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NASA proposes to install a new groundwater monitoring well near the White Sands Test Facility (WSTF) 
Plume Front Area. The proposed well will be located beyond the current known extent of the WSTF 
groundwater contaminant plume, and is expected to supplement existing groundwater monitoring wells in 
the Plume Front Area. The new well will serve as an additional sentinel well, as described in the current 
WSTF Groundwater Monitoring Plan. Enclosed with this letter is a monitoring well drilling work plan that 
meets the requirements for data gap wells previously stipulated by NMED. NASA anticipates that drilling 
of the supplemental monitoring well will be initiated in early 2016. 

I certify under penalty of law that this document and all attachments were prepared under my direction or 
supervision in accordance with a system designed to assure that qualified personnel properly gather and 
evaluate the information submitted. Based on my inquiry of the person or persons who manage the 
system, or those persons directly responsible for gathering the information, the information submitted is, to 
the best of my knowledge and belief, true, accurate, and complete. I am aware that there are significant 
penalties for submitting false information, including the possibility of fine and imprisonment for known 
violations. 

If you have any questions or comments concerning this submittal, please contact Mike Zigmond of my 
staff at 575- 524-5484. 

2th~~ 
Chief, Environmental Office 
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cc: 
Mr. Gabriel Acevedo 
Hazardous Waste Bureau 
New Mexico Environment Department 
2905 Rodeo Park Drive East, Building 1 
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NASA White Sands Test Facility 

Drilling Work Plan for Proposed NASA WSTF Well PL-11  

Primary Purpose This document is provided in accordance with previous New Mexico Environment 
Department (NMED) direction that requires the submittal of abbreviated Drilling 
Work Plans (DWP) for new monitoring wells to NMED at least 90 days prior to 
mobilization of drilling equipment (NMED, 2011). NASA proposes a new data gap 
groundwater monitoring well within the southern Jornada del Muerto Basin (SJMB) 
alluvial aquifer near the National Aeronautics and Space Administration (NASA) 
White Sands Test Facility (WSTF) Plume Front Area (Figure 1). The proposed well 
will be located beyond the current known extent of the WSTF groundwater 
contaminant plume, and is expected to supplement existing groundwater monitoring 
wells in the Plume Front Area. The well will serve as an additional sentinel well as 
described in the WSTF Groundwater Monitoring Plan (GMP; NASA, 2015). 

Well PL-11 will be completed as a 5 inch (in.) SCH-80 polyvinyl chloride (PVC) 
multi-depth-screened well drilled to approximately 1,000 ft below ground surface to 
vertically characterize aquifer conditions at the proposed location (Figure 1). The 
well is expected to include four to six well screens, the placement of which will be 
determined during drilling. Specific consideration will be given to the depth of the 
water table, known depth of contamination at nearby monitoring wells within the 
WSTF groundwater contaminant plume, interfaces between lithologic units, and any 
inferred high transmissive zones. If borehole logging is possible at this location, the 
results from borehole geophysical logging will also be used to identify and select 
preferred screen locations. A purgeable Water Flexible Liner Underground 
Technologies, LLC (FLUTe) groundwater monitoring system is expected to be 
installed within the PVC well to complete the well construction (Figure 2). 

Hydrogeologic and 
Geochemical 
Objectives 

The primary objective of the proposed monitoring well is to provide additional 
vertical delineation of groundwater chemistry between existing wells PL-6 and PL-8. 
Analytical results from well PL-11 will be used to supplement data collected from 
wells within the WSTF groundwater monitoring system. Additional objectives are to 
further characterize hydrostratigraphy at the proposed location and monitor 
groundwater elevation in the identified data gap area. 

Conceptual Model The proposed location for well PL-11 was chosen to provide vertical delineation of 
the alluvial aquifer between existing multi-port wells PL-6 and PL-8 (Figure 1). The 
well will be located west of wells PL-6 and PL-8 to minimize effects from the Plume 
Front Treatment System (PFTS) injection wells that are located to the southeast of 
the proposed location. In addition to providing analytical data for WSTF 
contaminants of concern, the well will also provide water level data that will be used 
to interpret PFTS plume capture effectiveness. Information collected from the new 
well will also be incorporated into the WSTF conceptual groundwater model. 

Well PL-6 is located approximately 1,810 feet (ft) northeast of the proposed PL-11 
location and has nine monitoring ports that range in depth from 545 to 1,815 ft below 
ground surface (bgs). Well PL-8 is located 1,635 ft southeast of the proposed PL-11 
location. This well has four monitoring ports that are located from 455 to 965 ft bgs. 
No confirmed detections of WSTF groundwater contaminants have occurred at PL-6 
or PL-8. Both wells are completed entirely in Santa Fe Group alluvium, which is 
generally characterized as an unconsolidated to semi-consolidated poorly to 
moderately sorted pebbly polygenetic conglomerate. Limestone and igneous clasts in 
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the conglomerate originate from the San Andres Mountains that are located to the 
east of WSTF. Interbedded siltstone and clay layers are also present, and likely 
represent fine grain sediments of the distal portion of buried coalescent alluvial fan 
deposits. Existing single zone monitoring well JP-2-447 is located 1,245 ft southwest 
of the proposed location (Figure 1) and is also completed in Santa Fe Group 
alluvium. No confirmed detections of WSTF groundwater contaminants have 
occurred at this location. The proposed well will supplement these existing sentinel 
wells located in the west-southwest Plume Front Area. 

The proposed PL-11 location is west of the Western Boundary Fault Zone, which is 
an area of sub-parallel half-graben step faults where Tertiary volcanic bedrock is 
offset to a depth of over 2,000 ft into the SJMB. The well will be completed in the 
basin fill Tertiary to Quaternary Santa Fe Group alluvium, and is expected to have 
similar lithology to that encountered at the PL-6, PL-8, and JP-2-447 boreholes. 
Measured water elevation at wells PL-6, PL-8, and JP-2-447 indicate depth to water 
in the area of the proposed PL-11 location is approximately 400 ft bgs. Aquifer 
conditions at the proposed location are expected to be unconfined to semi-confined. 
The groundwater flow direction in the area is generally west-southwest, assuming 
there is no significant influence from the PFTS injection wells at the proposed 
location. The groundwater decline at well JP-2-447 from October 2014 to October 
2015 was 0.89 ft. Groundwater declines are expected to increase over time in the 
SJMB due to extensive pumping in the basin by other municipal and private entities.  

Drilling Approach NASA will drill and install the monitoring well in accordance with the requirements 
of Attachment 19 in the WSTF Hazardous Waste Permit (NMED, 2009). Air rotary 
casing advance (ARCA) or dual rotary drilling have been selected as the preferred 
drilling techniques for the proposed well. The diameter of the borehole will be 11 in. 
Advancement of drive casing with these methods will stabilize the borehole during 
drilling with no, or only minor, use of polymeric or bentonite additives. A final 
choice between these methods will occur once a drilling subcontractor has been 
selected through the competitive procurement process. 

Air and, as necessary, potable water will be primarily used to provide circulation 
within the borehole. All attempts will be made to limit the use of polymeric and 
bentonite additives within approximately 50 ft of the anticipated top of the aquifer to 
the total depth of the borehole. However, a National Sanitation Foundation Standard 
60-certified polymeric drill foam (or equivalent) may be required to enhance cuttings 
recovery. Using stiff foam with both polymeric and bentonite additives is not 
anticipated, but may be used if deemed necessary during drilling. Mud rotary drilling 
would be used in the unlikely event ARCA or dual rotary drilling is unsuccessful in 
advancing the borehole. This method would also require the installation of a surface 
casing, which is not required with the ARCA or dual rotary methods. The decision to 
utilize mud rotary drilling would only occur with the approval of the NMED. No 
other drilling methods or additives will be used without prior approval from the 
NMED. 

ARCA or Dual Rotary Drilling (Preferred Methods) 

Air rotary drilling uses a drill bit that rotates or hammers when compressed air is 
forced down the drill string to the bit. Cuttings generated at the drill bit are lifted 
through the borehole to the surface by compressed air. Polymeric foam or, in 
extreme cases, bentonite mud may also be used to circulate chips to the surface. The 
circulation of the compressed air not only removes the cuttings from the borehole, 
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but also helps to cool the drill bit. The ARCA drilling method uses the same 
methodology as air rotary drilling, but also hammers a temporary steel casing 
downhole as the drilling bit advances. This casing keeps the borehole open without 
having to flood it with drilling fluid. The dual rotary drilling method is similar to the 
air rotary casing advance method, but the drive casing is rotated instead of 
hammered while drilling advances. 

When using air supplied by an air compressor as the drilling fluid, the air compressor 
will have an in-line filter system to prevent potential introduction of contaminants, 
such as entrained residual oils, into the borehole. The filter system will be inspected 
regularly by the drilling subcontractor to ensure that the system is functioning 
properly. A cyclone separator or similar air containment/dust-suppression system is 
typically used to funnel the cuttings to one location instead of allowing the cuttings 
to discharge uncontrolled from the borehole. Particular attention will be paid to the 
management of cuttings and dust will be minimized as much as possible with a clean 
water mist at the cyclone, if necessary. 

Mud Rotary Drilling (Contingency Method) 

Mud rotary is a standard drilling method used when encountering challenging 
subsurface lithologies, however this method can present the challenge of removing 
from the formation after drilling. Conventional mud rotary drilling circulates drilling 
mud down through the drill pipe, which is then returned back up the borehole. 
Reverse mud rotary drilling circulates mud down the borehole and back up through 
the drill pipe. The drilling mud stabilizes the borehole wall, cools the drill bit, and 
carries the drill cuttings up to the surface. It is recognized that drilling mud can 
adversely affect the hydrologic properties and geochemistry of the aquifer. If mud 
rotary is used, the appropriate mud dispersion agents will be utilized (if required) to 
aid in the removal of residual drilling mud during borehole/well development. Mud 
rotary drilling will only be considered as a last resort to advance the borehole and the 
decision to switch to this method will only occur with the approval of the NMED.  

Potential 
Groundwater 
Occurrence and 
Detection 

Perched Groundwater 

Perched groundwater is not expected at the proposed PL-11 location. However, 
drilling will be suspended at any depth in the vadose zone where potential saturation 
is indicated. Screening of damp soil zones will be conducted with a photoionization 
detector equipped with a 10.6 eV detection lamp to evaluate the presence of volatile 
organic compounds in the field. Groundwater samples will be collected using a 
decontaminated non-dedicated bailer, if there is sufficient water present in the 
borehole. 

Regional Groundwater 

The top of groundwater is expected to occur at a depth of approximately 400 ft bgs. 
However, exact depth to water is uncertain as a result of variability within the 
alluvial stratigraphy and possibility for semi-confined conditions. Methods for 
groundwater detection may include drilling observations, water-level measurements, 
borehole video, or borehole geophysics, if possible. The first identification of 
groundwater will likely be most apparent if the casing advance drilling method 
without liquid drilling fluids can be successfully utilized to install the borehole. 
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Lithological 
Sampling 

Lithological samples will be collected from the cyclone discharge at the drilling rig 
on 10-ft centers, at a minimum. Chip samples will be archived in chip trays for future 
reference. 

Groundwater 
Screening and 
Characterization 
Sampling 

The aquifer at the proposed PL-11 location is expected to be outside the WSTF 
groundwater contaminant plume. For verification purposes and investigation derived 
waste (IDW) characterization, groundwater screening samples will be attempted 
during drilling immediately upon intercepting the water table and at least every 200 
ft thereafter. Chemical analytical results from screening samples collected will be 
used to support the identification of potential monitoring zones, as applicable, and 
waste characterization activities. Screening samples will be analyzed for volatile 
organic compounds (VOCs) by the current revision of SW-846 Method 8260, semi-
volatile organic compounds (SVOC) by the current revision of SW-846 Method 
8270C, and N-nitrosodimethylamine (NDMA) by Modified EPA Method 607M or 
an acceptable low level analytical method.  

Groundwater samples will be collected, if possible, utilizing a decontaminated non-
dedicated bailer. If a bailer is not feasible, grab samples may be attempted through 
the cyclone at the surface discharge point. All samples will be managed in 
accordance with the WSTF GMP (NASA, 2015). 

Following well development and sampling system installation, groundwater 
characterization samples will be collected from each of the sampling zone(s) of the 
completed well. Samples will be collected for the analysis of VOCs by the current 
revision of SW-846 Method 8260, SVOCs by the current revision of SW-846 
Method 8270C, NDMA by Modified EPA Method 607M, or WSTF’s current low 
level analytical method, and a variety of metals by the most effective laboratory-
selected analytical method. Samples will be collected and managed in accordance 
with the WSTF GMP (NASA, 2015). 

Geophysical Logging The use of drive casing with ARCA and dual rotary drilling methods will preclude 
the use of geophysical logging in the PL-11 borehole. Geophysical logging would 
take place if the borehole is deemed competent enough to remain open with the drive 
casing removed, but this is not anticipated. If geophysical logging is performed, a 
complete suite of open borehole geophysical logs would be attempted as a single 
event to aid in the selection of potential monitoring zones. Open borehole logging 
would be performed by a qualified geophysical subcontractor, and will likely include 
gamma, neutron porosity, formation resistivity, spontaneous potential logs, and 
caliper logs/borehole deviation logs. 

Well Completion The well will be constructed in accordance with the requirements stated in Section 
19.3.2 of the WSTF Hazardous Waste Permit (NMED, 2009) with nominal 5 in. 
SCH 80 PVC casing and screen. Four to six monitoring zones are planned for this 
well installation. The uppermost screened interval will be placed as proximal to the 
water table as possible while ensuring that the zone will remain saturated to provide 
groundwater for sampling for at least 10 years. Placement of the remaining screens 
will take into consideration the spacing between each zone and optimum potential to 
evaluate the vertical distribution of the aquifer. Ten-foot length x 0.020-inch slotted 
SCH-80 PVC screens will be positioned at depths indicated as favorable monitoring 
zones in accordance with field screening of borehole lithology and borehole 
geophysical logs, if performed. The annular seal for the screened sampling zones 

Drilling Work Plan 4 



NASA White Sands Test Facility 

will be comprised of bentonite chips or pellets. A proposed well construction 
configuration is presented in Figure 2 and is subject to change dependent on 
conditions encountered in the field.  

Annular materials will be emplaced using a 1 to 2 in. tremie pipe. A 10/20 silica sand 
filter pack will be placed to a height of 2 ft above and below each monitoring screen. 
Three feet of fine silica sand, such as 30/70 or similar, will be used to grade from the 
sand pack to a 5 ft bentonite seal composed of hydrated bentonite chips or pellets. 
Intervals between the individual bentonite seals will be comprised of bentonite grout 
with at least 20% solids. The upper 10 ft of the borehole and well pad will be 
completed with Type I Portland cement. Figure 2 provides a diagram of the 
preliminary well design with annular materials. 

Well Development The well will be developed in accordance with the requirements of Attachment 19 
(Section 19.3.5) of the WSTF Hazardous Waste Permit (NMED, 2009). Drilling 
contractor personnel will operate equipment used to develop the well under the 
supervision of contractor environmental organization personnel. It is anticipated that 
initial development for each sampling zone will consist of mechanical bailing, 
swabbing, and pumping using a submersible pump. During development activities, 
Environmental contractor personnel will sample and monitor discharged 
development water for parameters that will include pH, specific conductance 
(conductivity), temperature, and turbidity. Well development will be considered 
complete when measured water quality parameters are relatively stable (varies less 
than 10%) and turbidity is below 5 nephelometric turbidity units. Each screened 
interval will be developed to ensure that the well will yield a representative 
groundwater sample from that depth of the formation. Following well development, 
a purgeable Water FLUTe multi-port sampling system is expected to be installed 
inside the PVC well (Figure 2). 

Hydraulic Testing 
and Groundwater 
Sampling  

Hydraulic testing will be considered during the development of the well. Additional 
information such as drawdown and specific capacity will be recorded if this testing is 
conducted. Groundwater sampling following installation and development of the 
well will be performed using the Water FLUTe groundwater sampling system. 
Groundwater samples will be collected and managed as described in the WSTF GMP 
(NASA, 2015). 

Investigation Derived 
Waste 
Characterization and 
Management 

In accordance with the NASA WSTF Hazardous Waste Permit, Attachment 20, 
Section 20.2.13 (NMED, 2009), a discussion of IDW generated is provided in this 
work plan. All IDW will be properly managed and disposed of in accordance with 
NASA procedures and state and federal regulations. IDW will be characterized and 
managed in accordance with the detailed procedures identified in Appendix B of the 
NMED-approved NASA WSTF Monitoring Well Work Plan for NMED-required 
monitoring wells (NASA, 2010). The remainder of this section summarizes IDW 
waste characterization and management for the PL-11 project. 

The types of potential IDW anticipated during drilling and installation of the multi-
level monitoring wells include: 

• Drill cuttings – unsaturated and saturated rock fragments generated during 
the drilling process. Unsaturated cuttings are defined as soil cuttings 
generated from the vadose zone that have not come in contact with 
groundwater. Saturated cuttings are defined as soil cuttings generated below 
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the water table that have come in contact with the potentially contaminated 
groundwater. 

• Drilling fluids generated during drilling from the vadose zone above the 
water table – impacted with only potable water. 

• Drilling fluids from below the water table – potentially impacted with 
groundwater plume contaminants. 

• Groundwater produced during well development. 

• Contact waste including used sampling equipment, PPE, plastic sheeting, 
and other debris that has contacted potentially contaminated soil or fluids. 

• Decontamination fluids – i.e., water and soap solutions used to wash and 
decontaminate equipment. 

IDW generated prior to reaching groundwater will be managed as solid waste. At the 
time that IDW is generated (removed from the ground, comes in contact, etc.), it will 
be managed separately in accordance with WSTF waste management procedures that 
incorporate 40 CFR 262.34 (1982). Because there is the slight potential that 
groundwater contaminant concentrations may exceed clean up levels, IDW generated 
after reaching groundwater will be managed as hazardous waste, pending final 
analysis. Once groundwater is encountered during drilling, cuttings and associated 
IDW will be segregated into a separate lined earthen pit. Grab samples will be 
collected at the water table and every 100 ft until the borehole is terminated. Fluid 
and cutting samples will be analyzed for the primary WSTF COCs for hazardous 
waste characterization as indicated previously in this work plan.  

Per 40 CFR § 264.1080(b)(5) subpart CC (2012), air emission standards do not apply 
to waste management units that are used solely for on-site storage of hazardous 
waste that is placed in the unit as a result of implementing remedial activities 
required under the corrective action authorities of Resource Conservation and 
Recovery Act (RCRA). Final characterization and hazardous waste determinations of 
these waste streams will follow procedures outlined in Appendix B, Section 2.0, of 
the previously approved work plan (NASA, 2010). 

To perform a “no longer contained-in” determination for listed hazardous wastes, the 
chemical analytical data generated from borehole composite grab sampling may be 
compared to the Applicability of Treatment Standards 40 CFR Part 268.40 (2003) 
and the NMED Soil Screening Levels (SSLs; 2014) to determine whether the 
material poses an unacceptable risk. If contaminant concentrations are found to not 
pose an unacceptable risk, then NMED may determine that the wastes can be 
managed as no longer containing listed wastes. A separate letter from NMED would 
be required to document such a determination. 

To evaluate the toxicity characteristic, the total concentration of each reported 
constituent may be divided by 20 to determine the maximum theoretical leachate 
concentration that could result from performing the Toxicity Characteristic Leaching 
Procedure (TCLP – EPA Method 1311). These concentrations will be compared to 
the values listed in 40 CFR Part 261.24 Subpart C (Table 1; 2012) to determine if the 
waste exhibits the characteristic of toxicity. 

For IDW that is characterized as hazardous waste, land disposal notifications, 
disposal facility profiles, and hazardous waste manifests will be completed as 
required. Hazardous waste will be transported for treatment and disposal at a 
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permitted RCRA Treatment, Storage, and Disposal Facility. Wastewater generated 
during the investigation will be managed at the Mid-plume Interception Treatment 
System. If that system is not capable of receiving the waste, it will be disposed of at 
a permitted RCRA Treatment, Storage, and Disposal Facility. 

Any IDW drill cuttings that do not meet the definition of a hazardous waste and do 
not contain hazardous constituents at concentrations above soil screening levels will 
be spread on the ground near the well installation. In the event that IDW drill 
cuttings do not meet the definition of a hazardous waste, but does contain hazardous 
constituents above industrial SSLs, then NASA will discuss disposition options with 
NMED. Contact waste and IDW debris that is determined to be non-hazardous waste 
will be disposed of as solid waste. Soil samples sent to the analytical laboratories 
will be disposed of by the laboratories as environmental samples in accordance with 
each individual laboratory’s procedure. 

Depending on the results of waste characterization, development water will be 
discharged at the well site or containerized for proper disposal. If chemical analytical 
data generated from grab samples of saturated fluids/cuttings confirm they are not 
hazardous waste, it will be concluded that the groundwater is not contaminated with 
WSTF COCs. If this determination is made, NASA expects to discharge 
development water from monitoring well to grade or the earthen pit at the well site. 
NASA will submit a Notice of Intent (NOI) to the NMED Ground Water Quality 
Bureau in accordance with 20.6.2 NMAC before discharging any development water 
at the well site. 

If initial chemical analytical data result in the characterization of drilling fluids and 
borehole cuttings as hazardous waste, it will be concluded that the groundwater is 
contaminated. Development water will be collected at the drilling location in 
temporary (less than 90-day) containers. Temporary storage requirements are based 
on the target development volume and may consist of portable swimming pools or a 
large fluid storage tank. Temporary containers will be managed in accordance with 
applicable regulations. Contained development water will be transported to the Mid-
plume Interception Treatment System for disposal within 90 days of the start of 
accumulation in temporary containers. 

Schedule It is anticipated that drilling of proposed monitoring well PL-11 will commence 
following NMED approval of this DWP in early to mid-2016. The anticipated 
schedule for planning and installation is as follows: 

• Four to six weeks for project and procurement planning and well site 
preparation. 

• Four to six weeks for drilling contractor scheduling, contractor mobilization, 
borehole installation, and multi-screen conventional well installation 
fieldwork. 

• Two weeks for well development fieldwork and Water FLUTe monitoring 
system installation. 

• A well completion report will be submitted to the NMED in accordance with 
Attachment 19 of the NASA WSTF Hazardous Waste Permit (NMED, 
2009).  

Additional time (up to 10 days) may be required during drilling if unanticipated 
issues slow drilling or if swelling clays are encountered. Groundwater monitoring 
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conducted after installation of well PL-11 will be implemented in accordance with 
the WSTF GMP (NASA, 2015). 
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Figure 1  Proposed Location for PL-11 
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Figure 2  PL-11 Well Design 
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