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Pajarito Canyon Investigation Report

EXECUTIVE SUMMARY

This investigation report for Pajarito Canyon presents the results of studies conducted from 2000 to 2008
in Pajarito, Threemile, and Twomile Canyons and their tributaries in and near Los Alamos National
Laboratory (the Laboratory). Together these drainage systems comprise the Pajarito watershed. These
canyons have received inorganic and organic chemicals and radionuclides since the Laboratory was
established in 1943. Most of the contamination related to Laboratory releases is associated with either
effluent discharges or open-air tests, and releases of contaminants have decreased over time. The
investigations reported herein address sediment, surface water, groundwater, and biota potentially
impacted by solid waste management units (SWMUSs) and areas of concern (AOCs) located within the
watershed. Investigations occurred along 35 km (22 mi) of canyon bottom downcanyon of SWMUSs or
AOCs. The objectives of the investigations included defining the nature and extent of chemicals of
potential concern (COPCSs) in sediment, surface water, and groundwater and assessing the potential risks
to human health and the environment from these COPCs. The investigations also address the sources,
fate, and transport of COPCs in the canyons and evaluate the need for additional characterization or
remedial actions.

The results of this investigation indicate that human health risks are acceptable for present-day and
foreseeable future land uses. In addition, no adverse ecological effects were observed within terrestrial
and aquatic systems in the Pajarito watershed. Therefore, corrective actions are not needed to mitigate
unacceptable risks. However, additional monitoring of sediment, surface water, groundwater, and cavity-
nesting birds and their food is recommended.

Sediment investigations included geomorphic mapping, associated geomorphic characterization, and
sediment sampling in 29 investigation reaches located downcanyon from SWMUs or AOCs and 3
reaches located upcanyon from SWMUs and AOCs.

Surface-water investigations included evaluation of analytical data from samples collected at 15 locations
along stream channels and 12 springs. These are locations where water potentially occurs persistently
enough to support an evaluation of human health risks.

Groundwater investigations included evaluation of analytical data from samples at 18 alluvial wells,

5 intermediate groundwater wells, and 7 regional groundwater wells within the Pajarito watershed.
Groundwater investigations also included surface and subsurface geophysical surveys, water-level
measurements, analyses of core samples and vadose-zone pore water, and evaluation of analytical data
from springs.

Sediment COPCs in the Pajarito watershed include 26 inorganic chemicals, 103 organic chemicals, and
11 radionuclides. These COPCs are derived from a variety of sources, including Laboratory SWMUs and
AOCs, runoff from developed areas, ash from the area burned in the May 2000 Cerro Grande fire, and
natural sources such as noncontaminated soil, sediment, and bedrock. Assessments in this report focus
on the subset of sediment COPCs considered most important for the evaluation of potential ecological or
human health risk. The relative importance of the COPCs was determined by comparing COPC
concentrations with human health residential screening action levels and soil screening levels and
ecological screening levels.

The spatial distribution of sediment COPCs in the Pajarito watershed indicates that contaminants have
been released and transported downcanyon from several Laboratory technical areas (TAs), including
TA-03, TA-08, TA-09, TA-15, TA-22, TA-40, and TA-69. Contaminants in sediment that were released
from these TAs are identifiable as COPCs for varying distances downcanyon from the sources. Some are
COPCs only in reaches close to the sources, whereas others remain COPCs in the farthest downcanyon
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reach, PA-5W below the community of White Rock, over 16 km (10 mi) from the sources. Transport of
contaminants released from TAs in upper Pajarito Canyon above the confluence with Twomile Canyon
increased after the May 2000 Cerro Grande fire and is associated with increased magnitude and
frequency of floods and erosion of post-1942 sediment deposits along the main channels. Because the
magnitude and frequency of floods generated in the Cerro Grande fire burn area have decreased as the
watershed has recovered, this post-fire sediment transport has also decreased. However, monitoring of
COPC concentrations transported in sediment should continue, particularly in fine-grained sediment
deposited after large flood events that have the highest potential for erosion and downcanyon transport.

In groundwater, manganese; iron; mercury; ammonia; chloride; 1,4-dioxane; lead; arsenic; RDX; and
phenol exceed regulatory standards infrequently and show no spatial distributions relative to known
release sites. Nitrate, tritium, and perchlorate, the most mobile of the inorganic chemicals released in the
watershed, and radionuclides are present above background levels but below regulatory standards in
surface water, and in alluvial, perched intermediate, and/or regional groundwaters. Elevated nitrate
chloride, sulfate, and tritium concentrations were also reported in vadose-zone pore water collected from
core samples from boreholes. Localized contamination of RDX; 1,4-dioxane; and/or chlorinated solvents
occurs at several intermediate-depth wells and springs and one regional aquifer well. The spatial
distribution of COPCs indicates that TA-09, TA-18, and possibly TA-16 are the main sources of mobile
contaminants in surface water and groundwater. In addition, a localized perched intermediate
groundwater plume containing chlorinated solvents and other contaminants occurs at TA-03,

SWMU 03-010(a), a former vacuum pump repair site that operated from 1950 to 1957.

Outfalls, septic systems, and surface releases primarily responsible for contaminants in surface water and
groundwater are no longer active. Surface water and groundwater should continue to be monitored
because contaminants in soils and alluvium and in bedrock media near the primary release sites continue
to be secondary sources of contaminants to surface water and groundwater. Monitoring frequency and
analyte suites will be specified in annual updates to the “Interim Facility-wide Groundwater Monitoring
Plan” (IFGMP).

The configuration of wells in the existing monitoring network is considered sufficient to meet the
groundwater monitoring objectives for the watershed for the most part. However, more work is needed to
test the assumption that supply wells, in particular well PM-4, are adequately protected. Additional
analyses of the capture zone of the water-supply wells near Pajarito Canyon are expected to constrain
uncertainty regarding the influence of municipal pumping on groundwater flow directions. These analyses
will utilize the spinner test that was recently performed at PM-2 and the new hydrogeologic and
geochemical information collected at well R-40 and other new regional monitoring wells close by. In the
meantime, protection of supply wells PM-2, PM-4, and PM-5 is ensured by continued monitoring directly
in those wells.

The monitoring well network evaluation could be improved by using new monitoring and water-level data
obtained from wells R-37, R-38, R-39, R-40, and R-41, which are currently being installed at or adjacent
to TA-54. After the wells are installed, the monitoring well network efficiency may be reevaluated if an
updated water table map indicates a groundwater flow direction different from the previous analysis. Flow
and transport models supporting the network evaluation will also benefit from an updated geologic model
of the area based on observations made at the newly installed wells.

A baseline ecological risk assessment conducted as part of this investigation evaluates the potential for
adverse effects by assessing risks to insect-eating birds, plants, earthworms, aquatic invertebrates, and
two threatened and endangered species: the Mexican spotted owl and the southwestern willow flycatcher.
Multiple lines of evidence were used to evaluate potential adverse effects on these ecological receptors.
Ecological effects data were collected using a cavity-nesting bird monitoring network, seedling
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germination tests, earthworm mortality tests, and sediment toxicity tests. The assessment lines of
evidence are augmented by spatial modeling of wildlife exposure. The weight of evidence that these
investigations provide indicates that no adverse effects to terrestrial and aquatic receptors exist from
COPCs in the Pajarito watershed. However, there is only a short period of record in the bird monitoring
network in the Pajarito watershed, and few samples of eggs or insects from this network have been
analyzed to evaluate potential bioaccumulation. Therefore, continued monitoring of the nest box network
in the Pajarito watershed is recommended.

The site-specific human health risk assessment uses a trail-user exposure scenario to represent the
present-day and reasonably foreseeable future land use in canyons throughout the Pajarito watershed.
The assessment results indicate that for the trail-user scenario, no areas in the Pajarito watershed have
contaminant concentrations greater than levels acceptable for noncarcinogens (hazard index of 1), or
carcinogens (incremental cancer risk criterion of 1 x 10°%), or radionuclides (target dose limit of

15 mreml/yr for sediment and 4 mrem/yr for water) in sediment or water.
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1.0 INTRODUCTION

Los Alamos National Laboratory (LANL or the Laboratory) is a multidisciplinary research facility operated
by the U.S. Department of Energy (DOE). The Laboratory is located in north-central New Mexico,
approximately 90 km (60 mi) northeast of Albuquerque and 30 km (20 mi) northwest of Santa Fe. The
Laboratory has an area of 103 km? (40 miz), mostly on the Pajarito Plateau, which consists of a series of
mesas separated by eastward-draining canyons. It also includes part of White Rock Canyon along the
Rio Grande to the east. The Laboratory is currently investigating sites potentially contaminated by past
operations to ensure that contaminants do not threaten human health or the environment. The sites under
investigation are designated as solid waste management units (SWMUSs) or areas of concern (AOCSs).
Contamination in canyon bottoms and in groundwater is being investigated on a watershed basis
between the sources and the Rio Grande, the master drainage in the region, in addition to investigations
at individual SWMUs and AOCs.

1.1 Purpose and Scope

This investigation report presents the results of studies conducted from 2000 to 2008 in Pajarito,
Threemile, and Twomile Canyons and their tributaries. This area is collectively referred to in this report as
the Pajarito watershed. Figure 1.1-1 shows the entire Pajarito watershed and the primary subwatersheds
or basins, and Figure 1.1-2 shows more detail within the primary investigation area. The investigations
reported herein address sediment, surface water, groundwater, and biota potentially impacted by SWMUs
and AOCs located within the Pajarito watershed. These media are collectively referred to as canyons
media in this report.

The investigations were conducted to fulfill the requirements of several documents. The “Work Plan for
Pajarito Canyon” (hereafter called “the work plan”) (see 1998, 059577, Appendixes B, C) describes work
scope and regulatory requirements for characterizing the Pajarito watershed for the former Environmental
Restoration (ER) Project. It contains a background review of SWMUs and AOCs in the watershed, the
history of releases, and a review of contaminant data collected before the work plan was prepared. The
New Mexico Environment Department (NMED) approved the work plan in 2005 following the Laboratory’s
response to a notice of deficiency (NOD) (LANL 2005, 091287; NMED 2005, 091288). The requirement to
implement the work plan was also included by reference in Section IV.B.4 (“Pajarito Canyon Watershed”)
in the March 1, 2005, Compliance Order on Consent (the Consent Order).

The investigations conducted for the work plan also followed the technical strategy presented in the “Core
Document for Canyons Investigations” (hereafter “the canyons core document”) (LANL 1997, 055622).
The canyons core document was prepared after a pilot study in Los Alamos and Pueblo Canyons was
implemented in 1996, with the goal of standardizing the technical strategy for work in canyons. In 1998,
NMED approved the core document following the Laboratory’s response to a request for supplemental
information (LANL 1998, 057666; NMED 1998, 058638).

Several additional documents have been prepared to supplement the work plan. The “Pajarito Canyon
Biota Investigation Work Plan” (LANL 2006, 093553), approved by NMED in 2007 (096332), provides a
detailed biota sampling and characterization plan for the Pajarito watershed. This plan satisfies the
requirement in the work plan to prepare a biological sampling plan for the Pajarito watershed. The
Laboratory proposed a sampling and analysis plan for Phase 2 sediment investigations in the Pajarito
watershed in Section 5.0 of the Pajarito Canyon Phase 1 summary report (LANL 2006, 091812), which
was modified at the request of NMED (Goering 2006, 093027). Similarly, the Laboratory proposed a
sampling and analysis plan for Phase 3 sediment investigations in the Pajarito watershed in Section 7.0
of the Pajarito Canyon Phase 2 summary report (LANL 2007, 095408), which was approved by NMED in
2007 (096474). Results of investigations of intermediate and regional groundwater beneath the Pajarito
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watershed described in the Laboratory’s “Hydrogeologic Workplan” (LANL 1998, 059599) are also
included in this report.

Data collected during the investigations included in this report are used to (1) define the nature and extent
of contamination within the canyon bottoms and in groundwater beneath the Pajarito watershed;

(2) update the conceptual model for contaminant distribution and transport within the canyons and
underlying groundwater; (3) assess potential present-day human health and ecological risk from
contaminants within the canyons; (4) determine and recommend potential remedial actions, if needed,
that may be appropriate to achieve or maintain site conditions at an acceptable risk level; and (5) provide
support for decisions at SWMUs and AOCs. The assessments in this report are conducted using data
collected by the former ER Project since 2000 to evaluate current environmental conditions. Data from
prior investigations and from environmental surveillance sampling are used to help identify temporal
trends in contamination and therefore help evaluate how potential risk may change in the future relative to
present-day conditions.

This report addresses characterization and risk assessment on the spatial scale of an entire canyon
system, encompassing approximately 35 km (22 mi) of canyon bottom downstream of SWMUs and
AOCs. The characterization and assessment approach used in this investigation provides an integrating
perspective on historical and current contaminant releases to the canyon floor and subsequent
contaminant redistribution resulting from various transport processes. This approach facilitates the
development of conceptual models that describe expected spatial and temporal trends in contaminant
concentrations, thus supporting recommendations for long-term monitoring. The results also support the
Laboratory’s watershed approach by providing information on the extent of contamination associated with
SWMUs and AOCs and SWMU and AOC aggregates in the watershed and by helping identify and
prioritize remedial activities within the watershed. 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.

1.2 Organization of Investigation Report

This investigation report has the following sections, following the outline used in the NMED-approved
“Mortandad Canyon Investigation Report” (LANL 2006, 094161; NMED 2007, 095109). Section 1 is an
introduction to the report and to the Pajarito watershed. Section 2 provides background information on the
sources and history of contaminant releases, previous investigations of canyons media, and remediation
activities that have occurred in the watershed. Section 3 describes the scope of activities in this
investigation. Section 4 introduces the field investigations. Section 5 describes the regulatory context of
this investigation. Section 6 presents screening-level assessments that identify chemicals of potential
concern (COPCs) and that help focus subsequent sections on the subset of the most important COPCs
for evaluating potential human health risk. Section 7 presents a physical system conceptual model,
including discussions of the nature, sources, extent, fate, and transport of select COPCs that are most
relevant for evaluating potential human health and ecological risk and contaminant transport. Section 8
presents baseline ecological and human health risk results and assessments. Section 9 presents
conclusions and recommendations. Acknowledgements of those who contributed to this report are listed
in Section 10. Section 11 presents references cited in this report.

This report has the following appendixes. Appendix A presents a list of acronyms and abbreviations, a
table showing conversion of metric units to U.S. customary units, and data qualifier definitions.
Appendix B presents field investigation methods and results. These analytical results are also presented
in Appendix C. Appendix D presents supporting information on contaminant trends and inventory.
Appendix E presents supporting information on statistics and risk. Appendix F presents stormwater
analytical results and comparisons to water screening action levels (WSALS). Appendix G presents
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monitoring well reports for the Pajarito watershed (on an accompanying CD). Appendix H presents
vadose-zone profiles from the Pajarito watershed. Appendix | presents an analysis of transient water
levels observed at regional aquifer monitoring wells near Pajarito Canyon. Appendix J presents a
summary of a spinner log test conducted at water-supply well PM-2. Appendix K presents an analysis of
hydrogeological and geochemical information related to the 4-series springs in White Rock Canyon.
Appendix L presents an analysis of transient water levels observed at alluvial aquifer monitoring wells in
Pajarito Canyon. Appendix M presents an evaluation of the existing monitoring well network in the
Pajarito watershed. Appendix N presents results of the Geophex resistivity surveys in the Pajarito
watershed. The Environmental Restoration Database and Water Quality Database are on a compact disk
(CD) in Attachment 1. Analytical results from this investigation are on a CD in Attachment 2.

1.3 Watershed Description

The Pajarito watershed heads in the Sierra de los Valles (the eastern Jemez Mountains) at Pajarito
Mountain, at an elevation of 3182 m (10,441 ft) above sea level (asl) and extends approximately 24 km
(13 mi) to the Rio Grande at an elevation of approximately 1650 m (5410 ft) asl (Figure 1.1-2). The
watershed has a drainage area of 33 km* (13 mi®), of which 57% is on Laboratory land, 27% is on

U.S. Forest Service land in the Santa Fe National Forest, a small area (0.1%) is on Valles Caldera
National Preserve land, and the remaining 16% is on private land or land owned by Los Alamos County.
Approximately 58% of the length of Pajarito Canyon, or 13.6 km (8.5 mi), is on Laboratory land between
New Mexico State Highway 501 (NM 501, or West Jemez Road) and NM 4. The three largest tributaries
to Pajarito Canyon are Threemile Canyon, Twomile Canyon, and the south fork of Pajarito Canyon.
Threemile Canyon heads in Technical Area 14 (TA-14) and has a length of approximately 6.0 km (3.7 mi)
and a drainage area of 4.3 km? (1.7 mi®), entirely on Laboratory land. Twomile Canyon heads in the
Sierra de los Valles and has a length of approximately 9.4 km (5.8 mi) and a drainage area of 8.1 km?
(3.1 mi®), 70% on Laboratory land. The south fork of Pajarito Canyon also heads in the Sierra de los
Valles and has a length of approximately 4.6 km (2.9 mi) and a drainage area of 2.7 km? (1.0 mi2), 37%
on Laboratory land. Additional information about the physical characteristics of the watershed is provided
in Appendix L.

Bedrock geologic units exposed within Pajarito Canyon and tributary canyons on Laboratory land consist
largely of Quaternary ignimbrites of the Tshirege Member of the Bandelier Tuff, with some Pliocene
basaltic rocks of the Cerros del Rio volcanic field occurring near NM 4. Basaltic rocks of the Cerros del
Rio volcanic field and underlying geologic units are exposed farther downcanyon toward the Rio Grande,
and Miocene and Pliocene dacitic rocks of the Tschicoma Formation occur in the Sierra de los Valles
west of NM 501 (Griggs and Hem 1964, 092516; Smith et al. 1970, 009752; Dethier 1997, 049843,
Gardner et al. 1999, 063492; Lewis et al. 2002, 073785). Geologic units within the watershed are
discussed in more detail in Section 7 of this report.

A comprehensive overview of the biological setting of the Pajarito watershed is provided in the “Pajarito
Canyon Biota Investigation Work Plan” (LANL 2006, 093553). Details about the hydrology are provided in
Section 7 and Appendix B of this report.

1.4 Current Land Use

The portion of the Pajarito watershed downcanyon from SWMUs and AOCs is located on DOE land,
private land in the White Rock townsite, and Los Alamos County land. Currently, active Laboratory
operations occur in the canyon bottom in TA-18 at the confluence of Pajarito and Threemile Canyons.
Elsewhere, Laboratory activities in canyon bottoms are restricted to environmental work, such as
sediment and water sampling. Currently, there is no public access to the watershed on Laboratory land
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downcanyon from SWMUs and AOCs, although parts of the canyons may be used by Laboratory
personnel for recreational activities, such as hiking. The portion of the Pajarito watershed east of NM 4
includes residential areas in White Rock and Los Alamos County open space that is used for hiking,
horseback riding, bike riding, and other recreational activities.

2.0 BACKGROUND

Contaminants consisting of inorganic chemicals, organic chemicals, and radionuclides have been
released into the Pajarito watershed from a variety of sources, primarily Laboratory operations in several
TAs, since the Laboratory was established in 1943. Much of the contamination related to Laboratory
releases in this watershed is associated with effluent discharges, and releases of contaminants have
decreased over time due to changes in Laboratory operations and decreased effluent volumes. Additional
sources include dispersal of material from firing sites during open-air testing and runoff from material
disposal areas (MDAs) and other SWMUs or AOCs. Regardless of the source(s), the contaminants have
been dispersed downcanyon in sediment, surface water, and alluvial groundwater. Subsequently, some
contaminants may have percolated into the subsurface, potentially affecting vadose-zone pore water and
underlying intermediate perched water and regional groundwater. The following sections summarize the
sources and history of contaminant releases as well as investigations that have addressed contaminant
distribution and concentration in canyons media. Remediation activities implemented to reduce
contamination in the canyon bottoms or in source areas are also discussed.

2.1 Sources and History of Contaminant Releases
2.1.1 TA-03

TA-03, the location of the main administration building and research laboratories at the Laboratory,
borders the north side of the north fork of Twomile Canyon. It was the location of a firing site during the
Manhattan Project, and operational facilities were shifted here from the Los Alamos townsite beginning in
1950. Runoff from large paved areas and buildings provides a major source of surface water for Twomile
Canyon. SWMUs and AOCs located in the Pajarito watershed in TA-03 include storm drains, sumps,
storage areas, outfalls, septic tanks, transformers containing polychlorinated biphenyls (PCBs), and stack
emissions and are discussed in the work plan (LANL 1998, 059577, pp. 2-18-2-21). One site of concern
at TA-03 is a former vacuum repair shop, SWMU 03-010(a), where mercury and other contamination
occurred on a hillside above a tributary to Twomile Canyon (LANL 1995, 046195, pp. 3-59-3-60; LANL
1998, 059577). Elevated concentrations of copper and zinc have been measured in stormwater samples
in another tributary to Twomile Canyon at TA-03 below large paved areas and the Laboratory’s main
machine shop (e.g., LANL 2007, 098644, p. 226).

2.1.2 TA-06, TA-22, TA-40, and former TA-07

TA-06, TA-22, TA-40, and former TA-07 are located on Twomile Mesa between Pajarito and Twomile
Canyons. Operations began here in 1944 during the Manhattan Project in support of development of an
implosion weapon, and development and testing of explosives continues to the present at TA-22 and
TA-40. SWMUs and AOCs located in these TAs include firing sites, sumps, outfalls, storage areas, and
surface and subsurface disposal areas, which are discussed in the work plan (LANL 1998, 059577,

pp. 2-14-2-28).

2.1.3 TA-08, TA-09, TA-69, and former TA-23

TA-08 (Anchor West), TA-09 (Anchor East), TA-69, and former TA-23 are located in the western part of
the Laboratory within the drainage basins of Pajarito and Twomile Canyons and the south fork of Pajarito
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Canyon. These TAs contain some of the earliest Manhattan Project sites at the Laboratory, including the
Gun Firing Site, which was established in 1943. Development and testing of explosives currently continue
at TA-08 and TA-09. SWMUs and AOCs located in these TAs include firing sites, outfalls, septic tanks,
sumps, storage areas, an incinerator ash pond, and surface and subsurface disposal areas, and are
discussed in the work plan (LANL 1998, 059577, pp. 2-9-2-14). Sampling of sediment along hillside
drainages below MDA M in TA-09, SWMU 09-013, indicated some transport of metals in surface runoff
from this site (LANL 1995, 047257, pp. 3-27-3-28, 3-57-3-59; LANL 1998, 059577).

2.14 Former TA-12

Former TA-12 (L-Site) was located on Pajarito Mesa between Pajarito and Threemile Canyons and is
within the current boundaries of TA-15 and TA-67. L-Site was constructed in 1944 for explosives testing
and abandoned in 1953. SWMUs here include a firing site and associated support structures (LANL 1998,
059577, pp. 2-22-2-24).

215 TA-15

TA-15 (R-Site) is located on Threemile Mesa south of Threemile Canyon. It was first developed in 1944
and continues to be the site of explosives testing and related support structures. SWMUs and AOCs
within the Pajarito watershed in TA-15 include firing sites, septic systems, outfalls, and disposal areas
(LANL 1998, 059577, pp. 2-24-2-28). The E-F firing site [(SWMU 15-004(f)] is the largest at TA-15 and
was active from 1947 to 1981. The R-44 firing site [(SWMU 15-008(b)] was also used for large diagnostic
tests of weapons components and was active from 1951 to 1992. Beryllium, lead, mercury, uranium, and
other metals were used in open-air explosive testing at these sites. Uranium isotopes and other
contaminants have been detected in samples of stormwater and sediment in the Threemile Canyon
watershed below TA-15 firing sites (e.g., LANL 2007, 098644, p. 226; LANL 2007, 095408).

216 TA-18

TA-18 (Pajarito Site) is located in the canyon bottom at the confluence of Pajarito and Threemile
Canyons. TA-18 was first developed in 1943 to study properties of radioactive materials and then was
used as a firing site. Beginning in 1946, it was the site of nuclear criticality experiments. SWMUs and
AOCs at TA-18 include septic systems, outfalls, firing sites, underground storage tanks, and surface
disposal areas (LANL 1998, 059577, pp. 2-28-2-33). Borehole samples and alluvial groundwater samples
have indicated the presence of inorganic, organic, and radionuclide COPCS in the subsurface beneath
the canyon bottom. Surface water and sediment samples collected from wetlands downcanyon from
TA-18 also indicate the possible surface transport of contaminants from this site (LANL 1995, 055527,
LANL 1996, 054919; LANL 1997, 057015; LANL 1998, 059577, pp. 3-27-3-30, 3-34-3-35, 3-60-3-62,
3-86-3-92).

Currently, TA-18 is undergoing decontamination and decommissioning (D&D) (Birdsell 2008, 102779).
Operations at TA-18 were stopped in July 2004, and criticality experiments will resume at the Nevada
Test Site (NTS). Since July 2004, the nuclear material has been repackaged and moved to NTS or to
TA-55. Some material was also disposed of at TA-54, Area G. Equipment has also been removed from
TA-18. In general, the machines were disassembled, cleaned, and packaged (in or around 2006) and will
be moved to NTS. Some obsolete equipment was disposed of at Area G. Starting in fiscal year 2009, the
buildings at TA-18 will undergo D&D. The plan is to return the site to natural conditions.
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2.1.7 TA-36 and Former TA-27

Former TA-27 (Gamma Site) was located within the current boundaries of TA-36 in the bottom of Pajarito
Canyon between TA-18 and NM 4. It was established in 1944 for weapons testing, which continued until
1947. TA-36 (Kappa Site) includes part of Pajarito and Threemile Canyons and the mesas to the south
and was established in 1950 for explosives testing. SWMUs and AOCs within the Pajarito watershed in
TA-36 and former TA-27 include firing sites, sumps, septic systems, and outfalls (LANL 1998, 059577,
pp. 2-33-2-36).

218 TA-48

TA-48, the Radiochemistry Site, is located along the north side of Twomile Canyon south of Pajarito Road
and is the location of radiochemistry and nuclear medicine research. The primary source of potential
contamination in the Pajarito watershed from TA-48 is an air exhaust system from the radiochemistry
building, which dates to 1957 (LANL 1998, 059577, pp. 2-21-2-22).

219 TA-54

TA-54 is located on Mesita del Buey on the north side of Pajarito Canyon and has been used for storage
and disposal of waste since 1957. It includes three MDAs within the Pajarito watershed. MDA G has been
the active radioactive low-level radioactive waste disposal area for the Laboratory since 1957. MDA H was
used for the disposal of classified wastes in shafts from 1960 to 1986. MDA J has been used since 1961
for disposal of administratively controlled waste, for surface storage of asbestos, and for land-farming
(aeration) of petroleum-contaminated soils (LANL 1998, 059577, pp. 2-36-2-39). Transport of low levels of
some radionuclides and other contaminants in surface runoff has been documented in drainages along the
south side of Mesita del Buey below MDA G, and tritium migration has been measured in the subsurface
(e.g., LANL 1996, 054462; Jansen and Taylor 1997, 055873; LANL 1998, 059577, pp. 3-25-3-36, 3-30-31,
3-35-36, 3-57-3-58; LANL 2007, 098644, pp. 226-227).

2.1.10 TA-55

TA-55 is located along the north side of Twomile Canyon south of Pajarito Road and was established in
1973 for operation of the Plutonium Processing Facility. The only SWMU at TA-55 within the Pajarito
watershed is an outfall that discharges stormwater (LANL 1998, 059577, pp. 2-21-2-22).

2111 TA-59

TA-59 is located along the north rim of Twomile Canyon south of Pajarito Road and has included offices
and light laboratories. SWMUs and AOCs located at TA-59 include a septic system, a container storage
area, a sump, and an outfall and are discussed in the work plan (LANL 1998, 059577, p. 2-21).

2112 TA-64

TA-64 was established in 1987 along the north rim of Twomile Canyon south of Pajarito Road and is the
Laboratory’s Central Guard Site. The only SWMU in TA-64 is a storage area (LANL 1998, 059577,
p. 2-21).
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2.1.13 TA-66

TA-66 was established in 1989 along the north rim of Twomile Canyon south of Pajarito Road when the
Laboratory redefined technical area boundaries. It is the former site of the Laboratory’s Russian
Nonproliferation Program and currently houses the Center for Homeland Security. There is only one
building at TA-66 and no SWMUs or AOCs (LANL 1990, 007514; LANL 2006, 094004).

2.1.14 Runoff from Developed Areas

Many of the Laboratory TAs within the Pajarito watershed are highly developed, including Laboratory
facilities, storage locations, and parking lots. Runoff from developed areas transport various contaminants
associated with urban areas into the canyons. Contaminants commonly found below developed areas
include constituents in motor oil, gasoline, diesel, asphalt, road salt, PCBs, heavy metals, and pesticides.
Polycyclic aromatic hydrocarbons (PAHS), suspected carcinogens that are frequently associated with
vehicle usage and asphalt, are a common class of contaminants associated with developed areas
(Edwards 1983, 082302; Lopes and Dionne 1998, 082309; Van Metre et al. 2000, 082262). Metals that
have been identified as associated with runoff from roads include cadmium, chromium, copper, lead,
nickel, and zinc (Walker et al. 1999, 082308; Breault and Granato 2000, 082310, p. 49). Consistent with
studies in other regions, investigations in other canyons in and near the Laboratory have identified
various inorganic and organic COPCs as being associated with runoff from developed areas (LANL 2004,
087390, pp. 7-14, 7-16).

2.1.15 Cerro Grande Fire

In May 2000, the Cerro Grande fire burned a large part of the Pajarito watershed west of NM 4.
Approximately 21 km? (5066 acres) of the watershed was within the burn perimeter (BAER 2000,
072659), comprising 73% of the watershed above the highway. Most of this area, 71%, was classified as
low-burn severity or not burned and the remainder as high- or moderate-burn severity. Various naturally
occurring inorganic chemicals (e.g., barium, cobalt, and manganese) and anthropogenically created
fallout radionuclides (e.g., cesium-137, plutonium-239,240, and strontium-90) were concentrated in Cerro
Grande ash at levels exceeding that of background sediments before the fire, and the transport of ash
has resulted in elevated levels of these analytes in post-fire sediment deposits in some canyons,
including Pajarito Canyon (Katzman et al. 2001, 072660; Kraig et al. 2002, 085536; LANL 2004, 087390).
Elevated levels of inorganic chemicals and radionuclides that can be attributed to the transport of ash
have also been found in stormwater samples in some canyons (Gallaher and Koch 2004, 088747).

2.2 Contamination in Canyons Media

Contamination in sediment, surface water, and groundwater in the Pajarito watershed has been evaluated
in several studies before this report, dating back to 1971 (Purtymun 1971, 004795). This previous work
documented the presence of elevated levels of inorganic chemicals, organic chemicals, and radionuclides
in canyon media and has evaluated the potential effects of contaminants on biota. Some key studies,
summarized below, provide background and supplemental data for the investigations presented in this
report. Relevant information from these studies is also included in subsequent sections of this report.

221 Environmental Surveillance Program

The Laboratory’s Environmental Surveillance Program (ESP) has sampled and analyzed sediments,
surface water, and groundwater in the Pajarito watershed since 1967. This work, reported in annual
Environmental Surveillance reports (e.g., 2007, 098644), and in other reports (e.g., Purtymun 1971,
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004795; Purtymun 1973, 004971; Purtymun 1975, 011787; Devaurs 1985, 007416; Devaurs and
Purtymun 1985, 007415; Gallaher and Koch 2004, 088747) supports the evaluation of long-term trends in
contamination in different media and an understanding of the role of stormwater transport. A summary of
all results from active channel sediment sampling in the Pajarito watershed from 1974 to 1997 is
presented in the work plan (LANL 1998, 059577, pp. 3-19-3-25).

2.2.2 Ecology Group

The Laboratory’s Ecology Group has conducted studies on the potential uptake of contaminants by biota
in Pajarito Canyon. These studies include addressing potential effects of contaminants on small
mammals (Bennett et al. 2002, 073796), reptiles and amphibians (Nelson et al. 1998, 092224), and
aquatic invertebrates (Cross 1995, 092221). Additional studies by the Ecology Group were conducted as
part of this investigation and are summarized in Section 8.1.

2.2.3  Environmental Restoration Project

Since 2000, detailed studies of canyons media in the Pajarito watershed have been conducted by the
former ER Project and successor organizations. Summaries of results of sediment investigations through
2007 have been presented previously (LANL 2006, 091812; LANL 2007, 095408). Supplemental data on
contamination in canyons media are available through other ER Project reports (e.g., LANL 1995,
047257; LANL 1995, 055527; LANL 1996, 054462; LANL 1996, 054919; LANL 2003, 077965; LANL
2005, 090513; LANL 2005, 088716). The work presented in this investigation report builds on these
previous studies.

2.24 NMED and EPA

NMED and the US Environmental Protection Agency (EPA) or their subcontractors have collected and
analyzed samples from canyons media and conducted aquatic macroinvertebrate studies in the Pajarito
watershed as part of oversight activities (e.g., Dale et al. 1996, 057014; Ford-Schmid 1996, 059111;
NMED 1997, 057582; Yanicak 1998, 057583; EPA 2001, 070669). These data provide supplemental
information about contamination in the watershed.

2.3 Remediation Activities

Several remediation activities in the Pajarito watershed have reduced the potential for transport of
contaminants from SWMUs or AOCs into the canyon bottoms. The activities most relevant to this
investigation are summarized below.

231 MDA M

In 1995 and 1996, an expedited cleanup was conducted at MDA M [(SWMU 09-013)], located on the
mesa between Pajarito Canyon and the south fork of Pajarito Canyon, where sediment samples had
indicated some surface transport of contaminants into the adjacent canyons. The cleanup included
removal of approximately 4150 m® (5460 yd®) of waste and the installation of runoff diversions, reducing
the potential for transport of contaminants into Pajarito Canyon (LANL 1995, 047257, p. 2-13; LANL 1998,
059577).
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2.3.2 TA-69 Incinerator Ash Pond

In 1996, a voluntary corrective action (VCA) was conducted at the site of an incinerator ash pond at
TA-69 (SWMU 69-001), located on the south rim of Twomile Canyon. Before the VCA, the berm
surrounding the pond had been breached, allowing transport of ash and other noncombustible material
from the pond down the hillslope to the stream channel. The VCA included removal of approximately
200 m® (265 yd®) of waste, the placement of log silt dams, and recontouring of the berms, reducing the
potential for transport of contaminants into Twomile Canyon (LANL 1996, 054334; LANL 1998, 059577,
pp. 2-13-2-14).

2.3.3 Erosion Control

Active erosion control measures have been taken at numerous SWMUs and AOCs in the Pajarito
watershed, including run-on and runoff control and surface stabilization. These measures are referred to
as “best management practices” and are discussed in the Laboratory’s annual “Storm Water Pollution
Prevention Plan” (e.g., LANL 2007, 096981).

3.0 SCOPE OF ACTIVITIES

The scope of activities in this report includes investigations of sediment, surface water, groundwater, and
biota in the Pajarito watershed, as presented in the work plan and subsequent documents (LANL 1998,
059577; LANL 2005, 091287; LANL 2006, 093553). These investigations are discussed below.

3.1 Sediment Investigations

The sediment investigations presented in this report focused on characterizing the nature, extent, and
concentrations of contaminants in post-1942 sediment deposits in a series of reaches in the Pajarito
watershed. Data from these reaches are used to evaluate potential human health and ecological risks
and to identify spatial trends in contamination at a watershed scale, including variations in contaminant
concentration and inventory at increasing distances from source areas. The investigation methods are
discussed in Section 4 and Appendix B, Section B-1.0, of this report, in the work plan (LANL 1998,
059577; LANL 2005, 091287), and in the canyons core document (LANL 1997, 055622; LANL 1998,
057666).

The scope of this investigation included characterization of the 14 reaches identified as priority reaches in
the work plan (LANL 1998, 059577, p. 7-10), as well as work in 20 additional reaches. Most of these
additional reaches were contingency reaches identified in the work plan (LANL 1998, 059577, p. 7-10),
with sampling contingent on results of upcanyon or downcanyon sampling. Ten reaches were sampled in
2000 either to provide initial data on COPCs in sediment deposits present before the Cerro Grande fire, in
case these deposits were eroded by post-fire floods, or to directly characterize post-fire sediment
deposits. Sampling in two reaches, PA-2W and TW-4E, targeted sediment deposited by floods on
August 24, 2005, and August 25, 2006, in the impoundment upcanyon from the Pajarito Canyon flood
retention structure (FRS). Table 3.1-1 lists the sediment investigation reaches and the years in which
samples were collected in each reach. Table 3.1-1 also provides abbreviations for reach names included
in this report and the approximate length and distance of each reach from the Rio Grande, as well as
additional information on the reaches. Locations of reaches are shown in Figure 3.1-1 and on Plate 1.

Sediment characterization was also conducted to support the biota investigations presented in the
“Pajarito Canyon Biota Investigation Work Plan” (LANL 2006, 093553), as modified in the “Summary of
Pajarito Canyon Phase 2 Sediment Investigations” (LANL 2007, 095408, pp. 4-6). Sampling and analysis
were conducted to provide additional data to support the assessment of potential ecological effects from
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contaminants found in sediment. This characterization included resampling previously sampled sediment
layers in some reaches and collecting samples at new locations in other reaches. Details of the
methodology are presented in Section B-3.0 of Appendix B.

3.2 Surface-Water and Groundwater Investigations

The water investigations presented in this report focus on watershed-scale characterization of surface-
water base-flow, springs, alluvial groundwater, intermediate perched groundwater, and regional
groundwater within and beneath the Pajarito watershed. Data from these components of the
hydrogeologic system are used to evaluate potential human health and ecological risk as well as to
identify spatial trends in contamination at a watershed scale, including variations in contaminant
concentration at increasing distances from the source areas and as a function of seasonal and annual
hydrologic variations. The data are also used to identify temporal trends in contamination. This work
involved sampling persistent surface water and springs, drilling and installing monitoring wells, sampling
new and preexisting groundwater wells, and measuring water-level variations in all groundwater sources.
Persistent surface water generally refers to spring-supported surface-water flow, snowmelt runoff, and
other surface water not related to short-duration stormwater runoff, (Section 7.2 further discusses the
hydrology of the watershed.) Figure 3.2-1 shows the locations of surface-water and groundwater sites
sampled as part of this investigation. The investigation methods are discussed in Section 4.2 and
Appendix B of this report. The scope of the investigation is described in the work plan (LANL 1998,
059577) and in NMED’s approval with modifications (2005, 091288). The investigation activities
described above are discussed in the following sections.

3.2.1  Monitoring Well Installations

Seven new alluvial monitoring wells were installed in Pajarito Canyon in 2008. Shallow canyon-floor
bedrock prevented installation of six additional planned alluvial wells, as described in Section 3.4 below.
Well completion diagrams and geologic logs for the new wells and boreholes are provided on CD in
Appendix G. Other alluvial monitoring wells installed in Pajarito Canyon from 1985 to 1994 for
surveillance monitoring were used to supplement water-level and water-quality data used in this
investigation. Well completion diagrams and geologic logs for these earlier wells are compiled in
Purtymun (1995, 045344) and from the Laboratory (1995, 055527). Figure 3.2-1 and Plate 1 show the
locations of the alluvial monitoring wells in the Pajarito watershed.

Well R-23i, a perched intermediate groundwater monitoring well, is located in lower Pajarito Canyon,
south of Pajarito Road (Kleinfelder 2006, 092495) (Figure 3.2-1 and Plate 1). The well was installed to
sample perched intermediate groundwater encountered during the drilling of regional well R-23 (LANL
2003, 079601). Well R-23 was drilled in 2002 as part of the “Hydrogeologic Workplan” (LANL 1998,
059599) to provide hydrogeologic data and monitor the regional aquifer near MDAs at TA-54. Well R-23i
is located approximately 25 ft southwest of well R-23. Well R-23i was drilled in October 2005 to a total
depth (TD) of 695 ft below ground surface (bgs). Perched intermediate groundwater was encountered
within the Cerros del Rio basalt, and a 4.5-in. diameter well was installed with two screened intervals: one
between 470.2 and 480.1 ft bgs and the other between 524 and 547 ft bgs. Additionally, a 2-in. diameter
well was installed in the well R-23i annular space with a screened interval between 400.3 and 420 ft bgs.

Seven regional groundwater characterization and monitoring wells were installed in Pajarito Canyon,
fulfilling the requirements of the work plan (LANL 1998, 059577) for six regional wells. Well completion
diagrams and geologic logs for these wells are provided in the following reports: “Final Completion
Report, Characterization Well R-17" (Kleinfelder 2006, 092493), “Final Completion Report,
Characterization Well R-18" (Kleinfelder 2005, 092415), “Characterization Well R-19 Completion Report”
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(Broxton et al. 2001, 071254), “Characterization Well R-20 Completion Report” (LANL 2003, 079600),
“Characterization Well R-22 Completion Report” (Ball et al. 2002, 071471), “Characterization Well R-23
Completion Report” (LANL 2003, 079601), and “Characterization Well R-32 Completion Report” (LANL
2003, 079602).

Several regional wells in the Pajarito watershed have screens affected to different degrees by residual
drilling fluids, which produce unreliable analytical results for many constituents. Individual locations and
screens are discussed in the “Well Screen Analysis Report, Revision 2” (LANL 2007, 096330). The
interim monitoring plan calls for the collection of groundwater from these screens and analysis of specific
constituents that are not affected by residual drilling fluids in order to assess temporal trends in the
geochemical performance of each potentially affected well screen interval.

A monitoring well network evaluation (LANL 2007, 098172) was conducted for TA-54 pursuant to a
requirement set forth in NMED’s letter on “Well Evaluations for Intermediate and Regional Wells,” dated
April 5, 2007 (2007, 095999). In addition, this evaluation was directed by requirements set forth by
NMED'’s “Approval with Direction, Technical Area 54 Well Evaluation and Network Recommendations”
(2007, 098283). The TA-54 groundwater-monitoring network evaluation was conducted to support
ongoing investigations and pending corrective measures implemented under the Consent Order and to
support ongoing operations at TA-54 under Resource Conservation and Recovery Act (RCRA) interim
status. The draft RCRA Part B operating permit is pending, and the groundwater-monitoring well network
will be a key aspect of the Laboratory’s demonstration of compliance with the anticipated permit
requirements. The TA-54 well network evaluation (LANL 2007, 098172) recommended that well
rehabilitation activities be conducted at regional wells R-20, R-22, and R-32. Section 5 of the network
evaluation report includes a detailed description of well rehabilitation recommendations.

Completed well rehabilitation activities at regional wells R-20 and R-32 are described in the report “Final
Rev. 1, Rehabilitation Report for Regional Wells R-20 and R-16" (Kleinfelder 2007, 095030.2) and the
“R-32 Rehabilitation and Conversion Summary Report, Revision 1” (LANL 2007, 100572). In addition, the
network evaluation report recommended that additional regional and perched intermediate wells be
installed in the vicinity of TA-54 to improve the efficiency of the monitoring well network. Two of the
recommended regional wells (R-39 and R-40) and one perched intermediate well (PCI-1) are located in
Pajarito Canyon (Plate 1); these wells are currently being installed. Installation of an additional regional
well (R-41) and a perched intermediate well (PCI-2) in the Pajarito watershed near TA-54 are contingent
on the results of ongoing drilling activities (LANL 2007, 098172; NMED 2007, 098283). Rehabilitation of
well R-22 is also planned, and per NMED direction, the rehabilitation will be delayed until the latter part of
2009 when groundwater data for new wells R-39 and R-41 are available to help guide the rehabilitation
approach (LANL 2008, 102998).

3.2.2  Surface Water, Springs, and Groundwater Sampling

Sampling activities included monitoring of 6 surface-water base-flow locations, 10 springs, 8 existing and
10 new alluvial wells, 5 intermediate wells, and 7 regional aquifer wells. Historical monitoring data from
the Laboratory’s ESP were used to supplement this investigation. Currently, locations and analyte suites
for groundwater samples in the watershed are specified in the annual “Interim Facility-Wide Groundwater
Monitoring Plan” (IFGMP) (LANL 2008, 101897), in accordance with requirements in the Consent Order.
The list of surface-water sites and groundwater-monitoring wells used to prepare this investigation report
are presented in Table 3.2-1. Additional surface-water sampling locations are listed in Table 3.2.2. These
include stormwater sampling sites (see Appendix F) required under the Federal Facilities Compliance
Agreement—-Adminstrative Order (FFCA-AO) and base-flow sites that are no longer sampled as part of the
IFGMP. Figure 3.2-1 shows the locations of the sampling sites listed in Table 3.2-1. Plate 1 shows the
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same locations as well as additional monitoring wells, surface-water sampling locations, and production
wells in the Pajarito watershed.

3.2.3 Water-Level Measurements

Both manual and automated water-level data have been collected from alluvial monitoring wells,
piezometers, intermediate perched monitoring wells, and regional monitoring wells in the Pajarito
watershed. A summary of water-level measurements for wells at the Laboratory, including those in the
Pajarito watershed, is given in the annual report, “Groundwater Level Status Report for Fiscal Year 2007,
Los Alamos National Laboratory” (Allen and Koch 2008, 101613). Details of the field methodology and
results are presented in Section B-2.2 of Appendix B.

3.2.4  Surface Geophysics

A surface-based direct-current resistivity survey was conducted in Pajarito Canyon in 2005. The objective
of the resistivity survey was to identify regions of higher conductivity beneath the canyon floor, which may
be related to perched alluvial groundwater and to zones of infiltration in subcropping bedrock units. The
survey was optimized to characterize variations in electrical conductivity in the upper 250 ft of the vadose
zone. Details of the methodology and the results for the resistivity surveys are provided in the report,

“DC Resistivity Profiling in DP, Los Alamos, Pajarito, Pueblo and Sandia Canyons, Los Alamos National
Laboratory, Los Alamos, NM” (Geophex 2006, 094047). Locations of the resistivity survey lines and
discussion of results are provided in Appendix N.

3.25 Characterization Core Holes

Characterization core holes were drilled as part of the installation of regional wells R-17, R-20, and R-32.
Table 3.2-1 describes the core holes and provides information about their locations, purpose, and depths.
Descriptions of coring activities and geologic logs are provided in the well completion reports for the
regional wells (LANL 2003, 079602; LANL 2003, 079600; Kleinfelder 2006, 092493). Additional cores
were collected during installation of alluvial monitoring wells, described in Section 3.2.1 above.

3.3 Biological Investigations

The biological investigations presented in this report focused on characterizing the potential for adverse
effects of contaminants in post-1942 sediment deposits and surface water on terrestrial and aquatic
ecological receptors. These investigations fulfill the general objectives identified in the work plan (LANL
1998, 059577; LANL 2005, 091287) and in the canyons core document (LANL 1997, 055622; LANL
1998, 057666). These investigations build upon the results obtained from sediment and surface-water
characterization, and the basis for the investigation approach is documented in the “Pajarito Canyon Biota
Investigation Work Plan” (LANL 2006, 093553). The investigation methods are discussed in Section 4.3
and Section B-3.0 in Appendix B of this report.

3.4 Deviations from Planned Activities

Attempts were made to install 13 alluvial monitoring wells in the Pajarito watershed in 2008, resulting in 7
new completed wells and six abandoned boreholes where shallow canyon-floor bedrock or alluvial
cobbles and boulders prevented well installation. Multiple attempts were made to install wells PCAO-B,
PCAO-1, PCAO-2, PCAO-3, PCAO-4, and 3MAO-2 in the areas of shallow bedrock but none were
successful. An additional alluvial well (PCOA-7B2) was installed at the PCOA-7B location so that
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groundwater could be monitored in saturated zones found in both shallow and deep alluvium settings; this
additional alluvial well was not required by the work plan (LANL 1998, 059577).

An NOD for the work plan (NMED 2005, 089315) required installation of two sets of alluvial piezometers.
The purpose of the piezometers was to identify whether infiltration beneath the canyon floor in the vicinity
of TA-54 recharges vadose-zone groundwater, thus providing a potential contaminant pathway to
perched intermediate groundwater and to regional groundwater. Because the Laboratory proposed the
installation of two perched intermediate wells in the vicinity of TA-54 as part of monitoring well network
evaluation recommendations (LANL 2007, 098172), NMED agreed that detection of infiltration beneath
Pajarito Canyon in the vicinity of TA-54 is better addressed by installation of the perched intermediate
wells, and the requirement for two sets of piezometers was withdrawn (LANL 2008, 102998).

The work plan calls for two characterization sampling rounds of the alluvial wells. The results from only
one round of sampling from the seven newly installed alluvial wells are available for this report. The new
alluvial wells will be sampled on a quarterly basis to provide sufficient data to support an evaluation of
future monitoring needs.

The biota investigation was completed as planned with one exception. It was planned to use yarrow
(Achillea millefolium) seeds in the seedling germination test, based on American Society for Testing and
Materials (ASTM) Method E1963-98. However, because of a change in vendor, it was not possible to
obtain yarrow seeds in sufficient quantity for the tests. Instead, a standard test species, ryegrass (Lolium
perenne), was substituted. This change in species had no impact meeting the investigation objective,
which was to determine phytotoxicity for the sediment samples.

4.0 FIELD INVESTIGATIONS

Field investigations in the Pajarito watershed included investigations of sediment, surface water,
groundwater, and biota. The approaches and methods of these investigations are briefly discussed in the
following sections. A more detailed discussion of the methods and of the field investigations results is
presented in Appendix B.

4.1 Sediment

Sediment investigations in the Pajarito watershed included detailed geomorphic characterization and
sediment sampling in a series of discrete reaches, following the general process described in the
NMED-approved work plan and canyons core document (LANL 1997, 055622; LANL 1998, 059577,
LANL 1998, 057666; LANL 2005, 091287). The geomorphic characterization in most reaches included
preparing a detailed geomorphic map delineating the horizontal extent of geomorphic units with varying
physical characteristics, contaminant concentrations, and/or age. The geomorphic characterization also
included measuring the thicknesses of potentially contaminated post-1942 sediment deposits to estimate
the volume of contaminated sediment and the contaminant inventory in each reach. Several methods
were used to identify the bottom of post-1942 sediment deposits, including determining the depth of
buried trees and associated buried soils and noting the presence or absence of materials imported to the
watershed after 1942 (e.g., quartzite gravel and plastic).

Field data on the volume of sediment in the different geomorphic units in a reach were used to help
allocate samples for analysis at off-site laboratories. In some reaches, samples were collected in multiple
phases, and analytical results from initial sampling phases were used to help guide subsequent sampling.
Section B-1.0 of Appendix B includes more detailed discussion of the investigation methods. All analytical
results of the sediment sampling incorporated in this investigation report are presented in Attachment 2
on a CD.
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Plates 2 to 6 present geomorphic maps for reaches in the Pajarito watershed and sample locations and
stratigraphic description locations within these reaches. The horizontal extent of contaminated or
potentially contaminated sediment deposits in each reach is delineated by the extent of the channel (“c”)
and floodplain (“f") units in these maps. Section B-1.0 of Appendix B includes field investigation results,
including sediment thickness measurements.

4.2 Surface Water and Groundwater

The surface-water and groundwater field investigations in the Pajarito Canyon watershed are designed to
define the nature and extent of contamination, to identify the physical and chemical processes controlling
contaminant distributions, and to identify the transport pathways, which could result in potential human
health and ecological exposure and risk. This work includes sampling persistent surface water and
springs, drilling and installing monitoring wells, sampling new and preexisting groundwater wells, and
measuring water-level variations in all groundwater sources. In addition, core was collected to
characterize the distribution of contaminants and moisture in rocks of the upper vadose zone. The
investigation methods are discussed in Appendix B. The scope of the investigation is described in the
“Work Plan for Pajarito Canyon” (LANL 1998, 059577) and the “Approval with Modifications, Pajarito
Canyon Work Plan” (NMED 2005, 091288).

4.2.1  Monitoring Well Installations

Seven alluvial wells, one intermediate well, and seven regional wells were installed to fulfill the
requirements of the “Work Plan for Pajarito Canyon” (LANL 1998, 059577) and the “Approval with
Modifications, Pajarito Canyon Work Plan” (NMED 2005, 091288). Detailed well completion reports
describe the investigation methods, well completion diagrams, geologic logs, and borehole geophysical
logs for these wells. These well completion reports are described in Section 3.2.1. Table 3.2-1 provides
information about the location, purpose, and depth of the wells.

4.2.2  Surface-Water and Groundwater Sampling

As described in Section 3.2, sampling of persistent surface water, springs, alluvial groundwater, perched
intermediate groundwater, and regional groundwater was coordinated to provide a snapshot in time to
evaluate the relationship between constituents in surface water and various groundwater bodies.
Samples were collected at designated locations described in the “Work Plan for Pajarito Canyon” (LANL
1998, 059577) and the “Approval with Modifications, Pajarito Canyon Work Plan” (NMED 2005, 091288).
Sampling locations are reviewed annually and modified as appropriate by the annual IFGWP in
accordance with requirements of the Consent Order.

Procedures for sample collection are described in Appendix B. The analytical results of the sampling are
discussed in Section 7.2, and the data are provided in Attachment 2 on a CD. Water-quality field
parameters, including pH, specific conductance, temperature, and turbidity, were measured for each
surface-water or groundwater sample collected. Measurements of field parameters were taken as part of
the groundwater sampling to evaluate the effectiveness of purging of the well. Field parameters data were
also collected for surface-water and groundwater for evaluating factors controlling contaminant variability.

4.2.3 Water-Level Measurements

Historical and new water-level data were compiled for alluvial, intermediate, and regional wells. These
data, which included both manual and automated measurements, allow interconnections between
groundwater bodies to be assessed by comparing water-level responses with storm events and seasonal
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variations in precipitation. Water-level data were also collected to determine hydraulic gradients within
groundwater bodies and to assess hydraulic conductivity. Details of the field methodology and results are
presented in Appendix B.

4.2.4  Surface Geophysics

A surface-based direct-current resistivity survey was conducted in Pajarito Canyon in 2005. Details of the
methodology and results for the resistivity surveys are provided in the report, “DC Resistivity Profiling in
DP, Los Alamos, Pajarito, Pueblo and Sandia Canyons, Los Alamos National Laboratory, Los Alamos,
NM” (Geophex 2006, 094047). Locations of the resistivity survey lines and discussion of results are
provided in Appendix N.

425 Characterization Core Holes

Characterization core holes were drilled as part of the installation of regional wells R-17, R-20, and R-32.
Table 3.2-1 describes the core holes and provides information about their locations, purpose, and depths.
Additional cores were collected during installation of alluvial monitoring wells, as described in Section
3.2.1. Cores were collected from all major stratigraphic units to determine contaminant distributions in the
upper vadose zone. Samples were containerized to prevent moisture loss and were analyzed for moisture
content, metals, anions, stable isotopes, and radionuclides. Where feasible, borehole gamma and
induction logs were collected in uncased portions of the boreholes. In general, the core holes were
plugged and abandoned with bentonite after reaching TD.

Analytical data for cores are presented in Appendix H, and Section 7.2 discusses pore water extracted
from cores. Appendix H also discusses moisture content of core samples.

4.3 Biota

Biological data were collected to evaluate the potential for adverse ecological effects from contaminants
in sediment and surface water. Biota investigations in the Pajarito watershed included a range of
activities, as presented in the NMED-approved “Pajarito Canyon Biota Investigation Work Plan” (LANL
2006, 093553). Field investigations included studies of bird nest boxes and aquatic macroinvertebrates,
collection of sediment samples for earthworm toxicity tests, seedling germination tests, and aquatic
toxicity tests. The nest box study included adding nest boxes to the existing network, collecting data on
occupancy, and collecting samples of eggs for laboratory analyses. These activities are discussed in
more detail in Section 8.1 and Section B-3.0 of Appendix B.

5.0 REGULATORY CRITERIA

This section provides information on the regulatory context, human health screening levels, ecological
screening values, applicable water-quality standards, and screening levels.

5.1 Regulatory Context

Regulatory requirements governing the Laboratory’s canyons investigations are discussed in Section 1.4
of the approved canyons core document (LANL 1997, 055622; LANL 1998, 057666; NMED 1998,
058638; LANL 2007, 096665). In particular, these investigations address requirements of the Laboratory’s
Hazardous Waste Facility Permit (Module VIII) under RCRA, including “the existence of contamination
and the potential for movement or transport to or within Canyon watershed” (EPA 1990, 001585; EPA
1994, 044146). RCRA and the New Mexico Hazardous Waste Act (NMHWA) regulate releases of
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hazardous wastes and hazardous waste constituents. DOE Order 5400.1, “General Environmental
Protection Program,” establishes requirements for managing residual radioactivity at DOE facilities.

As a result of the operational history of sites in the Pajarito watershed, this investigation addresses both
radioactive and hazardous components. NMED has authority under the NMHWA over the cleanup of
hazardous wastes and hazardous constituents, while DOE has authority over the cleanup of radioactive
contamination. Radionuclides are regulated under DOE Order 5400.5, “Radiation Protection of the Public
and the Environment,” and DOE Order 435.1, “Radioactive Waste Management.”

The regulatory requirements for conducting investigations in the Pajarito watershed are incorporated into
Module VIII through work plans approved by NMED. The approved work plans include the “Work Plan for
Pajarito Canyon” (LANL 1998, 059577), the Laboratory’s “Hydrogeologic Workplan” (LANL 1998,
059599), the “Pajarito Canyon Biota Investigation Work Plan” (LANL 2006, 093553), the sampling and
analysis plan for Phase 2 sediment investigations (LANL 2006, 091812), and the sampling and analysis
plan for Phase 3 sediment investigations (LANL 2007, 095408). Corrective actions at the Laboratory are
subject to the Consent Order, which contains general requirements and those specific to the Pajarito
watershed (Section IV.B.4, “Pajarito Canyon Watershed”). The Consent Order was issued pursuant to
NMHWA, New Mexico Statutes Annotated (NMSA) 1978 § 74-4-10 and the New Mexico Solid Waste Act,
NMSA 1978, § 74-9-36(D). The requirements of the Consent Order now supersede those of Module VIII.

Surface-water discharges are subject to a permit under Section 402 of the federal Clean Water Act
(CWA), including stormwater discharges, are not regulated under the Consent Order. Stormwater
discharges from certain SWMUs and AOCs are regulated under an FFCA between EPA Region 6 and
DOE, pursuant to the CWA, 33 U.S.C. Sections 1251-1387; and AO Docket No. CWA-06-2005-1734,
issued on March 17, 2005, to the University of California (UC) as the Laboratory’s Management and
Operations Contractor for DOE. On June 1, 2006, Los Alamos National Security, LLC (LANS) became the
Management and Operations Contractor of the Laboratory for DOE and the successor to UC. On
November 16, 2006, EPA issued an amended AO reflecting the operator change and substituting LANS
for UC.

The FFCA establishes a compliance program under the CWA for the regulation of stormwater discharges
from specifically identified SWMUs and AOCs (collectively referred to as sites) until such time as these
sources are regulated by an individual stormwater permit issued by EPA pursuant to the National
Pollutant Discharge Elimination System (NPDES) permit program. The Laboratory’s individual stormwater
permit is expected to be issued during 2008 and will cover stormwater runoff from sites with significant
industrial activity [see 40 Code of Federal Regulations 122.26(b)(14)].

Currently, the discharge of stormwater from industrial activities at the Laboratory is regulated by the
NPDES Storm Water Multi-Sector General Permit (MSGP) Nos. NMR05A734 and NMR0O5A735, which
became effective on December 23, 2000, pursuant to 65 Federal Register (FR) 64746. On

December 1, 2005, EPA issued a proposed rule in the FR (70 FR 72116) that a new MSGP, which was to
replace the existing permit that expired on October 30, 2005, was available and open for public comment.
Until the new permit is issued, EPA administratively continued the 2000 MSGP. While the FFCA is in
effect, the Laboratory must continue to comply with all requirements of the current MSGP. Pursuant to the
MSGP, SWMUs fall under the category of Hazardous Waste Treatment, Storage, and Disposal Facilities
(Sector K), which EPA Region 6 defines as a listed, regulated industrial activity. The assessments in this
report are primarily risk based for all media and contaminants. Surface-water and groundwater standards
are used to support the assessment of nature and extent of contamination in canyons media.
Concentrations of chemicals and radionuclides are compared with various risk-based screening levels,
which are described in Sections 5.2 and 5.3. Applicable water-quality standards are discussed in

Section 5.4.
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5.2 Human Health Screening Levels

In Section 6, soil screening levels (SSLs) for inorganic and organic chemicals and screening action levels
(SALs) for radionuclides are media-specific concentrations derived for residential exposures. If
environmental concentrations of contaminants are below SALs or SSLs, then the potential for adverse
human health effects is highly unlikely. For sediment chemical COPCs with carcinogen or noncarcinogen
endpoints, SSLs from NMED guidance (2006, 092513) were used if available. If values were not available
from NMED, then residential screening values were obtained from EPA Region 6 (EPA 2007, 099314) or
EPA Region 9 (http://www.epa.gov/region09/waste/sfund/prg/files/04prgtable.pdf). The SSLs for
noncarcinogens are based on a hazard quotient (HQ) of 1.0. The SSLs for carcinogens are based on a
cancer risk level of 10~ (10E-5). For nonradionuclide COPCs without NMED SSLs, approved surrogate
values were used (NMED 2003, 081172). SALs for radionuclides were obtained from Laboratory
guidance (NMED 2003, 081172). The radionuclide SALs for sediment have a target dose limit of

15 millirem per year (mrem/yr), which is consistent with guidance from DOE (2000, 067489).

Human health screening levels for water are EPA Region 6 Human Health Medium Specific Screening
Level (HHMSSL) tap water screening levels for carcinogens and noncarcinogens and DOE Derived
Concentration Guidelines (DCG) for radionuclides. The screening levels for carcinogens and
noncarcinogens in water are based on the same HQ and cancer risk levels as the SSLs. The screening
values for radionuclides in groundwater were calculated based on a target dose limit of 4 mrem/yr, which
is the radiation dose limit for a public drinking water supply in DOE Order 5400.5, “Radiation Protection of
the Public and the Environment.” The screening values for radionuclides in surface water were calculated
based on a target dose limit of 200 mrem/yr, which is the radiation dose limit for the general public from
all sources in DOE Order 5400.5, “Radiation Protection of the Public and the Environment.”

Comparisons of sediment and water data to residential screening levels are provided in Section 6.
Additional information regarding the potential for human health risks from affected media in the Pajarito
watershed is provided in Section 8.1.

5.3 Ecological Screening Levels

Ecological screening levels (ESLs) are used to determine chemicals of potential ecological concern
(COPECS) for water and sediment. The document, “Screening Level Ecological Risk Assessment
Methods, Revision 2” (LANL 2004, 087630), contains information about how ESLs are derived. ESLs are
developed for a suite of receptors designed to represent individual feeding guilds. Receptors such as
robins and kestrels are modeled with multiple diets to represent multiple feeding guilds. The
representative concentration of each COPC was compared with ESLs from the Ecorisk Database
Version 2.2 (LANL 2005, 090032).

Additional information regarding the potential for ecological risks from affected media in the Pajarito
watershed is provided in Section 8.1.

5.4  Water Quality Standards and Screening Levels

COPCs are identified by comparing concentrations in water with applicable water quality standards and
screening values. The NMWQCC establishes surface-water standards in the “State of New Mexico
Standards for Interstate and Intrastate Surface Waters” (New Mexico Administrative Code [NMAC]
20.6.4). Certain watercourses may be “classified” and have segment-specific designated uses. A
designated use may be an attainable or an existing use (e.g., livestock watering) for the surface water.
Nonclassified surface waters are described as ephemeral, intermittent, or perennial, each of which also
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has corresponding designated uses described in NMAC 20.6.4.97-99. The designated uses for surface
water are associated with use-specific water-quality criteria, including numeric criteria.

All surface waters within the Laboratory boundary are classified with segment-specific designated uses.
Four segments at the Laboratory, including Pajarito Canyon from North Anchor East basin (“Arroyo de la
Delfe”) upstream into the south fork of Pajarito Canyon (“Starmers Gulch”) and Starmers Spring, are
classified as perennial in NMAC 20.6.4.126, with designated uses of coldwater aquatic life, livestock
watering, wildlife habitat, and secondary contact. The remaining segments in the Pajarito watershed
within the Laboratory boundary are designated ephemeral or intermittent in NMAC 20.6.4.128, with
designated uses of limited aquatic life, livestock watering, wildlife habitat, and secondary contact.

The numeric water-quality criteria (WQC) for livestock watering (NMAC 20.6.4.900.[F], [J]), wildlife habitat
(NMAC 20.4.6.900.[G], [J]), acute aquatic life (NMAC 20.6.4.900.[H], [I], and [J]) human health
(persistent) (NMAC 20.6.4.11[G]; NMAC 20.4.6.900.[J]), and secondary contact (NMAC 20.6.4.900[E])
apply to nonstormwater for all of the watercourse classifications. For classified ephemeral/intermittent
segments, the WQC for acute aquatic life (NMAC 20.6.4.900.[H], [I], and [J]) and acute total ammonia
(20.6.4.900[K]) also apply. For classified perennial segments, the WQC for acute aquatic life (NMAC
20.6.4.900.[H], [1], and [J]), chronic aquatic life (NMAC 20.6.4.900[H], [I], [J]), human health (NMAC
20.6.4.11[G]; 20.4.6.900.[J]), acute total ammonia (NMAC 20.6.4.11[E](2); 20.6.4.900[K]), and chronic
total ammonia (NMAC 20.6.4.900[M]) also apply. Comparisons of water data to applicable standards are
summarized in Section 6.

Stormwater discharges are regulated under the CWA, and no applicable standards for stormwater are
provided in the Consent Order. For informational purposes, available stormwater monitoring data for the
Pajarito watershed are compared with surface wSALs established under the FFCA/AO. The wSAL is
designated as the lowest numeric criterion of the applicable NMWQCC WQC, if one exists. The wSALs
for each contaminant are determined in stepwise fashion by evaluating, in the following order:

e requirements for any FFCA-monitored segment that is included in a classified water of the state in
20.6.4.101 through 20.6.4.899 NMAC

e requirements for any FFCA-monitored surface water that is not included in a classified water of
the state in 20.6.4.101 through 20.6.4.899 NMAC

e MSGP benchmark values for Sector K, Hazardous Waste Treatment, Storage, or Disposal
Facilities.

Derivation of the current EPA-approved wSAL values is described in the Laboratory “Storm Water
Pollution Prevention Plan for SWMUs and AOCs (Sites) and Storm Water Monitoring Plan, Annual
Update—2007” (LANL 2007, 096981).

Concentrations of radionuclides in surface water were compared with the following values to identify
COPCs:

e DCG based on 100 mrem/yr

To identify COPCs in groundwater, comparisons to the lowest of the following standards were performed:

e Human Health (NMAC 20.6.2.3103.A: Human health standards)

e Other Standards for Domestic Water (NMAC 20.6.2.3103.B: Other standards for domestic water
supply)

e EPA maximum contaminant levels (MCLSs)
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If none of the above standards exist for an analyte, the following values were compared with
concentrations in groundwater to identify COPCs:

e DCG based on 4 mrem/yr
o EPA Region 6 tap water screening levels (EPA 2007, 099314)

Comparisons of stormwater concentrations to wSALs are provided in Appendix F.

6.0 CANYONS CONTAMINATION

This section describes the methodology and results of analytical data-screening assessments for samples
collected to identify COPCs in sediment, surface water, groundwater, and alluvial core samples.
Identifying COPCs forms the basis for evaluating contamination in canyons media. COPCs identified in
this section are evaluated in the human health risk assessment in Section 8.2 and have been considered
in developing the measures evaluated in the baseline ecological risk assessment in Section 8.1. A subset
of these COPCs is discussed in the conceptual model in Section 7. Section 6.1 briefly describes how the
data were prepared for the screening processes. Section 6.2 presents the screens for sediment, Section
6.3 presents the screens for surface water and groundwater, and Section 6.4 presents the screens for
alluvial core samples. The term “sediment” includes all post-1942 sediment deposits in the canyon
bottoms, including deposits in abandoned channels and floodplains as well as in active stream channels;
therefore, sediment includes alluvial soil as defined in some other studies.

6.1 Data Preparation

The data used in the assessments were obtained from the Environmental Restoration Database and the
Water Quality Database (Attachment 1. Summaries of analytical data for all media are presented in
Attachment 2. Samples collected, analytical methods used, and data qualifiers are presented in
Appendix C. Sample locations may be referred to by more than one name, and a crosswalk showing
synonyms for location names is presented in Table 6.1-1.

Certain analytical results were not evaluated in the screens and subsequent risk assessments for the
following reasons.

e Duplicate sample results for analytes analyzed by a less sensitive method—For example,
semivolatile organic compound (SVOC) results from samples that were also analyzed by a
volatile organic compound (VOC), PAH, or high explosives (HE) analytical method. The duplicate
results from the SVOC method are excluded from the screen because the VOC, PAH, and HE
analytical methods provide lower detection limits. These duplicates can occur either (1) because
analytes within a sample were analyzed by more than one method or (2) a location was
resampled and analyses were obtained using more sensitive methods. Samples that had
analyses replaced by “resamples” are shown in Table 6.1-2.

e SVOC analytical method results for PAHs from sediment samples collected in 2000—All but one
of the reaches from which these samples were collected have been sampled more recently and
results were obtained by the more sensitive PAH analytical method. Although the samples were
not obtained at identical locations, the reaches have been adequately characterized by the more
sensitive results (minimum of 10 samples). As a result, the less sensitive 2000 SVOC results are
not used in the COPC screen and risk assessments. The one exception to this is reach TH-3, for
which there are only SVOC results from 2000, and these were used in the screens.
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e Field duplicate results—Results are from samples obtained for quality assurance/quality control
(QA/QC) purposes and not as primary characterization data.

e Results from a subset of sediment samples collected to support the ecological risk assessment in
Section 8.1—These samples were excluded from the COPC screens and from the subsequent
human health risk assessment because they are from overlapping depths with previously
sampled sediment layers and are therefore duplicates.

e Results from water samples collected before 2003—Results from samples collected in 2003 and
later are used in the COPC screens because these data are most representative of current site
conditions. Pre-2003 data are used in the trend analyses presented in the conceptual model in
Section 7.2.

6.2 Sediment COPCs

This section presents the process for screening analytical results obtained from sediment samples
collected in the Pajarito watershed. Samples collected and analyses performed by the analytical
laboratories are presented in Table C-2.0-1 in Appendix C. Sample locations are presented in Plates 2 to
6. Analytical results were screened to develop a list of COPCs, as presented in Section 6.2.1.

6.2.1 Identification of Sediment COPCs

Inorganic chemical and radionuclide COPCs in sediment are identified by a screening process that
includes comparing the maximum concentrations by reach with Laboratory-specific sediment background
values (BVs) (LANL 1998, 059730). Analytes are retained as COPCs using rules specific to the class of
analyte. This process is discussed below.

For inorganic chemicals, an analyte is retained as a COPC in a reach if

e the analyte has a BV and a detected or nondetected result in the reach exceeds the BV, or
e the analyte does not have a BV, but at least one detected result is in the reach.

For radionuclides, an analyte is retained as a COPC in a reach if

e the analyte has a BV and at least one detected result in the reach exceeds the BV, or
e the analyte does not have a BV but has at least one detected result in the reach.

There are no BVs for organic chemicals, and retaining an organic chemical as a COPC is based on
detection status. For organic chemicals, an analyte is retained as a COPC in a reach if there is at least
one detected result in the reach.

A total of 26 inorganic chemicals, 103 organic chemicals, and 11 radionuclides were retained as COPCs
in sediment in the Pajarito watershed. Maximum sample results in each reach for these COPCs are
presented in Tables 6.2-1, 6.2-2, and 6.2-3 for inorganic chemicals, organic chemicals, and radionuclides,
respectively.

6.2.2 Comparison of Sediment COPC Concentrations to Residential SSLs and SALs

Maximum concentrations (including detection limits for inorganic chemicals) of sediment COPCs in each
reach were compared with residential SSLs for inorganic and organic chemicals or residential SALs for
radionuclides to identify which are most important for understanding potential human health risk. Four
inorganic COPCs, three organic COPCs, and one radionuclide COPC have maximum concentrations
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exceeding residential SSLs or SALs in the Pajarito watershed, and these are included in the conceptual
model for sediment in Section 7.1. These COPCs are highlighted in gray in Tables 6.2-1, 6.2-2, and 6.2-3.

6.3 Surface Water and Groundwater COPCs

This section presents the process for screening surface water and groundwater sample results from the
Pajarito watershed. Water samples collected and analyses performed by the analytical laboratories are
presented in Tables C-2.0-2 and C-2.0-3 in Appendix C. Sample locations are presented in Figure 3.2-1
and Plate 1. Analytical results from water samples were screened to develop a list of COPCs, as
presented in Section 6.3.1.

6.3.1 Identification of Surface Water and Groundwater COPCs

There are no BVs for surface water data, and COPCs are identified by a screening process that is based
only on the detection status. This process is performed for groups of data defined by field preparation
(filtered or nonfiltered samples) and analyte type (inorganic chemicals, organic chemicals, and
radionuclides). An analyte is retained as a COPC for a location if it has at least one detected result.

Groundwater COPCs are identified by a screening process that includes comparing the maximum
chemical concentrations with Laboratory-specific groundwater BVs (LANL 2007, 096665). An analyte is
retained as a COPC if the analyte has a BV and a result for that analyte exceeds the BV. If the analyte
does not have a BV, it is retained as a COPC if it is detected.

A total of 43 inorganic chemicals, 76 organic chemicals, and 16 radionuclides were retained as COPCs in
water in the Pajarito watershed. Maximum sample results for surface water and groundwater are
presented in Tables 6.3-1 to 6.3-20.

6.3.2 Comparison of Water COPC Concentrations to Standards

Maximum detected concentrations of water COPCs were compared with applicable water quality
standards, as discussed in Section 5, to identify which are most important from a regulatory perspective.
Nine inorganic COPCs and 11 organic COPCs in the Pajarito watershed have maximum concentrations
exceeding a water quality standard. These COPCs are highlighted in gray in Tables 6.3-1 to 6.3-20.

6.4 Core Sample COPCs

This section presents the process for screening analytical results obtained from alluvial core samples
collected in the Pajarito watershed. Samples collected and analyses performed by the analytical
laboratories are presented in Table C-2.0-4 in Appendix C. Sample locations are presented in

Figure 3.2-1 and Plate 1. Analytical results were screened to develop a list of COPCs as presented in
Section 6.4.1.

6.4.1 Identification of Alluvial Core COPCs

The COPCs in alluvial core samples are identified by a screening process that includes comparing the
maximum inorganic chemical or radionuclide concentrations by location with Laboratory-specific ALLH
(“all horizons”) soil BVs (LANL 1998, 059730). Analytes are retained as COPCs using rules specific to the
class of analyte. This process is discussed below.
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For inorganic chemicals, an analyte is retained as a COPC if

e the analyte has an ALLH BV and a detected or nondetected result exceeds the BV, or
e the analyte does not have an ALLH BV, but there is at least one detected result.

For radionuclides, an analyte is retained as a COPC if

e the analyte has an ALLH BV and at least one detected result exceeds the BV, or
e the analyte does not have an ALLH BV but has at least one detected result.

There are no BVs for organic chemicals, and retaining an organic chemical as a COPC is based on
detection status. For organic chemicals, an analyte is retained as a COPC if there is at least one detected
result.

A total of 17 inorganic chemicals, 5 organic chemicals, and 3 radionuclides were retained as COPCs in
alluvial core samples in the Pajarito watershed. Maximum sample results at each location for these
COPCs are presented in Tables 6.4-1, 6.4-2, and 6.4-3 for inorganic chemicals, organic chemicals, and
radionuclides, respectively.

6.5 Summary

Table 6.5-1 presents a summary of the COPCs in sediment, water, and alluvial core in the Pajarito
watershed to allow comparisons between media. Table 6.5-1 also indicates which COPCs have maximum
results in the watershed exceeding residential SSLs and SALs for sediment and water quality standards
for surface water and groundwater.

7.0 PHYSICAL SYSTEM CONCEPTUAL MODEL

This section discusses aspects of the physical system conceptual model that are relevant for
understanding the nature, sources, extent, fate, and transport of contaminants in the Pajarito watershed.
The discussion on contaminants focuses on COPCs shown to be most important for evaluating potential
present-day human health risk based on the comparisons with residential SALs and SSLs for sediment
and water-quality standards for surface and groundwater in Section 6 and that represent known
contaminant releases into the watershed. These COPCs are included in evaluations of potential human
health risk in Section 8.2. This section also includes a discussion of COPCs identified as study design
COPECs, which are relevant for evaluating potential present-day ecological risk. Some additional COPCs
are discussed to provide historic insights into the sources and trends of contaminants or to present other
important information about the watershed. As used in this section, “contaminant” refers to COPCs known
to represent releases from Laboratory SWMUs or AOCs or other anthropogenic sources, whereas
“COPC" is a more general term that also includes analytes identified in Section 6 that may or may not
represent such releases.

The following discussion is divided into two sections. Section 7.1 uses spatial variations in COPC
concentration in sediments to identify sources, describes the distribution of contaminants derived from
Laboratory sources, and discusses fluvial processes controlling their distributions. Section 7.2 describes
the hydrology of the watershed, including descriptions of surface water, alluvial groundwater, pore water,
intermediate perched groundwater, and regional groundwater and summarizes spatial and temporal
trends for contaminants in these media. Supporting information related to trends in contaminant
distribution that supports the conceptual model is presented in Appendix D.
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7.1 COPCs in Sediments

The following sections first use spatial variations in concentrations of sediment COPCs in the Pajarito
watershed to identify sources, in part distinguishing COPCs that are present beause of releases from
Laboratory SWMUs or AOCs from COPCs derived from other sources, such as ash from the Cerro
Grande burn area, runoff from roads or other developed areas, or natural background variations. Because
of mixing of sediment from various sources during transport, contaminant concentrations are generally
highest near the point of release and decrease downcanyon (e.g., Marcus 1987, 082301; Graf 1996,
055537; LANL 2004, 087390; Reneau et al. 2004, 093174; LANL 2006, 094161). Therefore, the spatial
distribution of contaminants can directly indicate their source or sources. In most reaches in the Pajarito
watershed, pre- and post-fire sediment layers can be distinguished based on the presence of in situ or
reworked ash at varying depths. Recording the effects of redistribution of ash from the burn area are
COPCs that are elevated above BVs in post-fire sediment in the burn area and downcanyon but not in
pre-fire sediment near potential Laboratory sources. In contrast, COPCs that are elevated because of
natural variations in background concentration generally show no distinct spatial trends and may have no
significant differences in concentration between pre-fire and post-fire sediment. Figures D-1.1-1, D-1.1-2,
and D-1.1-3 in Appendix D show all sample results for all COPCs plotted against distance from the

Rio Grande, which help to identify sources and possible outliers in the data set.

7.1.1 Inorganic Chemicals in Sediments

Three inorganic chemicals detected in sediments in the Pajarito watershed have maximum
concentrations greater than residential SSLs and are most important for assessing potential human
health risk: arsenic, iron, and vanadium. Based on the comparison to residential SSLs in Section 6.2.2,
six other inorganic COPCs are also identified as potentially contributing to risk: aluminum, cadmium, lead,
manganese, silver, and thallium. Additional inorganic chemicals detected in sediment samples are
important for assessing potential ecological risk (antimony, barium, chromium, copper, cyanide, mercury,
perchlorate, selenium, and zinc) (LANL 2006, 093553). The spatial distribution of these inorganic
chemicals (discussed below) indicates that they are derived from a variety of sources, including
Laboratory SWMUs or AOCs, ash from the Cerro Grande burn area, roads and other developed areas,
and naturally occurring soils and bedrock. Once in the canyon bottoms, most of these inorganic
chemicals adsorb to sediment particles and organic matter (Salomons and Forstner 1984, 082304) and
can be remobilized by floods that scour the stream bed or erode banks, being transported varying
distances downcanyon.

This section focuses on spatial variations in inorganic chemicals in the Pajarito watershed. Supporting
information is included in Appendix D. Table D-1.2-1 presents average concentrations in each reach for
inorganic chemicals discussed in this section, substituting one-half of the detection limit for nondetected
sample results. Table D-1.2-1 presents the upper and lower bounds on these averages using either the
detection limit or zero for nondetects, respectively, which indicate uncertainties in the average values.
This table shows that on average, concentrations of these inorganic chemicals are generally lower in
coarse facies sediment than in fine facies sediment, as found in other watersheds (LANL 2004, 087390;
LANL 2006, 094161). Figure 7.1-1 and the discussions in the following sections focus on data from fine
facies sediment. Figure 7.1-1 and Table D-1.2-1 also show the uncertainty in the average concentration
of some inorganic chemicals that exists in some reaches because of elevated detection limits and/or
detected concentrations close to detection limits. For three inorganic chemicals that are elevated in Cerro
Grande ash (barium, cyanide, and manganese), Table D-1.2-1 distinguishes concentrations in pre- and
post-fire sediment in each reach.
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The plots in Figure 7.1-1 include both the BV for each inorganic chemical, which is an estimate of the
upper level of background concentrations, and the average value from the background sediment data set,
where available (averages from McDonald et al. 2003, 076084, Table 10, pp. 49-50). The background
averages are included to be consistent with the presentation of averages from potentially contaminated
samples, although averages for fine facies sediment are expected to be higher than the entire
background data set, which also includes coarse facies samples. For reaches where an inorganic
chemical is not a COPC, the average background concentration is plotted in Figure 7.1-1. The spatial
distribution of inorganic chemicals indicates that several TAs have been important Laboratory sources for
these COPCs in the Pajarito watershed, as discussed below.

Aluminum is an important COPC for evaluating potential human health risk in the Pajarito watershed and
is also important for evaluating water quality, as surface-water samples on the Pajarito Plateau are
commonly above the NMWQCC acute aquatic life standard for dissolved aluminum (e.g., LANL 2007,
098644, p. 213). Many of the investigation reaches (15 of 32) have maximum concentrations of aluminum
above the sediment BV of 15,400 mg/kg, although none are above the residential SSL of 77,800 mg/kg.
The highest concentration, 34,700 mg/kg, was measured in reach PA-5W east of the Laboratory and
downcanyon from the community of White Rock, indicating a non-Laboratory source for this aluminum.
Only three reaches (AW-1, PA-4, and TH-1E) have average aluminum concentrations in fine facies
sediment above the BV, as shown in Figure 7.1-1. No clear spatial trends are indicated in these data that
would indicate significant Laboratory sources for aluminum, and the aluminum above BVs probably
largely represents natural background variations.

Antimony was indicated to be an important COPC for evaluating potential ecological risk in the Pajarito
watershed, based on comparison of maximum sample results to ESLs (LANL 2006, 093553). However, it
has only a single detected result above the sediment BV of 0.83 mg/kg, 0.95 mg/kg in reach PA-4. This
result is relatively close to the BV and probably represents background variations and not Laboratory
releases.

Arsenic is the most important inorganic chemical for evaluating potential human risk in the Pajarito
watershed, with maximum concentrations being greater than the sediment BV of 3.98 mg/kg and the
residential SSL of 3.9 mg/kg in 17 of the 32 investigation reaches. (Note: Because of an elevated local
background for arsenic on the Pajarito Plateau, the sediment BV is above the residential SSL.) Average
concentrations of arsenic in fine facies sediment are greater than the sediment BV in three reaches:
AW-1, TH-1E, and TWSW-1W. Only AW-1 has an average concentration more than 10% higher than the
BV, approximately twice the BV (7.92 mg/kg). AW-1 also has the maximum measured concentration in
the Pajarito watershed, 20 mg/kg, over twice the soil BV of 8.17 mg/kg. These data indicate releases of
arsenic from one or more sites at TA-08, consistent with evidence for releases of other inorganic and
organic COPCs from TA-08, as discussed elsewhere in Section 7.1. In other parts of the Pajarito
watershed, there are no recognizable spatial trends in arsenic concentration that clearly identify sources,
as shown in Figure 7.1-1, and the sample results above the sediment BV may represent either small
releases from Laboratory activities or locally elevated background.

Barium is an important COPC for evaluating potential ecological risk in the Pajarito watershed, with
maximum concentrations being greater than the sediment BV of 127 mg/kg in most of the investigation
reaches (26 of 32). The spatial distribution of barium indicates multiple sources, including releases from
Laboratory sites, ash from the Cerro Grande burn area, and possibly elevated natural background
concentrations. The maximum barium concentration (874 mg/kg) was measured in reach AW-1, similar to
other COPCs, and indicates releases from TA-08. The second highest concentration (738 mg/kg) was
measured in an ash-rich post-fire sediment sample from reach PA-4, which is consistent with data from
other areas that indicate barium is elevated in Cerro Grande ash above the sediment BV (Katzman et al.
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2001, 072660; Kraig et al. 2002, 085536; LANL 2004, 087390). Average concentrations of barium in fine
facies sediment in the investigation reaches are shown in Figure 7.1-1 and indicate that barium is also
elevated in post-fire sediment in the two reaches west of the Laboratory: PA-0 and TW-1W. The
maximum barium concentrations in the downcanyon reaches PA-3E and PA-5W are also in ash-rich
samples, indicating a Cerro Grande effect. In contrast, elevated barium in non-fire-affected sediment in
other reaches suggests smaller releases from other Laboratory sites in addition to TA-08, including TA-09
(reaches AEN-1 and AES-1), TA-15 (reach THW-1), and TA-69 (reach TW-1E). Barium had previously
been reported as a COPC at both TA-08 and TA-09 (LANL 1998, 059577, p. 2-11). Barium is used in
various explosives, and its release from these TAs is consistent with their history of weapons
development. Some of the elevated barium concentrations in pre-fire sediment may be caused by a
locally elevated natural background, such as in reach PA-4, as seen in the nearby watershed of Cafiada
del Buey (Drakos et al. 2000, 068739, p. 32). Notably, the maximum barium concentration in the Pajarito
watershed (in AW-1) was in a coarse-grained sediment sample, and average concentrations in coarse
facies sediment in this reach close to the source are higher than in fine facies sediment, as shown in
Table D-1.2-1 in Appendix D.

Cadmium is an important COPC for evaluating potential human health risk in the Pajarito watershed and
has maximum detected concentrations above the sediment BV of 0.4 mg/kg in half of the investigation
reaches (16 of 32). Figure 7.1-1 shows the spatial distribution of cadmium in fine facies sediment in the
watershed and indicates that TA-09, upcanyon from reach AEN-1, is the most important Laboratory
source. AEN-1 has both the highest measured concentration in the watershed, 4.74 mg/kg, and the
highest average concentration. Cadmium remains elevated above the BV in the next two downcanyon
reaches, PA-1E and PA-2W, but is generally within the range of background concentrations farther
downcanyon. However, cadmium remains a COPC to the farthest downcanyon reach, PA-5W, indicating
possible transport of cadmium from TA-09 into lower Pajarito Canyon below White Rock. A secondary
source for cadmium is evident at TA-08, upcanyon from reach AW-1, but cadmium is generally within
background ranges in the next downcanyon reach (PAS-2W). Cadmium has previously been reported as
a COPC at both TA-08 and TA-09 (LANL 1998, 059577, p. 2-11).

Chromium is a widespread COPC in the Pajarito watershed, and roughly half of the investigation reaches
(17 of 32) have maximum concentrations above the sediment BV of 10.5 mg/kg. It is a potentially
important COPC for assessing ecological risk (LANL 2006, 093553). Chromium has an irregular spatial
distribution in the Pajarito watershed, suggesting a variety of dispersed sources (Figure 7.1-1). The
highest average concentration in fine facies sediment are in the south fork Pajarito Canyon basin in reach
AW-1, below TA-08, and the adjacent reach PAS-1E also has average chromium concentrations in fine
facies sediment above the BV. Relatively small releases of chromium from TA-09, TA-15, and TA-22 are
indicated by elevated concentrations in reaches AEN-1, TH-1E, and TWSE-1W, respectively

(Figure 7.1-1). Chromium has previously been reported as a COPC at both TA-08 and TA-09 (LANL
1998, 059577, p. 2-11). Chromium is a COPC in all reaches in Pajarito Canyon except PA-0 and PA-4E,
and one downcanyon reach, PA-4, has average chromium concentration in fine facies sediment above
the sediment BV. This distribution indicates possible transport from upcanyon TAs into lower Pajarito
Canyon below White Rock.

Copper is a widespread COPC in the Pajarito watershed, and roughly half of the investigation reaches
(17 of 32) have maximum concentrations above the sediment BV of 11.2 mg/kg. It is a potentially
important COPC for assessing ecological risk (LANL 2006, 093553) and is also present in a dissolved
form above surface-water standards (LANL 2007, 098644, pp. 213-214). Copper has an irregular spatial
distribution in the Pajarito watershed, suggesting a variety of dispersed sources (Figure 7.1-1). The
highest average concentration in fine facies sediment was found in the upper part of the southeast fork of
Twomile Canyon (reach TWSE-1W), below a developed area at TA-22. However, copper concentrations
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are not elevated above the BV downcanyon in Twomile Canyon, indicating relatively small releases from
this site. In the Threemile watershed, copper concentrations are highest in the middle fork (reach THM-1),
immediately downcanyon from the R-44 firing site [(SWMU 15-006(c)], but copper is not above the BV
farther downcanyon. Average copper concentrations are also above the BV in the south fork of Threemile
Canyon (reaches THS-1W and THS-1E), downgradient of the E-F and R-44 firing sites [(SWMUs
15-004(f) and 15-006(c)], respectively. Similar to other metals, the average copper concentration is above
the BV in the south fork Pajarito Canyon basin in reach AW-1, indicating a source at TA-08, but copper is
not a COPC farther downcanyon in the south fork. Copper is also elevated in the north Anchor East basin
(reach AEN-1) and in several reaches along the main channel of Pajarito Canyon, notably PA-1E,
PA-2W, and PA-4, suggesting additional dispersed sources and downcanyon transport. The spatial
distribution suggests releases of copper from TA-09, TA-22, and TA-40, although the nature of the
releases is not certain.

Cyanide is an important COPC for evaluating potential ecological risk in the Pajarito watershed and has
maximum concentrations above the sediment BV of 0.82 mg/kg in 12 of the investigation reaches. Its
spatial distribution indicates both releases from the Laboratory and an association with ash from the
Cerro Grande burn area. The highest concentration, 6.52 mg/kg, was measured in pre-fire sediment in
reach TWSE-1W in the southeast fork of Twomile Canyon downcanyon of TA-22, indicating releases from
this site. The average concentration in fine facies pre-fire sediment is also greater than the BV in this
reach (Figure 7.1-1). Besides TWSE-1W, all reaches with elevated cyanide are associated with post-fire
sediment, indicating a source in ash from the Cerro Grande burn area. Cyanide is also elevated in post-
fire sediment samples and stormwater collected from other burned watersheds not affected by Laboratory
activities (Gallaher and Koch 2004, 088747, pp. 44-46; LANL 2004, 087390, Figure D-1.7-1, p. D-40).

Iron is the second most important inorganic chemical for evaluating potential human risk in the Pajarito
watershed, with maximum concentrations being greater than the sediment BV of 13,800 mg/kg in half of
the investigation reaches (16 of 32) and greater than the residential SSL of 23,500 mg/kg in 4 reaches.
The spatial distribution of iron is very similar to that of aluminum, discussed above, with average
concentrations in fine facies sediment exceeding the BV in reaches AW-1, PA-4, PAS-1E, and TH-1E
(Figure 7.1-1). No clear spatial trends are indicated in these data that would indicate significant
Laboratory sources for iron, and most of the iron results above the BV may represent a locally elevated
background, as also found in Cafiada del Buey, the next canyon north of lower Pajarito Canyon (Drakos
et al. 2000, 068739).

Lead is an important COPC for evaluating potential human health risk in the Pajarito watershed and has
maximum concentrations exceeding the sediment BV of 19.7 mg/kg in half of the investigation reaches
(16 of 32). Average lead concentrations in fine facies sediment exceed the BV in six reaches, as shown in
Figure 7.1-1, and indicate several sources. The highest average concentrations occur in reach AW-1
downgradient of TA-08, similar to several other metals, indicating probable releases from this site. The
second highest average concentrations occur in reach THM-1, immediately downcanyon from the R-44
firing site [(SWMU 15-006(c)], consistent with the known use of lead in open-air tests at R-44 (LANL
1998, 059577, p. 2-25). In contrast, elevated results in other reaches indicate non-Laboratory sources.
For example, lead concentrations are elevated in reach TWN-1W, upgradient from Laboratory SWMUs
and AOCs but downgradient of NM 501, indicating a source in road runoff. Lead is a common
contaminant found below roads and other developed areas, and one source is leaded gasoline (Walker et
al. 1999, 082308, p. 364; Breault and Granato 2000, 082310, p. 48; Callender and Rice 2000, 082307,

p. 232). Other reaches with elevated lead downgradient of major roads include TW-1E, PA-3E, and PA-4.
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Manganese is an important COPC for evaluating potential human health risk and has maximum
concentrations above the sediment BV of 543 mg/kg in most investigation reaches in the Pajarito
watershed (20 of 32). The spatial distribution of manganese indicates that the most important source in
the watershed is ash from the Cerro Grande burn area, although many samples from non-fire-affected
sediment also have manganese concentrations above the BV. Average concentrations of manganese in
fine facies sediment are significantly higher in post-fire samples than in pre-fire samples in many reaches,
as shown in Figure 7.1-1. These relations are consistent with previous studies that also identified
manganese as being elevated in ash-rich sediment in comparison to pre-fire background (Katzman et al.
2001, 072660; Kraig et al. 2002, 085536; LANL 2004, 087390). Average concentrations are slightly above
the BV in pre-fire sediment in two reaches: TW-1W, west of the Laboratory, and PA-4, west of NM 4
(Figure 7.1-1), the former documenting a locally elevated background as also seen in Cafiada del Buey
(Drakos et al. 2000, 068739, p. 32). Concentrations above the BV in pre-fire samples suggest possible
releases of manganese from several TAs (e.g., TA-06, TA-08, TA-09, TA-15, and TA-40), although the
amounts would have been small as average concentrations are not significantly elevated.

Mercury is an important COPC for evaluating potential ecological risk in the Pajarito watershed and has
maximum concentrations above the sediment BV of 0.1 mg/kg in two of the investigation reaches: AEN-1
and AW-1. Average concentrations in fine facies sediment are also greater than the BV in both of these
reaches (Figure 7.1-1), indicating releases from TA-08 and TA-09. Because mercury is not a COPC in
downcanyon reaches, the total releases were apparently small.

Perchlorate is an inorganic chemical with no sediment BV and no ESL and is discussed here because of
the potential for ecological risk (LANL 2006, 093553). Perchlorate has a detection frequency of 12% in
sediment in the Pajarito watershed, and the maximum detected concentration (0.0028 mg/kg in reach
PA-2W) is within the range of detection limits for the full data set. Average concentrations in fine and
coarse facies sediment in each reach show no spatial trends (Table D-1.2-1 in Appendix D), and detected
concentrations are similar in reaches upcanyon from Laboratory SWMUs and AOCs (PA-0, TW-1W, and
TWN-1W) and in downcanyon reaches. Therefore, the sediment data show no evidence of releases of
perchlorate from Laboratory sites into the Pajarito watershed.

Selenium is an important COPC for evaluating potential ecological risk in the Pajarito watershed and has
maximum detected concentrations above the sediment BV of 0.3 mg/kg in most investigation reaches
(22 of 32). Evaluating the distribution of selenium is difficult because of a high frequency of nondetects
(71%) and elevated detection limits, such that the average detection limit for nondetects (1.90 mg/kg) is
more than twice than the average detected concentration (0.88 mg/kg). The maximum detected
concentration, 4.39 mg/kg, was obtained from the background reach PA-0 west of NM 501, and selenium
was also detected above the BV in the other two reaches upcanyon from SWMUs and AOCs (TW-1W
and TWN-1W). Average selenium concentrations in coarse and fine facies sediment are presented in
Table-D-1.2-1 in Appendix D, and this table also indicates the uncertainty in average concentrations
associated with elevated detection limits. Considering the uncertainties, no spatial trends are apparent
that would indicate significant Laboratory releases, and the sediment data suggest that selenium in the
Pajarito watershed is largely or entirely naturally derived.

Silver is an important COPC for evaluating potential human health risk and has maximum concentrations
above the sediment BV of 1.0 mg/kg in eight reaches. The spatial distribution of silver indicates clear
sources at Laboratory sites. Average silver concentrations in fine facies sediment are highest in the south
fork Pajarito Canyon basin immediately downgradient of TA-08 in reaches AW-1 and PAS-1E and remain
elevated above the BV downcanyon to reach PA-2W. Photographic-processing facilities at TA-08 are the
probable source of this silver. Average concentrations are also above the BV in reaches AEN-1 and
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TW-1E, indicting releases from TA-09 and TA-69, although concentrations are much lower in these
reaches and releases were apparently much smaller.

Thallium is an important COPC for evaluating potential human health and ecological risk in the Pajarito
watershed. Thallium was detected only above the sediment BV of 0.73 mg/kg in only one reach, AEN-1,
although 6 of 10 samples from this reach have concentrations above the BV. The average concentration
in fine facies sediment in AEN-1 is also above the BV (Table D-1.2-1, Appendix D). These data indicate
releases of small amounts of thallium into the north Anchor East basin from TA-09, with no recognizable
impact farther east in Pajarito Canyon.

Total uranium is an important COPC for evaluating potential human health risk in the Pajarito watershed.
Total uranium concentrations were calculated from the isotopic uranium data obtained in this study, and
average concentrations for fine and coarse facies sediment are presented in Table D-1.2-1 in Appendix D
for reaches where total uranium is a COPC. These data show the same general spatial pattern found for
uranium-238 (discussed in Section 7.1-3), with all reaches in the Threemile watershed having average
concentrations in fine facies sediment greater than the sediment BV of 6.99 mg/kg, and uranium being
close to or below the BV in other reaches. The highest concentrations occur in reaches THS-1W

(138 mg/kg) and THM-1 (153 mg/kg), in the south and middle forks of Threemile Canyon downcanyon
from the E-F and R-44 firing sites, SWMUs 15-004(f) and 15-006(c), respectively. Total uranium is not a
COPC farther downcanyon in Pajarito Canyon east of TA-18.

Vanadium is an important COPC for evaluating potential human health and ecological risk in the Pajarito
watershed. It has maximum concentrations above the sediment BV of 19.7 mg/kg in most of the
investigation reaches (20 of 32), and average concentrations in fine facies sediment are greater than the
BV in 11 reaches (Figure 7.1-1 and Table D-1.2-1 in Appendix D). Maximum concentrations of vanadium
occur in reach AW-1 below TA-08, and the average concentration in fine facies sediment in AW-1 is more
than twice the BV, indicating releases from TA-08. Elsewhere in the Pajarito watershed, there are no
clear spatial trends in vanadium concentrations. The elevated results at least in part represent naturally
elevated background concentrations, as shown by concentrations above the BV in reaches PA-0 and
TWN-1W upcanyon from Laboratory SWMUs and AOCs. Vanadium has also been identified as having a
locally elevated background elsewhere on the Pajarito Plateau (Cafiada del Buey reach CDB-4, Drakos et
al. 2000, 068739).

Zinc is a potentially important COPC for evaluating ecological risk in the Pajarito watershed, and
maximum concentrations are greater than the sediment BV of 60.2 mg/kg in 13 investigation reaches.
The maximum zinc concentrations are in reach AW-1 below TA-08. Average zinc concentrations in fine
facies sediment are above the BV in two reaches, AW-1 and PA-4, and are close to the BV in two more,
PA-3E and TWN-1E (Figure 7.1-1). All of these areas receive runoff from large areas of paved roads
and/or parking lots, and zinc is commonly found in urban runoff; one important source for zinc is tire-wear
particulates (Walker et al. 1999, 082308, p. 364; Breault and Granato 2000, 082310, p. 49; Callender and
Rice 2000, 082307, p. 232). The highest average zinc concentration in fine facies sediment in the Pajarito
watershed is from AW-1, about 75 mg/kg, which is less than what is occurring in the upper parts of Acid,
DP, and Mortandad Canyons (85-130 mg/kg), each of which also receives runoff from large paved areas
(LANL 2004, 087390, p. 7-14; LANL 2006, 094161, p. 47). The spatial distribution of zinc therefore
indicates that the primary source in the Pajarito watershed is runoff from roads and other developed
areas.
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7.1.2  Organic Chemicals in Sediments

Three organic chemicals detected in sediments in the Pajarito watershed have maximum detected
concentrations greater than residential SSLs and are most important for assessing potential human
health risk: the PCB Aroclor-1254 and the PAHs benzo(a)anthracene and benzo(a)pyrene. Based on the
comparison to residential SSLs in Section 6.6.2, four other organic COPCs are also identified as
potentially contributing to risk: Aroclor-1248, Aroclor-1260, benzo(a)fluoranthene, and naphthalene.
Additional organic chemicals detected in sediment samples are important for assessing potential
ecological risk [bis(2-ethylhexyl)phthalate and di-n-butylphthalate] or for understanding potential off-site
transport (Aroclor-1242). These organic chemicals are derived from a variety of sources, including
Laboratory SWMUs or AOCs and runoff from roads and other developed areas, as indicated by their
spatial distribution (discussed below). Once in the canyon bottoms, most of these organic chemicals will
adsorb to sediment particles and organic matter, and their subsequent fate and transport by fluvial
processes is expected to be similar to that for inorganic chemicals. Some of the organic chemicals
discussed in this section have relatively short environmental half-lives associated with biodegradation
and/or volatilization in the environment. Therefore, the concentrations will decrease over time unless
contaminants are added to the canyon bottoms (such as from road runoff). However, the degradation
rates are not well constrained and will vary with local environmental conditions.

This section focuses on spatial variations in organic chemicals in the Pajarito watershed, and supporting
information is included in Appendix D. Tables D-1.2-2 to D-1.2-7 present average concentrations in each
reach for organic chemicals discussed in this section, substituting one-half of the detection limit for
nondetected sample results. These tables also present the upper and lower bounds on these averages,
using either the detection limit or zero for nondetects, respectively. These tables indicate that on average,
concentrations of these organic chemicals are lower in coarse facies sediment than in fine facies
sediment, and the discussions and figures in the following sections focus on data from fine facies
sediment. Tables D-1.2-2 to D-1.2-7 also indicate that considerable uncertainty exists in the average
concentration of organic chemicals in some reaches because of elevated detection limits and/or a high
frequency of nondetects.

7.1.21 PCBs

PCBs have low solubilities and a strong affinity for organic material and sediment particles (Chou and
Griffin 1986, 083419). PCBs were widely used in electric transformers and other industrial applications
(e.g., Walker et al. 1999, 082308, pp. 364-365), and their widespread use is consistent with their spatial
distribution in sediments in the Pajarito watershed. The sediment data indicate that PCBs were derived
from multiple sources in the watershed and that concentrations generally decrease downcanyon from
these sources, as discussed below.

Aroclor-1242 was detected only in single samples in each of two reaches: PA-5W in Pajarito Canyon east
of White Rock and TWSW-1W in the southwest fork of Twomile Canyon. The highest concentration was
measured in PA-5W, indicating a non-Laboratory source.

Aroclor-1248 was detected in 12 samples from four reaches: PA-5W, TW-1E, TW-2E, and TWN-1E. The
highest concentrations were measured in TW-1E, immediately downcanyon from SWMU 69-001, a former
incinerator ash pond in the Twomile watershed that has also been identified as a source for dioxins and
furans, as discussed in Section 7.1.2.4. TWN-1E is downcanyon from large developed areas in TA-03,
indicating one or more sources in this TA. The Aroclor-1248 detected downstream in TW-2E could have
been derived from a combination of these sources. Lower concentrations were measured in PA-5W,
indicating a separate, smaller source or sources in White Rock.
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Aroclor-1254 and Aroclor-1260 are more widely distributed in the Pajarito watershed, and multiple
sources are also indicated for these PCBs. Figure 7.1-2 presents average concentrations of Aroclor-1254
and Aroclor-1260 in fine facies sediment in the Pajarito watershed, substituting one-half of the detection
limit for nondetected sample results and showing upper and lower bounds on these averages. The
highest concentrations of both Aroclors were measured in reach AW-1 within the south fork of Pajarito
Canyon watershed immediately below TA-08, indicating one or more sources at TA-08. This is the only
reach with PCB concentrations above residential SSLs. Concentrations of PCBs decrease rapidly in the
next downcanyon reach, PAS-2W.

The next highest concentrations of both Aroclor-1254 and Aroclor-1260 were measured in reaches
TWN-1E and TW-2E, indicating one or more sources at TA-03. Detections of Aroclor-1260 in TW-1E
indicate an additional smaller source at SWMU 69-001, as seen for Aroclor-1248. Detections of
Aroclor-1254 and Aroclor-1260 in TWSW-1W, TWSW-1E, TWSE-1W, and TWSE-1E indicate additional
sources in the southwest and southeast forks of Twomile Canyon. Concentrations remain elevated farther
east in Twomile Canyon but at lower concentrations than seen closer to TA-03 (Figure 7.1-2).

Detections of Aroclor-1260 in reach AEN-1, in the north Anchor East basin below TA-09, indicate a
source for PCBS at this TA. Farther downcanyon in Pajarito Canyon, an additional source at TA-18 is
suggested by detections of both Aroclor-1254 and Aroclor-1260 in reach PA-3E, although estimated
average concentrations in this reach are affected by elevated detection limits, as shown in Figure 7.1-2.

7.1.2.2 PAHs

PAHSs have a range of chemical properties, with some being less volatile and less soluble, and these
chemicals are more likely to become adsorbed to and persist in sediments (Neff 1979, 083420). Some
PAHSs, such as naphthalene, are relatively volatile and have the lowest affinity for sediments, whereas
other PAHSs, such as benzo(a)pyrene, are less volatile and less soluble and have a stronger affinity for
sediments. The different PAHs also have somewhat different spatial distributions in the Pajarito
watershed, indicating different sources, as discussed below. Considerable uncertainty exists in the
average concentrations of PAHs in some reaches because of low detection frequencies and/or detected
values at or below detection limits in other samples.

All four PAHSs that are important for evaluating potential human health risk in the Pajarito watershed
[benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and naphthalene] and an additional PAH
that is important for evaluating potential ecological risk (anthracene) have maximum concentrations in a
single coarse-grained sediment sample from the active stream channel in the north fork of Twomile
Canyon (reach TWN-1E), immediately below large paved areas in TA-03. The concentrations in this
sample are >10 times higher than in all other samples from the watershed, and it was suspected that a
fragment of asphalt was analyzed in the sample and that these concentrations were not representative of
the stream channel sediments in this reach. Therefore, this location was resampled and two additional
samples were collected from the active channel in TWN-1E. The original elevated results could not be
reproduced, supporting the interpretation that the original results were not representative.

Excluding the anomalous coarse-grained channel sample from reach TWN-1E, PAHs in each reach have
average concentrations in coarse facies sediment that are less than in fine facies sediment, as presented
in Table D-1.2-3 of Appendix D. Table D-1.2-3 shows averages calculated using all samples, as well as a
second set of averages for reach TWN-1E using the resample values, illustrating the effects of the single
anomalous sample on the calculated averages. The spatial distribution of average concentrations of
PAHSs in fine facies sediment in the Pajarito watershed is plotted in Figure 7.1-3. Four of the five PAHS in
these plots have similar spatial distributions, indicating similar sources and behavior: anthracene,
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benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene. Estimated average concentrations in
fine facies sediment for these four PAHs are highest in the north fork of Twomile Canyon below TA-03
(TWN-1E) and generally decrease downcanyon from TWN-1E, supporting a source from paved areas in
TA-03. Drainage from tar roofs is another possible source of PAHs in runoff from developed areas.
Relatively high concentrations were also measured farther downcanyon in Twomile Canyon (reach
TW-2E), in reaches AEN-1 and AW-1 below large developed areas in TA-08 and TA-09, and locally in
Pajarito Canyon adjacent to Pajarito Road (reaches PA-3E and PA-4). In contrast, one of these PAHs
[benzo(a)anthracene] was detected in the largely undeveloped Threemile watershed in only a single
sample, in reach TH-1E. The inferred source for these PAHs in developed areas in the Pajarito watershed
is consistent with that seen previously in the Los Alamos and Pueblo watershed (LANL 2004, 087390,
p. 7-16) and the Mortandad watershed (LANL 2006, 094161, pp. 48-49).

The remaining PAH that is important for evaluating potential human health risk, naphthalene, was
detected in only three reaches in the Pajarito watershed (Table D-1.2.3 and Figure 7.1-3) and in a single
sample in one of these reaches, TWN-1E. The TWN-1E detect was in the anomalous coarse-grained
sample discussed previously, and naphthalene was not detected in the resample. In contrast to this
isolated detect, naphthalene was detected in two samples from AW-1 and in four samples in the next
downcanyon reach, PAS-2W, indicating a relatively small source at TA-08.

7.1.2.3 Other SVOCs

Besides PAHSs, three other SVOCs are important in the Pajarito watershed for assessing potential
ecological risk: benzoic acid, bis(2-ethylhexyl)phthalate, and di-n-butylphthalate (LANL 2006, 093553).
Sources and average concentrations of these SVOCs are typically uncertain, as discussed below.

Benzoic acid was reported as detected in 10 investigation reaches in the Pajarito watershed, 7 of them in
single samples. The maximum detected concentration was in a sample from the background reach PA-O,
west of the Laboratory, and the detection frequency in this reach was 18% (2 of 11 samples), indicating
either a natural source for this chemical or false positives from the analytical laboratory. Average
concentrations in fine facies sediment are shown in Figure 7.1-4 and show no spatial trends that would
indicate significant Laboratory sources. The highest average concentration shown in this figure, in reach
TWSE-1E, results from elevated detection limits in three samples; the only detected result in this reach is
below the detection limits for other samples. The estimated average concentrations in other reaches also
have large uncertainty because of high frequencies of nondetects (95% in sediment samples in the
watershed) and with detection limits that are similar to reported detected values.

Bis(2-ethylhexyl)phthalate was detected in five investigation reaches in the Pajarito watershed, although
in two of these reaches there were only single detected results (PA-4 and TWN-1W). EPA identified
bis(2-ethylhexyl)phthalate as a common laboratory contaminant (EPA 1989, 008021, p.5-16), which may
explain some of the results, including the single detects in TWN-1W, upcanyon from Laboratory SWMUs
or AOCs and in PA-4. The highest concentration, 1.27 mg/kg, and the highest detection frequency, 40%,
are from reach THM-1 in the middle fork of Threemile Canyon below the R-44 firing site in TA-15
[(SWMU 15-006(c)]. The location with the highest concentration (TH-25024) was also resampled as part
of the biota investigation; the original result was replicated, confirming releases from this site. Detection
frequencies are 25% in reach AW-1 below TA-08 and 20% in reach TWSE-1E below TA-40, suggesting
additional releases from these sites. As shown in Figure 7.1-4, the reaches with
bis(2-ethylhexyl)phthalate detections are isolated from each other, with no evidence of significant
downcanyon transport. The estimated average concentrations also have large uncertainty associated with
high frequencies of nondetects (95% in sediment samples in the watershed) and detection limits that are
similar to reported detected values.
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Di-n-butylphthalate was detected in only five samples in three investigation reaches in the Pajarito
watershed for a detection frequency of 1%. The two highest concentrations (0.27 and 1.54 mg/kg) were
measured in reach AW-1 where the detection frequency was 10%, indicating small releases from TA-08.
The next two highest concentrations were measured in reach PA-4 where the detection frequency was
14%, although these detected results (0.06 and 0.104 mg/kg) are below the detection limit for all other
samples from this reach. There was also a single detected result from reach TWN-1E at a very low
concentration (0.0486 mg/kg) that is also below the detection limits for all other samples from this reach.
EPA identified di-n-butylphthalate as another common laboratory contaminant (EPA 1989, 008021,

p. 5-16), suggesting that the results from PA-4 and TWN-1E may be false positives. As shown in

Figure 7.1-4, the reaches with di-n-butylphthalate detections are isolated from each other, as seen for
bis(2-ethylhexyl)phthalate, with no evidence of significant downcanyon transport. This figure also shows
the large uncertainties in average concentration that are associated with low detection frequencies and
detected results below detection limits for other samples.

7.1.2.4 Explosive Compounds

Twelve explosive compounds were detected in sediment in the Pajarito watershed. For 10 of these there
are only single detects in specific reaches, and at least some of these appear to be false positives.
Specifically, six of the explosive compounds (amino-2,6-dinitrotoluene[4-], amino-4,6-dinitrotoluene[2-],
HMX, nitrobenzene, nitrotoluene[2-], and tetryl) had maximum detected concentrations reported from a
single ash-rich post-fire sample from the background reach PA-0, west of NM 501, suggesting that the
results may be partially an artifact of analytical interferences. Four of the explosive compounds had only
single detects in the watershed (dinitrotoluene[2,6-] in reach TH-3; nitrotoluene[3-] in reach TW-2E;
hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) in reach TWSE-1E; and trinitrotoluene[2,4,6-] in reach
PA-2W). One of the explosive compounds was detected in two samples in one reach (dinitrotoluene[2,4-]
in TW-2E) but not in upcanyon or downcanyon reaches.

The remaining explosive compound, triaminotrinitrobenzene (TATB), has a spatial distribution that
indicates releases from TA-09 and downcanyon transport as far east as reach PA-3E, immediately east of
TA-18. TATB is also the only explosive compound identified as important for assessing potential human
health risk. Maximum concentrations for TATB were measured in reach AEN-1, and it was detected in
50% of the samples in this reach. TATB was also detected in the next three downcanyon reaches
(PA-1E, PA-2W, and PA-3E) but not elsewhere in the Pajarito watershed. Table D-1.2-5 in Appendix D
presents average concentrations of TATB in fine and coarse facies sediment and shows that
concentrations are higher in fine-grained sediment than in coarse-grained sediment, as seen for other
COPCs. Figure 7.1-5 presents average concentrations of TATB in fine facies sediment and shows
downcanyon decreases below AEN-1, although there is considerable uncertainty in average
concentrations in downcanyon reaches because of low detection frequencies and elevated detection
limits.

7.1.2.5 Dioxins and Furans

Analyses for dioxins and furans in sediment were obtained from five investigation reaches in the Pajarito
watershed and confirm a suspected source at SWMU 69-001, a former incinerator ash pond in the
Twomile watershed, and also an additional source in the Cerro Grande burn area upcanyon from the
Laboratory. Maximum concentrations of each dioxin and furan analyte were measured in pre-fire
sediment deposits in reach TW-1E, immediately downcanyon from SWMU 69-001, but many of these
analytes were also detected in reach TW-1W, west of NM 501, in an area dominated by post-fire
sediment deposits. Table D-1.2-6 in Appendix D presents average concentrations of four categories of
dioxins and furans (total pentachlorodibenzodioxins, total pentachlorodibenzofurans, total
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tetrachlorodibenzodioxins [TCDDs], and total tetrachlorodibenzofurans [TCDFs]) in fine and coarse facies
sediment in the five sampled investigation reaches. These values show that concentrations are higher in
fine-grained sediment than in coarse-grained sediment, as seen for other COPCs.

Figure 7.1-6 presents average concentrations of two of these analytes, total TCDDs and total TCDFs, in
fine facies sediment to illustrate their spatial distribution. TCDD is the dioxin and furan analyte that is most
important for evaluating potential ecological risk and has the highest average concentration in TW-1E, but
TCDD is also elevated in TW-1W. There is relatively little variation in TCDD concentrations between the
five sampled reaches, and average concentrations in TW-1E are less than twice that in TW-1W, indicating
that most of the TCDD may be derived from non-Laboratory sources (e.g., ash from the Cerro Grande
burn area). In contrast, TCDF has low concentrations in TW-1W, relatively high concentrations in TW-1E,
and progressively decreasing concentrations downcanyon (Figure 7.1-6), showing that TA-69 is the main
source for this COPC. The data from the two downcanyon reaches, TW-4E and PA-3E, were from
sediment deposited in the large flood of August 25, 2006, documenting concentrations carried in a
significant flood event. (No samples were collected downcanyon from PA-3E after this event because
associated sediment deposits were too thin to sample.)

7.1.2.6 Pesticides

One pesticide, DDT, has been identified as important for evaluating potential ecological risk in the Pajarito
watershed (LANL 2006, 093553). DDT and other pesticides have low solubilities and a strong affinity for
organic material and sediment particles (Pionke and Chesters 1973, 083423; Nowell et al. 1999, 083422).
DDT was detected in 10 investigation reaches, with the highest detection frequency, 45% (5 of 11
samples), in background reach PA-0 west of the Laboratory. DDT was also detected in reach TW-1W,
another background reach west of the Laboratory, which is consistent with documented spraying of DDT
in the Santa Fe National Forest (LASL 1963, 064879). Additional sources probably exist at Laboratory
TAs, resulting from historical pest-control use by Laboratory groundskeepers, as inferred in other
watersheds (LANL 2004, 087390, p. 7-18; LANL 2006, 094161, p. 50). Average concentrations of DDT in
fine facies sediment in the investigation reaches are shown in Figure 7.1-7, indicating that it is most
commonly detected and has the highest concentrations in the western part of the Laboratory, although it
has also been detected near the eastern Laboratory boundary (reach PA-4E) and farther east, below
White Rock (reach PA-5W). Figure 7.1-7 also shows that there is considerable uncertainty in the average
concentration of DDT in most reaches, which is associated with a high frequency of nondetects and
detected values commonly below detection limits for other samples.

7.1.3 Radionuclides in Sediments

Radionuclides in sediments in the Pajarito watershed have several sources, as indicated by their spatial
distribution. Sources include Laboratory firing sites, ash from the Cerro Grande burn area, and naturally
occurring background. Subsequent discussions focus on the five radionuclides that are most important for
the evaluation of potential human health risk, based on comparison to residential SALs in Section 6.2.2:
cesium-137, plutonium-239,240, thorium-228, thorium-232, and uranium-238. No radionuclide COPCs
have been identified as important for evaluating ecological risk (LANL 2006, 093553). Table D-1.2-8 in
Appendix D shows average concentrations of these five radionuclides in fine and coarse facies sediment
in each reach. For two fallout radionuclides that are elevated in Cerro Grande ash, cesium-137 and
plutonium-239,240, Table D-1.2-8 distinguishes concentrations in pre- and post-fire sediment in each
reach.
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Two of the radionuclide COPCs that are potentially important for evaluating potential human risk, cesium-
137 and plutonium-239,240, have been identified both as COPCs at SWMUs or AOCs in the Pajarito
watershed (LANL 1998, 059577) and as being elevated above the sediment BV in Cerro Grande ash
(Katzman et al. 2001, 072660; Kraig et al. 2002, 085536; LANL 2004, 087390). Figure 7.1-8 shows the
spatial variations in average cesium-137 and plutonium-239,240 concentration in fine facies sediment in
each reach, separated into pre-fire and post-fire samples, indicating that these radionuclides in the
Pajarito watershed are dominated by ash from the Cerro Grande burn area. Average concentrations are
only greater than the BV in post-fire sediment, including Pajarito Canyon west of the Laboratory (reach
PA-0). The highest average concentrations of cesium-137 were found in the large wetlands in Pajarito
Canyon west of NM 4 (reach PA-4) at >4 times the BV of 0.9 pCi/g, where thick layers of fine-grained
ash-rich sediment were deposited in 2000. The highest average concentrations of plutonium-239,240
were found in Pajarito Canyon west of NM 501 (reach PA-0) at >10 times the BV of 0.068 pCi/g, in an
area dominated by post-fire sediment.

The only radionuclide COPC with a maximum concentration exceeding the residential SAL is
thorium-228. Thorium-228 was measured only above the sediment BV of 2.28 pCi/g and the residential
SAL of 2.3 pCi/g in single samples in each of two reaches, PA-4 and THS-1E. The maximum result,
3.03 pCi/g from THS-1E, is 33% greater than the BV, and all results from the upcanyon reach closer to
potential sources (THS-1W) are below the BV. The maximum result from PA-4, 2.37 pCi/g, is only 4%
greater than the BV, and results from upcanyon reaches are all below the BV (except for the single
sample in THS-1E). THS-1E is incised into Bandelier Tuff unit Qbt 1v, which has a relatively high BV for
thorium-228 (3.75 pCi/g) (LANL 1998, 059730), indicating that the thorium-228 here is probably naturally
occurring and derived from the local rock unit.

Similar to thorium-228, thorium-232 was measured only above the BV of 2.33 pCi/g in a single sample
from THS-1E at a concentration of 2.57 pCi/g. This thorium-232 result from THS-1E is less than the
Qbt 1v BV of 3.75 pCi/g (LANL 1998, 059730), also indicating a naturally elevated background in this
area.

The remaining radionuclide COPC that is potentially important for evaluating potential human risk,
uranium-238, is pervasively above background concentrations in reaches in the Threemile watershed and
has a distribution that clearly indicates primary sources at firing sites, as shown in Figure 7.1-9. The
highest average concentration was found in reach THS-1W in the south fork of Threemile Canyon, in
proximity to the R-44 firing site [(SWMU 15-006(c)], and downcanyon from the E-F firing site

[(SWMU 15-004(f)] in TA-15. Uranium has been previously shown to be a COPC at these firing sites
(LANL 1998, 059577, p. 2-25). The second highest average concentration was found in reach THM-1 in
the middle fork of Threemile Canyon and also in proximity to the R-44 firing site. The third highest
average concentration was found in reach THS-1E downcanyon from THS-1W. Uranium-238
concentrations remain elevated in the next downcanyon reach, TH-3, in main Threemile Canyon, but
concentrations are close to background levels farther downcanyon in reach PA-3E in Pajarito Canyon
(Figure 7.1-9). Uranium-238 is also elevated farther west in the Threemile watershed in reaches TH-1C,
TH-1E, and THW-1, although at much lower concentrations.

7.1.4  Summary of Sources and Distribution of Key Sediment COPCs

The data discussed in the previous sections indicate that the sediment COPCs in the Pajarito watershed
have a variety of sources, including Laboratory SWMUs or AOCs, runoff from roads and other developed
areas, ash from the Cerro Grande burn area, and natural background. Table 7.1-1 summarizes the
inferred primary sources of the sediment COPCs discussed above and also the inferred downcanyon
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extent of COPCs derived from Laboratory sources. Sources and downcanyon extent for these COPCs
are discussed further below.

7.1.4.1 Upper Pajarito Watershed Sources

The sediment data indicate that TA-08 (Anchor West site) is a source for several contaminants in the
upper Pajarito watershed above the confluence with Twomile Canyon, including the inorganic chemicals
arsenic, barium, chromium, lead, mercury, silver, and vanadium, and the organic chemicals Aroclor-1254,
Aroclor-1260, di-n-butylphthalate, and naphthalene (Table 7.1-1). Releases from TA-08 either entered a
short drainage referred to as the Anchor West basin (reach AW-1) east of the main TA-08 facilities or the
south fork of Pajarito Canyon (reach PAS-1E) to the north. The Anchor West basin has a small drainage
area and reach AW-1 is dominated by fine-grained sediment. Many inorganic and organic COPCs in
sediment have their maximum concentration in the Pajarito watershed in AW-1, as shown in Tables 6.2.1
and 6.2.2. Some of these have been identified as COPCs downcanyon in the south fork of Pajarito
Canyon (reach PAS-2W), but others are COPCs in AW-1 but not in PAS-2W, indicating little downcanyon
transport (e.g., chromium, lead, mercury, Aroclor-1260, and di-n-butylphthalate).

Silver is one COPC that has maximum concentrations in the Pajarito watershed below TA-08 and can be
identified as extending farther downcanyon. Its spatial distribution is shown in Figure 7.1-10 to illustrate
the effects of downcanyon transport and mixing on a contaminant derived from TA-08. TA-08 historically
had photoprocessing facilities that discharged silver as part of a photochemical waste stream. Silver is
elevated in both AW-1 and PAS-1E, as well as downcanyon in reaches PAS-2W, PA-1E, and PA-2W but
not in the next reach downcanyon from TA-18 (PA-3E) or in lower Pajarito Canyon below White Rock
(PA-5W). Figure 7.1-10 shows the variations in maximum silver concentration in each reach downcanyon
from TA-08 and also averages in fine and coarse facies sediment, illustrating the generally higher
concentrations in fine facies sediment. One exception to the occurrence of higher concentrations in fine-
grained sediment, as compared with coarse-grained sediment, is in reach PAS-2W, close to the source,
where the maximum measured silver concentration was in a coarse-grained sample from an abandoned
post-1942 channel deposit. The relatively high concentrations in coarse-grained sediment here probably
record the direct infiltration of silver-bearing effluent into the stream bed, as seen in reaches in other
canyons that received liquid effluent (LANL 2004, 087390; LANL 2006, 094161).

The sediment data indicate that another source for contaminants in the upper Pajarito Canyon watershed
is TA-09 (Anchor East site), including the inorganic chemicals cadmium, chromium, mercury, and
thallium, and the explosive compound TATB. Cadmium, thallium, and TATB have their highest measured
concentrations in the Pajarito watershed in reach AEN-1 in the north Anchor East basin below TA-09 and
have variable spatial distributions. Thallium was detected only above the BV in AEN-1 and was not
transported in high enough quantities to be identifiable as a COPC downcanyon in Pajarito Canyon.
TATB was detected in the next three downcanyon reaches (PA-1E, PA-2W, and PA-3E), indicating
transport past the confluences with Twomile and Threemile Canyons, but was not detected farther
downcanyon (Figure 7.1-5). In contrast, cadmium was consistently detected above the sediment BV from
AEN-1 to the farthest downcanyon reach, PA-5W below White Rock, except for reach PA-4E where
relatively few samples were analyzed (Figure 7.1-1).

The distribution of cadmium downcanyon from TA-09 provides examples of both differences in
concentrations of a contaminant between coarse-grained and fine-grained sediment and also the
apparent effects of post-fire floods on contaminant redistribution. The upper plot in Figure 7.1-11 shows
the higher average concentrations of cadmium in fine facies samples compared with coarse facies
samples in the investigation reaches and also general downcanyon decreases in concentrations of both.
Maximum concentrations, however, show more variability that is best explained by the effects of post-fire

EP2008-0450 35 September 2008



Pajarito Canyon Investigation Report

floods, as presented in the lower plot in Figure 7.1-11. In pre-fire sediment deposits, cadmium shows
progressive downcanyon decreases in maximum concentrations between AEN-1 and PA-3E, with
concentrations in PA-3E and downcanyon being below the BV. In post-fire sediment deposits, maximum
concentrations are relatively low near the source in reaches AEN-1 and PA-1E and then increase and
remain relatively consistent downcanyon to PA-5W east of White Rock. Cadmium was not detected
above the BV in post-fire sediment upcanyon from the Laboratory in reach PA-0, indicating that the
presence of Cerro Grande ash cannot explain the higher concentrations in post-fire sediment in the lower
canyon. Instead, this spatial pattern indicates that cadmium-bearing sediment deposits downcanyon from
the north Anchor East basin were eroded by post-fire floods and that this sediment was transported
downcanyon at least as far as PA-5W with relatively little mixing and dilution.

Chromium and copper were also identified as COPCs in reach AEN-1 and in all downcanyon reaches
(excluding PA-4E), indicating that TA-09 was also a source for these metals in the Pajarito watershed.
Figures 7.1-12 and 7.1-13 show the downcanyon distributions of chromium and copper, respectively,
below TA-09. Both show similar spatial patterns to cadmium that have higher average concentrations in
fine facies than in coarse facies sediment in each investigation reach and higher maximum
concentrations in post-fire than in pre-fire sediment from PA-2W to PA-5W. As with cadmium, neither
chromium nor copper is a COPC in the fire-affected background reach PA-0, indicating that the presence
of Cerro Grande ash does not noticeably affect their concentrations. However, the distribution of copper
differs from other contaminants released from TA-09 because it has the highest measured concentrations
in downcanyon reaches in PA-2W. This suggests an additional source east of the north Anchor East
basin, specifically firing sites at TA-40 on the north rim of Pajarito Canyon where copper has been
reported as a COPC (e.g., [SWMUs 40-006 (a—c) and 40-009]; LANL 1998, 059577, p. 2-16).

7.1.4.2 Twomile Watershed Sources

In the Twomile watershed, the sediment data indicate that the main sources of COPCs from Laboratory
sites are in TA-03, TA-22, and TA-69. Excluding reach AW-1 below TA-08, the highest detected
concentrations of the PCBs Aroclor-1254 and Aroclor-1260 in the Pajarito watershed were measured in
reach TWN-1E in the north fork of Twomile Canyon below TA-03. Aroclor-1260 was detected in each
downcanyon reach below TWN-1E, except for PA-4E; its spatial distribution below TA-03 is shown in
Figure 7.1-14. Although there is large uncertainty in the average concentration of Aroclor-1260 in some
reaches associated with detection limits for some samples that are higher than detected values

(e.g., reach PA-3E), decreasing concentrations are apparent downcanyon from TWN-1E, and
concentrations are generally higher in fine facies sediment than in coarse facies sediment. In contrast to
the difference in pre-fire and post-fire concentrations for metals released from TA-09, as discussed in
Section 7.1.4.1, Aroclor-1260 shows no systematic difference between pre-fire and post-fire sediment,
and it was not detected in post-fire sediment in some reaches (PA-4 and TW-4W). A possible source for
PCBs released from TA-03 is SWMU 03-003(p), which was a storage area for electrical capacitors and
transformers (LANL 1998, 059577, p. 2-20). A VCA was conducted here in 1995, removing contaminated
soil (LANL 1998, 059577). Notably, although mercury has been one focus of attention at

SWMU 03-0101(a) in TA-03 (LANL 1995, 046195; LANL 1998, 059577, pp. 3-59-3-60), it is not present
above the BV downcanyon in the north fork of Twomile Canyon.

Reach TWSE-1W, in the southeast fork of Twomile Canyon below TA-22, had the highest measured
concentrations of copper and cyanide in the Pajarito watershed, indicating releases from this site. The
maximum measured copper concentration is above the BV in the next downcanyon reach, TWSE-1E, but
is below the BV farther east in Twomile Canyon, indicating that the total releases of copper from TA-22
were small. Cyanide is not a COPC in TWSE-1E, indicating that the total releases of cyanide from TA-22
were also small.
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Reach TW-1E in Twomile Canyon below TA-69 has the highest measured concentrations of the PCB
Aroclor-1248 and dioxins and furans (e.g., TCDD and TCDF) in the Pajarito watershed, indicating
releases from this site. SWMU 69-001, an incinerator ash pond with known releases into Twomile Canyon
(LANL 1998, 059577, p. 2-13), is the probable source of these contaminants. Barium, lead, and silver
also have their maximum concentrations in the Twomile watershed in TW-1E and are also inferred to be
derived from SWMU 69-001. Silver was not detected above the BV farther east in Twomile Canyon,
indicating relatively small releases and limited downcanyon transport. Aroclor-1248 was also detected in
the next downcanyon reach, TW-2E, but not farther east in Twomile Canyon, also indicating relatively
small releases. In contrast, TCDD and TCDF were detected in every downcanyon reach where these
analyses were obtained (TW-2E, TW-4E, and PA-3E), indicating transport at least as far as PA-3E below
TA-18, although the sediment data indicate that TCDD has a secondary source in the Cerro Grande burn
area (Figure 7.1-6 and Section 7.1.2.5).

7.1.4.3 Threemile Watershed Sources

In the Threemile watershed, the sediment data indicate that the main sources of COPCs from Laboratory
operations were firing sites in TA-15 [(SWMUs 15-006(c) and 15-004(f), also known as the R-44 and E-F
firing sites, respectively]. R-44 is located between the middle and south forks of Threemile Canyon
(above reaches THM-1 and THS-1W, respectively), and its importance as a contaminant source is shown
by the occurrence of the highest concentrations of some COPCs in the Pajarito watershed

[e.g., bis(2-ethylhexyl)phthalate, lead, and uranium-238] or in the Threemile watershed (e.g., copper) in
THM-1. THS-1W, downcanyon from both the E-F and R-44 firing sites, has the maximum concentration in
the Pajarito watershed of total uranium and may have received contaminants from either or both of these
sites.

Bis(2-ethylhexyl)phthalate, copper, and lead were not identified as COPCs in Threemile Canyon
downcanyon from the middle and south forks in reach TH-3, indicating that releases of these
contaminants from TA-15 were relatively small and that minimal downcanyon transport has occurred. In
contrast, both total uranium and uranium-238 are COPCs in TH-3, indicating larger releases, although
concentrations of both are at or near background levels in the next downcanyon reach (PA-3E).

Figure 7.1-15 shows spatial variations in the concentrations of total uranium and uranium-238 below
THS-1W and THM-1, respectively, to illustrate the effects of downcanyon mixing on the concentrations of
these COPCs. Maximum and average concentrations of both decrease rapidly downcanyon between the
sources and main Threemile Canyon. As with other COPCs, concentrations for both total uranium and
uranium-238 are higher in fine facies sediment than in coarse facies sediment. Comparison of
uranium-238 and uranium-235 concentrations in samples from the Threemile Canyon watershed
indicates that the highest values are all depleted uranium, with uranium-238/235 ratios >21.72 (natural
uranium), as shown in Figure 7.1-16.

7.1.4.4 Runoff from Roads and Other Developed Areas

Roads, parking lots, and other developed areas are the primary sources for several COPCs in sediment
in the Pajarito watershed, including zinc and several PAHS, as discussed in previous sections. These
sources are consistent with sediment data from other watersheds at the Laboratory (e.g., LANL 2004,
087390; LANL 2006, 094161) and with studies in other areas (e.g., Edwards 1983, 082302; Lopes and
Dionne 1998, 082309; Walker et al. 1999, 082308; Breault and Granato 2000, 082310; Callender and
Rice 2000, 082307; Van Metre et al. 2000, 082262). As discussed in Section 7.1.2.2, the highest
concentrations of PAHSs in the Pajarito watershed, greater than 10 times higher than in all other sample
results, were measured in a coarse-grained active channel sample in the north fork of Twomile Canyon
(reach TWN-1E), below large paved areas at TA-03. These anomalously high results could not be
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replicated in other active channel samples from that reach or in a resample from the same location,
supporting the hypothesis that a fragment of asphalt was included in the sample. The spatial variations in
concentrations of PAHSs indicate that runoff from TA-03 is the most important source in the Pajarito
watershed, with PAHs being detected down the length of Twomile Canyon and into Pajarito Canyon.
Runoffs from TA-08 and TA-09 are also notable sources, but the effect is more localized, with PAHs not
being detected in Pajarito Canyon below these sites (reach PA-1E). Figure 7.1-17 illustrates the spatial
variations in the PAH that is most important for evaluating potential human health risk, benzo(a)pyrene,
downcanyon from TA-03 and TA-08, replacing results from the one anomalous sample from TWN-1E with
results from the resample. Maximum and average concentrations decrease rapidly downcanyon from
both TAs, remaining elevated through the length of Twomile Canyon but are not detected in main Pajarito
Canyon upcanyon from Twomile Canyon (reaches PA-1E and PA-2W). The benzo(a)pyrene from TA-08
is apparently rapidly diluted with the larger volume of sediment in Pajarito Canyon, whereas in Twomile
Canyon this PAH persists. This may indicate a larger source for PAHs at TA-03 than at TA-08 and/or an
additional source in runoff from Pajarito Road and the other TAs along the north side of Twomile Canyon.

7.1.45 Cerro Grande Ash

Various inorganic chemicals and radionuclides are elevated above BVs in ash from the Cerro Grande
burn area, and downcanyon transport of ash in post-fire floods has affected the chemistry of sediment
deposits in many canyons in and near the Laboratory (Katzman et al. 2001, 072660; Kraig et al. 2002,
085536; LANL 2004, 087390). As discussed in previous sections, the occurrence of several COPCs in
the Pajarito watershed is dominated by the redistribution of ash, and some COPCs show a combination of
sources, including both releases from Laboratory sites and redistribution of Cerro Grande ash.
Manganese, cesium-137, and plutonium-239,240 are COPCs whose distribution in the Pajarito watershed
is dominated by the redistribution of ash (Sections 7.1.1 and 7.1.3; Figures 7.1-1 and 7.1-8). Barium,
cyanide, and TCDD are COPCs whose distribution indicates a combination of Laboratory releases and
redistribution of ash (Sections 7.1.1 and 7.1.2; Figures 7.1-1 and 7.1-6). Post-fire floods were effective at
transporting ash the full length of the Pajarito watershed from the Santa Fe National Forest west of

NM 501 into lower Pajarito Canyon below White Rock, particularly in summer 2000, before the Pajarito
Canyon FRS was constructed a short distance below the Pajarito—Twomile Canyon confluence. Most of
the erosion of ash from the Cerro Grande burn area occurred in 2000 (Reneau et al. 2007, 102886), and
sediment deposits from 2001 and later would have lower concentrations of ash and associated COPCs.
The largest post-fire flood in the Pajarito watershed before FRS construction occurred on June 28, 2000,
with an estimated peak discharge of 1020 cubic feet per second (cfs) at gaging station E240 west of

NM 501 and 14 cfs at E250 near the eastern Laboratory boundary (Shaull et al. 2001, 072609.112,

pp. 36, 47). This flood left sediment deposits dominated by ash (“muck”) in the reach PA-4 wetland and
other areas where peak discharge was decreasing as the flood attenuated and also in other parts of the
watershed.

7.1.4.6  Natural Background Variability

Sediment data from different canyons indicate that natural background concentrations for many inorganic
chemicals and radionuclides are more variable than found in the original sediment background data set
used to develop BVs for the Laboratory (LANL 1998, 059730; McDonald et al. 2003, 076084). As a result,
sediment concentrations can be elevated above BVs even where there are no Laboratory releases. For
example, in Cafiada del Buey above White Rock, a short distance northeast of Pajarito Canyon reach
PA-4, sampling of sediment in local drainages not affected by Laboratory operations identified a series of
inorganic chemicals as being elevated above BVs in that area (barium, cobalt, iron, selenium, and
vanadium; Drakos et al. 2000, 068739). Similarly, the spatial distribution of COPCs in the Pajarito
watershed indicates that the concentrations of several inorganic chemicals and radionuclides largely or
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entirely record natural background variations and not Laboratory releases, including aluminum, antimony,
iron, perchlorate, selenium, thorium-228, and thorium-232 (Sections 7.1.1 and 7.1.3). The sediment data
indicate that the distribution of other COPCs record a combination of Laboratory releases and natural
background variations (e.g., arsenic and vanadium) or a combination of redistribution of Cerro Grande
ash and natural background variations (e.g., manganese). The distribution of one organic COPC, benzoic
acid, also indicates a primary source in natural background or false positives from the analytical
laboratory. (Note: Because no background study has been conducted at the Laboratory for organic
chemicals, their natural concentrations are not defined.)

7.1.5 Temporal Changes in Contaminant Concentration

In comparison to other watersheds at the Laboratory (e.g., the watersheds of Los Alamos, Pueblo, and
Mortandad Canyons; Malmon 2002, 076038; LANL 2004, 087390; Reneau et al. 2004, 093174; Malmon
et al. 2005, 093540; LANL 2006, 094161), changes in contaminant concentrations in sediment in the
Pajarito watershed over time are not well defined for several reasons. These reasons include the more
limited long-term monitoring that has occurred in the Pajarito watershed and the lack of documentation of
temporal changes in contaminant releases. In general, it is expected that contaminant concentrations will
be highest in sediment deposited near the time of peak contaminant releases and progressively decrease
over time associated with mixing. However, sediment data from the Pajarito watershed indicate some
exceptions to these trends, as discussed previously. Specifically, for some contaminants (e.g., cadmium,
chromium, and copper), average concentrations in some downcanyon reaches that removed the sources
are higher in post-fire sediment deposits than in pre-fire deposits (Figures 7.1-11, 7.1-12, and 7.1-13).
This increase over time probably results from larger floods and farther downcanyon transport after the
Cerro Grande fire than before 2000. The spatial distribution of these COPCs indicates that before the fire,
there was little transport past TA-18 and the confluence of Pajarito and Threemile Canyons associated
with generally smaller and less frequent floods. The large wetlands in borrow pits east of TA-18 also
helped to attenuate floods and restrict downcanyon transport. In contrast, post-fire floods were effective at
both eroding post-1942 sediment deposits near the sources that contained elevated levels of these
COPCs and transporting some of this sediment through the wetlands and White Rock.

Information on recent trends in the concentrations of some COPCs transported by floods in the Pajarito
watershed are provided by samples collected near the Pajarito-Twomile Canyon confluence in the area
where water has been impounded behind the FRS (reaches PA-2W and TW-4E). The two largest floods
that occurred here after construction of the FRS were on August 24, 2005, and August 25, 2006, and
sediment deposited in these events was sampled in PA-2W and TW-4E to document concentrations of
COPCs being transported from upper Pajarito Canyon and Twomile Canyon in large events.

Figure 7.1-18 compares average concentrations of cadmium, chromium, and copper in fine facies
samples from PA-2W deposited before the Cerro Grande fire (1943-1999) after the fire but before 2005
(2000—-2004) and in the August 2005 and 2006 events. There is no consistent pattern in these data.
Average concentrations of cadmium in 2000—2004 are slightly lower than before the fire, but for chromium
and copper they are higher. For all three metals, average concentrations in 2005-2006 are similar to
pre-fire concentrations.

Figure 7.1-19 compares average concentrations of Aroclor-1260 and benzo(a)pyrene in fine facies
samples from TW-4E deposited in the August 2005 and 2006 events with pre-fire and 2000-2004
sediment from reach TW-4W, the next sampled upcanyon reach. For Aroclor-1260, concentrations in
2005-2006 are similar to or slightly less than before the fire; Aroclor-1260 was not detected in the single
post-fire sample from TW-4W. In contrast, benzo(a)pyrene concentrations are highest in 2005—-2006
sediment and least in pre-fire sediment, indicating that concentrations are increasing over time. This
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apparent increase in benzo(a)pyrene concentration is consistent with increasing development in the
Twomile watershed over time and a continued source in runoff from developed areas.

7.2 Conceptual Model for Hydrology and contaminant transport in water

This section summarizes the main elements of the conceptual model for hydrology and contaminant
transport in water for the Pajarito watershed, including tributary canyons. The conceptual model is largely
based on data and interpretation presented in the “Pajarito Canyon Work Plan” (LANL 1998, 059577) and
on new information collected to satisfy work plan and other groundwater-investigation requirements and
presented in the appendixes of this report. The primary focuses of this section are to summarize the
hydrologic conceptual model (Section 7.2.1) and to discuss the observed distributions of contaminants
within the watershed (Section 7.2.2). Figure 7.2-1 illustrates key aspects of the hydrologic conceptual
model for the watershed, including contaminant pathways. The conceptual model forms the basis for
identifying hydrologic pathways for contaminants to move from surface sources into surface and
subsurface water. New hydrologic and contaminant trend data that support this updated conceptual
model include: analyses of transient surface water flows and alluvial and regional water levels
(Appendixes L and I), vadose zone profiles of water content and contaminant distributions with depth
(Appendix H), contaminant distributions in surface water, storm water, alluvial groundwater, perched-
intermediate water and the regional aquifer (Appendixes D and F), hydrologic and geochemical
characteristics of the springs (Appendix K), observations at new alluvial monitoring wells (Appendix G),
analyses of a spinner log run at production well PM-2 (Appendix J), interpretation of resistivity surveys
(Appendix N), and a groundwater monitoring well network analysis (Appendix M).

7.2.1  Hydrologic Conceptual Model

7.21.1 Surface Water

Sources of surface water in the Pajarito watershed currently include snowmelt, stormwater runoff and
discharges at several springs (Appendixes K and L). Perennial surface flow occurs at three locations in
the watershed (Plate 1 and Figure 7.2-1). Farther west, a perennial reach created by PC Spring extends
to approximately the Pajarito Fault zone. There is evidence that some of the surface water is lost to the
Pajarito Fault zone and reemerges as spring flow farther down the watershed (Appendixes K and L,
Figure 7.2-1). Homestead Spring supports another perennial reach for approximately a mile, with
contributions from several springs located in tributary canyons adding to the flow (Appendix L). The third
perennial reach occurs approximately 0.6 km (0.4 mi) upstream from the confluence with the Rio Grande,
where the 4-Series springs form a short segment of stream flow to the confluence with the Rio Grande
(Appendix K). Between these perennial reaches, stream flow is ephemeral and/or intermittent. Springs in
Twomile and Threemile Canyons also contribute to intermittent stream flow in the watershed.

Data presented in Appendix L show that stream flow rates and stream losses are highly variable in the
watershed, both by location and in time. The 2006 through early 2008 data indicate that both net losses
and net gains of surface flow can occur in the watershed west of gage E245 (Plate 1). This behavior very
likely depends on antecedent conditions and precipitation. The western portion of the canyon is generally
steep and narrow with a bedrock (tuff) floor and only thin, sparse alluvial deposits. In other canyons on
the Pajarito Plateau (e.g., Sandia, Mortandad, and Los Alamos Canyons), these same conditions
generally inhibit infiltration in favor of downcanyon stream flow. Downcanyon surface-water flow is also
expected to dominate in the upper portion of the Pajarito watershed and is shown as minor infiltration in
Figure 7.2-1 west of gage E245. East of gage E245, there is a net loss of surface water into underlying
alluvium (Figure 7.2-1). Surface-water losses to canyon bottom alluvium are important in other canyons
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across the plateau, and the conceptual model figure (Figure 7.2-1) reflects this behavior with a greater
density of infiltration arrows in the eastern portion of the watershed.

There are currently no active outfalls that discharge effluent to the watershed. However, the “Work Plan
for Pajarito Canyon” reports that historically 28 outfalls did release to the watershed (Table 2.2.1-2, LANL
1998, 059577) at volumetric flow rates of 16 gpm or less, with most reported as being intermittent
releases with flows of less than 2 gpm. The various outfalls released cooling tower blowdown, photowaste
discharge, HE wastewater discharge, and treated sanitary wastewater, which may have contributed
contaminants to the watershed. Runoff from adjacent mesa-top SWMUs and AOCs may also transport
contaminants into the canyons.

7.2.1.2  Alluvial Groundwater

The shallow alluvial groundwater body in Pajarito Canyon extends from below the confluence with
Twomile Canyon to approximately regional well R-23, a distance of 7 km. The alluvial groundwater is
recharged by stream flow, as described above, and some local precipitation. It accumulates in the alluvial
deposits that fill the canyon bottom, often perching on shallow bedrock units. The alluvial groundwater
extends farther downcanyon than does stream flow (Figure 7.2-1) because some downcanyon, lateral
flow within the alluvium occurs. Alluvial groundwater acts as a source of infiltrating water into the deeper
tuff units and into the Cerros del Rio basalt, which is very near the surface at well R-23. The extent of this
groundwater helps define deeper infiltration zones within the canyon. Alluvial groundwater is probably lost
to bedrock units beneath the canyon floor as indicated by several lines of evidence: (1) the persistent
alluvial water present at well 18-BG-1 and east to approximately well PCO-3 in Pajarito Canyon
(Appendix L), (2) relatively high moisture contents measured in vadose zone core collected during drilling
of regional wells R-17, R-20 and R-32 and nitrate in the vadose zone porewater collected at well R-20
(Appendix H), and (3) the indication of low electrical resistivity (potentially indicating wet conditions) near
the base of the alluvium and into underlying bedrock near the wetlands located by wells R-20 and R-23
(Appendix N).

Similar conditions (perched groundwater at an alluvium/tuff contact) exist in Mortandad and Sandia
Canyons, and high, net-infiltration rates into the underlying tuff are estimated for portions of those
canyons. However, there are distinct differences between Pajarito Canyon and these two canyons. For
example, in Mortandad and Sandia Canyons, the alluvium lies atop the Cerro Toledo interval or Otowi
Member tuff (Qbo) where infiltration rates are estimated to be highest. In contrast, beneath the alluvium in
middle and lower Pajarito Canyon, the predominant bedrock is Tshirege unit Qbt 1g with Cerros del Rio
basalt dominating east of well R-23. Alluvial water is present over a much greater distance in Pajarito
Canyon (7 km, from confluence with Twomile Canyon to well R-23) than in Mortandad (1.6 km to well
MCOBT-8.5) and Sandia (1.8 km to well R-11) Canyons. The difference in bedrock geology may account
for the greater extent of alluvial groundwater in Pajarito Canyon than is present in the other two canyons.
Where unit Qbt 1g is present beneath the alluvium (e.g., at wells PCO-1 and PCO-2), water levels are
nearly constant and are close to the ground surface, wetlands (within former borrow pits) are present, and
the alluvial groundwater body is relatively wide. These conditions indicate that deeper recharge to the tuff
unit may be quite slow and that groundwater can be lost to evapotranspiration. In contrast, rapid decline
of alluvial groundwater levels at well PCO-3 (Figure 7.2-1) following periods of low stream flow implies
that the alluvial groundwater system may drain quickly into the basalt at this location near the terminus of
alluvial groundwater (Appendix L). The resistivity survey also indicates that there are highly conductive
zones near R-23 where the basalt is close to the surface (Appendix N). These observations lead to the
depiction of infiltration occurring near wells R-20 and R-23 (Figure 7.2-1). Overall, lateral flow within the
alluvium and deeper infiltration of alluvial groundwater into underlying bedrock may provide a driving force
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for subsurface transport of soluble contaminants along the length of the canyon and into the deeper
subsurface.

7.2.1.3 Vadose-Zone Hydrology

Infiltration of surface water and alluvial groundwater to bedrock units may result in the predominantly
vertical transport of mobile contaminants. Movement of moisture and contaminants probably occurs as
gravity (predominantly vertical) and moisture-gradient-driven (occurring in all directions) porous flow.
Infiltration patterns are likely to be spatially nonuniform and transient based on the transient nature of
stream flow and alluvial groundwater levels observed in the canyon (Appendix L). Between Twomile
Canyon and stream gage E250, unit Qbt 1g underlies the alluvium in much of the canyon floor. Ranges in
spatially average infiltration rates for middle and lower Pajarito Canyon estimated using two techniques
are 15 to 900 mm/yr and 100 to 750 mm/yr (Appendix L). Infiltration patterns may be quite steady
(temporally) where unit Qbt 1g is present (Figure 7.2-1) because alluvial groundwater levels there are
near constant (Appendix L), although preferential flow paths may be present and still yield steady water
levels. Infiltration near wells R-23 and PCO-3 is likely to be more transient and may be more focused and
quite rapid through the fractured basalt, as indicated by water levels measured at well PCO-3

(Appendix L).

In other canyons, infiltration rates are observed to be higher where the canyon floor flattens out and the
alluvium thickens, than in steeper upgradient sections. This is true, for example, in Mortandad Canyon
below the Ten-Site Canyon confluence (LANL 2006, 094161). This behavior is likely to occur in Pajarito
Canyon as well, with higher infiltration rates expected to occur in the lower canyon below TA-18 than
upstream of TA-18 in the middle canyon, although there are currently little data to support this
assumption. This hypothesis is illustrated in Figure 7.2-1, where the density of infiltration arrows describes
the magnitude of the expected infiltration rates. There is a single infiltration arrow around well 18-BG-1,
where the canyon floor is relatively steep, and little alluvial fill and alluvial groundwater exist. Conversely,
near TA-18, the figure shows a higher density of infiltration arrows. In addition, higher infiltration rates are
observed at canyon confluences in other canyons, such as at the DP Canyon/Los Alamos Canyon
confluence (LANL 2008, 101330). Potentially, enhanced infiltration in the subsurface may occur at the
three confluences where the south fork of Pajarito Canyon, Twomile Canyon and Threemile Canyon
intersect Pajarito Canyon.

7.2.1.4 Perched Intermediate Groundwater

Perched intermediate groundwater occurs in a variety of settings beneath the Pajarito watershed.
Occurrences are known from deep groundwater investigations and from more localized SWMU
investigations. The location and nature of these occurrences are consistent with and indicative of known
or suspected canyon reaches with higher infiltration and the existence of underlying perching horizons.
There is no indication that the perched intermediate zones are laterally continuous over large areas.
Ongoing groundwater investigations underway as of this writing will help refine the understanding of
perched-intermediate water in the vicinity of TA-54

Well R-17: At well R-17 a video log collected when the borehole was at 269.7-m (885-ft) depth showed
perched intermediate water emerging in an interval from 150.9- to 154.2 -m (495- to 506-ft) depth and
from a more discrete interval at 157.9-m (518-ft) depth, within the upper Puye Formation, as well as at
178.0-m (584-ft) depth in the upper section of underlying Tschicoma dacitic lavas. Later video logs
showed water entering the borehole from lower in the dacitic lavas at 204 m (670 ft) and from Puye
Formation below the dacites at 256 m (840 ft), but the small flows may be attributable to water introduced
during drilling. Two screening groundwater samples were collected with bailers from standing water in the
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open borehole at depths of 259.1 m (850 ft) and 261.2 m (857 ft), both of which represent water that had
drained into the open borehole from this perched zone. A groundwater- screening sample collected from

borehole R-17 contained EZ-MUD and QUIK-FOAM and elevated concentrations of sodium (69.53 mg/L)
and sulfate (30.2 mg/L). High explosive compounds were not detected above an MDL of 0.01 ppm in the
borehole sample. Detection of potential contaminants is limited because of the presence of drilling fluids

in the borehole-screening sample collected from the perched zone. No well was installed in this perched

zone.

Well R-23i: Well R-23i specifically targeted a perched interval indicated at approximately 128.0-m (420-ft)
to 170.7-m (560-ft) depth that was encountered during prior drilling of regional aquifer well at R-23. At well
R-23i, perched intermediate groundwater was encountered in Cerros del Rio basalt when standing water
was first measured at 138.4-m (454.2-ft) depth in the open borehole with a bottom depth of 170.7 m

(560 ft). Video logs were run to identify perched water zones and water was observed to be seeping in at
approximately 123.0-m (403.5-ft) and 132.9-m (436-ft) depth. Depth to water was measured at 137.1 m
(449.8 ft) after video logging. Video logs could not be obtained below approximately 145.1-m (476-ft)
depth due to a bridge that formed in the open borehole, so water-bearing zones below that depth could
not be observed. Based on the video logs, geophysical logs, and cuttings, two screens were placed in an
11.4-cm (4.5-in.) stainless-steel well, one screen at 143.3-146.3 m (470.2—-480.1 ft) targeting an interflow
zone at 143-146- m (470-480-ft) depth between Cerros del Rio lavas, and a deeper screen at
159.7-166.7 m (524.0-547.0 ft) targeting a second interflow zone with sandy sediment extending from a
depth of 160-168 m (525-550 ft). Following well installation, the depth to water was 136.9 m (449.1 ft)
without a packer between the middle and bottom screens. With a packer between the screened intervals,
the depth to water for the bottom screen was 138.4 m (454.0 ft) and for the middle screen it was 137.1 m
(449.8 ft). A third screen was emplaced in a 5.1-cm (2-in.) stainless-steel well in the primary borehole
annulus at 122.0-128.0-m (400.3-420.0-ft) depth to capture the top of perched saturation as indicated by
resistivity logging. The depth to water in the 5.1-cm (2-in.) well following construction was 123.7 m

(405.9 ft).

Water levels measured in R-23i screens 2 and 3 show a slow constant decline from early 2006 to

April 2008 of about 2 ft (Appendix L). However, water levels have increased since April 2008 (Appendix L)
and may be associated with snowmelt runoff measured in lower Pajarito Canyon at stream gage E250
(Figure 7.2-1).

SM-30: Shallow perched water occurs in wells installed as part of investigation of subsurface
contamination associated with SWMU 3-010(a) behind building SM-30. The occurrence of this perched
water appears to be spatially limited and exists within fill material and in the upper portion of unit Qbt 4 of
the Tshirege Member of the Bandelier Tuff. More information on the nature of this perched water is
provided in LANL (LANL 2003, 081599).

7.2.1.5 Regional Aquifer Hydrology

Similarly to the conditions observed to the north of Pajarito Canyon, the regional aquifer can be
represented as a complex heterogeneous system that includes confined and unconfined zones. The
degree of hydraulic communication between these zones is thought to be spatially variable. The shallow
portion of the regional aquifer (near the water table) is predominantly under phreatic (unconfined)
conditions and has limited thickness (approximately 30 to 50 m [98 to 164 ft]). Groundwater flow and
contaminant transport directions in this zone generally follow the gradient of the regional water table; the
flow is generally northeastward beneath the eastern section of Pajarito watershed southeastward beneath
the western section of Pajarito watershed (Figure M-1). The ambient regional groundwater flow gradients
are relatively high to the east (close to the Pajarito Fault zone) and to the west (close to the Rio Grande),
varying between 0.003 and 0.01 m/m. Because of relatively low raters, the infiltration recharge along
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Pajarito watershed is not expected to affect the shape of regional water table. The preliminary water-level
data from R-37 indicate that the applied water-table map may need to be updated. The new water-level
data from R-37 and other new regional monitoring wells should be applied to update the regional water-
table map and characterize better the flow directions in the regional aquifer.

The deep portion of the regional aquifer is predominantly under confined conditions, and it is stressed by
Pajarito Plateau water-supply pumping. The intensive pumping causes small water-level fluctuations in
the phreatic zone. The largest seasonal fluctuations are observed at R-20 screen 1: 0.2 m (0.6 ft) (see
Appendix L). R-20 is located 0.25 mi east-southeast of PM-2. These low-magnitude responses in the
phreatic zone from municipal well pumping are in sharp contrast to the larger responses at monitoring
wells completed in deeper parts of the aquifer (e.g., R-20 screen #3), indicating that the hydraulic
communication between the phreatic zone and deeper parts of the aquifer is poor. The small scale
fluctuations in the phreatic zone may be from drawdowns and/or strata compaction (Appendix I).
However, the water-level fluctuations do not seem to affect the magnitudes and directions of groundwater
flow. Capture of contaminants by supply well PM-2, which is screened approximately 1004 to 2280 ft bgs
(or 160 to 1440 ft below the regional water table), is probably unlikely because of this poor vertical
hydraulic communication. The vertical stratification of the regional aquifer is also demonstrated by the
PM-2 spinner test (Appendix J). As a result, it can be expected that contaminant migration follows the
ambient water-table gradients rather than diverting toward the pumping water-supply wells based on
hydraulic data.

Poor hydraulic communication does not preclude the possibility that some contaminant migration may

occur between the shallow and deep zones. Between the two zones, the hydraulic gradient has a strong
downward vertical component because of water-supply pumping, creating the possibility that downward
contaminant flow may occur along “hydraulic windows,” although these have not been directly observed.

The numerical model applied for evaluation of the monitoring-network efficiency (Appendix M) assumes
that the capture zone of the water-supply wells partially extends to the regional water table (along vertical
hydraulic windows). This causes some of the potential contaminants originating along Pajarito Canyon to
be detected at PM-2, PM-4 and PM-5. Future analyses of the capture zone of the water-supply wells near
Pajarito Canyon are expected to constrain this conceptual uncertainty. These analyses will utilize the
spinner test that was recently performed at PM-2 (Appendix K) and the new hydrogeologic information
collected at R-40 and other new regional monitoring wells close by.

7.2.2 COPCs in Water

A variety of contaminants are identified as COPCs in surface water and groundwater within and beneath
the watershed (see Section 6). Appendix D provides box plots (Figures D-2.1-1 through D-2.1-10) and
time series plots (Figures D-2.2-1 through D-2.2-207) for a variety of metals (barium, boron, iron, mercury,
and uranium), anions (chloride, nitrate plus nitrite, and perchlorate), radionuclides (tritium and
uranium-234), and organic compounds (1,4-dioxane; 1,1-dichoroethene; and 1,1,1-trichloroethane). Most
of these have been identified infrequently or at trace concentrations. The discussion presented in
Section 7 focuses on the most mobile constituents as a means of identifying surface water and
groundwater pathways. Nitrate, perchlorate, and tritium are the most mobile of the contaminants
historically released in the watershed. These constituents have been measured at concentrations above
background in surface water and in alluvial, perched intermediate and/or regional groundwaters. Their
presence has also been observed in vadose-zone pore water collected from core samples from three
boreholes drilled in Pajarito Canyon (Appendix H). Localized contamination of RDX; 1,4-dioxane; and/or
VOCs occurs at several intermediate-depth wells and springs and one regional aquifer well. These
combined results provide a comprehensive picture of subsurface contaminant distributions and migration
at various locations in the Pajarito watershed. Analytical results for tritium, nitrate, and perchlorate in
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particular are useful because of the high mobility of these contaminants in the subsurface (i.e., they move
at similar rates to subsurface pore water). Thus, their distribution is likely to bound the subsurface extent
of other nonadsorbing contaminants that have followed the same migration pathway.

7.2.2.1 Inorganic Chemicals in Water

Several inorganic chemicals are identified in Section 6 as being COPCs in water. The sections below
discuss the spatial distribution and subsurface migration of these COPCs.

Nitrate

Nitrate is detected in surface water, alluvial and perched intermediate groundwater and the regional
aquifer beneath Pajarito Canyon. There are both natural and anthropogenic sources of nitrate within the
watershed, with Laboratory-derived nitrate from treated sewage effluent at TA-09 and TA-18 as the
dominant sources. Nitrate concentrations in treated sewage effluent are typically less than 3 mg/L
because of denitrification. Concentrations of nitrate and nitrate plus nitrite in groundwater beneath the
Pajarito watershed are less than 10 mg/L as N, the NMWQCC groundwater standard. Natural nitrate is
common on the Pajarito Plateau and in the American Southwest (Walvoord et al. 2003, 093787). Thus,
detection of low concentrations of nitrate (<0.5 mg/L as nitrogen) does not mean that contamination is
present. However, it is clear that for several locations in the Pajarito watershed discussed below, the
nitrate concentrations are elevated 