” APR oo 1990

Office of Cultural Affairs
Attn: Ms. Lynne Sebastian
Division Director

Historic Preservation Division
228 East Palace Avenue
Santa Fe, NM 87501

Subject: NASA White Sands Test Facility (WSTF) Historic Preservation Issues
at the Proposed Plume-Front Groundwater Remediation System

NASA intends to implement a pump and treat groundwater remediation system to prevent
further migration of contaminated groundwater caused by historical site operations. This
interim remedy will pump groundwater from six extraction wells, treat the groundwater
using ultraviolet/oxidation and air stripping technologies, and reintroduce treated ground-
water into the aquifer through a network of four injection wells. The proposed project
would be located in sections 31 and 32 of T20S, R3E, and sections 4, 5, 6, and 9 of
T21S, R3E.

This letter addresses historic preservation issues associated with the proposed plume-front
groundwater remediation system. Historic preservation surveys were performed at WSTF
by Batcho & Kauffman Associates in the early 1990’s. The Environmental Assessment has
considered historic preservation issues, and the proposed project will avoid areas of
significance. NASA concludes that the proposed project will have no effect on historic
preservation and requests your concurrence. Supportive information is provided in the
Environmental Assessment. Section 3.4 (Cultural Resources) and Appendix B (A Final
Report of the Archaeological Mitigation of Site BK 337 on State Land Adjacent to the
NASA White Sands Test Facility) provide specific historic preservation information.

If you have any questions or comments concerning this submittal, please call me at
(505) 524-5517.
bc:
Original Signed By: ATSC Team/P. H. Pache

RA/DAmidei:ljg:4/26/99:5517
David A. Amidei
Environmental Program Manager #3 E:\LTRS\ENV99-1\shpo99.doc

Enclosure
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ENVIRONMENTAL ASSESSMENT FOR THE
PLUME-FRONT REMEDIATION SYSTEM
WHITE SANDS TEST FACILITY
LAS CRUCES, DONA ANA COUNTY

NEW MEXICO
Lead Agency:
National Aeronautics and Space Administration (NASA)
White Sands Test Facility

Las Cruces, New Mexico

Proposed Action:
Fabrication and operation of a plume-front pump and treat groundwater remediation system to
prevent further migration of contaminated groundwater.

For Further Information:

David A. Amidei

NASA Environmental Program Manager
P.O. Box 20

Las Cruces, New Mexico 88004

Phone: (505) 524-5517

Fax: (505) 524-5798

E-mail: damidei@smtp3.wstf.nasa.gov

Date: April 2, 1999

Abstract:

NASA White Sands Test Facility (WSTF) intends to implement a pump and treat groundwater
remediation system to prevent further migration of contaminated groundwater caused by historic
site operations. This interim remedy will pump groundwater from six extraction wells, treat the
groundwater using ultraviolet/oxidation and air stripping technologies, and reintroduce treated
groundwater into the aquifer through a network of four injection wells. System construction is
expected to commence in the summer of 1999 and is anticipated to operate 24 hours per day
following an initial start-up phase. Approximately 1,000 gallons per minute will be treated and
injected during the operational life of the system. WSTF expects the system to be operational in
the year 2000. Contaminant treatment standards for the injected water have been developed
following standards and guidelines from Federal and State regulatory sources. WSTF is located
approximately 16 miles northeast of Las Cruces, New Mexico. The proposed project’s location is
in Sections 31 and 32 of T20S, R3E and Sections 4,5,6, and 9 of T21S, R3E in Dofia Ana
County, NM.

This Environmental Assessment examines the proposed project effects on the natural habitat and
evaluates alternatives. These alternatives include monitored natural attenuation, full-scale
groundwater remediation, land acquisition and control, remediation system options, and a no-
action option.




EXECUTIVE SUMMARY

An Environmental Assessment (EA) is designed by the Federal Government to
investigate proposed projects and their effects on the natural environment. The
National Aeronautics and Space Administration (NASA) has prepared an EA for this
project based on Section 3.6.1 of the NASA Procedures and Guidelines for
Implementing the National Environmental Policy Act and Executive Order 12114.
This EA analyzes the plume-front stabilization proposal on NASA, Bureau of Land
Management (BLM), and State of New Mexico (NM) land adjacent to the NASA White
Sands Test Facility (WSTF). WSTF intends to implement a pump and treat
groundwater remediation system to prevent further migration of contaminated
groundwater caused by historic site operations. This interim remedy will pump
groundwater from six extraction wells, treat the groundwater using
ultraviolet/oxidation and air stripping technologies, and reintroduce treated
groundwater into the aquifer through a network of four injection wells. System
construction is expected to commence in the summer of 1999 and is anticipated to
operate 24 hours per day following an initial start-up phase. Approximately 1,000
gallons per minute will be treated and injected during the operational life of the
system. WSTF expects the system to be operational in the year 2000. Contaminant
treatment standards for the injected water have been developed following standards
and guidelines from Federal and State regulatory sources. The proposed location is in
Sections 31 and 32 of T20S, R3E and Sections 4,5,6, and 9 of T21S, R3E in Dofia Ana
County, NM.

This analysis evaluates the environmental effects of the proposed project and
determines if an Environmental Impact Statement should be prepared. The EA is
designed to present information sufficient to determine if there are significant impacts
which merit a more detailed study, analysis and public input. An Environmental
Impact Statement, if necessary, presents the results of the detailed study and
analysis, and attempts to rigorously measure and present the nature and level of
potential significance.

Alternatives Considered

NASA has considered the alternatives of Monitored Natural Attenuation, Full- Scale
Groundwater Remediation, Land Acquisition and Control, Remediation System
Options, and No-Action. These alternatives are not technically or financially feasible
at this time. In addition, these alternatives are not currently acceptable by State and
Federal regulatory agencies. The EA provides detailed information concerning each
alternative.

Environmental Aspects

Environmental aspects were examined pertaining to the following areas: geology and
soils; air; water; cultural resources; biological resources; noise; land use; energy;
services; and socioeconomic issues. The following section summarizes the conclusions
for relevant environmental issues:

NASA-WSTREA\PLUME i 4/2/99




Land use - Regulatory officials would need to concur pertaining to the proposed
activities. Additional roads, pipes, and powerlines with poles would be needed to
support this proposal. These actions would be minimized by using existing
facilities where applicable.

Energy - Energy consumption would increase at WSTF. The worst-case usage
estimation would result in an approximate 73% annual increase of electrical
energy consumption at WSTF when compared to fiscal year 1998 (FY98).

Groundwater Quality - Groundwater quality at the project area will be
significantly enhanced. Groundwater pump and treat remediation will remove
contaminant mass, reduce potential ecological risks and prevent continued plume
migration.

Biological resources - The proposed project area has no habitat critical to the
survival or reproduction of any listed species of plant or animal. This was observed
during a threatened and endangered species survey. Additionally, there are no
areas nearby that are considered highly sensitive or moderately sensitive that
could be affected by the proposed action. However, wells, well pads, roads, pipes,
and powerlines with poles would be needed to support this proposal. These actions
would be minimized by using existing facilities in all applicable instances.

Cultural resources - During the implementation phase, there is a possibility of
unearthing archaeological resources. An archeological survey has been completed
for the affected area. If any undiscovered archeological site is uncovered during
construction, site construction would cease until historic preservation issues are
resolved.

Noise - Construction activities are expected to be done intermittently over a two
year period. Fifteen wells would be drilled; each lasting approximately 10 days.
The remedial air stripping noise levels have been estimated at 95 decibels (dB(A))
at 5 feet. Ecological impacts from well installation activities and remedial system
construction are expected to be negligible.

Geology and soils - A minor concern exists with an increase of wind or water
erosion of soils during the construction phase. This is unlikely to transform the
topographic conditions within the proposed area.

If an accident or mishap occurs as a result of this project there may be a minor
environmental impact. All necessary precautions will be taken to ensure that
operations are performed under the safest conditions possible to minimize any impact
on public health and employee safety as well as the natural environment.
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1.0 PURPOSE AND NEED

WSTF is located in south central New Mexico (Figures 1-3). Groundwater
contamination is present at WSTF due to historical operations utilizing hypergolic
propellants and industrial cleaning solvents. The proposed groundwater pump
and treat plume-front containment project is intended to control threats to human
health and/or the environment at the westernmost extent of a groundwater
contaminant plume within the WSTF aquifer. The contaminants of concern at the
plume-front include N-nitrosodimethylamine (NDMA), N-nitrodimethylamine
(DMN) and several volatile organic compounds. The volatile organic compounds of
concern are perchloroethene (PCE), trichloroethene (TCE) and several Freons. The
WSTF groundwater contamination plume is approximately 6,095 meters (m)
(20,000 feet (ft)) in length, 2,440 m (8,000 ft) in width (at the plume-front) and 215
m (700 ft) in depth. The plume outer boundaries are presented in Figure 4.
Investigations indicate that the contamination has an elongated east to west
pattern. This is caused by a strong east to west hydraulic gradient between the
San Andres Mountains recharge areas (east) and the Jornada del Muerto Basin
(JDMB) (west). The groundwater plume consists of three general areas: the source
areas; mid-plume constriction area; and the plume-front area (Figure 5).

The WSTF plume-front area is hosted within a transitional hydrogeological zone
between the western San Andres Mountains fractured bedrock pediment slope and
the alluvial filled JDMB (Figure 5). This transitional zone is referred to as the
Western Boundary Fault Zone (WBFZ), and comprises an area of pronounced half-
graben bedrock faulting related to Tertiary Basin and Range extension.
Groundwater at the plume-front area occurs at an approximate depth of 130 m
(420 ft) below ground surface (bgs), with low-concentration groundwater
contamination confined to the upper 185 m (600 ft) of the aquifer.

NASA maintains administrative control over all lands underlain by groundwater
contamination (Figure 6). These lands include parcels owned by the U.S.
Department of Defense, BLM, the State of New Mexico, and NASA. NASA's
ownership or co-use control of these lands precludes water extraction for the
purpose of domestic or commercial use. The parcels of land the Plan encompasses
include Sections 31 and 32 of T20S, R3E; and Sections 4, 5, 6, and 9 of T21S, R3E.
The WSTF buffer zone (approximately ten square miles west of the industrial
facility) has isolated the facility from potential receptors of groundwater
contamination. However, NASA proposes to institute this plume-front
containment project to effectively mitigate plume migration and minimize risks to
potential receptors.

NASA-WSTREA\PLUME 1 4/2/99
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2.0 DESCRIPTION OF PROPOSED ACTION AND
ALTERNATIVES

2.1 Proposed Action

The Plume-Front Stabilization Work Plan (Plan) describes a plume-front
containment presumptive remedy for contaminated groundwater at WSTF. NASA
proposes an ex-situ pump and treat groundwater remediation system to address
plume-front stabilization and contaminant mass treatment activities. This system
will consist of five additional groundwater monitoring wells (WW-2, ST-7, JP-3,
PL-8 and BLM-37). These wells enhance plume-front monitoring capabilities and
monitor the effectiveness of the stabilization system.

The plume-front stabilization proposal will utilize six plume-front extraction (PFE)
and four plume-front injection (PFI) wells (Figure 7). The three-dimensional site-
wide bedrock (3DSWB) model was utilized to simulate contaminant plumes for
NDMA, PCE and TCE. Parameters generated from the 3DSWB model wells were
used for the plume-front stabilization well designs.

Extraction wells PFE-1 through PFE-6 will remain within, or on the eastern
boundary, of the WBFZ. Three high-volume extraction wells (PFE-1 through PFE-
3) and one lower volume extraction well (PFE-4) will specifically address the TCE
contamination, which extends furthest west. This will also effectively contain the
PCE plume. Extraction wells PFE-1 through PFE-4 will utilize an estimated
combined flow rate of 3,065 liters per minute (Ipm) (810 gallons per minute (gpm)).
Extraction wells PFE-5 and PFE-6, with an estimated combined flow rate of 760
Ipm (200 gpm), specifically address NDMA/DMN plume-front containment. In the
plume-front vicinity, the DMN plume has a similar extent to the NDMA plume. To
ensure stabilization of the NDMA/DMN plume-front, which does not extend as far
west as the TCE plume, wells PFE-5 and PFE-6 will be positioned to stabilize
NDMA/DMN plume-front concentrations east of the TCE target wells. The
estimated total system flow rate will be 3,825 lpm (1,010 gpm).

Groundwater contaminant destruction will be performed using a groundwater
treatment system. The groundwater from the extraction well system will be
pretreated as necessary, and remediated by an ultraviolet/oxidation unit (primarily
for NDMA and DMN) and an air-stripper unit (for the volatile organic compounds).
Contaminant treatment standards for the injected water have been developed

NASA-WSTREA\PLUME 8 4/2/99
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following standards and guidelines from multiple Federal and State regulatory
sources. Remediated groundwater injection will be accomplished by four injection
wells (PFI-1 through PFI-4) located to the west and south of the contaminant
plume. The injection well locations are designed to contain the southern migration
of the plume by creating a localized groundwater mound. The remedial system
location relative to existing wells and the plume boundaries is provided in

Figure 8.

The Plan addresses the stabilization and mass removal of low-concentration
groundwater contamination encountered at the leading (westernmost) edge of the
WSTF contaminant plume (referred to as the plume-front). This Plan presents an
ex-situ groundwater pump and treat remediation and plume containment system.
This proposal is the most technically and economically desirable alternative based
on the following:

the remediation system is a proven technology treatment;
the system will remove contaminant mass and effectively contain plume-front
contaminant migration;

e electrical power and water can be extended from existing WSTF systems located
less than one mile from the site (Figures 9 and 10);

e construction of the proposed project utilizes land agreements with the State of
New Mexico and BLM which allows NASA to construct and operate with
minimal inter-government agency interaction; and,

e the remediation facility will be remote and not accessible to the general public.

2.2 Other Alternatives

2.2.1 Monitored Natural Attenuation

NASA has examined the alternative of monitored natural attenuation for plume-
front groundwater contamination. Monitored natural attenuation allows for the
natural degradation of groundwater contamination over time utilizing native
microbes, bacteria, and enzymes. As part of a monitored natural attenuation
program, facilities perform rigorous groundwater monitoring activities to evaluate
the process and determine the extent of contaminant degradation and plume
migration. From a State and Federal regulatory perspective, this procedure is not
an acceptable alternative to active remediation when computer modeling and
groundwater data indicates even minimal plume movement. In addition,
regulatory agencies disapprove of monitored natural attenuation when
contaminants are recalcitrant to natural degradation processes. The monitored
natural attenuation option does not provide for active plume-front contamination
containment, does not prevent plume migration, does not remove contaminant
mass, and is not protective of human health or the environment.

NASA-WSTREA\PLUME 10 4/2/99
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© 2.2.2 Full-Scale Groundwater Remediation

NASA has determined that performing full-scale groundwater remediation
activities is not currently a feasible alternative to plume-front containment. As an
integral part of compliance with an Environmental Protection Agency (EPA) issued
§3008(h) Administrative Order on Consent, NASA has prepared a preliminary
Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) and
Corrective Measures Study (CMS). These reports provide several options for full-
scale remediation activities. At this time, State and Federal regulatory agencies
have not approved the final RFI and CMS. The alternative of full-scale
remediation is not currently technically or financially viable due to the extensive
groundwater contamination plume and hydrogeological concerns regarding
remediation in fractured bedrock and the mid-plume constriction zone. However,
full-scale remediation may eventually be phased-in over time at several specific
areas (source areas, mid-plume constriction zone) as part of an approved CMS and
with full regulatory concurrence. Plume-front containment operations will be
included in a final CMS full-scale groundwater remediation proposal.

2.2.3 Land Acquisition And Control

The alternative of land acquisition and control involves the purchase of land and
water rights to prevent exposure to groundwater contamination. NASA could also
enter into land use agreements with other agencies or private parties to control
access and limit risks to human health or the environment. The current buffer
zone properties could be supplemented through land acquisition and public access
could be denied using site-specific security procedures. This alternative would not
control plume-front contaminant migration, would not remove contaminant mass
at the plume-front area, and is not protective of human health and the
environment. In addition, land acquisition and control as a remedial alternative is
not acceptable to State and Federal regulatory agencies.

2.2.4 Remediation System Options

NASA has performed on-site and off-site studies of alternative remediation
systems. Bench-scale testing of proprietary bioremediation materials was
performed on-site to determine the viability of using specialized microbes,
enzymes, nutrients, and filter materials to destroy site-specific groundwater
contamination. The short and long-term test protocol’s results were analyzed and
contaminant destruction to acceptable regulatory levels was not conclusively
demonstrated. In addition, a separate study on the viability of bioremediation
materials was conducted through the local university and was also inconclusive
concerning contaminant destruction.
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NASA contracted an off-site laboratory to perform test procedures to determine the
viability of using steam injection to remediate specific contaminants in-situ.
Analytical data were reviewed from this study and it was determined that,
although a viable treatment technology for some volatile organic constituents, the
technology was not capable of destroying the more recalcitrant contaminant of
concern.

As part of the preliminary CMS, several remediation technology alternatives were
examined. These include air sparging, soil vapor extraction, granular activated
charcoal, and ultraviolet photocatalysis. These alternatives have not been
considered at this time; however, they may be initiated, in conjunction with the
implementation of proven technology, after regulatory approval of the CMS. At
this time, an effective, proven technology remediation system is necessary to
ensure plume-front containment.

2.3 No-Action

NASA has evaluated the No-Action alternative. With the No-Action alternative,
the groundwater contamination would continue to exist and plume migration
would not be prevented. State and Federal regulatory requirements have
mandated that contamination plumes be contained to ensure the protection of
human health and the environment. If the No-Action alternative were selected,
the current aggressive groundwater monitoring program would continue and the
plume-front containment objectives of NASA and the State and Federal regulatory
agencies would not be achieved. Therefore, the No-Action alternative is not a
viable alternative.

3.0 EXISTING ENVIRONMENT

WSTF operates as a field test installation under the NASA Lyndon B. Johnson
Space Center, Houston, Texas (TX). Its primary purpose is to provide testing
services to NASA for the United States space program. However, it also provides
test service and support for the Department of Defense, Department of Energy,
private industry, and foreign government agencies. The primary WSTF mission is
to develop, qualify and test the limits of spacecraft propulsion systems and
subsystems.

WSTF is located 26 kilometers (km) (16 miles (mi)) northeast of Las Cruces, New
Mexico (NM), and 104 km (65 mi) north of El Paso, TX. Geographic coordinates of
WSTF are 32°30’30” north latitude and 106°36’30” west longitude. The installation
occupies over 250 km? (60,000 acres) along the western flank of the San Andres
Mountains, one of the most prominent north-south ranges in southwestern New
Mexico. Figures 1 through 3 show the general location of the facility. The
following sections detail environmental information associated with the proposed

NASA-WSTREA\PLUME 15 4/2/99




plume-front groundwater remediation project. Additional information can be
found in the WSTF Environmental Resources Document (RD-WSTF-0025), the
WSTF Master Plan (1994), and the Plume-Front Stabilization Work Plan.

3.1 Geology and Soils

The proposed site is located in the Mexican Highland Section of the Basin and
Range Province within a major tectonic feature referred to as the Rio Grande Rift
Zone. This extensional rift zone, which extends from southern Colorado to
northern Mexico, is characterized by north-trending mountain ranges separated by
intermontane basins.

The area soils are primarily the sandy to silty, loamy soils of the Dofia Ana-Regan
associations (United States Department of Agriculture, Soil Conservation Service
classification). These soils are typically assorted with alluvial fan deposits. The
surface in the proposed area has abundant shallow, hidden arroyos.

3.1.1 Stratigraphy

Bedrock locally crops-out adjacent and east of the WSTF industrial test areas (the
primary sources for groundwater contamination). Bedrock stratigraphic units
include Pennsylvanian to Permian-age limestone, sandstone, siltstone, and shales
to the east within the WSTF test areas, and Tertiary volcanic rocks to the west.
The two bedrock lithologies are juxtaposed in the subsurface along the regional
northwest-trending Hardscrabble Hill Fault formed as a result of Tertiary Basin
and Range extensional tectonics. Bedrock is covered with a veneer of alluvium,
which increases in thickness to the west from a few feet in the vicinity of the test
areas to over 120 m (400 ft) near the WBFZ. This alluvium consists of Quaternary
alluvial fan deposits of the Santa Fe Group derived from the San Andres
Mountains to the east.

The Santa Fe Group alluvium is consolidated to unconsolidated, poorly sorted
gravel with a matrix of sand, silt and clay. Surface geology in the plume-front area
consists of Quaternary mid-to-distal alluvial fan Santa Fe Group deposits made up
of limestone, siltstone, shale, rhyolite, andesite, and granite clasts. The thickness
of the alluvial deposits in the plume-front vicinity increases from approximately
120 m (400 ft) on the bedrock pediment to in excess of 760 m (2,500 ft) within the
JDMB (NASA, 1996).

Tertiary volcanic bedrock units within the plume-front area consist of variable
acidic volcanic rocks. Rhyolitic tuffs predominate and consist of crystal-vitric-lithic
ash-flow tuffs. Correlative lithologies have been reported in association with the
Organ Mountains Intrusive Complex (Seager, 1981). The flow-banded rhyolite
(FBR) volcanic unit represents the most texturally distinct lithology of the west
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pediment area. The FBR forms a distinct hydrostratigraphic unit that is
fundamental in creating a hydrogeological feature referred to as the mid-plume
constriction area (MPCA).

3.1.2 Structure

Two types of geologic deformation are recognized within WSTF boundaries. The
oldest and least prevalent deformation consists of west to northwest-trending
folding and faulting associated with the Late Cretaceous to Early Tertiary
Laramide Orogeny. This compressional deformation type is confined to the
western San Andres Mountains, and is exposed within the Bear Peak Fold and
Thrust Zone (Seager, 1981).

The second deformation type consists of Late Tertiary Basin and Range normal
faulting and is significant relative to the plume-front stabilization activities. East-
west extensional forces resulted in the formation of north-trending structural
depressions and adjacent fault-bound mountains from the Oligocene period to
present. Numerous subsurface Basin and Range-related normal faults have been
inferred from seismic and well log data throughout the site, including the
Hardscrabble Hill Fault (NASA, 1996). The most significant expression of normal
faulting at WSTF is the WBFZ, which is coincident with the plume-front area. The
WBFZ is a north-northwest trending, regional-scale series of normal half-graben
faults that offset the top of the bedrock by greater than 610 m (2,000 ft) over a
width of 610 m (2,000 ft). Each normal fault within the series dips steeply to the
west.

3.2 Climate and Air

The area is in a predominantly Chihuahuan Desert Grassland climate. This
climate is characterized by abundant sunshine, low humidity, slight rainfall, and a
large day-to-night temperature variance. The mountainous terrain in the area
influences the climate by blocking the incursion of moisture laden maritime air
masses. Cold air drainage down-slope causes a wide variation in the minimum
temperatures experienced in the area. Precipitation, greatest in July and August,
averages 25.4 centimeters (10 inches) annually. The growing season is about 200
days per year.

A predominant factor causing wind variability in the area lies in the effects of the
mountain ranges. Daily up-slope and nocturnal drainage winds of less than 24
km/hr (hour) (15 miles per hour (mph)), due to thermal gradients, are common on
the slopes of the mountain’s arid foothills. These diurnal winds are caused by
cooling of the upper atmosphere in the mountains at night. While in the basin, air
is warmed by the temperature of the earth, resulting in surface air movements
from the mountain and foothill areas to the valley floor. During daylight hours,
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the opposite occurs: the sun warms the air over the mountains resulting in surface
air movement from the valley floor to the mountain and foothill areas. The winds
may reach velocities as high as 65 km/hr (40 mph) when a pressure gradient and a
thermal gradient lie in the same direction.

The ambient air quality and weather conditions in this area are excellent. The
atmospheric visibility "seeing" conditions are in the 80-160 km (50-100 mi) range.
Doiia Ana County, in which the proposed project is located, has been designated as
an Air Quality Maintenance Area for carbon monoxide and total suspended
particulate matter. Although the county itself is lightly populated and relatively
pollution free, air quality is affected by the southern cities of El Paso, TX and
Juarez, Mexico.

The New Mexico Environment Department (NMED) Air Quality Bureau does not
regulate emissions from air stripping operations during remediation activities.
These emissions are considered RCRA-related emissions that could be regulated
under Subpart AA, BB and CC of 40 Code of Federal Regulation (CFR) §264
(National Archives and Records Administration (NARA)). The following discussion
addresses each of the three subparts.

3.2.1 Subpart AA

EPA has established air emissions standards which apply to owners and operators
of facilities that treat, store or dispose of hazardous waste (NARA, 1998). These
standards apply to process vents associated with various treatment processes,
including air stripping, that manage hazardous waste with organic concentrations
of at least 10 parts per million by weight (ppmw). Subpart AA standards apply to
operations that are conducted in units subject to the permitting requirements of 40
CFR §270, or in hazardous waste recycling units that are located at RCRA-
permitted facilities. The plume-front remediation system will not manage
groundwater with 10 ppmw concentrations of regulated contaminants.

3.2.2 Subpart BB

The Subpart BB standards apply to equipment leaks that contain or contact
hazardous waste with organic concentrations of at least 10% by weight. These
standards apply to operations that are conducted in units subject to the permitting
requirements of 40 CFR §270, or in hazardous waste recycling units that are
located at RCRA-permitted facilities. The remediation system will not manage
groundwater with this concentration of organics.
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3.2.3 Subpart CC

The Subpart CC air emissions standards for units that treat groundwater with
tanks, surface impoundments, or containers do not apply. Regulations (40 CFR
§264.1080) state that a waste management unit that is used solely for on-site
treatment or storage of hazardous waste that is generated as the result of
implementing remedial activities is exempt from Subpart CC requirements (NARA,
1998).

3.3 Water

WSTF’s drinking water and sewage systems are upgraded as the site requirements
change or additional facilities are required. To ensure that the system is operating
properly, and in compliance with all applicable regulations, WSTF has several on-
going monitoring programs. Drinking water analyses are performed for lead,
copper, synthetic organic compounds, coliform, nitrate, nitrite, volatiles, fluoride,
sulfate, cyanide, and metals. Sewage systems are sampled and analyzed as
required by NMED-issued Discharge Plans. In addition, WSTF utilizes over 100
monitoring wells in its groundwater monitoring program. The proposed
remediation project will comply with all requirements of the New Mexico Water
Quality Control Regulations (20 NMAC 6.2). A discharge plan application package
has been submitted to NMED to obtain a permit for the injection of remediated
groundwater. This permit will be obtained prior to system start-up and will
provide an operational plan, sampling and analysis schedules, recordkeeping and
reporting requirements, and discharge limitations on injection quantity and
contaminant concentrations.

NASA will obtain all required well construction permits from the State Engineer
Office (SEO). The SEO has numerous stipulations for permit requirements
dependent on the type of well being drilled (e.g., pilot boreholes, extraction wells,
injection wells, monitoring wells). Permit information required by the SEO can
include: the need for pollution control or recovery operations; withdrawal and
discharge points; the maximum annual water withdrawal; the underground water
source; the amount, method, and type of discharge; the estimated project
completion time; and borehole records after the conclusion of drilling activities.

The site access and NASA well roads are subject to flooding at arroyo crossings.
Culverts are not placed at the smaller arroyos, and the runoff from heavy
thunderstorms results in a swift, shallow flow across the road surface which
quickly subsides after the storm passes. There are few definite stream channels
which extend from the west mountainside onto the alluvial plain. Much of the
runoff from the west mountain basin begins to infiltrate the coarse alluvial plain
deposits within a mile of the slope break. Only very heavy rainfall causes the
runoff to extend beyond the mountainside. Stream floods typically remain within
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the semi-permanent channels on the west mountain flank and then tend to flow as
a sheet-flood onto the alluvial plain.

3.3.1 Aquifer Description

Groundwater below the WSTF test areas and west to the WBFZ is hosted within a
fractured bedrock aquifer at depths which increase from approximately 30 m (100
ft) to 120 m (400 ft) bgs. Within and west of the WBFZ, groundwater is located
within the JDMB alluvial aquifer at a depth of approximately 130 m (420 ft) bgs.
The alluvial aquifer has a thickness in excess of 760 m (2,500 ft) toward the center
of the JDMB (Maciejewski, 1996) where it yields relatively large quantities of
potable water. Within the WBFZ area, the plume-front is hosted within a
transitional alluvium/bedrock aquifer, with the thickness of saturated alluvium
increasing to the west.

Two hydrogeologic groundwater flow barriers have been identified on the WSTF
pediment slope within the mid-plume, semi-confined, fractured bedrock aquifer.
Secondary porosity consisting of fractures with dips ranging from 45 to 65 degrees
with minor separation predominates with the aquifer. These barriers combine to
form the narrow MPCA. To the north, the northwest-southeast trending FBR unit
with low permeability and transmissivity restricts groundwater flow.
Groundwater sample analyses within the FBR indicate no detectable contaminant
concentrations. To the south, a second flow barrier is created by andesite that has
been altered to impermeable clay, promoting low hydraulic conductivities and no
detectable contaminant concentrations. The barriers result in a natural confining
area to contaminant flow both to the north and south. In the MPCA, groundwater
occurs at a depth of 90 m (300 ft) bgs and is coincident with bedrock. An MPCA
interim measure evaluation is currently in progress within this area to determine
if mid-plume interception and treatment of the groundwater contamination is
feasible.

Aquifer conditions in the vicinity of the plume-front vary from unconfined to leaky
confined. Leaky confined conditions are generally prevalent within, and to the
west, of the WBFZ. Discontinuous confining layers are interpreted to comprise
clay or cemented alluvial horizons. Hydraulic conductivity and transmissivity
values for the alluvial aquifer are typically several orders of magnitude greater
than for the fractured bedrock aquifer.

3.3.2 Groundwater Movement
East to west groundwater flow within the fractured bedrock aquifer below WSTF is
generated as a result of San Andres Mountain-front recharge and subsequent

infiltration downgradient into the JDMB. Horizontal hydraulic gradients at WSTF
are relatively steep within the pediment area 75 m/km (250 ft/mi) and decrease
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west of the WBFZ within the alluvial aquifer to 0.36 m/km (1.1 ft/mi). Localized
bedrock variations and alluvial lithologies influence the groundwater flow
direction. Within the Tertiary volcanic pediment region of the bedrock aquifer
(within and west of the WBFZ), small-scale, interconnected fractures are
interpreted to promote localized irregular downgradient groundwater movement.
The fracture matrix density is generally high enough to approximate a porous flow
environment.

3.3.3 Groundwater Recharge/Discharge

The San Andres Mountains provide recharge to the bedrock and alluvial aquifers
through the infiltration of precipitation into exposed bedrock fractures and faults.
Mountain-front recharge is estimated to be 61,675 m3 to 246,700 m3 (50 to 200 ac-
ft/mi) of mountain front annually (Wilson et. al. 1981; Geoscience Consultants, Ltd.
1995; NASA, 1997).

The nearest perennial surface water is the Rio Grande, located 24 km (15 mi) to
the west within the Mesilla Bolson. Direct recharge by infiltration into the JDMB
is low as a result of high evaporation, low precipitation, significant depths to
groundwater, and the presence of thick lacustrine clays, which inhibit percolation.
Minor point recharge areas are present on the pediment slope where WSTF has
discharged excess water relatively continuously over the last 30 years.
Approximately 90% of the groundwater utilized by WSTF is used for testing in the
300 and 400 Areas. The uncontaminated, spent test water is then discharged to
grade and percolates into the adjacent arroyo to recharge the groundwater. A total
of 111,010 m3 (90 ac-ft) annually is estimated to recharge the aquifer over a
distance of 215 m (7,000 ft) downgradient of the 300 Area.

The current total groundwater discharge/pumpage of the JDMB aquifer is
approximately 4,540 lpm (2,000 ac-ft per annum or 1,200 gpm). Approximately
55% of the withdrawn water is used by small independent users, 33% by local
water companies, 9% by WSTF, and 3% by the City of Las Cruces. Conservative
over-estimates predict future JDMB water usage/pumpage to total 39,470,100 m?
(32,000 ac-ft) per annum by the year 2026, of which 55% will be used by the City of
Las Cruces, 28% by local water companies, and 17% by small independent users (of
which 2% will be used by WSTF). The JDMB aquifer is not currently significantly
stressed; however, the future population growth and expanded JDMB groundwater
usage are anticipated to result in significant groundwater drawdown (NASA,
1996).

3.3.4 General Groundwater Quality

WSTF groundwater is classified as fresh to slightly saline and is characterized by
elevated levels of sodium, sulfate and bicarbonate (Wilson et. al. 1981; NASA,
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1996). Total dissolved solids (TDS) concentrations range from 490 to 1,230 parts
per million (ppm). Fluoride, iron and manganese levels are generally low. Water
hardness ranges from 24 to 320 ppm, and water pH values are slightly alkaline
with values ranging from 7.2 to 8.3. Sulfate is the most abundant anion, with
concentrations ranging from 185 to 600 ppm. Chloride and bicarbonate
concentrations range from 15 to 126 ppm and 89 to 376 ppm, respectively. Nitrate
levels are generally below 10 ppm. Concentrations of fluoride are usually less than
2 ppm. Dominant cations comprise the metals calcium, iron, magnesium,
potassium, and sodium. Calcium concentrations range from 22 to 179 ppm.
Magnesium and sodium concentrations range from 13 to 84 ppm and 28 to 500
ppm, respectively. Iron and potassium occur in trace amounts to 0.8 ppm and 9
ppm, respectively. Concentrations of sodium range from 30 to 157 ppm.

3.3.56 Background Metals’ Concentrations

Volume Four, Chapter Two, of the Draft RFI Report (NASA, 1996) provides
discussions concerning observed concentrations of RCRA regulated metals in
groundwater samples. This chapter includes discussions of observed metals’
concentrations such as barium, lead and selenium, which are indicative of
naturally occurring levels in the JDMB. In addition, chromium detections are
discussed and attributed to either naturally occurring levels or to published
leaching problems associated with stainless steel casing. EPA and NMED
comments to the Draft RFI Report (EPA) requested additional evaluations
concerning these metals.

These comments have resulted in additional data evaluations and have supported
the original RFI Report determinations. Final evaluations and statistical analyses
will be presented with the revised Draft RFI Report. Data collected from the
plume-front wells do not indicate that metals’ concentrations are associated with
groundwater contamination.

3.4 Cultural Resources

NASA ensures that early consideration is given to the protection of historic and
archeological resources in the planning of any project. WSTF has contracted
several cultural resources studies by qualified professionals (Batcho & Kauffman
Associates) from January 27, 1987 to August 30, 1994. These studies were carried
out to satisfy the requirements of Sections 106 and 110 of the National Historic
Preservation Act of 1966 (as amended). Section 110 requires that Federal agencies
assume responsibility for the preservation of historic properties which are owned
or controlled by such agencies. Section 106 of the Act requires a Federal agency
head with jurisdiction over a Federal, federally assisted or federally licensed
undertaking to take into account the effects of the agency’s undertakings on
properties included in, or eligible for, the National Register of Historic Places.
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Furthermore, this account is taken to afford the Advisory Council on Historic
Preservation a reasonable opportunity to comment on the undertaking prior to
approval. The results of the surveys and all related investigations are reported to
the New Mexico State Historic Preservation Officer and tracked by the WSTF
contractor Environmental Department.

Archeological investigations at WSTF have found evidence of historical and pre-
historical habitation, encampment and subsistence. These sites have been
recorded, inventoried and mapped to prevent disturbance or destruction. The data
suggest that most prehistoric archeological resources represent the remains of
limited-use hunting, gathering and processing camps. These sites are generally
small and have a limited number of recognizable surface features.

One archeological site located near the proposed project has been identified as BK
337. A proposed road, located in Section 32, will come within a quarter-mile from
BK 337. However, the proposed project will not disturb BK 337. On September 17
and 18, 1992, archeologists performed a testing and data recovery program at BK
337. A single radiocarbon sample was recovered during excavation, and dated the
hearth to 2860 +90 years old. No macrofloral remains were identified in the
flotation samples that were recovered from the hearth fill. No associated
extramural features were discovered through shovel scraping of the disturbed area
surrounding the hearth, or through test excavations placed in undisturbed
peripheral areas. No artifacts were discovered during the testing or data recovery.
The data recovery excavations described in this report were guided by a research
design and scope of work submitted to the New Mexico State Land Office (NMSLO)
and the State Historic Preservation Office in August 1992. No further data are
contained within the prehistoric site, and it was recommended that data recovery
was sufficient to satisfy the requirements for a determination of no adverse effect.
Additional information can be found in Appendix B (A Final Report of the
Archaeological Mitigation of Site BK 337 on State Land Adjacent to the NASA
WSTF).

3.5 Biological Resources

3.5.1 Naturally Occurring

The biotic resources on the proposed section are typical of that found in the arid
southwest, a desert area with low rainfall and sparse vegetation. This area
receives an average of 25.4 centimeters (10 inches) of rain per year, making it
difficult to suffice for agriculture; hence, as with all deserts and semi-arid areas,
the overall species diversity is low.

Major vegetation within the area include a combination of woody shrubs and
grasses characteristic of the Chihuahuan Desertscrub Biotic Community. The
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proposed project’s location is a xeric, poorly drained and vegetatively homogenous
area. Numerous well developed arroyos are present, but hidden from sight, within
the low profile topography and vegetation. Water flows in a westward direction
towards the Jornada Basin. Plant species richness is low relative to better drained
upland slopes. Shrubs provide a microhabitat for warm season grasses and
herptiles.

The project area is found on the alluvial fan along the west side of the San Andres
Mountains. This vegetation group contains burro grass (Scleropogon brevifolius),
yucca (Yucca spp.), snakeweed (Xanthocephalum sarothrae), sagebrush (Artemisia
spp.), and honey mesquite (Prosopis glanulosa). While not as common, these areas
may include patches of various grama grasses (Bouteloua spp.). Dominant plant
species are tarbush (Flourensia cernua), creosotebush (Larrea tridentata), Russian
thistle (Salsola kali), lotebush (Ziziphus obtusifolia), Morman tea (Ephedra
trifurca), littleleaf sumac (Rhus microphylla), night shade (Solanum
eleagnifolium), narrow leaf globemallow (Sphaeralcea angustiforlim), Western
pink verbena (Verbena ambrosifollia), soaptree yucca (Yucca elata), and the desert
Christmas cactus (Opuntia leptocaulis). The most abundant species of grasses are
fluff grass (Erioneuron pulchellum), tobosa grass (Hilaria mutica) and alkal
sacaton (Sporobolus airoides). Ball cacti (Coryphantha vivipara) are on slopes with
limestone gravel. These cacti have not been seen in bloom (the most characterizing
feature) to assist in differentiating between subspecies.

The project area is considered to be a low affectability area. This area (Sections 31
and 32 of T20S, R3E and Sections 4,5,6, and 9 of T21S, R3E) receives little use by
wildlife species because it has been physically altered by human disturbance or
overgrazing, and provides reduced topographic relief and vegetation diversity
associated with food and cover. However, this area may be a suitable foraging area
for various species (e.g., deer, mice, song birds, and hunting raptors). The
activities associated with past and current uses, and ecological make-up, limits its
suitability as nesting or roosting habitat except for more common rodents, lizards,
etc., that have adapted to the present habitat conditions.

3.5.2 Endangered Species

WSTF contracted the Physical Science Laboratory (PSL) to perform a Threatened
and Endangered Species Survey in 1996. This survey also included a follow-up
survey which assisted in identifying species that were dormant or absent when the
initial survey took place. This report is attached as Appendix C (Threatened and
Endangered Species Survey of the National Aeronautics and Space
Administration’s White Sands Test Facility, New Mexico).

Specimens of the Texas horned lizard (Phrynosoma cornutum) have been found in
this area. This lizard is a Federal Candidate 2 species. Currently, this species has
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no State of New Mexico status. It is common in desert areas throughout southern
and central New Mexico. These horned lizards live in shrubland, desert grassland
and associated juniper woodland.

The WSTF site survey included eight raptorial bird species which were observed
during PSL’s biologic field survey. Although several pairs of raptors were observed
nesting in the area, there was no clearly defined raptor use area or ecological
habitat associated with the proposed property. Golden eagles (Aquila chrysaetos)
are generally associated with lowland areas and are present in the proposed area.
Canyons, drainages and other upland areas in the nearby foothills of the San
Andres Mountains likely provide nest sites that are suitable for use by golden
eagles and other large raptors. Lowland desert grasslands and shrub vegetation
provide important hunting areas for small to medium-sized mammalian prey
items. Most observations of Swainson's (Buteo swainsoni) and red-tailed hawks
(Buteo jamaicensis) are associated with power poles along the WSTF road system.
These birds perch on electrical power poles while feeding on prey, searching the
desert floor and scrub habitat below for insects or small vertebrates or while
sunning during the early morning hours.

During the biological survey, large stick nests were found in the proposed project
area. All nests were in relatively good structural condition and were located in
sandy/clay swales and playas within Chihuahuan Desert Shrub macro habitat.
The primary nest-tree species were honey mesquite (Prosopis glandulosa) and
desert sumac (Rhus microphyllum).

Although testing and new construction activity at the project area will cause some
degree of noise and run-off disturbance, these impacts will be temporary. Well
placements will be chosen away from open grasslands or densely vegetated plots if
practical. If anticipated noise levels associated with this project are maintained
into the future, no adverse threat to populations of wildlife or their habitats are
anticipated. Due to the findings of the threatened and endangered species survey,
sensitive species will not be impacted by the proposed project.

3.6 Noise

The proposed area is surrounded by a buffer zone that consists of State of New
Mexico, BLM and NASA lands. There is a one mile buffer zone between the
proposed project and the nearest private home. The closest WSTF facilities are
two water supply wells, located approximately one mile from the proposed site.
This buffer distance effectively eliminates any hazard or discomfort to off-site
interests. An on-going hearing conservation program is in effect at WSTF which
includes noise studies and subsequent reports, recommendations for engineering
control, the provision of periodic audiometric testing, and the use of ear plugs and
muffs. Noise generated by project operations can be attributed to three principle
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sources: vehicular traffic; project operations; and heavy equipment during
construction.

There are expected to be potential noise impacts during the construction phase.
Construction activities needed to facilitate monitor/extraction/injection wells at the
proposed site are expected to be done intermittently over a two year period. These
noises will have minimal impacts. Fifteen wells will be drilled; each lasting
approximately 10 days. Noise levels during construction may, at times, reach
levels harmful to field personnel. The remedial air stripping noise levels have been
estimated at 95 dB(A) at 5 feet. Building layout and silencers will be utilized to
assist with reducing these sound levels. For individual protection, all personnel
are required to use appropriate protective hearing devices if 84 dB(A) are
surpassed. The following table lists common noise sources and their decibel levels:

Common Noise Sources

dB(A) Level - Source
60 Speech at 3 ft
70 Normal street traffic
90 Operating a lawn mower
100 Operating a chain saw
140 Jet airplane takeoff at 50 ft

3.7 Land Use

The general pattern of WSTF land usage follows planning concepts and objectives
that were established when the installation was initially conceived, designed and
constructed. The fundamental guideline for orderly growth and development at
WSTF is to continually review, utilize and/or extend these basic ideas with respect
to frequently changing conditions. The current WSTF Master Plan (1994) satisfies
all foreseeable major functional requirements and relationships. For example, it
protects off-site adjacent land usage from objectionable or hazardous influence, and
incorporates flexibility to accommodate current long-range planning goals and
objectives.

WSTF has utilized the proposed area as a safety buffer zone. Agreements between
NASA and NMSLO have limited activity on this property. NASA has groundwater
wells, drinking water pipes and utility lines located within the proposed sections. A
chlorinating booster station for WSTF’s drinking water is located in the
southwestern corner of Section 32. Additionally, private individuals lease land
within the proposed area for cattle grazing. Due to this proposed project, the
number of vehicular trips will rise, but the WSTF access road and the WSTF well
road will be used to alleviate impacts.
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3.8 Energy

WSTF energy consumption will increase with the implementation of the proposed
project. Total electrical usage at WSTF for FY98 was 12,134,800 kilowatt-hours at
a cost of $854,200. The maximum expected additional usage and annual cost, due
to operation of a plume-front groundwater remediation system, will be
approximately 8,900,000 kilowatt-hours and $500,000. This worst case usage
estimation will result in an approximate 73% annual increase of electrical energy
consumption at WSTF when compared to FY98.

Roads, pipes, powerlines, and power poles will be branched off from the areas and
systems previously presented on Figures 8, 9 and 10. These actions will be
minimized by using existing facilities in all applicable instances. Additionally, the
remediation system will operate 24 hours per day. Manufactured lighting will be
installed, but the use of natural light (sky lights) will assist with decreasing energy
consumption during daylight hours.

3.9 Services

WSTF is restricted to authorized personnel. Barbed wire fence is used to define
the borders along BLM, Jornada Experimental Range (United States Department
of Agriculture) and the White Sands Missile Range (WSMR) properties. The
proposed project will include the following WSTF services:

e a 24-hr surveillance system to provide safety and security (security guards and
firemen make regularly scheduled patrols throughout the active portion of
WSTF);

e NASA and the site contractor’s safety and health program ensures that the site
meets the Federal and State safety and health regulations;

e emergency medical facilities (the dispensary is staffed during normal work
hours by a nurse; weekly visits are made by a contracted doctor who oversees
the dispensary and examines site personnel; and after normal work hours,
dispensary operations are handled by firemen trained as Emergency Medical
Technicians); and,

e several levels of fire protection for personnel, facilities, and surrounding areas
at WSTF (these include fire resistant construction and wide spacing of
buildings and test facilities; automatic fire detection and alarm systems;
automatic suppression system in selected locations; Level 3 hazardous material
response team; fire extinguishers and hose racks; and a 24-hr fire department).

3.10 Socioeconomic

Environmental Justice (EJ) is an active part of WSTF’s National Environmental
Policy Act requirements. In compliance with Executive Order 12898, Federal
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Actions to address Environmental Justice in Minority Populations and Low-Income
Populations, NASA has an Environmental Justice Implementation Plan. This
Executive Order requires Federal agencies to identify and address the potential for
their programs, policies and actions to have disproportionately high and adverse
human health or environmental effects on minority or low-income populations.
The companion Presidential Memorandum, signed February 11, 1994, directs
Federal agencies to include (within their National Environmental Policy Act
documents) an analysis of the effects of their actions on minority and low-income
communities, along with mitigation measures for significant and adverse effects.

Each NASA Center and field installation is responsible for developing its own EJ
Implementation Plan; taking into account the activities conducted at each facility
and their associated environmental impacts, its organizational structure and
existing processes, the nature of the surrounding community, and the most
effective means of communication with external shareholders. Analysis of the
demographics of Dofia Ana County indicate that this project will not
disproportionately affect low income and/or minority populations.

The proposed project will be located in Dofia Ana County, NM, lying outside of the
city limits of Las Cruces (population over 70,000). The economic stability of the
area is a result of the two major employers: WSMR and New Mexico State
University. Together, these two institutions employ over 40% of the labor force of
Las Cruces and Dofia Ana County. This growth is largely attributable to the
establishment and rapid growth of the high technology space and defense
industries. »

Considerations have been taken with socioeconomic data, accidental environmental
catastrophes, and distance between the site and a given population. The proposed
project has encouraged public participation throughout the proposal process. A
summary of the EA will be published in the local paper (in both English and
Spanish), posted in local public places, and copies will be made available to area
citizens.

4.0 ENVIRONMENTAL IMPACTS OF ALTERNATIVES

4.1 Proposed Action

4.1.1 Land Use
The NMSLO and BLM will need to concur pertaining to the activities occurring in

this location. These agreements will include grazing rights. Additionally, wells,
well pads, roads, pipes, and powerlines with power poles will be needed to support
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this proposal. These actions will be kept to a minimum by using existing facilities
in all applicable instances.

4.1.2 Energy

Energy consumption will increase at WSTF. Total electrical usage at WSTF for
FY98 was 12,134,800 kilowatt-hours at a cost of $854,200. The worst case
additional usage and annual cost, due to operation of a full-scale plume-front
groundwater remediation system, will be approximately 8,900,000 kilowatt-hours
and $500,000. This worst case usage estimation will result in an approximate 73%

annual increase of electrical energy consumption at WSTF when compared to
FY98.

4.1.3 Groundwater Quality

Groundwater quality at the project area will be significantly enhanced.
Groundwater pump and treat remediation will remove contaminant mass, reduce
potential ecological risks, and prevent continued plume migration.

4.1.4 Biological Resources

During the threatened and endangered species survey it was recognized that
impacts to vegetation and wildlife species are considered adverse if: (1) pre-existing
wildlife cannot be supported following removal or alteration of vegetation from the
property; (2) project associated disturbance such as habitat destruction, noise,
human presence, project operation, pollution, etc., results in long-term wildlife
population decreases that are greater than one breeding season; and, (3) severe
erosion occurs from removal of vegetation or other disturbance resulting in
irreversible effects to the surrounding habitat. Also, the loss of vegetation along
arroyos can result in a loss of soil stability causing adverse erosion problems.

Direct impacts are those actions that have a direct and often immediate effect upon
the resource. These conspicuous actions primarily include ground conversion
activities (e.g., construction, chemical spills, etc.). The following minor impacts are
expected to occur during the proposed project:

Surface Disturbances - Surface disturbances can include a wide range of
activities such as road or site facility construction, installation of utilities, or
any other action that removes the existing plant and animal communities.
Effects of surface disturbance range from immediate and total removal of the
organism, to temporary removal or disturbance.

Rural Fugitive Dust - Construction activities, dirt roads, or any other
activity that results in dust generation can result in damage to the local
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flora. Rural fugitive dust is often deposited on the leaf surfaces of plants
adjacent to the dust source. The resulting coating of dust can reduce the
photosynthetic capacity of the plant and potentially leave it in a stressed
condition.

Impacts from both surface disturbances and rural fugitive dust will be abated by
the utilization of existing roads where applicable. In addition, new roads will be

constructed using techniques to assist in minimizing disturbances (such as wetting
of dirt).

Irrespective of the specifics of the environmental setting, plant and wildlife species
can be adversely affected by a potentially large number of extraneous factors
associated with construction activity, including: (1) human disturbance (noise,
human presence, power line, and fence entanglement); (2) pollution; (3) direct loss
of habitat; and, (4) indirect loss of habitat associated with habitat fragmentation.

Adverse impacts on species of raptors and songbirds in the local area surrounding
the site could result from the effects of noise and other disruptive activity if
elevated noise levels occur during the breeding or nesting periods. For example,
project activities could cause raptors and other groups of birds to abandon their
nests or young. In addition, these kinds of man-made disturbances may function
as a deterrent to foraging activity during critical periods of the breeding and
nesting cycles, as well as interfering with the raising of young to the fledgling
stage.

Several species that are protected by the State of New Mexico (but not listed) or
protected by the Federal Migratory Bird Treaty were observed during the 1996
Threatened and Endangered Species Survey; most of these taxa included primarily
small-to-large sized raptorial birds species: Cooper’s hawk (Accipiter cooperii);
golden eagle (Aquila chrysaetos); red-tailed hawk (Buteo jamaicensis); Swainson’s
hawk (Buteo swainsoni); turkey vulture (Cathartes aura); northern harrier (Circus
cyaneous); loggerhead shrike (Lanius ludovicianus); American kestrel (Falco
sparverius); and western burrowing owl (Speotyto cunicularia hypugea).

NOTE: All wild birds in the United States, except resident game birds (i.e., pheasant,
grouse, quail, etc., which are managed by the respective State, and the English sparrow,
starling, and feral pigeon) are protected by the Migratory Bird Treaty Act (16 United States
Code 703-711). Although Federal Category 2 Candidate species are not specifically
protected under the Endangered Species Act, an increase in threats from habitat
destruction could cause them to be proposed for listing.

The project area is considered to be a low affectability area. This area receives
little use by wildlife species because it has been physically altered by human
disturbance or overgrazing, and provides reduced topographic relief and vegetation
diversity associated with food and cover.
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4.1.5 Cultural Resources

During the implementation phase, there is a possibility of unearthing archeological
resources. The project area has been previously surveyed for archeological
resources by a qualified cultural resources subcontractor. If any undiscovered
archeological site is uncovered during construction, site construction will cease at
this specific location until historic preservation issues are resolved.

4.1.6 Noise

Construction activities at the proposed site are expected to be done intermittently
over a two year period. Construction related noise from well drilling and remedial
system installation is expected to have minimal impacts. Fifteen wells will be
drilled; each lasting approximately 10 days. The remedial air stripping noise
levels have been estimated at 95 dB(A) at 5 feet, but will be mitigated by building
design, arrangement, and composition.

4.1.7 Geology and Soils

A minor issue exists with an increase of wind or water erosion of soils during the
construction phase. This is unlikely to transform the topographic conditions
within the proposed area. Engineering practices to control erosion will be initiated
during construction when appropriate.

4.2 Other Alternatives

4.2.1 Monitored Natural Attenuation

Ecological impacts from this alternative would be minimal; limited to on-going
groundwater monitoring activities. However, groundwater contamination would
continue to exist at present levels, contaminant mass would not be removed and
plume migration would not be prevented.

4.2.2 Full-Scale Groundwater Remediation

Ecological consequences of full-scale remediation could be extensive, with the
installation of a large network of groundwater monitoring, injection, and extraction
wells, and the construction of several treatment facilities and extensive
infrastructure.

4.2.3 Land Acquisition And Control

Ecological impacts from this alternative would be minimal; limited to on-going
groundwater monitoring activities. However, groundwater contamination would

NASA-WSTREA\PLUME 31 4/2/99




continue to exist at present levels, contaminant mass would not be removed and
plume migration would not be prevented.

4.2.4 Remediation System Options

Ecological impacts from using an alternative technology could vary significantly
depending on the chosen treatment method. Infrastructure requirements and
peripheral support requirements (roads, power, etc.) could be extensive.

4.3 No-Action

There are no site-specific ecological consequences with selecting the No-Action
alternative. However, groundwater contamination would continue to exist at
present levels, contaminant mass would not be removed and plume migration
would not be prevented.

5.0 AGENCIES AND INDIVIDUALS CONSULTED

The following lists agencies and individuals contacted and consulted during the EA

preparation (this list does not include entities within NASA or under contract to
NASA):

Federal

Tom Custer - BLM (505) 525-4328

Jim Gavura - Tracking and Data Relay Satellite Station (505) 524 7001
Chris Nagano - Fish and Wildlife Service (505) 346-2525

Sue Westbrook - EPA (214) 665-8321

State

Robert S. (Stu) Dinwiddie - HRMB (505) 827-1561 x1039
Benito Garcia - HRMB (505) 827-1567

Julie Jacobs - Groundwater Quality Bureau (505) 827-2776
Stephanie Kruse - HRMB (505) 827-1561 x1020

Mike Matush - NMSLO (505) 827-5096

Scott McKitrick - Groundwater Quality Bureau (505) 827-2895
Debra Padilla - NMSLO (505) 827-5724

Jennifer Parker - Groundwater Quality Bureau (505) 827-0523
Phillip Solano - HRMB (505) 827-1561 x1021

Lynne Sebastian - State Historic Preservation Officer (505) 827-6320
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Appendix A

Public Comment on
the Environmental Assessment
for the Plume-Front Remediation System




There were no inquiries or concerns expressed during the public comment
period (including the public meeting held at the Branigan Library on May 6,
1999).
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ABSTRACT

On September 17 and 18. 1892. archeologists from Batcho &
Kauffman Associates carried out a testing and data recovery
sprogram at site BK337. an isolated buried hearth on State Trust
land adjacent to the NASA White Sands Test Facility near Las
Cruces, New Mexico. The project area is located in central DofRa
Ana County., approximately 7 miles north of Organ, New Mexico.
The isolated hearth was exposed during blading for a garoundwater
monitoring well in Section 32. Township 20 South, Range 3 East.
A total of 2 field days were spent testing the site.

A single radiocarbon sample was recovered during excavation
and dated the hearth to 2860 +/- 90 vears B.P. (1371 - 830 B.C.).
No macrofloral remains were identified in the flotation samples
that were recovered from the hearth fil1l. No associated
extramural features were discovered through shovel scraping of
the disturbed area surrounding the hearth or through test
excavations placed in undisturbed peripheral areas. NO artifacts
were discovered during the testina or data recovery.

The data recovery excavations described 1in this report were
guided by a research design and scope of work submitted to the
State Land Office and the State Historic Preservation Office in
August 1992. No further data is contained within the prehistoric
site, and it is recommended that data recovery has been
sufficient to satisfy the reauirements set forth in the research
design and scope of work for a determination of no adverse
effect.
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INTRODUCTION

Proiect Background

On September 17 and 18, 1982, archeologists from Batcho &
Kauffman Associates carried out a testing and data recovery
program at site BK337, an isolated buried hearth on State Trust
Land adjacent to the NASA White Sands Test Facility (NASA-WSTF)
in Dofia Ana County near Las Cruces. New Mexico (Figure 1. The
feature was exposed during blading for the construction of a
groundwater monitoring well pad.

NASA-WSTF has been engaged 1in a program of constructing a
series of agroundwater monitoring wells on WSTF and adiacent
lands. In compliance with both Federal and State reauirements.
archaeological surveys of all affected lands were conducted
between 1986 and 1989 by Batcho & Kauffman Associates. All areas
with known archaeological remains are strictly avoided when

planning the location of groundwater monitoring wells. During
1988. the State Land section where site BK337 is located was
surveyed for cultural resources (Michalik 1988). No sites were

discovered in the section durina that survey.

Site BK337 was discovered in April 1992 during blading for
the construction of a well pad. A heavy eauiopment operator
employed by Lockheed Engineering and Sciences Co. (LESC) noted a
dark stained area containing blackened rock approximately 20 cm
below the ground surface. Work was immediately stopped in the
feature area. and the discovery was reported to the LESC
Environmental Division. Archaeologists from Batcho & Kauffman
Associates visited the site the following day with LESC
personnel to assess its significance. Based on the consultants’
initial observations that the hearth appeared to contain datable
materials and was relatively intact, NASA-WSTF determined that
the site was potentially eligible for 1listing on the National
Register of Historic Places, and asked for concurrence from the
State Historic Preservation Office (SHPO). Following SHPO
concurrence, a research design and scope of work was prepared to
guide testing and data recovery operations.

Project Location

Site BK337 is located on State Trust Land adjacent to NASA-
WSTF on the west side of the San Andres Mountains, approximately
7 miles north of Organ, New Mexico in east-central Dofia Ana
County. The site 1is located in Section 32, Township 20 South,
Range 3 East, on the Taylor Well 7.5'topographic quadrangle
(Figure 1).

ENVIRONMENTAL SETTING
The project area is in the Mexican Highland section of the

Basin and Range Physiographic Province. The site is located
within the Bear Creek drainage system at the base of a broad
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alluvial fan extending westward from the foothills of the San
Andres Mountains. The topography in the immediate site vicinity
is relatively flat. with a slope of less than 2 degrees to the
west. The Bear Creek drainage system at this point consists of a
series of very shallow. west-trending rills. The hearth was
probably buried by low-energy colluvial (slopewash) action, which
served to cover the feature with sediment while causing little
erosional damage. The site is within an area where the Jornada
I1 and Organ morphostratigraphic units mix or coalesce (Gile et
al. 1981). The Jornada surface is a well-stabilized early
Pleistocene alluvial fan surface with a dense covering of gravel
to cobble-sized detritus derived from the mountains to the east.
The Organ surface dates from approximately 6400 to 1100 B.P.. and
is the result of a series of cut and fill seauences that
deposited finer. sandier sediments over the earlier Jornada
surface. Soils on the site belong to the Dofia Ana-Reagan
Association (Bulloch and Neher 1980).

A detailed study of the geomorphology of the project area
has been produced by Gile, Hawley, and Grossman (1981), and 1is
important to an understanding of prehistoric land use. Lithic raw
materials are abundant in the fan sediments and arroyo bottoms,
and were used extensively for tool manufacture by the prehistoric
populations. These materials include siltstone, sandstone, chert,
chalcedony, guartzite, and limestone/dolomite.

Vegetation in the vicinity of the site is characterized by a
dense covering of creosote and various grasses. Other vegetation
present in the area includes tarbush, mesguite, four-wing
saltbush, soaptree yucca, cholla, and snakeweed. The faunal
community includes a wide variety of bird species, including
raptors, as well as snakes, 1izards, a variety of rodents,
rabbits and hares, mule deer, mountain sheep, and antelope. All
of these species may have been economically significant to the
prehistoric inhabitants of the area.

REGIONAL CULTURAL HISTORY

Previous archeological research in southern New Mexico
indicates a record of aboriginal human activity dating to the end
of the Pleistocene and continuing through approximately A.D.
1500. a span of some 12.000 years. During this period, several
different cultural systems utilizing various adaptive strategies
were present at one time or another within southern New Mexico
and its environs. Some periods of use, such as the Paleoindian,
Early Archaic, and late prehistoric or protohistoric, are poorly

documented and understood.

Although there has been some reconsideration in the past
several years, there has long been a tendency to hypothesize an
unbroken evolutionary progression from simpie mobile hunting and
gathering strategies to complex sedentary agricultural systems.
This is approached through the use of an over-simplified phase
system that equates time of occupation with a specific adaptive




strategy. thereby ignoring the possibility that groups following
diverse adaptive strategies occupied southern New Mexico contem-
poraneously. For present purposes. culture periods will serve as
a general chronological framework for the following brief over-
view of the prehistory of the area.

Paleoindian

The earliest record of human occupation in the southern New
Mexico region is the sporadic occurrence of distinctive projec-
tile point types such as Folsom, Plainview and Clovis. which date
from approximately 10,000 to 6,000 B.C. These points are general-
1y found as isolated occurrences. alithough they have sometimes
occurred in excavation context with extinct Pleistocene megafau-
na. There are no confirmed reports of the occurrence of these
point types with evidence for habitation structures in the area.
nor have many been located in context with independently datable
hearth remains.

The Paleoindian era 1is generally thought to have been char-
acterized by a highly mobile, hunting and gathering way of 1life,
although much of the reconstruction is based heavily on inference
from better dated contexts elsewhere in North America. The base
of a Folsom point was collected from the Vista Hills site 1in
southeast E1 Paso. Texas in 1878 by archaeologists from Common-
wealth Associates (Anderson and Carter 1880), and Kauffman (1924)
later recovered 13 pieces of obsidian from the same site wnich
yielded hydration dates between 5.000 and 7,000 B.C. While Kauff-
man’s obsidian hydration dates were not tightly clustered, they
do record human use of the area during this early time period.

Archaic

Traditionally, the Archaic period dates between approximately
6,000 B.C. and A.D. 200 in the region. Once again, the human
occupation of the area is poorly understood during this period.
most inferences having been drawn from well-preserved materials
in cave sites, and more thoroughly studied areas elsewhere in the
Southwest.

In general, the Archaic period is viewed as a continuation
of the previous mobile hunter-gatherer way of 1ife, coupled with
an increased emphasis on plant foods and smaller game species,
and a trend toward decreasing aroup mobility through the era.
Ssome of the changes in adaptive strategy have been linked to
changes in climate and vegetation throughout the region. Several
different site types have been dated to the Archaic period,
including cave and rockshelter sites, burned rock loci, 1lithic
scatters, and isolated hearths. Many more sites have been at-
tributed to the Archaic period on the basis of “negative"” infor-
mation such as the absence of ceramics, or by recourse to poorly
dated and apparently long-lived projectile point styles.




Formative

According to the generally used local phase system,
beginning around A.D. 200 there was a shift away from the
subsistence and settlement patterns that define the Archaic.
toward a more sedentary life style and an apparent shift to more
intensive cultivation of maize, beans, and squash. The alil-
inclusive nature of this adaptive strategy is beginning to be
guestioned, however, by various researchers f(e.g.. Carmichael
1985; Kauffman and Batcho 1983: Plog and Green 1983: Stuart and
Gauthier 1981: Upham 1984). In the El Paso/Las Cruces area, the
Formative period has been further subdivided into three phases:
the Mesilla, Dona Ana, and E1 Paso, which are said to reflect
observable trends 1in the direction of increased sedentism and
social complexity.

Charred food remains indicate that while hunting and wild
plant collecting were still a major part of the subsistence
routine, at least some groups had begun to practice, and possibly
emphasize, farming. Common elements of the material culture
complex of the period include recognizable structures, grinding
tools, pottery, and smaller projectile points, the morphology of
which suggests their use as arrow points. Habitation sites in-
crease in size and complexity through the Formative, although
they are greatly outnumbered by smaller, diffuse sites that have
been interpreted as temporary hunting and gathering camps. pre-
sumably 1linked with permanent residential settlements. Pottery
styles progress from plain brownwares to polychrome painted
vessels, with an increase in imported styles (Beckes 1977:174-
184: Beckett and Wiseman 1979:397-401; Stuart and Gauthier
1981:210-221; Whalen 1977).

The Formative period comes to an end around A.D. 1350 to
1400, when the area is hypothesized to have been abandoned Dby
sedentary agriculturalists. Most authors have theorized a climat-
ic shift toward a more arid environment that made farming an
untenable strategy (Kelley 1952), although this is not well
documented. Stuart and Gauthier (1981:216-218) rework the climat-
ic shift hypothesis somewhat, and instead of an abandonment per
se, they see a change in adaptive strategy (to a more extensive
use of the environment, i.e., hunting and gathering) as a result
of a drying trend in the 1late 1200s. When the area was explored
by the Spanish in the 16th and 17th centuries, it was apparently
occupied by small groups of mobile hunter-gatherers. The advent
of the Spanish marks the end of the prehistoric period and the
beginning of the Historic period.

Historic

The Historic period in New Mexico can be divided into the
Spanish (1540-1821), Mexican (1821-1846), and Anglo periods
(1846-present). During the Spanish period southern New Mexico was
primarily used as a trade route between Chihuahua and Santa Fe.
This route became known as the "camino real” and followed the Rio

Grande River from the E1 Paso area to Santa Fe (Jenkins and




Schroeder 1974). The first known Spanish settlement 1n the area,
E1 Paso Del Norte, was established when the Spanish retreated
from northern New Mexico during the pueblo revolt (El1lis 1971).
Some Piro and Tiwa Indians accompanied the Spanish and settled in
the E1 Paso area. Use of desert mesa region, was probably margin-
al during this period.

In 1821 Mexico, which includes present day New Mexico,
gained independence from Spain (Jenkins and Schroeder 1974).
During the short span of Mexican control in New Mexico, several
communities were established in the southern portions of the Rio
Grande River valley. Land use in the desert areas surrounding the
present project area was probably limited to stock grazing and
exploration during the Mexican period. Possible sites of this
period would therefore be restricted to wagon roads and camp-
sites.

In 1846 New Mexico was peacefully invaded by American forces
(ibid). The Territory of New Mexico was created by the U.S.
Congress in 1850 and the present Mexico-United States border was
established in 1853 with the Gadsden Purchase. The Anglo period
is characterized by an increase in activity in the southern
regions of New Mexico. During this period American forts were
established to protect settlers from Indian attacks and the
Butterfield Stage route was established. Ranching activity, which
probably represents the most extensive use of the study area,
also increased during this period. In 1881 the Southern Pacific
Railroad line between E1 Paso and San Francisco was established.
Ranching and recreational use of the study area has continued to
the present.

RESEARCH GOALS

Three research goals were considered for the data recovery
program: (1) to record the site; (2) to salvage the remains of
the disturbed hearth; and (3) to test the immediate area around
the hearth in order to determine if the feature was more likely
an isolated manifestation or part of a larger site.

Research problem domains for the NASA area have been
discussed in detail by Batcho & Kauffman (1986) and Miller and
Stuart (1991). Due to the apparently small size and l1imited
nature of the remains at site BK337, it was expected that
chronometric and, perhaps, subsistence concerns could be
addressed. Dating the site would add to our growing concepts of
the time frame in which prehistoric people most actively utilized
the NASA area. Subsistence information could be used in
comparison with the data recovered from the extensively excavated
sites, BK4 and BK5, just east of BK337.

Previous research at hearth sites on the NASA facility have
yielded significant chronological and subsistence data (Almarez
1990; Miller and Stuart 1991; Stuart 1988b) that have broadened
our understanding of the prehistoric settlement system recorded




through extensive survey of the facility and adjacent areas. The
excavation and dating of site features has also been useful 1in
formulating general predictive models of site visibility based on
local geomorphology that are important for the management of
cultural resources on the facility (Miller and Stuart 1991).

TESTING AND DATA RECOVERY PROGRAM
Methods

Four 1 by 1 meter test units were excavated just outside of
the bladed area surrounding the hearth (Figure 2). The primary
purpose of these units was to determine if there were any
indications that the exposed hearth was part of a larger site.
The units were excavated to a depth of 30 cm or to caliche,.
whichever was shallower. A1l materials excavated from these
units were screened through 1/4 inch mesh hardware cloth. No
features or artifacts were discovered in any of the test units.

An area of approximately 6 square meters surrounding the
hearth (Feature 1) was shovel scraped to define the boundaries of
the feature and to search for associated features. The area had
previously been bladed, so shovel scraping served mainly to
create a clean surface to examine the feature context. Soil
removed during shovel scraping was also screened through 1/4 inch
mesh. No extramural features or artifacts were discovered during
this operation.

Feature 1 was completely excavated by hand in order to
maximize the recovery of radiocarbon and macrofloral remains, and
to determine hearth morphology. Approximately 50% of the hearth
£i11 (14 liters) was recovered for flotation analysis. A unit
datum was set up at the southwest corner of the 2 by 2 meter
excavation unit surrounding the hearth, in order to maintain
vertical control. The feature was drawn in planview, bisected,
the southern half excavated, and profiled prior to the excavation
of the northern half of the feature. Black and white and color
photographs were also taken to document the feature excavation.
Feature fill that was not recovered for flotation analysis or
radiocarbon dating was screened through 1/8 1inch mesh. No
artifacts were discovered in the feature fil1l. A single
radiocarbon sample was recovered and submitted to Beta Analytic
Inc. for dating.

bResu1ts

Feature 1 consisted of a roughly circular arrangement of
mostly 1imestone cobbles, measuring approximately 180 by 150 cm
by 20 cm deep (Figure 3). The hearth pit was dug 1into the
caliche substrate, roughly rock-lined, and filled with burned
rock and ashy soil. Some small pockets of charcoal remained, but
the hearth had been disturbed by a creosote bush and rodent
burrow. Over 450 fist-sized limestone cobbles were removed from
the feature fill. Except for the root and rodent disturbance in
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the northeast portion of the feature, the hearth appeared to be
relatively intact. Blading appears to have Jjust removed the
overlying sediments, doing little damage to the feature itself.
Since the hearth was constructed in a basin which was partially
excavated into the caliche substrate, original hearth dimensions
and morphology were readily apparent. The hearth pit itself was
oxidized and reddish from burning. No artifacts were recovered
from the feature or the surrounding area.

RADIOCARBON DATING AND FLOTATION RESULTS

One radiocarbon sample and two flotation samples collected
from site BK337 were processed and analyzed. The radiocarbon
sample, analyzed by Beta Analytic, yielded a C13/C12 corrected
date of 2860 +/- 90 years B.P. (Beta Sample # 58741; Appendix I).

The 10 year decadal calibration (Stuiver and Becker 1986) of
this date indicates a range of use of the feature at site BK337
sometime between 1371 and 830 B.C. with a 95% confidence level.
This places the Feature 1 cultural component in stratigraphic
context within the Organ I strata which has been previously
radiocarbon dated to between 2,200 and 6,400 yrs. B.P. (Gile et
al. 1981).

Flotation analysis yielded no charred floral or faunal
remains (Appendix II). The hearth fuel was identified as
mesquite (Prosopis), and due to the lack of charred seed remains
recovered, it has been suggested that the hearth was probably
used for warming rather than cooking.

DISCUSSION AND CONCLUSIONS

Three research goals were outlined in the scope of work for
the excavations of BK337. These problem domains consist of 1)
dating the site, 2) obtaining subsistence information from the
disturbed hearth feature, and 3) determining whether the feature
was part of a larger site. The single radiocarbon sample obtained
from the feature dated to the late Archaic period. No subsistence
data were recoverable from the feature, and testing suggests that
the feature is isolated, and not part of a larger buried site.

Several Archaic dates were obtained from buried hearths
along Gardner Spring Arroyo as part of the Desert Project (Gile
et al. 1981). These hearths were sampled in order to date
alluvial deposits and were not excavated by archaeologists.
Other sites in the vicinity of the NASA White Sands Test Facility
have been tentatively identified as dating to the Archaic period
based on projectile point morphology and characteristics of their
lithic assemblages (Stuart 1988a). '

Several sites on or near the NASA facility which have been

excavated in the past few years have been dated to the Archaic
period. One of these sites (BK84) is very similar to site BK337
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(Stuart 1988b). It consisted of a single isolated hearth, buried
approximately 20 cm below the present ground surface, with no
surface manifestation and few associated artifacts. Like site
BK337, it was uncovered during blading. Radiocarbon samples from
this isolated hearth have been dated to the late Archaic period
(800 - 415 B.C.).

Site BK229, consisting of two buried ash and charcoal stains
in Gardner Spring Arroyo, approximately 3 miles east of site
BK337, also dated to the Archaic period (Almarez 1890).
Radiocarbon dates from the two features average between 3778 and
3370 B.C. Like the hearth on site BK84, very few artifacts (all
1ithics) were recovered in association with the features.

Archaic dates have also been obtained from hearths at site
BK4, an excavated site with both Formative and Archaic

occupations (Miller and Stuart 1991). One of these hearths.
Feature 7, was completely excavated while the other hearth,
Feature 9, was only sampled. The two dates from these hearths

were averaged and indicated use between 2900 and 2470 B.C.

While several Archaic occupational episodes have been
documented through radiocarbon dating of sites and features at
NASA-WSTF, subsistence remains from this period are largely
absent. The apparent intact nature of these buried Archaic
hearths, along with the low recovery of subsistence remains, can
suggest either a l1imited and/or very short-term use of these
features or a poor state of preservation for Archaic subsistence
remains. However, it must also be noted that excavated features
from the Formative occupations at sites BK4 and BK5, east of site
BK337 on the NASA facility, yielded large samples of floral

remains, indicating that preservation of more recent remains in
the area is good (Miller and Stuart 1991).

Since little or no subsistence remains have been recovered
from Archaic hearths in the NASA White Ssands Test Facility area,
interpretations regarding the function of these features must
rely on the overall morphological characteristics of the hearths
themselves. Several researchers in the Jornada Mogollon area have
provided extensive descriptions and comparisons of features from
the area (whalen 1877; 0O’Laughlin 1880; Hard 1983; Carmichael
1985). These studies have noted an apparent dichotomy between
hearth features based on size. This dichotomy consists of small,
fire-cracked rock features and large, fire-cracked rock features.
Even though there is currently some disagreement regarding the
function of these features, most researchers agree that small
hearths were "general purpose” features used by small groups such
as nuclear families or task groups while the larger hearths were

specialized, communally used processing features such as roasting
pits.

The researchers noted above dealt specifically with fire-
cracked rock features. While fire-cracked rock has been rare 1in
the previously excavated Archaic features on the facility, it was
abundant in the feature at BK337. The variable of hearth size can
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be used to compare the BK337 Archaic feature with others
excavated in the general Jornada Mogollon region. Carmichael
(1985) found that fire-cracked rock features from Keystone sites
36 and 37 could be grouped into two categories. Small fire-
cracked rock features ranged in size from 0.5 to 1.7 square
meters, whereas large fire-cracked rock features ranged in size
from 2.1 to 14.8 square meters. The hearth excavated at site BK&4
and Feature 7 at site BK4 measured 1.19 square meters and 1.23
square meters respectively, placing them 1in Carmichael’s small
feature category. The remains of the hearth at BK229 had been
extensively impacted by the excavation of a backhoe trench, and
it was difficult to determine 1its size category. Based on the
apparent size of the remaining portion of the feature, however,
it was estimated to fall within the small hearth feature size
range. If the dichotomy discussed above can be applied to the
NASA area, then the hearths at BK84, BK4, and BK228 can be
classified as general purpose hearths used by small groups.

In contrast, the hearth at BK337 measures 2.7 square meters
and falls in the large feature category. It also differs from the
previously excavated Archaic period features at NASA by its
abundant fire-cracked rock. Prior to excavation, it was hoped
that this morphological difference might denote that the feature
was more similar to the Formative period features excavated at
sites BK4 and BK5. Large quantities of carbonized plant remains
were recovered from those features. Unfortunately, this was not
the case.

The hypothesized dichotomy 1in hearth size and function is
not supported by the BK337 flotation analysis. The model
discussed above suggests that as a large hearth, the feature was
a specialized food processing feature. The lack of charred plant
remains, however, argues against this interpretation. The
large amount of fire-cracked rock in the BK337 feature, in
contrast to the other Archaic hearths in the area, also cannot be
explained in terms of differences in feature function, because of
the paucity of macrofloral data available. The absence of
associated artifacts likewise suggests that the feature was not
communally used.

RECOMMENDATIONS

The testing and data recovery excavations described in this
report have served to mitigate the adverse effects of the
monitoring well pad construction on site BK337, and to salvage
all available data from the site. It is recommended that the
data recovery program has been sufficient to satisfy the
requirements set forth in the research design and scope of work
for a determination of no adverse effect.
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APPENDIX I:

RADIOCARBON DATING RESULTS




BETA ANALYTIC INC.

JERRY J. STIPP, PH.D. 4985 S.W. 74 COURT

MURRY A. TAMERS, PH.D. ' MIAMI, ]FSLéDSISDQ

CO-DIRECTORS 33 .S.
Ms. Barbara Kauffman December 3, 1952

Batcho and Kauffman Associates
755 Telshor, Suite 13E
Las Cruces, New Mexico 88001

Dear Ms. Kauffman:

Please find enclosed our result on the charcoal sample
(BK337-01) that you recently sent for radiocarbon dating and
carbon-13/12 ratio analysis.

As with your previous charcoal samples, this one also was
thoroughly pretreated, both physically anc chemically, for the
removal of any intrusive rootlets (a few present initially),
carbonate or humic acid contaminants. The clean charcoal was
then synthesized to benzene and counted for radiocarbon content.
The charcoal was of good quality and adequate quantity, and all
analytical steps proceeded normally.

This analysis was paid for in advance, thank you. And as
always, please call us at any time you have questions or would
1ike to discuss the date. With best regards I remain

Sincerely,

’—_-’ Y
\7 /-/7
Jerry 4. Stipp/

TELEPHONE: 305-667-5167 / FAX: 305-663-0964 / BITNET: XNRBET22@SERVAX
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FOR: Barbara Kauffman DATE RECEIVED: November 9, 1992
Batcho & Kauffman Associates DATE REPORTED: December 3, 1992
SUBMITTER’S

PURCHASE ORDER #

OUR LAB NUMBER YOUR SAMPLE NUMBER C-14 AGE YEARS B.P. 210

cl3/c12 C-13 adjusted
per mil C-14 age

Beta-57841 BK 337-01 2,870 +/- 90 - 25.3 2,860 +/- 90

These dates are reported as RCYBP (radiocarbon years before 1950 A.D.). By international convention, the half-life of
radiocarbon is taken as 5568 years and 95% of the activity of the National Bureau of Standards Oxalic Acid (original
batch) used as the modern standard. The quoted errors are from the counting of the modern standard, background, and
sample being analyzed. They represent one standard deviation statistics (68% probability), based on the random nature
of the radioactive disintegration process. Also by international convention, no corrections are made for DeVries effect,
reservoir effect, or isotope fractionation in nature, uniess specifically noted above. Stable carbon ratios are measured on
request and are calculated relative to the PDB-1 international standard; th