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EXECUTIVE SUMMARY

This Phase Il investigation report evaluates the nature and extent of contamination and potential human
health and ecological risks for 21 solid waste management units (SWMUs) and areas of concern (AOCs)
in the Upper Los Alamos Canyon Aggregate Area at Los Alamos National Laboratory (LANL or the
Laboratory). Three additional sites are included in this report but are not evaluated for nature and extent
and risk because sampling could not be performed, and there are no data. The SWMUs and AOCs
addressed in this report are located in Former Technical Area 00 (TA-00), former TA-01, TA-03, former
TA-32, TA-43, and TA-61. These sites were initially investigated in 2008, and the investigation results
were documented in the Upper Los Alamos Canyon Aggregate Area investigation report, submitted by
the U.S. Department of Energy (DOE) and Los Alamos National Security, LLC (LANS) to the New Mexico
Environment Department (NMED) in 2010. The investigation report concluded that additional sampling to
define the extent of contamination was needed, and additional sampling requirements were documented
in the approved Phase Il investigation work plan for Upper Los Alamos Canyon Aggregate Area,
submitted by DOE and LANS to NMED in October 2010. The Phase Il investigation work plan was
implemented in 2012, and based on the results, additional sampling and/or remediation was deemed
necessary. Additional sampling and remediation was performed from 2013 through 2017.

After the Phase Il work plan had been approved, NMED and DOE entered into a framework agreement
for the realignment of environmental priorities at the Laboratory. Under the framework agreement, NMED
and DOE agreed to review characterization efforts undertaken to date pursuant to the Compliance Order
on Consent (Consent Order) to identify those sites where the nature and extent of contamination have
been adequately characterized. Pursuant to the framework agreement, the Laboratory reviewed its data
evaluation process with respect to U.S. Environmental Protection Agency (EPA) guidance and the
framework agreement principles and concluded that this process could be revised to more efficiently
complete site characterization, while providing full protection of human health and the environment.
Specifically, the process for evaluating data to define extent of contamination was revised to provide a
greater emphasis on risk reduction, consistent with EPA guidance. The framework agreement also
provided the flexibility to continue investigation activities until investigation objectives had been met rather
than submitting intermediate reports and work plans for additional work.

The revised process was used to reevaluate the 2008 data, as well as the Phase Il data. Based on the
evaluation of investigation results using the revised process, the extent of contamination has been
defined (or a determination has been made that no further sampling for extent is warranted) at 21 sites.
Three sites could not be sampled because they are beneath structures and inaccessible and therefore
were not evaluated. Human health and ecological risk assessments were performed for the 21 sites with
data.

Based on the results of data evaluations presented in this investigation report, the DOE Environmental
Management Los Alamos Field Office and Newport News Nuclear BWXT — Los Alamos, LLC (N3B)
recommend the following:

e Corrective action complete without controls is recommended for 14 sites for which extent is
defined and which pose no potential unacceptable human health risk under the residential
scenario and no unacceptable ecological risk.

e Corrective action complete with controls is recommended for seven sites for which extent is
defined and which pose no potential unacceptable human health risk under the industrial scenario
and no unacceptable ecological risk.

e Sampling is recommended for three sites when structures above the sites are no longer present.
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1.0 INTRODUCTION

Los Alamos National Laboratory (LANL or the Laboratory) is a multidisciplinary research facility located in
north-central New Mexico, approximately 60 mi northeast of Albuquerque and 20 mi northwest of

Santa Fe. The Laboratory site covers 39 mi? of the Pajarito Plateau, which consists of a series of
fingerlike mesas separated by deep canyons containing perennial and intermittent streams running from
west to east. Mesa tops range in elevation from approximately 6200 to 7800 ft above sea level.

The Laboratory has been a participant in a national effort by the U.S. Department of Energy (DOE) to
clean up sites and facilities formerly involved in weapons research and development. The goal of this
effort is to ensure past operations do not threaten human or environmental health and safety in and
around Los Alamos County, New Mexico. To achieve this goal, the Laboratory has investigated sites
potentially contaminated by past Laboratory operations.

This investigation report addresses sites in Technical Area 00 (TA-00), former TA-01, TA-03, former
TA-32, TA-43, and TA-61 within the Upper Los Alamos Canyon Aggregate Area (Figure 1.0-1). These
sites are potentially contaminated with hazardous chemicals and radionuclides. The New Mexico
Environment Department (NMED), pursuant to the New Mexico Hazardous Waste Act, regulates cleanup
of hazardous wastes and hazardous constituents. DOE regulates cleanup of radioactive contamination,
pursuant to DOE Order 5400.5, “Radiation Protection of the Public and the Environment”; DOE

Order 435.1, “Radioactive Waste Management”; and DOE Order 458.1, “Administrative Change 3,
Radiation Protection of the Public and the Environment.” Information on radioactive materials and
radionuclides, including the results of sampling and analysis of radioactive constituents, is voluntarily
provided to NMED in accordance with DOE policy.

11 General Site Information

The Upper Los Alamos Canyon Aggregate Area, shown on Plate 1, consists of 115 sites, 54 of which
were previously investigated and/or remediated and were approved for no further action (LANL 2006,
091915). Those 54 sites were not proposed for further investigation or other activities in the April 2006
investigation work plan (LANL 2006, 091916). The remaining 61 sites were evaluated in the investigation
work plan (LANL 2006, 091916). Of these 61 sites, 47 sites (2 in TA-00, 32 in former TA-01, 4 in TA-03,
5in former TA-32, 1 in TA-41, 2 in TA-43, and 1 in TA-61) underwent sampling in 2008-2009 and
investigation results were reported in the approved investigation report for Upper Los Alamos Canyon
Aggregate Area (LANL 2010, 108528; NMED 2010, 109195). Deferred action was proposed and
approved by NMED for 8 sites (LANL 2006, 091916; NMED 2006, 095460). No sampling was proposed
and approved by NMED for 6 sites (LANL 2006, 091916; NMED 2006, 095460). Further sampling for
extent of contamination and/or removal of contaminated soil was proposed for 28 of these sites in the
approved Phase Il investigation work plan for Upper Los Alamos Canyon Aggregate Area (LANL 2010,
110860; NMED 2011, 111674). Phase Il sampling was initiated in 2012, and subsequent follow-on
investigation and cleanup was performed from 2013 through 2017. Several sites were addressed in
separate reports to expedite completion to property development; some of these sites were split into two
or three new solid waste management units (SWMUSs) or areas of concern (AOCs) in order to expedite
this process. The remaining 23 sites, plus 1 site identified after the Phase Il investigation work plan
(LANL 2010, 110860) was approved, are addressed in this Phase Il investigation report. Table 1.1-1 lists
the 24 sites, with a brief description and a list of previous investigations.

TA-00 includes all Laboratory-related operations and sites outside former or current Laboratory
boundaries. These sites are geographically separated and scattered across the Pajarito Plateau in the
northern part of Los Alamos County and in adjacent Santa Fe County. The TA-00 sites that are included
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in Upper Los Alamos Canyon Aggregate Area are located in Los Alamos Canyon and the Los Alamos
townsite.

Former TA-01 was the Laboratory’s first technical area. Beginning in 1943, it housed the Laboratory
administration, theoretical divisions, plutonium chemistry, and physics research. Between 1943 and 1945,
much of the theoretical, experimental, and production work in developing the atomic bomb took place at
former TA-01. From 1946 to 1965, these activities had been moved elsewhere in the Laboratory and the
site underwent decontamination and decommissioning (D&D) in 1966. The site of former TA-01 lies within
the current townsite of Los Alamos, on the north and south sides of Trinity Drive surrounding Ashley Pond.
The properties are owned privately, by Los Alamos County, and by DOE.

TA-03 is located on South Mesa between Los Alamos Canyon to the north and Twomile Canyon to the
south, and is the Laboratory’s main technical area. It contains most of the Laboratory’s administrative
buildings and public and corporate access facilities. In addition, TA-03 houses several Laboratory
activities such as experimental sciences, special nuclear materials, theoretical/computations, and
physical support operations.

Former TA-32 was a small medical research facility consisting of three laboratories, an office building, a
warehouse, and a valve house. Work at the site included biological research involving radionuclides. The
site of former TA-32 is located within the current townsite of Los Alamos, approximately 400 ft east of
Knecht Street and 400 ft south of Trinity Drive. Various Los Alamos County buildings and operations now
occupy the area on the mesa top, and DOE owns the land below the mesa top.

TA-43 is located on East Mesa next to the Los Alamos Medical Center (LAMC). In the past, TA-43 was
used for industrial hygiene research; currently, it is used for biomedical research.

TA-61 is located on Sigma Mesa, which is bounded by Los Alamos Canyon on the north and

Sandia Canyon on the south. It includes physical support and infrastructure facilities, such as a municipal
sanitary landfill, Los Alamos County’s Eco Station trash and recycling facility, sewer pump stations,
general storage sheds, and general warehouse storage for maintenance activities performed throughout
the Laboratory.

1.2 Purpose of Investigation

The objective of the investigation was to collect samples to define the nature and the lateral and vertical
extent of contamination for the 24 SWMUs and AOCs located at TA-00, former TA-01, TA-03, former
TA-32, TA-43, and TA-61. An additional objective is to determine whether contamination at any of the
sites poses a potential unacceptable risk to human health or the environment. This report presents details
and results of the investigation activities conducted within the Upper Los Alamos Canyon Aggregate Area
and presents recommendations at each site.

1.3 Document Organization

This investigation report is organized as 14 sections, including this introduction, with multiple supporting
appendixes. Section 2 presents site background information, including operational history, historical
releases, and summaries of previous investigations for each technical area. Section 3 presents the scope
of activities performed during the investigation. Section 4 describes current regulatory criteria for human
health screening levels, ecological screening levels, and cleanup standards. Section 5 describes the
process for reviewing data to identify chemicals of potential concern and to evaluate nature and extent of
contamination. Sections 6 through 11 present the results of field investigations, site contamination,
determination of nature and extent, and summaries of human health and ecological risk screening
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assessments for each site at TA-00, former TA-01, TA-03, former TA-32, TA-43, and TA-61, respectively.
Section 12 presents the conclusions of the investigations. Section 13 presents recommendations for each
site. Section 14 includes a list of references cited and a list of map data sources for all figures and plates.

Appendixes include acronyms, a metric conversion table, and definitions of data qualifiers (Appendix A);
field methods (Appendix B); investigation-derived waste (IDW) management (Appendix C); analytical
program descriptions and summaries of data quality (Appendix D); analytical suites and results and
analytical reports (Appendix E); box plots and statistical analyses (Appendix F); and risk screening
assessments (Appendix G).

2.0 AGGREGATE AREA SITE CONDITIONS
21 Surface Conditions
211 Soils

Soils on the Pajarito Plateau were initially mapped and described by Nyhan et al. (1978, 005702). The soils
on the slopes between the mesa tops and canyon floors have been mapped as mostly steep rock outcrops
consisting of approximately 90% bedrock outcrop and patches of shallow, weakly developed colluvial soils.
South-facing canyon walls are generally steep and usually have shallow soils in limited, isolated patches
between rock outcrops. In contrast, the north-facing canyon walls generally have more extensive areas of
shallow dark-colored soils under thicker forest vegetation. The canyon floors generally contain poorly
developed, deep, well-drained soils on floodplain terraces or small alluvial fans (Nyhan et al. 1978, 005702).

The soils on the mesa top in the Upper Los Alamos Canyon Aggregate Area generally belong to either
the Carjo or Pogna soil series (Nyhan et al. 1978, 005702). Carjo soils consist of moderately deep,
well-drained, and moderately developed soils with an A-B-C horizon sequence. Soil textures can range
from clay loams to fine, sandy loams. The Pogna soils consist of shallow, well-drained, and weakly
developed soils with an A-C horizon sequence. The soil texture of Pogna soil is usually fine sandy loam.
The parent material of these soils may range from Bandelier Tuff to sequences of alluvium/colluvium
interstratified with moderately developed to well-developed buried soils.

A maijority of the natural mesa-top surface soil has been altered by anthropogenic activities. Excavation
and fill, paved roads, parking lots, parks, landscaped yards, and buildings have changed the natural soil
landscape considerably.

2.1.2 Surface Water

The Rio Grande is the primary river in north-central New Mexico. All surface-water drainage and
groundwater discharge from the plateau ultimately arrive at the Rio Grande. Most surface water in the
Los Alamos area occurs as ephemeral, intermittent, or interrupted streams in canyons cut into the
Pajarito Plateau. Springs on the flanks of the Jemez Mountains, west of the Laboratory’s western
boundary, supply flow to the upper reaches of Canon de Valle and to Guaje, Los Alamos, Pajarito, and
Water canyons (Purtymun 1975, 011787; Stoker 1993, 056021). These springs discharge water perched
in the Bandelier Tuff and Tschicoma Formation at rates from 2 to 135 gal./min (Abeele et al. 1981,
006273). The volume of flow from the springs maintains natural perennial reaches of varying lengths in
each of the canyons.

Perennial flow occurs in the upper reaches of Los Alamos Canyon (west of the Los Alamos Reservoir).
Typically, the overflow of water from the reservoir during spring snowmelt results in nearly continuous
surface-water flow between the western Laboratory boundary and TA-02 for several weeks to several
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months each year (LANL 1995, 050290). Surface water in Los Alamos Canyon rarely flows across the
entire length of the Laboratory. Most often, surface waters are depleted by infiltration into canyon
alluvium, creating saturated zones of seasonally variable extent (LANL 1995, 50290).

The mesa-top portion of former TA-01 is now a commercially developed area. No natural surface water is
present at this site. Ashley Pond is a closed water body maintained as a Los Alamos County
beautification project. During summer thunderstorms and spring snowmelt, runoff flows from the mesa top
down the hillsides and into the ephemeral stream in Los Alamos Canyon. Surface runoff from the former
TA-01 mesa top enters Los Alamos Canyon by way of several primary drainages. Laboratory studies
have indicated that relatively little surface water has infiltrated into the underlying tuff at former TA-01
because of low infiltration and high evaporation rates (LANL 1992, 43454, pp. 3-6, 3-7).

21.3 Land Use

Currently, former TA-01 is a residential, commercial, and industrial-use area made up of private,

Los Alamos County, and DOE lands. It includes both mesa-top and canyon-wall areas. The mesa-top
portion of former TA-01 is situated outside the Laboratory’s boundary, includes a portion of the

Los Alamos townsite, and is located on the north and south sides of Trinity Drive. The mesa-top area of
former TA-01 is owned by Los Alamos County and private parties. The wall and floor of Los Alamos
Canyon in former TA-01, including areas designated as TA-00, lie within the Laboratory’s boundary and
are owned by DOE.

TA-03 comprises the core operational and administrative complex of the Laboratory. It is highly
developed with numerous office and Laboratory buildings, parking facilities, roads, and other paved
areas. Most of TA-03 is located on the mesa top south of Los Alamos Canyon, but limited portions extend
into the canyons. The canyon areas of TA-03 are less developed but are within Laboratory boundaries.

Former TA-32 is located within the Los Alamos townsite south of Trinity Drive and extends southward
onto the north slope of Los Alamos Canyon. The mesa-top portion is a developed area that includes
commercial properties and facilities owned by Los Alamos County. This area is almost entirely paved or
covered by buildings. The canyon-slope area is undeveloped and largely unusable because of the
steepness of the slope.

TA-43 is on the mesa top adjacent to Diamond Drive in the Los Alamos townsite and includes active
Laboratory facilities (Bioscience [B] Division’s Health Research Laboratory [HRL]) and the site of LAMC.
The area is highly developed and is mostly covered by buildings and pavement. Immediately south of the
facilities is the steep north slope of Los Alamos Canyon.

TA-61 is located on the mesa top between Los Alamos Canyon to the north and Sandia Canyon to the
south. The major facility in the area is the Los Alamos County landfill on the south side of East

Jemez Road and adjacent to Sandia Canyon. The remainder of the area, consisting of the narrow mesa
top adjacent to East Jemez Road, is undeveloped.

Property transfer of land from DOE to Los Alamos County and private parties began in 1976. Since then,
former TA-01 has been regraded and recontoured and has undergone significant coverage from backfill
and construction. These activities have greatly altered the landscape, and few exposed areas of native
soil or tuff are evident on the mesa top. No remnant evidence of former TA-01 Laboratory structures
exists in the area. The Los Alamos Community Center (formerly the Laboratory Communication Center),
located east of Ashley Pond, is the only building remaining from TA-01.
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2.2 Subsurface Conditions
221 Anticipated Stratigraphic Units

The stratigraphy of the Upper Los Alamos Canyon Aggregate Area is summarized in this section.
Additional information on the geologic setting of the area and information on the Pajarito Plateau can be
found in the Environmental Restoration Project installation work plan (LANL 2000, 066802), the TA-01
operable unit work plan (LANL 1992, 43454), and the “Hydrogeologic Workplan” (LANL 1998, 059599).

The bedrock at or near the surface of the mesa top is the Bandelier Tuff. There are approximately 1250 ft
of volcanic and sedimentary materials between any potential contaminant-bearing units at the mesa
surface and the regional aquifer. The stratigraphy of the upper rock units (tuff) can be observed directly in
excellent exposures of outcrops on canyon walls and slopes to the south of TA-01. The descriptions
begin with the oldest (deepest) outcrops and proceed to the youngest (topmost). The stratigraphic units
that may be encountered during investigation of the Upper Los Alamos Canyon Aggregate Area are
described briefly in the following sections.

The Bandelier Tuff

The Bandelier Tuff consists of the Otowi and Tshirege members, which are stratigraphically separated in
many places by the tephras and volcaniclastic sediments of the Cerro Toledo interval. The Bandelier Tuff
was emplaced during cataclysmic eruptions of the Valles Caldera between 1.61 and 1.22 million years ago.
The tuff is composed of pumice, minor rock fragments, and crystals supported in an ashy matrix. It is a
prominent cliff-forming unit because of its generally strong consolidation (Broxton and Reneau 1995,
049726).

Otowi Member. Griggs and Hem (1964, 092516), Smith and Bailey (1966, 021584 ), Bailey et al. (1969,
021498), and Smith et al. (1970, 009752) describe the nature and extent of the Otowi Member. It consists
of moderately consolidated (indurated), porous, and nonwelded vitric tuff (ignimbrite) that forms gentle
colluvium-covered slopes along the base of canyon walls. The Otowi ignimbrites contain light gray to
orange pumice that is supported in a white to tan ash matrix (Broxton et al. 1995, 050121; Broxton et al.
1995, 050119; Goff 1995, 049682). The ash matrix consists of glass shards, broken pumice, crystal
fragments, and fragments of perlite.

The Guaje Pumice Bed occurs at the base of the Otowi Member, making a significant and extensive
marker horizon. The Guaje Pumice Bed (Bailey et al. 1969, 021498; Self et al. 1986, 021579) contains
well-sorted pumice fragments whose mean size varies between 0.8 and 1.6 in. Its thickness averages
approximately 28 ft below most of the plateau, with local areas of thickening and thinning. Its distinctive
white color and texture make it easily identifiable in borehole cuttings and core, and it is an important
marker bed for the base of the Bandelier Tuff.

Tephras and Volcaniclastic Sediments of the Cerro Toledo Interval. The Cerro Toledo interval is an
informal name given to a sequence of volcaniclastic sediments and tephras of mixed provenance that
separates the Otowi and Tshirege members of the Bandelier Tuff (Broxton et al. 1995, 050121; Broxton
and Reneau 1995, 049726; Goff 1995, 049682). Although it is located between the two members of the
Bandelier Tuff, it is not considered part of that formation (Bailey et al. 1969, 021498). Outcrops of the
Cerro Toledo interval generally occur wherever the top of the Otowi Member appears in Los Alamos
Canyon and in canyons to the north. The unit contains primary volcanic deposits described by Smith et al.
(1970, 009752), as well as reworked volcaniclastic sediments. The occurrence of the Cerro Toledo
interval is widespread; however, its thickness varies, ranging between several feet and more than 100 ft.
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The predominant rock types in the Cerro Toledo interval are rhyolitic tuffaceous sediments and tephras
(Heiken et al. 1986, 048638; Stix et al. 1988, 049680; Broxton et al. 1995, 050121; Goff 1995, 049682).
The tuffaceous sediments are the reworked equivalents of Cerro Toledo rhyolite tephra. Oxidation and
clay-rich horizons indicate that at least two periods of soil development occurred within the Cerro Toledo
deposits. Because these soils are rich in clay, they may act as barriers to the movement of vadose zone
moisture. Some of the deposits contain both crystal-poor and crystal-rich varieties of pumice. The pumice
deposits tend to form porous and permeable horizons within the Cerro Toledo interval, and locally, they
may provide important pathways for moisture transport in the vadose zone. A subordinate lithology within
the Cerro Toledo interval includes clast-supported gravel, cobble, and boulder deposits derived from the
Tschicoma Formation (Broxton et al. 1995, 050121; Goff 1995, 049682; Broxton and Reneau 1996,
055429).

Tshirege Member. The Tshirege Member is the upper member of the Bandelier Tuff and is the most
widely exposed bedrock unit of the Pajarito Plateau (Griggs and Hem 1964, 092516; Smith and Bailey
1966, 021584; Bailey et al. 1969, 021498; Smith et al. 1970, 009752). Emplacement of this unit occurred
during eruptions of the Valles Caldera approximately 1.2 million years ago (lzett and Obradovich 1994,
048817; Spell et al. 1996, 055542). The Tshirege Member is a multiple-flow, ash-and-pumice sheet that
forms the prominent cliffs in most of the canyons on the Pajarito Plateau. It is a chemical cooling unit
whose physical properties vary vertically and laterally. The consolidation in this member is largely from
compaction and welding at high temperatures after the tuff was emplaced. Its light brown, orange-brown,
purplish, and white cliffs have numerous, mostly vertical fractures that may extend from several feet up to
several tens of feet. The Tshirege Member includes thin but distinctive layers of bedded, sand-sized
particles called surge deposits that demark separate flow units within the tuff. The Tshirege Member is
generally over 200 ft thick.

The Tshirege Member differs from the Otowi Member most notably in its generally greater degree of
welding and compaction. Time breaks between the successive emplacement of flow units caused the tuff
to cool as several distinct cooling units. For this reason, the Tshirege Member consists of at least

four cooling subunits that display variable physical properties vertically and horizontally (Smith and Bailey
1966, 021584; Crowe et al. 1978, 005720; Broxton et al. 1995, 050121). The welding and crystallization
variability in the Tshirege Member produces recognizable vertical variations in its properties, such as
density, porosity, hardness, composition, color, and surface-weathering patterns. The subunits are
mappable based on a combination of hydrologic properties and lithologic characteristics.

Broxton et al. (1995, 050121) provide extensive descriptions of the Tshirege Member cooling units. The
following paragraphs describe, in ascending order, subunits of the Tshirege Member.

The Tsankawi Pumice Bed forms the base of the Tshirege Member. Where exposed, it is commonly 20 to
30 in. thick. This pumice-fall deposit contains moderately well-sorted pumice lapilli (diameters reaching
about 2.5 in.) in a crystal-rich matrix. Several thin ash beds are interbedded with the pumice-fall deposits.

Subunit Qbt 1g is the lowermost tuff subunit of the Tshirege Member. It consists of porous, nonwelded,
and poorly sorted ash-flow tuffs. This unit is poorly indurated but nonetheless forms steep cliffs because
of a resistant bench near the top of the unit; the bench forms a harder, protective cap over the softer
underlying tuffs. A thin (4 to 10 in.), pumice-poor surge deposit commonly occurs at the base of this unit.

Subunit Qbt 1v forms alternating clifflike and sloping outcrops composed of porous, nonwelded,
crystallized tuffs. The base of this unit is a thin, horizontal zone of preferential weathering that marks the
abrupt transition from glassy tuffs below (in Unit Qbt 1g) to the crystallized tuffs above. This feature forms
a widespread marker horizon (locally termed the vapor-phase notch) throughout the Pajarito Plateau,
which is readily visible in canyon walls in parts of Los Alamos Canyon. The lower part of Qbt 1v is
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orange-brown, resistant to weathering, and has distinctive columnar (vertical) joints; hence, the term
“colonnade tuff’ is appropriate for its description. A distinctive white band of alternating cliff- and
slope-forming tuffs overlies the colonnade tuff. The tuffs of Qbt 1v are commonly nonwelded (pumices
and shards retain their initial equant shapes) and have an open, porous structure.

Subunit Qbt 2 forms a distinctive, medium-brown, vertical cliff that stands out in marked contrast to the
slope-forming, lighter-colored tuffs above and below. It displays the greatest degree of welding in the
Tshirege Member. A series of surge beds commonly marks its base. It typically has low porosity and
permeability relative to the other units of the Tshirege Member.

Subunit Qbt 3 is a nonwelded to partially welded, vapor-phase altered tuff, which forms the upper cliffs in
Los Alamos Canyon. Its base consists of a purple-gray, unconsolidated, porous, and crystal-rich
nonwelded tuff that forms a broad, gently sloping bench developed on top of Qbt 2. Abundant fractures
extend through the upper units of the Bandelier Tuff, including the Tshirege Unit 3 ignimbrite. The origin of
the fractures has not been fully determined, but the most probable cause is brittle failure of the tuff caused
by cooling contraction soon after initial emplacement (Vaniman 1991, 009995.1; Wohletz 1995, 054404).

2.2.2 Hydrogeology

The hydrogeology of the Pajarito Plateau is generally separable in terms of mesas and canyons forming
the plateau. Mesas are generally devoid of water, both on the surface and within the rock forming the
mesa. Canyons range from wet to relatively dry; the wettest canyons contain continuous streams and
contain perennial groundwater in the canyon-bottom alluvium. Dry canyons have only occasional
streamflow and may lack alluvial groundwater. Intermediate perched groundwater has been found at
certain locations on the plateau at depths ranging between 100 and 400 ft (30 and 122 m). The regional
aquifer is found at depths of about 600 to 1200 ft (180 to 360 m).

The hydrogeologic conceptual model shows that under natural conditions, relatively small volumes of
water move beneath mesa tops because of low rainfall, high evaporation, and efficient water use by
vegetation. Atmospheric evaporation may extend deeper into mesas, further inhibiting downward flow.

2.2.21 Groundwater

In the Los Alamos area, groundwater occurs as (1) water in shallow alluvium in some of the larger
canyons, (2) intermediate perched groundwater (a perched groundwater body lies above a less
permeable layer and is separated from the underlying aquifer by an unsaturated zone), and (3) the
regional aquifer of the Los Alamos area. Numerous wells have been installed over the past several
decades at the Laboratory and in the surrounding area to investigate the presence of groundwater in
these zones and to monitor groundwater quality.

The Laboratory formulated a comprehensive groundwater protection plan (LANL 1995, 050124) for an
enhanced set of characterization and monitoring activities. The “Hydrogeologic Workplan” (LANL 1998,
059599) details the implementation of extensive groundwater characterization across the Pajarito Plateau
within an area potentially affected by past and present Laboratory operations.

Alluvial Groundwater

Intermittent and ephemeral streamflows in the canyons of the Pajarito Plateau have deposited alluvium
that can be as thick as 100 ft. The alluvium in canyons of the Jemez Mountains is generally composed of
sands, gravels, pebbles, cobbles, and boulders derived from the Tschicoma Formation and Bandelier
Tuff. The alluvium in canyons on the plateau is comparatively finer grained, consisting of clays, silts,
sands, and gravels derived from the Bandelier Tuff.
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In contrast to the underlying volcanic tuff and sediments, alluvium is relatively permeable. Ephemeral
runoff in some canyons infiltrates the alluvium until downward movement is impeded by the less
permeable tuff and sediments, which results in the buildup of a shallow alluvial groundwater body.
Depletion by evapotranspiration and movement into the underlying rocks limit the horizontal and vertical
extent of the alluvial water (Purtymun et al. 1977, 011846). The limited saturated thickness and extent of
the alluvial groundwater preclude its use as a viable source of water for municipal and industrial needs.
Lateral flow of the alluvial perched groundwater is in an easterly, downcanyon direction.

Two saturated zones are known to exist in the alluvium of Los Alamos Canyon. The first is in the upper
part of Los Alamos Canyon and extends eastward from the Los Alamos Reservoir to the vicinity of
observation well LAO-4.5, west of NM 4. The second is in the lower part of Los Alamos Canyon and
extends from Basalt Spring to the Rio Grande. In middle and upper Los Alamos Canyon, the saturated
thickness in the alluvium varies seasonally from a few feet in the winter months to 25 ft in the spring and
summer months when recharge is the greatest (LANL 1994, 052951.71).

Intermediate Perched Water

Two intermediate perched zones (between the alluvial water and the regional aquifer), one beneath the
other, have been encountered in Los Alamos Canyon between TA-02 and the confluence with

DP Canyon. The upper intermediate perched zone occurs within the Guaje Pumice Bed. This zone was
encountered in boreholes LADP-3 (at 325 ft) and LAOI(A)-1.1 (at 295 ft) (Broxton et al. 1995, 050119;
Longmire et al. 1996, 054168). The saturated thickness of this zone decreases from west to east, ranging
between 22 ft at LAOI(A)-1.1 and 5 ft at LADP-3. A deeper intermediate perched zone was encountered
in LAOI(A)-1.1 in the Puye Formation at approximately 317 ft. However, no deeper intermediate perched
zone was found at LADP-3 in the approximately 19 ft of the Puye Formation that was penetrated.
Although no perched aquifers are known to exist in the immediate vicinity of TA-01, a perched aquifer has
been located at an intermediate depth (325 ft below Los Alamos Canyon) in drill hole LADP-3 at TA-21,
approximately 2 mi (3 km) east of the site (Broxton et al. 1995, 050119; Longmire et al. 1996, 054168).

Regional Aquifer

The regional aquifer of the Los Alamos area is the only aquifer capable of a large-scale municipal water
supply (Purtymun 1984, 006513). The surface of the regional aquifer rises westward from the Rio Grande
within the Santa Fe Group into the lower part of the Puye Formation beneath the central and western part
of the Pajarito Plateau. The depths to groundwater below the mesa tops range between about 1200 ft
along the western margin of the plateau and about 600 ft at the eastern margin. Figure 8 in the

“2005 General Facility Information” report (LANL 2005, 091139) shows the location of wells and
generalized water-level contours on top of the regional aquifer. The regional aquifer is typically separated
from the alluvial groundwater and intermediate perched zone groundwater by 350 to 620 ft of tuff, basalt,
and sediments (LANL 1993, 023249).

The regional aquifer beneath East Mesa is at an elevation of approximately 6000 ft in the sediments of
the Puye and Totavi formations. At mesa-top sites of the Upper Los Alamos Canyon Aggregate Area, the
surface is separated from the regional aquifer by an unsaturated zone that is 1000 to 1300 ft thick.

The direction of groundwater flow in the regional aquifer is to the east-southeast toward the Rio Grande.
The velocity of groundwater flow ranges from about 20 to 250 ft/yr (LANL 1998, 058841, pp. 2—7). Details
of depths to the regional aquifer, flow directions and rates, and well locations are presented in various
Laboratory documents (Purtymun 1995, 045344; LANL 1997, 055622; LANL 2000, 066802).
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2.2.2.2 Vadose Zone

The unsaturated zone from the mesa surface to the top of the regional aquifer is referred to as the vadose
zone. The source of moisture for the vadose zone is precipitation, but much of it runs off, evaporates, or
is absorbed by plants. The subsurface vertical movement of water is influenced by properties and
conditions of the materials that make up the vadose zone.

Although water moves slowly through the unsaturated tuff matrix, it can move relatively rapidly through
fractures if nearly saturated conditions exist (Hollis et al. 1997, 063131). Fractures may provide conduits
for fluid flow but probably only in discrete, disconnected intervals of the subsurface. Because they are
open to the passage of both air and water, fractures can have both wetting and drying effects, depending
on the relative abundance of water in the fractures and in the tuff matrix.

As a rule, the Bandelier Tuff is very dry and does not readily transmit moisture. Most of the pore spaces in
the tuff are of capillary size and have a strong tendency to hold water against gravity by surface-tension
forces. Vegetation is very effective at removing moisture near the surface. During the summer rainy
season when rainfall is highest, near-surface moisture content is variable because of higher rates of
evaporation and of transpiration by vegetation, which flourishes during this time.

The various units of the Bandelier Tuff tend to have relatively high porosities. Porosity ranges between
30% and 60% by volume, generally decreasing for more highly welded tuff. Permeability varies for each
cooling unit of the Bandelier Tuff. The moisture content of native tuff is low, generally less than 5% by
volume throughout the profile (Kearl et al. 1986, 015368; Purtymun and Stoker 1990, 007508).

3.0 SCOPE OF ACTIVITIES

The following sections describe the scope of activities conducted during the Phase 1l investigation of the
Upper Los Alamos Aggregate Area. Appendix B describes the methods and procedures used in
completing the scope.

3.1 Scope of Activities

The scope of the Phase Il investigation is described in the approved Phase Il investigation work plan for
Upper Los Alamos Canyon Aggregate Area (LANL 2010, 110860; NMED 2010, 111674). Field work was
initiated in 2012. Based on the results of the initial field activities, nature and extent of contamination was
not defined at all sites and additional cleanup was required at some sites. This additional work was
implemented through 2017 and results are presented in this Phase Il investigation report.

Samples were analyzed for all or a subset of the following: target analyte list (TAL) metals, cyanide (total),
nitrate, perchlorate, explosive compounds, polychlorinated biphenyls (PCBs), semivolatile organic
compounds (SVOCs), volatile organic compounds (VOCs), dioxins/furans, americium-241,
gamma-emitting radionuclides, isotopic plutonium, isotopic uranium, strontium-90, and tritium.

3.2 Field Activities
3.21 Geodetic Survey

Geodetic surveys were conducted at TA-00, former TA-01, TA-03, former TA-32, TA-43, and TA-61 in
accordance with Standard Operating Procedure (SOP) 5028, “Coordinating and Evaluating Geodetic
Surveys.” A Trimble global positioning system (GPS) 5700 was used to mark the coordinates of all the
planned sampling locations identified in the Phase Il work plan (LANL 2010, 110860). Horizontal accuracy
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of the Trimble GPS 5700 was within 0.1 ft. During sampling, if the planned location was offset because of
surface or subsurface obstruction, the relocated sampling location was surveyed. The surveyed
coordinates for all sampling locations are presented in Table 3.1-1.

3.2.2 Geophysical Survey

No geophysical surveys were performed during the investigation.

3.2.3 Excavation

Excavation was performed at SWMUs 01-001(d3), 01-001(g), 32-002(b2), and 61-007 during the

Phase Il investigation activities. A total of 70 yd? of plutonium-contaminated soil was removed from
SWMU 01-001(d3), 43 yd? of plutonium-contaminated soil from SWMU 01-001(g), 158 yd? of
PCB-contaminated soil from SWMU 32-002(b2), and 220 yd?® of PCB-contaminated soil from

SWMU 61-007. In addition, approximately 2880 yd® of PCB-contaminated soil was removed from

SWMU 01-001(f) during an interim measure and confirmation sampling results are evaluated in this report.

Excavation was completed using a standard track-mounted excavator, mini-excavator, and spider
excavator. Excavation areas were backfilled with clean fill material obtained from an off-site source. All
affected surfaces were restored to approximate original grade and condition.

3.24 Collection of Soil, Fill, Tuff, and Sediment Samples

Samples were collected according to the Phase Il work plan (LANL 2010, 110860). Appendix B presents
deviations from the work plan.

Surface and shallow subsurface samples were collected using a stainless-steel hand auger in
accordance with SOP-06.10, “Hand Auger and Thin-Wall Tube Sampler.” A stainless-steel scoop and
bowl were used to transfer samples to sterile sample collection jars or bags for transport to the Sample
Management Office (SMO). Samples were shipped from the SMO to off-site contract analytical
laboratories for analysis.

In areas where the hand auger met refusal or sampling depths were too great, subsurface samples were
collected using a hollow-stem auger drill rig with a stainless-steel core barrel to retrieve material from the
advancing hole in accordance with SOP-06.26, “Core Barrel Sampling for Subsurface Earth Materials.”
Core material was transferred to a stainless-steel bowl and broken into smaller pieces using a stainless-
steel spoon if necessary to transfer the material to sterile sample collection jars or bags for transport to
the SMO. Samples for VOC analysis were collected before any other samples and before the core
material was broken into smaller pieces for containerization.

Details of the methods used for collecting, packaging, documenting, and transporting samples are
provided in Appendix B.

Quality assurance/quality control (QA/QC) samples included field duplicate samples collected in
accordance with SOP-5059, “Field Quality Control Samples.” Field duplicate samples were collected at a
minimum rate of 1 per 10 investigation samples. Rinsate blanks were also collected at a minimum rate of
1 per 10 investigation samples to confirm decontamination of sampling equipment. Field trip blank
samples were collected in conjunction with investigation samples to be analyzed for VOCs, at a minimum
rate of 1 per day when VOC samples were being collected.

10
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3.2.5 Field Screening of Samples Collected

All samples were screened in the field for VOCs and for radioactivity. Samples collected by hand methods
(hand auger or spade and scoop) were screened in the collection bowl or sample container after the
sample was collected. Cores collected by split-spoon core barrel were screened immediately upon
opening the core barrel. Screening results were recorded on the corresponding sample collection log
(SCL)/chain-of-custody (COC) forms at the time of sample collection.

Each sample was field-screened for VOCs using a MiniRAE 2000 (or equivalent) photoionization detector
(PID) with 11.7-eV lamp. The PID was subject to bench calibration yearly by the vendor and field
calibrated daily by field personnel using a standard source of 100 ppm isobutylene. All daily calibration
procedures for the MiniRAE 2000 PID met the manufacturer’s specifications for standard reference gas
calibration and the requirements of SOP-5006, “Control of Measuring and Test Equipment.” The rated
detection limit for the MiniRAE 2000 is 0.2 ppm.

Each sample was also field screened for gross alpha and beta/gamma radiation using an Eberline E-600.
Radiological field screening of all samples was conducted by Laboratory radiological control technicians
(RCTs) using appropriately calibrated instruments. Field calibration checks of radiological instruments
were performed and documented by the RCTs. All calibration checks performed met the requirements of
SOP-5006.

3.2.6 Equipment Decontamination

All sampling equipment was decontaminated before each sample was collected to avoid cross-
contamination of samples. Equipment was also decontaminated before moving to another sampling
location. Residual material adhering to the equipment was removed using dry decontamination methods,
in accordance with SOP-5061, “Field Decontamination of Equipment.” All parts of the equipment were
thoroughly cleaned with Fantastik and clean paper towels. To verify the effectiveness of equipment
decontamination, equipment rinsate blanks were collected from the sampling equipment at a frequency of
1 rinsate blank for every 10 investigation samples and analyzed for TAL metals, perchlorate, and cyanide
(total). At sites where a drill rig was used, the drill rig was surveyed by RCTs and certified for release
before it was moved from the site.

3.2.7 Storage and Disposal of Investigation-Derived Waste

The IDW generated as a result of field-investigation activities included drill cuttings, excavated material
(soil, asphalt and concrete pavement removed to access the material below, cast iron pipe), used
personal protective equipment, and miscellaneous materials used during dry decontamination of sampling
equipment (e.g., paper towels and nitrile gloves). The IDW was characterized as specified in the
approved waste characterization strategy form. All waste was placed in approved containers and was
managed in accordance with SOP-5022, “Characterization and Management of Environmental
Restoration (ER) Project Waste.” The management of IDW is described in Appendix C.

3.3 Deviations

The sampling activities proposed in the Phase Il investigation work plan (LANL 2010, 110860) were
implemented to define extent of contamination and define areas of soil exceeding cleanup levels. Based on
the results of the Phase Il sampling, additional sampling and/or remediation was required at

SWMUs 01-001(d3), 01-001(f), 01-001(g), 01-001(0), 01-003(a), 01-003(d), 32-002(b2), and 61-007 and
AOCs C-43-001 and 01-003(b2). This scope was not included in the Phase Il investigation work plan but
was conducted to meet the investigation and remediation objectives of the Phase Il investigation work plan.
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4.0 REGULATORY CRITERIA

This section describes the criteria used for evaluating potential risk to ecological and human receptors.
Regulatory criteria identified by medium in the Consent Order include cleanup standards, risk-based
screening levels, and risk-based cleanup goals.

Human health risk-screening evaluations were conducted using NMED guidance (NMED 2017, 602273).
Ecological risk-screening assessments were performed using Laboratory guidance (LANL 2017, 602649).

41 Current and Future Land Use

The specific screening levels used in the risk evaluation and corrective action decision process at a site
depend on the current and reasonably foreseeable future land use(s). The current and reasonably
foreseeable future land use(s) for a site determines the receptors and exposure scenarios used to select
screening and cleanup levels. The land use within and surrounding the Upper Los Alamos Canyon
Aggregate Area is currently both residential and industrial/commercial. Land within the aggregate area
owned by Los Alamos County and private land owners is currently used for residential and commercial
purposes and this use should continue for the foreseeable future. Land use for property owned by DOE is
industrial and is expected to remain industrial for the reasonably foreseeable future. A construction
worker scenario is evaluated because underground utilities are present near or within the boundaries of
various Upper Los Alamos Canyon Aggregate Area SWMUs and AOCs, and maintenance or repair of
these underground utilities is a reasonable possibility in the foreseeable future. The residential scenario is
evaluated for sites on property not owned by DOE. For sites on DOE property, the residential scenario is
evaluated for comparison purposes and is the decision scenario for sites that do not require future
controls. The recreational scenario was also evaluated for SMWU 01-001(f) since recreational trails are
present at the site.

4.2 Screening Levels

Human health and ecological risk-screening evaluations were conducted for the chemicals of potential
concern (COPCs) detected in solid media at sites within the Upper Los Alamos Canyon Aggregate Area.
The human health risk-screening assessments (Appendix G) were performed on inorganic and organic
COPCs using NMED soil screening levels (SSLs) for the industrial, construction worker, and residential
scenarios (NMED 2017, 602273). Recreational SSLs are from LANL (2017, 602581). When an NMED
SSL for a COPC was not available, SSLs were obtained from EPA regional tables
(https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables) (adjusted to a risk level of 10~° for
carcinogens). For this investigation report, the May 2018 online version of the EPA regional tables was
used to obtain EPA screening levels. Radionuclides were assessed using the Laboratory screening action
levels (SALs) for the same scenarios (LANL 2015, 600929). Surrogate SSLs were used for some COPCs
for which no SSLs were available based on structural similarity or breakdown products.

NMED guidance includes total chromium SSLs for the residential, industrial, and construction worker
scenarios (NMED 2017, 602273). Because the toxicity of chromium strongly depends on its oxidation
state, NMED and EPA also have SSLs for trivalent chromium and hexavalent chromium. For screening
purposes, the NMED SSLs for total chromium are used for comparison unless there is a known or
suspected source of hexavalent chromium at the SWMU/AOC or site conditions could alter the speciation
of chromium in the environment. Total chromium screening levels are appropriate for low-level releases to
soil from sources not associated with hexavalent chromium. However, NMED and EPA recommend
collecting valence-specific data for chromium if chromium is likely to be an important contaminant at a site
and when hexavalent chromium may exist (NMED 2017, 602273; (https://www.epa.gov/risk/regional-
screening-levels-rsis-generic-tables).
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The Laboratory conducted a chromium background study to determine the prevalence of hexavalent
chromium in soil, sediment, and tuff samples where there was no evidence of previous releases of
chromium (LANL 2017, 602650). The report concluded that naturally occurring chromium is
predominantly in the trivalent form and that the appropriate SSL for comparisons with data for purposes of
evaluating extent of contamination at sites with no known chromium releases is the trivalent SSL. The
chromium background study was approved by NMED in October 2017 (NMED 2017, 602678).

With one exception, the SWMUs and AOCs included in this investigation report are not known or
suspected to be sources of hexavalent chromium. The SWMU 01-001(d1) septic tank may have received
discharges of blowdown from a cooling tower (LANL 2017, 602404). The SWMU 01-001(d1) septic tank
discharged through the SWMU 01-001(d3) outfall, which is included in this investigation report. Samples
from SWMU 01-001(d3) were analyzed for hexavalent chromium and samples from all other sites were
analyzed for total chromium. In accordance with the NMED-approved chromium background study
(LANL 2017, 602650; NMED 2017, 602678), total chromium results are compared with the trivalent
chromium SSLs for the purpose of evaluating extent of contamination. SSLs for total chromium, rather
than SSLs for trivalent chromium, are conservatively used for the purpose of evaluating potential human-
health risk due to exposure to chromium.

43 Ecological Screening Levels

The ecological risk-screening assessments (Appendix G) were conducted using ecological screening
levels (ESLs) obtained from the Laboratory’s ECORISK Database, Version 4.1 (LANL 2017, 602538).
The ESLs are based on similar species and are derived from experimentally determined no observed
adverse effect levels, lowest observed adverse effect levels (LOAELSs), or doses determined lethal to 50%
of the test population. Information relevant to the calculation of ESLs, including concentration equations,
dose equations, bioconcentration factors, transfer factors, and toxicity reference values, is presented in
the ECORISK Database, Version 4.1 (LANL 2017, 602538).

4.4 Cleanup Standards

As specified in the Consent Order, screening levels are used as soil cleanup levels unless they are
determined to be impracticable or values do not exist for current and reasonably foreseeable future land
use. Screening assessments compare COPC concentrations for each site with industrial, residential, and
construction worker SSLs/SALs.

The cleanup goals specified in the Consent Order are a target risk of 1 x 107° for carcinogens or a hazard
index (HI) of 1 for noncarcinogens. For radionuclides, the target dose is 25 mrem/yr as authorized by
DOE Order 458.1. The SSLs/SALs used in the risk-screening assessments in Appendix G are based on
these cleanup goals.

5.0 DATA REVIEW METHODOLOGY

The purpose of the data review is to define the nature and extent of contaminants for each site addressed
by this investigation report. The nature of a contaminant refers to the specific contaminants that are
present, the affected media, and associated concentrations. The nature of contamination is defined
through identification of COPCs, which is discussed in section 5.1. The identification of a chemical or
radionuclide as a COPC does not mean the constituent(s) is related to the site and is a result of site
operations. A COPC is identified because it is present at a site based on the criteria discussed below but
may be present because of adjacent and/or upgradient operations, and/or infrastructure typical of
industrial and metropolitan development. If such origins are evident, the constituents may be excluded

13



Upper Los Alamos Canyon Aggregate Area Phase Il Investigation Report

from the data analyses and risk assessments. The extent of contamination refers to the spatial
distribution of COPCs, with an emphasis on the distribution of COPCs potentially posing a risk or
requiring corrective action. The process for determining the extent of contamination and for concluding no
further sampling for extent is warranted is discussed in section 5.2.

5.1 Identification of COPCs

The COPCs are chemicals and radionuclides that may be present as a result of releases from SWMUs or
AOCs. Inorganic chemicals and some radionuclides occur naturally and inorganic chemicals and
radionuclides detected because of natural background are not considered COPCs. Similarly, some
radionuclides may be present as a result of fallout from historical nuclear weapons testing and these
radionuclides are also not considered COPCs. The Laboratory has collected data on background
concentrations of many inorganic chemicals, naturally occurring radionuclides, and fallout radionuclides.
These data have been used to develop media-specific background values (BVs) and fallout values (FVs)
(LANL 1998, 059730). For inorganic chemicals and radionuclides for which BVs or FVs exist,
identification of COPCs involves background comparisons, which are described in sections 5.1.1 and
5.1.2. If no BVs or FVs are available or if samples are collected where FVs are not appropriate (i.e.,
greater than 1-ft depth or in rock), COPCs are identified based on detection status (i.e., if the inorganic
chemical or radionuclide is detected, it is identified as a COPC unless available information indicates it is
not present as a result of a release from the SWMU or AOC).

Organic chemicals may also be present as a result of anthropogenic activities unrelated to the SWMU or
AOC or, to a lesser extent, from natural sources. Because no background data for organic chemicals are
available, background comparisons cannot be performed in the same manner as for inorganic chemicals
or radionuclides. Therefore, organic COPCs are identified on the basis of detection status (i.e., the
organic chemical is detected). When assessing the nature of contamination, the history of site operations
may be evaluated to determine whether an organic COPC is present because of a release from a SWMU
or AOC or is present from non-site-related sources. Organic chemicals that are present from sources
other than releases from a SWMU or AOC may be eliminated as COPCs and are not evaluated further.

511 Inorganic Chemical and Radionuclide Background Comparisons

The COPCs are identified for inorganic chemicals and radionuclides following EP-SOP-10071,
“Background Comparisons for Inorganic Chemicals,” and EP-SOP-10073, “Background Comparisons for
Radionuclides.” Inorganic COPCs are identified by comparing site data with BVs, statistical comparisons,
and other lines of evidence, as applicable (LANL 1998, 059730). The upper end of the background data
set may be used for comparison if one or more of the following conditions exist:

e Statistically determined BV is significantly greater than the maximum background concentration.

e Statistical tests cannot be performed because of insufficient data (fewer than eight samples
and/or five detections per medium) or a high percentage of nondetections.

o Sufficient numbers of samples have been collected to determine nature and extent but results are
predominately nondetections.

o Site history does not indicate the constituent is directly related to site activities or to a dominant
waste stream.

e Spatial analyses do not show a pattern or trend indicating contamination.

e The maximum detected concentration is statistically determined to be an outlier. (Note: A
sufficient number of samples must be collected to show a point is an outlier and is not indicative
of a hotspot.)
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Radionuclides are identified as COPCs based on background comparisons or statistical methods if BVs or
FVs are available, based on detection status if BVs or FVs have not been established, and based on other
lines of evidence, as applicable.

Background data are generally available for inorganic chemicals in soil, sediment, and tuff (LANL 1998,
059730). However, some analytes (e.g., nitrate and perchlorate) have no BVs. A BV may be either a
calculated value from the background data set (upper tolerance limit [UTL] or the 95% upper confidence
bound on the 95th quantile) or a detection limit (DL). When a BV is based on a DL, there is no
corresponding background data set for that analyte/media combination.

For inorganic chemicals, data are evaluated by sample media to facilitate the comparison with
media-specific background data. To identify inorganic COPCs, the first step is to compare the sampling
result with BVs. If sampling results are above the BV and sufficient data are available (eight or more
sampling results and five or more detections), statistical tests are used to compare the site sample data
with the background data set for the appropriate media. If statistical tests cannot be performed because
of insufficient data or a high percentage of nondetections, the sampling results are compared with the BV
and the upper end of the background data set for the appropriate media. If concentrations are above the
BV but no results are greater than the upper end of the background data set, lines of evidence are
presented to determine whether the inorganic chemical is or is not a COPC. If at least one sampling result
is above the BV and the upper end of the background data set, the inorganic chemical is identified as a
COPC. The same evaluation is performed using DLs when an inorganic chemical is not detected but has
a DL above the BV. If no BV is available, detected inorganic chemicals are identified as COPCs.

Radionuclides are identified as COPCs based on comparisons with BVs for naturally occurring
radionuclides or with FVs for fallout radionuclides. Thorium-228, thorium-230, thorium-232, uranium-234,
uranium-235/236, and uranium-238 are naturally occurring radionuclides. Americium-241, cesium-137,
plutonium-238, plutonium-239/240, strontium-90, and tritium are fallout radionuclides.

Naturally occurring radionuclides detected at activities above their respective BVs are identified as
COPCs. These radionuclides have no background data sets. If there is no associated BV and the
radionuclide is detected, it is retained as a COPC.

The FVs for the fallout radionuclides apply to the top 0.0 to 1.0 ft of soil and fill and to sediment
regardless of depth. If a fallout radionuclide is detected in a soil or fill sample collected below 1.0 ft or in
tuff samples, the radionuclide is identified as a COPC. For soil and fill samples from 1.0 ft below ground
surface (bgs) or less, if the activity of a fallout radionuclide is greater than the FV, comparisons of the top
0.0 to 1.0 ft sampling data are made with the fallout data set and the radionuclide is eliminated as a
COPC if activities are similar to fallout activities based on statistical comparisons or comparisons with the
maximum fallout concentration. Sediment results are evaluated in the same manner, although all data are
included, not only the data from 0.0 to 1.0 ft bgs.

The FV for tritium in surface soil (LANL 1998, 059730) is in units of pCi/mL. This FV requires using
sample percent moisture to convert sample tritium data from pCi/g (as provided by analytical laboratories)
to the corresponding values in units of pCi/mL. Because sample percent moisture historically has been
determined using a variety of methods, often undocumented, the Laboratory adopted the conservative
approach of identifying tritium in soil as a COPC based on detection status.

Sample media encountered during investigations include soil (all soil horizons, designated by the media
code ALLH or SOIL); fill material (media code FILL); sediment (media code SED); and Bandelier Tuff
(media codes Qbt 1g, Qct, Qbo, Qbt 2, Qbt 3, and Qbt 4). Because no separate BVs are available for fill
material, fill samples are evaluated by comparison with soil BVs (LANL 1998, 059730). In this report, the
discussions of site contamination in soil include fill samples with soil samples in sample counts and
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comparisons with background. Fill samples are not discussed separately from soil. The upper and lower
units of the Bandelier Tuff (Qbt 2, Qbt 3, and Qbt 4; Qbt 1g, Qct, Qbo, respectively) are likewise
evaluated together with respect to background (LANL 1998, 059730).

51.2 Statistical Methods Overview

A variety of statistical methods may be applied to each of the data sets. The use of any of these methods
depends on how appropriate the method is for the available data. The results of the statistical tests are
presented in Appendix F.

5.1.21 Distributional Comparisons

Comparisons between site-specific data and Laboratory-collected background data are performed using a
variety of statistical methods. These methods begin with a simple comparison of site data with a UTL
estimated from the background data (UTL or the 95% upper confidence bound on the 95th quantile). The
UTLs are used to represent the upper end of the concentration distribution and are referred to as BVs. The
UTL comparisons are then followed, when appropriate, by statistical tests that evaluate potential
differences between the distributions. These tests are used for testing hypotheses about data from

two potentially different distributions (e.g., a test of the hypothesis that site concentrations are elevated
above background levels). Nonparametric tests most commonly performed include the Gehan test
(modification of the Wilcoxon Rank Sum test) and the quantile test (Gehan 1965, 055611; Gilbert and
Simpson 1990, 055612).

The Gehan test is recommended when between 10% and 50% of the data sets are nondetections. It
handles data sets with nondetections reported at multiple DLs in a statistically robust manner (Gehan
1965, 055611; Millard and Deverel 1988, 054953). The Gehan test is not recommended if either of the
two data sets has more than 50% nondetections. If there are no nondetected concentrations in the data,
the Gehan test is equivalent to the Wilcoxon Rank Sum test. The Gehan test is the preferred test because
of its applicability to a majority of environmental data sets and its recognition and recommendation in
EPA-sponsored workshops and publications.

The quantile test is better suited to assessing shifts in a subset of the data. The quantile test determines
whether more of the observations in the top chosen quantile of the combined data set come from the site
data set than would be expected by chance, given the relative sizes of the site and background data sets.
If the relative proportion of the two populations being tested is different in the top chosen quantile of the
data than in the remainder of the data, the distributions may be partially shifted because of a subset of
site data. This test is capable of detecting a statistical difference when only a small number of
concentrations are elevated (Gilbert and Simpson 1992, 054952). The quantile test is the most useful
distribution shift test where samples from a release represent a small fraction of the overall data collected.
The quantile test is applied at a prespecified quantile or threshold, usually the 80th percentile. The test
cannot be performed if more than 80% (or, in general, more than the chosen percentile) of the combined
data are nondetected values. It can be used when the frequency of nondetections is approximately the
same as the quantile being tested. For example, in a case with 75% nondetections in the combined
background and site data set, application of a quantile test comparing 80th percentiles is appropriate.
However, the test cannot be performed if nondetections occur in the top chosen quantile. The threshold
percentage can be adjusted to accommodate the detection rate of an analyte or to look for differences
further into the distribution tails. The quantile test is more powerful than the Gehan test for detecting
differences when only a small percentage of the site concentrations is elevated.
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Occasionally, if the differences between two distributions appear to occur far into the tails, the slippage
test may be performed. This test evaluates the potential for some of the site data to be greater than the
maximum concentration in the background data set if, in fact, the site data and background data came
from the same distribution. This test is based on the maximum concentration in the background data set
and the number (“n”) of site concentrations that exceed the maximum concentration in the background set
(Gilbert and Simpson 1990, 055612, pp. 5-8). The result (p-value) of the slippage test is the probability
that “n” (or more) site samples exceed the maximum background concentration by chance alone. The test
accounts for the number of samples in each data set (number of samples from the site and number of
samples from background) and determines the probability of “n” (or more) exceedances if the two data
sets came from identical distributions. This test is similar to the BV comparison in that it evaluates the
largest site measurements but is more useful than the BV comparison because it is based on a statistical
hypothesis test, not simply on a statistic calculated from the background distribution.

For all statistical tests, a p-value less than 0.05 was the criterion for accepting the null hypothesis that site
sampling results are different from background (Appendix F).

5.1.2.2 Graphical Presentation

Box plots are provided for a visual representation of the data and to help illustrate the presence of outliers
or other anomalous data that may affect statistical results and interpretations. The plots allow a visual
comparison among data distributions. The differences of interest may include an overall shift in
concentration (shift of central location) or, when the centers are nearly equal, a difference between the
upper tails of the two distributions (elevated concentrations in a small fraction of one distribution). The
plots may be used in conjunction with the statistical tests (distributional comparisons) described above.
Unless otherwise noted, the nondetected concentrations are included in the plots at their reported DL.

The box plots produced in Appendix F of this report consist of a box, a line across the box, whiskers (lines
extended beyond the box and terminated with a short perpendicular line), and points outside the whiskers.
The box area of the plot is the region between the 25th percentile and the 75th percentile of the data, the
interquartile range or middle half of the data. The horizontal line within the box represents the median
(50th percentile) of the data. The whiskers extend to the most extreme point that is not considered an
outlier, with a maximum whisker length of 1.5 times the interquartile range, outside of which data may be
evaluated for their potential to be outliers. The concentrations are plotted as points overlying the box plot.
When a data set contains both detected and nondetected concentrations reported as DLs, the detected
concentrations are plotted as Xs, and the nondetected concentrations are plotted as Os.

5.2 Extent of Contamination

Spatial concentration trends are initially used to determine whether the extent of contamination is defined.
Evaluation of spatial concentration data considers the conceptual site model of the release and
subsequent migration. Specifically, the conceptual site model should define where the highest
concentrations would be expected if a release had occurred and how these concentrations should vary
with distance and depth. If the results are different from the conceptual site model, it could indicate no
release has occurred or there are other sources of contamination.
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In general, both laterally and vertically decreasing concentrations are used to define extent. If
concentrations are increasing or not changing, other factors are considered to determine whether extent
is defined or if additional extent sampling is warranted. These factors include

¢ the magnitude of concentrations and rate of increase compared with SSLs/SALs,

¢ the magnitude of concentrations of inorganic chemicals or radionuclides compared with the
maximum background concentrations for the medium,

e concentrations of organic chemicals compared with estimated quantitation limits (EQLs), and

e results from nearby sampling locations.

The primary focus for defining the extent of contamination is characterizing contamination that potentially
poses a potential unacceptable risk and may require additional corrective actions. As such, comparison
with SSLs/SALs is used as an additional step following a determination of whether extent is defined by
decreasing concentrations with depth and distance and whether concentrations are below EQLs or DLs.
The initial SSL/SAL comparison is conducted using the residential SSL/SAL (regardless of whether the
current and reasonably foreseeable future land use is residential) because this value is typically the most
protective. If the current and reasonably foreseeable future land use is not residential, comparison with
the relevant SSL/SAL may also be conducted if the residential SSL/SAL is exceeded or otherwise similar
to COPC concentrations. For the SWMUs and AOC within the Upper Los Alamos Canyon Aggregate
Area, the current and reasonably foreseeable future land uses are industrial/commercial and residential
for land owned by Los Alamos County and private owners and industrial for land owned by DOE

(section 4.1).

The SSL/SAL comparison is not necessary if all COPC concentrations are decreasing with depth and
distance. If, however, concentrations increase with depth and distance or do not display any obvious
trends, the SSLs/SALs are used to determine whether additional sampling for extent is warranted. If the
COPC concentrations are sufficiently below the SSL/SAL (e.g., the residential and/or industrial SSL/SAL
is 10 times [an order of magnitude] or more than all concentrations), the COPC does not pose a potential
unacceptable risk, and no further sampling for extent is warranted. The validity of the assumption that the
COPC does not pose a risk is confirmed using the results of the risk-screening assessment. The
calculation of risk also assists in determining whether additional sampling is warranted to define the
extent of contamination needing additional corrective actions.

Calcium, magnesium, potassium, and sodium may be COPCs for some sites. These constituents are
essential nutrients and their maximum concentrations are compared with NMED’s essential nutrient
screening levels (NMED 2017, 602273). If the maximum concentration is less than the screening level(s),
no additional sampling for extent is warranted and the inorganic chemical is eliminated from further
evaluation in the risk assessment.

6.0 TA-00 BACKGROUND AND FIELD INVESTIGATION RESULTS

TA-00 includes sites outside the former and current boundaries of the Laboratory. Two sites at TA-00
were sampled. SWMU 00-017 was sampled according to the approved Phase Il investigation work plan
(LANL 2010, 110860; NMED 2011, 111674) and also underwent subsequent sampling to define extent.
AOC C-00-044 was discovered after the Phase Il work plan was submitted and was not included in that
plan’s sampling activities but was subsequently sampled.
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6.1 Background of TA-00
One SWMU and one AOC at TA-00 are addressed in this report (Table 1.1-1).

e SWMU 00-017 consists of industrial waste lines.

e AOC C-00-044 is a soil contamination area impacted by lead paint chips from maintenance of the
bridge across Los Alamos Canyon.

SWMU 00-017 includes former line 167, former manhole (unassigned land release) (ULR) 33, and
lines 170 and 171. Former line 167 and former manhole ULR-33 were removed by 1985, except for the
anchors and sections of pipe encased in anchors. Lines 170 and 171 are the only sections of the
industrial waste line known to remain in Los Alamos townsite. The site of former line 167 and former
manhole ULR-33 under the Omega Bridge remains undeveloped. Nine concrete anchors and 3-ft-long
sections of pipe encased in each of the anchors remain at the site.

AOC C-00-044 is located beneath the bridge across Los Alamos Canyon and consists of soll
contaminated by lead paint chips from bridge maintenance.

6.1.1 Operational History

The industrial waste lines were installed to serve the entire Laboratory since the Laboratory was
established in 1943. With an estimated total length of 39,000 ft, the underground industrial waste lines
and associated sumps and pumps were used to transport waste generated by various operations to
treatment facilities. The estimated operation period for the majority of these waste lines is from the 1950s
to the 1970s. Phased decommissioning and removal of the waste lines began in 1964, and various
removal projects were completed through 1986.

The bridge across Los Alamos Canyon receives periodic maintenance, including painting, and past
maintenance activities have resulted in lead paint chips being deposited on the canyon floor.

6.1.2 Summary of Releases

The industrial waste lines carried contaminated liquid wastes generated by various Laboratory operations.
Contamination was found when the waste lines and associated structures were excavated (Gunderson
and Ahlquist 1979, 008897, pp. 24—-36). As a result, the soil and/or tuff in the surrounding environment
may be contaminated.

Chips of lead-based paint have been released to Los Alamos Canyon during bridge maintenance
activities.

6.2 SWMU 00-017, Industrial Waste Lines
6.2.1 Site History and Operational History

SWMU 00-017 consists of former industrial waste line 167, former manhole ULR-33, and former industrial
waste lines 170 and 171 (Figure 6.2-1). Former waste line 167 and former manhole ULR-33 were
removed before 1985, except for the concrete anchors and sections of drainpipe encased in the anchors.
Lines 170 and 171 are the only sections of industrial waste line known to remain in Los Alamos townsite.
The site of former waste line 167 and former manhole ULR-33 under the Omega Bridge in Los Alamos
Canyon remains undeveloped. Nine concrete anchors and 3-ft-long sections of drainpipe encased in each
of the anchors remain at the site.
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The industrial waste lines were installed to serve the entire Laboratory from its beginning in 1943. With an
estimated total length of 39,000 ft, the underground industrial waste lines and associated sumps and
pumps were used to transport waste generated by various operations to