel continued to hand auger to less than the extent of detection of the 40 
handheld instrument. After reaching a depth of approximately 3 feet bgs, the down-hole 41 
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instrument was used to monitor boring advancement. This process continued to 8 feet bgs. Below 1 
8 feet bgs, the drill rig was staged over the boring location and was used to advance the boring. 2 
The down-hole instrument was lowered into the boring before the drill string to identify any 3 
subsurface anomalies. The drill rig then advanced to less than the extent of detection of the 4 
down-hole instrument, and the instrument was once again lowered down-hole to detect 5 
subsurface anomalies. This process continued until a UXO technician determined a safe depth 6 
had been achieved (30 feet bgs), or the total depth of the boring was reached. 7 

3.4.3 Borings and Monitoring Well Installation 8 

To further assess Study Area contamination, 11 monitoring wells were installed in bedrock using 9 
sonic well-drilling methods. Of the 11 monitoring wells, nine wells produced groundwater, and 10 
two wells were deemed dry because the well locations did not produce sufficient groundwater to 11 
sample. Groundwater samples were collected from bedrock water-bearing units encountered 12 
during drilling and analyzed for nitrates/nitrites, explosives, perchlorates, total and dissolved 13 
metals, and VOCs. Two additional wells—CMW33B and CMW35—failed to recharge after 14 
sample collection and are now considered dry. 15 

To isolate the alluvium from the bedrock water-bearing zones, the sonic drill rig advanced the 16 
surface casing through the alluvium to the confirmed bedrock layer, thus sealing off the alluvium 17 
from the bedrock water-bearing zones. Note that groundwater was not encountered in the 18 
alluvium. The sonic drilling method also allowed each boring to be continuously cored through 19 
the targeted bedrock units. 20 

The approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016) called for test soil borings 21 
TSB01, TSB02, and TSB03 to be drilled and continuously cored and logged. Monitoring wells 22 
were not installed, and groundwater samples were not collected in these borings. The continuous 23 
rock cores collected from these borings were used to determine the general subsurface structural 24 
environment and helped to further define the Study Area hydrogeologic conceptual model as 25 
described in Section 2.3 of this Final Revision 1 Parcel 3 Groundwater RFI Report. TSB02 and 26 
TSB03 were continuously cored to a depth of approximately 350 feet bgs and were located east 27 
of the main surface drainages and the fault zone. TSB01 was continuously cored to a depth of 28 
approximately 200 feet bgs and was located west of the fault zone. Continuous rock cores were 29 
collected in 10-foot sections and stored in core boxes with top and bottom depths marked. Soil 30 
boring logs are presented in Appendix A, and fieldwork photographic documentation is 31 
presented in Appendix B. 32 

Monitoring wells and exploratory test soil borings were installed and abandoned in accordance 33 
with the New Mexico Office of the State Engineer regulations (New Mexico Office of the State 34 
Engineer/Interstate Stream Commission, 2016); RCRA permit (NMED, 2015); and NMAC 35 
19.27.4.29. 36 

3.4.4 Subsurface Lithology and Monitoring Well Construction 37 

3.4.4.1 Lithology 38 

Field personnel visually inspected the continuous core samples obtained from exploratory 39 
borings and classified the rock type according to ASTM International D2487-17 (ASTM 40 
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International, 2017). A qualified geologist completed detailed logs of each boring in the field. 1 
Additional information, such as the presence of water-bearing zones and any unusual or 2 
noticeable conditions encountered during drilling were also recorded on the boring logs. 3 

In general, subsurface bedrock lithologies consisted of hard sandstone and minor conglomerate, 4 
to moderately hard siltstone and shale, to soft claystone and mudstone. Limestone, thin laminae, 5 
and sparse fossils were also observed in some of the borings west of the Hogback. Further 6 
discussion is presented in Section 2.3; completed soil boring logs are presented in Appendix A. 7 

3.4.4.2 Well Construction 8 

Two temporary borings were advanced at locations and temporary monitoring wells were 9 
installed per the approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016). If either of 10 
the two borings produced water during or upon reaching the boring’s total depth, or produced 11 
water after installing temporary monitoring wells, the boring was converted to a monitoring well. 12 
If either of the borings did not produce water, it was abandoned with a tremie-grouted cement-13 
bentonite slurry per regulatory requirements. As directed by USACE, only one boring was 14 
advanced for monitoring well CMW33B. Due to Study Area access issues with weather and 15 
UXO hazards, monitoring wells CMW32, CMW36A, CMW36B, BGMW05, BGMW06, and 16 
KMW16 were completed as wells without first setting a temporary well because returning to the 17 
location with a drilling rig was deemed unsafe. Of these wells, CMW32, BGMW05, and 18 
KMW15B failed to produce groundwater.  19 

All monitoring wells were constructed using 2-inch-diameter Schedule 40 polyvinyl chloride 20 
(PVC) casing. Monitoring wells were installed and screened with 2-inch-diameter Schedule 40 21 
PVC with 0.010-inch machine-slotted screens and a threaded bottom endcap. The monitoring 22 
well screen was placed within the anticipated water-bearing zone at time of drilling. A silica sand 23 
filter pack was placed and extended from the bottom of the boring to 2 feet above the top of the 24 
well screen. Above the filter pack, a 3-foot section of bentonite (chips) was placed and hydrated 25 
with potable water every vertical foot to provide a competent well seal. The bentonite chips were 26 
placed in the borehole by tremie pipe. Following the bentonite seal curing, a neat cement slurry 27 
was placed from the top of the bentonite seal to 3 feet bgs by tremie pipe. Well construction 28 
details are included in Table 3-2 and within the soil boring logs presented in Appendix A. 29 

The surface completion for each monitoring well consisted of an 8-inch-diameter protective steel 30 
monument that was installed a minimum depth of 3 feet bgs. The well monument stick-up height 31 
was a minimum of 3 feet, as required to accommodate a potential dedicated pump system for 32 
groundwater sampling. The monitoring well was finished with a concrete pad 4 feet square by 6 33 
inches thick, followed by installing four steel bollards 4 inches in diameter and 3 feet tall, located 34 
outside the completed monitoring well concrete pad. Completed monitoring well casings were 35 
secured with a locking cap. The monitoring well monument was coated with protective and high-36 
visibility orange paint as required by FWDA. The monument was stenciled with the monitoring 37 
well identifying name with corrosion-resistant paint and secured with a lock. Well construction 38 
details are provided in Table 3-2. 39 
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3.4.5 Geotechnical Sampling 1 

Rock core samples were collected from each water-bearing unit and geotechnical analyses were 2 
conducted including fraction organic carbon (foc), grain-size distribution, bulk density, moisture 3 
content, and porosity/permeability as summarized in Table 3-3. Geotechnical analysis assisted 4 
with the hydrologic knowledge base and provided data for developing future corrective 5 
measures. 6 

Using a decontaminated core barrel, field personnel collected additional subsurface materials 7 
from monitoring wells BGMW05, CMW28B, CMW31A, CMW32, CMW33B, CMW35, 8 
CMW36A, CMW36B, KMW15B, and CMW31B to determine water-bearing zone 9 
characteristics. Geotechnical characteristics are summarized in Table 3-3. 10 

Soil sampling for CoPCs was not conducted as part of the RFI. 11 

A qualified geologist used a portion of the continuous rock core for logging and field screening, 12 
while the remaining portion was retained for geotechnical testing based on: 13 

• field description and field screening, 14 

• position of the rock core sample relative to groundwater or Study Area features, 15 

• rock core sample location relative to Study Area features or structures, 16 

• suspected migration pathways and boring stratigraphy, and 17 

• specific objectives for geotechnical characterization at the Study Area. 18 

Geotechnical samples were submitted to Daniel B. Stephens & Associates (DBS&A) in 19 
Albuquerque, NM, for geotechnical testing. Retardation of organic contaminant transport 20 
(CoPC) in groundwater through bedrock is influenced by the foc concentrations on the surface of 21 
the fractures (Rawson and Eschner, 2007). Note that the percent foc was very limited in the 22 
samples sent for geotechnical analysis; therefore, retardation due to foc is expected to be very 23 
low or absent. However, slug tests results (Section 3.4.7) indicate very low hydraulic 24 
conductivities in the bedrock, and contaminant migration is expected to be very limited due to 25 
the associated low groundwater flow rates. The DBS&A Geotechnical Laboratory Report is 26 
presented in Appendix C.  27 

3.4.6 Monitoring Well Development 28 

Following installation, the monitoring wells were developed by air surging, blocking, bailing, 29 
and pumping until, if possible, the appearance of extracted groundwater was clear and turbidity 30 
was less than 100 nephelometric turbidity units (NTUs). Turbidity values remained high in all 31 
wells completed during this investigation. Installed wells were screened in lithology containing 32 
high percentages of silts and clay minerals and recharge was slow. Development ceased when 33 
the field geologist determined that no further effort would achieve the turbidity requirement.  34 
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Well development methods were based on establishing flow velocities greater than those 1 
produced by the well’s expected pumping rate. Pumping movement in only one direction 2 
(i.e., when pumping from the monitoring well) does not produce the proper development 3 
effect—sand grains can "bridge," causing voids around the well screen. Surging techniques were 4 
used to generate elevated velocities, then water was pumped from the well.  5 

Bailers were then used to remove sediment entrained during well development. To accomplish 6 
sediment removal, the bailer was lowered into the monitoring well until it filled with water and 7 
sediment. After the bailer was filled, it was removed from the monitoring well and emptied. The 8 
bailer process was repeated until the well was evacuated.  9 

The threshold of less than 100 NTUs was not achieved at any of the groundwater wells installed 10 
during this investigation. Slow groundwater recharge rates and low groundwater yield, coupled 11 
with an abundance of silty claystones, muddy sandstone lenses, and mud stones contributing 12 
high amounts of fines at each well provided poor conditions for well development.  Per Ground-13 
Water Sampling Guidelines for Superfund and RCRA Project Managers, Ground Water Forum 14 
Issue Paper (EPA, 2002), EPA “recognizes that in some hydrogeologic environments, even with 15 
proper well design, installation, and development, in combination with the low flow purging and 16 
sampling techniques, sample turbidity cannot be reduced to ambient levels.”   17 

Perched water exists in the Painted Desert Member of the Petrified Forest Formation. This unit is 18 
comprised of poorly lithified silty claystones, muddy sandstone lenses, and mud stones. The 19 
lithology contains high amounts of fines. The groundwater encountered is low in volume and 20 
does not readily flow in the formation. Development was performed using several different 21 
methods in an attempt to achieve satisfactory development; however, the formation is not ideal 22 
for achieving low turbidity due to the fine-grained lithology and limited amount of groundwater. 23 
Existing monitoring wells within Parcel 3 historically have high turbidity readings when 24 
measured. This is a very common occurrence in fine-grained, low yield aquifers like the shallow 25 
water-bearing units at FWDA.  26 

The EPA 1996 Groundwater Issue, Low-Flow Groundwater Sampling Procedures, states, “It 27 
should also be noted that turbidity is a very conservative parameter in terms of stabilization. 28 
Turbidity is always the last parameter to stabilize. Excessive purge times are invariably related to 29 
the establishment of too stringent turbidity stabilization criteria. It should be noted that natural 30 
turbidity levels in ground water may exceed 10 nephelometric turbidity units (NTU) (EPA, 31 
1996).” 32 

The data collected in Parcel 3 confirms poor conditions to achieve low turbidity. Coupled with 33 
the lack of available groundwater to sample, the collected data are representative of groundwater 34 
conditions. Given the preceding positions from EPA the data are acceptable for the purposes of 35 
this investigation.  36 

Field development data sheets are provided in Appendix D. All installed monitoring wells were 37 
developed no sooner than 24 hours after well completion. 38 
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3.4.7 Slug Testing 1 

From July 12, 2017, through July 14, 2017, slug tests were conducted at monitoring wells 2 
CMW26, CMW27B, CMW31B, CMW36A, and CMW36B to determine hydraulic conductivity 3 
and interactions between screened water-bearing zones. Test results are summarized in 4 
Table 3-4. 5 

Field personnel used a 1-inch-diameter slug constructed of a sand-filled and sealed PVC pipe. 6 
The slug was used to rapidly change the water level within the monitoring well and measured the 7 
time and rate at which the water level equilibrated (recovered). The slug’s volume and weight 8 
were determined before use. 9 

3.4.7.1 Slug-in Test Method 10 

The slug-in test method consisted of the following steps. 11 

1. A starting water level was measured using a decontaminated water-level meter. 12 

2. Before the test, a decontaminated pressure transducer was inserted into the test well and 13 
secured on the well casing. 14 

3. An In-Situ Troll 700 Data Logger® and associated Panasonic Toughbook® laptop were 15 
connected to the transducer and set to record data at 5-second intervals. 16 

4. Data collection was started while simultaneously submerging the slug into the water 17 
column. 18 

5. The test continued until the recovered water level equaled the initial water level, or when 19 
readings changed less than 0.01 foot per 10 minutes. 20 

3.4.7.2 Slug-out Test Method 21 

The slug-out test method consisted of the following steps. 22 

1. Static water level was measured using a decontaminated water-level meter with the slug 23 
fully submerged. 24 

2. The In-Situ Troll 700 Data Logger® was connected to the transducer and set to record 25 
data at 5-second intervals. 26 

3. Data collection was started while simultaneously removing the slug completely from the 27 
water column. 28 

4. The test continued until the recovered water level equaled the initial water level, or when 29 
readings changed less than 0.01 foot per 10 minutes. 30 
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3.4.7.3 Slug Test Results 1 

Data collected during the investigation included both slug-in and slug-out set tests for CMW26, 2 
CMW27B, CMW31B, CMW36A, and CMW36B. Only one set of tests was completed for each 3 
monitoring well due to slow recharge leading to prolonged testing times. After the tests were 4 
completed, the data were downloaded from the In-Situ Troll 700 Data Logger®; hydraulic 5 
conductivity was then calculated using Hvorslev’s slug test solution as summarized in Table 3-4.  6 

The Hvorslev equation was used as a single well aquifer test in low permeability, the equation is 7 

as follows: K=
r^2∗ln�𝐿𝐿𝑅𝑅�

2∗𝐿𝐿∗𝑡𝑡37
 where K is hydraulic conductivity, L is the length of the saturated well 8 

screen, r is the radius of the well casing, R is the radius of the well screen, and t37 is the time it 9 
takes for the water level to rise or fall to 37% of the initial water level change. Hydraulic 10 
conductivities ranged from 1.47 x 10-7 to 2.65 x 10-5 centimeters per second, indicating a 11 
sandstone (Freeze and Cherry, 1979) which is consistent with bedrock boring data collected 12 
during installation of these monitoring wells. 13 

3.5 GROUNDWATER SAMPLING METHODS 14 

Groundwater sampling was conducted to further delineate the nature and extent of CoPCs at the 15 
Study Area. Analytical data were used to determine whether groundwater impacts were detected 16 
at specific monitoring locations, to what level, and by what CoPC, if any. 17 

Groundwater sampling was conducted at least 72 hours after well development was completed 18 
from February 2017 through April 2017. Field personnel purged monitoring wells before 19 
groundwater sampling as described here. Groundwater sampling and purge information is 20 
discussed further in Section 3.5.1. Supporting field purge and sampling documentation for each 21 
well is contained in Appendix D. 22 

Historically, some of the existing Study Area monitoring wells required alternative methods of 23 
purging and groundwater sampling due to extremely low groundwater yield. For these 24 
monitoring wells, purging and sampling were performed using disposable bailers, a Grundfos 25 
Redi-Flo2® submersible pump, or a dedicated Bennett pump (Table 3-5). All wells installed 26 
during this RFI were purged dry either by disposable bailers, inertial pumps, or a Grundfos 27 
pump, and sampled with a disposable bailer because recharge rates were very low. 28 

These purge methods emphasize the need to remove sufficient water from each monitoring well 29 
to ensure that the groundwater sampled is representative of the surrounding formation. 30 
Removing a quantity of water equal to three times the calculated volume of free-standing water 31 
in the monitoring well (including the saturated annulus) was completed whenever possible. 32 

During monitoring well purging operations, groundwater field parameters, temperature, potential 33 
hydrogen (pH), conductivity, dissolved oxygen (DO), and turbidity were documented on the 34 
sample collection form (Appendix D). Water-quality parameters were measured using a Horiba 35 
Instruments, Inc., model U-52 water-quality meter. All water-quality meters were calibrated 36 
daily according to manufacturer specifications. Groundwater sampling field data sheets for each 37 
monitoring well are provided in Appendix D.  38 
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Purging was considered complete and sampling began if any one of the following three occurred. 1 

1. During monitoring well purging, three consecutive field parameter readings were 2 
recorded with an attempt to reach the following limits. 3 

• +/- 10% of temperature and conductivity 4 

• +/- 10% or < 1.0 NTU for turbidity 5 

• +/- 10% or < 1.0 milligram per liter (mg/L) for DO 6 

• +/- 0.5 for pH. 7 

2. After monitoring well purging of three well volumes, if the field parameters had not 8 
stabilized, purging was discontinued and attempts to achieve stabilization were recorded. 9 

3. If the monitoring well pumped dry before three well volumes were purged, and a 10 
minimum of three field parameter readings were collected, purging was discontinued. 11 

Due to low groundwater yield and very low recharge rates, purging of all but one of the sampled 12 
wells was completed as listed in number 3. above. The wells were evacuated of water during 13 
well purging, were allowed to recharge, then samples were collected. The exception to this was 14 
well CMW36A, which followed number 2. above. During purging at CMW36A, stabilization 15 
was not reached from recorded water quality readings; however, three well volumes were 16 
successfully purged from the well. Due to other operations in the area, safe access to CMW36A 17 
was limited to the time allotted for purging. A groundwater sample was then collected the 18 
following day when safe access was available.  19 

3.5.1 Groundwater Sampling 20 

As part of the RFI, groundwater sampling was performed from February 2017 to April 2017. 21 
Groundwater samples were analyzed for the following CoPCs: nitrate, nitrite, explosives, 22 
perchlorate, VOCs, and metals. 23 

As part of the sampling activities, monitoring well purging was performed. Depending on the 24 
groundwater yield determined during drilling, the purging methods included using an inertial 25 
pump, a non-dedicated Grundfos Redi-Flo2® submersible pump, or disposable bailers (Table 26 
3-5). Groundwater samples were collected using disposable bailers.  27 

Groundwater samples were containerized in laboratory-supplied bottles for the laboratory 28 
analyses listed in Table 3-6. Groundwater samples collected during the February 2017 to April 29 
2017 event are listed in Table 3-7. QC groundwater samples are also presented in Table 3-7 and 30 
meet the QA/QC requirements specified in the approved Parcel 3 Groundwater RFI Work Plan 31 
(Sundance, 2016). The full analytical suite and required QA/QC samples were collected at wells 32 
with sufficient groundwater. As recharge was minimal in wells CMW35 and CMW27B, only a 33 
partial sample suite was collected (Table 3-7). Filled sample bottles were placed on ice in coolers 34 
for shipment to TA in St. Louis, Missouri, for VOCs, and to TA in Denver, Colorado, for all 35 
other CoPCs. Sample coolers were shipped under proper chain of custody by FedEx overnight 36 
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delivery. Copies of the chain-of-custody forms for the groundwater sampling event are provided 1 
in Appendix E.  2 

3.5.2 Data Management and Validation 3 

An electronic database was created to support data management and tracking of field 4 
investigation activities for the groundwater sampling event. The database was used to prepare 5 
sample bottle labels in advance of the groundwater sampling activities and to prepare daily 6 
electronic chain-of-custody forms during groundwater sampling. Sample identifiers were 7 
assigned based on the sample identification and nomenclature system described in Section 3.5.3. 8 
Copies of the chain-of-custody forms were emailed to the Project Chemist daily to help facilitate 9 
sample tracking and laboratory interaction. 10 

Sample analyses were performed by TA in accordance with the QSM (DoD/DOE, 2013). 11 
Electronic data deliverables (EDDs) for each sample delivery group were provided by TA for 12 
validation. The sample result EDDs were loaded into the automated data review (ADR) software 13 
for data validation. The analytical data were subjected to QA/QC based on the approved Parcel 3 14 
Groundwater RFI Work Plan (Sundance, 2016) and the QSM (DoD/DOE, 2013). Validation 15 
services were provided by Laboratory Data Consultants, Inc., in Carlsbad, California. 16 

The validated data output files from the ADR were exported to the FWDA electronic data 17 
management system database. The overall data validation assessment found that analytical data 18 
were of sufficient quality to evaluate DQOs. 19 

3.5.3 Sample Identification and Nomenclature System 20 

Sample identification consisted of a combination of the parcel number, additional location 21 
identifier, source of sample, increment or boring number, type of sample, and depth of sample 22 
collection in accordance with the latest version of FWDA Environmental Information 23 
Management Plan presented in the approved Parcel 3 Groundwater RFI Work Plan (Sundance, 24 
2016). Additional descriptions of the sample identification and nomenclature system are as 25 
follows. 26 

Well Location:  Parcel number (e.g., 03) 27 

Water-Bearing Zone: Alluvium (AL), First Bedrock (BR1), Second Bedrock 28 
(BR2), etc. 29 

Boring or Well Number:  CMW50 30 

Sample Source:  SB (soil boring), GW (groundwater), WW (waste water), 31 
SL (sludge), TB (trip blank), EB (equipment blank) 32 

Sample Type:  D (discrete) 33 

Sample Depth:  0001 (0 foot to 1 foot), 1011 (10 feet to 11 feet), etc., as 34 
appropriate, depending on the CoPC at an individual 35 
location 36 
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Sample Matrix:  Soil (SO), Water (AQ) 1 

As an example, a groundwater sample taken from a new monitoring well numbered CMW50 2 
from the Study Area in the first bedrock water-bearing zone from 46 feet bgs to 47 feet bgs 3 
would be: 4 

03-BR1-CMW50-GWD-4647AQ 5 

QA/QC samples were labeled with the same sample nomenclature as the parent sample with a 6 
unique suffix and numeral (if required) to distinguish individual samples. Duplicate samples 7 
were labeled with the suffix “D.” Equipment rinsate blanks and trip blanks were identified with 8 
an additional designation of EBXX or TBXX (where XX represents the sequence number of the 9 
sample), respectively. Each blank had a unique tracking number. 10 

3.6 RFI WORK PLAN METHOD QUALITY GUIDANCE 11 

The QA/QC practices specified in the following sections were adhered to during RFI field 12 
activities as required in the approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016). 13 

A project Quality Control Plan (QCP) was created to describe the QC approach and chain of 14 
command to be followed to ensure RFI field activities were performed in accordance with the 15 
approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016). The QCP is a stand-alone 16 
document and separate from the approved Parcel 3 Groundwater RFI Work Plan. Field sampling 17 
QC procedures are summarized below. 18 

QC samples, including duplicate samples, were collected at 10% of the total number of regular 19 
samples collected. To preserve QA, any fractions were rounded up to the next whole number. 20 
For example, if 13 samples are collected, 10% would equal 1.3 samples. This fraction would be 21 
rounded up to two samples and would represent the number of QC samples to be collected for 22 
the total number of samples collected. 23 

Matrix spike (MS) and matrix spike duplicate (MSD) samples were collected at 20% of the total 24 
number of regular samples collected. As stated above for QC samples, any fractions were 25 
rounded up to the next whole number based on a 20% per MS/MSD sample collected ratio. 26 
Table 3-7 summarizes the field sample QC implemented. 27 

3.7 FIELD DOCUMENTATION 28 

Field personnel maintained appropriate field documentation for all activities as part of the formal 29 
project documentation. Field sampling documentation and data reporting adhered to procedures 30 
outlined in the following subsections. 31 

3.7.1 Record Keeping 32 

In addition to planning documents, the following field documentation was prepared or obtained 33 
and retained as project records, where appropriate. This documentation included daily tailgate 34 
safety meeting forms, daily field logbooks from each field team, field work variance reports (if 35 
any), sample collection logs, soil classification logs, equipment calibration records, field 36 
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audit/inspection logs, sample labels, chain-of-custody forms, and photo documentation as 1 
applicable. Water-quality instrument calibrations were logged in a bound logbook. Toward the 2 
end of groundwater sampling, inconsistencies were identified in the information recorded. A 3 
calibration form was created and implemented in sampling events following this RFI 4 
investigation. Appendix D presents the field documentation records. 5 

3.7.2 Chain of Custody 6 

Field personnel completed chain-of-custody forms that accompanied samples to the designated 7 
laboratory. Data on the chain-of-custody forms included the sample number, date sampled, time 8 
sampled, project name, project number, name of sampler(s), and signatures of those in 9 
possession of the samples. Chain-of-custody forms accompanied samples shipped to the 10 
designated laboratory to maintain sample possession and custody. Field personnel retained a 11 
separate copy of the chain-of-custody reports in project files. Additionally, sample numbers, 12 
sample name(s), sample collector(s), date and time collected, collection location, tracking 13 
number, and analysis were documented in field logbooks. Chain-of-custody records are provided 14 
in Appendix E. 15 

3.7.3 Packaging and Shipping Procedures 16 

Field personnel shipped samples via FedEx overnight to TA. Unless otherwise indicated, field 17 
personnel shipped the samples in heavy-duty coolers containing materials to prevent breakage 18 
and preserved with ice in sealed plastic bags. Sufficient ice was used to achieve and maintain 19 
sample temperatures between 2 degrees Celsius (°C) and 6°C at time of sample receipt by TA. 20 
Each shipment consisted of the appropriate field QC samples (such as temperature blanks, trip 21 
blanks, duplicates, field blanks, and rinsate blanks). Field personnel placed corresponding 22 
chain-of-custody forms in waterproof and sealable bags and taped the bags to the inside of the 23 
cooler lids. Each cooler shipped to the laboratory containing aqueous sample bottles for VOC 24 
analyses also contained a trip blank. Trip blanks remained with the cooler until the cooler was 25 
received by TA. 26 

3.8 INVESTIGATION-DERIVED WASTE DISPOSAL 27 

Investigation-derived waste (IDW) was managed in accordance with the Investigation-Derived 28 
Waste Management Plan included in the approved Parcel 3 Groundwater RFI Work Plan 29 
(Sundance, 2016). Appendix F contains documentation regarding IDW generated during the RFI 30 
field activities and disposal documentation. The IDW categories were managed as follows. 31 

1. Sonic core drilling was used for all soil borings drilled during this RFI. Soil and rock 32 
cores were boxed and stored on site for future reference, as needed. Due to the minimal 33 
solid debris, formal waste disposal was not required. 34 

2. Wastewater liquids including drilling fluids and decontamination fluids were contained 35 
within the temporary decontamination pad area during active sampling and 36 
decontamination activities at the north end of the Study Area. All wastewater was 37 
sampled, analyzed, and determined non-hazardous. Wash and rinse water was then 38 
combined with other water in the portable water tanks for appropriate characterization 39 
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and disposal. Liquid wastes were coordinated by Advanced Environmental Solutions, 1 
Inc., and pumped and transported for disposal as a non-hazardous waste by Atlas 2 
Pumping. Waste manifests and characterization analyses are included in Appendix F. 3 

Used, non-decontaminated disposable sampling equipment and personal protective equipment 4 
(PPE) were placed in polyethylene trash bags and treated as general refuse. Field personnel 5 
disposed of the waste daily in authorized FWDA trash receptacles. 6 

3.9 DECONTAMINATION PROCEDURES 7 

Field personnel decontaminated reusable equipment to ensure chemical analyses reflected actual 8 
concentrations of the sampled media by maintaining the quality of samples and preventing cross-9 
contamination. At each drilling site, field personnel constructed a decontamination wash pad 10 
using plastic sheeting rolled up at the ends to contain cleaning water. The pad was large enough 11 
to hold multiple 5-gallon buckets and sampling rock core barrels that required decontamination, 12 
and to provide ample working area within the pad (roughly 8 feet square). 13 

Following construction of the decontamination pad, field personnel used standard equipment 14 
decontamination procedures during groundwater sampling activities, drilling activities, and 15 
between drilling locations, as described below. 16 

1. Drillers decontaminated drilling rigs (sonic) before entering the Study Area. 17 
Decontamination consisted of spray washing or steam cleaning dirt and debris from the 18 
rig exterior and drilling components and fully inspecting for any oil, hydraulic fluid, 19 
fuels, or operational fluid leaks. 20 

2. Drillers also decontaminated drilling rigs (sonic) and equipment between boring 21 
locations, including spray washing or steam cleaning dirt and debris from the drilling rig 22 
exterior and components. 23 

3. Field personnel decontaminated the rock core barrel interior and exterior before and after 24 
each use. 25 

4. After field decontamination, personnel donned clean gloves before handling equipment to 26 
prevent recontamination. The decontaminated equipment was then removed from the 27 
cleaning area to prevent recontamination. If the equipment was not immediately reused, it 28 
was covered with plastic sheeting or wrapped in aluminum foil to prevent 29 
recontamination. The area where the equipment was stored before reuse was kept free of 30 
potential contaminants. 31 

5. Field personnel containerized accumulated wash and rinse water and combined with 32 
waste drilling water for appropriate characterization and disposal. 33 

Field personnel disposed of the plastic sheeting and associated PPE as municipal waste in 34 
approved FWDA dumpsters. 35 
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3.10 SURVEYING 1 

Following the field sampling program, the groundwater monitoring well locations were surveyed 2 
to the nearest tenth of a foot (horizontal) by High Mesa Consulting Group (High Mesa), a New 3 
Mexico-licensed professional surveyor (license #15075). All active groundwater monitoring 4 
wells within Parcel 3 were surveyed to ensure a consistent survey for future groundwater 5 
monitoring. The surveyor measured elevations of the completed monitoring wells at ground 6 
surface, top of cement well pad, at the top of surface casing (monument), and the top of well 7 
casing (PVC) at points on the north side of the monitoring well to the nearest one hundredth of a 8 
foot (vertical). Survey information is summarized in Table 3-2. 9 

High Mesa referenced horizontal coordinates for all sample locations to the North American 10 
Datum of 1983 (also called NAD83), State Plane NM West Grid represented in units of feet. The 11 
surveyor also referenced vertical coordinates for monitoring well elevations to the North 12 
American Vertical Datum of 1988 (also called NAVD 88). 13 

During survey activities on April 11, 2017, an ink marker was inadvertently dropped into 14 
monitoring well CMW22 and subsequently removed on May 9, 2017. The marker in question 15 
was a Diagraph MSP brand black Ideal Mark Marker. The Safety Data Sheet for the marker is 16 
presented in Appendix G.  17 

3.11 BACKGROUND GROUNDWATER STUDY 18 

This section reviews the original scope of the background study, the challenges encountered 19 
during its execution, and discusses the analytical and human health risk screening results. 20 

As directed in the approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016), BTVs were 21 
to be developed for naturally occurring chemical constituents in bedrock groundwater 22 
encountered within the southern FWDA area. The BTVs were to be calculated based on 23 
groundwater analytical data collected from the proposed background well locations. As stated in 24 
the following sections, groundwater was limited and volumes low. Only two of the three 25 
proposed new background wells were installed, with only one well, BGMW06, yielding water 26 
sufficient to sample.  27 

3.11.1 Summary of Proposed Background Study 28 

Background monitoring wells proposed in the approved Parcel 3 Groundwater RFI Work Plan 29 
(Sundance, 2016) included four bedrock groundwater wells located in accessible areas outside of 30 
known historical site activities. BGMW04, BGMW05, and BGMW06 were to be installed and 31 
existing groundwater monitoring well CMW02 was to be redesignated as a background well. 32 
Included in the background assessment, groundwater analytical results for dissolved and total 33 
target analyte list metals, nitrate and nitrite, perchlorate, explosives, and VOCs were to be 34 
monitored over a 1-year period. 35 

3.11.2 Field Implementation 36 

Details and variances for background well drilling and installation are discussed in Section 37 
3.4.1.4.  The following summarizes the field activities performed.  38 



Final Revision 1 Parcel 3 Groundwater RCRA Facility Investigation Report 
Fort Wingate Depot Activity – New Mexico 

3-22 
Sundance Consulting, Inc. – March 2019 

During bedrock background well installations, borehole BGMW04 was advanced to 144 feet 1 
bgs, and did not produce groundwater during or after drilling, allowing the open borehole to 2 
stabilize over a 24-hour period. As a result, a monitoring well was not installed, and the boring 3 
was abandoned with bentonite grout placed with a tremie pipe. 4 

Bedrock background monitoring well BGMW05 was drilled to 61 feet bgs. Following 5 
monitoring well installation, BGMW05 was found to be dry and did not produce groundwater 6 
after repeated attempts to develop the well. No groundwater samples were collected as part of 7 
this RFI investigation from bedrock monitoring well BGMW05. 8 

BGMW06 was drilled to 131 feet bgs. A groundwater sample was collected from bedrock 9 
monitoring well BGMW06 following installation and well development. The sample was 10 
collected in April 2017 and analyzed for VOCs, explosives, total and dissolved metals, 11 
nitrate/nitrite, and perchlorate. BGMW06 has not exhibited sufficient recharge following the 12 
initial sampling. Based on observations following initial sample collection, lack of groundwater 13 
recharge after purging may impact future sampling of background monitoring well BGMW06. 14 
Sufficient bedrock groundwater may be present at BGMW06 following periods of increased 15 
rainfall and groundwater recharge and should be monitored. 16 

CMW02 was not sampled during the RFI field investigation sampling. A groundwater sample 17 
was collected in May 2017; however, that sampling event was not within scope of the approved 18 
Parcel 3 Groundwater RFI Work Plan (Sundance, 2016). Data from monitoring well CMW02 19 
will be presented in the next Parcel 3 groundwater monitoring report and not in this RFI Report. 20 
Concurrently, no groundwater background evaluation could be performed due to the lack of 21 
sufficient data collected.  22 

3.11.3 Background Groundwater Analytical Results 23 

One groundwater sample was collected from background well BGMW06. The sample was 24 
collected in April 2017. The analytical detections for BGMW06 are presented in Table 3-8 for 25 
nitrate, VOCs, total and dissolved metals, and explosives. Nitrite and perchlorate were not 26 
detected and are not listed on the table.  27 

3.11.4 Risk Screening and Uncertainty Discussion 28 

The groundwater analytical detections from BGMW06 from April 2017 were compared to 29 
groundwater screening values and VISLs. The comparison is presented on Table 3-8. 30 
Exceedances of the selected groundwater screening value are in bold type.  31 

3.11.4.1 Tap Water Pathway 32 

Detections of VOCs, explosives, dissolved metals, and nitrate did not exceed groundwater 33 
screening values in BGMW06. Nitrite and perchlorate were not detected. Detections of total 34 
metals (aluminum, arsenic, barium, beryllium, chromium, cobalt, iron, lead, manganese, nickel, 35 
thallium, and vanadium) in BGMW06 were greater than groundwater screening values. None of 36 
the dissolved metals detected in BGMW06 exceeded groundwater screening values. 37 
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3.11.4.2 Vapor Intrusion Pathway 1 

Volatile analytes that meet NMED criteria for volatility were detected in BGMW06. The vapor 2 
intrusion pathway screening is presented in Table 3-8. No volatile analyte groundwater 3 
concentrations were greater than the corresponding VISL. 4 

3.11.4.3 Uncertainty Discussion 5 

The following uncertainties could impact the current findings from the background study. 6 

• Limited Data Set. The 2017 data set for the background wells was limited to one 7 
sample. This limited data set does not allow for calculation of BTVs, nor does it 8 
adequately account for potential seasonal changes in groundwater or longer-term changes 9 
in groundwater concentrations over time. Additional data are needed. 10 

• Use of J-Qualified Results. The risk screening used J-qualified groundwater analytical 11 
results as if they were not qualified. This creates the potential that an analyte or group of 12 
analytes are present when they may be absent or may have estimated concentrations that 13 
are low or high, depending on the nature of the laboratory uncertainty. Selected analytes 14 
from background wells were J-qualified for one or more of the following reasons. 15 

o The detected concentration is between the DL and LOQ. This qualification 16 
applies to 2-nitrotoluene, nitrate, selected VOCs in BGMW06, and to selected 17 
metals. This qualification means the concentration was estimated because it was 18 
found at very low values in the samples. 19 

o Surrogate recovery was high, so the reported analytical result may also be 20 
high. This qualification applies to the detected VOCs in BGMW06. The results 21 
were J-qualified because of high surrogate recoveries in the analyses. The 22 
detected concentrations may be overestimated. 23 

o The percent difference between the continuing calibration verification 24 
sample and the initial calibration verification sample was high, so the 25 
reported analytical result may also be high. This qualification applies to 26 
2-hexanone and naphthalene from BGWM06. These results were J-qualified 27 
because of high recovery in the continuing calibration which indicates that the 28 
detected concentrations may be overestimated. 29 

o The percent difference between the primary and confirmation columns was 30 
high, so the analytical result is imprecise. This qualification applies to the 31 
hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) result from BGMW06 and means 32 
the reported concentration is uncertain due to a difference in the analytical results 33 
reported from the primary and confirmation columns. 34 

Relying on the J-qualified results as if they are not J-qualified has the potential to 35 
introduce uncertainty in the risk screening if the risk screening conclusions assume that 36 
analytes listed above are present at the stated concentrations in the background wells. 37 
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• LOQs that are greater than screening values. A comparison of screening values to 1 
LOQs, LODs, and DLs was conducted to determine if there was bias introduced to the 2 
risk screening results from quantitation limits that were greater than the screening values. 3 
For each analyte with an LOQ greater than screening levels, the following factors were 4 
examined to evaluate what bias might be introduced into the evaluation of risk. 5 

1. Was the analyte detected above the LOD in any sample? 6 

2. Was the analyte detected above the DL in any sample? 7 

3. Is the analyte a chemical of concern at the site? 8 

As shown on Table 3-9, four analytes had LOQs greater than groundwater screening 9 
values. The four analytes are nitroglycerin; 1,2,3-trichloropropane; 10 
1,2-dibromo-3-chloropropane; and 1,2-dibromoethane. As shown on Table 3-10 two 11 
organic analytes—1,2-dibromo-3-chloropropane and vinyl chloride—had LOQs greater 12 
than the VISLs. The total number of analytes with LOQ exceedances is five, because 13 
1,2-dibromo-3-chloropropane exceeds both the groundwater screening value and the 14 
VISL. None of these analytes were detected in the background well BGMW06 and are 15 
discussed individually.  16 

Vinyl chloride was not detected above the LOD and had an LOD that is less than the 17 
VISL. U-qualification is assigned at the LOD, so no additional bias is introduced by 18 
concluding that vinyl chloride is absent. 19 

Nitroglycerin was not detected above the DL but had an LOQ and LOD that were greater 20 
than the groundwater screening level. This analyte is considered to be absent in the 21 
background wells; however, there is greater uncertainty associated with results below the 22 
LOD, so a small negative bias could be introduced to the risk screening conclusions 23 
because historical operations at Parcel 3 were a source of explosives. 24 

The remaining three organic analytes had LOQs, LODs, and DLs greater than the 25 
groundwater screening level (and the VISL for 1,2 dibromo-3-chloropropane), so 26 
concluding that they are absent could introduce a small negative bias into the risk 27 
screening conclusions. However, the uses of these analytes as described in toxicological 28 
profiles published by the Agency for Toxic Substances and Disease Registry (ATSDR) 29 
demonstrate they were not associated with historical FWDA operations. 30 

o 1,2,3-trichloropropane. Historically used as an industrial solvent and is currently 31 
used in the manufacture of other chemicals (ATSDR, 1992b). 32 

o 1,2-dibromo-3-chloropropane. Historically used as a soil fumigant and 33 
nematicide on agricultural crops, but currently only used as an intermediate in 34 
making a brominated flame retardant (ATSDR, 1992c). 35 

o 1,2-dibromoethane. Primarily used as an additive in leaded gasoline with some 36 
applications in the production of dyes, resins, waxes, and similar products. Past 37 
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uses include soil and turf fumigation for agriculture and recreational spaces with 1 
limited continued insecticidal use (ATSDR, 1992a). 2 

Thus, no additional bias is introduced to the risk screening conclusions for these three 3 
organic analytes. 4 

• Groundwater quantity. The extent of groundwater in the Study Area is very limited. 5 
Two of the four proposed background well locations (BGMW04 and BGMW05) never 6 
produced water, and one location (BGMW06) was only sampled once. 7 

3.11.5 Review of Hydrogeological Conditions 8 

A review of hydrogeological conditions at FWDA was conducted to determine if installing 9 
additional wells at other locations could result in wells with sufficient groundwater for sampling. 10 

The Parcel 3 Phase I Work Plan (TPMC, 2008a) reported groundwater is present in several rock 11 
units underlying FWDA. Examination of these rock units and well records in the area indicate 12 
that the only FWDA water-bearing units capable of yielding more than a few gallons per minute 13 
are the Quatowam alluvium (Quaternary) and the San Andres limestone and Glorieta sandstone 14 
(Permian). However, minor amounts of groundwater are present within the Chinle Formation 15 
(Triassic) and underlying rock units.  These rock units dip steeply to the west only in the 16 
Hogback and west of the fault zone within the Study Area. The Chinle Formation yields very 17 
little, if any, groundwater within the Study Area.   18 

These units are recharged partially within FWDA boundaries by precipitation. These rocks dip 19 
steeply to the west and yield very little water within FWDA boundaries.  20 

The Parcel 3 groundwater system was separated into three distinct subsystems for discussion 21 
purposes (TPMC, 2008a). 22 

1. The saturated Quaternary alluvium in the current OB/OD Area. 23 

2. The shallow north-northwest dipping water-bearing bedrock formations east of the fault 24 
zone. 25 

3. The steep, westerly dipping water-bearing bedrock formations west of the fault zone. 26 

The vertical bedrock layers associated with the formation of the Hogback makes communication 27 
of the water-bearing intervals (i.e., the Painted Desert Member of the Petrified Forest Formation) 28 
across the Hogback very unlikely; therefore, groundwater east and west of the fault are not 29 
expected to be connected. The saturated Quaternary alluvium in the current OB/OD Area appears 30 
to be recharged primarily by precipitation (Figure 2-3). The limited extent of the saturated 31 
alluvium does not provide an extensive spatial area or volume of groundwater (Figure 2-11). 32 

Physical access limitations are another factor to be considered for drilling additional wells 33 
beyond those that have been installed. Physical access to other potential well locations is limited 34 
by steep terrain and rock outcrops. 35 
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The preceding historical information combined with the winter and spring 2017 field activities 1 
demonstrate the spatially limited and isolated alluvium and bedrock groundwater occurrence in 2 
and around the north–south trending arroyo that bisects Parcel 3 (Figure 2-11). The limited 3 
groundwater occurrence appears to result from a lack of recharge from precipitation (due to the 4 
desert region) and possibly due to limited interconnected bedrock fractures and a complex of 5 
subsurface structural features. 6 

Furthermore, groundwater in the bedrock east and west of the Hogback are not connected and 7 
bedrock groundwater west of the Hogback does not recharge the limited groundwater along the 8 
arroyo east of the Hogback. Fenced-up Horse Valley does bisect the Hogback, and surface 9 
water—generated from high-energy precipitation events—will connect surface water from west 10 
to east (Figure 2-11). The head waters of the arroyos are south of the Study Area and outside the 11 
FWDA property boundary. The arroyos stay separated as they drain northward from the Zuni 12 
Mountains on either side of the monocline (Figure 2-12, Section 2.3.3) upstream of Fenced-up 13 
Horse Valley.  14 

3.11.6 Summary and Conclusions 15 

• Total and dissolved metals, nitrate, VOCs, and explosives were detected in BGMW06. 16 

• VOCs, dissolved metals, nitrate, and explosives concentrations were less than 17 
groundwater screening values. 18 

• Total metals results were greater than groundwater screening values in BGMW06. 19 

• Volatile analytes were less than VISLs in BGMW06. 20 

Based on the screening results, VOCs, dissolved metals, nitrate, and explosives are not present at 21 
concentrations of concern in the background wells. However, groundwater monitoring for these 22 
analytes should continue to support future evaluations of groundwater results from other 23 
monitoring wells. 24 

The limited data collected from BGMW06 are currently insufficient to develop a background 25 
groundwater analysis. Thus, the background groundwater evaluation for Parcel 3 was 26 
inconclusive.  27 

Assessment of future groundwater monitoring results from BGMW06, coupled with an 28 
evaluation of proposed background well CMW02 is suggested to further evaluate if groundwater 29 
at Parcel 3 in shallow bedrock contains analytes of concern at values that could contribute to 30 
unacceptable health risks.31 
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4 PARCEL 3 GROUNDWATER SAMPLING ANALYTICAL RESULTS 1 

The following sections present an overview of the field sampling activities, laboratory analyses, 2 
and data management activities from the February 2017 through April 2017 groundwater 3 
sampling. 4 

All groundwater sampling and activities and data were conducted in accordance with the Final 5 
Groundwater Parcel 3 RFI Work Plan, Rev1 (Sundance, 2016). Groundwater monitoring 6 
locations within AOC 89, AOC 90, AOC 91, and AOC 92; SWMU 14, SWMU 15, and SWMU 7 
33; and one HWMU in the Study Area are shown in detail in Figure 4-1. Due to the limited 8 
Study Area groundwater and varying geology, some wells were dry even after allowing time 9 
following installation (Figure 4-1). 10 

4.1 WATER-LEVEL MEASUREMENTS 11 

Groundwater-level measurements were recorded at newly installed and existing monitoring wells 12 
in the Study Area before groundwater sampling activities began (Table 4-1).  13 

The depth to water (DTW) was measured from the top of the casing reference point at each 14 
monitoring well and piezometer using a Solinst® Model 101 water-level meter. The DTW 15 
measurements were recorded on field data sheets or field notebooks to the nearest 0.01 foot. 16 
Following each measurement, the portions of the water-level meter that contacted groundwater 17 
in the monitoring well were decontaminated by washing with Liquinox® soap solution and 18 
rinsing with deionized water. Decontamination fluids were contained in 5-gallon buckets for 19 
later disposal at the FWDA evaporation tank. The portions of the water-level meter that were 20 
lowered into monitoring wells were wiped down with paper towels as they were retrieved from 21 
the well casings. Paper towels and disposable personal protective equipment were bagged and 22 
disposed of as general refuse as discussed in Section 3.9.  23 

DTW measurements were converted to elevation amsl by subtracting the DTW measured at a 24 
given well from the surveyed elevation in feet amsl. Groundwater elevations showing the 25 
potentiometric surface at each well are presented on Figure 4-2. Elevations recorded in the 26 
southern part of the Study Area are higher than in the northern area, indicating that groundwater 27 
generally flows to the north following the intermittent surface water flow within arroyos.  28 

4.2 WATER-QUALITY PARAMETER RESULTS 29 

The water-quality parameter measurements collected during field investigation activities provide 30 
useful data for assessing general water quality and evaluating contaminant fate and transport. 31 
The last parameter readings collected during monitoring well purging activities are presented in 32 
Table 4-1 and include temperature, pH, specific conductance, turbidity, and DO. The final depth 33 
to water following purging activities is also listed. 34 

The temperature is representative of the groundwater temperature at the time of measurement 35 
and were recorded in degrees Celsius.  36 

The pH of a solution is a measure of the molar concentration of hydrogen ions in the solution and 37 
as such is a measure of the acidity or basicity of the solution. The mean pH value was 7.15 in the 38 
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Study Area bedrock groundwater units. Two outliers were recorded in wells that failed to 1 
recharge after sampling. These wells are BGMW06 (4.04) and CMW35 (9.15). Three 2 
consecutive days recorded out-of-specification calibrations, which likely contributed to errant 3 
readings. CMW35 was measured on one of these three days, thus the reading is qualified. 4 
Calibration was acceptable the day groundwater was measured at BGMW06. CMW35 did not 5 
show evidence of recharge following sample collection and is currently believed to be a dry well.  6 

The specific conductance of groundwater is considered a proxy for total dissolved solids (TDS) 7 
concentration. Groundwater-specific conductance mean was calculated using the last values 8 
recorded from each well during purging and sampling. The final values ranged from 9 
0.59 millisiemens per centimeter (mS/cm) to 2.71 mS/cm, while the mean conductivity value is 10 
1.484 mS/cm. For most groundwater, multiplying the specific conductance value in 11 
microsiemens per centimeter (µS/cm) by a factor of 0.55 to 0.75 yields an approximate TDS 12 
concentration in mg/L (Hem, 1989). Field readings were converted from mS/cm to µS/cm. The 13 
resulting TDS range is 324 mg/L to 2032 mg/L. 14 

Turbidity is a measure of water clarity, or how much the material suspended in water decreases 15 
the passage of light through the water. Suspended materials include soil particles (clay, silt, and 16 
sand), algae, plankton, microbes, and other substances. These materials are typically in the size 17 
range of 0.004 millimeter (mm) (clay) to 1.0 mm (sand) (EPA, 2012). Turbidity can affect the 18 
color of the water. Due to the lithology of the formation and methods used to purge and sample, 19 
high turbidity readings are common at FWDA within existing wells and wells installed during 20 
this RFI. Final readings per Table 4-1 ranged from 37.3 NTU to out of range readings (readings 21 
above 999 NTUs, recorded on the table as “0.0*”). Selection of alternative meters with higher 22 
ranges may reduce the number of out of range data points.  23 

DO is a measure of aerobic and anaerobic conditions in the groundwater units. The mean DO in 24 
the Study Area bedrock groundwater was 10.37 mg/L (Table 4-1). High DO values suggest that 25 
aerobic conditions (> 1 mg/L) are likely present; however, historic data from existing wells with 26 
dedicated low-flow pumps indicate anaerobic conditions in some Study Area locations. Due to 27 
low recharge rates and the methods used to collect groundwater, DO values provided are 28 
qualified as high bias. Measurements were recorded from groundwater collected with disposable 29 
bailers or a Grundfos pump. The method was not a closed system and readings were biased high 30 
because of water interaction with air at the surface. The DO measurements for samples collected 31 
using bailer techniques or from a non-dedicated Grundfos pump are elevated due to the methods 32 
not being a closed system, introduction of a bailer into the water column, and water interaction 33 
with air at the surface. Also, some DO readings reported exceeded the theoretical threshold of 34 
DO in water given a specific temperature and barometric pressure. This is likely instrument error 35 
or caused by insufficient groundwater sample at a given reading to fully submerge the probe 36 
causing interaction with air. Three consecutive days recorded out-of-specification calibrations, 37 
which likely contributed to errant readings. DO values recorded during this RFI are qualified due 38 
to high bias introduced by limited groundwater sample volume as previously mentioned.  It is 39 
recommended in future monitoring events to explore alternative sampling procedures and 40 
selecting different instrumentation to provide more accurate readings.   41 
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4.3 GROUNDWATER ANALYTICAL RESULTS 1 

Per the approved Parcel 3 Groundwater RFI Work Plan (Sundance, 2016), identified 2 
groundwater CoPCs were nitrate, nitrite, explosives, perchlorate, VOCs, and metals. These 3 
analytes were sampled during this investigation and a general discussion of the specific analyte 4 
detection results in groundwater samples is provided in the following subsections. 5 

The groundwater quality parameters and laboratory analytical results for the February 2017 6 
through April 2017 groundwater sampling event are presented in Table 4-1 through Table 4-6. 7 
Figure 4-3 through Figure 4-6 show validated groundwater analytical data for the various 8 
groundwater constituents identified at the Study Area. The laboratory data were reviewed and 9 
determined to be valid and suitable for project DQOs. Only new wells installed during this RFI 10 
were sampled. Table 3-7 provides the sampling matrix achieved during this investigation.  11 

A background metals evaluation was not conducted as part of this Final Revision 1 Parcel 3 12 
Groundwater RFI Report (Section 3.11). Trace detections of site constituents were recorded in 13 
background well BGMW06. Analytical data from background groundwater well BGMW06 is 14 
included and evaluated in the following sections.  15 

4.3.1 Nitrate and Nitrite 16 

The form of nitrogen present, the type of geologic media, and the presence of organic matter 17 
control the mobility of the various forms of nitrogen. Nitrate is soluble and highly mobile. 18 
Nitrate has the potential to undergo denitrification under anaerobic aquifer conditions. Low 19 
oxygen values and high organic carbon produce subsurface conditions that support 20 
denitrification (U.S. Air Force, 2011). 21 

Nitrates are readily transported with the flow of groundwater due to low reactivity with 22 
surrounding geologic medium. In general, transport of nitrate in the bedrock water-bearing zones 23 
is consistent with the direction of groundwater flow. 24 

Nitrate and nitrite were analyzed by EPA Method 9056 and reported as nitrogen mass 25 
concentrations, nitrate-nitrogen, and nitrite-nitrogen. As previously presented on Table 3-7, 26 
nitrate and nitrite samples were collected from monitoring wells BGMW06, CMW26, 27 
CMW28B, CMW31B, CMW33B, CMW36A, and CMW36B. Monitoring wells CMW27B and 28 
CMW35 were not sampled for nitrate due to low groundwater yield. The nitrate and nitrite 29 
analytical detections are presented in Table 4-2; nitrate/nitrite-concentration data for the Study 30 
Area monitoring wells are shown on Figure 4-3. 31 

Nitrate was detected in groundwater from two wells during this sampling event. On the east side 32 
of the Hogback, the groundwater sample collected from monitoring well CMW26 detected 33 
nitrate at a concentration of 1.1 mg/L. CMW26 is the northernmost monitoring well installed east 34 
of the Hogback, located north of AOC 89 near the access gate to Parcel 3. This is the only 35 
detection of nitrate on the east side of the Hogback, at a concentration well below the NM 36 
WQCC screening value of 10 mg/L. The other detection of nitrate was in groundwater from 37 
proposed background monitoring well BGMW06. This well is the southernmost well installed on 38 
the west side of the Hogback, within a separate groundwater system. The trace concentration 39 
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detected recorded an estimated concentration of 0.098 J mg/L. This detection is several orders of 1 
magnitude below the groundwater screening value of 10 mg/L.  2 

Nitrite was detected in only one sample collected within the Study Area. Groundwater sample 3 
from monitoring well CMW28B reported an estimated concentration of 0.14 mg/L J. The nitrite 4 
concentration was below the nitrite screening value of 1 mg/L. Monitoring well CMW28B is 5 
located north of AOC 92 and the HWMU, within proximity to the main arroyo.  6 

4.3.2 Perchlorate  7 

Perchlorate is highly soluble in water and has low reactivity with surrounding geologic media. 8 
Due to these characteristics, dilute concentrations of perchlorate introduced into oxidizing, 9 
organic-poor aquifers will generally be transported at approximately the average velocity of 10 
groundwater (Sundance/CH2M HILL, 2013). Perchlorate migration would follow the respective 11 
water-bearing zone’s flow direction. 12 

Groundwater samples were analyzed for perchlorate by EPA Method 6860. Perchlorate samples 13 
were field filtered with a 0.2-micron disposable filter prior to filling sample containers. 14 
Perchlorate was sampled at nine monitoring wells including background monitoring well 15 
BGMW06. A summary of analytical results is presented in Table 4-3. Groundwater perchlorate-16 
concentration data for the Study Area monitoring wells are shown in Figure 4-4. 17 

Perchlorate was detected only in groundwater collected from monitoring wells on the east side of 18 
the Hogback. Groundwater sampled from monitoring wells CMW31B and BGMW06 on the 19 
west side of the Hogback did not have detections of perchlorate.  20 

Perchlorate detections were reported from groundwater at CMW26 located northeast of AOC 89 21 
and southeast of AOC 76 (outside Parcel 3; Figure 4-4); CMW27B located north-adjacent to 22 
AOC 89; CMW28B located north of the HWMU and AOC 92; CMW33B located west-adjacent 23 
to the HWMU; CMW35 located south of the HWMU; and CMW36B located southwest of the 24 
HWMU (Figure 4-4). Perchlorate concentrations were as follows.  25 

• CMW26 – 0.88 µg/L 26 
• CMW27B – 0.23 µg/L 27 
• CMW28B – 0.063 µg/L 28 
• CMW33B – 0.054 µg/L 29 
• CMW35 – 0.034 J µg/L 30 
• CMW36B – 0.011 J µg/L. 31 

Detections ranged from 0.011 µg/L to 0.88 µg/L, which did not exceed the groundwater 32 
screening value of 15 µg/L; however, trace detections of perchlorate were recorded throughout 33 
the Study Area on the east side of the Hogback.  34 
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4.3.3 Volatile Organic Compounds 1 

VOCs were analyzed by EPA Method 8260C. A summary of VOC analytical results is presented 2 
in Table 4-4. Groundwater VOC-concentration data for the Study Area monitoring wells are 3 
shown in Figure 4-5. 4 

Low-level VOCs were detected west of the Hogback in background monitoring well BGMW06 5 
located east of AOC 90 and CMW31B located north of SWMU 33; and east of the Hogback in 6 
monitoring wells CMW28B located north of AOC 92 and the HWMU, CMW33B located west-7 
adjacent to the HWMU, and CMW36A and CMW36B southwest of the HWMU (Figure 4-5). 8 
None of the VOCs exceeded their respective screening values. 9 

Historical detections of acetone; carbon disulfide; chloromethane; tetrachloroethylene; and 10 
benzene, toluene, ethylbenzene, and xylenes (BTEX) have been reported in Parcel 3 wells 11 
(Sundance, 2016). Toluene and benzene were detected in five and four monitoring wells 12 
respectively. None of the detections exceeded their respective regulatory screening values. 13 
Chloroform was also detected at four well locations, all of which are monitoring wells adjacent 14 
to the HWMU. Due to a limited data set, no trends could be identified. However, BTEX 15 
detections continue in Parcel 3 wells and the origin is uncertain. Some possible origins are 16 
examined below. 17 

Groundwater Sampling Procedures 18 

Groundwater sampling procedures performed during this RFI were examined, including 19 
methods, equipment used, and sampling supplies utilized. If groundwater practices were a 20 
contributor, including incomplete equipment decontamination, use of a generator in the sampling 21 
zone, or cross-contamination of sampling equipment with hydrocarbon-containing equipment 22 
(generators, field trucks, etc.), similar results would have appeared at other monitoring wells. 23 

Well Installation Procedures 24 

Well drilling and installation procedures were examined, including well installation materials, 25 
equipment used, and supplies. If well installation methods were a contributor, including well 26 
construction materials (PVC casing, filter pack sand, bentonite pellets) or equipment (drill rig 27 
hydrocarbon leaks or contamination), similar results would have appeared at other wells. 28 

Laboratory Practices 29 

If laboratory analytical practices were a BTEX contributor, then BTEX would have appeared in 30 
laboratory blank results with more detections. Further review of the validated VOC data, 31 
specifically benzene in background well BGMW06, did not reveal any significant abnormalities 32 
with the laboratory data or the data validation. 33 

Historical Activities 34 

Other VOC sources may have included releases from Parcel 3 AOCs, SWMUs, and the HWMU 35 
(Figure 4-5), including SWMU 15 and SWMU 33 (CMW31B); and from the HWMU 36 
(CMW28B and CMW33B). SWMU 33 consisted of one residue/debris pile south of SWMU 15 37 
(TPMC, 2008b); however, no other operational history information indicating petroleum 38 
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contamination is recorded. Visible waste at the site consisted of two experimental projectiles 1 
(rusted and breached) and 105 mm experimental mortars (rusted and breached or bent) (TPMC, 2 
2008a). Open detonation operations were historically conducted at SWMU 15, but no indication 3 
of petroleum usage or releases are documented.   4 

After review of the above possible origins of contamination, an explanation as to why BTEX 5 
persists is inconclusive. Benzene is a volatile constituent and unless fresh from a release, would 6 
generally attenuate relatively quickly at low concentrations in groundwater under aerobic 7 
conditions.   8 

4.3.4 Total and Dissolved Metals 9 

Historical total and dissolved metals were detected in multiple groundwater samples above 10 
regulatory screening values during the April 2013 groundwater sampling event. A background 11 
metals evaluation could not be completed as part of this Final Revision 1 Parcel 3 Groundwater 12 
RFI Report due to a lack of groundwater upgradient of the known site activities. The data set was 13 
not scientifically defensible because only one groundwater sample could be collected (Section 14 
3.11). Current metals concentrations from background well BGMW06 are included in this 15 
discussion.  16 

Groundwater samples were collected and analyzed as total and dissolved metals by EPA Method 17 
6010C and EPA Method 6020A, and for mercury by EPA Method 7470A. Dissolved metal 18 
samples were field filtered using a 0.45-micron disposable filter prior to filling sample 19 
containers. A summary of detections for total and dissolved metals is presented in Table 4-5 and 20 
Table 4-6. Only seven monitoring wells of the 12 permanent wells installed yielded sufficient 21 
volume to sample total and dissolved metals. The seven wells sampled for total and dissolved 22 
metals were BGMW06, CMW26, CMW28B, CMW31B, CMW33B, CMW36A, and CMW36B. 23 
Monitoring well CMW33B did not indicate evidence of groundwater recharge following sample 24 
collection and is suspected to be a dry well at the end of this investigation effort. 25 

Total and dissolved metals were detected at concentrations exceeding selected screening values 26 
in wells sampled except for CMW31B. Monitoring well CMW31B is located north of SWMU 33 27 
(west of the Hogback). Metals that exceeded groundwater screening values are listed below, by 28 
well.  29 

• BGMW06 (west side of the Hogback, upgradient of any known historical site activities): 30 

o Total Metals – aluminum, arsenic, barium, beryllium, chromium, cobalt, iron, lead, 31 
manganese, nickel, thallium, vanadium. 32 

o Dissolved Metals – No metals exceeded groundwater screening values. 33 

• CMW26 (southeast of AOC 76 (outside of Parcel 3) and downgradient of AOC 89: 34 

o Total Metals – iron. 35 

o Dissolved Metals – No metals exceeded groundwater screening values. 36 
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• CMW28B (north of AOC 92 and north of the HWMU):  1 

o Total Metals – aluminum, arsenic, beryllium, chromium, iron, lead, manganese, 2 
vanadium. 3 

o Dissolved Metals – aluminum, iron, manganese. 4 

• CMW33B (west-adjacent to the HWMU): 5 

o Total Metals – aluminum, arsenic, barium, beryllium, chromium, iron, lead, 6 
manganese, vanadium. 7 

o Dissolved Metals – aluminum, arsenic, barium, beryllium, chromium, iron, lead, 8 
manganese, cobalt, vanadium. 9 

• CMW36A (south of the HWMU, adjacent to CMW36B): 10 

o Total Metals – aluminum, arsenic, beryllium, chromium, iron, lead, manganese, 11 
vanadium. 12 

o Dissolved Metals – aluminum, iron. 13 

• CMW36B (south of the HWMU, adjacent to CMW36A): 14 

o Total Metals – aluminum, iron, manganese. 15 

o Dissolved Metals – iron. 16 

Total metals analysis has been shown in studies to be affected by sediment and the method of 17 
monitoring well purging and does not produce representative groundwater metals concentrations 18 
at many sites. As seen in metals exceedances at each well, more total metals concentrations 19 
exceeded screening values than dissolved metals. Monitoring wells CMW26 and CMW36B were 20 
the only two wells where turbidity was recorded lower than the range of the water-quality meter; 21 
these two wells only had exceedances of aluminum, iron, and manganese at CMW36B and iron 22 
at CMW26. This suggests elevated metals concentrations correlate to high turbidity readings at 23 
time of sampling.  24 

Dissolved metals exceeding screening values included aluminum, iron, and manganese except at 25 
one location, CMW33B, which also had exceedances for aluminum, arsenic, barium, beryllium, 26 
chromium, iron, lead, manganese, cobalt, and vanadium. This well is located on the western end 27 
of the HWMU. These metal exceedances were compared to historical metals concentrations in 28 
Parcel 3 monitoring wells from 1998 to 2013. The metal exceedances from CMW33B are 29 
consistent with dissolved metals exceedances recorded in previous groundwater monitoring 30 
events at wells within and downgradient of the HWMU (Appendix H). Future monitoring of 31 
existing and newly installed well is recommended. Excavation of the HWMU is currently being 32 
performed.  33 

Dissolved metals concentrations recorded in this RFI vary throughout the Study Area, outside of 34 
the detections at CMW33B. CMW33B is the only location with metals exceedances other than 35 
aluminum, iron, and manganese, but is suspected to be a dry well (Section 3.4.11). The varying 36 
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detections from the remaining monitoring wells are more suggestive of naturally occurring 1 
conditions; however, it cannot clearly be demonstrated whether the detected concentrations are a 2 
result of natural conditions or anthropogenic sources of contamination. No contaminant plume 3 
maps were created for the total or dissolved metals data. 4 

4.3.5 Explosives Compounds 5 

Groundwater samples were analyzed for explosives using EPA Method 8330B. Explosives 6 
analytical results are presented in Table 4-7.  Explosives-concentration data for the Study Area 7 
monitoring wells are shown on Figure 4-6. 8 

West of the Hogback, RDX was the only detected explosive in groundwater collected from 9 
monitoring well CMW31B located north of SWMU 33. All other explosives constituents were 10 
not detected. RDX was detected at a concentration of 0.28 µg/L, well below the groundwater 11 
screening value of 9.7 µg/L. SWMU 33 is part of the closed OB/OD Area and consisted of one 12 
residue/debris pile south of SWMU 15. Groundwater monitoring well CMW31B is located 13 
directly downgradient of SWMU 33, which is the likely source of groundwater contamination. 14 
Additional sampling and data are needed to verify the low concentration as a detection or an 15 
anomaly. Background monitoring well BGMW06 had detections of RDX and 2-nitrotoluene in 16 
groundwater. RDX was detected at a concentration of 0.42 µg/L J and well below the screening 17 
value of 9.7 µg/L. The other detection was 2-nitrotoluene at a concentration of 0.2 µg/L J, also 18 
well below its screening value of 3.1 µg/L. +BGMW06 is located east of AOC 90 and upgradient 19 
of known historic site activities in the area. The explosives detections appear anomalous because 20 
no contributing activities or source locations are known to exist upgradient of BGMW06. 21 
Detections of RDX are similar to concentrations found at CMW31B, which is screened in the 22 
same stratigraphy. Additional sampling is warranted to verify the detections are not anomalous.  23 

East of the Hogback, explosives were detected in groundwater from the following wells: 24 
monitoring well CMW26 located north of AOC 89 and southeast of AOC 76 (outside of 25 
Parcel 3); monitoring well CMW27B located north-adjacent to AOC 89; monitoring well 26 
CMW28B located north of the HWMU; and CMW35 located south of the HWMU (Figure 4-6). 27 
None of the explosives detections exceeded the groundwater screening values. Some detections 28 
were qualified as non-detects during data validation at wells CMW28B, CMW33B, CMW36A, 29 
CMW36B. The qualifiers were adjusted per the QSM due to laboratory blank detections, 30 
equipment blank detections, and laboratory control sample percent recoveries not within limits. 31 
Data validation reports are presented in Appendix E. Additional monitoring is needed to verify 32 
detected concentrations of constituents, verify non-detects, and determine any trends.33 
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5  HUMAN HEALTH RISK SCREENING 1 

A human health risk screening was conducted using groundwater analytical results from initial 2 
groundwater sampling of installed wells from this RFI. The data set excludes the results from 3 
background well BGMW06. Existing well CMW02 was sampled during a monitoring event 4 
following RFI activities; thus, data from CMW02 will be presented in a monitoring report 5 
separate from this RFI report. 6 

• The risk screening was conducted using Risk Assessment Guidance (NMED, 2017 7 
Revised). Screening values for the tap water pathway were selected following the RCRA 8 
permit hierarchy from Section 7.1 of Attachment 7 (NMED, 2015). Screening values for 9 
the vapor intrusion pathway are the residential VISLs provided in the Risk Assessment 10 
Guidance Appendix A (Table A-3) (NMED, 2017 Revised). When no screening level is 11 
published for an analyte, a surrogate compound was selected and used in the evaluation. 12 

• Analytes that were detected at least once are considered CoPCs. A sample-by-sample risk 13 
screening was performed to evaluate individual concentrations of each CoPC for the tap 14 
water and vapor intrusion pathways. 15 

• An uncertainty discussion is presented to address where in the risk screening uncertainty 16 
could be introduced. 17 

The remainder of this section presents the specific details and results of the human health risk 18 
screening of groundwater in the Study Area as shown on Table 5-1 through Table 5-5. 19 

5.1 HISTORICAL OPERATIONS 20 

Four AOCs, three SWMUs, and an HWMU are located within the Study Area and are potential 21 
sources of contamination in the Study Area groundwater. The AOCs represent various areas 22 
where munitions were known to have been handled, or potentially handled, based on aerial 23 
photography evaluations and other historical documents. The SWMUs represent landfill or 24 
debris disposal locations. The HWMU historically was the most active area within the Study 25 
Area and is where open burning and/or open detonation of munitions was conducted. Monitoring 26 
wells have been installed near, or downgradient of, most AOCs and SWMUs, as well as within 27 
and downgradient of the HWMU. 28 

5.2 DATA USED IN THE EVALUATION 29 

The risk screening for the Study Area groundwater used the results of groundwater samples 30 
collected during the groundwater sampling event in February 2017 through April 2017. As 31 
discussed in Section 3.11, a background analysis was not completed because adequate data were 32 
not available due to a lack of groundwater. Data obtained from background well BGMW06 were 33 
previously discussed in Section 3.11.3, background groundwater analytical results are presented 34 
in Section 4.  35 

As described in previous sections on geology (Section 2.2.6) and the hydrogeologic conceptual 36 
model (Section 2.3), groundwater is present on both sides of the Hogback, but it is separated by a 37 
fault zone (Figure 2-7). The fault zone creates two distinct areas of groundwater within the Study 38 
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Area that are not connected. The fault zone separates older, Triassic-age strata east of the 1 
Hogback from younger, Jurassic-age strata found within and west of the Hogback feature 2 
(Figure 2-3). As stated previously in Section 2.3, monitoring well KMW16 is screened within the 3 
younger Jurassic-age strata and is believed to receive recharge from the arroyo that drains 4 
surface water from the west (Figure 2-11). KMW16 will be included with wells west of the 5 
Hogback. Surface water does connect areas west of the Hogback to areas east of the Hogback, 6 
but only following high-energy precipitation events (Figure 2-11). Therefore, two groundwater 7 
exposure areas were identified and evaluated separately. 8 

1. Groundwater west of the Hogback. This exposure area is represented by two 9 
monitoring wells: KMW16 (not sampled) and CMW31B. The data set for this exposure 10 
area is comprised of one sample (one sample from wellCMW31B). 11 

2. Groundwater east of the Hogback. This exposure area is represented by nine 12 
monitoring wells: CMW26, CMW27B, CMW28B, CMW32, CMW33B, CMW35, 13 
CMW36A, CMW36B, and KMW15B. The data set for this exposure area is comprised of 14 
seven samples. Monitoring wells CMW32 and KMW15B did not produce groundwater 15 
sufficient to collect a sample and were deemed dry.  16 

The list below provides the number of wells sampled for the sampling event. Each sample was 17 
analyzed for nitrate, nitrite, perchlorate, explosives, total and dissolved metals, and VOCs except 18 
where noted. 19 

• Groundwater sampling conducted February 2017 through April 2017. Groundwater 20 
samples were collected from eight monitoring wells (CMW26, CMW27B, CMW28B, 21 
CMW31B, CMW33B, CMW35, CMW36A, and CMW36B). Samples CMW27B and 22 
CMW35 were not analyzed for total and dissolved metals, VOCs, and nitrate/nitrite due 23 
to insufficient water available for these analyses. CMW33B and CMW35 have not 24 
recharged following sample collection and are assumed to be dry wells at the conclusion 25 
of RFI field efforts. 26 

5.3 DATA QUALITY OBJECTIVES 27 

The key DQO of the risk screening is to determine if the data collected between February 2017 28 
and April 2017 are of sufficient quality to be used in the risk screening. Qualifiers were assigned 29 
to the 2017 analytical results during data validation to indicate if there are limitations on data 30 
usability; these qualifiers were previously defined in Section 3.3.2.5 and are shown in Table 3-8, 31 
Table 4-2 through Table 4-7, and Table 5-5. Data validation reports are provided in Appendix E. 32 

The LOQs, LODs, and DLs achieved for the current analytical results were compared to the 33 
lowest groundwater screening values and VISLs to identify where uncertainty could be 34 
introduced. Comparison of the range of achieved LOQs, LODs, and DLs to groundwater 35 
screening values is provided in Table 5-1 and Table 5-3. Comparison of the range of achieved 36 
LOQs, LODs, and DLs to VISLs is provided in Table 5-2 and Table 5-4. As presented in Section 37 
5.2, two groundwater exposure areas were identified and are assessed separately in the risk 38 
evaluation, so the LOQs, LODs, and DLs are also assessed separately. 39 
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Groundwater samples collected west of the Hogback had five analytes (beryllium; nitroglycerin; 1 
1,2,3-trichloropropane; 1,2-dibromo-3-chloropropane; and 1,2-dibromoethane) with LOQs 2 
greater than groundwater screening values. Table 5-2 lists two analytes 3 
(1,2-dibromo-3-chloropropane and vinyl chloride) having LOQs greater than VISLs. The analyte 4 
1,2-dibromo-3-chloropropane had LOQs exceeding groundwater screening values and VISLs, 5 
thus only six analytes had LOQ exceedances. These six analytes are addressed further in the 6 
uncertainty discussion (Section 5.5.3) and evaluated as described in Section 3.3.2.7. 7 

As presented in Table 5-3 and Table 5-4, 12 analytes in groundwater east of the Hogback had 8 
LOQs greater than groundwater screening values, and two analytes had LOQs greater than 9 
VISLs. These analytes are nitrite; beryllium; 1,3-dinitrobenzene; 2,4-dinitrotoluene (2,4-DNT); 10 
2,6-dinitrotoluene; 2-nitrotoluene; 3-nitrotoluene; nitrobenzene; nitroglycerin; 11 
1,2,3-trichloropropane; 1,2-dibromo-3-chloropropane; 1,2-dibromoethane; and vinyl chloride). 12 
The total number of analytes having LOQs greater than screening values is 13 because 13 
1,2-dibromo-3-chloropropane and vinyl chloride had LOQs exceeding groundwater screening 14 
values and VISLs. Five analytes (dissolved beryllium; 1,3-dinitrobenzene; 3-nitrotoluene; 15 
nitrobenzene; and nitrite) were detected and evaluated in the risk screening, so no additional 16 
uncertainty is introduced. The remaining eight analytes are addressed further in the uncertainty 17 
discussion (Section 5.5.3) and evaluated as described in Section 3.3.2.7. 18 

5.4 CONCEPTUAL SITE MODEL AND EXPOSURE ASSUMPTIONS 19 

The human health risk screening was conducted within the context of a conceptual site model 20 
(CSM) that was developed based on the regulatory history presented in Section 3.3.2.1, the 21 
exposure pathways, and the summary of historical operations provided in Section 5.1. 22 

The CSM diagram presented in Figure 5-1 illustrates the potentially complete exposure pathways 23 
to contaminants in groundwater (shown in green). There are no current complete exposure 24 
pathways for site receptors through either tap water usage or vapor intrusion into buildings 25 
because there are no water supply wells or occupied buildings located in the Study Area. Parcel 3 26 
is an improved conventional munitions-designated area and will require land use restrictions; 27 
however, the CSM conservatively identifies the potential for future residents to be exposed to 28 
contaminants in groundwater through tap water use and vapor intrusion, and for future 29 
commercial/industrial workers to be exposed through vapor intrusion. Potential vapor intrusion 30 
risk to commercial/industrial workers was evaluated using residential receptor screening values, 31 
which are considered protective of commercial/industrial receptors. No receptors through 32 
grazing or irrigation were evaluated because Parcel 3 is an improved conventional munitions-33 
designated area. This designation will require land use restrictions preventing residential use 34 
including grazing and irrigation practices, thus there are no complete exposure pathways through 35 
grazing or irrigation.  36 

5.5 RISK SCREENING RESULTS 37 

This section presents the results of the risk screening for the two groundwater exposure areas: 38 
west of the Hogback and east of the Hogback. For each of the two exposure areas, risk screening 39 
was conducted for the two exposure pathways identified in the CSM: tap water usage and vapor 40 
intrusion. 41 
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The risk screening for the tap water pathway compared the concentrations of detected analytes 1 
from the 2017 sampling events at each monitoring well to their respective screening values as 2 
defined from the hierarchy of standards in Section 7.1 of Attachment 7 of the 2015 RCRA permit 3 
(and as listed in Section 3.3.2.4). Both total and dissolved metals results were compared to tap 4 
water screening values in Table 4-5 and Table 4-6 for completeness. However, NM WQCC 5 
groundwater standards apply to the dissolved portion of the contaminants, except for mercury 6 
where the standard applies to the “total unfiltered” concentration (NMAC 20.6.2.3103). The 7 
uncertainty introduced by comparing total metals concentrations to tap water screening values is 8 
addressed in the uncertainty discussion. 9 

Inorganic groundwater analytes that are considered essential nutrients (calcium, magnesium, 10 
potassium, and sodium) do not have published groundwater screening values because an 11 
adequate intake of these metals is required to maintain healthy bodies and body functions. 12 
Concentrations of calcium, magnesium, potassium, and sodium in groundwater are well below 13 
the adequate intake values published by NMED (Table 5-1 in Section 5.2, NMED, 2017 14 
Revised), assuming a receptor consumes 2 liters of water per day. Therefore, essential nutrients 15 
are not anticipated to contribute to health risks and were excluded from the risk screening. 16 

The risk screening for the vapor intrusion pathway determined if detected analytes met the 17 
NMED vapor intrusion criteria (NMED, 2017 Revised, Section 2.5.1; Henry’s law constant; 18 
molecular weight; and inhalation toxicity) and then compared those analytes to the residential 19 
VISLs for groundwater published by NMED in Appendix A (Table A-3) of the NMED risk 20 
guidance (NMED, 2017 Revised). 21 

The results of the risk screening for the tap water and vapor intrusion pathways for both 22 
groundwater exposure areas are provided in Table 4-2 through Table 4-7. A summary of all 23 
screening level exceedances for both groundwater exposure units is provided in Table 5-5. 24 

5.5.1 Groundwater West of the Hogback 25 

The groundwater exposure area west of the Hogback is characterized by the results from 26 
monitoring well CMW31B. 27 

5.5.1.1 Tap Water Pathway 28 

Table 4-2 through Table 4-7 show that analytes were detected in VOCs, explosives, dissolved 29 
metals, and total metals; however, no concentrations exceeded groundwater screening levels 30 
from monitoring well CMW31B. No exceedances west of the Hogback are presented on Table 31 
5-5. Background well BGMW06 is not included in this section; however, is discussed in Section 32 
3.11 and included in Section 4.  33 

5.5.1.2 Vapor Intrusion Pathway 34 

Table 4-4 shows that eight VOCs were detected in monitoring well CMW31B, but none of them 35 
exceeded the corresponding VISLs. Each of these VOCs were J-qualified as detected between 36 
the LOQ and DL. Therefore, the VOC detections do not represent a significant source of VOCs, 37 
which indicates the vapor intrusion pathway is unlikely to be a concern to future residents. 38 
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5.5.2 Groundwater East of the Hogback 1 

The groundwater exposure area east of the Hogback is characterized by the results from nine 2 
monitoring wells: CMW26, CMW27B, CMW28B, CMW32, CMW33B, CMW35, CMW36A, 3 
CMW36B, and KMW15B. 4 

5.5.2.1 Tap Water Pathway 5 

Table 4-2 through Table 4-7 and Table 5-5 show that only the following 10 metals were detected 6 
at concentrations greater than the groundwater screening values (both total and dissolved): 7 
aluminum, arsenic, barium, beryllium, chromium, cobalt, iron, lead, manganese, and vanadium. 8 
Barium was detected at the groundwater screening value in one sample and is included as an 9 
exceedance.  10 

The highest total metals and dissolved metals concentrations were detected in wells CMW28B, 11 
CMW33B, CMW36A, and CMW36B. Dissolved metals concentrations in monitoring well 12 
CMW33B are at least one order of magnitude greater that the highest concentration from the 13 
2017 sample set, or from the historical data set representing the period from 1998 to 2013 14 
(Appendix H). 15 

All other analyte detections were less than groundwater screening values. 16 

5.5.2.2 Vapor Intrusion Pathway 17 

Table 4-4 show that eight VOCs were detected, but no analytes exceeded its groundwater 18 
screening value or VISL. Exceedances are likely to be encountered during future monitoring 19 
events, due to an ink marker inadvertently dropped down existing well CMW22 during the time 20 
of surveying. The ink marker was retrieved and removed from the well the following month, 21 
eliminating the known source of VOCs at CMW22. Any future exceedances of constituents 22 
related to the ink marker should only be contained within a small area near CMW22 and not 23 
widespread. The safety data sheet for the ink marker is presented in Appendix G.  24 

Out of the eight VOCs that were detected in February 2017 through April 2017, six of these 25 
VOCs were infrequently detected (three or fewer times) and do not represent a significant source 26 
of VOCs. The remaining two VOCs are chloroform and toluene, which were detected in four 27 
wells and three wells, respectively. These VOCs were mostly commonly detected in wells that 28 
are near the HWMU and could be related to historical operations at the HWMU. 29 

5.5.3 Uncertainty Discussion 30 

The following uncertainties could impact the findings and conclusions of this risk evaluation. 31 

• Limited data set. The 2017 data set evaluated was limited to one sample per monitoring 32 
well. This limited data set does not adequately account for potential seasonal changes in 33 
groundwater or longer-term changes in groundwater concentrations over time. The 34 
February 2017 through April 2017 results for metals east of the Hogback indicate higher 35 
concentrations than are typical for the period from 1998 through 2013, especially at 36 
monitoring well CMW33B where anomalously high metals concentrations were reported 37 
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from this well in March 2017. Field observations following the initial sampling indicate 1 
no recharge has occurred and the well may now potentially be dry. 2 

• Use of J-qualified results. The risk screening used J-qualified groundwater analytical 3 
results as if they were not qualified. This creates the potential that an analyte or groups of 4 
analytes are present when they may be absent, or may have estimated concentrations that 5 
are low, or high, depending on the nature of the laboratory uncertainty. Selected analytes 6 
from monitoring wells (excluding the background wells) were J-qualified for one or more 7 
of the following reasons. 8 

o The detected concentration is between the DL and LOQ. This qualification 9 
applies to perchlorate, nitrate, selected metals, VOCs, and explosives. This 10 
qualification means the concentration was estimated because it was found at very 11 
low values in the samples. 12 

o Surrogate recovery was high, so the reported analytical result may also be 13 
high. This qualification applies to selected VOCs in CMW31B and 14 
1,2-dinitrobenzene in CMW27B. The results were J-qualified because of high 15 
surrogate recoveries in the analyses. The detected concentrations may be 16 
overestimated. 17 

o The percent difference between the primary and confirmation columns was 18 
high, so the analytical result is imprecise. This qualification applies to the RDX 19 
results from CMW31B and CMW35 and means the reported concentration is 20 
uncertain due to a difference in the analytical results reported from the primary 21 
and confirmation columns. 22 

o The relative percent difference between the MS and the MSD, or between the 23 
primary sample and the laboratory duplicate, was outside of acceptance 24 
limits. This qualification applies to selected metals from multiple wells. This 25 
difference between the two results indicates the measured concentration is 26 
imprecise. 27 

Relying on the J-qualified results as if they are not J-qualified has the potential to 28 
introduce uncertainty in the risk screening if the risk screening conclusions assume that 29 
analytes listed above are present at the stated concentrations in the monitoring wells. 30 

• LOQs that are greater than screening values. A comparison of screening values to 31 
LOQs, LODs, and DLs was conducted to determine if there was bias introduced to the 32 
risk screening results from quantitation limits that were greater than the screening values. 33 
For each analyte with an LOQ greater than screening levels, the following factors were 34 
examined to evaluate what bias might be introduced into the evaluation of risk.  35 

1. Was the analyte detected above the LOD in any sample? 36 

2. Was the analyte detected above the DL in any sample? 37 
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3. Is the analyte a chemical of concern at the site? 1 

Two groundwater exposure areas were identified and evaluated separately in the risk 2 
screening, so the evaluation of quantitation limits is also done separately. 3 

o West of the Hogback. As shown on Table 5-1 and Table 5-2, one metal 4 
(dissolved beryllium) one explosive (nitroglycerin) and four organic analytes 5 
(1,2,3-trichloropropane; 1,2-dibromo-3-chloropropane; 1,2-dibromoethane; and 6 
vinyl chloride) were not detected and had LOQs greater than screening values. 7 
Two of the six analytes, beryllium and vinyl chloride, were not detected above the 8 
LOD and had an LOD that is less than the groundwater screening level for 9 
beryllium and the VISL for vinyl chloride. U-qualification is assigned at the LOD, 10 
so no additional bias is introduced by concluding that beryllium and vinyl 11 
chloride are absent. Nitroglycerin was not detected above the DL but had an LOQ 12 
and LOD that were greater than the groundwater screening level. This analyte is 13 
considered to be absent in the monitoring wells; however, there is greater 14 
uncertainty associated with results below the LOD, so a small negative bias could 15 
be introduced to the risk screening conclusions because historical operations at 16 
Parcel 3 were a source of explosives. 17 

The remaining three analytes (1,2,3-trichloropropane; 1,2-dibromoethane; and 18 
1,2-dibromo-3-chloropropane;) had LOQs, LODs, and DLs greater than the 19 
groundwater screening the level (and the VISL for 1,2 dibromo-3-chloropropane), 20 
so concluding that they are absent could introduce a small negative bias into the 21 
risk screening conclusions. However, the toxicological profiles published by 22 
ATSDR describes the typical uses of these analytes, which suggests they were not 23 
associated with historical FWDA operations. 24 

 1,2,3-trichloropropane. Historically used as an industrial solvent and is 25 
currently used in the manufacture of other chemicals (ATSDR, 1992b). 26 

 1,2-dibromo-3-chloropropane. Historically used as a soil fumigant and 27 
nematicide on agricultural crops, but currently only used as in intermediate in 28 
making a brominated flame retardant (ATSDR, 1992c).  29 
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 1,2-dibromoethane. Primarily used as an additive in leaded gasoline, with 1 
some applications in the production of dyes, resins, waxes, and similar 2 
products. Past uses include soil and turf fumigation for agriculture and 3 
recreational spaces, with limited continued insecticidal use (ASTDR, 1992a). 4 

Thus, no additional bias is introduced to the risk screening conclusions for these 5 
three analytes. 6 

o East of the Hogback. As shown on Table 5-3 and Table 5-4, seven analytes (2,4-7 
DNT; 2,6-dinitrotoluene; 2-nitrotoluene; nitroglycerin; 1,2,3-trichloropropane; 8 
1,2-dibromo-3-chloropropane; 1,2-dibromoethane; and vinyl chloride) were not 9 
detected and had LOQs greater than screening values. Two of the eight analytes 10 
(2,4-DNT and 2,6-dinitrotoluene) were not detected above the LOD and had an 11 
LOD that is less than the groundwater screening level. Vinyl chloride was not 12 
detected above the LOD and had an LOD that is less than the VISL. U-13 
qualification is assigned at the LOD, so no additional bias is introduced by 14 
concluding that 2,4-DNT; 2,6-dinitrotoluene; and vinyl chloride are absent. 15 

One of the eight analytes—nitroglycerin —had LOQs, LODs, and DLs greater 16 
than the screening values, so a negative bias could result if the risk conclusions 17 
were to assume the nitroglycerin was not present. 18 

The remaining three analytes (1,2,3-trichloropropane; 1,2-dibromoethane; and 19 
1,2-dibromo-3-chloropropane) had LOQs, LODs, and DLs greater than the 20 
groundwater screening level (and the VISL for 1,2 dibromo-3-chloropropane), so 21 
concluding that they are absent could introduce a small negative bias into the risk 22 
screening conclusions. However, they were not associated with historical FWDA 23 
operations as described in the West of the Hogback section above. 24 

No additional bias is introduced to the risk screening conclusions for the area west of the 25 
Hogback or east of the Hogback, except potentially for falsely assuming that one or two 26 
explosives are absent because they are not detected and have LOQs, LODs, and DLs that 27 
are greater than screening levels. 28 

• Groundwater quantity. The extent of groundwater in the Study Area is very limited. 29 
Multiple wells installed in 2017 produced very little water during sampling leading to 30 
elevated turbidity in water samples from limited or intermittent purging allowed by the 31 
limited groundwater volume. The limited quantity of groundwater is insufficient to 32 
support an effective future drinking water well based on observations made during 33 
groundwater sampling and hydrogeological investigation. The likelihood that a family or 34 
small group of individuals could successfully complete a well to provide sufficient water 35 
supply within the shallowest water-bearing zone in the Study Area is low. Also, Parcel 3 36 
is an improved conventional munitions-designated area. This designation will require 37 
land use restrictions preventing residential use.  38 
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• Total and dissolved metal fractions. The risk screening compared both the total and 1 
dissolved fractions of detected metals to tap water screening values. However, NM 2 
WQCC groundwater standards apply to the dissolved portion of the contaminants, except 3 
for mercury where the standard applies to the “total unfiltered” concentration 4 
(NMAC 20.6.2.3103). Thus, future evaluations should focus on the dissolved fraction 5 
that would be consumed if groundwater was used as a tap water source. 6 

• Background evaluation. A metals background evaluation was not able to be 7 
successfully completed at the time this risk screening was conducted. The risk screening 8 
results, therefore, do not account for that portion of the metals that are naturally 9 
occurring. Future evaluations should incorporate an evaluation of background in soil 10 
and/or groundwater to differentiate between naturally occurring conditions and 11 
conditions that could contribute to health risks. 12 

The results of this risk screening, and the uncertainties identified above, demonstrate that 13 
additional data collection is warranted before concluding that any corrective measures are 14 
warranted to address CoPCs in groundwater.15 
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6 FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS 1 

The purpose of the Parcel 3 groundwater RFI was as follows (Sundance, 2016). 2 

• Identify CoPCs in groundwater. 3 

• Define and delineate the horizontal and vertical extent of potential groundwater 4 
contamination. 5 

• Identify source locations where CoPCs were potentially released into the environment. 6 

• Establish groundwater BTVs. 7 

• Consider the potential impact of CoPCs to human health and ecological receptors. 8 

• Provide sufficient information to conduct future corrective measure studies for any 9 
identified CoPCs that will support the transfer of FWDA property from Army possession. 10 

6.1 GROUNDWATER INVESTIGATION RESULTS 11 

The RFI focused on CoPCs in groundwater within the Study Area (Figure 2-1). CoPCs including 12 
nitrate, nitrite, explosives, perchlorate, VOCs, and metals have been identified based on their 13 
presence within the Study Area, and their association with historical Study Area activities. 14 

On the east side of the Hogback, groundwater was encountered primarily in the Painted Desert 15 
Member of the Petrified Forest Formation. The new wells installed into the Sonsela Member did 16 
not produce groundwater during this RFI. Groundwater was limited to the Painted Desert 17 
Member within the main arroyo and within the Sonsela Sandstone (observed in existing 18 
monitoring wells) at the northern end of the Study Area. Groundwater exhibited perched 19 
conditions, with little vertical movement. Groundwater was not encountered on the southern end 20 
of the Study Area, which is east of the main north–south trending arroyo (Figure 2-11). 21 

On the west side of the Hogback, groundwater was located within the Mancos Shale and the 22 
Entrada Sandstone. These formations show no evidence of communication with the Painted 23 
Desert Member and exhibited low-yield perched conditions. Groundwater is also limited to the 24 
drainage arroyo located on the west side of the Hogback. Hydraulic conductivities measured 25 
from slug testing ranged from 1.47 x 10-7 to 2.65 x 10-5 centimeters per second indicating a very 26 
low permeability aquifer.  27 

Groundwater samples were analyzed for nitrate, nitrite, explosives, perchlorate, VOCs, and 28 
metals. A general discussion of the specific analytes detected in groundwater samples is provided 29 
in the following subsections. 30 

6.1.1 Nitrate and Nitrite 31 

None of the nitrate and nitrite samples exceeded the groundwater screening value of 10 mg/L 32 
and 1 mg/L respectively. West of the Hogback, only one well, BGMW06, had a trace detection 33 
of nitrate at a location believed to be upgradient of historical site activities.  34 
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East of the Hogback, one detection of nitrate well below the screening value was recorded at 1 
CMW26. This well is the northernmost groundwater well installed during the investigation and is 2 
downgradient of AOC 89. One detection of nitrite was recorded below the screening value of 1.0 3 
mg/L at monitoring well CMW28B. This well is in proximity of the main arroyo and is located 4 
downgradient of AOC 92 and the HWMU. Nitrate and nitrite were not widespread and are 5 
concluded to not be a contaminant of concern resulting from historic site activities.  6 

6.1.2 Perchlorate 7 

None of the groundwater samples collected exceeded the groundwater screening level of 8 
15 µg/L. Perchlorate was not detected west of the Hogback. Perchlorate concentrations were 9 
below the human health screening level with detections ranging from 0.011 µg/L to 0.88 µg/L. 10 
Detections were one to three orders of magnitude lower than the screening value of 15 µg/L. 11 
Perchlorate was detected adjacent to the HWMU and AOC 89, suggesting that these are the 12 
likely sources. The HWMU is currently undergoing source removal and only trace detections 13 
exist in groundwater; however, as trace detections are widespread (from the HWMU to the 14 
northern end of Parcel 3, east of the Hogback) additional data points are needed to clearly 15 
demonstrate the risk to human health. Future monitoring of new and existing wells is warranted.   16 

6.1.3 Volatile Organic Compounds 17 

None of the VOCs exceeded groundwater screening values and no VOCs exceeded the VISLs. 18 
During the RFI, benzene and chloroform were detected in four monitoring wells and toluene was 19 
detected in five wells. The source of the benzene detections is unknown. Benzene is a volatile 20 
constituent and unless fresh from a release, would generally attenuate relatively quickly at low 21 
concentrations in groundwater under aerobic conditions.   22 

Overall, the majority of VOCs detected in shallow bedrock groundwater within the Study Area 23 
are at concentrations that are orders of magnitude lower than human health screening values. The 24 
detections appear sporadic in nature. Coupled with a limited data set, no trends or evidence of a 25 
contaminant plume within the Study Area could be concluded. Additional data points are needed 26 
to determine the risk to human health. Future monitoring of VOCs at new and existing Parcel 3 27 
wells is warranted.  28 

6.1.4 Metals 29 

The highest total metals and dissolved metals concentrations were detected in wells CMW28B, 30 
CMW33B, CMW36A, and CMW36B. Dissolved metals concentrations in monitoring well 31 
CMW33B are at least one order of magnitude greater that the highest concentration from the 32 
2017 sample set, or from the historical data set representing the period from 1998 to 2013 33 
(Appendix H). Monitoring wells CMW26 and CMW36B were the only two wells where 34 
turbidity was recorded lower than the range of the water-quality meter. These two wells only had 35 
exceedances of aluminum, iron, and manganese at CMW36B and iron at CMW26.  This suggests 36 
elevated metals concentrations correlate to high turbidity readings at time of sampling and may 37 
bias concentrations high.  38 

The majority of metals exceedances were from CMW33B, located within the HWMU on the 39 
western side and away from the main arroyo. This well is also presumed to be dry following RFI 40 
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activities because no groundwater recharge has been observed following initial sample 1 
collection. 2 

Total metals concentrations were compared to Parcel 3 monitoring well metals concentrations 3 
data from 1998 to 2013. Although these metals were elevated in both the current (Table 4-5 and 4 
Table 4-6) and historical analytical results (Appendix H), both were consistently high.  5 

It cannot be clearly demonstrated whether the detected concentrations are a result of natural 6 
conditions or anthropogenic sources of contamination because background metal groundwater 7 
concentrations have not yet been established for the Study Area. Additional data are needed to 8 
determine if background monitoring wells are sufficient to perform a background study. 9 
Alternate methods to determine representative background groundwater values will also be 10 
explored if groundwater not impacted by site activities is unattainable. Additional groundwater 11 
monitoring at new and existing wells is also needed to develop trend analyses and compile a 12 
statistically acceptable data set.  13 

6.1.5 Explosive Compounds 14 

Explosives were detected in groundwater at six monitoring wells during the initial groundwater 15 
sampling event. All detections were below screening values.  16 

East of the Hogback, explosives were detected in four monitoring wells. RDX and tetryl were the 17 
only two explosives detected in more than one sample location. Detections were recorded 18 
downgradient of AOC 89, AOC 92, and the HWMU within wells proximal to the main arroyo. 19 
Operations are ongoing to remove the HWMU source, which also lies within the main arroyo. 20 
The HWMU is likely the primary source of explosives contamination. Further sampling is 21 
warranted to determine any trends and to verify recorded detections of explosives during this 22 
investigation.  23 

West of the Hogback, RDX was detected at CMW31B and background well BGMW06, both 24 
samples having concentrations an order of magnitude below the screening value. CMW31B is 25 
directly downgradient of SWMU 33, and is likely the source of contamination; however, further 26 
sampling and data collection is needed to validate the low concentration as a detection or an 27 
anomaly. Additional analytical data will determine any trends at the location. BGMW06 was 28 
believed to be upgradient of historic site activities and had similar detected concentrations of 29 
RDX. BGMW06 also had a detection of 2-nitrotoluene with a concentration a magnitude below 30 
the screening value. Further sampling at both locations is warranted to confirm the detections are 31 
not anomalous and determine any data trends.  32 

6.2 BACKGROUND STUDY FINDINGS 33 

The background study as proposed in the approved Parcel 3 Groundwater RFI Work Plan 34 
(Sundance, 2016) was not successfully completed because of limited groundwater availability in 35 
upgradient areas. Two of three new well locations (BGMW04 and BGMW05) did not produce 36 
any water. A dry boring was drilled at the BGMW04 location and was later abandoned. 37 
BGMW05 was set as a permanent well but failed to produce any groundwater. Groundwater 38 
samples were collected and analyzed from well BGMW06. Trace detections of site constituents 39 
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were recorded, requiring additional sampling at BGMW06 to determine if detections are 1 
anomalous. Existing well CMW02 was proposed to be converted to a background well. This well 2 
was not sampled during the initial sampling of installed wells but was sampled during 3 
monitoring activities that followed this RFI. CMW02 also had detections of site constituents. 4 
Analytical data from CMW02 will be presented in future monitoring reports under a separate 5 
cover.  6 

The background data set is currently represented by one groundwater sample collected from 7 
BGMW06. The limited data collected from BGMW06 are insufficient to develop a groundwater 8 
background analysis. Additional sampling rounds may eventually produce enough data to 9 
calculate BTVs for Parcel 3 groundwater. 10 

Based on the risk screening results, VOCs, dissolved metals, nitrate/nitrite, perchlorate, and 11 
explosives are not present in background well BGMW06 at concentrations of concern. 12 
Detections of site constituents gives evidence the background location has been impacted by 13 
historic site activities, but single point detections at low levels need confirmation. Multiple 14 
analytical results, including detections of RDX and VOCs at BGMW06, have uncertainties 15 
related to the data set as described in Section 3.11.4.3 Uncertainty Discussion. Additional 16 
sampling is recommended to determine if detections are anomalous or not, and to collect a 17 
defensible data set to either retain BGMW06 as a background well or request to redesignate the 18 
well to site groundwater monitoring. 19 

6.3 HUMAN HEALTH RISK SCREENING FINDINGS 20 

Two groundwater exposure areas were identified and evaluated separately. Groundwater 21 
monitoring wells screened in Jurassic-age strata within and west of the Hogback, and monitoring 22 
wells screened in Triassic-age strata east of the Hogback. The results of the human health risk 23 
screening for each exposure area are summarized below. 24 

6.3.1 Groundwater West of the Hogback 25 

The groundwater exposure area west of the Hogback is characterized by the results from 26 
monitoring well CMW31B. The tap water pathway is potentially complete for future receptors; 27 
however, no exceedances were recorded west of the Hogback.  28 

The vapor intrusion pathway is potentially complete for future receptors, but no VOC detections 29 
exceeded the VISLs.  30 

6.3.2 Groundwater East of the Hogback 31 

The tap water pathway is potentially complete for future receptors. Ten total and dissolved 32 
metals were detected at concentrations greater than the tap water screening values in multiple 33 
wells. The highest total metals and dissolved metals concentrations were detected in wells 34 
CMW28B, CMW33B, CMW36A, and CMW36B. These wells are adjacent to the HWMU 35 
(south, north, and west) where source removal operations are currently underway.  36 

The vapor intrusion pathway is potentially complete for future receptors, but no VOC detections 37 
exceeded the VISLs. An ink marker was inadvertently dropped down CMW22 during surveying 38 
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and has since been removed. It is expected that VOCs including benzene, ethylbenzene, 1 
isopropylbenzene (cumine), toluene, and xylenes will be detected in future monitoring events 2 
from well CMW22.  3 

In the remaining wells sampled in 2017, eight VOCs were detected at concentrations below 4 
VISLs. Six of these VOCs were infrequently detected (three or fewer times) and do not represent 5 
a significant source of VOCs. The remaining two VOCs are chloroform and toluene that were 6 
detected in four wells and three wells respectively. These VOCs were most commonly detected 7 
in wells that are near the HWMU and could be related to historical operations at the HWMU. 8 

Multiple analytical results, including detections of RDX and VOCs at multiple wells, were 9 
J-qualified during validation as a result of a potential high bias introduced during laboratory 10 
testing. Some analytical results were also qualified as non-detections due to laboratory percent 11 
recoveries not within limits and equipment field blank detections.   12 

6.4 CONCLUSIONS 13 

RFI groundwater investigation results.  Very little groundwater is available in Parcel 3, as 14 
evidenced by the RFI slug testing results, the number of proposed monitoring wells drilled into 15 
target strata that turned out to be dry holes, and the lack of groundwater production observed 16 
during sample collection at the existing and new monitoring wells. 17 

Results of effort to establish BTVs. The groundwater background study was not successfully 18 
completed as originally envisioned due to spatially limited groundwater and an absence of 19 
groundwater at accessible, upgradient locations. No additional background wells were installed 20 
because of the spatially limited groundwater and the physical access limitations caused by the 21 
terrain. Future sampling rounds may produce enough data to complete a scientifically defensible 22 
background data set. 23 

A sufficient monitoring well network exists where groundwater is present to evaluate site-related 24 
conditions, based on the nature and extent of CoPCs, the results of the human health risk 25 
screening, and the spatially limited groundwater. 26 

Human health risk screening results. The human health risk screening identified tap water 27 
pathway screening level exceedances for total and dissolved metals detected in groundwater east 28 
of the Hogback.  29 

Vapor intrusion screening results. Low VOC concentrations were detected in wells located 30 
both east and west of the Hogback, including in the background well BGMW06. No VOC 31 
detections exceeded groundwater screening values or VISLs. The low VOC detections were 32 
sporadic and showed no trends and are, therefore, not indicative of a VOC groundwater plume in 33 
the Study Area.  34 

The conclusions regarding nature and extent of CoPCs presented in this Final Revision 1 Parcel 35 
3 Groundwater RFI Report are based on a limited data set, which included only the newly 36 
installed wells that were sampled only once. A sufficient data set does not exist upon which to 37 
determine seasonal and long-term trends. The background study was not completed as initially 38 
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envisioned, so it was impossible to determine if metals concentrations are naturally occurring or 1 
from site-related activities. 2 

Additional monitoring will be required to obtain a sufficient data set upon which to base a human 3 
health risk evaluation that could be used to determine if CoPCs in groundwater present 4 
unacceptable health risk that might warrant corrective actions. 5 

6.5 RECOMMENDATIONS 6 

The following activities are recommended to address data gaps before making decisions about 7 
the need for corrective measures in Parcel 3 groundwater. 8 

• Continue to collect and analyze groundwater from existing wells for metals, VOCs, 9 
explosives, and perchlorate to evaluate potential seasonal changes in groundwater and 10 
longer-term changes or trends in groundwater concentrations over time, including the 11 
following. 12 

o Conduct quarterly groundwater monitoring and water-level measurements to 13 
determine seasonal trends and generate a data set for trend analysis.  14 

o Determine whether the low concentrations of VOCs sporadically and infrequently 15 
detected in 2017 show any persistent or increasing trends that would indicate they 16 
are associated with historical site-related activities and/or could pose potential tap 17 
water use or vapor intrusion risk to future site occupants. 18 

o Confirm that VOCs in well CMW22 are present, and if present, determine if VOC 19 
detections were from the presumed source (an ink marker dropped into the well 20 
and later removed) and not from other historical site-related activities. 21 

o Verify whether groundwater exists at monitoring wells CMW32, CMW33B, 22 
CMW35, BGMW05, and KMW15B. Observations at these wells indicated no 23 
recharge after well development purging or following initial sample collection.   24 

o Determine whether the high dissolved metals concentrations detected in well 25 
CMW33B are a one-time sampling or laboratory analysis anomaly or are part of a 26 
longer-term trend or groundwater contaminant plume, solely influenced from high 27 
turbidity and low groundwater yield.  28 

o Determine if detected chromium concentrations are trivalent or hexavalent. Future 29 
monitoring should include total chromium and hexavalent chromium analysis for 30 
wells within Parcel 3.  31 

o Propose alternative sample collection approaches, such as using passive sampling 32 
technology, such as a Snap Sampler®. Groundwater yield and recharge is low, 33 
and conventional methods increase turbidity within wells that have available 34 
groundwater.   35 
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o Propose selection of water quality meters with higher ranges for turbidity and 1 
sensitivity for DO. Selected meters should be more applicable to low-yield, slow 2 
recharge settings.  3 

o Propose utilizing form documentation for field calibrations versus logbook 4 
records to eliminate inconsistencies in data provided and provide definite 5 
calibration standards.  6 

• Incorporate the historical groundwater data set, along with additional data from newly 7 
installed wells, so that long-term and seasonal groundwater concentrations trends can be 8 
evaluated in a risk assessment. 9 

• Collect additional data from background well BGMW06 to determine if constituent 10 
detections were anomalous or representative of contamination. It is further recommended 11 
to collect eight quarterly rounds of data to identify any seasonal trends and build 12 
defensible data to support calculation of BTVs for Parcel 3 groundwater.   13 

• Investigate alternative locations for the installation of two additional groundwater 14 
background wells to increase the data set and achieve an unaffected groundwater 15 
background sampling location.  16 

• Review other lines of evidence to evaluate whether metals in Parcel 3 groundwater are 17 
representative of naturally occurring conditions, including the following. 18 

o Evaluate whether metals concentrations in Parcel 3 soil samples correlate with 19 
metals concentrations detected in background monitoring wells. 20 

o Evaluate all Parcel 3 historical and newly acquired groundwater analytical metals 21 
data for trends in relation to weather patterns and sources from historical 22 
operations. 23 

o Evaluate whether groundwater background concentrations can be determined for 24 
the same geological unit in the northern groundwater area and use those 25 
background levels to assess whether the concentrations of metals detected in 26 
Parcel 3 groundwater are representative of background concentrations.27 
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NOTES:
1. Soil and sediment are not media of concern for this investigation.
2. No surface water exists on site. Only ephemeral surface flow occurs after high-energy events.
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