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EXECUTIVE SUMMARY

This investigation report for Los Alamos and Pueble Canyons presents the results of studies conducted
from 1996 to 2003 in Los Alamos, Pueblo, DP, and Acid Canyons (referred to in this report as the Los
Alamos and Pueblo watershed). These canyons are partially located within the Los Alamos National
Laboratory (the Laboratory) and have received inorganic and organic chemical and radionuclide
contaminants since the Laboratory was established in 1943. Most of the contamination related to
Laboratory releases is assoclated with effluent discharged before 1986. The investigations reported
herein address sediment, surface water (including springs), alluviai groundwater, and biota potentialty
impacted by Laboratory solid waste management units (SWMUs) and areas of concern (AOCs) located
within the watershed. Investigations occurred along 34 km {21 mi) of canyon bottom downcanyon of
SWMUs or AOCs and were supplemented by data collected from areas upcanyon of SWMUs or AOCs.
The objectives of the investigations included defining the nature and extent of chemicals of potential
concern {COPCs) in sediment, surface water, and alluvial 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
sampling and remedial actions. The Cefro Grande fire of May 2000 occurred during the investigation, and
the impact of the fire is discussed in this report.

Sediment investigations included geomorphic mapping, associated geomorphic characterization, and
sediment sampling in 34 investigation reaches located both upcanyon and downcanyon from SWMUs or
AOCs. Some reaches are located upcanyon from SWMUs or AOCs and downcanyon from paved roads
and developed areas in the Los Alamos townsite. Other sediment samples were collected from reaches
upcanyon from roads and urban influences to identify contaminant contributions from the townsite.
Finally, post-fire flood deposits within or downcanyon from the Cerro Grande burn area were sampled,
including sites in the Los Alamos and Pueblo watershed up- and downcanyon of SWMUs or AOCs as
well as sites in other watersheds. Analytical data collected in this investigation are supplemented by data
collected by the Laboratory's Environmental Surveilfance Program and other Laboratory studies to aid in
determining spatial and temporal trends in sediment contamination.

Surface water and alluvial groundwater investigations include collecting samples both up- and
downcanyon from SWMUs or AOCs to bound these sites spatially. Investigation data collected before and
after the Cerro Grande fire were used to characterize potential effects of the fire on sediment and water
chemistry. Surface water and alluvial groundwater were sampled concurrently during the most recent four
rounds of sampling to assess relations between these media and to characterize potential seasonal
effects on hydrology and contaminant concentrations. Surface water investigations focus on areas with
persistent water, that is, locations where water occurs frequently enough to potentially contribute to
human health risks and adverse ecological effects associated with potential chronic exposure. Alluvial
groundwater investigations include using water-level data and a bromide tracer study to characterize the
hydrologic system. Analytical data collected in this investigation are supplemented by Environmental
Surveillance Program data to provide a longer period of record and a larger data set.

Sediment COPCs in the Los Alamos and Pueblo watershed include 30 inorganic chemicals, 72 organic
chemicals, and 15 radionuclides. Surface water and alluvial groundwater COPCs include 46 inorganic
chemicals, 51 organic chemicals, and 11 radionuclides. These COPCs are derived from a variety of
sources, including Laboratory SWMUs and AQCs, runoff from the Los Alamos townsite, redistribution of
ash from the Cerro Grande burn area (which includes elevated levels of fallout radionuclides and naturally
occurring chemicals), and uncontaminated soils and sediments. Assessments in this report focus on the
subset of these COPCs considered maost important for the evaluation of potential ecological or human
health risk. The relative importance of the COPCs was determined by comparing COPC concentrations
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with ecological screening levels, human health screening action levels, Environmental Protection Agency
Region 6 and Region 9 tap water values, or Department of Energy- (DOE-) derived concentration
guidelines for drinking water. The sources of the COPCs are also considered in these assessments, to
determine whether they partially or largely represent Laboratory sources.

The spatial distribution of contaminants in the Los Alamos and Pueblo watershed indicates that the
primary original sources for Laboratory-derived COPCs considered most important for assessing potential
human heaith risk are the former TA-1 and TA-45 outfalls into the South Fork of Acid Canyon (operational
from 1944 to 1964) and the SWMU 21-011(k) outfall into DP Canyon (operationa! from 1952 to 1986).
Source areas for Laboratory-derived chemicals of potential ecological concern (COPECSs) that are most
important for assessing potential adverse ecological effects include the outfalls into the South Fork of
Acid Canyon and sites in upper Los Alamos Canyon, such as TA-2 and perhaps former TA-1 and/or

TA 21 outfalls. The impacts of several additional Laboratory sources {e.g., outfalls at TA-53 and

SWMU 0-030[g] and the former Pueblo Canyon wastewater treatment plant) may also be inferred from
the characterization data, although these latter sources are less important than the former as contributors
to potential human health risk or adverse ecological effects.

Currently, the primary source areas for Laboratory-derived COPCs are contaminated sediment deposits
in the canyon bottoms, rather than the SWMUs and AGCs associated with initial releases. The canyon
bottom sediment deposits contain the largest inventory of contaminants susceptible to remobiization and
transport in floods and are the primary source for ongoing surface water and alluvial groundwater
contamination.

A baseline ecological risk assessment conducted as part of this investigation evaluates the potential for
adverse effects by assessing risks to omnivorous mammals, insect-eating birds, plants, earthworms,
aquatic invertebrates, and the Mexican spotted owl, a threatened and endangered species. Multiple lines
of evidence were used to evaluate potential adverse effects on these ecological receptors. Ecological
effects data were collected using small-mammal trapping arrays, a cavity-nesting bird monitoring network,
seedling germination tests, earthworm mortality tests, and sediment and water toxicity tests. The
assessment lines of evidence are augmented by breeding-bird field surveys, plant surveys, habitat
analyses, and spatial modeling of wildlife exposure. The weight of evidence these investigations provides
indicates that no adverse effects to terrestrial and aquatic receptors exist from COPECs in the Los
Alamos and Pueblo watershed.

The site-specific human health risk assessment uses extended backyard and trail user exposure
scenarios to represent the present-day and reasonably foreseeable future land uses in canyons
throughout the watershed. Residential and resource user scenarios for San lldefonso Pueblo land in
lower Los Alamos Canyon and the construction worker scenario for Pueblo Canyon in the vicinity of a
planned new wastewater treatment plant are also assessed because they represent current or planned
land uses. The assessment results indicate that for trail-user and extended-backyard scenarios, no areas
in the Los Alamos and Pueblo watershed have contaminant concentrations greater than levels
considered to be acceptable for noncarcinogens in sediment or water (hazard index of 1) or radionuclides
(dose limit of 4 mrem/fyr in water and 15 mrem/yr in sediment). However, combined exposures to
sediment and water at two locations, one in Acid Canyon and cne in Pueblo Canyon, have estimated
reasonable maximum exposure {(RME) risks that exceed the cancer risk criterion of 1 x 10°°. Reach AC-3
has the highest calculated RME risk of 3 x 107 for the trail user exposure scenario and 2 x 10” for the
extended backyard exposure scenario. These potential risks are dominated by polycyclic aromatic
hydrocarbons (PAHs) in surface water, with a minor contribution from PAHs in sediment. The Pueblo
Canyon location (reach P-2W) has a calculated trail-user RME risk of 2 x 10°®, also dominated by PAHs in
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water. These potential risks resuit primarily from dermal exposure to PAHs and are probably
overestimated because of several protectively biased assumptions related to the exposure assessment.

Investigation data indicate that the dominant source of PAHs is runoff from the Los Alamos townsite, not
Laboratory SWMUs or AOCs. The highest concentrations of PAHs in sediment in the Los Alamos and
Pueblo watershed were measured in reach AC-1, upcanyon from SWMU 0-030(g) and downcanyon from
commercial and residential areas and roads in the Los Alamos townsite. Relatively high concentrations of
PAHs are also present in sediment at the head of DP Canyon, which is also downcanyon from developed
areas in the townsite. Similarly, the source of PAHs in water is townsite runoff. This conclusion is
consistent with studies in other regions that show PAHs to be common contaminants in sediment and
surface water near roads and developed areas.

For radionuclides, which are the primary contaminants derived from Laboratory SWMUs or AGCs, the
highest combined dose from water and sediment for the extended backyard scenario is in reach ACS in
the South Fork of Acid Canyon, at 8 mrem/yr (4 x 10°® cancer incidence risk); 93% of this dose is from
plutonium-239,240 in sediments, 2% is from plutonium-239,240 in surface water, and the remainder is
from other radionuclides in sediment, including americium-241 and cesium-137. These estimates for
reach ACS use data collected following sediment removal in an interim action in 2001, which met cleanup
goals in an interim action plan approved by the New Mexico Environment Department (NMED). For the
trail user scenario, the highest calculated dose is in reach DP-2 in DP Canyon, with a potential
radionuclide dose of 2 mrem/yr (3 x 107 cancer incidence risk); 83% of this dose is from cesium-137 in
sediments, 3% is from strontium-80 in surface water, and the remainder is from other radionuclides in
sediment.

For the residential and resource user scenarios, COPC concentrations in sediment in lower Los Alamos
Canyon on San lldefonso Pueblo iand are below target risk fevels. For the residential scenario in this part
of the canyon, noncarcinogens and carcinogens in alluvial groundwater have hazard indices ranging from
5 to 8 and incremental lifetime cancer risks (ICR) ranging from 4 x 10”° to 2 x 10™*. The noncarcinogen
hazard index is attributed to fluoride, nitrite, nitrate, and thallium; the ICR is from arsenic. Radionuclide
concentrations in alluvial groundwater are below dose limits of 4 mrem/yr for the residential scenario. The
residences in the lower part of the canyon currently use potable water from a regional groundwater well.
Additional residences in the area probably use regional groundwater as well. Although the target cancer
risk level is exceeded in lower Los Alamos Canyon by the alluvial groundwater pathway, this exposure
pathway is not complete and is therefore not representative of actual exposure conditions. Available data
indicate that the COPCs are not from Laboratory SWMUs or AOCs but are either naturally occurring or
from Bayo wastewater treatment plant discharges. The carcinogen, noncarcinogen, and radionuclide risk
results for the construction worker scenario in Pueblo Canyon are below target risk levels.

Evaluations of the concentrations of COPCs in sediment, surface water, and alluvial groundwater indicate
that concentrations are either relatively stable or are decreasing over time for COPCs derived from
L.aboratory SWMUs or AQCs. These decreases are associated with processes that remobilize, transport,
and mix sediment- and water-borne constituents. Flooding and changes in sediment and water chemistry
resulting from the Cerro Grande fire have not changed the nature of these processes but may have
accelerated the rates of transport and mixing because of the increased frequency and magnitude of
floods. Only minor post-fire perturbations in COPC concentrations have been observed in surface water
and aliuvial groundwater. Larger changes in COPC concentrations have been observed in sediment
associated with the redistribution of ash derived from the Cerro Grande burn area. Radioactive decay
also contributes to decreasing concentrations for some radionuclides (e.g., cesium-137, strontium-80, and
trittum). The potential for impacts to human health or ecosystems from these COPCs are expected to
decrease over time in the absence of new releases of contaminants. However, the concentrations of
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contaminants coriginating in the townsite, such as PAHs, may not decrease over time because of nonpoint
source runoff from urbanized portions of the watershed.

In summary, the results of this investigation indicate that, for contaminants released from Laboratory
SWMUs and ACCs, human health risks are below NMED's and DOE's target levels for praesent-day and
foreseeable future land uses, and adverse ecological effects have not been observed within terrestrial
and aquatic systems in the watershed. Therefore, remedial actions are not needed to mitigate
unacceptable risks. Available data indicate that potential risks or doses from Laboratory-derived COPCs
either will remain relatively stable or will decrease in the absence of new contaminant sources. The
analyses and conclusions in this report are predicated on present-day and foreseeable future land uses.
In the event that the type or extent of land-use changes, the human health risk assessment may need to
be reassessed for some parts of the watershed. Continued monitoring of sediment, surface water, alluvial
groundwater, and biota is appropriate to document trends in contaminant concentrations over time and to
verify conceptual models and risk assessment results. The assessments in this report form the basis for
focusing the types, analytical suites, locations, and frequencies of such future monitoring.
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1.0 INTRODUCTION
1.1 Purpose

This investigation report presents the results of investigations conducted from 1996 to 2003 by Risk
Reduction and Environmental Stewardship—Remediation Services (RRES-RS), formerly the
Environmental Restoration (ER) Project, in Los Alamos, Pueblo, DP, and Acid Canyons (referred to in this
report as the Los Alamos and Pueblo watershed). The Los Alamos Canyon watershed also includes
Guaje, Rendija, Bayo, and Barrancas Canyons, but these canyons are not addressed in this report; they
will be the subject of future investigations under the work plan for the north canyons (LANL 2001, 71060).
Figure 1.1-1 shows the entire Los Alamos Canyon watershed and the primary subwatersheds or basins,
and Figure 1.1-2 shows more detail within the primary investigation area in the Los Alamos and Pueblo
watershed. The investigations reported herein address sediment, surface water (including springs),
alluvial groundwater, and biota potentially impacted by solid waste management units (SWMUs) and
areas of concern {AOCs) located within the Los Alamos and Pueblo watershed. The media are
collectively referred to as canyons media in this report.

The investigations were conducted to fulfilt the requirements of a work plan and several work plan
addenda. The work plan for Operable Unit (OU) 1049, Los Alamos Canyon and Pueblo Canyon (hereaiter
called “the Los Alamos and Pueblo Canyons work plan” or “the work plan”) (LANL 1995, 50290), is the
initial document that describes work scope and regulatory requirements for characterizing the Los Alamos
and Pueblo watershed for the former 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 1997
following Los Alamos Nationa! Laboratory’s (the Laboratory’s or LANL's) response to a notice of
deficiency (NOD) (LANL 1997, 56421; NMED 1997, 56362).

Several addenda have been prepared to supplement the work plan. The sampling plan for DP Canyon
(LANL 1898, 59373) and the Acid Canyon sediment sampling and analysis plan (SAP) {(LANL 1999,
65144) were prepared in 1998 and 1939, respectively, to provide more complete characterization of
tributaries that contain key contaminant sources within the watershed. No requests for supplemental
information (RSts), NODs, or approvals have been received from NMED for either of these addenda. The
“Los Alamos and Pueblo Canyons Work Plan Addendum, Surface Water and Alluvial Groundwater
Sampling and Analysis Plan” (LANL 2002, 70235) was prepared in 2002 to update the approach and
scope of the surface water and alluvial groundwater investigations contained in the work plan. NMED
approved this surface water and alluvial groundwater addendum in 2002 (NMED 2002, 73202). A record
of communication regarding biota investigations for the Los Alamos and Pueblo Canyons investigation
report further supplerents the work plan by documenting meetings and agreements with NMED
pertaining to a biota sampling and characterizaticn plan (Katzman 2002, 73667).

The investigations conducted for the work plan and addenda also followed the technical strategy
presented in the "Core Document for Canyons Investigations” (hereafter called “the canyons core
document”, LANL 1997, 55622; LANL 1998, 57666). 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. The core document was approved by NMED in 1998 following
the Laboratory’s response to an RSI (LANL 1998, 57666; NMED 1998, 58638).

Investigations of intermediate and regional groundwater described in the work plan (LANL 1995, 50290;
LANL 1987, 56421), and updated in the Laboratory’s hydrogeclogic work plan (LANL 1998, 59599) and
the “Los Alamos Canyon and Pueblo Canyon Intermediate and Regional Aquifer Groundwater Work Plan”
(LANL 2003, 82612), are not included in this report but will be reported at a later date.
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Data collected during the investigations included in this investigation report are used to describe the
nature and extent of contamination within the canyon bottom; update the conceptual model for
contaminant distribution and transport within the canyons; assess present-day human health and
ecological risk from contaminants within the canyons; determine and make recommendaticns for remedial
actions that may be appropriate to achieve or maintain site conditions at an acceptable risk leve!; and
provide support for decisions at SWMUs and AQCs. The assessmenits in this report are conducted using
data collected since 1996 by the former ER Project, to evaluate current environmental conditions. Data
from prior investigations and from environmenta! surveillance sampling are used to help identify any
temporal trends in contamination, and therefore help evaluate how potential risk may change in the future
relative to present day conditions.

This investigation report is the first in the RRES-RS project to address characterization and risk
assessment on such a large spatial scale: an entire canyon system, encompassing 34 km (21 mi) of
canyon bottom downstream of SWMUs and AOCs. The characterization and assessment approach used
in this investigation provides an integrating perspective on histerical and current contaminant releases to
the canyon fioor 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 and inventory, thus supporting recommendations for long-
term monitoring. The results also support the RRES-RS project’s watershed approach by providing
information on the extent of corfamination associated with SWMUs and AOCs and SWMU and AQC
aggregates in the watershed and by helping identify and prioritize remedial activities within the watershed.

1.2  Organization of Investigation Report

This investigation report has the foliowing sections. The outline follows a format approved by the NMED
on April 23, 2003 (Goering 2003, 85427). Section 1 is an introduction to the report and to the Los Alamos
and Pueblo 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
chemicals of potential ecological concem (COPECSs) and that focus subsequent sections on the subset of
the most important COPCs and COPECSs for evaluating potential human health or environmental risk.
Section 7 presents a physical system conceptual model, including discussions of the nature, sources,
extent, fate, and transport of the subset of COPCs identified in Section 6. Section 8 presents baseline
ecological and human heatith risk assessments. Section 9 presents conclusions and recommendations.
Section 10 presents references cited in this report.

This investigation report has the following appendices. Appendix A presents a list of acronyrms and
abbreviations and a table showing conversion of metric units to US customary units. Appendix B presents
field investigation methods and results. Analytical results from this investigation are contained on a
compact disk and are included as Appendix C. Appendix D presents supporting information on
contaminant trends and inventory. Appendix E presents supporting information on statistics and risk.
Appendix F presents results from a water-level investigation in upper Los Alamos Canyon.

1.3  Watershed Description

The portion of the Los Alamos and Puebto watershed addressed in this investigation report includes Los
Alamos Canyon, Pueblo Canyon, DP Canyon, and Acid Canyon (inclusive of the South Fork of Acid
Canyon [Figure 1.1-2]). The watershed heads on US Forest Service {USFS) land in the Sierra de los

April 2004 1-2 ER2004-0027



Los Alamos and Pueblo Canyons investigation Report

Valles west and northwest of the Laboratory. The entire Los Alamos Canyon watershed, inclusive of
Pueblo, Guaje, Rendija, Bayo, and Barrancas Canyons, as well as smaller tributary canyons (e.g., Acid
and DP Canyons), has a combined drainage area of 153 km? (59 mi?). The highest point in the watershed
is at the summit of Pajarito Mountain at an elevation of 3182 m (10,441 ft) above sea level (asl). The
watershed extends eastward from the headwaters across the Pajarito Plateau for approximately 30.4 km
{18.9 mi) to the confluence with the Rio Grande at an elevation of 1678 m (5504 ft) asl.

Los Alamos Canyon heads on USFS land, crosses approximately 12.8 km (8 mi) of Laboratory land, and
then crosses San lldefonso Pueblo land for approximately 7.6 km (4.7 mi) before joining the Rio Grande.
Los Alamos Canyon drains an area of approximately 27.9 km? (10.8 mi®) upstream from its confluence
with Pueblo Canyon and 54.4 km? (21.0 mi®) upstream from its confluence with Bayo Canyon (inclusive of
Pueblo Canyon). In this report, the canyon upstream from its confluence with Pueblo Canyon is referred
to as upper Los Alamos Canyon, and the canyon downstream as lower Los Alamos Canyon. Bedrock
geologic units exposed within upper and lower Los Alamos Canyons include Miocene sedimentary rocks
of the Santa Fe Group, Pliocene and Miocene dacites of the Tschicoma Formation, Pliocene
fangiomerates of the Puye Formation, Quaternary ignimbrites of the Otowi and Tshirege Members of the
Bandelier Tuff, and Quaternary pumice beds and volcaniclastic sediments of the Cerro Toledo interval
{Griggs 1964, 8795; Smith et al. 1970, 9752). The part of the canycn within the Laboratory boundary is
underiain by the Bandelier Tuff and the Cerro Toledo interval, except for the far eastern end where
Pliocene basaltic rocks of the Cerros del Rio volcanic field are exposed.

Pueblo Canyon heads on USFS land, crosses 6.7 km (4.2 mi) of L.os Alamos County land, and then
crosses 4.1 km (2.5 mi) of Laboratory land where it joins Los Alamos Canyon just upcanyon of the

San lldefonso Pueble boundary. Pueblo Canyon has a total drainage area of approximately 21.7 km?
(8.4 mi®). Bedrock geologic units exposed within the watershed include Pliocene and Miocene dacites of
the Tschicoma Formation, Pliocene fanglomerates of the Puye Formation, Quaternary ignimbrites of the
Otowi and Tshirege Members of the Bandelier Tuff, and Quaternary pumice beds and volcaniclastic
sediments of the Cerro Toledo interval (Griggs 1964, 8795; Smith et al. 1970, 9752).

DP Canyon heads on the Pajarito Plateau in the southeastern portion of the Los Alamos townsite and
extends east-southeast for approximately 3.5 km (2.2 mi) to its confluence with Los Atamos Canyon.

DP Canyon is located almost entirely within land owned by the US Department of Energy (DOE), except
for a segment approximately 40 m (131 ft) iong at the head of the canyon, on land owned by Los Alamaos
County. DP Canyon drains a surface area of approximately 1.5 km? (0.6 mi®) that includes a farge portion
of paved and developed land west of the canyon head. Bedrock geologic units exposed within DP
Canyon include Quaternary ignimbrites of the Otowi and Tshirege Members of the Bandelier Tuff and
Quaternary pumice beds and volcaniclastic sediments of the Cerro Toledo interval (Griggs 1964, 8795;
Smith et al. 1970, 9752; Goff 1995, 49682).

Acid Canyon heads on the Pajarito Plateau in the southwestern portion of the Los Alamos townsite and
extends east-northeast for approximately 1.9 km (1.2 mi) to its confluence with Pueblo Canyon. The
South Fork of Acid Canyon is a short north-trending tributary to Acid Canyon with a total length of
approximately 280 m (950 ft). Both of these canyons are entirely within land owned by Los Alamos
County. Acid Canyon drains a surface area of approximately 1.2 km? (0.4 mi®) that, like DP Canyon, is
largely paved or developed. The bedrock geologic units exposed within Acid Canyon include only
Quaternary ignimbrites of the Tshirege Member of the Bandelier Tuff (Griggs 1964, 8795; Smith et al.
1970, 9752).

A comprehensive overview of the biological setting of the Los Alamos and Pueblo watershed, including

vegetation and wildlife, is provided in the work plan (LANL 1895, 50290). Details on the hydrology are
provided in Section 7 and Appendix B of this investigation report.
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1.4 Current Land Use

The Los Alamos and Pueblo watershed contains a mosaic of land ownership and land uses. Upper Los
Alamos Canyon from the USFS boundary to the San lidefonse Pueblo boundary is owned by DOE.
Currently, few or no active Laboratory operations occur in the canyon, except for environmental work. The
lower part of upper Los Alamos Canyon is, however, accessed by the public from State Highway NM 4 for
recreational activities such as hiking {(Kron 1993, 568665.2). In addition, the Los Alamos County owns and
operates an ice rink in upper Los Alamos Canyon west of Omega Bridge and a municipal water supply
well just upstream from the canyon’s confluence with DP Canyon (well Otowi-4). The eastern part of
upper Los Alamos Canyon near State Highway NM 4 {Figure 1.1-2) is planned for conveyance and
transfer either to Los Alamos County or to the US Department of the Interior to be held in trust for San
lldefonso Pueblo (DOE 1998, 58671).

Lower Los Alamos Canyon includes a short DOE-owned portion at the upper end with a southern
boundary with the Tsankawi unit of Bandelier National Monument (Figure 1.1-2). The part of the canyon
on Laboratory land includes a popular rock-climbing area. The remainder of lower Los Alamos Canyon is
on San lidefonso Pueblo land and is used for grazing, hunting, and other activities. It includes a service
station and convenience store, as well as residences in two areas. The residential areas include three
houses at Totavi above lower Los Alamos Canyon's confluence with Bayo Canyon, and one house (the
Halladay House) near the confluence with the Rio Grande. The western part of lower Los Alamos Canyon
near its confluence with Pueblo Canyon (within Technical Area [TA-] 72) is planned for conveyance and
transfer either to Los Alamos County or to the US Department of the Interior to be held in trust for

San lldefonso Pueblo (DOE 1998, 58671).

Pueblo and Acid Canyons includa land owned by Los Alamos County and DOE, all of which is open to
the public (Figure 1.1-2). Present land use includes recreational activities such as hiking and bicycle
riding. Trails into Pueblo Canyon near Acid Canyon are readily accessible from nearby residential areas
in Los Alamos, and trails and dirt roads continue down the tength of the canyon (Kron 1993, 58665.2).
The lower canyon receives treated effluent from the Bayo Wastewater Treatment Plant (WWTP) located
on the divide between Pueblo Canyon and Bayo Canyon. Los Alamos County also owns and operates a
municipal water supply well in iower Pueblo Canyon near the White Rock Y (well Otowi-1), and the New
Mexico Department of Transportation operates a highway maintenance yard in this area. In the Los
Alamos County comprehensive plan, the county-owned part of Pueblo Canyon, which includes its
confluence with Acid Canyon, has been designated as “scenic open space” since 1964 (Los Alamos
Planning Commission 1964, 56873). The part of Pueblo Canyon on DOE land (TA-74), extending
upstream from its confluence with Los Alamos Canyon, is planned for conveyance and transfer either to
Los Alamos County or to the US Department of the Interior to be held in trust for San lldefonso Pueblo
(DOE 1998, 58671). There are no active Laboratory operations in TA-74, except for environmental work.

DP Canyon is located almost entirely on DOE-owned land, except for a short portion (approximately 40 m
[131 ft]) at the head of the canyon behind the Knights of Columbus Hall. Present-day land use includes
hiking and jogging. A trail along the south side of the canyon provides the main access through the length
of the canyon (Kron 1993, 58665.2). The trail can be accessed most easily from the western portion of
the canyon as well as from the iower canyon, near its confluence with Los Alamos Canyon. Portions of
DP Canyon are planned for conveyance and transfer to Los Alamos County.
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20 BACKGROUND

Contaminants consisting of inorganic chemicals, organic chemicals, and radionuclides have been
released into the Los Alamos and Pueblo watershed from a variety of sources, including Laboratory
operations in several TAs and non-Laboratory sources in the Los Alamos townsite, such as roads and
other paved areas, application of pesticides in headwater areas in the Santa Fe National Forest and
within the townsite, and atmospheric fallout of radionuclides. Regardless of the source(s), the
contaminants have been dispersed downcanyon in sediments, surface water, and alluvial groundwater.
Many constituents found naturally or derived from anthropogenic sources were concentrated in ash
during the Cerro Grande fire in May 2000 and also were dispersed downcanyon. 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 bottom or in source areas are also discussed,

21 Sources and History of Contaminant Releases
211  TAD

Several SWMUs and AOCs in TA-0 in the Los Alamos townsite have had known refeases of
contaminants into the Pueblo Canyon watershed. SWMU 0-030(g) (Plate 8) was a septic tank outfall
located on the south rim of Acid Canyon in the 1940s. Radionuclides, particularly plutonium-239,240, and
polychlorinated biphenyls (PCBs) are some of the primary contaminants from this SWMU and along the
downcanyon drainage channel (LANL 1995, 51983; LANL 2001, 70273). SWMU 0-018(a) {Plate 8)
consists of the former Pueble Canyon WWTP located in Pueblo Canyon above the Acid Canyon
confluence, which operated from 1951 until 1991. Sludge from the Pueblo Canyon WWTP contained
metals above background levels (LANL 1997, 56614). SWMU 0-019 (Plate 1) is the former Central
WWTP, located on the south rim of Graduation Canyon above Pueblo Canyon, which operated from 1947
until 1861 (LANL 2001, 71417). Inorganic and organic chemicals, including mercury and
dichlorodiphenylirichloroethane (DDT), are contaminants that have been found at the outfalls.

Several SWMUs or AOCs in TA-0 in Guaje and Rendija Canyons {Figure 1.1-1 and Plate 1) potentially
could contribute contaminants to lower Los Alamos Canyon. These include a former pistol range and
mortar impact areas in Rendija Canyon and the locations of water-supply wells in Guaje Canyon
(LANL 2001, 71060). However, available data frorn these sites indicate that contaminant releases were
small, and no impacts to stream channels have been identified in sediment sampies collected
downcanyon {LANL 2001, 71060).

212 TA-1 and TA-45

Cutfalls located at former TA-1 and former TA-45 at the head of the South Fork of Acid Canyon and along
the north rim of Los Alamos Canyon, in the current Los Alamos townsite (Figure 1.1-1; Plates 2 and 8),
are sources of radionuclide and other contamination in the watershed. TA-1 was established in World
War [l during the Manhattan Project, and initial contaminant releases into both Acid and Los Alamos
Canyons may have started as early as 1943. TA-45 was the site of the first radicactive liquid waste
treatment facility at the Laboratory, and outfalls from this facility (SWMU 45-001) replaced those from
TA-1 into Acid Canyon ([SWMU 1-002] Stoker et al. 1981, 6059; LANL 1992, 7668). Radioactive effluent
released into the South Fork of Acid Canyon included untreated liquid waste from TA-1 from 1944 to 1851
and treated liquid waste from TA-45 from 1951 to 1964. These effluent releases are the primary sources
of radionuclide contamination in Acid and Pueblo Canyons. Plutonium-239,240 is the primary
contaminant of concern downcanyon from these outfalls (LANL 1995, 48856; LANL 1996, 54468,
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Reneau et al. 2000, 66867), although other radicnuclides and inerganic and organic chemicals are also
present as contaminants below these outfalls.

The contaminated areas in TA-1 along Los Alamos Canyon are commonly referred to as Hillsides 137,
138, and 140 (the original septic tank structure numbers) and include SWMUs 1-001(c}, 1-001(d), and
1-001(f}, now part of consolidated SWMU 01-001(a)-99. These hillsides received discharges from outfails
from 1843 until the late 1950s (LANL 1992, 43454). Radionuclides are the primary contaminants at these
hillside sites, although metals such as mercury are also present (LANL 1995, 49703; LANL 1996, 54465;
LANL 1996, 54467). Many other SWMUs and AOCs occur within former TA-1 (LANL 1992, 43454), but
available information on release history and available analytic data indicate that they are less important
as sources of contamination to the canyon bottoms.

213 TA-2 and TA-41

TA-2 and TA-41 are located within Los Alamos Canyon downcanyon from the Omega Bridge, and both
sites began to be used in 1943 (LANL 1993, 15314). TA-2 housed a series of research nuclear reactors,
and TA-41 was used to develop weapens and conduct long-term studies of weapon subsystems. The
Omega West Reactor (OWR) at TA-2, which operaled from 1956 to 1993, was a source of tritium
releases into alluvial groundwater. Other SWMUs at TA-2 include leach fields located east of Building 2-1
(SWMU 02-009[c]) and associated with water boiler reactors. Cesium-137 and strontium-90 are the
primary contaminants associated with the leach fields. The primary contaminant sources at TA-41 are a
seplic system (SWMU 41-001) and a sewage treatment plant that operated from 1951 until 1987

(SWMU 41-002[a]-98). These SWMUs have radionuclides above background levels {LANL 1993, 15314),
although TA-41 SWMUs have not been completely characterized.

214 TA-21

TA-21 {Figure 1.1-1 and Plates 1 and 3; LANL 1991, 7528) was established in 1945 on DP Mesa and was
the site of a plutonium processing plant and polonium and tritium research laboratories.

SWMU 21-011(k), an outfall that discharged into DP Canyon, is the most important source of
contaminants in upper Los Alamos Canyon. Between 1952 and 1986, the ouffall received radioactive
liquid waste effluent from industrial waste treatment plants (LANL 1991, 7529; LANL 1995, 52350;
Reneau 1999, 63138). Cesium-137 and strontium-90 are the primary contaminants discharged from this
outfall, although cther radionuclides are also present.

SWMU 21-018(a), known as Material Disposal Area (MDA) V, received liquid waste effluent from laundry
operations and included three absorption beds on the south side of DP Mesa that sometimes overflowed
into Los Alamos Canyon (LANL 1991, 7529; LANL 1996, 54969). Sediment sampling in 1946
documented that plutonium from this source entered the main stream channel in Los Alamos Canyon
(Kingsley 1947, 4186). Additional outfalls that discharged off the south rim of DP Mesa include

SWMUSs 21-023(c), 21-024(b), 21-024(c), 21-024{i), and 21-027(a) (LANL 1891, 7529; LANL 1995,
52350). SWMU 21-026(d} is a former outfall from a sewage treatment plant on the eastern part of

DP Mesa, which flowed into a tributary drainage of OP Canyon (LANL 1991, 7529; LANL 1994, 31591).

From 1946 to 1985, SWMU 21-029, known as the DP Tank Farm, was a fuel distribution station with
aboveground and underground fuel-storage tanks. Diesel range organic (DRO) and gasoline range
organic (GRQO) hydrocarbon contamination was found in DP Canyon adjacent to the site, including two
areas of hydrocarbon seepage from bedrock in the DP Canyon channel that caused sheens in surface
water (LANL 1996, 52270; LANL 1996, 55347.401; LANL 2001, 71303; LANL 2001, 73436).
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Stack emissions from the plutonium processing plant (SWMU 21-021) were an additional source of
contaminants from TA-21 (LANL 2001, 71303; LANL 2001, 73436), resulting in local levels of
plutonium-239,240 in surface soils that exceed levels measured at sites away from TA-21.

Many other SWMUS and AOCs occur within TA-21 (LANL 1991, 7528; LANL 1991, 7529), including
several material disposal areas, but available information on release history and available analytic data
indicate that other SWMUs and AOCs at TA-21 are less important as potential sources of contaminants to
the canyon bottoms than the TA-21 sites discussed above.

215 TA-53

TA-53 (Plates 1 and 4) includes a proton accelerator and associated experimental and support buildings
used for research with subatomic particles and is the current site of the Los Alamos Neutron Science
Center (LANL 1994, 34756). The accelerator became fully operational in 1974. Occasional releases
occurred from three surface impoundments at the east end of TA-53, referred to as consolidated

SWMU 53-002(a)-99 (Plate 4), which have contributed contamination to an unnamed tributary drainage
that enters Los Alamos Canyon between reaches LA-2FE and LA-3W (Plates 1 and 5). The
impoundments received sanitary, radioactive, and industrial wastewater from various TA-53 buildings as
well as septic tank sludge from other Laboratory buildings. The northern impoundments were active from
the early 1970s until 1993. The southern impoundment was active from 1885 untif 1998. Incrganic
chemicals, organic chemicals, and radionuclide contaminants have been found at the impoundments and
in the drainage (LANL 1998, 58841; LANL 2004, 85221).

216 Other Technical Areas

SWMUs and AOCs at several other Laboratory technical areas within the upper Los Alamos Canyon
watershed potentially could have contributed contamination to the canyon bottom, including TA-3, TA43,
and TA-61 (Plates 1 and 2; LANL 1993, 51877). However, no SWMUs or AOCs in these technical areas
have been confirmed as contaminant sources for Los Alamos Canyon. TA-3, located south of the Omega
Bridge, is a heavily developed technical area that includes the Laboratory administration building; only a
small part of TA-3 drains into Los Alamos Canyon. TA-43 is a small technical area immediately north of
the Omega Bridge that houses the Health Research Laboratory (LANL 1990, 7511). TA-61 is located
along East Jemez Road near the Los Alamos County municipal landfill and has a few small support
buildings. PCB releases have been documented at one TA-61 SWMU (61-007), located within the
topographic extent of the Los Alamos Canyon watershed (LANL 1993, 51977), although surface runoff
from this mesa-top site south of east Jemez Road may have been directed southward into Sandia
Canyon instead of into Los Alamos Canyon. Pueblo Canyon may also have received contamination from
operations at former TA-31 and former TA-73 near the Los Alamos airport {(Plates 1 and 4). TA-31 was
known as the east receiving yard, and PCBs were detected at the mouth of a former septic tank outfall
pipe ({SWMU 31-001] LANL 1895, 57050}). Potential contaminant sources at TA-73 include a landfill, a
septic system, and an incinerator that burned municipal and Laboratory wastes (LANL 1992, 7667). An
ash pile from a former incinerator, SWMU 73-002 (Plate 4), was found to contain inorganic and organic
chemical contaminants (LANL 1997, 56606).

SWMUs and at former TA-10 in Bayo Canyon (Figure 1.1-1 and Plate 1) potentially could have
contributed contaminants to lower Los Alamos Canyon. However, no impacts to stream channels have
been identified in sediment samples collected downcanyon of TA-10 {LANL 2001, 71060).
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21.7 Urban Runoff

Large parts of the Los Alames and Pueblo watershed above their confluence are urbanized, and runoff
from developed areas transport various contaminants associated with urban areas into the canyons.
Contaminants commonly found below urban areas include constituents in motor oil, gasoline, diesel, and
asphalt, road salt, PCBs, heavy metals, and pesticides (Edwards 1983, 82302; Lopes and Dionne 1898,
82309; Walker et al, 1999, 82308; Breault and Granato 2000, 82310; van Metre et al. 2000, §2262).
Polycyclic aromatic hydrocarbons (PAHSs), suspected carcinogens that are frequently associated with
vehicle usage and asphalt, are a common class of contaminants associated with urban areas

(Edwards 1983, 82302, Lopes and Dionne 1998, 82309; van Metre et al. 2000, 82262). Metals that have
been identified as associated with runoff from roads include cadmium, chromium, copper, lead, nicke!,
and zinc (Walker et al. 1899, 82308; Breault and Granato 2000, 82310).

2.1.8 Pesticide Spraying

DDT was a commonly used insecticide from the 1940s until 1972, when its use was banned in the United
States. There is a documented report of aerial spraying of DDT by the USFS in the Santa Fe National
Forest east of the Los Alamos townsite for spruce budworm in 1863 (LASL 1963, 64879), which would
have been primarily confined to the mixed conifer community in the upper parts of the Los Alamos and
Pueblo watershed. Surface runoff and wind may have distributed trace levels of DDT and its metabolites
into the canyons. It is also likely that DDT was used by both Laboratory grounds crews and residents of
Los Alamos until it was banned. Other pesticides were, and still are, used for landscaping in the
watershed, and their use constitutes a potential source of contamination in sediments and water.

2.1.9 Cerro Grande Fire

In May 2000 the Cerre Grande fire bumed approximately 18.4 km? (4540 acres) in the headwaters of

Los Alames and Pueblo Canyons (BAER 2000, 72659), constituting 37% of the watershed above their
confluence. The fire also burned approximately 45.8 km? (11,330 acres) in the Guaje and Rendija Canyon
watershed, which drains into lower Los Alamos Canyon. In total, about 42% of the entire 153 km? (59 mi’)
of the Los Alamos Canyon watershed burned. Various naturally occurring inorganic chemicals (e.9.,
barium, cobalt, and manganese) and anthropogenically created fallout radionuclides (e.g., cesium-137,
plutonium-239,240, and strontium-90) were concentrated in ash at levels exceeding that of background
sediments before the fire, and the transport of ash has resulted in elevated levels of these materials in
post-fire sediment deposits in the canyons (Katzman et al. 2001, 72660; Kraig et al. 2002, 85536;
Johansen et al. 2003, 82312). Elevated levels of inorganic chemicals and radionuclides that can be
attributed to the transport of ash are also found in stormwater samples in Los Alamos and Pueblo
Canyons (Johansen et al. 2001, 82264; Galiaher et al. 2002, 82265).

2.2 Contamination in Canyons Media

Contamination in sediment, surface water, and alluvial groundwater in the Los Alamos and Pueblo
watershed has been evaluated in many studies prior to this report, dating back to the first sampling of
sediment and surface water in 1946 (Kingsley 1947, 4186). This previous work has 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. This work has also documented
the transport of contaminants the full length of the watershed from SWMUs and AOCs to the Rio Grande
and the dispersion of contaminants laterally away from the stream channels by floods. Some key studies,
summarized below, provide background and supplemental data for the investigations presented in this
report. Information from these studies is also included in subsequent sections of this report.
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2.21 Environmental Surveillance Program

The Laboratory’'s Environmental Surveillance Program has sampled and analyzed sediments, surface
water, and alluvial groundwater at numerous locations in the Los Alamos and Pueblo watershed since
1970. This work, reported in annual Environmentat Surveillance reports {e.g., ESP 2001, 71301;

ESP 2002, 73876; ESP 2004, 83635) and in other reports (e.g., Purtymun 1971, 4795; Purtymun et al.
1990, 6992; Gallaher and Efurd 2002, 82602; Gallaher et al. 2002, 82265; Gallaher et al. 2004, 85438),
supports the evaluation of long-term trends in contamination in different media and an understanding of
the role of stormwater transport.

22.2 Environmental Sciences Group

The Laboratory’s Environmental Science Group conducted a series of detailed studies of radionuclides in
sediments within the Los Alamos and Pueblo watershed in the 1970s; this group has also conducted
ecological investigations in contaminated canyon-bottom areas (Hakonson et al. 1973, 4974; Hakonson
and Bostick 1976, 29678; Nyhan et al. 1976, 11746; Nyhan et al. 1976, 11747; Nyhan et al. 1982, 7164).
This work included documenting downstream changes in contaminant concentrations and relations
between contaminant concentration and sediment particle size in the canyon below the outfalls into the
South Fork of Acid Canyon and into DP Canyon.

2.2.3  Formerly Utilized Sites Remedial Action Program

in the late 1970s, the Formerly Utilized Sites Remedial Action Program (FUSRAP) conducted
investigations of contamination in sediment deposits downcanyon from the former Manhattan Project
outfalls into the South Fork of Acid Canyon {(Stoker et al. 1981, 6059). This work estimated the spatial
distribution and inventory of plutonium in the watershed, extending to the Rio Grande, and provided an
important framework for later studies. A risk assessment derived from the FUSRAP investigations is
contained in Ferenbaugh et al. (1994, 58672).

2.2.4  Arizona State University

Graf (1994, 55536), from Arizona State University, prepared an estimated plutonium budget for the
northern Rio Grande watershed, including estimated contributions from Los Alamos Canyon relative to
the redistribution of atmospheric fallout. Subsequently, Graf (1996, 55537) combined geomorphic
mapping with existing data on plutonium concentrations in sediment to prepare a revised estimate of the
spatial distribution and inventory of plutonium in the Los Alamos and Pueblo watershed. The basic
geomorphic approach used by Graf provides the framework for the investigation of contaminated
sediments presented in this report.

225 Ecology Group

The Laboratory’s Ecology Group has conducted studies on the uptake of contaminants by biota in

Los Alamos and Pueblo Canyons. These studies include a garden plot experiment in an area in upper
Los Alamos Canyon where the highest levels of radionuclides had been found (Fresquez et al. 1988,
58972) and a study addressing potential uptake of contaminants by peregrine falcons (Podolsky 2000,
73477). Additional studies by the Ecology Group were conducted as part of this investigation and are
summarized in Section 8.1
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2.2.6 Environmental Restoration Project

Since 1996, the former ER Project, now RRES-RS, has conducted detailed studies of canyons media in
the Los Alamos and Pueblo watershed. Much of this work has been reported previously (Reneau et al.
1998, 59159; Reneau et al. 1998, 53160; Reneau et al. 1998, 59667; Katzman et al. 1999, 63915;
Reneau et al. 2000, 66867; Reneau et al. 2002, 73660; Reneau et al, 2003, 79271). Supplemental data
on contamination in canyons media are available through other ER Project reports {e.9., LANL 1895,
48856; LANL 1996, 54468; LANL 2001, 70273). The work presented in this investigation report builds on
these previous studies.

2.27 NMED and EPA

The NMED and the US Environmental Protection Agency (EPA) and their subcontractors have collected
and analyzed samples from canyons media in the Los Alamos and Pueblo watershed as part of oversight
activities {e.g., Dale 1996, 58930; Yanicak et al. 1999, 70670; Hanlon-Mayer and Jacquez 2000, 82261,
EPA 2001, 70669; EPA 2001, 73292; NMED 2001, 73291; NMED 2002, 73293; NMED 2002, 83421;
Ford-Schmid 2003, 82606). These data provide supplemental information about contamination in the
watershed.

2.2.8 Post-Cerro Grande Environmental Assessments

A considerable amount of envircnmental characterization has been conducted in the Los Alamos and
Pueblo watershed since the Cerro Grande fire to support assessments of potential impacts to human
health and the environment resuiting from post-fire floods. Resuits from the sampling and characterization
of potential contaminants in ash, stormwater runoff, sediment, and groundwater have been previously
presented in multiple reports (ESP 2001, 71301; Johansen et al. 2001, 82312; Katzman et al. 2001,
72660; ESP 2002, 73876; Gallaher et al. 2002, 82265; Katzman et al., 2002; Kraig et al. 2002, 85536;
ESP 2004, 83635). A vadose zone and groundwater monitoring network was installed to determine if
downward migration of contaminants occurs behind the low-head weir installed in the lower part of upper
Los Alamos Canyon (Stone 2002, 73446), and results of tracer tests at the weir are reported in Newell
{2004, 85430). Additional work has been conducted that evaluates erosion and deposition in the canyon
bottoms and sediment and contaminant transport (e.g., Lyman et al. 2002, 82608; Malmon et al. 2002,
82648; Crowell et al. 2003, 82666; Wilson et al. 2003, 82549).

In the first two years after the Cerro Grande fire, three risk assessments were conducted to evaluate
potential human health exposures. These assessments addressed potential exposures in lower Los
Alamos Canyon on San lldefonso Pueblo land, the Rio Grande, and Cochiti Reservoir resulting from
contaminants carried by floods that drained Los Alamos and Pueblo Canyons. One was conducted by the
Interagency Flood Risk Assessment Team (IFRAT), a multi-agency group composed of personnel from
the NMED, DOE, EPA, the Laboratory, and the New Mexico Department of Health (IFRAT 2002, 85429).
The Risk Assessment Corporation (RAC) conducted another assessment (RAC 2002, 85431) on behalf
of the NMED DOE Oversight Bureau (OB). A third assessment was conducted by the Laboratory

{Kraig et al. 2002, 85536). These assessments provide supplemental information to the assessments
presented in this investigation report.

23 Remediation Activities

Several remediation activities in the Los Alamos and Pueblo watershed since the beginning of this
investigation in 1996 have reduced the concentrations and inventory of contaminants either in canyon
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media or in source areas that were susceptible to erosion and transport into a canyon. The activities most
relevant to this investigation are summarized below.

2.31 Reach LA-2ZE

Excavation of contaminated sediment deposits occurred in reach LA-2E (Plates 1 and 4) in upper Los
Alamos Canyon in June 2000 (MK 2000, 70741). This sediment removal targeted the area with the
highest identified concentrations of cesium-137 and strontium-90 in Los Alamos Canyon, which was
considered susceptible to erosion by floods following the Cerro Grande fire. An estimated 550 m*
(720 yd®) of sediment were removed with an estimated inventory of about 15.8 mCi of cesium-137.

23.2 ReachACS

Excavation of contaminated sediment deposits occurred in reach ACS in the South Fork of Acid Canyon
(Plates 1 and 8) in September through November of 2001 associated with an interim action ([IA)

Reneau et al. 2002, 73660). This sediment removal was targeted at the area with the highest identified
concentrations of plutonium-239,240 in the Los Alamos and Pueblo watershed, with the goal of reducing
potential radiation doses to recreational users of the canyon. An estimated 369 m® {483 yd®} of sediment
were removed, reducing the potentiat radiation dose by about half.

2.3.3 SWMU 21-011(k) and Reach DP-2

Excavation of contaminated soil below the SWMU 21-011(k) outfall (Plate 3) has occurred in two separate
remedial actions. In 1996, approximately 298 m?® (390 yd:’) of radioactively contaminated soil and rock on
the upper hillslope below the outfall were removed in an 1A (LANL 1997, 55648). In 2002 and 2003, an
additional 1410 m® {1845 yd®) of material on the lower hillslope were removed in a voluntary corrective
measure (VCM) to reduce potential radiation doses to recreational users of the canyon {LANL 2003,
82260). Cesium-137 was the primary contributor to potential dose. The 2003 activities also included
removing about 9 m® (12 yd®} of sediment with the highest concentrations of cesium-137 in reach DP-2
{Plate 3; LANL, 2003, 82260, p. 25).

234 TA-2

Various remedial actions, including soil removal and decontamination and decommissioning (D&D), have
occurred at TA-2 in the bottom of Los Alamos Canyon (Plates 1 and 3) after the Cerro Grande fire. These
actions were taken to reduce the risk of contaminants dispersing from post-fire floods. Approximately

41 m® (54 yd®) of soil contaminated with cesium-137 was removed in 2000, following an extensive field
survey for gross gamma radiation (LANL 2001, 70352). The OWR and associated structures underwent
D&D in 2002 and 2003 (WD3 2003, 82646). After all structures at TA-2 were removed, field radiclogical
surveys were conducted to confirm that surface contamination release limits had not been exceeded
(WD3 2003, 82646, pp. 16-19).

2.3.5 TA-53 Lagoons

Sludge contaminated with inorganic and organic chemicals and radionuclides was excavated from the
TA-53 impoundments (consolidated SWMU 53-002[a]-29; Plate 4), in IAs in 2000 and 2002 (LANL 2004,
85321). In 2002, 68 m® (90 yd®) of soil and sediment in the most contaminated part of the drainage on the
mesa top east of the impoundments were also excavated from a 6-m by 30-m [20-ft by 98-ft] strip along
the drainage (LANL 2004, 85321, pp. F-8 and F-14),
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2.3.6 DP Tank Farm

Contaminated soil at the DP Tank Farm (SWMU 21-029, Plate 3) was excavated in a voluntary corrective
action (VCA) in 1996. Approximately 1315 m® (1720 yd®} of petroleum-contaminated soil were removed
from the site, meeting cleanup levels for benzene, toluene, ethylbenzene, and xylene (BTEX) and total
petroleum hydrocarbons ([TPHs] LANL 1996, 55347.401).

2.3.7 Central WWTP

Contaminated soil at the former Central WWTP and associated outfalls into Graduation Canyon

(SWMU 0-018; Plate 1) was excavated in VCAs in 1999 and 2001. Approximately 5 m (7 yd®) of soil
contaminated with metals and organic chemicals, including DDT, were removed from below the outfalls in
the VCAs (LANL 2001, 71417, p. 19).
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30 SCOPE OF ACTIVITIES

The scope of activities of this report include investigations of sediment, surface water, alluvial
groundwater, and biota in the Los Alamos and Pueblo watershed, as presented in the NMED-approved
Los Alamos and Pueblo Canyons work plan {(LANL 1895, 50290; LANL 1997, 56421), subsequent
addenda, and related documents (LANL 1998, 53373; LANL 1999, 65144; Katzman 2002, 73667; LANL
2002, 70235). These investigations are discussed below.

34 Sediment Investigations

The sediment investigations presented in this report focused on characterizing the nature, extent,
concentrations, and inventory of contaminants in post-1942 sediment deposits in a series of reaches in
the Los Alamos and Pueblo 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
variatiocns in contaminant concentration and inventory at increasing distances from source areas and
temporal trends in contamination. The investigation methods are discussed in Section 4 and Appendix B,
Section B-1, of this report; in the Los Alamos and Pueblo Canyons work plan (LANL 1995, 50290;

LANL 1997, 56421); in the canyons core document {(LANL 1997, 55622; LANL 1998, 57666); and in prior
reports on sediment investigations in these canyons (Reneau et al. 1998, 59159; Reneau et al. 1998,
59160; Reneau et al. 1998, 59667; Katzman et al. 1999, 63915; Reneau et al. 2000, 66867; Reneau et al.
2002, 73660; McDonald et al. 2003, 76084).

The scope of this investigation originally included nine investigation reaches in Los Alamos and Pueblo
Canyons, as presented in Section 7.2.2.1 of the work plan (LANL 1995, 50290; LANL 1997, 56421;

pp. 79-7-13). The original scope also included collecting background sediment samples from Guaje, Los
Alamos, and Pueblo Canyons. The scope of work subsequently increased, as discussed below.

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. Figure 3.1-1 and Plate 1 show the location of the investigation reaches within the Los
Alamos and Pueblo watershed.

During initial implementation of the work plan in 1996 and 1997, additional investigation areas were
added in Los Alamos and Pueblo Canyons to better identify contaminant sources and to characterize
variations in contamination in these canyons. These new areas were designated “subreaches” (Reneau
et al. 1998, 59159, p. 1-5; Reneau et al. 1998, 59160, p. 1-11; Reneau et al. 1998, 59667, p. 1-6). Some
of the original reaches were also subdivided into subreaches where they spanned tributary confluences
(e.g., reach LA-2 was subdivided into LA-2W and LA-2E, up- and downcanyon from DP Canyon,
respectively). For simplicity, reaches and subreaches are collectively referred to as “reaches” in the
remainder of this report.

The scope of the investigation was further increased in 1998 and 1999 by adding reaches in DP Canyon
and Acid Canyon to characterize these important tributary canyons (LANL 1998, 59373; LANL 1989,
65144). Additional reaches were added in upper Los Alamos and Pueblo Canyons in 1899, 2000, and
2001 to address data needs identified in the initial reports (Reneau et al. 1998, 59159, p. 6-6; Reneau

et al. 1998, 59160, p. 6-6). These data needs included evaluating a gamma radiation anomaly in Los
Alamos Canyon below DP Canyon that was identified in aerial surveys (Fritzsche 1990, 58971);
evaluating possible contributions from a tributary canyon draining TA-53 in this same area; evaluating the
sources and concentrations of organic chemicals in upper Los Alamos Canyon; and evaluating the
sources and concentrations of inorganic and organic chemicals in Pueblo Canyon above Acid Canyon.
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This investigation report also includes data from the 2000 and 2001 sampling of sediment deposits that
post-date the Cerro Grande fire of May 2000. The Laboratory conducted this sampling outside the scope
of the work pian and subsequent addenda to evaluate how post-fire floods affected contaminant
concentrations and trends in sediment deposits. Post-fire sediment deposits were sampled in Los Alamos
and Pueblo Canyons and in other fire-affected canyons that do not contain Laboratory SWMUs and
AOCs. The post-fire sampling was conducted in previously investigated reaches, as well as in reaches
not previously sampled. Samplées of ash and flood deposits from locations upgradient of the Laboratory or
in other canyons were also collected to establish baseline concentrations in ash and post-fire sediment
{LANL 2000, 69054). Post-fire sampling is summarized in Section B4 of Appendix B, and in Katzman

et al. (2001, 72660) and Kraig et al. (2002, 85536) present the results of some of this work.

Sediment characterization was also conducted to support the biota investigations according to the study
plan presented in Katzman (2002, 73667). This sampling was conducted to provide additional data to
support the assessment of potentially unacceptable adverse ecological effects from contamination found
in sediment. This characterization included resampling previously sampled sediment layers in some
reaches and coilecting samples at new locations in other reaches. Details of the methodology are
presented in Section B-3 of Appendix B.

3.2  Surface Water and Alluvial Groundwater Investigations

The water investigations presented in this report focus on characterizing the nature, extent, and
concentrations of contaminants in persistent surface water and alluvial groundwater in the Los Alamos
and Pueblo watershed. Data from these media 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. Data from these media are also used to identify temporal
trends in contamination. This work involved sampling persistent surface water, including springs; drilling
and installing alluvial groundwater monitoring wells and piezometers; sampling new and pre-existing
alluvial groundwater welis; measuring variations in alluvial groundwater levels; and conducting a
potassium-bromide tracer study in DP Canyon, Persistent surface water generally refers to effluent-
supported flow, standing water in bedrock pools in the channel, snowmeit runoff, and other surface water
not related to short-duration stormwater runoff {Section 7.2 further discusses the hydrology of the
watershed). The investigation methods are discussed in Section 4.2 and Appendix B, Section B-2.1, of
this report. The scope of the investigation is described in the work plan (LANL 1995, 50290; EANL 1997,
56421) and subsequent addenda (LANL 1998, 59373; LANL 2002, 70235). The investigation activities
described above are discussed in the following sections.

3.2.1  Monitoring Well and Piezometer Installations

Alluvial monitoring wells were installed in Los Alamos Canyon in 1994 to fulfili the requirements of the
Resource Conservation and Recovery Act (RCRA) facility investigation (RFI) work plan for OU 1098
(LANL 1993, 15314), which addresses TA-2 and TA-41 in Los Alamos Canyon. Additional alluvial
monitoring wells were installed from 1986 through 1998 as required by the Los Alamos and Pueblo
Canyons work plan (LANL 1995, 50290; LANL 1997, 56421). Piezometers were installed in upper Los
Alamos Canycn in 2001 for collecting water-level measurements to evaluate spatial variations in
groundwater recharge from alluvium to underiying bedrock units. Well completion diagrams and geologic
logs for these wells and piezometers are provided in the report “Alluvial Groundwater Monitoring Well
Completions, 1994-2001" (LANL 2001, 73307). Other alluvial monitoring wells installed in Los Alamos
Canyon from 1966 to 1970 for surveillance monitoring were used in these investigations {John et al.
1966, 8796; Purtymun 1995, 45344). In 1989, additional wells were installed in Los Alamos Canyon to
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increase monitoring coverage. Well completion diagrams and geologic logs for these early wells are
compiled in Purtymun (1995, 45344). Plate 1 shows the locations of the aliuvial monitoring wells and
piezometers in the Los Alamos and Pueblo watershed.

3.2.2  Surface Water and Alluvial Groundwater Sampling

Since 1994, the former ER Project, now RRES-RS, has conducted alluvial groundwater and surface
water investigations in the Los Alamos and Pueblo watershed, suppiementing years of data collected by
the Laboratory's Environmental Surveillance Program. The early ER Project investigations were
conducted to address characterization requirements presented in the RFI work plan for OU 1098 {LANL
1993, 15314), the Los Alamos and Pueblo Canyons work plan (LANL 1995, 50290; LANL 1997, 56421),
and the sampling plan for DP Canyon (LANL 1998, 59373). The sampling conducted addressed only
portions of the watershed and focused primarily on characterizing alluvial groundwater and springs,
although some surface water sampling was also performed. More recently, alluvial groundwater and
surface water investigations were conducted to meet the characterization requirements described in the
“Los Alamos and Pueblo Canyons Work Plan Addendum, Surface Water and Alluvial Groundwater
Sampling and Analysis Plan” (LANL 2002, 70235). The addendum updated the approach initially
presented in the work plan by selecting wells and surface water locations for sampling based on bounding
of key potential contaminant sources and collecting data useful for assessing human health and
ecological risk. A list of alluvial groundwater monitoring wells and surface water sites in the addendum
and the rationale for selecting each sample site is presented in Table 3.2-1. Other wells and surface
water locations in the watershed have been sampled but are not included in Table 3.2-1. Figure 3.2-1
shows the locations of the sample sites listed in Table 3.2-1. Plate 1 shows those same locations as well
as additional monitoring wells, surface water sampling locations, and production wells in the Los Alamos
and Pueblo watershed.

Additional sampling of alluvial groundwater and surface water was conducted following the Cerro Grande
fire to evaluate the potential effects on the nature and extent of contamination related to perturbations in
the hydrology and agueous geochemistry of the alluvial system. In the summer of 2000, following the fire,
samples were collected approximately each month from representative alluvial groundwater monitoring
wells and surface water locations. The data are presented and evaluated in this report. The first post-fire
sampling of alluvial groundwater, surface water, and ash was conducted in June 2000, shortly after the
fire, to provide a post-fire baseline for comparison with water-quality data collected after flooding had
occurred. The baseline data were presented in several summary reports (LANL 2000, 63304; LANL 2000,
£68302; LANL 2000, 68303; LANL 2000, 686580; LANL 2000, 68689).

Surface water sampling was also conducted according to the study plan described in Katzman (2002,
73667) to support the biota investigations discussed in Section 4.3. The sampling sites were selected
using the results of a data screen conducted as part of developing the study plan. This surface water
sampling was conducted specifically to characterize the site water used in the toxicity tests involving the
midge Chironomus tentans (Katzman, 2002, 73667, and Section 8.1 of this report).

3.2.3 Water-Level Measurements

Both manual and automated water-level data have been collected from alluvial monitoring wells and
piezometers in the Los Alamos and Pueblo watershed. Manual water-level measurements began in 1994
to support a water-balance study in upper Los Alamos Canyon (Gray 1997, 58208). Manual water-level
measurements were taken at a series of alluvial groundwater wells in Los Alamos, DP, and Pueblo
Canyons. Table 3.2-2 shows the list of wells and period of record for the manual water-level data for each
well. Details of the field methodology and results are presented in Section B-2.2 of Appendix B,
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Automated, high-frequency water-level data were collected with multiparameter downhole probes
installed in alluvial groundwater wells in Los Atamos and Pueblo Canyons. The probes were installed in
August 2000 and operated continuously through September 2003. The probes were used to monitor
water level, temperature, electrical conductivity, pH, and dissolved oxygen. Pressure transducers were
also used to collect high-frequency water-level data in several piezometers and piezometer nests that
were installed in upper Los Alamos Canyon in 2001. The pressure transducers were placed in each of
these piezometers in 2001 and have operated more or less continuously since, although some probes
were removed from some of the piezometers for a few months. Table 3.2-3 lists the wells and
piezometers monitored and the period of record for each well. Details of the field methodology and the
monitoring results are presented in Section B-2.3 of Appendix B.

3.2.4 DP Canyon Tracer Study

A tracer study was conducted in DP Canyon to fulfill a requirement in the sampling plan for this canyon
(LANL 1998, 59373). The study was conducted to determine the nature of the hydrologic connection
between alluvial groundwater in reach DP-2 and DP Spring (Figure 3.1-1). The study used existing
alluvial monitoring wells LAUZ-1 and LAUZ-2 and a series of newly-installed multilevel monitoring well
nests for collecting groundwater samples, nested piezometers for water-level measurements, and
boreholes drilled along the margins of the valley floor in DP-2 to determine the extent of alluvial
groundwater saturation. The new wells and boreholes were installed in fall 2002. Well completion
diagrams and borehole logs are included in the “Report on Alluvial Well and Piezometer Completions in
DP Canyon, Reach DP-2" (LANL 2004, 85537). Automated surface water samplers were also deployed in
several locations along the DP Canyon channel to evatuate the hydrolegic connection between the
alluvial groundwater and surface water. DP Spring was monitored manually and with an automated
surface water sampler.

A potassium bromide tracer was injected into the alluvial groundwater in February 2003 and was
monitored at all the sampling sites through August 2003. Because bromide is a conservative anion in
solution, monitoring variations in concentration over time in numerous multiple-level well nests, surface
water, and in DP Spring generated data to characterize the hydrogeclogy from DP-2 downgradient to
DP Spring. A surface direct-current (DC) resistivity survey was conducted in DP-2 to further evaluate the
hydrology and to support the tracer study. The results of the resistivity survey are used to evaluate the
extent of saturation and to investigate potential groundwater recharge from alluvium to underlying
bedrock units. {LANL 2004, 84540). The design and results of the tracer study and the resistivity survey
are discussed in Appendix B-2.4.

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
1995, 50290; LANL 1997, 56421), in the canyons core document (LANL 1997, 55622; LANL 1998,
57666), and in previous sediment investigation reports on these canyons (Reneau et al. 1998, 59159,
Reneau et al. 1998, 59160; Reneau et al. 1998, 59667; Katzman et al. 1999, 63915; Reneau et al. 2000,
66867; Reneau et al. 2002, 73660). These investigations build upon the results obtained from sediment
and surface water characterization, and the basis for the investigation approach is documented in
Katzman (2002, 73667). The investigation methods are discussed in Section 4.3 and Section B-3.0 in
Appendix B of this report.
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Figura 3.2-1. Water sampling locations in the Los Alamos and Pueblo watershed
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Los Alamos and Pueblo Canyons Investigation Report

Table 3.1-1
Sediment Investigation Reaches in the Los Alamos and Pueblo Watershed
Approximate
Distance from
Rio Grande to | Reach
Investigation Reach Midpoint of | Length | Year(s) of Sample
Subwatershed Reach ? Abbreviation | Reach (km) (km) Collection Notes
Acid Canyon AC-1 AC-1 19.08 0.04 1899, 2000, 2002 | Baseline reach upcanyon from
SWMU 0-030(g) drainage and
downcanyon from townsite
AC-2 AC-2 18.77 0.09 1999, 2000 Downcanyan from
SWMU 0-030(g) drainage (in 2
parts)
ACS ACS 18.62 0.29 1999, 2000, 2001 | South Fork of Acid Canyon
AC-3 AC-3 18.27 0.42 1896, 1597, 1999, | Dewncanyon from South Fork of
2000, 2002 Acid Canyon
DP Canyon DP-1 West DP-1W 16.39 0.07 1998, 2002 Bassline reach upcanyon from
DP Tank Farm and downcanyon
from townsite
DP-1 Central DP-1C 16.29 0.10 1998, 2002 Downcanyon from DP Tank Farm
DP-1 East DP-1E 1547 0.10 1997, 1998 I
DP-2 DP-2 14.69 0.32 1997, 1998, 2002 | Downcanyon from
SWMU 21-011(k)
DP-3 DP-3 13.85 0.21 1997, 1998 —
DP-4 DP4 13.12 0.45 1996, 1997, 1998, | Upcanyon from Los Alamos
2002 Canyon
Guaje Canyon | Guaje Guaje 12.76 0.50 2002 Reference reach for small-
mammal trapping; not mapped
GU-background | GU-BKG 10.85 0.61 1996, 2001 Background reach upcanyon
from Rendija Canyon; not
mapped
Los Alamos LA-background | LA-BKG 20.28 0.86 1996 Background reach upcanyon
Canyon from West Road; not mapped
LA-O LA-0 19.50 0.12 2000, 2001, 2002 | Baseline reach upcanyon from
ice rink and downcanyon from
paved road
LA-1 Far West | LA-1FW 18.03 0.21 1997, 2000, 2001, | Downcanyon from Omega Bridge
2002 (in 2 parts)
LA-1 West+ LA-1W+ 17.47 0.14 1997, 2001 Upcanyon from Hillside 137
LA-1 West LA-1W 16.00 0.37 1997, 2001, 2002 | Downcanyon from Hillside 137
LA-1 Central LA-1C 15.66 0.39 1997, 2001, 2002 | Downcanyon from TA-2
LA-1 East LA-1E 14.80 0.43 1997, 2001 Downcanyon from TA-21 taundry
outfall
LA-2 West LA-2W 13.00 0.21 1996, 1997, 2001, | Upcanyon from DP Canyon
2002
LA-2 East LA-ZE 12.55 0.68 1996, 1997 Downcanyon from DP Canyon
LA-2 Far East | LA-2FE 11.22 1.00 2001 Upcanyon from TA-53 drainage
LA-3 West LA-3W 10.48 0.49 2001, 2002 Downcanyon from TA-53
drainage
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Table 3.1-1 {continued)

Approximate
Distance from
Rio Grande to | Reach
Investigation Reach Midpointof | Length | Years of Sample
Subwatershed Reach Abbreviation | Reach (km) | (km) Collection Notes
Los Alamos LA-3 East LA-3E 9.32 0.44 1997, 2000, 2001, { Original reach LA-3 from Reneau
Canyon 2002 et al. (1998, 59160)
LA-3 Far East LA-3FE 8.85 0.23 2000, 2001 Basin behind low-head weir
(post-fire); not mapped
LA-4 West LA-4W 6.04 0.52 1997, 2002 Downcanyen from Pueblo
Canyon
LA-4 East LA4E 5.05 0.29 1997 —
LA-4 Far East LA4FE 4.00 0.22 2000, 2001 Post-fire reach near Totavi; not
mapped
LA-5 LA-S 0.88 1.41 1996, 1997, 2002 | Downcanyon from Guaje Canyon
LA-5 East LA-5E 0.09 0.17 2000, 2001 Post-fire reach adjacent to Rio
Grande
Pueblo P-background P-BKG 21.04 0.65 1996 Background reach upcanyon
Canyon from Diamond Drive; not mapped
P-1 Far West P-1FW 18.51 0.10 1989, 2002 Baseling reach upcanyon from
Pueblo Canyon WWTP and
downcanyen from townsite
P-1 West P-1W 18.26 0.32 1996, 1997, 1999, | Downcanyon from Pueblo
2001 Canyon WWTP (in 2 parts)
P-1 East P-1E 17.65 0.51 1996, 1997, 1999, | Downcanyon from Acid Canyon
2001
Walnut Canyon | WC 17.50 0.06 1999 Baseline reach adjacent to P-1E
and downcanyon from townsite
P-Z West P-2w 14.61 0.51 1997, 2002 Upcanyon from Kwage Canyon
P-2 East P-2E 13.34 0.46 1897 Downcanyon from Kwage
Canyon
TA-74-1 West | TA-74-1W 12.26 0.14 None Land transfer parcel; mapped but
not sampled
P-3 West P-3wW 11.42 .51 1997, 2001, 2002 | Upcanyon from Bayo WWTP and
downcanyon from airport
P-3 Central P-3C 1092 045 None Mapped but not sampled
P-3 East P-3E 10.42 0.54 1997, 1998, 2001, | Downcanyon from Bayo WWTP
2002
P-3 Far East P-3FE 995 0.40 None Mapped but not sampled
P-4 West P-AW 9.49 0.52 1996, 1997 —
P-4 Central P-4AC 9.07 0.33 None Mapped but not sampled
P-4 East P-4E 8.60 0.60 1996, 1997, 2001 | Upcanyon from Los Alamos
Canyon
P-4 Far East P-4FE 7.94 0.73 None Mapped but not sampled
@ See Plate 1 for location of reaches.
— = No notes.
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Table 3.2-1
Water Sampling Locations and Rationale for

Selection for the Los Alamos and Pueblo Canyon Surface Water and AHuvial Groundwater Addendum

Location Name Location ID Location and Rationale

Los Alamos Canyon Alluvial Groundwater Wells

LAO-B 41-01045 Reach LA-BKG. Provides baseline alluvial groundwater quality for groundwater moving onto the Laboratory from the
upper Los Alamos Canyon watershed,

LAO-C 41-01004 Reach LA-1FW. Provides secondary baseline data with respect to Laboratory contaminants, but the well is located
below some paved areas and areas that are salted periodically during winter. Also situated to provide baseline to
assess potential impact from TA-1 mesa slope SWMUs.

LAO-03 41-01003 Reach LA-1W. Characterizes potential impact of TA-1 SWMUs and situated upcanyon of TA-41 SWMUs.

LAO-0.7 LA-10066 Between reaches LA-1W and LA-1C. Characterizes potential impact of TA-41 SWMUs and provides baseline for
characterizing potential impact of TA-2 SWMUs.

LAO-1 02-01076 Reach LA-1C. Characterizes potential impact from TA-2 SWMUs.

LAO-1.69 LA-00001 Between reaches LA-1E and LA-2W. Characterizes potential impact to Los Alamos Canyon from past molybdenum
releases from TA-53 outfalls (03A 047, 03A 048, 03A 049).

LAO-2 LA-10067 Reach DP-4. Characterizes alluvial groundwater quality in lower DP Canyen immediately above confluence with Los
Alamos Canyon.

LAO-3a LA-10035 Reach LA-2E. Characterizes the mixing of Los Alamos and DP Canyon alluvial groundwater and potential
groundwater contamination associated with contaminants in adjacent reaches.

LAO-4 LA-10068 Between reaches LA-2E and LA-2FE. Characterizes downcanyon trends in groundwater contaminant concentrations
associated with contaminant transport and interaction with contaminated sediments in Los Alamos Canyon,

LAO-4.5¢ LA-10069 Reach LA-2FE. Characterizes downcanyon trends in groundwater contaminant concentrations associated with
contaminant transport and interaction with contaminated sediments in Los Alamos Canyon,

LAO-6a LA-10070 Between reaches LA-3W and LA-3E. Characterizes downcanyon trends in groundwater contaminant concentrations
associated with contaminant transport and interaction with contaminated sediments in Los Alamos Canyon. Last
alluvial groundwater monitoring well in upper Los Alamos Canyon.

LAUZ-1 21-01811 Reach DP-2, Situated adjacent to SWMU 21-011(k}. Characterizes the residual contaminants associated with the
21-011(k} outfall.

LLAO-1b LA-00215 Reach LA-4E. Situated in the upper portion of lower Los Alamos Canyon. Characterizes waters originating from
upper Los Alamos and Pueblo Canyons.

LLAO-5 LA-00002 Next to reach LA-5. Situated near the confluence of iower Los Alamos Canyon and the Rio Grande. Characterizes
potential effects of interaction with sediments in lower Los Alamos Canyon. Water quality may indicate influences of
upwelling regional groundwater.
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Table 3.2-1 (continued)

Location Name

Location ID

L ocation and Rationale

Los Alamos Canyon Surface Water and

Springs

Los Alamos Reservoir LA-10033 Los Alamos Reservoir. Provides baseline surface water quality and characterizes potential geochemical changes
resulting from post-Cerro Grande fire runoff.

Reach LA-1 West Surface | LA-10064 Reach LA-1W. Los Alamos Canyon above SWMUs or contaminated sediment and thus provides baseline for

Water comparison to downcanyon water quality.

Reach LA-1 Central LA-10065 Reach LA-1C. Located below TA-2 to measure potential impact from SWMUs and contamination in canyon floor

Surface Water sediments.

Surface Water at Gaging | LA-10036 Reach LA-2W. Located just above DP Canyon confluence. Characterizes water quality prior to mixing with water from

Station E030 DP Canyon.

Surface Water at Gaging | LA-10038 Reach LA-3E. Located upcanyon from Pueblo Canyon and eastem Laboratory boundary. Characterizes potential

Station E042 effects of interactions with contaminated sediments in reaches LA-2E, LA-3W, and LA-3E.

Basalt Spring LA-00219 Reach LA-4W. Characterizes water that discharges into lower Los Alamos Canyon derived primarily from the Bayo
WWTP.

Reach LA-4E Surface LA-00218 Reach LA-4E. Characterizes potential effects of interactions with contaminated sediments in reach LA-4W and

Water establishes baseline for upper end of lower Los Alarmos Canyon.

Lower Reach LA-6 LA-10058 Reach LA-5. Situated near the confluence of lower Los Alamos Canyon and the Rio Grande and characterizes Los

Surface Water Alamos Canyon surface water above the Rio Grande. Water quality may be influenced by upwelling regional
groundwater.

Reach DP-1 West Surface | 21-10929 Reach DP-1W. Characterizes townsite runoff impact and provides baseline for DP Tank Farm.

Water

Reach DP-1 Central 21-11226 Reach DP-1C. Located below the DP Tank Farm seeps. Bounds the DP Canyon segment with hydrocarbon seeps

Surface Water related to the DP Tank Farm.

Reach DP-2 Surface 21-11269 Reach DP-2. Located within the uppermost portion of DP Canyon that has contamination from SWMU 21-011(k).

Water

Reach DP-4 Surface 2111270 Reach DP-4. Located at the mouth of DP Canyon immediately above the confluence with Los Alamos Canyon and

Water characterizes cumulative impact of all DP Canyon reaches.

DP Spring 21-01854 Reach DP-4. Located in DP Canyon at west end of reach DP-4. Characterizes water quality associated with impacts

from SWMU 21-011(k) and related contaminated sediments distributed along reaches DP-2 and DP-3.
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Table 3.2-1 (continued)

Location Name

Location ID

Location and Rationale

—

Pueblo Canyon Alluvial Groundwater Wells

PAO-1 PU-00178 Reach P-1W. Provides characterization of former Pueblo WWTP upgradient of Acid Canyon confluence and provides
a baseline for key contaminants in Acid Canyon and the South Fork of Acid Canyon.

PAQ-2 PU-10174 | Reach P-1E. Located in Pueblo Canyon just below Acid Canyon confluence. Characterizes influence of surface water
runoff originating in Acid Canyon and the South Fork of Acid Canyon.

PAO-3 PU-00181 Reach P-2E. Characterizes potential impact to alluviat groundwater from contaminated sediments in Pueblo Canyon
and TA-0 SWMUs iocated along this section of Puebio Canyon.

PAO4 PU-00182 Reach P-3E. Characterizes potential impact to aliuvial groundwater from contaminated sediments in Pueblo Canyon
and the Bayo WWTP.

APCO-1 PU-10228 Reach P-4C. Characterizes potential impact to alluvial groundwater from contaminated sediments in Pueblo Canyon

and the Bayo WWTP.

Pueble Canyon Surface Water

Reach AC-2 Surface 00-10241 Reach AC-2. Located just above the SWMU 0-030(g) confluence. Characterizes water quality assoclated with

Water townsite runoff.

Upper South Fork Acid PU-10175 Reach ACS. Characterizes surface water guality in South Fork upcanyon of areas with highest levels of sediment

Canyon contamination.

Lower South Fork Acid PU-10176 | Reach ACS. Characterizes surface water quality in South Fork within areas with highest levels of contaminated

Canyon sediment.

Lower Reach P-1W PU-10070 | Reach P-1W. Located in Pueblo Canyon above the Acid Canyon confluence. Characterizes water quality associated

{Pueblo 1R) with townsite runoff.

Pueblo 2 PU-10231 Reach P-2W. Characterizes water quality associated with contaminated sediments in Pueblo Canyon and the impact
of surface water runoff from Acid Canyon.

Pueblo 3 PU-10230 | Reach P-3FE. Characterizes water quality resulting from interaction of surface water runoff with contaminated
sediments in upcanyon reaches, and discharges from the Bayo WWTP.

Pueblo at State Road 502 | PU-10229 Reach P-4FE. Last monitoring point in Pueblo Canyon above confluence with Los Alamos Canyon. Characterizes

water quality resulting from interaction of surface water runoff with contaminated sediments in upcanyon reaches and
discharges from the Bayo WWTP.
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Table 3.2-2
Period of Record for Manual Water-Level Data in Los Alamos and Pueblo Canyons Alluvial Wells
Canyon Well Period of Record
Los Alamos Canyon LAO-B 4/94-8/94; 1/95-4/95; 11/95-7/96; 11/96-9/99; 6/00-9/02
LAC-03 6/94-10/94; 1/95-4/95; 11/95-7/96; 11/96-9/99; 6/00-9/02
LAC-0.6 5/94-10/94; 1/95-4/95; 11/95-7/96; 11/96-9/99; 6/00-9/02
LAC-0.8 5/94-10/94; 1/95-4/95; 11/95-7/96; 11/96-9/99; 7/00-9/02
LAO-0.91 6/94-10/94; 1/95-4/95; 11/95-7/96; 11/96-9/99; 6/00-9/02
LAO-1.6(g) 11/96-9/99; 6/00-9/02
LLAO-1(b) 8/97-9/99; 6/00-9/02
LLAO-2 11/96-9/99; 6/00-9/02
LLAO-3 8/97-9/99; 6/00-9/02
LLAO-4 11/86-9/99; 6/00-9/02
LLAO-5 11/96-9/99; 6/00-9/02
Pueblo Canyon FAO-1 11/98-9/99; 6/00-9/02
PAQO-2 11/98--9/99; 6/00-9/02
PAQO-2.5 12/98-9/99; 8/00-1/01; 6/01-5/02
PAO-3 11/98-9/99; 8/00-9/02
PAO-4 8/97-9/99; 6/00-9/02
PAC-55 3/98-8/99; 6/00-9/02
PAO-5N 3/98-5/99; 6/00-9/02

Table 3.2-3

Period of Record for
Automated Water-Level Data in Los Alamos and Pueblo Canyons Alluvial Wells

Canyon Well Period of Record
Los Alamos Canyon LAO-B 8/00-2/03
(alluvial wells) LAO-0.3 8/00-9/03
LAO-0.91 8/00-9/03
LAO-1.6(g) 8/00-9/03
Los Alamos Canyon LAP-1? 7/01-9/03
(piezometers) LAP-1.5° 7/01-9/03
LAP-3 7/01-12/01; 8/02-9/03
LAP-3.5% 11/01-6/02; 8/02-9/03
LAP-4? 4/01-9/03
LAP-57#1° 7/01-9/03
LAP-6 3/01-12/01; 3/02-6/02; 8/02-9/03
Pueblo Canyon PAO-1 8/00-8/03
PAO-3 8/00-9/03
PAO-4 8/00-9/03
PAO-5N 8/00-9/03

a
Denotes a nest of three piezometers with three transducers.

b
Denctes a nest of three piezometers with one transducer.
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4.0 FIELD INVESTIGATIONS

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

4.1 Sediment

Sediment investigations in the Los Alamos and Puebfo 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 1995, 50290;

LANL 1997, 55622; LANL 1997, 56421; LANL 1998, 57666). 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. Field radiological
screening measurements were used to help delineate geomorphic units in reaches where the levels of
radionuclide contamination in post-1942 sediment exhibited higher levels of radiation than nearby pre-
1943 sediment. 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 burial of trees and associated buried soils, and
noting the presence or absence of materials imported to the watershed after 1942 {e.g., quartzite gravel,
coal).

Field data on the volume and radiation levels in the different geomorphic units in a reach were used to
help altocate samples for analysis at off-site laboratories. In most reaches, samples were collected in
multiple phases, and analytical resuits from initial sampling phases were used to help guide subsequent
sampling. The process used to allocate samples in the phased investigations is discussed in Ryti et al.
(2004, 85206). Most of the results from these field investigations are presented in previous reports
(Reneau et al. 1998, 59159; Reneau et al. 1998, 59160; Reneau et al. 1998, 58667; Katzman et al. 1999,
63915; Reneau et al. 2000, 66867; Reneau et al. 2002, 73660). These reports also include more detailed
discussion of the investigation methods. All analytical results of the sediment sampling incorporated in
this investigation report are discussed in Appendix C and provided on a CD included with this report.

Plates 2 to 11 present geomorphic maps for reaches in the Los Alamos and Pueblo watershed and
sample 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 of Appendix B includes field investigation results that were not included in the
previous reports, including field radiological screening results, along with additional discussion of
investigation methods. Field radiological measurement locations for new reaches are shown in Plates 2
through 11, and field radiolegical measurement locations from the other reaches are presented in
previous reports. Field results from the following reaches are included in Section B-1: AC-1, AC-2, AC-3,
ACS, LA-O, LA-tFW, LA-2FE, LA-3W, P-1FW, P-1W, and WC.

Additional field investigations of sediment in the Los Alamos and Pueblo watershed occurred in several
tasks that included less detailed field characterization than the standard reach investigations discussed
above. The collection of background samples {McDonald et al. 2003, 76084) and the coltection of post-
fire sediment samples (e.g., LANL 2000, 69054; Katzman et al. 2001, 72660; Kraig et al. 2002, 85536)
included an examination of stratigraphic sections at multiple locations to select samples that spanned the
range of particle size and geomorphic setting in each sampling area but did not include detailed mapping
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and characterization of geomorphic units. Collection of post-fire sediment samples is discussed further in
Section B-4 of Appendix B. Collection of sediment samples to support the biota investigation in a
reference reach in Guaje Canyon included descriptions of the geomorphic units and characteristics of
sediment samples but did not include geomorphic mapping. The sediment samples collected as part of
the biota investigation are discussed in more detail in Section B-3. An additional task involved assessing
a potential land transfer parcel between reaches P-2E and P-3W (TA-74-1 West), including geomorphic
mapping and related characterization, but no samples were collected (Tardiff et al. 2002, 73566). Plate 1
shows the investigation areas for these tasks.

4.2 Surface Water and Alluvial Groundwater

As described in Section 3.2, alluvial groundwater and surface water investigations involved sampling for
four rounds during a year at designated locations described in the Los Alamos and Pueblo Canyons work
plan addendum (LANL 2002, 70235). Under this addendum, alluvial groundwater monitoring wells and
surface water locations were sampled concurrently (typically within a period of less than three weeks) to
obtain a comprehensive and current data set and a synoptic perspective of the hydrology and
contaminants present in water within the watershed. A key objective was to characterize potential
contaminant variability associated with variations in surface water and alluvial groundwater conditions.
Sampling surface water and alluvial groundwater concurrently also allows for evaluating of the relation
between surface water and alluvial groundwater quality. Sampling was attempted at designated locations
in each of the four sampling rounds, and samples were collected if sufficient water was present.

Table 4.2-1 summarizes the sampling conducted during the four rounds required under the addendum, as
well as other sampling conducted as part of the post-Cerro Grande characterization efforts and during
early RFI sampling in the watershed conducted under the work plan for OU 1048 (LANL 1995, 50290),
and the sampling plan for DP Canyon (LANL 1998, 59373).

Most of the alluvial groundwater and surface water samples were collected in accordance with ER Project
standard operating procedures (SOPs), and a few were collected as part of annual surveillance
monitoring using RRES—-Water Quality and Hydrology (WQH) procedures. The procedures for sample
collection are described in Appendix B, and the analytical results of the sampling are discussed in
Appendix C and provided on a CD included with this report. A water-level measurement was collected
from each well prior to purging for a sampling event. The water-level measurements associated with
sampling are also presented in Appendix B. Water-quality parameters including pH, specific conductance,
temperature, and turbidity were measured in the field for each surface water and alluvial groundwater
sample collected. Measurements of field-parameters are taken as part of groundwater sampling to
evaluate the effectiveness of purging. Field parameters data are also collected for surface water and
alluvial groundwater samples to provide data potentially useful for evaluating contaminant variabifity.
These field parameters were logged in a water quality stabilization record form for each sample and are
presented in tables in Section B-2 of Appendix B. The methodology for collecting field parameters and
results are also described in Section B-2.0.

43 Biota

Biological data were collected to evaluate the potential for adverse ecological effects from contaminants
in sediment and surface water. The biological data were collected following the EPA’s “Ecological Risk
Assessment Guidance for Superfund” (EPA 1997, 53370) for the COPECs identified in sediment and
persistent surface water. This process involved personnel from NMED and started with a screening leve!
ecological risk assessment (LANL 1999, 64783), which was applied to sediment and water data, much of
which have been presented in previous reports (Reneau et al. 1998, 59159; Reneau et al. 1998, 59160,
Reneau et al. 1998, 59667; Katzman et al. 1998, 63815). Subsequent steps included developing baseline
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risk assessment problem formulation and completing a study design. These steps led to developing a
plan for collecting biclogica! data that was documented in Katzman (2002, 73667). Aspects of this plan
were modified based on field verification of the design; deviations to the original plan are summarized in
Section 8.1. Information on the conceptual exposure model and the selection of assessment endpoints
and associated measures of effect are discussed in more detail in Section 8.1 (the baseline ecological
risk assessment). A detailed rationale for these lines of evidence and for the intended use of these data
for evaluating adverse effects is provided in Katzman (2002, 73667). The data were collected for
evaluating the potential for adverse effects on terrestrial ecological and aquatic receptors.
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Table 4.2.1
Summary of Water Samples Taken, 1997-2002, Los Alamos and Pueblo Canyons
Early-Phase (Pre-Cerro
Grande) Characterization® Post-Cerro Grande Characterization RF1 Sampling
Round 1 Round 2 Round 3 Round 4 Round 1 Round 2 Round 3 "Dry Round 4
Location Location 6/17/00- 7124/00- 8/30/00- 10/3/00- 315/01- 6/18/01- 10/30/01- | Round"® 5/21/02-
Name D 1997 | 1998 | 1999 | 2000 6127100 7127100 9/6/00 10/11/00 411101 210 1120101 3126102 6/11/02
Upper Los Alamos Canyon Alluvial Wells
LAO-B 41-01045 W ¥ ¥ ¥ + v ¥ < v v
LAO-C 41-01004 ¥ N «.f ¥
LAD-0.3 41-01003 ¥ + N ¥ ¥ A ) ¥
LAD-0.6 41-01002 v v Y Vv
LAQ0.7 LA-10066 R ¥ ¥ \i
LAO-0.91 02-01022 ¥ Dry Dry Dry
LAD-1 02-01076 ¥ i v Dry
LAO-1.2 LA-10008 Dry v Dry Dry
LAO-1.69 LA-00001 ¥ ¥ ¥ J ¥ ¥ v v Dry
LAO-2 LA-10067 ¥ ¥ Dry Dry
LAO-3a LA-10035 \f ¥ ) Dry v
LAD4 LA-10068 ¥ ¥ ¥ Dry
LAO-4.5¢ LA-10069 ¥ i V Dry
LAO-6a LA-10070 ¥ Dry Dry Dry
DP Canyon Alluvial Wells
LAUZ-1 2101811 W] WY d ¥ ¥ v ¥
LAUZ-2 2101812 | W | WY
Lower Los Alamos Canyon Alluvial Wells
LLAO-1(b) LA-00215 ¥ «J ¥ ) ¥ v i ¥ ¥
LLAO-2 LA-00045 3
LLAO-4 LA-00046 N ¥ + Y ¥
LLAD-5 LA-00002 «J v w.' ¥ ¥ v‘ w/ \f
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Table 4.2-1 (continued)

Early-Phase (Pre-Cerro
Grande) Characterization® Post-Cerro Grande Characterization RFI Sampling
Round 1 Round 2 Round 3 Round 4 Round 1 Round 2 Round 3 "Dry Round 4
Location Location 617100~ 724100~ 8/30/00- 10/3/00- 3IM501- 6/18/01- 10/30/01- | Round“® 5i21/02-
Name ID 1997 | 1998 | 1999 | 2000 ;| 6/27/00 1127100 9/6/00 1011100 4M1i Tan 11/20/01 3/26/02 611702
Upper Los Alamos Canyon Surface Water
LA Creek LA-10126 Y
upstream of LA
Reservoir
Los Alamos d o
Reservoir LA-10033 V¢ ) Dry Dry
Los Alamos
Creek below LA
Reservoir LA-10034 v
Reach LA-Bkgd
SW LA-10006 Dry v Dry wi
SW at E026 LA-10040 W
Reach LA-1
West SW LA-10064 y ¥ v Dry
SWat LAO-0.6 | LA-10005 v \f Dry v
Reach LA-1
Central SW LA-10065 + v y Dry
SW at E030 LA-10038 + Dry Dry Dry
SW at E042 LA-10038 ¥ Dry Dry Dry
Lower Los Alamos Canyon Surface Water and Springs
Basalt Spring | LA-00219 N N N N N v N v
Reach LA-4E
SwW LA-00218 y y ¥ v ~.f Dry y )
Guaje SWat LA
Confluence GU-10004 N W
LA SW at Guaje
Confluence LA-10057 ¥ )
Lower Reach
LA-5 SW (at Rio
Grande) LA-10058 N Dry N Dry
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Table 4.2-1 {continued)

Earty-Phase (Pre-Cerro
Grande) Characterization® Post-Cerro Grande Characterization RFI Sampling
Round 1 Round 2 Round 3 Round 4 Round 1 Round 2 Round 3 “Dry b Round 4
Location Location 617/00- Ti24/00- 8/30/00- 1073100 Ns01- 6/18/01- 10/30/0%- | Round" 5124102
Name ID 1997 | 1998 | 1999 | 2000 | 6/27/00 7127100 9/6/00 10111/00 4711101 T2/ 11/20/¢1 3/26/02 6/11/02

LA Spring BG-00081 v

Otowi Spring | LA-10179 v

DP Canyon Surface Water and Springs

Reach DP-1W

swW 21-10929 v y v v

Reach DP-1C

sSw 21-11226 + ¥ ¥ wl

Reach DP-2 SW

{DPS-1) 21-11269 v Dry Dry Dry

DP Spring 2101854 | W | VW ) + Dry Dry

Reach DP-4 SW

(DPS-4) 21-11270 Dry Dry Dry Dry

Pueblo Canyon Alluvial Wells

PAO-1 PU-00178 y ¥ ¥ ¥ «J v ¥ v

PAQ-2 PU-10174 Dry Dry Dry Dry Dry \f v Dry

PAQ-3 PU-00D181 + v vy Dry

PAO-4 PU-00182 ¥ ¥ y N N J +y v v
Not

APCO-1 PU-10228 ) ¥ i sampled”

PAQ-5N PU-00177 ¥ v ¥ ¥ ¥ ¥

Acid Canyon Surface Water

Reach AC-2 SW | 00-10241 ¥ Dry Dry Dry

Upper Reach

ACS SW PU-10175 «J ) Dry Dry

Lower Reach

ACS SW PU-10176 + Dry Dry Dry

Lower Reach

AC-3 5W PU-10155 J + ¥ v Dry Dry

Hoday uonebiseau) sucAuen ojgend pue sowepy so
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Table 4.2-1 (continued)

Early-Phase (Pre-Cerro
Grande) Characterization® Post-Cesro Grande Characterization RFI Sampling
Round 1 Round 2 Round 3 Round4 | Round1 Round 2 Round 3 “Dry Round 4
Location Location 6117100 7124/00- 8/30/00- 10/3/00- 3115/01- 618/01- | 10/30/01- | Round"® 5121102
Name ID 1997 | 1998 | 1999 | 2000 | 6/27/00 7127100 9/6/00 10/11/00 4111101 TH2101 11/20/01 3/26/02 6/11/02

Pueblo Canyon Surface Water
Reach P-1 Far
West PU-10068 R v v \‘
Upper Reach
P-1 West PU-10069 ¥ v‘ «J ¥
Lower Reach
P-1
West/Pueblo 1R | PU-10070 ) | ¥ ) ¥ ¥ Dry Dry
Upper Reach
P-1 East PU-10071 + 3 ¥ N
Pueblo 2 PU-10231 y Dry Dry Dry
Puablo 3 PU-10230 < Y V v'
Pueblo at NM
State Road 502 | PU-10229 y y + N

Note: Gray shading highlights sample locations for RF| sampling conducted under the “Los Alamos and Pueblo Canyons Work Plan Addendurn, Surface Water and Alluvial

Groundwaler Sampling and Analysis Plan” (LANL 2002, 70235).

Multiple checks (V) represent number of sampling events in a year.

An extra sampling round was conducted at two locations during an extreme dry period in March 2002,
Sample collected on May 1, 2001.

Sample not collected because reservoir was drained for dredging.

Sample collected on August 30, 2001,

Sample collected on July 27 2001,

gSarﬂple collected on September 13, 2001.

- o O O T

APCO-1 not sampled at State Highway NM 4 because of a mouse nest in the well. PAO-5N sampled instead.
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5.0 REGULATORY CRITERIA
5.1 Regulatory Context

Regulatory requirements govermning the RRES-RS canyons investigations are discussed in Section 1.4 of
the NMED-approved canyons core document (LANL 1997, 55622, LANL 1998, 576686). In particular,
these investigations address requirements of the Laboratory's Hazardous Waste Facility Permit (Module
VIIl) under the RCRA, including “the existence of contamination and the potential for movement or
transport to or within Canyon watersheds” (EPA 1990, 1585; EPA 1994, 44146). RCRA and the New
Mexico Hazardous Waste Act (HWA) regulate releases of hazardous wastes and hazardous waste
constituents, and DOE Order 5400.1, “General Environmental Protection Program,” establishes
requirements for managing residual radicactivity at DOE facilities. The regulatory requirements for
conducting these investigations in the Los Alamos and Pueblo watershed are incorporated into Module
Vil through work plans approved by the NMED, The approved work plans include: the Los Alamos and
Pueblo Canyons work plan (LANL 1995, 50290, LANL 1997, 56421), and the surface water and alluvial
groundwater addendum (LANL 2002, 70235).

The assessments in this report are risk-based for all media and contaminants. Surface water and
groundwater standards are not used to support the decision-basis land-use scenarios in this report.
Concentrations of chemicals and radionuclides are compared to various risk-based screening levels,
which are described in Sections 5.2 and 5.3. These screening levels do not constitute cleanup levels.

52 Human Health Screening Levels

Screening action levels {SALs) are media-specific concentrations for COPCs derived based on residential
exposure using conservative expesure assumptions. [f environmental concentrations of contaminants are
below SALs, then the potential for adverse human health effects is considered highly unlikely. For
sediment, the chemical SALs are calculated based on the methodology provided in Appendix C of the
draft installation work plan (LANL 2000, 66802) and in the “Human Health Risk-Based Screening
Methodology” (LANL 2002, 726389). They are also based on guidance in the “Technical Background
Document for Development of Soil Screening Levels” (NMED 2000, 68554) and in “EPA Region 6 Human
Health Medium-Specific Screening Levels,” (EPA 2002, 73691). The SALs for noncarcinogens are based
on a hazard quotient (HQ) of 1.0. The SALs for carcinogens are based on a cancer risk level of 10°
{10E-B). For radionuclides in sediment, the SALs are developed according to the “Derivation and Use of
Radionuclide Screening Action Levels” (LANL 2001, 69683), and RESRAD Version 6.21 (LANL 2002,
73705). The radionuclide SALs for sediment have a target dose limit of 15 millirem per year (mrem/yr).
This dose limit is consistent with guidance from the EPA (EPA 1997, 58693) and DQE (DOE 2000,
67153).

Screening values for water are the EPA Region 6 and Region 9 tap-water standards for carcinogens and
non-carcinogens, and DOE-derived concentration guidelines (DCGs) for radionuclides. The screening
levels for carcinogens and noncarcinogens in water are based on the same HQ and cancer risk levels as
the sediment SALs. The screening values for radionuclides in water were calculated using a target dose
limit of 4 mrem/yr which is based on the radiation dose limit for a public drinking-water supply in DOE
Order 5400.5, “Radiation Protection of the Public and the Environment.”

Some chemicals (acenaphthylene, benzo[g,h.ilperylene, alpha chlordane, gamma chlordane, endrin
ketone, endosulfan Il, and isopropyltoluene) do not have toxicity values published in the EPA’s Integrated
Risk Information System (IRIS) database (EPA 2003, 76870); the EPA’s Health Effects Assessment
Summary Tables ([HEAST] EPA 1997, 58968) , or by EPA’s National Center for Environmental
Assessment (NCEA). For those chemicals, surrogate chemical toxicity values are used, and are based on
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similarity in chemical structure (LANL 2002, 72639, NMED 2003, 81172). The SALs for these surrogates
were used to evaluate whether the COPCs should be retained for further evaluation in a risk assessment.

5.3 Ecological Screening Levels

Ecological screening levels (ESLs) are used to determine the list of COPECs for water and sediment
data. The ESLs are media-specific concentrations that represent the lowest no observed adverse effect
level (NOAEL) for a variety of ecological receptors. Some water ESLs are selected from EPA or NMED
water quality criteria. The NOAEL is the maximum concentration of a COPC that represents no potential
adverse impacts o a receptor. The Laboratory report “Screening Level Ecological Risk Assessment
Methods" (LANL 1999, 64783) contains information about how ESLs are derived. ESLs are developed for
a suite of receptors designed to represent individual feeding guilds, such as invertivorous mammal or
carnivorous bird. 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 September 2002 version (Version 1.5) of the Ecorisk Database (LANL 2002, 73702). Soil ESLs for
antimony, uranium, and zinc were revised in March 2003 {LANL 2003, 74012).
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6.0 CANYONS CONTAMINATION

This section describes the methodology and results of analytical data screening assessments for samples
collected in this investigation to identify COPCs in sediment, surface water, springs, and alluvial
groundwater. |dentifying the COPCs forms the basis for evaluating contamination in canyons media. In
these screening assessments, surface water and springs are considered collectively as surface water. 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 soils as defined in some other studies. The COPC screen is conducted using a tiered approach to
determine which contaminants are carried forward into the conceptual model and human heaith risk
assessments discussed in Sections 7 and 8, respectively. This section also screens analytical results to
determine which analytes are COPECs and should be considered in assessments of potential ecological
risk. Analytical results from some samples of canyons media obtained in cther investigations are included in
this screen {e.g., samples from Acid Canyon near SWMU 0-030[g] reported in LANL 2001, 70273, and
samples in DP Canyon near the DP Tank Farm (LANL 2001, 71303). Table 6.0-1 summarizes the data
used in this investigation, presenting the number of samples analyzed by suite and by medium. Section 6.1
briefly describes how the data were prepared for the screening processes. Section 6.2 presents the screens
for sediments, and Section 6.3 presents the screens for surface water and alluvial groundwater.

6.1 Data Preparation

The data used in the following assessments were obtained from the Environmental Restoration Database
{ERDB) and subjected to a process of quality assurance and subsetting that is prescribed by Desk
Instructions (DI-} 4,26, Revision 0, Legacy Field Data Review Process; and DI-4.28, Revision @, Quality
Assurance Checklist for Preparation of Data Sets from the ER Project Technical Database. All data
residing in the ERDB have undergone routine validation according to SOPs specific to the analyte type
(inorganic chemicals, organic chemicals, or radionuclides). These SOPs include the following:

¢ SOP-15.01, Revision 1, Routine Validation of Volatile Organic Data
s S0OP-15.02, Revision 1, Routine Validation of Semivolatile Organic Data

e SOP-15.03, Revision 1, Routine Validation of Organochlorine Pesticides and Polychlerinated
Biphenyls Data

» S0P-15.04, Revision 1, Routine Validation of High Explosives Organic Data
+ SOP-15.05, Revision 1, Routine Validation of Inorganic Data

e SOP-15.06, Revision 1, Interim Change Notice 1, Routine Validation of Gamma Spectroscopy
Data

+ SOP-15.07, Revision 1, Interim Change Notice 1, Routine Validation of Chemical Separation
Alpha Spectrometry, Gas Proportional Counting, and Liquid Scintillation Data

Prior to analysis, a technical review of both analytical chemistry and field data was performed, resulting in
a list of questions to be resolved either through focused validation by a chemist or review of the sample
collection logs. If data corrections were required, updates were made to, and verified in, the ERDB.
Analytical results from sediment and water samples were divided into subsets to allow screening at levels
finer than that of the entire watershed. This subdivision involved separating samples by gecgraphic area,
by status, and by sample preparation, as discussed below.

Reaches are the primary geographic subdivisions for sediment results because field investigations focused
on obtaining sufficient data at the reach scale. For organic chemicals, the initial screening was done by
applying a 5% frequency-of-detects rule because there are no background values (BVs) for these
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chemicals. To make meaningful use of the 5% frequency-of-detects rule, a minimum sample size of 21 is
desirable. Because fewer than 21 results for organic chemicals are available from most reaches, a larger
spatial scale was used, and the initial screening was done at the subwatershed scale. Following this initial
screen of organic chemicals in sediment, these data were screened at the reach scale. Organic chemicals
identified as COPCs within a subwatershed were retained as COPCs for reach/status combinations within
that subwatershed if the chemical was detected. The term “status” is defined below.

The 5% frequency-of-detects rule is consistent with guidance from EPA (EPA 1989, 8021) and NMED
(NMED 2000, 70107}, and with the process agreed to with NMED for evaluating potential ecological risk in
the Los Alamos and Pueblo watershed (Katzman 2002, 73667). The subwatersheds used in this step
consist of Acid Canyon, DP Canyon, Pueblo Canyon, upper Los Alamos Canyon, and lower Los Alamos
Canyon. Groupings of reaches by subwatershed are provided in Table 3.1-1.

Secondary subdivisions for sediment results were made 1o separate data in reaches for two types of
samples for which the term “status” is used in this section:

» results from analyses of Cerro Grande fire-impacted samples (samples collected from post-fire
sediment deposits within or downcanyon from the burn area), and

« results from sample locations that have been excavated subsequently during remediation activities
{called “removed samples”).

Fire-impacted samples were separated from non-fire impacted samples because analyte concentrations in
the former are strongly affected by the presence of reworked ash. Removed samples were separated from
other samples because they are not relevant for assessing present-day risk, although they are useful in
understanding the sources of contaminants.

An additional grouping consisted of post-fire sediment samples collected within or downstream from the
Cerro Grande burn area in areas either upstream from SWMUs or ACCs or not affected by them. These
are referred to as “baseline” samples in this report. These baseline samples were combined for the
purpose of applying the 5% frequency-of-detects rule for organic chemicals.

During the planning stage of the surface water and alluvial groundwater investigation, described in the Los
Alamos and Pueblo Canyons work plan addendum {LANL 2002, 70235), a general conceptual model for
watershed hydrology and contaminant distribution was developed that led to delineating portions of the
watershed with unique combinations of hydrology and contaminant sources. The term “hydrosegment” is
used in this report for these geographic areas. This term was not explicitly used in the work plan
addendum but was used to select sampling locations in this investigation. The basis for the approach is
similar to that of the sediment investigation reaches in that it assures appropriate spatial representation of
surface water and alluvial groundwater quality with respect to known or suspected contaminant sources

(a sample site rationale is presented in Table 3.2-1). The hydrosegment approach is particularly relevant to
the screening methodology because it provides a basis for screening the data at a spatial scale small
enough to distinguish areas of unique hydrology and contaminant sources. The following is a list of the
hydrosegments:

e Upper Los Alamos Canyon is the portion of Los Alamos Canyon above the confluence with
DP Canyon.

» Middle Los Alamos Canyon includes DP Canyon and the portion of Los Alamos Canyon from the
DP confluence to the confluence with Pueblo Canyon.

* Lower Los Alamos Canyon is the portion of Los Alamos Canycn below the confluence with Pueblo
Canyon.

s Upper Pueblo Canyon is the portion of Pueblo Canyon above the confluence with Acid Canyon.
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+ Middle Puebloe Canyon includes Acid Canyon and the portion of Pueblo Canyon above the Bayo
WWTP.

+ Lower Pueblo Canyon is the portion of Pueblo Canyon below the Bayo WWTP down to the
confluence with Los Alamos Canyon.

Additional specific information about the screening methodology for surface water and alluvial groundwater
is provided in Section 6.3.

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

+ Semivolatile organic compound (SVOC) results from samples analyzed by a volatile organic
compound (VOC), PAH, or high explosives (HE) analytical method. These duplicate results are
exciuded from the screen because the VOC, PAH, and HE analytical methods provide iower
detection limits than the SVOC method.

¢ Field duplicate results. These results are from samples obtained for quality assurance/quality
control (QA/QC) purposes and not as primary characterization data.

e Uranium-235 results by gamma spectroscopy. For sediment, these results are excluded because
gamma spectroscopy analysis yields results that cannot be directly compared to sediment BVs.
For water, these results are excluded because the detection limits are too high to provide useful
data and because sufficient data are provided through alpha spectroscopy analyses.

+ Results from resampling of sediment layers that resulted in duplicate analyses, unless the later
results need to be retained, for reasons described in the next item,

s Sediment results superceded by a resampling result. Results from the resampling of sediment
layers supercede initial results for several reasons, including replacing analyses with high
detection limits for initial samples and replacing anomalous results (e.g., questionable results in
initial samples that could not be confirmed upon resampling).

+ Results from sediment samples from noncontaminated areas collected to determine background
concentrations and calculate BVs by Ryti et al. (1998, 59730) and McDoenald et al. (2003, 76084).

+ Results from composite sediment samples collected to support ecological risk studies. These
composite samples are used to support the ecological risk assessment in Section 8.1, but they
cannot be compared to the other samples in this investigation; therefore, they have been excluded
from the screens and from the subsequent human heaith risk assessments.

» Results from sediment samples from f2 and Qt geomorphic units. These results are excluded
because an initial data review indicated that analyte concentrations are at or near background
levels in these units, with results either below or only slightly above BVs. Including these results
would introduce a low bias in calculated average COPC concentrations; therefore, these results
are excluded to provide more protective estimates of contaminant concentrations for use in risk
assessments.

» Gross alpha, beta, and gamma radiation results. These results are excluded because they are
screening data, and no risk-based screening levels are available for gross radiation data.

» PCB congener results. These results are excluded because there are no risk-based screening
levels for PCB congener data. Although such screening values could be calculated by using a
toxicity equivalency method, screening of PCB congeners is not needed since they would be
redundant; specifically, all samples analyzed for congeners were also analyzed for PCB Aroclors
and Aroclor results are compared to risk-based screening levels in this report.
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» Dioxin and furan results. These results are excluded because these analytes were obtained only
from post-fire samples to evaluate potential constituents derived from the Cerro Grande burn area,
and an agreement was reached with NMED not to include them in risk assessments for
Los Alamos and Pueblo Canyons {(Katzman 2002, 73667).

» Humic substances for water samples. These results are excluded because there are no risk-based
screening levels for humic substances.

+ Results from intermediate groundwater or stormwater samples. Intermediate groundwater results
are excluded because intermediate groundwater is out of the scope of this investigation.
Stormwater results are excluded because stormwater is transient and does not occur frequently
enough to result in chronic exposures.

+ Results from water samples collected before 1997. These results are not used because in many
instances the concentrations in older data are not representative of current conditions. However,
pre-1997 data are used in the trend analyses presented in the conceptual model in Section 7.2.

6.2 Contaminants in Sediment

This section presents the process for screening sediment sample results from the Los Alamos and Pueblo
watershed. Analytical results from sediment samples were first screened to develop a list of COPCs, as
presented in Section 6.2.1. In Section 6.2.2, all sediment COPCs are screened against ESLs to identify
COPECs, which are assessed for potential ecological risk. In Section 6.2.3, all sediment COPCs are
screened against SALs to identify analytes to be evaluated in the human health risk assessments. The
results of these screens are presented in tables in Section E-1.0 of Appendix E.

6.2.1 Identification of Sediment COPCs

Sediment COPCs are identified by a screening process that includes comparing the results to BVs and
taking into account the frequency of detection. This process is performed at the reach ievel for inorganic
chemicals and radionuclides and at the subwatershed and reach/status leve! for organic chemicals, as
described previously. Analytes are retained as COPCs using rules specific to the class of analyte. This
process is depicted in Figure 6.2-1 and is discussed below. The BVs for sediment used here are presented
in Ryti et al. (1998, 59730) and McBonald et al. (2003, 76084), and are either upper tolerance limits (UTLs)
for frequently detected analytes or detection limits for infrequently detected analytes. The COPCs resulting
from this screen are presented in Tables E-1.0-1 through E-1.0-3. Table E-1.0-1 presents the list of organic
COPCs screened at the reach/status level. Tables E-1.0-2 and E-1.0-3 present the COPCs for
radionuclides and inorganic chemicals, respectively.

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

s the analyte has a BV and a detected or nondetected result in the reach exceeds the BV, or

» the analyte does not have a BV, but there is at least one detected result in the reach.
For radionuclides, an analyte is retained as a COPC in a reach if

» the analyte has a BV and at least one detected result in the reach exceeds the BV, or

« the analyte does not have a BV but has at least one detected result in the reach.
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There are no BVs for organic analytes, and retaining an organic chemical as a COPC is based solely on its
frequency of detection. For organic chemicals, an analyte is retained as a COPC in a reach/status if

+ the frequency of detection is greater than or equal to 5% for the subwatershed in which the reach
is located, and

o there is at least one detected result in the data from a reach/status combination.

6.2.2 Identiflcation of Sediment COPECs for Ecological Risk Assessment

The identification of sediment COPECS to be evaluated in the baseline ecological risk assessment
includes comparing sediment concentrations to soil ESLs and sediment ESLs, as discussed in Sections
6.2.2.1 and 6.2.2.2. Comparison of sediment concentrations to soil ESLs evaluates the potential for
adverse ecological effects from COPECs on terrestrial ecological receptors. Comparing sediment
concentrations to sediment ESLs evaluates the potential for adverse ecological effects from COPECs on
aquatic ecological receptors and through aquatic exposure pathways. The ecclogical screen presented in
this section uses ESLs from the Ecorisk Database, Version 1.5 (LANL 2002, 73702; LANL 2003, 74012).
This screen uses only comparisons to maximum sample results in reaches. Further refinement using more
representative concentrations was not necessary because potential ecological effects were evaluated
directly in the biota investigation presented in Section 8.1.

6.2.21 Terrestrial Ecological Screen

The terrestrial ecological screen involves comparing the maximum concentration for a COPC to its soil
ESL (LANL 2002, 73702; LANL 2003, 74012), as depicted in Figure 6.2-2. A list of screened analytes and
the associated ESLs is presented in Table E-1.0-4. If surrogate values are used, the surrogate and its
source are noted. HQs are used in this screen, which are ratios of sample results to ESLs. This screen is
performed by reach and status, and the results of the screen are presented Table E-1.0-5. A COPC is
included in this table if the maximum HQ is greater than 0.3 (LANL 1999, 64783).

Terrestrial COPECs are determined using the following process:

1. For areach and status combination, individual analytes are not retained as COPECs if the HQ for
detected results is less than or equal to 0.3.

The list of COPECs for terrestrial receptors is presented in Table E-1.0-6, Section 8.1 provides further
evaluation of these COPECs.

6.2.2.2 Aquatic Receptor and Pathway Ecological Screen

The aquatic ecological receptors and aquatic exposure pathways ecological screen involves comparing the
maximum concentration for a COPC in active channel sediment deposits (¢1 geomorphic unit) to its
sediment ESL {LANL 2002, 73702; LANL 2003, 74012) as depicted in Figure 6.2-2. A list of screened
analytes and the associated ESLs is presented in Table E-1.0-7. This screen is performed by reach and
status, and the results of the screen are presented Table E-1.0-8. An analyte is included in these tables if it
is identified as a COPC in Section 6.2.1, and if the maximum HQ is greater than 0.3 {LANL 1999, 64783).

COPECs for aguatic ecological receptors and aquatic exposure pathways are determined using the
following process:

1. For a reach and status combination, individual analytes are not retained as COPECs if the HQ for
detected results is less than or equal o 0.3.
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The list of COPECs for aguatic receptors and pathways is presented in Table E-1.0-9. Section 8.1 provides
further evaluation of these COPECs.

6.2.3 Identification of Sediment COPCs for Human Health Risk Assessment

The identification of sediment COPCs to be carried forward to the human health risk assessment includes
a two-tiered screening process, as discussed below. COPCs retained in the Tier 2 screen are evaluated in
Section 6.2.3.3 to determine whether they represent contaminant releases into the Los Alamos and Pueblo
watershed, in which case they are retained for further assessment.

6.2.3.1 Tier 1 Human Health Screen

The Tier 1 human health screen involves comparing the maximum concentration for a sediment COPC to
its SAL, as depicted in Figure 6.2-3. A list of COPCs, the associated SALs, and the source of the SALs are
presented in Table E-1.0-10. If surrogate values are used, the sutrogate and its source are noted. The
chemica! SALs were calculated based on the methodology provided in Appendix C of the NMED-approved
installation work plan (LANL 1998, 62060; LANL 2002, 72639). The methodology is based on guidance
from EPA Region 6 and NMED (EPA 2003, 81724, NMED 2000, 68554). For radionuclides, the SALs are
derived using RESRAD, Version 6.21, according to the process delineated in a Laboratory report on the
derivation and use of radionuclide SALs (LANL 2001, 69683) and in a report describing the methodology
for human health risk-based screening {(LANL 2002, 73705). The SALs for noncarcinogens are based on a
HQ of 1; SALs for carcinogens are based on a target cancer risk of 107, and SALs for radionuclides in
sediment are based on a dose of 15 mrem/yr. Because SALSs are based on a 10°® cancer risk, which is
1/10th the NMED target level of 107, the HQ/HI criteria for carcinogens presented below are an order of
magnitude higher than for noncarcinogens and radionuclides.

HQs and hazard indices (HIs) are used in this screen. An HQ is the ratio of sample result to the SAL for
that analyte, and an HI is the sum of HQs for a risk type, i.e., carcinogens, noncarcinogens, and
radionuclides. This screen is performed by reach and status.

Results of the Tier 1 screen are presented in Table E-1.0-11. An analyte is carried forward as a Tier 1
human health COPC in a reach if it is identified as a COPC in Section 6.2.1, and if the maximum HQ
exceeds 0.1 for noncarcinogens and radionuclides or 1 for carcinogens, in accordance with Laboratory
human health risk-based screening methodology (LANL 2002, 72639). Hls for each risk type are
calculated as the sum of all HQs for COPCs of that type. HQs for COPCs identified in Section 6.2.1 but not
carried forward as Tier 1 human health COPCs are included in the HI, and the sums by risk type in

Table E-1.0-11 can be higher than the sum of the analytes presented in this table.

Tier 1 COPCs are determined using the following process:

1. All COPCs within a risk type (carcinogens, noncarcinogens and radionuclides) are not retained as
Tier 1 COPCs for a reach and status combination if the Hl is less than or equal to 1 for
noncarcinogens and radionuclides or less than or equal to 10 for carcinogens.

2. Within a risk type retained in Step 1 for a reach and status combination, individual analytes are not
retained as Tier 1 COPCs if the HQ for detected results is less than or equal to 0.1 for
nongarcinogens and radionuclides or less than or equal to 1 for carcinogens.

The list of Tier 1 COPCs is presented in Table E-1.0-12.
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6.2.3.2 Tier 2 Human Health Screen

The Tier 2 human health screen compares SALs to exposure point concentrations {(EPCs) for each
sediment COPC retained from Tier 1. The 95% upper confidence limit (UCL) on the arithmetic average of
the entire data set in a reach is used to represent the EPC for each COPC in this screen. This approach is
intended to focus the risk assessment on COPCs that potentially present a human health risk. Further
refinements for calculating EPCs are used in Section 8.2 to better represent the geomorphic
characteristics of the reaches. UCLs are calculated for each combination of reach, status, and Tier 1
COPC identified in Section 6.2.3.1. The methodotogy for calculating UCLs is documented in Section E-2 of
Appendix E. As in the previous section, HQs and His are used in the Tier 2 screen. The Tier 2 screen uses
the HQ of the 95% UCL on the average concentration or the maximum value for a COPC, whichever is
smaller. This screening process is consistent with the COPC evaluation methods presented by EPA (EPA
1989, 8021). The process is depicted in Figure 6.2-4. Results of the Tier 2 screen are presented in

Table E-1.0-13.

Tier 2 COPCs are determined using the following process:

1. All analytes within a risk type {carcinogens, noncarcinogens, and radionuclides) are not retained
as Tier 2 COPCs for a reach and status combination if the His are less than or equal to 1 for
noncarcinogens and radionuclides or 10 for carcinogens.

2. Within a risk type retained in Step 1 above for a reach and status combination, individual analytes
are not retained as Tier 2 COPCs if the HQs are less than or equal to 0.1 for noncarcinogens and
radionuclides or less than or equal to 1 for carcinogens.

The list of Tier 2 COPCs is presented in Table E-1.0-14.

6.2.3.3 Evaluation of Tier 2 Sediment COPCs for Human Health Risk Assessment

This section addresses sediment COPCs that are identified in the Tier 2 screen whose spatial distribution
and/or frequency of detection indicate that they do not represent contaminant releases into the Los Alamos
and Pueblo watershed. This evaluation supports the identification of important COPCs that are discussed
in more detail in Section 7.1 and carried forward into the human health risk assessment discussed in
Section 8.2.

Inorganic Chemicals in Sediment

Available data indicate that four inorganic COPCs in sediment identified in the Tier 2 screen in
Section 6.2.3.2 do not have sources at Laboratory SWMUs or AOCs: aluminum, iron, manganese, and
thallium,

Aluminum is a Tier 2 COPC only in the post-fire baseline data set and was detected above the BV in a
single sediment sample downcanyon from Laboratory sources. This sample from reach P-4W
{04-PU-96-0030) also contains relatively high iron, and its composition is consistent with background
variability, as discussed in Reneau et al. (1998, 62050, p. 3-3). Therefore, no evidence exists of aluminum
releases from Laboratory sources, and the analyte is not evaluated further in Sections 7.1 or 8.2.

Iron, manganese, and thallium are Tier 2 COPCs only in reach P4E or in post-fire baseline samples. The
maximum values for iron and thallium are in a P-4E sample that was rich in black magnetite sands (sample
04PU-96-0026), and manganese was also greater than the BV in this sample (Reneau et al. 1998, 59159,
p. 3-3). Magnetite sands have naturally elevated levels of several metals (Reneau et al. 1998, 62050, pp.
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12-14); therefore, these elevated values from P-4E are consistent with natural background variability. The
maximum values of manganese occur in the post-fire baseline data set, and the maximum value in
sediment downcanyon from SWMUs and AOCs occurs in post-fire sediment in reach LA-3FE. Thus, the
elevated manganese values are primarily associated with the concentration of naturally occurring
manganese in ash and its redistribution by post-fire floods (e.g., Katzman et al. 2001, 72660; Kraig et al.
2002, 72658). For these reasons, iron, manganese, and thallium are not evaluated further in this report in
the context of potential human health risk. Potential human health risks associated with these metals in
post-fire sediment deposits are evaluated in Kraig et al. (2002, 72658),

Radionuclides in Sediment

Available data indicate that four radionuclide COPCs in sediment identified in the Tier 2 screen in

Section 6.2.3.2 do not have sources at Laboratory SWMUs or AOCs: europium-152, thorium-228, thorium-
230, and thorium-232. These four COPCs are not discussed in Section 7.1 or evaluated in the human
health risk assessment in Section 8.2.

Europium-152 is a gamma spectroscopy anatyte that has no BV and is carried forward as a COPC
wherever it is detected. It is a fission product present in trace levels in atmospheric fallout. It has a very low
frequency of detects (1.2%) in the Los Alamos and Pueblo watershed, consisting of 6 out of 487 samples
analyzed for gamma spectroscopy radionuclides from contaminated geomorphic units. It was detected only
in reaches LA-2E, LA-3E, LA-4E, LA4W, and P-1E and is a Tier 2 COPC only in LA-2E. In LA-2E, it was
detected in 1 out of 47 samples (sample 04LA-97-0075} for a detection frequency of 2%. The detected
europium-152 sample results fall within the range of nondetect sample results, as indicated in a previous
report (Reneau et al. 1998, 59160, p. 3-23). In addition, the geographic distribution of detects indicates
that it does not represent Laboratory releases because europium-152 was not detected closer to potential
sources in Acid, DP, or Los Alamos Canyons upcanyon from DP Canyon. It was also not detected in the
58 gamma spectroscopy anatyses obtained in 2001 from contaminated geomorphic units in reaches
LA-2FE and LA-3W. Because of its low frequency of detects and the absence of detected results close to
potential sources, europium-152 is not evaluated further in this report.

Thorium-228, thorium-230, and thorium-232 were detected at concentrations greater than BVs in one sample
collected in reach LA-3E in 1997 (sample 04LA-87-0147), and thorium-230 was detected at a concentration
greater than the BV in cne sample collected in reach LA-2E in 1996 {sample D4LA-96-0145). The maximum
LA-3E thorium values are only 13% to 27% greater than BVs and were analyzed at a different laboratory than
the other thorium samples in the background data set, indicating that these detected results may be related to
an analytical bias between laboratories (Reneau et al. 1998, 53160, p. 3-24). The maximum LA-2E thorium-
230 value is only 7% greater than the BV, which indicates only a slight difference from background data.
These isotopes were not detected at concentrations greater than BVs in 11 samples collected in 2001 in
contaminated geomorphic units in the intervening reaches (LA-2FE and LA-3W}, supporting the conclusion
that the results from LA-2E and LA-3W do not represent Laboratory releases. For these reasons, thorium-
228, thorium-230, and thorium-232 are not evaluated further in this report.

6.3 Contaminants in Surface Water and Alluvial Groundwater

This section presents the process for screening surface water and alluvial groundwater sample results
from the Los Alamos and Pueblo watershed. Analytical results from water samples were first screened to
develop a list of COPCs, as presented in Section 6.3.1. In Section 6.3.2, all water COPCs are screened
against water ESLs to identify COPECs. In Section 6.3.3, all water COPCs are screened against either an
EPA tap water value (Region 6 or 9 [EPA 2002, 76866; EPA 2002, 76867]) or a DOE-derived
concentration guideline (DCG, DOE Order 5400.5, "Radiation Protection of the Public and the
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Environment") to identify the subset of COPCs that are important for assessing potential human health
risk. The results of these screens are presented in tables in Section E-1.0 of Appendix E.

6.3.1 Identification of Surface Water and Alluvial Groundwater COPCs

There are no BVs for water data; thus, COPCs are identified by a screening process that considers only
the frequency of detection. This process is performed for groups of data defined by hydrosegments and
field preparation for all analyte types (inorganic chemicals, organic chemicals, and radionuclides). The
basis for using hydrosegments as a screening level is explained in Section 6.1. The samples are prepared
in the field as either filtered or unfiltered. The screening process is depicted in Figure 6.3-1 and discussed
below. The COPCs resulting from this screen are presented in Tables E-1.0-15 to E-1.0-17 for organic,
radionuclide, and inorganic COPCs, respectively.

For all analyte types, a specific analyte is retained as a COPC for a hydrosegment and field preparation
combination if

¢ the frequency of detection is greater than or equal to 5% for any water type in that hydrosegment
and field preparation combination.

6.3.2 Identification of Surface Water COPECs for Ecological Risk Assessment

The subset of water COPCs, identified in Section 6.3.1, to be evaluated in the baseline ecological risk
assessment includes comparison of surface water concentrations to water ESLs, as discussed in

Section 6.3.2.1. Comparing water concentrations to water ESLs evaluates the potential for adverse
ecological effects from COPCs to aquatic ecological receptors and aquatic exposure pathways.
Concentrations measured in surface water and springs are compared to water ESLs. Alluvial groundwater
data are not evaluated in the ecological screen, because no exposure pathways to ecological receptors
from alluvial groundwater exist (except for springs, which are evaluated for ecological risks as just noted).
The source of the ESLs is documented in the Ecorisk Database, Version 1.5 (LANL 2002, 73702; LANL
2003, 74012).

6.3.2.1  Aquatic Receptor and Pathway Ecological Screen

The aquatic ecological receptors and aquatic exposure pathways ecological screen involves comparing the
maximum value for a COPC in water to its ESL as depicted in Figure 6.2-2. A list of screened analytes, the
associated ESLs, and the source of the ESL values are presented in Table E-1.0-18. If surrogate values
are used, the surrogate and its source are noted.

HQs are used in this screen, which is performed by canyon, hydrosegment, water type, and field
preparation. The results of the screen are presented in Table E-1.0-19. An analyte is included in these
tables if it was identified as a COPC in Section 6.2.1 and if the maximum HQ is greater than 0.3
(LANL 1999, 64783).

COPECs are determined using the following process:

1. For a canyon, hydrosegment, water type, and field preparation combination, individual analytes
are retained as COPECs if the HQs are greater than 0.3.

The list of COPECs is presented in Table E-1.0-20. Section 8.1 presents further evaluation of these
COPECs.
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6.3.3 Identification of Surface Water and Alluvial Groundwater COPCs for Human Health Risk
Assessment

The identification of the subset of water COPCs to be carried forward into the human health risk
assessment includes a two-tiered screening process, as discussed below.

6.3.3.1 Tier 1 Human Health Screen

The Tier 1 human health screen invoives comparing the maximum concentration for a COPC to either an
EPA tap water value (Region & or 9 [EPA 2002, 76866; EPA 2002, 76867]) or a DOE-DCG (DOE Order
5400.5, “Radiation Protection of the Public and the Environment”) as depicted in Figure 6.3-2. In this
section, EPA tap water values and DOE-DCGs are collectively referred to as screening levels. A list of
screened analytes, the associated screening levels, and the source of the screening level is presented in
Table E-1.0-21. If surrogate values are used, the surrogate and its source are noted. Chromium is
measured as total chromium for which there is no EPA Region 6 tap water value. There are tap water
values for Chromium+3 (Cr+3) and Chromium+6 (Cr+6), of 5.5 x 10* and 1.2 x 10, respectively

(EPA 2002, 73691). Assuming total chromium exists as a 1:6 ratio of Cr+6 and Cr+3, the Cr+6 tap water
value was chosen to be protective. For analytes that do not have screening values, the NMWQCC-
published standards were evaiuated to determine if they are applicable.

Chloride does not have an EPA Region 6 tap water value but has a groundwater standard {(other
standards for domestic water); thus, the groundwater standard was used as a surrogate. The EPA Region
6 or 9 tap water values for noncarcinogens are based on a HQ of 1; EPA Region 6 or 9 tap water values
for carcinogens are based on a target cancer risk of 10°% Because SALs are based on a 107 cancer risk,
which is 1/10th the NMED target level of 107°, the HQ/HI criteria for carcinogens presented below are an
order of magnitude higher than for noncarcinogens and radionuclides. The DOE-DCG for radionuclides in
watler is based on a dose of 4 mrem/yr. The Tier 1 screen is performed at the level of canyon
hydrosegment, water type {e.g., surface water, alluvial groundwater), and field preparation.

Results of the Tier 1 screen are presented in Table E-1.0-22. An analyte is carried forward as a Tier 1
human health COPC if it is identified as a COPC in Section 6.3.1 and if the maximum HQ exceeds 0.1 for
noncarcinogens and radionuclides, or 1 for carcinogens in accordance with Laboratory guidance (LANL
2002, 72639). His for each risk type are calculated as the sum of all HQs for COPCs of that type. HQs for
COPCs identified in Section 6.3.1 but not carried forward as Tier 1 human health COPCs are included in
the HI, and the sums by risk type in Table E-1.0-22 can be higher than the sum of the analytes presented
in this table.

Tier 1 COPCs are determined using the following process:

1. All COPCs within a risk type (carcinogens, noncarcinogens and radionuclides) are not retained as
Tier 1 COPCs for a canyon hydrosegment, water type, and field preparation combination if the His
for detected results are less than or equal to 1 for noncarcinogens and radionuclides or less than
or equal to 10 for carcinogens.

2. Within an risk type retained in Step 1 for a canyon hydrosegment, water type, and field
preparation, individual analytes are not retained as Tier 1 COPCs if the HQs for detected results is
less than or equal to 0.1 for noncarcinogens and radionuclides or less than or equal to 1 for
carcinogens.

The list of Tier 1 COPCs is presented in Tabie E-1.0-23.
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6.3.3.2 Tier 2 Human Health Screen

The Tier 2 human health screen involves comparing screening levels to initial estimates of chronic EPCs,
as opposed to maximum values, for each analyte retained as a Tier 1 COPC. The 95% UCL on the
average of the data set for a sampling location is used to represent the EPC for each analyte in this
screen. This approach is intended to focus the risk assessment on analytes that are more important in
assessing human health risk. UCLs are calculated by location and field preparation for each COPC
identified in Section 6.3.3.1. As in the previous section, HQs and Hls are used in the Tier 2 screen. The
Tier 2 screen uses the HQ of the 95% UCL on the average concentration or the maximum value for an
analyte, whichever is smaller. This screening process is consistent with the COPC evaluation methods
presented in EPA guidance (EPA 1988, 8021) and is shown in Figure 6.3-3. Results of the Tier 2 screen
are presented in Table E-1.0-24.

Tier 2 COPCs are determined using the following process:

1. All analytes within a type (carcinogens, noncarcinogens, and radionuclides) are eliminated as
Tier 2 COPCs for each location and field preparation combination if the Hls are less than or equal
to 1 for noncarcinogens and radionuclides or less than or equal to 10 for carcinogens.

2. Within a type of analytes retained in Step 1 above for a location and field preparation combination,
individual analytes are eliminated as Tier 2 COPCs if the HQs are less than or equal to 0.1 for
noncarcinogens and radionuclides or less than or equal to 1 for carcinogens.

The list of Tier 2 COPCs is presented in Table E-1.0-25.

6.3.3.3 Evaluation of Tier 2 Water COPCs for Human Health Risk Assessment

This section addresses COPCs detected infrequently in either groundwater or surface water. in addition to
the low rates of detection, there is also no evidence of trends from contaminant source areas. Several of
the COPCs were detected at locations that are upcanyon from Laboratory releases. The low rates of
detection and the locations where COPCs were detected indicate no relation of these COPCs to
Laboratory sources.

6.3.3.3.1 Groundwater

Available data indicate that five COPCs in alluvial groundwater do not represent contaminant releases in
Los Alamos and Pueblo watershed based on low frequency of detections, false positive analytical results,
and/or occurrences upgradient from known Laboratory releases: benzene, dieldrin, methylene chloride,
trichloroethene, and chloride.

Benzene was detected in two samples from two locations. One is a background groundwater location,
LAO-B, and the other is in lower Los Alamos Canyon, at LLAO-1b. These detects are not associated with
any known releases from the Laboratory and are not repeated in other samples at the same locations.
Benzene is not evaluated further.

Dieldrin was detected once at PAO-1 at 0.0054 pg/L. Other samples from that location did not detect this
analyte. Dieldrin is not evaluated further.

Methylene chloride is a common analytical laboratory contaminant. It was detected eight times at
concentrations of 0.93 to 38 pg/L in locations that include LAO(b), a background groundwater location.
These values are all less than ten times the estimated quantitation limit of 5 pg/L. Methylene chloride is not
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evaluated further. Trichloroethene was detected once at LLAO-1b at 1.7 pg/l.. Other samples from this
sampling location do not show detections of this analyte. Trichloroethene is not evaluated further.

Chloride data were collected as a part of the anion suite used for geochemical analysis of groundwater
and surface water. With a maximum detected concentration of 10 pg/L in groundwater, it is not considered
to be a risk relevant contaminant and is not evaluated further.

6.3.3.3.2 Surface Water

Available data indicate that seven COPCs in surface water do not represent contaminant releases in

Los Atamos and Pueblo watershed based on low frequency of detection and/er occurrences upcanyon
from known Laboratory releases: dichlorodiphenyldichloroethylene (DDE), {4,4'-], bromodichloromethane,
chloroform, bromomethane, dichloroethane[1,2-], methylene chloride, and chloride.

DDE[4,4'-] was detected once in reach LA-2W at 0.57 ug/L; however, this analyte was not detected in
other samples. DDE[4,4'-] is not evaluated further.

Bromodichloromethane was detected once at DP-1W at 0.21 pg/L. Chloroform was detected once at
DP-1W (2.8 pg/L) and twice at Pueblo 3 (0.24 and 0.20 pg/L). Both of these analytes are disinfection
byproducts from water treatment. The National Primary Drinking Water Regulations: Disinfectants and
Disinfection Byproducts, Final Rule (40 CFR 141.64) establishes 80 ug/L as the acceptable limit for
disinfection byproducts. The values reported in this section are well below this standard.
Bromodichloromethane and chloroform are not evaluated further.

Bromomethane was detected at DP Spring at 2.7ug/L and was not detected again at this location or at any
other locations. Bromomethane is not evaluated further.

Dichloroethane{1,2-] was detected once at DP Spring at 7.6 pg/L. A follow-up sample and other samples
collected from DP Spring did not detect this analyte. Dichloroethane[1,2-] is not evaluated further.

Methylene chloride was detected once in the Los Alamos Reservoir at 37 pg/L and twice in reach LA-1W
at 40 and 1.4 pg/L. This compound is a commen analytical laboratory contaminant. These values are less
than ten times the detection limit of 5 ag/L. Methylene chloride is not evaluated further.

Chloride data were collected as a part of the anion suite used for geochemical analysis of groundwater
and surface water. With a maximum detected concentration of 8 pg/L in surface water, it is not considered
a risk-relevant contaminant and is not evaluated further.

64 Summary

Table 6.4-1 presents a summary of the COPCs and COPECs in sediment and water samples from the Los
Alamos and Pueblo watershed. Table 6.4-1 indicates which analytes were retained for further assessment
after each step of the screening process discussed above. The analytes retained are discussed further in
Section 7 and evaluated as part of the ecological and human health risk assessment presented in

Section 8.
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Tables E-1.0-1,
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Eliminate as COPC

Figure 6.2-1. BV and frequency-of-detection screen performed by reach for inorganic chemicals
and radionuclides and by subwatershed reach/status for organic chemicals
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Results for analytes retained as COPCs
in the Bv/frequency-of-detects screen

Is the result
a detected
value?

Calculate HQ =
maximum value for each retained analyte
divided by its ESL

(See: Table E-1.0-5 for sediment
Table E-1.0-8 for active channel sediment
Table E-1.0-19 for water)

ESL tables; Table E-1.0-4 for soil
Table E-1.0-2 for sediment

Is the HQ
for an analyte
>0.37

Eliminate as COPC
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Retain as COPC

Summarized in

Table E-1.0-6 for sediment
Table E-1.0-9 for active channel sediment
Table E-1.0-20 for water

Figure 6.2-2. Ecological screen (based on maxima) performed by reach and status for sediment
and active channel sediment and performed by canyon hydrosegment, water type,
and field preparation for water
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Figure 6.2-3.
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Figure 6.24.

Aprif 2004
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Summarized in Tables
E-1.0-15 through E-1.0-17

Figure 6.3-1. Frequency-of-detection screen performed by hydrosegment and field preparation
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Results for analytes retained
as COPCs in the
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Summarized in
Table E-1.0-23
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Eliminate all carcinogens
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Figure 6.3-2. Human health screen (based on maxima) performed by canyon hydrosegment,
water, type, and field preparation
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Figure 6.3-3. Human health screen (based on UCLs or maxima) performed by location and field
preparation
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Table 6.0-1
Number of Samples Analyzed by Suite
Alluvial Surface Cerro
Sediment | Groundwater | Water/Springs | Grande Ash
Analytical Suite Samples Samples Samples Samples Total
Dioxins/Furans 28 2 1 7 38
High explosives 3 nic nic n/ic? 3
Humic acids 1 27 19 nfc 47
Methyl mercury 8 n/c n/c nfc 8
PAHs 32 26 24 n/c 82
PCBs 327 76 66 n/c 469
PCB congeners 7 n/c nic nic 7
Pesticides 279 59 53 n/c K1
SVOCs 245 76 61 7 389
Total petroteum hydrocarbons 62 12 11 n/c 85
VOCs 48 72 53 nfc 173
Cyanide (total or amenable to chlorination) | 142 91 68 1 302
Metals 475 262 198 14 949
Perchlorate 13 114 86 n/c 213
Other soil parameters® 75 n/a® n/a 8 83
Other water parameters® n/a 249 195 n/a 444
Americium-241° 117 167 126 7 417
Gamma spectroscopy radionuclides’ 673 174 144 17 1008
Gross alpha/beta 63 34 2 n/c 99
Gross gamma 8 14 n/c n/c 22
Isotopic plutonium 1051 214 178 17 1460
Isotopic thorium 78 nfc n/c 4 82
Isotopic uranium 199 187 124 4 514
Strontium-90 517 246 187 17 967
Technetium-99 nfc 60 41 nic 101
Tritium 171 95 60 nfc 326

a nfc = Suite not analyzed.

l:'Othar soil parameters include alkalinities, bromide, carbon, chlorate, chloride, fluoride, perchlorate, sulfate, and total organic
carbon.
© w/a = Not applicable.

Other water parameters include alkalinities, ammonia, ammonium, bromide, chlorate, chloride, conductivity, dissolved organic
carbon, flucride, hardness, nitrate, nitrite, oxalate, total dissolved solids, total suspended solids, sulfate, total kjeidah! nitrogen, total
organic carbon, pH

eAmen'cium-241 by alpha spectroscopy.
f Gamma spectroscopy radionuclides include Am-241, Cs-134, Cs-137, Co-60, Eu-152, Ru-106, Na-22, and U-235.
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Table 6.4-1
Summary of Water and Sediment COPCs and COPECs
Sediment Water
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Analyte Name Cx|d |4 i x| g
Alkalinity-CO3 ne nc {nc | nc|{ne|ne | X | | nv | nv|ne
Alkalinity-CO3+HCO3 na® na na na na na X nv nv nv ne
AlKalinity-HCO3 X nv nv nv ne ne X nv nv nv ne
Aluminurm X X X | ef | X0 | no X X X x | x
Antimony X [ b [ nh{nh | X | no} X X X X | no
Arsenic X X X X X X X X X X no
Barium X X [ ed { e2 | X X | X X X X X
Berylliumn X nh nh nh X X X nh nh nh X
Boron X nh nh nh X no X X X X X
Bromide X nv nv nv ne ne X ny nv nv ne
Cadmium X nh nh nh X X X nh nh nh X
Calcium X nv nv nv ne ne X nv ny nv ne
Chloride X nh nh nh ne ne X X X ef X
Chromium X nh nh nh X X X X X X no
Cobalt X nh nh nh X X X nh nh nh X
Copper X nh nh nh X X X X a2 e2 X
Cyanide (Totai) X nv nv nv X X X ny ny nv X
Cyanide, Amenable to nc nc nc nc nc nc X nh nh nh ne
Chlorination
Fluoride nc ne ne nc ne nc X X X X X
Iron X X X ef ne ne X X X X ne
Lead X X e2 e2 X X X nv nv nv X
Lithium nc nc nc nc nc nc X nh nh nh ne
Magnesium X nv nv nv ne ne X nv nv nv ne
Manganese X X X ef X X X X X X X
Mercury X X e2 e2 X no X nh nh nh no
Molybdenum ne nc nc ne ne nc X X X X ne
Nickel X nh nh nh X X X nh nh nh X
Perchlorate nc nc nc nc nc nc X X X X ne
Potassium X nv nv nv ne ne X nv nv nv ne
Selenium X nh nh nh X X x nh nh nh X

April 2004 6-22 ER2004-0027




Los Alamos and Pugblo Canyons Investigation Report

Table 6.4-1 {continued)

Sediment Water
sE|lL |4 e
8| $|EE25al% S| S|EE|E
o a| 35 E o £ n o &l S5|E
o OS2 EWIER (] Q(E 2 &
L& ] O | o ol2a o (&) Qo g B o
S |~s|~ £ v 80|80 & |~s|~ (e8| g0
i el @et|25/20| 0 geigeslas 2y
o ¥ o D olox| e o O |2 8|2 a0 . 0o.
O Fx|FXlaw sElws O FriFX|lawn t_uo
= 58¢.2§.2§ | £/|8x|(g°
E| E|lwE|35|8%F £ El=sE|2
2| (8|82 2| 2[£8|%
Analyte Name LT w w L Xiw
Silicon nc nc nec nc nc nc X nv nv nv ne
Silver X nh nh nh X no X nh nh nh X
Sodium X nv nv nv ne ne X nv nv nv ne
Strontium nc nc nc nc nc nc X nh nh nh X
Sulfate X nv nv nv ne ne X nv nv nv ne
Thalliem X X X ef X X X X X X no
Titanium X nv nv nv X no X ny nv nv no
Uranium X X e? e2 X no X X X X X
Vanadium X nh nh nh X X X X e2 e2 X
Zinc X nh nh nh X X X nh nh nh X
Ammonia na na na na na na X nv nv nv ne
Ammonium na na na na na na X nv nv nv ne
Nitrate na na na na na na X X X X ne
Nitrate+Nitrite (as N} na na ha na na na X nv nv nv ne
Nitrite na na na na na na X X X X ne
Phosphorus na na na na na na X nv nv nv ne
Phosphorus, Orthophosphate na na na na na na X nv nv nv ne
{Expressed as POa)
Silicon Dioxide na na na na na na X nv nv nv ne
Total Kjeldahl Nitrogen na na na na na na X nv nv nv ne
Acenaphthene X nh nh nh X no X nh nh nh no
Acenaphthylene nc ne ne nc ne nc X nh nh nh no
Acetone X nh nh nh no no X nh nh nh no
Aldrin X nh nh nh ne ne ne ne nc ne nc
Amino-2,6-dinitrotoluene[4-] X nh nh nh no no na na na na na
Amino-4,6-dinitrotoluene(2-] X nh nh nh no no na na na na na
Anthracene X nh nh nh no X X nh nh nh X
Aroclor-1248 X nh nh nh X no nc nc nc nec nc
Aroclor-1254 X X X X X b 4 nc nc nc ne nc
Aroclor-1260 X X X X X X nc nc nc nc nc
Benzene X nh nh nh no no X X X ef no
Benz(a)anthracene X X X X X X X X X X X
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Table 6.4-1 (continued)

Sediment Water

-] ) ] w1

S| S|2ZI5E[EQ o| g|£24|5
2 |-2|as|588S|85) o | 2|laS|5d|Es
£ 55582218283 & |5|58 |28
S |[F2|F2I85IZEl5¢| 8 |FRIF2I23138

§| E|SEZ|BE|lws 5| §/8Z|%

5| 5|5 82|58 5| 5|E%|

Analyte Name T TIE2 |8 o T TIc 2| §
Benzo{a)pyrene X X X X X X X X X X X
Benzo(b)fluocranthens X X X X X X X X X X no
Benzo(g.h.l)perylene X nh nh nh X X X nh nh nh no
Benzo(k)fluoranthene X nh rih nh no X X nh nh nh no
Benzoic Acid X nh nh nh X X X nh nh nh X
Benzyl Alcohol X nh nh nh ne ne X nh nh nh ne
BHC[beta-] ne nc ne ne ne nc X X X X no
BHC{gamma-] nc nc nc nc nc nc X nh nh nh no
Bis(2-ethylhexyl)phthalate X nh nh nh X X X X X X no
Bromodichloromethane nc nc ne ne ne ne X X X ef ne
Bromomethane nc nc ne nc nc ne X X X ef ne
Butanone([2-] X nh nh nh no no X nh nh nh no
Butylbenzylphthalate X nh nh nh no no X nh nh nh no
Carbazole X nh nh nh ne ne nc ne nc nc nc
Carbon Disulfide nc nc nc ne nc nc X nh nh nh ne
Chlordane[alpha-] X nh nh nh no X nc nc nc nc nc
Chlordane[gamma-] X nh nh nh no X nc nc ne nc nc
Chlorobenzene X nh nh nh no no ne nc nc nc ne
Chloroform nc nc nc nc ne nc X X X ef no
Chloromethane X nh nh nh ne ne ne nc nc nc ne
Chloronaphthalene[2-] nc nc ne nc nc ne X nh nh rih ne
Chrysens X nh nh nh X X X nh nh nh no
DDD[4.4'] X nh nh nh ne ne X nh nh nh ne
DDE[4,4"-] X nh nh nh X X X X X ef no
DDT[4,4'-] X nh nh nh X X X X X X X
Dibenz{a,h)anthracene X X X X no no X X X X no
Dibenzofuran X nh nh nh no no ne nc nc ne nec
Dichlorobenzene[1,2-] X nh nh nh ne ne ne nc nc nc nc
Dichlorobenzene[1,4-] X nh nh nh no ne X nh nh nh ne
Dichloroethane[1,2-] nc nc nc nc nc nc X X X ef no
Dieldrin X X e2 e2 X ne X X X ef no
Diethylphthalate ne nc nc ne nc nc X nh: nh nh ne

April 2004 6-24 ER2004-0027




Los Alamos and Pueblo Canyons Investigation Report

Table 6.4-1 (continued)

Sediment Water
sElL |4 sE|L
S| SlE8glEalE, S| S|EglE
S SISG ERB|ES S| B|Z&[E
8 8 I o|lwn | »wW o Qlx 3 3
w @ @S| oa - o Qe AR
S |—s|lasl8g| 80|80 S |~E|lvs|8 @0
o S| s milwd vu=| 00O d w| = w B & w
o | Pfalox|CTB | dg| 6 [2D| 2|0 a
o |Fx|Flaa|lgsE|igel © |FT | FT|dad|lgQ
c| =|QeE|8%(8€E cl =|g&El8
o SO - |E| DT ] SO =
E Elg=|&5|6« E Els=|8
£ 2|£8|8F|®e 2| Z/£8|8
Analyte Name x4y (@ Lxig
Dimethylphenol[2,4-] X nh nh nh ne ne nc ne ne ne nc
Di-n-butylphthalate nc nc nc nc nc nc X nh nh nh no
Diphenylamine X nh nh nh ne ne ne ne ne ne ne
Endrin X nh nh nh X no nc ne nc nc nc
Endrin Aldehyde X nh nh nh X no X nh nh nh X
Ethylbenzene nc nc ne nc nc ne X nh nh nh ne
Fluoranthene X nh nh nh X X X nh nh nh no
Fiucrene X nh nh nh X no X nh nh nh X
Heptachlor Epoxide X nh nh nh ne ne nc nc ne nc nc
HMX X nh nh nh no no na na na na na
Indeno(1,2,3-cd)pyrene X X X X no X X X X X no
lodomethane X nh nh rh ne ne nc nc nc nc nc
Isopropylbenzene X nh nh nh ne ne nc ne nc nc nc
Isapropyltoluene(4-] X nh nh nh ne ne X nh nh nh ne
Methyl-2-pentanone[4-] X nh nh nh ne ne nc nc nc nc ne
Methylene Chloride X nh nh nh no no X X X ef no
Methylmercury(+1) lon X nv nv nv X no na na na na na
Methylnaphthalene[2-] X nh nh nh no no X nh nh nh no
Methylphenol[2-] X nh nh nh ne ne nc nc ne nc ne
Methylphenol[4-] X nh nh nh ne ne nc nc nc nc nc
Naphthalene X nh nh nh X X X nh nh nh no
Nitrobenzene X nh nh nh no no nc ne nc nec nc
Nitrotoluene[2-] X nv nv nv no no na na na na na
Phenanthrene X nh nh nh X X X nh nh nh no
Phenol X nh nh nh X no X nh nh nh no
Propylbenzene[1-] X nh nh nh ne ne nc nc nc nc nc
Pyrene X nh nh nh X X X nh nh nh no
Pyridine X nh nh nh ne ne nc nc nc ne nc
Tetryf X nh nh nth X no na na na na na
Toluene X nh nh nh no no X nh nh nh no
TPH, Diesel Range X nv nv nv ne ne X nv nv nv ne
TPH, Gasoline Range X nv nv nv ne ne na na na na na
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Table 6.4-1 {continued)

Sediment Water
—— ] | e ]
S = S c
5 5|55/ E8|Es 5§ |5k
o O T ala o | @ W Q Ol al|la
o |_ClaSl5828|28] o |_2|a2l52|2g
G |~sE|lvE|lE2| 08| & |—s|~we|8 30
o =Sl e B = wnQ o =Nl =T w 2 o Wl
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= e|lQ@xr|oB|e S = c|QE|o
o 8O - |® g & o a SO - |
E Els=|es|oa E Elgs=|e
2| 2|E5|37|3 2 2|28
Analyte Name cx g |& o A
Trichloroethene X nh nh nh no no X X X ef no
Trichloroflucromethane X nh nh nh ne ne nc ne nc nc nc
Trimethylbenzene[1,2,4-] X nh nh nh ne ne X nh nh nh ne
Xylene (Total) X nh nh nh no no X nh nh rh no
Xylene[1,2-] X nh nh nh ne ne X nh nh nh ne
Xylene[1,3-]+Xylene[1,4-] X nv nv nv ne ne X nh nh nh no
Americium-241 X X X X X X X X X X no
Cesium-134 X nv ny nv no X ne nc nc nc nc
Cesium-137 X X X X X X X nh nh nh no
Cobalt-60 X X e2 e2 no no ne nc nc nc nc
Europium-152 X X X ef no X X nh nh nh no
Plutonium-238 X nh nh nh X X X nh nh nh no
Plutonium-239,240 X X X X X X X X X X X
Strontium-90 X X X X no X X X X X ne
Technetium-99 na na na na na na X nh nh nh ne
Thorium-228 X X X ef no no nc ne nc nc nc
Thorium-230 X X X ef no no nc nc nc ne ne
Thorium-232 X X X ef X no ne nc nc nc ne
Tritium X nh nh nh no noe X nh nh nh no
Uranium-234 X X X X X no X X X X X
Uranium-235 X nh nh nh no no X nh nh nh no
Uranium-238 X nh nh nh X no X X X X no

nc = Not a COPC.

X =A COPC or COPEC.

nv = No HH screening value.
ne = No Eco screening value.

na = Not measured in this medium.

™ o O 0 o o

ef = Eliminated as HH COPC during final evaluation.
9 = A final COPC or COPEC.
r'no = Not an Eco COPEC.
! nh = Not a human health COPC.
) &2 = Eliminated as human heaith COPC during Tier 2 screen.
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7.0 PHYSICAL SYSTEM CONCEPTUAL MODEL

This section discusses the nature, sources, extent, fate, and transport of select COPCs in the Los Alamos
and Pueblo watershed. It focuses on COPCs that are shown to be most important for evaluating potential
present-day human health risk based on the Tier 2 screens in Section 6 and Section E-1 of Appendix E
and that represent known contaminant releases into the watershed. These are COPCs are considered
also in evaluations of potential human health risk in Section 8.2. This section also includes discussion of
other COPCs that were identified as study design COPECs in Katzman (2002, 73667) and are relevant
for evaluating potential present-day ecological risk. Some additional COPCs are discussed to provide
insights into sources and trends of contaminants historically or otherwise important in the watershed.

Spatial and temporal trends in contamination in sediments, surface water, and alluvial groundwater are
important for identifying contaminant sources and understanding the effects of subsequent transport away
from the source areas. Thus, trends in contamination are an important part of the conceptual model of the
physical system discussed here. Supporting information about trends in contamination is presented in
Appendix D.

The spatial variations in contaminants discussed in this section reflect conditions during the periods when
samples were collected. Because media in the canyon bottoms change over time, resulting from hoth
natural and anthropogenic processes, conditions at the time this report was written differ to varying
degrees from the conditions encountered when the investigation data were collected.

Most of the sediment data used in this report reflect conditions prior to the Cerro Grande fire. Post-fire
floods have caused some changes to the distribution of contaminants in sediment because of erosion and
deposition, primarily in Pueblo and lower Los Alamos Canyons. In addition, parts of Pueblo Canyon have
been affected by sewer line reconstruction following post-fire floods. Changes in other canyons resulting
from floods since the time the investigation data were collected are of lesser magnitude than in Pueblo
and lower Los Alamos Canyons. In Acid, DP, and upper Los Alamos Canyons, changes associated with
remediation activities that removed contaminated sediment have been more important than changes from
floods. Some data were collected from post-fire sediment deposits in Los Alamos and Pueblo Canyons,
and the discussion in Section 7.1 compares pre- and post-fire contaminant concentrations and shows
how concentrations changed as a result of the fire.

The water data used in this report represent conditions both before and after the Cerro Grande fire and

thus characterize changes in hydrology and aqueous geochemistry associated with post-fire floods and
the transport of ash as discussed in Section 7.2. The persistence of effects of post-fire floods and ash is
variable but is generally expected to diminish over time.

71 Contaminants in Sediments

This section discusses general aspects of contaminants associated with sediment in the Los Alamos and
Pueblo watershed, including how the distribution and concentration of contaminants are affected by fluvial
processes acting over decadal time periods after releases. Subsequent sections discuss details of the
distribution and concentration of specific contaminants in the watershed that are important for evaluating
potential human health or ecological risk.

Most contaminants in sediment in the Los Alamos and Pueblo watershed that were derived from
Laboratory sources were originally released in wastewater from outfalls (Kingsley 1947, 4186; Purtymun
1971, 4795; Hakonson and Bostick 1976, 29678; Stoker et al. 1981, 6059; Nyhan et al. 1982, 7164, Graf
1996, 55537; Reneau et al. 1998, 59159; Reneau et al. 1998, 59160; Katzman et al. 1999, 63815,
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Reneau et al. 2000, 66867). Because streambeds on the Pajarito Plateau are usually dry, effluent that did
not infiltrate into soils between the outfalls and the channel generally infittrated into the streambeds. The
downcanyon extent of effluent flow is not known but would have varied with release volume and prior
moisture conditions along the channel. A small fraction of the effluent may have been mixed with
snowmelt or stormwater runoff, and associated contaminants may have been transported relatively far
downcanyon or to the Rio Grande.

Once in the streambed, dissclved contaminants commonly adsorb to sediment particles or organic matter
because of the geochemical behavior of most radionuclides, metals, and organic chemicals that are of
concern in this investigation (Watters et al. 1983, 11888; Salcmons and Forstner 1984, 82304; Lopes and
Dionne 1998, 82309). (Exceptions include melybdenum and tritium, which cccur naturally as a dissolved
phase, and are discussed in Section 7.2.) Many contaminants preferentially bind to clay minerals or
organic particles, but they will also bind to other mineral particles. Contaminants will preferentially bind to
smaller particles because of their larger ratio of surface area to mass and greater electrostatic attractions,
and Nyhan et al. (1976, 11747} have documented a general inverse relation between contaminant
concentration and particle size of streambed sediment on the Pajarito Plateau. Preferential adsorption to
finer particles and organic matter also occurs when wastewater infiltrates into soils on hilislopes. Because
of the general inverse correlation of contaminant concentrations with sediment particle size,
concentrations can be an corder of magnitude higher in the finest grained sediment deposits, which
contain up to 80% silt and clay, than in coarse-grained sediment deposits that contain < 5% silt and clay
{Reneau et al. 1998, 59159, p. 4-8; Reneau et al. 1988, 59160, p. 4-6; Reneau et al. 1998, 59667, p. 4-4;
Katzman et al. 1999, 63915, p. 4-3; Reneau et al. 2003, 79271, pp. 8-9).

Once adsorbed to sediment particles in the streambed, contaminants can subsequently be redistributed
by floods that scour the streambed and mobilize the bed sediment. Contaminants in the streambed that
originated as solid particles will behave similarly to those originally released as dissolved components in
wastewater. Contaminants associated with coarse size fractions (coarse sand and coarser; >0.5 mm
[0.02 in.]) are generally iransported as bed load along the streambed, whereas contaminants associated
with fine size fractions (fine sand and finer; <0.25 mm [0.01 in.]) are generally transported in suspension
(Malmen 2002, 76038, pp. 108—114; Malmon et al. 2003, 82311, pp. 11-14). Contaminants associated
with medium sand (0.25-0.5 mm [0.01-0.02 in.]) can be either transported as bed load or as suspended
load. The coarse sediment fractions typically travel shorter distances during a flood than fine fractions,
because of their interactions with other sediment particles on the streambed, and are usually redeposited
within the channe! during waning stages of a flood. The fate of fine particles in transport is more varied. In
floods that overtop stream banks, some of the suspended sediment and associated contaminants are
deposited on adjacent abandoned channels or floodplains as flow depth and velocity decreases relative
to the main channel. In large flood events, contaminants can be distributed across the entire width of
floodplains in canyon bottoms. If flood discharge is high enough to exceed transmission losses into the
streambed and leave the watershed, some of the suspended sediment and associated contaminants are
directly transported to the Rio Grande. Additional fine particles are deposited on or infiltrate into the
streambed during waning stages of flow, to be potentially scoured and resuspended in subsequent
events.

During floods, sediment from a variety of sources is mixed, changing contaminant concentrations
longitudinally along a channel. Where runoff from a contaminant source area enters a stream draining
noncontaminated or less-contaminated areas, contaminant concentrations in sediment carried by the
flood decrease relative to the source area while they increase relative to areas upstream from the
contaminant source. Downcanyon, where runoff from tributaries draining noncontaminated or less-
contaminated areas joins a stream in flood, concentrations may be further reduced. Some of the sediment
transported in floods is eroded from the bed and banks of the channel, and this erosion can also change
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contaminant concentrations in a flood. As a flood from noncontaminated areas erodes contaminated
sediment downcanyon from source areas, contaminant concentrations in transported sediment increase.
Similarly, when a flood draining contaminated areas erodes noncontaminated or less-contaminated
material along the channe!, concentrations in transported sediment decrease. The net result is a general
downcanyon decrease in contaminant concentrations in sediment with distance from a contaminant
source area {e.g., Marcus 1987, 82301, Graf 1996, 55537) and an increase in contaminant
concentrations along main channels where significant amounts of contaminants are provided from
tributaries.

Contaminant concentrations in sediment carried in floods also change over time in relation to the history
of contaminant releases. Concentrations are generally highest during the period of peak contaminant
releases and decrease over time as a result of the mixing processes discussed above. Such decreases
over time have been documented in the Los Alamos and Pueblo Canyon system {Reneau et al. 1998,
59159, pp. 4-8-4-12; Reneau et al. 1998, 59160, pp. 4-6—4-12; Katzman et al. 1999, 63915; Malmon
2002, 76038, pp. 315-322; Reneau et al. 2003, 79271, p. 8), as well as in other regicns (Lewin et al.
1977, 82306, p. 357; Rowan et al., 1995, 82303, p. 61). Removing or stabilizing contaminants in source
areas can help accelerate these natural decreases in contaminant concentrations over time.

Contaminant concentrations in sediments may also be affected by the relative contributions of different
source arsas for sediment during floods. For example, the primary source area for runoff and sediment in
the Pueblo Canyon watershed before the Cerrc Grande fire was the Pajarito Plateau; however, after the
fire, the burn area in the eastern Jemez Mountains became more important (e.g., Malmon et al. 2002,
76038). The increased flux of sediment from the burn area was expected to further reduce the
concentrations of contaminants released from Laboratory activities in the watershed, while concentrations
of some analytes derived from the burn area were expected to increase. Increases or decreases in
erosion rates in other contaminated or noncontaminated parts of the Los Alamos and Pueblo watershed
can be expected to have similar effects, although perhaps of lesser magnitude than changes caused by
the fire.

Multiple floods occurring over decadal time periods result in sediment deposits in each reach that have a
range in age and particle size distribution and hence in contaminant concentration. Schematic cross
sections illustrating the distribution of coarse and fine sediment in reaches in the Los Alamos and Pueblo
watershed are shown in Figures 7.1-1 and 7.1-2. The term “coarse facies” is used to refer to sediment
with median particle size in the less than 2 mm (0.08 in.} fraction of medium to very coarse sand, and
these deposits commonly have a high gravel content. The term “fine facies” is used to refer to sediment
with median particle size of silt to medium sand. The active channel (c1 geomorphic unit) is typically
dominated by relatively young coarse facies sediment deposits. Abandoned channels (¢c2 and c3 units),
which are areas occupied by the channel sometime after 1942 but subsequently abandoned following
channel migration and/or channel! incision, typically include fine facies sediment overlying older coarse
facies sediment. Abandoned channels can also include coarse deposits as the uppermost, youngest
layer. Post-1942 floodplains (f1 unit) typically include thinner tayers of post-1942 fine facies sediment
which bury pre-1943 soils. (See Section B-1 of Appendix B for additional discussion of sediment facies
and geomorphic units.)

As shown in Figures 7.1-1 and 7.1-2, the tayers with the highest contaminant concentration in a reach are
often at depth, buried by younger sediment layers with lower concentrations. These figures also show
how the relation of sediment layers to trees provides one means of estimating the thickness and age of
different sediment layers (tree age determined from tree-ring dating [dendrochronology]; see Section B-1
for more discussion of field investigation methods). Plates 2 through 11 show the distribution of
geomorphic units in the investigation reaches.
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Volumes of contaminated post-1942 sediment vary longitudinally along the canyons, resulting in part from
variations in channe! gradient and the width of post-1942 geomorphic units, as shown in Figure 7.1-3.
Pueblo Canyon contains relatively large volumes of post-1842 sediment, associated with wide areas of
the canyon bottom. Width and volume in Pueblo Canyon increase beginning in reach P-2W downstream
of Graduation Canyon, where the channel gradient decreases, and increase to maximums in reaches
P-4W and P4E downstream from the Bayo WWTP. Width and volume are also high in reach LA-5 in
lower Los Alamos Canyon near the Rio Grande, where gradients are lower than upcanyon in reach
LA-4W. In contrast, width and volume are generally lowest in relatively steep reaches, such as ACS,
DP-1W, and DP-4.

Most of the contaminants in sediments in the Los Alamos and Puebio watershed occur in areas of post-
1942 sediment deposition outside the active stream channels (Stoker et al. 1981, 6059; Graf 1996,
55b37; Reneau et al. 1998, 59159; Reneau et al. 1998, 59160; Reneau et al. 1998, 59667; Katzman et al.
1989, 63915; Reneau et al. 2000, 66867; Reneau et al. 2003, 79271). At present, these deposits
probably constitute the primary source for contaminants carried by floods, as observed in other regions
{e.g., Rowan et al. 1995, 82303, pp. 63-64), with active channels and erosion from hillslopes constituting
lesser sources. The concentrations and inventory (amount) of contaminants in deposits outside the active
channel vary longitudinally within the canyons. Concenftrations are typically highest in fine sediment
deposits near the sources that date to the period of contaminant releases and decrease in younger
deposits, in coarser deposits, and downcanyon. Contaminant inventory displays more irregular patterns
than contaminant concentrations and is related to longitudinal variations in the volume, grain size, and
age of sediment deposits within a canyon. The next section provides examples of the variations in
contaminant concentration and inventory within the Los Alamos and Pueblo watershed.

Variations in background concentrations of some analytes in sediment can complicate the identification
and evaluation of contaminants related to Laboratory releases. For example, background concentrations
of fallout radionuclides in sediments have been shown to vary between regional rivers and reservoirs
(McLin and Lyons 2002, 82305), and between these settings and local streams (Ryti et al. 1998, 59730;
McDonald et al. 2003, 76084). Background concentrations of some inorganic chemicals in sediments
have also been shown to vary between different areas on the Pajarito Plateau as a result of local
variations in soils or bedrock {Drakos et al. 2000, 68739). Because soils on the Pajarito Plateau have
higher concentrations of many incrganic chemicals than sediments (Ryti et al. 1998, 59730), deposition of
sediment derived from locally eroded soils provides a possible source for elevated concentrations of
inorganic chemicals in sediments.

Mineralogic variations within naturally occurring sediment can also contribute to background variations,
for example the higher concentrations of many metals in black magnetite-rich sands on the Pajarito
Plateau (Reneau et al. 1998, 62050, pp. 12—-14). Additional variations in background concentrations are
the result of ash transported from the Cerro Grande burn area, since ash contains higher concentrations
of fallout radionuclides and many inorganic chemicats than pre-fire sediment (Katzman et al. 2001,
72660; Gallaher et al. 2002, 82265; Kraig et al. 2002, 85536; Johansen et al. 2003, 82312). Finally,
concentrations of various inorganic and organic chemicals in sediment may be elevated near urban areas
as a result of runoff from roads and other developed areas (Edwards 1983, 82302; Lopes and Dionne
1998, 82309; Walker et al. 1999, 82308: Breault and Granato 2000, 82310; van Metre et al. 2000,
82262}, further complicating the identification and evaluation of contaminants related to Laboratory
releases. The topics of variations in background concentration and contributions from urban areas as they
relate to key contaminants in the Los Alamos and Pueblo Canyon system are discussed in subsequent
sections.

April 2004 7-4 ER2004-0027



Los Alamos and Pueblo Canyons Investigation Report

711 Radionuclides in Sediments
7.11.1  Sources and Spatial Variations in Radionuclide Concentrations

Radionuclides in sediments in the Los Alamos and Pueblo watershed have several sources, as indicated
by their spatial distribution, and concentrations typically decline downcanyoen from the source areas.
Subsequent discussions focus on the radionuclides that are most important for the evaluation of potential
human health or ecological risk: americium-241, cesium-137, plutonium-239,240, strontium-980, and
uranium-234. Figure D-1.1.1 in Appendix D includes additional plots that show ali sample resuilts for
radionuclide COPCs plotted against distance from the Rio Grande. Figure D-1.1.1 plots help to identify
sources, although these data are biased high because fine-grained sediment layers from the most
contaminated geomorphic units in a reach were preferentially sampled.

Figures 7.1-4 to 7.1-8 show the estimated average concentrations of americium-241, cesium-137,
plutonium-239,240, strontium-80, and uranium-234 in post-1942 fine facies sediment in investigation
reaches. These are volume-weighted averages, where average radionuclide concentrations in a
gecmorphic unit in a reach are weighted by the volume of fine facies sediment in that unit, removing most
of the bias introduced during sample collection. (Sample collection is biased towards geomorphic units
and sediment facies with relatively high contaminant concentrations, as discussed in Section B-1 of
Appendix B, and straight averages of all sample results from a reach are overestimates of true averages.)
Results from locations removed in remediation activities are included in these averages to better display
spatial trends, and present-day averages in reaches ACS, DP-2, and LA-2E are less than shown in these
figures (see Appendix E of Reneau et al. [2002, 73660] for comparisons of pre- and post-1A data for reach
ACS). Averages for fine facies sediment are shown because average concentrations in this type of
sediment are, with rare exceptions, higher than in coarse facies sediment, and fine facies deposits are
more important for evaluating risk. Averages for both fine and coarse facies sediment in each reach are
presented in Tables D-1.5-1 to D-1.5-5. In these figures, the average concentration from the background
sediment data set (averages from McDonald et al. 2003, 76084, Table 11, p. 50) is plotted when the
radionuclide is not a COPC in a reach. BVs are also shown in these plots for comparison, except for
americium-241 and plutonium-239,240 whose BVs are too low to show at the scales used in the figures.

The maost important source areas for radionuclides in the Los Alames and Pueblo watershed are the
former TA-1 and TA-45 ouffalls into the South Fork of Acid Canyon and the SWMU 21-011{k) outfall into
DP Canyon, as shown in Figures 7.1-4 to 7.1-8. Average concentrations of americium-241,
plutonium-239,240, strontium-90, and uranium-234 are highest in reach ACS in the South Fork of

Acid Canyon, and cesium-137 is also present there above background concentrations. Average
concentrations of cesium-137 are highest in DP Canyon downcanyon from the 21-011(k) outfall, and
americium-241, plutonium-239,240, strontium-90, and possibly uranium-234, are also ahove background
concentrations downcanyon from this outfall. Uncertainty exists concerning uranium-234 because only a
single sample resuit was detected above the BV downstream from the SWMU 21-011[k] outfall, in reach
DP-4, and the average from this reach is only slightly above the background average.

Additional Laboratory sources that can be recognized in the sediment data include the SWMU 0-030(g)
outfall into Acid Canyon for americium-241 and plutonium-239,240, Hillside 137 in upper Los Alamos
Canyon below TA-1 for plutonium-239,240, possibly TA-2 and/or the TA-21 laundry outfall into upper Los
Alamgs Canyon for cesium-137, and possibly TA-21 outfalls into upper Los Alamos Canyon for
uranium-234. The Cerro Grande burn area is also an important source for cesium-137 and strontium-80,
and the concentrations of these radionuclides in post-fire sediment deposits in many Los Alamos and
Pueblo Canyon reaches are higher than in pre-fire deposits because these fallout radionuclides were
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concentrated in ash and subsequently were transported downcanyon in floods (Katzman et al. 2001,
72660; Gallaher et al. 2002, 82265; Kraig et al. 2002, 85536; Johansen et al. 2003, 82312).

The pattern of downcanyon decline in radionuclide concentrations is notably different between the
different sources. Although americium-241 and strontium-90 have higher average concentrations in fine
facies sediment in the South Fork of Acid Canyon than in DP Canyon, concentrations attenuate rapidly
downcanyon from the former, and these analytes are present at much lower concentrations in Pueblo
Canyon than in Los Alamos Canyon. Cesium-137, plutonium-239,240, and uranium-234 also rapidly
decrease in concentration downcanyon from the South Fork of Acid Canyon. This rapid attenuation
indicates that sediment and associated radionuclides transported out of the South Fork are mixed with
much larger volumes of sediment first in lower Acid Canyon and then in Pueblo Canyon, greatly reducing
concentrations. Although the South Fork of Acid Canyon is the main source of radionuclide contaminants
in the Pueblo Canyon watershed, these data indicate that it is a relatively minor scurce of sediment, and
as a result its signature decreases rapidly downcanyon. In contrast, the relatively gradual downcanyon
attenuation in upper Los Alamos Canyon of radionuclides derived from DP Canyon indicates that

DP Canyon is a major source of sediment as well as radionuclides for upper Los Alamos Canyon, A
relatively high sediment flux from DP Canycn is consistent with the observation that DP Canyon is a
primary source of floods in upper Los Alamos Canyon because of rapid runoff from the Los Alamos
townsie during storms (Katzman et al. 1989, 63915; Malmon 2002, 76038).

Several deviations from the general downcanyon decline in average radionuclide concentrations are seen
in Figures 7.1-4 to 7.1-8 that reflect some of the complexity in the present distribution of contaminants.
This complexity results from the combined effects of temporal variations in contaminant releases and
spatial and temporal variations in downcanyon sediment erosion and deposition during floods in the
subsequent decades. One example is an increase in the average concentration of plutonium-239,240 in
reach P-4W relative to upcanyon reaches (Figure 7.1-6) because of the relatively high percentage of
sediment in P-4W that dates to the period of effluent releases, when the concentrations of
plutonium-239,240 carried by floods were highest (Reneau et al. 1998, 59169; Reneau et al. 2003,
79271). A second example of this complexity is in DP Canyon, where the highest average concentrations
of americium-241, cesium-137, and strontium-80 do not occur in the reach closest to the source (DP-2)
but instead occur in downcanyon reaches ([DP-3 and DP-4] Figures 7.1-4, 7.1-5, and 7.1-7). These
spatial patterns may indicate that DP-3 and DP-4 contain a higher percentage of relatively old sediment
deposits, where radionuclide concentrations are relatively high, than DP-2.

General downcanyon declines in radionuclide concentration in coarse facies sediment also occur in the
Los Alamos and Pueblo watershed, with some deviations that indicate secondary contaminant sources
along the channels. Figures 7.1-9 and 7.1-10 show the average concentrations of plutonium-239,240 and
cesium-137 in coarse facies sediment from the 1990s, which was sampled during this investigation,
plotted against distance from the Rio Grande. Also shown are the averages of results from environmental
surveillance stations from the 1990s, which are presumed fo consist largely of coarse facies sediment.
Error bars on these plots indicate 1 standard deviation of the analyses. The y-axis scale is logarithmic to
better show variations where concentrations are low in the eastern part of the watershed.

Plutonium-239,240 concentrations in coarse facies sediment from the 1990s decrease by over 2 orders of
magnitude in the 19 km (12 mi) from the South Fark of Acid Canyon to the eastern end of Los Alamos
Canyon (Figure 7.1-9). The same general average values and trends are shown by the reach and the
surveillance data, with both sets indicating two areas where concentrations increase relative to upcanyon
reaches. The first area is at the eastern end of Pueblo Canyon {reach P-4E and Puebio at SR4
surveillance station), downcanyon of an area where the stream channel is incised through older post-
1942 sediments. These data indicate that erosion of the older sediment deposits locally increased the
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concentration of plutonium-239,240 in the active channel and suppert the conceptual model that such
sediment deposits constitute sources for contaminants carried by floods. The second area is near the
eastern end of Los Alamos Canyon, where concentrations increase relative to samples from LA-4E.
These data also suggest that erosion of post-1942 sediment deposits contributes plutonium-239,240 to
the channel between LA-4E and LA-5.

Cesium-137 concentrations in coarse facies sediment from the 1990s afso show a nonlinear trend in
concentration along the 15 km (9 mi) of channel from the SWMU 21-011(k) ouffall to the Rio Grande and
show similar patterns in the reach data and the surveillance data (Figure 7.1-10). Cesium-137
concentrations are relatively low in reach DP-2, immediately downcanyon from the source, and increase
to maxtmums in DP-4 in the surveillance data and in LA-2E in the reach data. The relatively low
concentrations in DP-2 probably indicate the dominance of sediment derived upcanyon from

SWMU 21-011(k), and the downcanyon increases indicate remobilization of older sediment deposits. As
with plutonium-239,240, cesium-137 also has lowest concentrations in LA-4E and slightly higher
concentrations downcanyon, suggesting contributions from the erosion of post-1942 sediment deposits
between LA-4E and LA-5.

7.1.1.2 Collocation of Radionuclides and Timing of Releases

The different radionuclide COPCs are generally collocated in sediment deposits in the different reaches in
the Los Alamos and Pueblo watershed, primarily occurring in post-1942 sediment deposits and
preferentially occurring in fine rather than coarse facies sediment. However, the maximum concentrations
of each radicnuclide may not occur in the same sediment layers in each reach because the relative
concentrations of radionuclides in effluent released from outfalls varied over time both as a result of
changes in research activities at the Laboratory and changes in wastewater treatment methods.
Additional variations result from the mixing of sediment and associated contaminants from different
sources and probably from variable geochemical behavior between radionuclides.

In upper Los Alamos Canyon, strong positive correlations exist between cesium-137 and strontium-90 in
sediment (Reneau et al. 1998, 59160, p. 3-21, 3-23), indicating that these radionuclides share a similar
history of release and transport. In contrast, a poor correlation exists between these isotopes and
americium-241 and plutonium-239,240, reflecting different release histories. Available data indicate that
peak refeases of cesium-137 and strontium-80 occurred early in the history of SWMU 21-011(k), in the
1950s, while the peak releases of americium-241 occurred later, after 1962 and perhaps in 1978 or later
(Reneau 1999, 63138). Thus, americium-241 concentrations are highest in younger sediment deposits
than deposits where peak cesium-137 and strontium-80 concentrations occur. The poor correlation
between plutonium-239,240 and these other radionuclides reflects both a different source and a different
period of releases. Data from sediment deposits indicates that TA-1 outfalls at Hillside 137 were the most
important source of plutonium-239,240 in upper Los Alamos Canyon (Reneau et al. 1998, 59160, p. 4-1).
These releases would have occurred between the mid-1940s and the mid-1950s (LANL 1992, 43454),
largely pre-dating releases from the SWMU 21-011(k) outfall.

In Pueble Canyon, strong positive correlations exist between americium-241 and plutonium-239,240 in
sediment (Reneau et al. 1998, 53158, p. 3-23--3-24), indicating that these radionuclides share a similar
history of release and transport. In contrast, cesium-137 and strontium-90 do not show strong correlations
with these analytes, and data from the South Fork of Acid Canyon also indicate variable release histories.
In reach ACS, maximum concentrations of americium-241 and plutonium-239,240 were measured in the
¢3 and f1a geomorphic units, whereas maximum concentrations of cesium-137 and strontium-80 were
found in the ¢2a unit (Reneau et al. 2002, 73660). Stratigraphic relations indicate that peak releases of
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cesium-137 and strontium-90 occurred later than that of americium-241 and plutonium-239,240, perhaps
during the period of releases from former TA-45 (1951-1964). Maximum concentrations of uranium-234
were measured in the ¢3 and fia units, suggesting a similar release history as for americium-241 and
plutonium-239,240 and maximum releases from the former TA-1 outfalls {1344—-1951).

7.1.1.3 Temporal Variations in Radionuclide Concentration

Data from both the Acid and Pueblo Canyon and the DP and Los Alamos Canyon systems show that the
concentrations of radionuclides in both fine- and coarse-grained sediment generaily decreased over time
following peak contaminant releases (Reneau et al. 1998, 59159, pp. 4-8—4-12; Reneau et al. 1998,
59160, pp. 4-6-4-12; Katzman et al. 1999, 63815; Malmon 2002, 76038, pp. 315-322; Reneau et al.
2003, 79271, p. 8). Some examples of these data are presented below.

Figure 7.1-11a shows data on the concentration of plutonium-239,240 in coarse facies sediment sampled
from reach P-4W and P-4E, and from samples of active channel sediment from the Environmental
Surveillance Program (station Pueblo at SR-502; ESP 2002, 73876, and previous reporis) and from other
investigations (Stoker et al. 1981, 6059), plotted against year of deposition or sample collection. Ages for
coarse facies sediment deposits sampled in the reach investigations were cbtained using an examination
of sequential aerial photographs (Reneau et al. 1998, 59158). Plutonium-239,240 concentrations were
highest in this part of Pueblo Canyon prior to 1985, during the period of effluent releases from TA-1 and
TA-45, and have been lower and relatively constant since then. Upcanyon surveillance stations in Pueblo
Canyon also show no systematic changes over the past 30 years (Figure D-1.2-2). In contrast, data from
reach AC-3, including the surveillance station Acid above Pueblo (previously called Acid Weir), show an
overall progressive decrease in plutonium-239,240 concentration from 1970 to present (Figure 7.1-11b).

Figure 7.1-12 shows data on cesium-137 concentrations from the active channe! at four environmental
surveillance stations in DP and upper Los Alamos Canyons, plotted against year of sample collection.
The highest concentrations at all four stations occurred during the period of effluent releases, which
ended in 1986. The concentrations either have remained relatively constant since 1990 or have declined
gradually.

Figure 7.1-13(a-d) shows a reconstruction of the concentration of cesium-137 transported through lower
DP Canyon between 1950 and 2000 in both fine- and coarse-grained sediment. This reconstruction uses
data from sediment samples from reaches DP-3 and DP-4 (Katzman et al. 1999, 63915}, from the '
environmental surveillance station in DP Canyon above Los Alamos Canyon (previously called DPS-4),
and suspended sediment data from the NMED (see Malmon 2002, 76038, Appendix C, pp. 315-322, for
a full discussion of this reconstruction). The upper plots {(a and b) show estimated averages and
uncertainties (1 standard deviation) on these averages for fine and coarse facies sediments, respectively,
at the time of deposition. The lower plots {c and d) show the same estimated averages adjusted for
radioactive decay to 2004, the year of this report (using a half-life of 30.1 years for cesium-137,
Parrington et al. 1996, 58682). These figures illustrate that in addition to the progressive decreases in
cesium-137 concentrations over time because of mixing, substantial decreases have also occurred by
radioactive decay. Concentrations in sediment deposits dating to 1986, the last year of releases from
SWMU 21-011(k), have decreased by 34% as a result of radioactive decay, and concentrations in
deposits dating to 1952, the year of initial releases, have decreased by 70%.
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7.1.1.4 Radionuclide Inventory

Data collected in this investigation define the general geographic variations in the amount, or inventory, of
radionuclides contained in sediment deposits in different parts of the Los Alamos and Pueblo watershed.
Table 7.1-1 summarizes the geographic distribution of americium-241, cesium-137, plutonium-239,240,
strontium-90, and uranium-234 in the watershed, which updates and expands on estimates in previous
reports {Reneau et al. 1998, 59159, p. 4-9; Reneau et al. 1998, 59160, p. 4-8; Reneau et al. 1998, 59667,
p. 4-8; Katzman et al. 1999, 63915, p. 3-85; Reneau et al. 2003, 79271, p. 29). Supporting data for

Table 7.1-1 are presented in these previous reports and in Section D-1. No estimates are presented for
inventories in reaches where these analytes are not COPCs (which would largely represent inventories
associated with background concentrations), although this amount may be relatively significant for some
analytes. Table 7.1-1 shows estimated inventories prior to remediation activities in reaches LA-2E

(MK 2000, 70741), ACS {Reneau et al. 2002, 73660), and DP-2 (LANL 2003, 82260). Estimated
inventories in each subwatershed for cesium-137 and strontium-80 are adjusted for radioactive decay to
values in 1997, the year when most of the original characterization work was conducted. Table 7.1-1 also
shows estimates of the amount of these key radionuclides removed in the remediation activities and lost
by radioactive decay since 1997. Estimates of the amount removed or redistributed by floods since
characterization was done are not included, although the effects of post-fire floods are discussed in the
next section.

Tabte 7.1-1 shows that DP and upper Los Alamos Canyons downcanyon from SWMU 21-011(k) contain
the largest amounts of americium-241, cesium-137, and strontium-90 in the watershed (an estimated
64%, 84%, and 86% of these isotopes in ca. 1897, respectively). Acid and Pueblo Canyons downcanyon
from the TA-1 and TA-45 outfalls and from SWMU 0-030(g) contain the largest amount of plutonium-
239,240 (an estimated 86%). Uranium-234 has an irregular distribution that may reflect releases from
several SWMUs and/or AQCs, although the total estimated inventory of 10 mCi is small, and only four
reaches have maximum results greater than the BV (ACS, AC-3, DP-4, and LA-2W). The estimated
percentages of these analytes removed in remediation activities range from 4% for cesium-137 to 12% for
plutonium-239,240. From 1997 fo 2004, 15% of the cesium-137 and 16% of the strontium-80 in the
watershed were also lost as a result of radioactive decay.

Figures 7.1-14 and 7.1-15 show the inventory of cesium-137 in DP and upper Los Alamos Canyons and
plutonium-239,240 in Acid and Pueblo Canyons, respectively, plotted against distance from the Rio
Grande. Inventories in these figures are plotted both as normalized inventories in each reach per km of
channel {[a] units of mCi/km), and as cumulative amounts from the sources to the confluence of Los
Alamos and Pueblo Canyons (b). The cumulative plots extrapolate between sampled reaches. The
figures show the estimated inventories in coarse and fine facies sediment deposits as well as the total
inventory. Cesium-137 and plutonium-239,240 were chosen for these plots because they are the maost
important radionuclides in the watershed from the perspective of potential human health risk, and
because they illustrate the distribution of key radionuclides downcanyon from the two major source areas.

Figures 7.1-14 and 7.1-15 show that the radionuclide inventory varies considerably between reaches, and
that the total inventory is dispersed for many kilometers downcanyon from the sources in both systems.
Most of the inventory is contained within fine facies sediment deposits. An estimated 75% of the
cesium-137 in DP and upper Los Alamos Canyons and an estimated 61% of the plutonium-239,240 in
Acid and Pueblo Canyons are in deposits of fine facies sediment. Short reaches near the sources, ACS
and DP-2, have relatively high inventories associated with high concentrations, and additional reaches
with relatively high inventories occur several kilometers downcanyon. The most significant area for
cesium-137 inventory in Los Alamos Canyon is reach LA-2FE, 1 to 2 km (0.6 to 1.2 mi) downcanyon from
the confluence of DP and Los Alamos Canyons; for plutonium-239,240, the most important areas in
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Pueblo Canyon are reaches P-4W and P-4E, 8 to 10 km (5 to 6 mi) downcanyon from the confluence of
Acid and Pueblo Canyons. The inventories are relatively high in these areas partially because the post-
1942 geomorphic units are wider than average, leading to large volumes of sediment {(Figure 7.1-3). In
addition, much of the sediment deposition in these areas occurred when effluent was being released and
contaminant concentrations in sediment were highest, contributing to the relatively high inventories. In
LA-2FE the radionuclides are predominantly contained in fine facies sediment deposits; in P-4W and
P-4E they occur predominantly in large deposits of coarse facies sediment.

7.1.1.5 Effect of the Cerro Grande Fire on Radionuclides in Sediment

The Cerro Grande fire of May 2000 and runoff from the burn area have had several effects on the
concentrations and distribution of radionuclides in sediment in Los Alamos and Pueblo Canyons. These
effects include the redistribution of fallout radionuclides that were concentrated in ash in the burn area,
the erosion of contaminated sediment deposits and downcanyon transport of this material, and the
deposition of new sediment layers in the active channe! and on the adjacent abandoned channels and
floodplains.

Concentration of fallout radionuclides in ash has been documented in the Cerro Grande burn area
{Katzman et al. 2001, 72660; Katzman et al. 2002, 82611; Johansen et al. 2003, 82312) and in other
regions (Paliouris et al. 1995, 82647). Data from ash samples collected in the Cerro Grande burn area
are summarized in Appendix C and in Figure D-1-7. Maximum values measured in ash in the Cerro
Grande burn area exceed the pre-fire BVs for americium-241 {maximum detect of 0.31 pCi/g versus BV of
0.04 pCifg), cesium-137 (19.7 versus 0.9 pCifg}, plutonium-239,240 (0.70 versus 0.068 pCi/g), and
strontium-90 (3.95 versus 1.04 pCi/g). The erosion of ash from the burn area and its transport and
deposition downcanyon have resulted in concentrations of cesium-137 and strontium-90 in post-fire
sediment deposits that exceed pre-fire concentrations in many reaches, as discussed in Section 7.1.1.2
and shown in Figures 7.1-5 and 7.1-7. Most of the redistribution of ash from the burn area occurred within
two years after the fire {e.g., Johansen et al. 2003, 82312), and sediment deposits from 2000 and 2001
are expected to have the highest concentrations of ash and associated radionuclides, with concentrations
decreasing in subsequent years due to the greatly reduced availability of ash in the system. Data from
environmental surveillance sediment samples in Los Alamos and Pueblo Canyons supports this expected
decrease in fallout radionuclides associated with ash (Figure D-1.2-1).

Downcanyon effects of the fire have been more pronounced in Pueblo Canyon than in upper Los Alamos
Canyon, including hoth larger flcods and greater sediment transport in Pueblo Canyon. In Los Alamos
Canyon, the Los Alamos Reservoir has been maintained to capture and temporarily store floodwaters
generated in the burn area to reduce downcanyon flooding, and the reservoir has trapped large amounts
of sediment and greatly reduced peak flows. Smaller amounts of ash-rich sediment have accumulated
behind the low-head weir {reach LA-3FE; Plate 1), largely related to periodic draining of the reservoir to
maintain its ability to reduce flood peaks. In contrast, a 2.2-m- (86-in.-) diameter culvert installed beneath
the Diamond Drive fill bridge in July 2000 allowed floods generated in the upper Pueblo Canyon
watershed to continue downcanyon, leading to erosion of the channel bed and banks, overbank flooding
and associated sediment deposition outside the channel, and higher sediment transport rates. L.ower Los
Alamos Canyon has been affected by sediment depesition and some erosion by post-fire floods out of
both Pueblo and Guaje Canyons, the latter also receiving floodwaters from burned areas in

Rendija Canyon.

Field observations, repeat cross section surveys (Lyman et al. 2002, 82608), and analysis of airbome
laser swath mapping {ALSM) data (Crowell et al. 2003, 82666; Wilson et al. 2003, 82649) indicate areas
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of both erosion and deposition in Pueblo Canyen caused by post-fire floods. Greater than 1 m (~3 ft) of
vertical incision of the channe! and greater than 1 m (~3 ft} of widening have occurred in some areas,
remobilizing some of the contaminants present along the channel. These contaminants were either
redeposited downcanyon in Pueblo or lower Los Alamos Canyon or transported to the Rio Grande. Post-
fire sediment deposits are commen in Pueblo Canyon, and up to 1 m (~3 ft) of deposition has occurred in
some channe! and floodplain areas.

Several estimates have been made of plutonium-239,240 transport out of the watershed since the fire.
Personne! from RRES-WQH originally estimated 20 to 40 mCi were transported out of Pueblo Canyon in
2001 (ESP 2002, 73878, p. 189), the year with the largest post-fire flood; subsequently, this estimate has
been revised to 16 mCi (Reneau 2004, 84460). RRES-WQH perscnnel also estimated transport of

28 mCi in 2002. Similarly, personnel from the NMED DOE OB estimated that 18 mCi or more of
plutonium-239,240 was transported out of Pueblo Canyon in the largest flood in 2002 (Ford-Schmid 2003,
82606). The RRES-WQH estimate of 44 mCi in 2001 and 2002 represents about 5% of the estimated
inventory in Pueblo Canyon before the fire, supporting field observations indicating that most of the pre-
fire sediment deposits and associated plutonium-239,240 have not been eroded and that a portion of the
eroded sediment has been redeposited downcanyon in Pueblo Canyon.

Post-fire sediment deposits in Pueblo Canyon and lower Los Alamos Canyon include a mixture of
sediment supplied from upcanyon of the primary contaminant sources in Acid Canyon and sediment
eroded from the streambed and banks downcanyon of Acid Canyon, the latter containing
plutonium-239,240 derived from Laboratory sources. The relative amounts of contaminated and
noncontaminated sediment that are mixed together in floods controls the contaminant concentraticn in
resulting sediment deposits, and after the fire the upper watershed became much more important as a
sediment source (Malmon et al. 2002, 82648). Surveys of the Los Alamos Reservoir indicate greater than
a hundredfold increase in sediment yield from the burn area relative to pre-fire conditions in the first year
after the fire (Lavine et al. 2001, 82665). This increased sediment supply from the bum area contributes
to a decrease in the average concentration of Laboratory-derived contaminants in sediments carried by
the floods and deposited in downcanyon parts of the watershed.

Data collected from post-fire sediment deposits in Pueblo and lower Los Alamos Canyons document that
concentrations of plutonium-239,240 in fine facies sediment are low compared to pre-fire concentrations,
which is consistent with the large input of sediment from the burn area. Figure 7.1-16 shows the average
plutonium-239,240 concentrations in fine facies and coarse facies samples longitudinally in these
canyons and compares them to pre-fire averages. Average post-fire concentrations along the length of
these canyons are less than 1 pCi/g in both coarse and fine facies deposits, with relatively little variation
with distance. The minor variations with distance in post-fire deposits contrast with the overall
downcanyon decrease in pre-fire sediment deposits and also indicate a significant input of sediment from
areas upcanyon from Acid Canyon. The result of sediment deposition on floodplains and abandoned
channels after the fire is an overall reduction in average concentrations of plutonium-239,240 in these
areas compared to pre-fire conditions because pre-fire sediment with higher concentrations was buried by
post-fire sediment with lower concentrations.

The similarity of plutonium-238,240 concentrations in fine and coarse facies sediment deposits after the
fire also contrasts with pre-fire conditions, where concentrations are consistently higher in fine facies
sediment (Figure 7.1-16). This contrast suggests that after the fire a larger percentage of the fine
sediment transported by floods was derived from paris of the Pueblo watershed upcanyon from Acid
Canyon than the coarse sediment. After the fire, more dilution of Laboratory-derived plutonium-239,240
has occurred in fine sediment than in coarse sediment, and more dilution occurred after the fire than
before.
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7.1.1.6 Future Fate and Transport of Radionuclides in Sediment

The concentrations and distribution of radionuclides present in sediment deposits in the Los Alamos and
Pueblo watershed will continue to change over time as a result of redistribution by floods and radioactive
decay. Available data that show progressive decreases in radionuclide concentration over time, and
supporting modeling indicate that, barring significant inputs of radionuclides from new sources,
concentrations will generally continue to decline over time. Therefore, the present state of the watershed
represents “worst case” conditions from the perspective of potential future radionuclide contamination.

A state-of-the-art probabilistic modeling approach was developed and applied to the problem of the future
fate and transport of cesium-137 in upper Los Alamos Canyon (Malmon 2002, 76038; Malmon et al.
2002, 82604; Malmon et al. 2003, 82603). Using a reconstruction of the cesium-137 input into upper Los
Alamos Canyon from DP Canyon, the model predicts a general distribution of cesium-137 in upper Los
Alamos Canyon consistent with that determined in the reach investigations (Malmon 2002, 76038,

p. 257). Figure 7.1-17 shows the modeled future cesium-137 concentrations using updated cesium-137
inventory estimates from this investigation report and based on the assumption that concentrations in
sediment leaving DP Canyon will decline linearly between 2000 and 2050. This figure shows predicted
declines in the concentration of cesium-137 in sediment transported by fioods past the confluence of Los
Alamos and Pueblo Canyons. Because concentrations leaving DP Canyon will probably decrease faster
than assumed here, as a result of the combined effects of continued sediment transport, mixing, and
radioactive decay, this is a conservative assumption that will underestimate the rate of decrease over
time. This modet also predicts that 49% of the cesium-137 contained in sediment deposits in upper Los
Alamos Canyon as of 1997 will decay radioactively while still in this part of the watershed (Malmon 2002,
76038, p. 271), with the remainder being transported downcanyon at progressively slower rates over
time. Earlier models that were applied to the transport of plutonium-239,240 out of Pueblo Canyon also
predicted decreasing concentrations in transported sediment over time (Lane et al. 1985, 6604, pp.
44-46; Graf 1996, 55537, p. 1352).

This model has also been applied to the topic of how total cesium-137 inventory in upper Los Alamos
Canyon changes over time (Malmon et al. 2004, 85526) shows the modeled inventory in the active
channel and adjacent abandoned channels and floodplains in 1950 {before initial releases from

SWMU 21-011[k]), in 1869 (when inventory is estimated to have been highest), in 1997 (when most of the
characterization was conducted), and in 2050 (when most of the inventory has either decayed or been
transported downstream). The estimated inventory in 1997 is 50% of the 1968 inventory, and the
estimated inventory in 2050 is 12% of the 1997 inventory.

Future transport of plutonium-239,240 out of Pueblo Canyon will be strongly affected by floocds generated
from the Cerro Grande burn area, although available studies indicate that the frequency and magnitude of
these floods will decrease over time. A comprehensive study conducted by the US Geological Survey in
Rendija Canyon after the Cerro Grande fire, a watershed that was as severely burned as Pueblo Canyon,
indicated that runoff for a given intensity rain storm was much less in 2001 and 2002 than in 2000,
demonstrating amelioration of runoff relative to immediate post-fire conditions (Moody et al. 2002, 82610,
p. 73). A study of floods after the nearby 1977 La Mesa fire and the 1996 Dome fire found the highest
discharges in the first one to two years after the fires, approximately 100 times pre-fire levels, with
progressive declines after that (Veenhuis 2002, 82605). The study also found that although conditions
ameliorated quickly, flood discharges in Frijoles Canyon were still elevated three to five times pre-fire
levels 22 years after the La Mesa fire. These observations indicate that flood sizes for given intensity
storms will decline in Pueblo Canyon over time, although they are expected to remain elevated over pre-
fire conditions for decades. Therefore, the transport rates of plutonium-239,240 are also expected 1o
decline over time, although they will remain above immediate pre-fire conditions.
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71.2  Inorganic Chemicals in Sediments

Eleven inorganic chemicals detected in sediments in the Los Alamos and Pueblo watershed have been
identified as being most important for assessing potential ecological or human health risk: antimony,
arsenic, barium, cadmium, chromium, cobalt, manganese, mercury, selenium, silver, and zinc. These
chemicals are derived from a variety of sources, including Laboratory TAs, the Los Alamos townsite, and
the Cerro Grande burn area, in addition to naturally oceurring soils and bedrock, as indicated by their
spatial distribution {discussed below). Once in the canyon bottoms, most of these inorganic chemicals
adsorb to sediment particles and organic matter, and their subsequent fate and transport by fluvial
processes is expected to be similar to that of radionuclides discussed in Section 7.1.1. However,
inorganic chemicals derived from urban runoff or from erosion of natural soils in the watershed differ from
radionuclides in that inorganic chemicals will not show the same decreases over time, and the
concentrations of constituents derived from urban runoff may actually increase over time.

This section focuses on spatial variations in inorganic chemicals in the Los Alamos and Pueblo
watershed, and supporting information is included in Appendix D. Table D-1.6-1 presents average
concentrations in each reach for the inorganic chemicals that are discussed in this section, substituting
one-half of the detection limit for nondetected sample results. Table D-1.6-1 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 lower in coarse facies sediment than in fine facies sediment, and Figure 7.1-19
and the discussions in the following sections focus on data from fine facies sediment. Figure 7.1-19 and
Table D-1.6-1 also indicate that considerable uncertainty in the average concentration of some inorganic
chemicals exists in some reaches because of elevated detection limits, for example with antimony and
selenium.

The plots in Figure 7.1-19 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
(averages from McDonald et al. 2004, 76084, Table 10, p. 48-50). The background averages are
included to be consistent with the presentation of averages from potentially contaminated samples.

7.1.21 Inorganic Chemicals Derived from Laboratory Sources

The spatial distribution of inorganic chemicals indicates that the former TA-1 and/or TA-45 outfalls into the
South Fork of Acid Canyon were the most important Laboratory sources for these constituents in the Los
Alamos and Pueblo watershed. The plots in Figure 7.1-19 show that average concentrations in fine facies
sediment are highest in reach ACS for cadmium, chromium, mercury, and silver, with concentrations of
these metals decreasing rapidly downcanyon. Maximum sample results for these metals and for antimony
and arsenic were aiso found in ACS, along with other metals that are less important for assessing
potential ecological or human health risk in the watershed (copper, lead, and nickel). Maximum
concentrations for these analytes were found in the geomorphic unit (c2a) that also contained the highest
concentrations of cesium-137 and strontium-90, indicating that the peak releases for these metals and
radionuclides were roughly contemporaneous. (It should be noted that the locations with the maximum
concentrations of these metals were removed in the ACS |A, and average concentrations at present are
less than shown in Figure 7.1-15. Appendix E of Reneau et al. [2002, 73660) provides comparisons of
pre- and post-IA data.) :

The sediment data indicate that the former Pueblo Canyon WWTP {(SWMU 0-018[a]) may have been an
additional source of mercury in the Pueblo Canyon watershed. The average mercury concentrations in
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reach P-1W, downcanyon from the WWTP and upcanyon from Acid Canyon, are similar to concentrations
downcanyon from Acid Canyon in P-1E. In contrast, mercury concentrations upcanyon from the WWTP in
P-1FW cannot be distinguished from background levels. The sediment data also show an increase in zinc
concentrations downcanyon from the Pueblo Canyon WWTP.

No other Laboratory sources for inorganic chemicals in the Pueblo Canyon watershed are indicated by
the sediment data, with the possible exception of an increase in selenium in reach P-2W, downcanyon
from the former Central WWTP {(SWMU 0-019). However, selenium was not reported to be a major COPC
at the Central WWTP {LANL 2001, 71417), and evidence for a non-Laboratory source for selenium in
P-2W is provided by the similarity of average selenium concentrations between P-2W and AC-1 and AC-2
{Figure 7.1-19). AC-1 is located upstream from SWMU 0-030(g), and the selenium here and in the other
reaches probably represents background variations or contributions from urban runoff.

The sediment data indicate that one or more Laboratory sources for inorganic chemicals may exist in the
upper Los Alamos Canyon watershed, although the sources are not clear. Severa! metals are relatively
high in reach LA-2W, upcanyen from DP Canyon, but lower upcanyon in reach LA-1E, suggesting a
source at one or more TA-21 outfalls into Los Alamos Canyon. Silver is most notable in LA-2W, although
the high average concentration shown in Figure 7.1-19 is controlled by a single detected result in a smatl
data set (only four samples of fine facies sediment were analyzed in LA-2W). Chromium, mercury, zinc,
and other metals are also relatively high in this sample (04LA-87-0570), resulting in relatively high
averages in LA-2W. The average concentrations of chromium and zinc are also relatively high
downcanyon in LA-2E, supporting the interpretation that a L.aboratory source for these metals exists
between LA-1E and LA-2W.

It is notable that other SWMUs or AOCs in the upper Los Alamos Canyon watershed were important
sources for radionuclides but are not recognized as important sources for inorganic chemicals in
sediment. No increases in average concentrations of metals are seen downcanyon from the

SWMU 21-011(k) outfall into DP Canyon. Increases in the concentrations of some metals are indicated
downcanyon from the TA-1 hillsides; for example, the average silver concentrations increase in reach
LA-1W downcanyon from Hillside 137. However, these increases are small, and the sediment data do not
provide evidence for any major releases.

7.1.2.2 Inorganic Chemicals Derived from Townsite Sources

Several inorganic chemicals have spatial distributions that indicate sources in the Los Alamos townsite,
which is consistent with previous studies showing that urban runoff is a source of many metals for
streams. For example, the highest average zinc concentrations in fine facies sediment occurs in the
upper parts of Acid and DP Canyons in reaches AC-1, AC-2, and DP-1W (Figure 7.1-19), downcanyon
from largely urbanized parts of the townsite. Zinc is commonly found in urban runoff, and one important
source for zinc is tire-wear particulates (Walker et al. 1999, 82308, p. 364, Breault and Granato 2000,
82310, p. 49; Callender and Rice 2000, 82307, p. 232). Arsenic, cadmium, chromium, cobal,
manganese, and mercury are also relatively high in some or all of these reaches and have also been
reported in urban runoff in these studies. Selenium is also relatively high in these reaches but is not
mentioned in these studies as a common constituent in urban runoff. Therefore, although the spatial
distribution of selenium suggests a possible townsite source, the elevated values in the upper parts of
Acid and DP Canyons may be related to background variations.
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7.1.2.3 Inorganic Chemicals Derived from the Cerro Grande Burn Area

Many inorganic chemicals have been identified as having higher concentrations in post-fire sediment
deposits that contain reworked ash from the Cerro Grande burn area than in sediment not affected by the
fire (Katzman et al. 2001, 72660; Kraig et al. 2002, 85536). This finding is illustrated in box plots in

Figure D-1.7-1 in Appendix D, which compare sample results from post-fire baseline sediment samples
with pre-fire background sediment data as well as with ash and soil background data. In Los Alamos and
Pueblo Canyons, the average concentrations of barium, cobalt, and manganese are consistently higher in
post-fire sediment deposits that contain ash than in pre-fire deposits {Figure 7.1-19). Arsenic, chromium,
selenium, and zinc are also higher in post-fire sediment than in pre-fire sediment in some reaches, but not
in all. Ash was largely stripped from the burn area within two years after the fire (e.g., Johansen et al.
2003, 82312); therefore, the effects of the Cerro Grande fire on the overall concentrations of inorganic
chemicals in sediment deposits would have been greatest in 2000 to 2002. Subsequent floods can erode
or bury the early post-fire sediment deposits with sediment containing lower quantities of ash, thereby
reducing the overall average concentration of ash-derived constituents on the landscape over time.
However, average concentrations of these inorganic chemicals in the canyon bottoms will remain above
pre-fire levels as long as ash-bearing sediment persists in the landscape.

The concentrations of several inorganic chemicals in post-fire sediment deposits are highest in reaches
LA-3FE and/or P-4E {e.g., arsenic, barium, cobalt, manganese, selenium, zinc; Figure 7.1-19). As shown
in Figure 7.1-20, there are positive correlations of barium, cobalt, and manganese and the percent of
clay-sized particles and organic matter in the samples, with the correlations being better for percent
organic matter {which is probably directly correlated with ash content). The higher average concentrations
in reaches LA-3FE and P-4E are related to higher average clay and organic matter content in samples
from these reaches. These reaches have relatively low-energy conditions associated with either the low-
head weir (LA-3FE) or with wide floodplains where overbank floodwaters spread out {P-4E}, and ash
paricles would preferentially settle out in these areas.

7.1.3 Organic Chemicals in Sediments

Three types of organic chemicals detected in sediments in the Los Alamos and Pueblo watershed are
important for assessing potential ecological or human health risk: PAHs, PCBs, and pesticides. These
chemicals are derived from a variety of sources, including Laboratory TAs, the Los Alamos townsite, and
the Santa Fe National Forest west of the Laboratory, 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 the radionuclides, which were discussed in detail in Section 7.1. Similar to some of the
radionuclides, the organic chemicals discussed here have relatively short “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 urban runoff). However, the
degradation rates are not well constrained and witt vary with loca! environmental conditions.

This section focuses on spatial variations in organic chemicals in the Los Alamos and Pueblo watershed,
and supporting information is included in Appendix D. Tables D-1.6-2 through D-1.6-4 present average
concentrations in each reach for the organic chemicals that are discussed in this section, substituting
one-half of the detection limit for nondetected sample results. Tables D-1.8-2 through D-1.64 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 chemicals are
lower in coarse than in fine facies sediment, and the discussions and figures in the following sections
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focus on data from fine facies sediment. Tables D-1.6-2 through D-1.6-4 also indicate that considerable
uncertainty exists in the average concentraticn of organic chemicals in some reaches because of
elevated detection limits.

7131 PAHs

Six PAHSs in sediments were identified in Section 6 as most important in assessing human health or
ecological risk in the Los Alamos and Pueblo watershed: benz(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, dibenz{a,h)anthracene, indeno(1,2,3-cd)pyrene, and naphthalene. PAHs have a
range of chemical properties with some being less volatile and less soluble, and these chemicals are
more likely to become adsorbed o and persist in sediments (Neff 1979, 83420). Naphthalene is a
relatively volatiie PAH and of the PAHSs listed above should have the lowest affinity for sediments,
whereas the other five PAHs are less volatile and less scluble and have a stronger affinity for sediments.
Naphthalene is also the most important of these PAHs from the perspective of assessing potential
ecological risk, as indicated in Section 6.2.2; the others are more important for assessing potential human
health risk, particularly benzo(a)pyrene, as indicated in Section 6.2.3. The different PAHs also have
somewhat different spatial distributions in the watershed, indicating different sources, as discussed
below.

Benz({a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and naphthalene have maximum detected
results in reach AC-1, in upper Acid Canyon upcanyon from SWMU-0-030(g). Dibenz{a,h)}anthracene and
indeno(1,2,3-cd)pyrene have maximum detected results in reach DP-1W, at the head of DP Canyon and
upcanyon from the DP Tank Farm. The highest average concentrations of these chemicals in fine facies
sediment are also in reaches AC-1, AC-2, and DP-1W, although estimating average concentrations is
confounded by elevated detection limits in some reaches, particularly in DP Canyon. The spatial
distributions of benzo(a)pyrene and naphthalene are shown in Figure 7.1-21 as examples of the PAHs,
showing average concentrations in fine facies sediment in the reaches, substituting one-half of the
detection limit for nondetected sample results and showing the upper and lower bounds on these
averages. Additional figures showing the spatial distribution of the four other PAHs mentioned above are
included in Appendix D. These figures show that Acid and DP Canyons have relatively high
concentrations of PAHs and that concentrations in Los Alamos and Pueblo Canyons are lower.

The spatial distribution of PAHs in sediments in the watershed indicates that these analytes have multiple
sources, primarily from different parts of the Los Alamos townsite. Both Acid and DP Canyons are largely
urbanized upcanyon of the investigation reaches, and the higher concentrations of PAHs in these areas
are consistent with a source in urban runoff. Concentrations decrease downcanyon, indicating that
Laboratory SWMUs or AOCs are not major downcanyon sources of PAHs compared to the urban
baseline. This association with the townsite is consistent with studies in other regions that have
documented that PAHs are common contaminants derived from urban runoff (Edwards 1983, 82302;
Lopes and Dionne 1998, 82309; Walker et al. 1999, 82308; van Metre 2000, 82262). Some studies have
indicated that PAHs can also be a preduct of forest fires (Edwards 1983, 82302), although five of the six
PAHs discussed above were not detected in post-fire baseline sediment samples. Only naphthalene was
detected in the fire-impacted baseline samples, and the average naphthalene concentration in these
samples (0.1-0.6 mg/kg) was less than measured in reach AC-1 (0.8-0.9 mg/kg) but higher than
measured in most other investigation reaches. Therefore, naphthalene appears to have a secondary
source in the Cerro Grande burn area, although the most important source in the watershed is urban
runoff.
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71.3.2 PCBs

PCBs have low solubilities and a strong affinity for organic material and sediment particles (Chou and
Griffin 1986, 83419). PCBs were widely used in electric transformers and other industrial applications
{e.g., Walker et al. 1999, 82308, pp. 364-365), and their wide use is consistent with their spatial
distribution in sediments in the Los Alamos and Pueblo watershed. Figure 7.1-22 presents average
concentrations of Aroclor-1254 and Aroclor-1260 in fine facies sediment in the reaches, substituting one-
half of the detecticn limit for nondetected sample results and showing upper and lower bounds on these
averages. These data indicate that PCBs come from multiple sources in the watershed and that
concentrations generally decrease downcanyon from these sources, as discussed below.

Aroclor-1254 has highest concentrations in reaches AC-3 and ACS, suggesting a source at either the
former TA-1 or the former TA-45 outfalls into the South Fork of Acid Canyon, although releases could
also have occurred from sources other than effluent discharges at these outfalls. Aroclor-1260 is also
present in AC-3 and ACS at lower concentrations. The highest concentrations of PCBs in ACS were
found in geomorphic units that also contain the highest concentrations of radionuclides {c2a, ¢3, and f1a
units), indicating that the PCBs were released contemporaneously with radicactive effluent discharges
(1944—-1964). (It should be noted that the present PCB concentrations in ACS are lower than shown in
Figure 7.1-22 because these geomorphic units were removed during an 1A}

PCBs are also notable in several reaches in upper Los Alamos Canyon, although distributions vary
between Aroclor-1254 and Aroclor-1260, and the exact sources are not known. Aroclor-1254 has highest
average concentrations in upper Los Alamos Canyon in reaches LA-1W and LA-1W+ and was not
detected farther upcanyon in reach LA-1FW, suggesting releases from TA-1 SWMUs or AOCs west of
LA-1W+ (e.g., at Hillside 140 or into Bailey Canyon). In contrast, Aroclor-1260 has the highest average
concentrations downcanyon in reaches LA-1C and LA-2FE, suggesting a different source or sources
(e.g., the former TA-2 or TA-41). Compounds in Aroclor mixtures weather at different rates, potentially
resulting in poor matches between reference spectra and the spectra from environmental samples

{e.g., Valoppi et al. 2000, 83424). Therefore, Aroclor analyses alone may be insufficient to distinguish the
number and locations of sources. To help address this uncertainty, sediment samples from a series of
upper Los Alamos Canyon reaches were analyzed for PCB congeners. Figure 7.1-23 shows a scatterplot
matrix with selected congeners and Aroclor analyses from these samples. The congener results display
three distinct populations that support multiple primary sources of PCBs in upper Los Alamos Canyon.
The PCB congeners 105 and 118, which are characteristic of Aroclor-1254, are highest in the LA-1W and
LA-1W+ samples, indicating a source upcanyon from these reaches. In contrast, the PCB congeners 170,
180, and 187, which are characteristic of Aroclor-1260, are highest in the LA-1C sample and indicate a
source upcanyon at TA-2 or TA-41. A third cluster in the congener results is associated with trace levels
of congeners in samples where Aroclors were not detected (reach LA-0 and LA-1E samples).

Figure 7.1-22 indicates that the average concentration of Aroclor-1260 is also retatively high in reach
DP-1C, although this average is based on only one detect out of three samples for fine facies sediment
and is relatively poorly constrained. PCBs were not detected in five samples of coarse facies sediment
from DP-1C and in four samples from reach DP-1W (3 fine and 1 coarse). Therefore, although the
detected result indicates a source for PCBs upcanyon from DP-1C, the location of this source is poorly
constrained because of the low detection frequency and small number of samples.

Pueblo Canycn has lower concentrations of PCBs than Acid, upper Las Alamos, or DP Canyons, and the
highest average concentrations in fine facies sediment were measured in reach P-1W, upcanyon from
Acid Canyon {Figure 7.1-22, Table D-1.6.3). Therefore, the former Pueblo Canyon WWTP was a possible
source for PCBs, although they were also detected upcanyon of the WWTP (reach P-1FW) and multiple
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sources may be present in upper Pueblo Canyon. A source upcanyon from the Pueblo Canyon WWTP,
presumably in the Los Alamos townsite, is also indicated by analysis of PCB congeners in stormwater in
Pueblo Canyon west of Diamond Drive (NMED 2002, 83421).

7.1.3.3 Pesticides

Three chemicals in the pesticide suite in sediments have been identified as potentially important in
assessing the ecoclogical risk in the Los Alamos and Pueblo watershed: DDE, DDT, and endrin aldehyde.
These chemicals have low solubiiities and a strong affinity for organic material and sediment particles
(Pionke and Chesters 1973, 83423; Nowell et al. 1999, 83422). The spatial distribution of pesticides in
sediments in the Los Alamos and Pueblo watershed indicates that these analytes have multiple sources
both at the Laboratory and elsewhere, which is consistent with their expected dispersed use in pest-
control efforts. However, understanding their spatial distribution and sources is in part complicated by
elevated detection limits in some samples. Figure 7.1-24 presents average concentrations of DDE, DDT,
and endrin aldehyde in fine facies sediment in the reaches, substituting one-half of the detection limit for
nondetected sample results and showing upper and lower bounds on these averages.

DDT is the most important pesticide in the watershed from the perspective of potential ecological risk, and
it has its highest average concentration in fine facies sediment in reach LA-1C, downcanyon from TA-2
and TA-41, with much lower concentrations upcanyon. DDT concentrations also generally decrease
downcanyon from LA-1C, indicating a primary source at one or both of these TAs, presumably from
historical use as an insecticide by Laboratory groundskeepers. However, DDT in upper Los Alamos
Canyon shows considerable spatial variability, and interpretation of sources is complicated by elevated
detection limits in reach LA-2W samples. One or more sources for DDT in upper DP Canyon are indicated
by elevated average concentraticns in reaches DP-1W and DP-2. Data from DP-1W indicate a source in
the Los Alamos townsite, and possible additional contributions downcanyon from TA-21 are suggested by
data from DP-2. An additional source for DDT in upper Los Alamos Canyon upcanyon from the
Laboratory is indicated by data from reach LA-0, and an upcanyon source is consistent with documented
spraying of DDT in the Santa Fe National Forest (LASL 1963, 64879),

The distributions of DDE, which is a degradation product of DDT, and endrin aldehyde in upper Los
Alamos Canyon and DP Canyon are also consistent with the primary sources indicated by the DDT data,
although interpretations are less certain because of the lower frequency of detects for these analytes and
problems with elevated detection limits. In particular, the presence of DDE in reach LA-0 indicates a
source for this chemical upcanyon from the Laboratory, and the presence of endrin aldehyde in reach
LA-1C suggests a source at TA-2 and/or TA-41.

In the Pueblo Canyon watershed, DDE and DDT have their highest average concentrations in fine facies
sediment in reach ACS and their second highest average concentrations in reach AC-1. The AC-1 data
indicate a source in the Los Alamos townsite, as the DP Canyon data showed, and the ACS data suggest
a townsite source and/or a source from the former TA-1 or TA-45 cutfalls. No correlation between
pesticides and radionuclides is seen in the data from ACS, suggesting separate release histories

(i.e., effluent discharges for the radionuclides and insecticide use by groundskeepers for the pesticides).
The highest average concentrations of DDE and DDT in Pueblo Canyon were measured in reaches P-1W
and P-1FW, upcanyon from Acid Canyon, which indicates a source or sources in the Santa Fe National
Forest or in the Los Alamos townsite, with possible additional contributions from the former Pueblo
Canyon WWTP. However, concentrations of pesticides in Pueblo Canyon are low compared to Acid, DP,
and upper Los Alamos Canyons.
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7.2 Surface Water and Alluvial Groundwater Conceptual Model

The conceptual modei for surface water and alluvial groundwater addresses general hydrology of the
Los Alamos and Pueblo watershed with an emphasis on the conditions observed during the investigation
of nature and extent of contamination conducted in 2001 and 2002. A period of extended drought during
the time this investigation was conducted had an observable impact on the amount and extent of surface
water in the canyons and the extent of alluvial groundwater saturation. The Cerro Grande fire also caused
perturbations in the hydrology related to flood frequency, flood magnitude, the natural geochemistry of
flood water, and the potential for contaminant transport during floods. The conceptual model discussed
here describes the key COPCs identified in Section 6 in the context of these hydrologic variables to
evaluate the relation of the key contaminants to source and hydrology. Specific discussions of a tracer
study conducted in DP Canyon and a water-level study conducted in Los Alamos Canyon are presented
in Appendix B, Section B-2.4, and in Appendix F, respectively.

7.21  Watershed Hydrology

The surface water and alluvial groundwater hydrology of the Los Alamos and Pueblo watershed is related
to several primary factors including the location and discharge volume of natural and anthropogenic water
sources, seasonal events {e.g., snowmelt runoff and storm-water runcff resulting from summer rainfall),
and general regional climatic conditions. The surface water discussion is organized by sub-basin. Upper
Los Alamos Canyon is the portion of the watershed from the headwaters to the confluence with Pueblo
Canyon and includes DP Canyon. Pueblo Canyen is the portion of the watershed from the headwaters to
the confluence with Los Alamos Canyon and includes Acid Canyon and the South Fork of Acid Canyon.
Lower Los Alamos Canyon is the portion of the watershed from the confluence of Los Alamos and Pueblo
Canyons to the conflitence with the Rio Grande.

7.21.1  Surface Water Hydrology

The conceptual model for surface water hydrology is based on gaging station data and visual
observations made during the last several years. Flow data are collected within a "water year,” which is
the period from October 1 through September 30. A water year is designated by the calendar year in
which it ends. Figure 7.2-1 shows the different types of surface water occurrences throughout the
watershed and reflects the discussion below. Various terms are used in this report to describe water
occurrences in the watershed. The term “perennial” describes segments where water flow is continuous
throughout the year. “Intermittent” describes segments that are predominantly dry throughout the year but
that have some extended periods of flow from snowmeit runoff, spring discharge, or groundwater
discharge associated with high groundwater levels. “Ephemeral” refers to segments with short periods of
flow {i.e., hours to days) in response to storm events, particularly summer thunderstorms. “Interrupted”
describes spatially discontinuous flow resulting in alternating wet and dry channel segments. “Persistent
flow" is not quantitatively defined but the term is useful for describing areas with flowing or standing water
roughly 50% of the time and includes perennial reaches and bedrock pools.

Upper Los Alamos and DP Canyons

In upper Los Alamos Canyen, perennial flow originates from springs and interflow through hillslope soils
in the upper watershed. This perennial flow is sometimes interrupted. The downcanyon extent of
perennial flow is variable but generally terminates in the upper portions of Los Alamos Canyon west of
TA-41. The remainder of upper Los Alamos Canyon down to the confluence with Pueblo Canyon is
characterized by intermittent or ephemeral surface water flow that is seasonally dependent. The
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magnitude of winter and spring snowmelt runoff is the predominant factor affecting the duration and
extent of surface water flow in upper Los Alamos Canyon. Figure 7.2-2 shows the number of days of flow
at a series of stream gages in upper Los Alamos Canyon for water years 1995 through 2002 (Shaull and
Alexander 1896, 56019, Shaull and Alexander 1996, 56020, Shaull et al. 1998, 57581, Shaull et al. 1999,
63505, Shaull et al. 2000, 66648, Shaull et al. 2001, 72609.112, Shaull et al. 2002, 84599, Shaull et al.
2003, 76042), and the snow-water equivalent precipitation from the Quemezon snowpack telemetry
{(SNOTEL) station in upper portion of the Los Alamos Canyon basin. In upper Los Alamos Canyon, the
magnitude of inter-annual variability is illustrated in Figure 7.2-2 by comparing the number of flow-days
per water year at E025 and E0286, the upper-most routinely monitored gaging stations in the watershed.
Years with greater than 150 days of flow occurred in 1995, 1897, 1998, and 2001. More recent drought
conditions resulted in only 47 and 53 days of flow at E025/026 in water year 2000 and 2002, respectively.
The number of surface water flow-days measured at E025/026 in water year 2001 is largely to the result
of an extended period of snowmelt runoff from a significant 2000-2001 winter snowpack in the upper
basin.

Figure 7.2-2 also shows that the total number of surface water flow days at each stream gage in upper
Los Alamos Canyon decreases progressively downcanyon as a result of infiltration into alluvium.
Segments that have persistent flow for most of the year or during periods of extended snowmelt runoff
sometimes exhibit interrupted flow. This interrupted or discontinuous flow probably results from
longitudinal variations in alluvial aquifer storage capacity and/or the thickness of alluvium that cause
convergence and divergence between the elevations of the streambed and the alluvial groundwater table.
Persistent surface water flow is typically present below TA-41 only during the late winter and spring and is
related to snowmelt runoff. The downsiream extent of the intermittent flow is highly variable and
dependent on the amount of winter precipitation. The lower portion of upper Los Alamos Canyon from
near the DP Canyon confluence to the Pueblo Canyon confluence is best described as ephemeral, since
surface water flow is dominated by short-duration (generally less than several hours) floods associated
with summer rainfall events. Most of the upper canyon surface water sampling stations had water during
the first three sampling rounds conducted during 2001-2002. In the fourth round, all the upper stations
were dry.

The DP Canyon stream channel is also largely ephemeral, with the following exceptions. Some persistent
surface water exists as small bedrock pools less than a few meters across. These bedrock pools are
periodically filled by floods and snowmelt runoff originating in the southeastern portion of the Los Alamos
townsite. Intermittent surface water flow semetimes occurs in short segments in DP Canyon from
discharge of groundwater stored within alluvium in reach BP-2 and at the west end of reach DP-4 where
local groundwater discharges from DP Spring. Short-duration intermittent flow can also occur from
snowmelt runoff. Figure 7.2-3 shows high interannual variability in the number of fiow days at gaging
stations E038, E039, and E040 for water years 1999 through 2002, Figure 7.2-3 also shows that surface
water runoff into DP Canyon is generally maintained from EQ38 near the head of the canyon down to
E039, which is immediately east of reach DP-2 (Figure 7.2-1). Comparable surface water fiow between
the two stations is expected since the channe! between them is largely underlain by bedrock or thin
alluvium. A decrease in the number of flow days occurs between E039 and E040, suggesting
transmission loss into alluvium. The infiltration probably first occurs in a deposit of clder alluvial sediments
just above reach DP-4, Water stored in these deposits discharges as DP Spring at a headwall exposure
of the contact of the older alluvium with unit 1g of the Tshirege Member of the Bandelier Tuff (Reneau in
LANL 1895, 58207). Discharge at DP Spring is highly variable, generally ranging from zero to less than
one gal./minute, and has been observed to respond rapidly to stormwater runoff from upper DP Canyon.
Surface water flow generally extends for less than approximately 15 m (49 ft) downcanyon from the peint
where spring flow joins the stream channel. DP Spring was dry during the first, third, and fourth rounds of
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sampling conducted during 2001-2002, although it appeared to be more persistent in some prior, wetter
years.

Acid and Pueblo Canyons

Surface water flow in Acid and upper Pueblo Canyons, upstream from the Bayo WWTP, is generally
ephemeral and occurs primarily as short-duration stormwater runoff from summer rainfall. Locally
persistent surface water flow has been observed in bedrock pools or where alluvial groundwater
discharges. Intermittent flow also occurs during snowmeit runoff or alluvial groundwater discharges, but
gage data are limited for quantifying the frequency or duration of surface water flow. Data are available
for the upper Pueblo Canyon gaging station (E055) only for water years 2002 and 2003 because the
gaging station was installed in late 2001. Surface water flow was not observed flowing through the length
of upper Pueblo Canyon during the investigation period, with the exception of floods that occurred since
the Cerro Grande fire. For water year 2002, the E055 gaging station measured only 14 days of flow
{Katzman 2004, 85532). In the South Fork of Acid Canyon, the channel is largely bedrock dominated, and
stormwater runoff, other townsite runoff (e.g., from lawn watering), and periodic releases of water from the
Larry Walkup Aquatic Center result in small pools that have been observed to persist for several weeks or
even months, The bedrock pools were most persistent in narrow and confined, or shaded canyon areas
with a low duration of direct sunlight. In main Acid Canyon, persistent or intermittent water has been
observed a short distance upstream from Pueblo Canyon where alluvial groundwater emerges. Farther
upstream in Acid Canyon, water was most commonly observed in bedrock pools. In lower Pueblo
Canyon, persistent (effectively perennial) flow is the result of effluent discharge from the Bayo WWTP,
Flow from the WWTP is maintained through approximately 3 km (1.86 mi) of lower Pueblo Canyon to and
beyond the confluence with Los Alamos Canyon. In water year 2002, gaging station EC60 below the
WWTP measured 357 days of flow (Shaull et al. 2003, 76042). The amount of flow from the WWTP and
the downcanyon extent of surface water flow vary daily as a result of WWTP operations and seasonally
as a result of water diversions for uses such as watering the L.os Alamos County golf course.

Lower Los Alamos Canyon

Surface water flow in lower Los Alamos Canyon originates as discharges from springs or alluvial
groundwater, as discharges from the Bayo WWTP in Pueblo Canyon, as snowmelt runoff from upper

Los Alamos Canyon, and as stormwater runoff. Perennial flow occurs for varying distances below Basalt
Spring, which is hydrologically connected to surface water discharges from the WWTP (LANL 1995,
50280}. Basalt Spring has variable discharge rates with estimates from 1 to 10 gal./minute, which may be
partially or largely related to variations in discharge from the WWTP. A small amount of additional surface
water originates at LA Spring, which discharges along the south slope of the canyon approximately 300 m
(984 ft) downstream of Basalt Spring. Essentially, perennial flow occurs for varying distances downstream
from the confluence with Pueblo Canyon, as a result of WWTP discharges. Since the Cerro Grande fire,
essentially perennial flow has also occurred related to discharge of alluvial groundwater beginning in
lower Guaje Canyon at State Highway NM 502, typically flowing into lower Los Alamos Canyon and to the
Rio Grande. Water was not observed at this location before the fire, suggesting that recharge into an
alluvial aquifer in Guaje Canyon increased as a resull of the increased magnitude and frequency of
stormwater runoff events in the Guaje watershed after the fire. When diversion from the WWTP is low,
flow can be continuous throughout all of lower Los Alamos Canyon to the confluence with the Rio
Grande. During periods of high diversion, flow may extend for less than 1 km {0.62 mi) from Basalt Spring
{observations from 1997). Within approximately 1 to 2 km (0.62 to 1.24 mi} of the confluence with the Rio
Grande, surface water flow is common and may be related to discharge of alluvial groundwater from
Guaje Canyon. intermittent flow supplied by snowmelt runoff from upper Los Alamos Canyon can also
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occeur for varying distances, reaching the Rio Grande in wet years, and stormwater runoff from upper Los
Alamos, Pueblo, Bayo, or Guaje Canyons can also reach the Rio Grande in larger floods.

7.2.1.2 Alluvial Groundwater

The alluvial groundwater conceptual model is based on water-level, streamflow, and precipitation data.
The model addresses spatial variations in the nature of the water-level record and the relation of water
level responses to precipitation and streamflow. A series of plots shown in Figures 7.2-4(a—d) for Los
Alamos Canyon and 7.2-5{a—d) for Pueblo Canyon, incorporate these data and are used to describe the
system. These plots are specifically referenced in the subsections below. The plots include a parameter
called integrated precipitation, whose values are estimates of average daily precipitation that falls on the
portion of the basin upgradient from each groundwater monitoring location, thus potentially influencing
groundwater-level responses at the monitoring location. Average daily precipitation is estimated using a
Thiessen weighted-average process (Dunne and Leopold 1978, 84459, p. 75). This process weights the
daily rainfall value at each precipitation gage proportional to the fraction of the total area in the basin that
is closest to each gage. Because of the high spatial variability in precipitation (especially summer
thunderstorms), integrated precipitation estimates are considered more representative and less biased
than either showing all precipitation data on such plots or selecting one (even the closest) station. For the
months of May through October, when precipitation is dominated by rain, all available precipitation gages
are used in these calculations, including data from gages in the Laboratory network (accessible at
hitp.//weather.lanl.gov}, remote area weather stations (RAWS) installed after the Cerro Grande fire
{accessible at hitp://www losalamos dri.edu), and the Quemezon SNOTEL gage (accessible at
hitp://www.wce.nres.usda.govisnotel). For the months of November through April, when snowfall is
common, only the Laboratory gages and the Quemezon SNOTEL gage are used because the RAWS
gages do not measure snowfall accurately.

Upper Los Alamos and DP Canyons

A series of alluvial groundwater monitoring wells with continuous-record water-level data provide the
basis for examining the nature and causes of water-level variations in upper Los Alamos Canyon. These
wells, LAO(b), LAC-0.3, LAO-0.91, and LAO-1.6(g), are located in Los Alamos Canyon between the Los
Alamos Reservoir and DP Canyon (Figure 3.2-1 and Plate 1). Figure 7.2-4{a—d) shows the water-level
record plotted for comparison to the integrated precipitation data and the streamflow record at gaging
stations E025/026, E030, and E042. In all four plots, two basic observations are apparent. One
observation is that groundwater level generally rises rapidly in response to summer and fall precipitation
events and associated stormwater runoff. Rises in groundwater level occur instantaneously and generally
correlate well with the streamflow record at gaging stations £E025/026, E030, and EQ40, indicating that
recharge from the streambed occurs during floods. This effect is less pronounced in LAO(b) presumably
because this well has a water level that is consistently at or near the elevation of the adjacent streambed.
Aquifer transmissivity also may play a role in the damped water-level responses at LAO(b); however, low
transmissivity would probably be manifested as a lagged response between streamfiow and water-level
responss, which has not been observed. Recharge via streambed infiltration is best represented by the
data from the summers of 2001, 2002, and 2003. The rate of water-level decline following the recharge
events varies, and differences in rates between wells are probably associated with variations in aquifer
conductivity. Several small but distinct increases in water-level recorded during late spring and summer
months are not related to precipitation events but rather are related to draining of the Los Alamos
Reservoir for dredging and maintenance following the Cerro Grande fire. Data from early June 2001 and
the middle of March 2003 exemplify these events.
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A second key observation is that of groundwater-level rise observed in wells during the late winter to early
spring. The water-level rise during all three winter/spring periods in the water-level record occurs prior to
initiation of sustained streamflow at even the most upcanyon gaging station, E025/026. This type of
water-level response is best demonstrated by the record from the winter and spring of 2000-2001, which
had the only appreciable winter snowpack during the three years of automated water-level
measurements. The conceptual model for this type of response is that recharge within the alluvium is
associated with early-season snowmeit that infiltrates into alluvium in the upper canyon and creates an
underflow recharge front that advances downcanyon. Once the aquifer saturation has reached capacity
(i.e., the elevation of the adjacent stream channel), streamflow is initiated, suggesting that streamflow
during these periods represents discharge of the aquifer to the surface. All four wells shown in Figure
7.2-4(a-d) show this relation. The travel time of the recharge pulse can be estimated from the data shown
in a compilation of the continuous water-level records for these wells (Figure 7.2-6). The timing of the
initiation of the water-levet rise in the winter/spring of 2001 at each progressively downcanyon well
suggests a travel time for the recharge pulse of approximately 100 m (328 ft) per day, which is
significantly greater than computed flow velocities obtained using the hydraulic conductivities indicated
from slug test data from alluvial wells in upper Los Alamos Canyon (hydraulic conductivity values are
presented in Table F-2.4-1).

The rapid travel time for the recharge pulse is probably related to groundwater flow within preferential
horizontal pathways in coarse-grained and/or well-sorted facies in the altuvium. This travel time
approximation is supported by computations of average linear velocity for groundwater flow (Fetter 1994,
70942, p. 145) using representative values of hydraulic conductivity (K) and porosity (n) from literature
sources for well-sorted coarse sand and mixed coarse sand and gravel and the average bedrock gradient
of 0.03 in upper Los Alamos Canyon. Assuming K is 0.5 cm/sec {median value for clean sand [Freeze
and Cherry 1979, 64057, p. 29]) and n is 0.35 (average value for mixed sand and gravel [Freeze and
Cherry, 1979, 64057, p. 37.]) yields an average linear velocity of 37 m (121 ft) per day. Assuming K is

3 cm/sec (maximum value for well-sorted coarse sand [Spitz and Moreno 1996, 85503, p. 348]) and n is
0.30 (minimum value for uniform sand and for gravel [Spitz and Morenc 1996, 85503, pp. 342-343])
yields an average linear velocity of 259 m (850 ft) per day. Thus, the travel time estimated by the water-
level data analysis falls well within a range of plausible horizontal groundwater flow velocity values for
coarse-grained and/or well-sorted facies in the alluvial aquifer in upper Los Alamos Canyon. This analysis
indicates that preferential pathways in the alluvium support high groundwater flow velocities that
significantly exceed average rates for the alluvial system {by two to three orders of magnitude).

The downcanyon extent of alluvial groundwater saturation varies significantly from year to year and
season by season. During dry years, and especially during years with limited spring snowmelt runoff,
saturation may not extend appreciably beyond the area around monitoring well LAQO-4.5¢ (Figure 3.2-1
and Plate 1). Alluvial monitoring wells as far down upper Los Alamos Canyon as LAO-4.5¢ were
sufficiently saturated to allow sampling in the first three of four rounds conducted in 2001 and 2002.
LAO-8a, the most downcanyon alluvial monitoring well in upper Los Alamos Canyon, had sufficient
saturation for sampling only during the round conducted in the spring of 2001, the same pericd as the
snowmelt response described above.

in DP Canyon, two separate alluvial aquifers exist: one in reach DP-2 and the second in reach DP-4
{Plate 1). Water-level variations in DP Canyon are directly related to runoff events generated in the Los
Alamos townsite, which can happen in any season (seée Section 7.2.1). Maximum water-level elevations
are limited by streambed elevation. investigations conducted as part of the tracer study (described in
Appendix B-2.4) indicate that a complex recharge/discharge process occurs during flood events where
initial recharge from the streambed to the alluvial aquifer is rapidly followed by discharge from the aquifer
back to the streambed during the recessional stage of the flood, thereby causing extended surface water
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flow. The basis for this model is the detection of the bromide tracer in surface water flow collected near
gaging station EQ39 following several flood events in 2003.

Intermittent flow from DP Spring and runoff from farther upstream recharges the aliuvium in reach DP-4.
This alluvial groundwater is a component of the groundwater observed in well LAO-2 near the confluence
of DP and Los Alamos Canyons (Figure 3.2-1 and Plate 1). Contaminants unique to the portion of upper
Los Alamos Canyon above the confluence with DP Canyon (e.g., molybdenum) are detected in LAO-2
(as discussed later), indicating that mixing of groundwater from each canyon occurs at the confluence.

Pueblo Canyon

Figure 7.2-5(a—d) shows continuous-record water-level data for alluvial monitoring wells PAO-1, PAO-3,
PAQ-4, and PAO-5n compared to the integrated precipitation data and the streamflow record for gaging
station E060. The plots show two distinct modes of alluvial groundwater saturation within Pueblo Canyon.
Wells located upcanyon of the Bayo WWTP show a water-level record similar to the wells in upper Los
Alamos Canyon in that water-level variations are closely tied to precipitation and associated flood events,
and to winter and spring snowmelt. For wells PAO-1 and PAQO-3, immediate groundwater-level response
is well illustrated for the precipitation and flood events of July 2, 2001, June 21-22, 2002, and

August 23, 2003. Those same events resulted in a damped response in the two lower canyon wells,
PAO-4 and PAQO-5n. Saturation in the lower canyon is primarily the result of infiltration of surface water
discharged to the canyon from the WWTP. The variation in water-level elevations downcanyon of the
WWTP is controlled primarily by seasonal rerouting of effluent for “downstream” uses such as watering at
the Los Alamos County golf course.

In Pueblo Canyon, the most important snowmelt period over the last few years is related to the winter of
2000-2001. The water-level record at PAO-1 shows a steady increase in water level during the winter
and spring of 2001 without a corresponding increase in streamflow at E060. The water-level record for
PAQ-3 shows a more abrupt rise in water level that is also related to the same snow melt period. it is
possible streamflow occurred through this portion of Pueblo Canyon, but no gage data are available for
comparison. The early onset of the 2001 (and subsequent) snowmelt period(s) is believed to be related to
the loss of canopy during the fire and the large amount of south-facing aspect in the upper Pueblo basin,
both resulting in rapid snowmelt following snow storms.

Lower Los Alamos Canyon

No continucus automated water-level data were collected for lower Los Alamos Canyon, so manual
water-level measurements made approximately every month are used to develop the conceptual model.
Manual water-leve! plots for wells LLAO-1, LLAO-2, LLAO-4, and LLAO-5 are shown in Figures B-2.2-1d
through B-2.2-1g in Appendix B. Groundwater saturation in most of lower Los Alamos Canyon down to
the area around LLAO-4 is partially related to infiltration of surface water discharged from Basalt Spring,
which is hydrologically connected to surface water discharged from the Bayo WWTP into Pueblo Canyon
(LANL 1995, 50290). Water levels in this portion of lower Los Alamos Canyon are highly variable and
presumably related to seasonal variations in discharge rates from the WWTP and to snowmelt and floods
in Los Alamos and Pueblo Canyons. A pronounced water-level increase associated with post-fire floods
in Los Alamos and Pueblo Canyons in October 2000 is recorded in lower Los Alamos Canyon and
continued into the period of snowmelt runoff from upper Los Alamos Canyon in spring 2001, In the lower-
most portion of lower Los Alamos Canyon, the water-level record from LLLAC-5 shows relatively constant
saturation with much less variability than higher in lower Los Alamos Canyon. The geochemistry of
groundwater from LLAO-5 (discussed later in this section) indicates that alluvial groundwater in the lower-
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most portion of the watershed represents mixing of waters from Los Alamos Canyon and regional
groundwater discharging to the Rio Grande. Alluvial groundwater saturation in lower Los Alamos Canyon
was persistent during the sampling period for all four sampling rounds conducted in 2001 and 2002.

Post-Cerro Grande Hydrology

The Cerro Grande fire produced significant hydrologic changes in the watersheds west of the Laboratory
(BAER 2000, 72659). These changes were primarily the result of altered soit conditions in the upper
portions of the watersheds. Loss of vegetation and forest litter, development of ash covers, and extreme
hydrophobic soil conditions greatly reduced the capacity for infiltration and storage of precipitation. The
reduced infiltraticn rates resulted in rapid surface-water runoff during thunderstorms and numerous floods
with high ash content. Ash produced from the Cerro Grande fire consisted of a complex mixture of
inorganic and organic compounds. Calcium, magnesium, silica, potassium, sodium, and carbonate were
among the constituents concentrated in the ash (Longmire et al. 2002, 71274). The presence of these
constituents resulted in increased pH and changes in major ion chemistry in the alluvial groundwater
induced by the ash-rich runoff and may have influenced the distribution and mobility of contaminants in
alluvial groundwater, including strontium-20, uranium, plutonium, and americium. Additionally,
radionuclides associated with fallout from aboveground nuclear testing were also present in ash at
concentrations elevated above the BVs in sediment (Katzman et al. 2001, 72660). The ash data are
summarized in (Appendix D-1.7). Interaction of surface water with ash resulted in elevated concentrations
of several constituents in water, most notably strontium-90, manganese, calcium, and arsenic. The
constituents and potential affects of Cerro Grande ash on their distribution are discussed in the following
sections that evaluate contaminants in surface water and alluvia! groundwater.

A series of plots showing water level compared to a set of parameters measured using downhole multi-
parameter probes are presented in Figures B-2.2-2(a-h) in Appendix B, and an overview derived from the
data is presented in Section B-2.3. The parameters include pH, specific conductance, temperature, and
dissolved oxygen. To summarize, considerable variability in the nature of the groundwater response to
floods occurs between monitoring wells within a canyon, and between canyons. Regardless of the
variability in response, it is apparent that groundwater was affected physically and geochemically by post-
fire floods. The physical effect is manifested as rapid water-level response to numerous floods, and the
geochemical effect is manifested as flood-related excursions in the measured water-quality parameters.
These findings are important because they indicate that the results of the hydrologic and contaminant
characterization presented in this report may, in part, represent perturbations in contaminant trends that
occurred after the fire. It is not known how long such perturbations will persist, although the effects of the
fire are expected to progressively decrease over time as the upper watershed recovers.

7.2.2 Radionuclides in Water
7.2.21  Spatial Distribution and Sources of Radionuclides in Water

The human health screen conducted in Section 6 identifies several radionuclide COPCs in surface water
and alluvial groundwater in the Los Alamos and Pueblo watershed, including strontium-80,
plutonium-239,240, uranium-234 and -238, and americium-241. A series of plofs in Appendix D provides
a high-level overview of the spatial trends of the radionuclide COPCs by canyon. The discussion below
provides additional information on the spatial distribution of these contaminants in key areas of the
watershed using box plots that show the data for surface water and alluvial groundwater sampling
locations in relation to distance from the Rio Grande. Data collected from 1994 to 2002 under the
investigations described in Section 3 are used in the box plots. The upper and lower ends of the boxes
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are the 75th and 25th percentiles of the data distribution, and upper and lower lines outside the boxes
indicate 90th and 10th percentiles, respectively. The sampling locations included in the plots were
selected to bound known or suspected contaminant sources and generally include locations that have
enough data to show variability in contaminant concentrations. Nondetect values are included in the plots.
The paired numbers below each box indicate the number of detects (left) and nondetects (right) at each
location. Detected values are represented in the plots with filled symbols, and the nondetect values are
open symbaols. Filtered and unfiltered results are combined in the data sets shown in each plot, providing
a conservative depiction of contaminant trends. Filtered and unfiltered concentrations of relatively soluble
constituents such as strontium-90 are comparable. For less soluble constituents such as plutonium, the
concentrations in unfiltered samples are generally higher.

Overall, the spatial distribution of radionuclide concentrations indicates only a few key sources of
radionuclides in water. The most important sources include the former outfall at SWMU 21-011(k)
adjacent to reach DP-2; the former TA-45 ouffalls (SWMUs 45-001 and 1-002) adjacent to reach ACS;
and the former leach fieid (SWMU 02-009][c]) east of the decommissioned OWR in TA-2 in upper Los
Alamos Canyon, adjacent to reach LA-1C (Plate 1). An additional, but minor, Laboratory source is the
former TA-1 Hillside outfalls (SWMUs 1-001][c], 1-001[d], and 1-001[f]) that discharged into Los Atamos
Canyon in the area of reaches LA-1W+ and LA-1W. Ash from the Cerro Grande fire is also recognized as
a minor source of radionuclide constituents measured in water.

Strontium-90

The spatial trends of strontium-90 concentrations shown in Figure 7.2-7(a-d) indicate that

SWMU 21-011(k) is the most important Laboratory source and that the former leach field at TA-2 is a
minor source. Concentrations of strontium-90 are highest in LAUZ-1, the groundwater monitoring well
located ciosest to the SWMU 21-011(k) outfall {(Figure 7.2-7[a]). Concentrations generally decrease
downcanyon to low detected concentrations in LAO-6a. Persistent surface water was uncommon in this
portion of the watershed during the investigation period; therefore, contamination was generally limited to
alluvial groundwater, although historical data from the Environmental Surveillance Program indicate
elevated strontium-80 concentrations in surface water sampled in reaches DP-2 (surveillance station
DPS-1) and DP-4 (surveillance station DPS-4 at the mouth of DP Canyon) in the 1960s (LANL 1895,
50290, p. 3-51). The temporal trend in strontium-80 concentrations in DP Canyon surface water are
described below in Section 7.2.2.3.

The spatial distribution of strontium-90 concentrations in surface water and alluvial groundwater in upper
Los Alamos Canyon above the DP Canycn confluence indicate that the former leach field at TA-2
{SWMU 02-008[c]) is the most important source in this portion of the canyon (Figure 7.2-7[b]). A report on
the decommissioning of the TA-2 water boiler reactor does not explicitly identify strontium-90 as a
contaminant associated with the leach field (Elder and Knoell 1986, 6670). However, data from two
alluvial groundwater monitoring wells located immediately east of the footprint of the leach field (LAOR-1
and LAOR-2) show historically elevated strontium-80 concentrations in alluvial groundwater. Elevated
strontium-80 concentrations are present in monitoring wells LAO-0.91 and LAO-1 located downcanyon of
the leach field. Monitoring well LAO-0.91 is closest to the ieach field source but shows lower
concentrations than LAO-1, probably because it is located on the south side of the channel {across the
channel from the leach field source) and apparently out of the preferential dispersion pathway for the
strontium-90. Strontium-90 contamination from the TA-2 area extends downcanyon beyond LAO-1 for a
short distance. The data from monitoring well LAO-1.6(g) {approximately 2.25 km {1.4 mi] downcanyon)
are almost entirely nondetect values for strontium-90. The increase in strontium-90 concentrations in

April 2004 7-26 ER2004-0027



Los Alamos and Pueblo Canyons Investigation Report

alluvial groundwater at LAC-2 represents mixing of alluvial groundwater from upper Los Alamos Canyon
and DP Canyon.

Figure 7.2-7{b) shows that strontium-90 is also detected in upper Los Alamos Canyon surface water
upcanyon of Laboratory sources. Strontium-90 in surface water in the upper canyon is related to elevated
concentrations of strontium-90 found in Cerro Grande ash (Katzman et al. 2001, 72660, and

Appendix D-1.7). Samples collected from the Los Alamos Reservoir show the highest strontium-90
concentrations in the upper canyon, higher than concentrations observed in surface water samples
collected immediately upstream of the reservoir, suggesting that longer residence time of water with ash-
rich sediments resulted in increased leaching of strontium-80. Gallaher et al. (2002, 82265) suggest a
similar scenario for surface water samples collected after the fire. Samples collected immediately
downstream of the reservoir show slightly lower concentrations than samples collected within the
reservoir, suggesting some mixing of water with lower concentrations. Downcanyon detections of
strontium-20 in surface water, including at the sampling location LA-Background SW in the background
sediment investigation reach, are interpreted to be related to the presence of ash deposited within
channel sediments,

Spatial trends in strontium-90 in the Pueblo watershed indicate that the former outfalls into reach ACS are
the primary source (Figure 7.2-7[c] and Plate 1). Strontium-90 is first identified in surface water samples
from the persistent bedrock pool in lower reach ACS but is highest at the surface water sampling
locations in lower reach AC-3 (near Acid Weir) and upper reach P-1E, and in menitoring well PAO-2
located approximately 230 m (755 ft) below the confluence of Acid and Pueblo Canyons. The sampling
locations with the highest strontium-80 concentrations are at or near the confluence of Acid and Pueblo
Canyons. The concentrations of strontium-90 in surface water and alluvial groundwater decrease
substantially downcanyon of PAO-2 and remain relatively constant with tow spatial variability. The
elevated strontium-90 concentrations in lower reach AC-3 are interpreted to be related to the emergence
of shallow altuvial groundwater that has interacted with contaminated sediments in reach AC-3.
Strontium-90 detections in surface water and alluvial groundwater in Pueblo Canyon, upcanyon of the
Acid Canyon confluence, are also probably related to the presence of Cerro Grande ash deposited with
channel sediments.

In lower Los Alamos Canyon, detected concentrations of strontium-90 are sporadically located in surface
water and alluvial groundwater throughout the canyon. The highest detected strontium-90 is from the
surface water location, LA SW at Guaje Confluence, located in Los Alamos Canyon immediately
upcanyon of the Guaje Canyon confluence (Figure 7.2.-7[d]). Strontium-90 values at surface water
sampling locaticn, Guaje SW at LA confluence (located just upstream of the confluence with Los Alamos
Canyon), are all nondetects. The detected concentrations of strontium-90 observed in lower Los Alamos
Canyon surface water and alluvial groundwater may be related to the presence of Cerro Grande ash
deposited within channel sediments and on floodplains. Although ash was also deposited by floods in
Guaje Canyon, the surface water at the Guaje Canyon location discharges from alluvium in the scoured
channel below the highway culvert under State Highway NM 502 and may not be in contact with post-fire
flood deposits that contain ash. In Los Alamos Canyon, the surface water in this reach commonly persists
as streamflow over a large distance, often reaching the Rio Grande, and the strontium-90 contamination
in surface water may be derived from interaction with channel-bed or -bank sediments with low
concentrations of strontium-90 in ash. Elevated concentrations of strontium-80 are detected in post-fire
sediments that were collected in lower Los Alamos Canyon {see Figure 7.1-4). All but one of the values
for strontium-80 in alluvial groundwater in lower Los Alamos Canyon are nondetects, suggesting that little
strontium-90 exists in deeper alluvium.
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Plutonium-239,240

Plutonium-239,240 in upper and lower Los Alamos Canyon is detected at very low frequency and is not
identified in the screen in Section 6 as important for assessing human health risk because of its low
frequency of detection. However, plutonium-239,240 is present locally in the watershed at low
concentrations, and the distribution of detected values is attributed to two primary sources:

SWMU 21-011(k) and the former TA-1 Hillside outfalls (Figure 7.2-8[a, b, and d]). In DP Canyon, the
highest frequency of detected plutonium-239,240 concentrations occurs in alluvial groundwater at
LAUZ-1. The concentrations and frequency of detection decrease immediately downcanyon. From
monitoring well LAUZ-2 down DP Canyon into the lower portion of Los Alamos Canyon, only scattered
detected concentrations occur in surface water and alluvial groundwater. Overall, a higher frequency of
detection occurs in unfiltered samples, indicating the presence of plutonium-contaminated suspended
solids in the samples.

In upper Los Alamos Canyon, above the confluence with DP Canyon, plutonium-239,240 is first identified
in alluvial groundwater at monitoring well LAO-0.6. As in DP Canyon, the frequency of detected
concentrations at downcanyon surface water and groundwater sampling locations is very low and extends
to the next sampling location below monitoring well LAO-1. The maximum detected concentration is
0.073 pCi/L in surface water in reach LA-1C. The most significant source of plutonium-239,240 in this
portion of the canyon is Hillside 137, the outfalls associated with SWMUs 01-006(c) and 01-006(d),
although plutonium-239,240 is also identified at Hillside 138 (SWMU 1-006[h] {LANL 1995, 49703,

LANL. 1996, 54465; Reneau et al. 1998, 59160). Monitoring well LAC-0.6 is located approximately 800 m
[3000 ft] downcanyon of Hillside 137, and 750 m (2500 ft} downcanyon of Hillside 138. The low
concentrations of plutonium detected in water in upper Los Alamos Canyon are probably related to the
presence of plutonium-contaminated sediments redistributed downcanyon of the Hillside SWMU sources,

Plutonium-239,240 in Pueblo Canyon is identified in the screen in Section 6 as potentially important for
assessing human health risk. Figure 7.2-8(c} shows the distribution of plutonium-239,240 concentrations
in surface water and alluvial groundwater in Acid Canyon and Pueblo Canyon. The concentrations of
plutonium-239,240 are highest in surface water in reach ACS (upper and lower reach ACS SW) near the
initia! location of discharges from TA-45. Concentrations are lower in surface water in reach AC-3 and
remain low in surface water and alluvial groundwater throughout the rest of Pueblo Canyon. Detections of
plutonium-239,240 occur in both filtered and unfiltered samples throughout the Pueblo watershed, but the
highest concentrations are from unfiltered surface water samples, indicating the preference for piutonium
to adsorb to fine-grained sediment and organic matter, and the presence of plutonium-contaminated
suspended solids in the samples.

Plutonium-239,240 is present in lower Los Alamos Canyon at very low concentrations in surface water
and alluvial groundwater (Figure 7.2-8[d]). The highest detected concentration is 0.25 pCi/L in a turbid
surface water sample (74.5 NTU) collected in lower reach LA-5. The sporadic detections in surface water
and alluvial groundwater in lower Los Alamos Canyon are primarily in unfiltered samples and probably
relate to the presence of plutenium-contaminated suspended solids in the samples.

Uranium-234 and Uranium-238

The box plots presented in Figure 7.2-9(a—d) show the spatial distribution of uranium-234 and

uranium 238 data from sampling locations in relation to distance from the Rio Grande for each canyon in
the watershed. Uranium was a constituent in discharges at several locations within the Los Alamos and
Pueblo watershed but is currently present in high enough concentrations to be important for assessing
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human heaith risk in surface water only in reach ACS. Uranium isotopes are detected elsewhere in
surface water and alluvial groundwater, particularly downstream of SWMU 21-011{k} and the former TA-1
Hillside ouffalls.

Figure 7.2-9(a) shows that in DP Canyon uranium is initially detected in surface water from persistent
bedrock pools near the head of the canyon. The sample with the maximum concentration has 0.712 and
0.544 pCi/L for uranium-234 and uranium-238, respectively, suggesting natural isotopic composition. The
sampling locations at the head of DP Canyon are upcanyon of known sources of uranium contamination.
Below SWMU 21-011(k), concentrations of uranium-234 in alluvial groundwater increase slightly, and the
sampie from monitering well LAUZ-1 with the maximum concentration of uranium-234 (1.73 pCi/L) has a
uranium-238 concentration of 0.20 pCi/L. The uranium-234 to uranium-238 ratios in alluvial groundwater
below SWMU 21-011(k) indicate slight enrichment in uranium-234. Concentrations of uranium-234
decrease downcanyon away from the initial outfall scurce, whereas uranium-238 concentrations do not
change significantly.

In upper Los Alamos Canyon, above the DP Canyon confluence, slightly elevated concentrations of
uranium-234 and uranium-238 occur in surface water in reach LA-1W downcanyon of the former TA-1
Hillside outfalls {Figure 7.2-9[b]). Maximum concentrations of uranium-234 and uranium-238 at that
location are 1.5 and 1.39 pCi/L, respectively, suggesting naturat isotopic composition. The most important
source of uranium contamination in this portion of the canyon was the former outfall at Hillside 140
(SWMU 01-001([f]). Elevated concentrations occur primarily in surface water, indicating either an
interaction of surface water with contaminated sediment in the canyon or continued contributions to the
canyon associated with stormwater runoff across SWMU 01-001(f). However, uranium isotopes were not
identified as COPCs in sediment in these reaches (see Section 6}, and the reason for their presence in
surface water but not sediment is not certain.

In Pueblo Canyon, the elevated concentrations of uranium isotopes are limited in extent to the surface
water in the upper portion of reach ACS (Figure 7.2-9[c]). The ratios of uranium-234 to uranium-238 in the
sample data indicate slight enrichment in uranium-234. Concentrations decrease rapidly downcanyon
from that location but persist at generally low concentrations in surface water and alluvia! groundwater
throughout the rest of Acid and Pueblo Canyons. The limited spatial distribution of elevated uranium
concentrations in surface water in reach ACS is related to locally elevated concentrations of uranium in
sediment in the upper portion of the reach. |sotopic ratios in surface water in lower Pueblo Canyon (at the
Pueblo at 502 station) indicate progressive mixing with naturally occurring uranium.

Isotopic uranium data from lower Los Alamos Canyon shows significantly higher concentrations present
in groundwater from monitoring well LLAQ-5 (Figure 7.2-8[d]}. The major ion chemistry of alluvial
groundwater in monitoring wells LLAO-1, LLAO-4, and LLAG-5 in the Otowi House well (a regional
groundwater well located adjacent to the Rio Grande) indicates that groundwater in LLAO-5 represents a
mixture of alluvial groundwater from the upper canyon and regional aquifer water. Detailed
characterization of uranium isotopes in regional groundwater samples from the Otowi House well using
thermal ionization mass spectroscopy shows that the isotopic ratios indicate naturally occurring uranium
in the regional groundwater {Gallaher 2004, 85428). The data presented in Figure 7.2-10 show that the
concentrations of the major ions increase downcanyon along the alluvial groundwater flow path,
particularly between LLAO-4 and LLAO-5, indicating that regional aquifer groundwater discharge to the
shallow system occurs in that area.
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Americium-241

Americium-241 is identified as important assessing for human health risk in DP Canyon and in reaches
ACS and AC-3. The release history of americium-241 from the former TA-1 and TA-45 outfalls and
SWMU 21-011(k) is similar to that of plutonium-239,240, although the peak releases of americium-241
occurred later than for plutonium-239,240 at SWMU 21-011(k) (see Section 7.1.1.1). The spatial
distribution of americium-241 in water is similar to plutonium-239,240 in that highest concentrations
detected in water are near the source, and the concentrations and frequency of detection decrease
rapidly downcanyon (Figures 7.2-11[a and b]). Americium-241 is detected only sporadically in upper Los
Alamos Canyon, above the confluence with DP Canyon, and in lower Los Alamos Canyon. Detections of
americium-241 are more common in unfiltered samples, and, as with plutonium, indicate its high potential
to adsorb to fine-grained sediment and organic matter.

7.2.2.2 Relation of Radionuclides in Water and Sediment

The analysis presented in Section 7.2.2.1 focused on identifying sources of radionuclide contamination in
surface water and alluvial groundwater, and the extent of that contamination. A more detailed
examination of the spatial distribution of radionuclides in surface water and alluvial groundwater indicates
a closer relation to the present-day distribution of contaminants in sediment. Figures 7.2-12{a—) and
7.2-13(a—c) show the spatial relation between concentrations of strontium-90 and plutonium-239,240,
respectively, in fine facies sediment and surface water and alluvial groundwater in different portions of the
watershed. Filtered and unfiltered water data are combined in the caiculations of average concentrations
in water. Average contaminant concentrations in sediment are estimated using fine facies sediment data,
as opposed to averages of fine and coarse facies, because the fine-grained fraction generally contains
the highest contaminant concentrations in a reach.

Strontium-90

Figure 7.2-12(a) shows the relation of strontium-90 in sediment, surface water, and alluvial groundwater
in DP Canyon and upper Los Alamos Canyon below the DP Canyon confluence. Strontium-90
concentrations in sediment and alluvial groundwater generally correlate. However, a more detailed
assessment of the spatial distribution of average strontium-90 concentrations sediment and alluvial
groundwater shown in Figure 7.2-12(a) suggests a more complex relation between the two media. The
spatial distribution of the highest concentrations of strontium-90 in alluvial groundwater may be more
closely related to its distribution at depth in alfuvium rather than within near-surface sediments. The
highest average concentrations of strontium-80 in afluvial groundwater at LAUZ-1 and LAUZ-2 do not
correlate with the two reaches showing the highest average concentrations in fine facies sediment
deposits, which typically lie above the water table. In this instance, the highest concentrations of
strontium-80 in water are interpreted to be related to significant infiltration of effluent from the former
outfalt at SWMU 21-011(k) directly into alluvium near the location where effluent initially entered the
channel in DP Canyon. This process would result in high concentrations of strontium-90 at depth related
to the early period of discharges from the outfall as opposed to subsequent flood remobilization of surface
inventory or groundwater transport.

Strontium-90 concentrations in alluvial groundwater at LAQO-1 also appear to indicate a strontium-90
inventory at depth within aliuvium. Neither surface water nor sediment show elevated concentrations in
that portion of the canyon (Figure 7.2-12[b]). As discussed in Section 7.2.2.1, the sirontium-90 in the
vicinity of LAO-1 is associated with subgrade releases of strontium-80 from a leach field east of TA-2.
Thus, the inventory was dispersed at depth in a relatively localized area. Importantly, strontium-80
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concentrations in the next downcanyon monitoring well are low, suggesting that the strontium-90
inventory adsorbed to alluvium at depth has not migrated far from the initial release point.

Figure 7.2-12(c) shows a strong correlation between strontium-90 concentrations in surface water and
sediment in Acid Canyon. However, the two surface water locations in reach ACS do not correlate with
sediment concentrations because these surface water locations are bedrock pools and, therefore, direct
extended contact of surface water with contaminated sediment is limited. The highest concentrations of
strontium-90 in water occur in surface water in reach AC-3, which represents the emergence of alluvial
groundwater. Elevated concentrations of strontium-80 also occur in alluvial groundwater at monitoring
well PAO-2 in reach P-1E. As with the model proposed for strontium-90 contamination associated with
effluent releases in DP Canyon, the strontium-90 contamination in AC-3 and the vicinity of PAO-2 may be
related to infiltration of strontium-80 present in effluent during the period of active discharges from former
TA-1 and TA-45, and its subsequent mobilization by alluvial groundwater.

Plutonium-239,240

Plutonium-239,240 in water and sediment in DP and Los Alamos Canyons shows good correlation
overall, even though the concentrations in water are mostly nondetects or show very low concentrations
{Figure 7.2-13[a and b]). In DP Canyon, the best correlation is between plutonium-239,240 concentrations
in sediment and alluvial groundwater. In Los Alamos Canyon, all three media correlate well. The
anomalous increase in average plutonium-239,240 concentrations in surface water in lower Los Alamos
Canyon is the result of a single elevated detection. Since plutcnium is a highly adsorbing constituent,
good correlations between sediment and either surface water or alluvial groundwater probably indicate
the presence of even very smal! amounts of fine-grained particles (or colloids) with adsorbed plutonium.
The good spatial correlation of concentrations in water and sediment suggests that the plutonium in the
water samples is derived from sediment sources in the general vicinity of the water sampling locations.

Figure 7.2-13(c) shows that the average concentrations of plutonium-239,240 in both surface water and
sediment drop dramatically below the confluence of Acid and Pueblo Canyons. The best correlation is
between surface water and sediment in reach ACS and AC-3. Low average concentrations in all media
downcanyon of the confluence make it difficult to discern the nature of the correlations. As in DP and Los
Alamos Canyons, the close relation of plutonium concentrations in surface water and sediment is
interpreted to be related to concentrations of plutonium in suspended solids derived from areas adjacent
to the surface water sampling location.

7.2.2.3 Relation of Radionuclides to Time and Hydrology

This section discusses the trends in contaminant concentrations observed over time and addresses
possible explanations for variations in the concentration of contaminants in surface water and alluvial
groundwater. Figures B-2.2-1 and B-2.2-3 in Appendix B show that samples were collected across the
range of water-level conditions observed during the investigation period and that there is aiso good
representation of high and low water-level conditions at most wells. The data shown in Figures B-2.2-2
illustrate the considerable variation in the key water-quality parameters observed during the investigation
period, specifically since the Cerro Grande fire. In all, the sample data presented here are representative
of the range of potential conditions in these canyons, and they adequately characterize potential
perturbations caused by post-fire geochemistry and hydrology. The discussion below focuses on
strontium-90 and plutonium-239,240 because they are the most significant radionuclide COPCs for
assessing human health risk. Tritium is also discussed because of its history of releases and its
historically elevated concentrations in water within the L.os Alamos and Pueblo watershed, Tritium is also
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a key indicator of potential Laboratory impact in intermediate-perched groundwater and regional
groundwater.

Strontium-80

Time-series plots for strontium-90 in water in DP Canyon and Los Alamos Canyon are presented in
Figures 7.2-14(a—d) and 7.2-15(a—d), respectively. Monitoring well LAQ-2 at the mouth of DP Canyon has
a long enough record to show the initial decrease in strontium-90 concentrations in alluvial groundwater
following cessation of releases from the former outfall at SWMU 21-011(k} in 1986, with the exception of
a single anomalous value in 1993, Data from monitoring well LAO-1 in Los Alamos Canyon suggest an
initial decrease in strontium-90 concentrations after contaminated soil was removed from the leach field at
TA-2 in 1986. After the initial decreases, strontium-90 concentrations at LAO-1 and LAO-2 and the other
sampling locations in DP and Los Alamos Canyons have remained relatively constant but with some
variability over time. Concentrations of strontium-90 measured during the several years of this
investigation do not show an apparent increasing or decreasing trend at any of the locations. The
persistent concentrations of strontium-90 appear to now be related to the source term in young
(post-1940s) sediment and possibly in older alluvium that underlies the young sediment.

The generally low variability in strontium-80 concentrations observed in monitoring wells seasonally and
interannually in recent years may relate to variations in water level. Figure 7.2-16 is a series of plots
showing decay-corrected strontium-90 concentrations in relation to water level for a set of monitoring
wells in DP and Los Alamos Canyons. Only analytical results with corresponding water-level data are
represented in these plots. The strontium-80 data are decay-corrected to January 1, 2004, for use in
these plots to normalize the concentrations for samples collected during the period represented by the
data. Data from monitoring well LAO-1 show that lower strontium-90 concentrations correlate with higher
groundwater levels, although the range in concentrations may not be sufficiently high to account for
possible analytical uncertainty. The relation of water tevel to concentration at LAO-1 is interpreted to be
associated with the nature of strontium-90 releases into the canyon.

The source of the strontium-90 in well LAO-1 was localized in the area of the leach field east of TA-2,
which would have released contaminants directly into alluvium below the streambed. Strontium-90
probably infiltrated vertically into alluvium where it was subsequently transported downcanyon in alluvial
groundwater, resulting in a distribution of a secondary strontium-80 inventory at depth within the alluvium.
Higher groundwater levels in alluvium relate to seasonal recharge events and would result in the addition
of noncontaminated water and, therefore, lower strontium-80 concentrations.

For monitoring wells LAUZ-1 and LAO-3a, no clear relation between concentrations and water level can
be discerned. The strontium-90 inventory in sediment where LAUZ-1 and LAQ-3a are located is
associated with deposition of strontium-contaminated sediment by floods and with infiltration of effluent
discharge water or flood water containing strontium-90. These mechanisms of contaminant transport may
have resulted in a secondary strontium-90 inventory that is vertically dispersed, and variations in water
level apparently do not affect strontium-90 concentrations.

In Pueblo Canyon, strontium-90 is present primarily in surface water and is highest in the upper canyon
near the source. Figure 7.2-17(a) shows the long-term trend of strontium-920 in surface water collected at
the Acid Weir location in lower reach AC-3. Strontium-90 concentrations initially decreased in the early
1960s probably related to a reduction in “unidentified gross beta” activity in effluent that began in 1962,
pricr to the eventual cessation of effluent releases at TA-45 in 1964 (Stoker et al. 1981, 6059). An
additional decrease may have occurred following D&D activities that took place in late 1966 to mid-1967,
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although this relation is less ciear from the data. Figure 7.2-17(b) shows the strontium-30 data collected
over the last few years as part of this investigation at a surface water sampling location in lower reach
AC-3, a few meters upcanyon from Acid Weir. The strontium-90 concentrations in surface water in lower
AC-3 are slightly higher than concentrations in samples from prior years at Acid Weir. The higher
concentrations are probably not related to a temporal variable and may be explained by the Acid Weir
sampling location having a component of noncontaminated water from upper Pueblo Canyon resulting in
slightly lower concentrations. The variability in strontium-80 concentrations is further assessed in relation
to the field parameters data collected during sampling (Figure 7.2-18[a—d]). No strong correlations exist
for any of the parameters, but the best relation is between strontium-90 concentration and specific
conductance. The basis for this correlation is not immediately apparent, but higher conductance (i.e.,
higher concentration of dissolved solids) and higher strontium-90 concentrations may relate to a relatively
long residence time of water within Acid Canyon alluvium.

Plutonium-239,240

Time-series plots of plutonium-239,240 in unfiltered water in DP Canyon show a pattern of elevated but
highly variable concentrations dating to the period of active releases from the former outfall at

SWMU 21-011(k) (Figure 7.2-19[a—]). The highest historical concentrations are associated with the long-
term surveillance station DPS-1 in reach DP-2. Variations in plutonium-239,240 concentrations in surface
water before the outfall ceased to operate in 1986 may be related to variations in the concentration or
inventory of plutonium-239,240 in effluent. The variations may also be related to the amount of
suspended sediment in samples; howaver, suspended sediment concenirations are not available for the
early samples. Concentrations have remained very low, and values in recent years are almost entirely
nondetects. Nearly all of the samples collected under this investigation are nondetect values, and the few
sporadic detections occur in unfiltered samples. In upper Los Alames Canyon above the confluence of
DP Canyon, plutenium-239,240 concentrations have been low since measurements began in 1967, with a
few slightly elevated values occurring prior to major cleanup activities conducted in TA-1 from 1974 to
1976 (Figure 7.2-20).

In Pueblo Canyon, plutonium concentrations have historically been highest close to the initial source at
the former TA-1 and TA-45 outfalls and decreased in surface water and alluvial groundwater downcanyon
{Figure 7.2-21). it should be noted that Figure 7.2-21(c and d) shows a change of two orders of
magnitude in the y-axis scale for downcanyon locations. Concentrations near the source decreased
dramatically following cessation of releases from TA-45 in 1964, Variations throughout the canyon since
1964 are assumed to relate to differing amounts of suspended solids in samples. A slight perturbation in
plutonium-233,240 concentrations in surface water and alluvia! groundwater appears to have occurred
following the Cerro Grande fire. The increase in concentrations in surface water is probably related to
greater amounts of suspended solids in samples. The highest post-fire concentration measured at the
surface water sampling location, “Pueblo at 502,” was collected on July 3, 2001, the day after the largest
post-fire flood in Pueblo Canyon.

Figures 7.2-21(e and f} show slight variations in plutonium concentrations in alluviat groundwater in
monitoring wells PAO-4 and APCO-1/PAO-5n over time. The data from APCO-1 and PAO-5n are
combined because the wells are adjacent to one another and provide a longer time-series for evaluation
of potential trends. The data indicate a slight increase in concentrations following the Cerro Grande fire.
Unlike the surface water data, concentrations in filtered and unfiltered groundwater samples from these
wells are comparable. The presence of detectable concentrations in unfiltered samples suggests the
possibility of colloid transport, or at a minimum, plutonium sorption to particles smaller than 0.45 microns,
which is the pore size of filters used to prepare filtered samples. Plutonium may have complexed with ash
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to form colleids. Natural colloids formed from weathering of Bandelier Tuff generally have a surface area
of 3 m’/g (Longmire et al. 1996, 56030). In contrast, the Cerro Grande ash had a surface area ranging
from 12.83 to 30.25 m%/g (McGraw et al. 2003, 85425). The physical processes associated with post-fire
flood recharge may also be a factor in mobilizing colloidal plutonium within alluvium.

Tritium

Although not retained as a COPC in Section 6, tritium was a significant contaminant associated with
historical Laboratory operations in the Los Alamos and Pueblo watershed. Releases at the former TA-1
and TA-45 outfalls (1944—1964), at the former outfall at SWMU 21-011{k) {1952-1986), and leakage from
the closed-loop cooling system at the decommissioned OWR (ca. 1970-1993) are the most significant
sources of tritium in the watershed. Figures 7.2-22(a—g) and 7.2-23(a—d) are time-series plots that
illustrate the temporal trend in tritium concentrations measured in surface water and alluvial groundwater
in the Los Alamos and Pueblo watershed. These data are taken largely from the historical surveillance
record, and are supplemented by data from this investigation for the more recent years. The period of
record for trittum data varies across locations.

At monitoring well LAO-1, the elevated concentrations relate to the period during which the reactor
cooling-water delay line leaked (Figure 7.2-22[d]). With the exception of the higher peak concentrations
measured in the early 1970s, peak tritium concentrations remained relatively constant until the early
1990s and dropped dramatically following shutdown of the reactor and elimination of the leak in 1993.
Field parameters data (including water-level measurements) are not availahle for the early period, so their
relation to variations in concentration cannot be assessed. However, variations in the concentrations of
tritium in groundwater are probably related to groundwater level. Higher groundwater levels associated
with spring runoff or infiltration of stormwater runoff probably resulted in dilution of the tritium source term
which was estimated to have leaked from the delay line at approximately 75 gal./day (LANL 1983,
15314). Thus, the variations in measured tritium concentrations may be related to seasonal groundwater-
level variations or possibly to the timing of sampling events relative to the water-level variations.

Tritium data from two surface water locations in DP Canyon, DPS-1 {near the SWMU 21-011[k] outfall),
and DPS-4 (near the confluence with Los Alamos Canyon), show significant variability in tritium
concentrations, particularly during the early to mid 1970s (Figure 7.2-22{a and b]). Releases at

SWMU 21-011(k) began in 1852, and routine monitoring at these locations began in 1967. Tritium
concentrations declined in the mid-1970s, indicating less tritium was being discharged from the outfall in
DP Canyon. A short-term increase in concentrations occurred at both stations in the early 1980s. Alluvial
groundwater monitoring well LAO-2 is situated at the mouth of DP Canyon within approximately 20 m
{66 ft) of DPS-4. The tritium concentrations at LLAO-2 show a pattern very similar o DPS-1 and DPS4
{Figure 7.2-22[c]), indicating that DP Canyon surface water and alluvial groundwater are sources of
recharge for LAO-2.

Monitoring wells located below the confluence of Los Alamos and DP Canyons, depicted in

Figure 7.2-22(e-g), appear to show patterns in tritium concentrations in the 1970s that are similar to both
the DP Canyon surface water data and to data from LAO-1, making it difficult fo attribute the tritium to
either the OWR source or SWMU 21-011(k). However, a relatively sharp decline in concentration occurs
in each of the wells following cessation of releases in DP Canyon in 1986, indicating that the

SWMU 21-011(k) outfall was a more important source of tritium in the lower portions of upper Los Alamos
Canyon.
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Tritium time-series data are presented in Figure 7.2-23(a—d) for locations in Acid and Pueblo Canyons,
and for Basalt Spring below the confluence of Pueblo and Los Alamos Canyons. The monitoring data
shown in these plots begin in the late 1960s or early 1970s. There are no records of the concentrations or
inventory of tritium released at the former TA-1 or TA-45 outfalls, but measured concentrations in Acid
and Pueblo Canyons are generally significantly lower than those in DP or Los Alamos Canyons,
suggesting that much less tritium was relsased into Pueblo Canyon. However, a key difference is seen in
the long-term trends in tritium concentrations in Acid and Pueblo Canyons compared to DP and Los
Alamos Canyons. The tritium data in Acid and Pueblo Canyons show significant variability in
concentrations throughout the canyon extending for at least two decades following cessation of releases
from TA-45 in 1864. The overall pattern in tritium concentrations extends to Basalt Spring, supporting a
hydrologic connection between Pueblo Canyon and Basalt Spring with retatively rapid travel time for
groundwater.

Contaminant Concentration Decay Rates

A series of plots were constructed to show the rate of change in concentration in water for tritium and
strontium-80 (Figures 7.2-24[a—d] and 7.2-25{a-d], respeclively). Each plot uses data that post-dates
cessation of releases from one or more sampling locations to describe the rate of change for specific
portions of the watershed (e.g., DP Canyon). For example, Figure 7.2-24(a) shows the natural log of
tritium concentrations from combined DP Canyon water locations DPS-1, DP-2 SW, LAO-2, and DPS-4
plotted against date. Log concentrations decrease over time, as shown by the linear regression, although
there is considerable scatter in the data. The generally linear relationship indicates that the change in
concentration over time follows a general decay model where the concentration is reduced by one-half
over a constant time interval. According to this decay model, the amount of time required for the
concentration to diminish from 1000 to 500 is the same as the amount of time it takes to reduce the
concentration from 500 to 250 and from 250 to 125, etc.

The natural log transformation of the concentration data is used because the transformed data can then
be related to the half-life of the radionuclide. The time units on the x-axis are given in years to correspond
to the time units of the radionuclide half-life of tritium of 12.28 years, A regression line was fitted to serve
two purposes: first, the plotted line allows a visual inspection of how well the data are represented by a
decay relationship, and, second, the slope of the line is also used to calculate the half-life of change in
contaminant concentration. The slope of the line is the decay constant for the decay relationship. The
natural log of two divided by the slope will result in the half-life. In the eéxample, the slope of the line is
-0.187. The natural log of two is 0.693. The half-life for tritium concentration for these locations is
0.693/-0.187 = -3.7 years. Since the convention for expressing a negative half-life is to make it a positive
number, the half-life for trittum concentration reduction at these locations is 3.7 years. This half-life of
3.7 years includes the changes in concentration resulting from hydrologic processes as well as from the
radioactive decay of tritium.

To evaluate the rate of decline in concentrations refated to different release sources, the plots in Figure
7.2-24(a—d) show the tritium data plotted against time for four groups of locations: surface water stations
DPS-1, reach DP-2 SW, and DPS-4, and monitoring well LAO-2, to evaluate the decay rate for fritium
associated with SWMU 21-011(k); menitoring well LAO-1 for tritium from the delay-line leak at the OWR,;
monitoring wells LAO-3, LAO-3a, LAO+4, LAO-4.5, and LAO-4.5c to evaluate tritium decay rate at a
downcanyon location below the confluence of the two sources described above; and a fourth group that
includes surface water data from Acid Weir and reach AC-3 to evaluate tritium decay rates associated
with releases from outfalls at TA-45. The plots show that for all four groups, the rate of decline in tritium
concentrations ranges from a system half-life of 3.7 to 4.7 years compared to a radioactive half-life of
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12.28 years, indicating that the temporal trends in the concentrations of tritium in alluvial groundwater are
highly affected by mixing from surface and underflow recharge that is not contaminated with tritium. Since
tritium is entirely conservative, meaning it occurs as an aqueous phase, the system half-life for tritium
approximates a long-term average rate of recharge or mixing of equal volumes of noncontaminated and
contaminated groundwater. Comparable decay rates in all the areas indicate similar proportional rates of
recharge.

The piots in Figure 7.2-25(a—d) show the strontium data for the same four groups of locations as used in
the tritium plots described above. The regression lines for the strontium-90 data in the DP Canyon group
and two upper LA Canyon groups indicate that the system half-life represented by the data in each of
these groups is longer than the radioactive haif-life. The longer system half-lives support the model that
strontium-80 concentrations do not show significant decline over time in the areas assessed for the period
after releases ceased and support the concept that a strontium-90 source term in alluvium is functioning
as a nondepleting source of contamination for water. In Pueblo Canyon, the calculated system half-life for
strontium-80 of 6.5 years since releases at TA-45 ceased is shorter than the radioactive half-life of

28.6 years. Variations in the rate of decline in different areas may be a function of site-specific conditions
affecting sorption of strontium-90 (e.g., percent of organic matter) or may relate to variations in the long-
term flux rates between the canyons.

7.2.3  Inorganic Chemicals in Water

Several inorganic chemicals are identified in Section 6 as being most important for assessing human
health risk. The inorganic chemicals with the highest HQs are arsenic and manganese. These two
inorganic constituents generally constitute an order of magnitude higher HQ than any other detected
inorganic constituent. Therefore, the conceptual mode! presented below focuses on those constituents.
Molybdenum and perchlorate are also discussed since they are recognized as additional contaminants
with a known release history in the watershed.

Arsenic

Figure 7.2-26(a—d) shows a series of box plots for arsenic in different portions of the watershed. Detected
concentrations (shown as the number on the left below each box) are widely distributed and are
commonly present in surface water and alluvial groundwater. Detected concentrations of arsenic are also
present at background locations in upper Los Alamos Canyon, specifically surface water from the Los
Alamos Reservoir, and alluvial groundwater from monitoring well LAO(b) (Figure 7.2-26{b]), and surface
water in upper DP Canyon (Figure 7.2-26[a]). Arsenic concentrations are naturally elevated in Bandelier
Tuff and in soils and sediments derived from the tuff (Longmire et al. 1995, 52227; McDonald et al. 2003,
76084); thus, concentrations of arsenic in water are expected given its relatively high solubility at the
circumneutral pHs observed in the Los Alamos and Pueblo watershed. The spatial distribution of arsenic
concentrations shown in Figure 7.2-26 indicate that arsenic in surface water and alluvial groundwater in
the Los Alamos and Pueblo watershed are predominantly, if not entirely, naturally occurring. Shifts
towards higher arsenic concentrations in some portions of the watershed (e.g., below the Bayo WWTP)
correlate with areas of persistent saturation in alluvium and probably indicate weathering of rock and
sediments containing arsenic. Alluvial groundwater data from PAO-4 and PAO-5 are used to evaluate the
temporal trend in arsenic concentrations (Figure 7.2-27[a and b]). The data trend suggests a stight
increase in arsenic concentrations in alluvial groundwater following the Cerro Grande fire, although the
perturbation is not particularly notable in the context of the high naturally occurring concentrations.
Gallaher et al. (2002, 82265) documented elevated concentrations of arsenic {and other inorganic
chemicals) in filtered and unfiltered stormwater runoff following the fire. Recharge from floods may be the
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cause of slight increases in arsenic concentrations in alluvial groundwater. Most of the ash was stripped
from the burn areas in the first two years following the fire (e.g., Johansen et al. 2003, 82312), and any
perturbations caused by the ash in the system may have largely diminished.

Manganese

Manganese has a spatial distribution that is, in part, similar to that of arsenic throughout the watershed.
The highest concentrations of manganese are associated with persistently saturated areas near the Acid
and Pueblo Canyon confluence, below the Bayo WWTP, in the Los Alamos Reservoir, in reach DP-2
{Figure 7.2-28[a—d]). Manganese has been detected in alluvial groundwater at background monitoring
well LAO(b) for years prior 1o the fire, indicating its natural occurrence within the watershed. Significantly
elevated manganese concentrations in surface water and alluvial groundwater coincident with portions of
the watershed that have persistently saturated alluvium suggest a relation with water/sediment interaction
and biological activity. it is widely accepted that bacterially mediated reduction of manganese depends
upon sediment moisture conditions, the availability of labile organic carbon, and the presence of poorly
crystalline manganese oxides (Lovely 1991, 85523; Lovely and Chapelle 1995, 85506). In alluvial
aquifers such as in Pueblo Canyon below the Bayo WWTP and in sections of Los Alamos Canyon,
abundant organic carbon has been observed in groundwater. Persistent saturated conditions in these
reaches ensure environmental stability for microbial communities, and abundant manganese oxides
associated with volcanic rocks, especially weathered tuffs, on the Pajarito Plateau provide optimal
conditions for manganese reduction in alluvial ground water. In addition, the slow oxidation kinetics of
manganese and the progressively longer residence time of groundwater along the groundwater flow
paths result in an accumulation of soluble manganese in groundwater as it flows downgradient (Hem
1981, 85505). Figures 7.2-28(a) and 7.2-28(c) provide examples of the effects of groundwater/sediment
interaction and residence time on manganese concentrations. In DP Canyon, the increase in manganese
concentrations between monitoring wells LAUZ-1 and LAUZ-2 occurs over a distance of approximately
200 m (650 ft) within the alluvial aquifer in reach DP-2. in Pueblo Canyon, the data show a systematic
increase in manganese concentrations in a series of alluvial wells, two upstream and two downstream
from the WWTP, PAO-2, PAO-3, PAQ-4, and PAO-5n, indicating progressively increasing persistence of
altuvial groundwater saturation downcanyon. There are no known Laboratory sources of manganese in
either of these canyons.

Manganese was detected in Cerro Grande ash at concentrations up to an order of magnitude higher than
the sediment BV (Kraig et al. 2002, 85536). Additionally, several of the highest concentrations detected in
water within the watershed are in surface water from the Los Alamos reservoir (Figure 7.2-28[b]). The
potential effects of infiltration of ash-rich flood water are illustrated in Figure 7.2-29(a). Following the fire,
concentrations in unfiltered alluvial groundwater samples from monitaring well LAO-0.6 show a significant
increase relative to filtered sample results for some sampling events. The higher concentrations in
unfiltered samples are interpreted to be from the presence of ash in the groundwater samples collected
from the well. Several observations of ash in purge water from wells were made during post-fire sampling
of wells in 2000. Concentrations of inorganic constituents were also generally higher in unfiltered than
filtered stormwater runoff following the fire (Gallaher et al., 2002, 82265) supporting the model that the
presence of ash in samples affects concentrations of constituents elevated in ash. In contrast,

Figure 7.2-29(b) shows a time series of manganese data from monitoring well PAO~4 in Pueblo Canyon
where the filtered and unfiitered results are comparable even across the change in concentrations that
occurs after the fire. Pre-fire conditions are represented by only one sample, so it is not possible to
discern whether the values from 2000 and 2001 fall within the range of historical variability or result from
an actual perturbation cause by the fire. However, the close tracking of the filtered and unfiltered
manganese values at PAO-4 suggests a different process may control manganese concentrations at that
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location. Manganese is present at significantly higher concentrations in the wetiand below the Bayo
WWTP where PAO-4 is located than in most locations elsewhere in the watershed. Thus, potential
contributions posed by infiltration of ash in runoff may not be as significant of a contribution as in locations
with lower manganese concentrations.

Molybdenum

Molybdenum also has a spatial distribution that is simitar to arsenic and manganese, suggesting it, too, is
present as a naturally occurring constituent in surface water and alluvial groundwater in the Los Alamos
and Pueblo watershed. A series of box plots in Figure 7.2-30 show molybdenum concentrations from
water sampling locations throughout the watershed. Molybdenum is detected in surface water from the
Los Alamos Reservoir, from LAO(b), and from surface water in reach DP-1W at the head of DP Canyon.
All these locations are considered representative of background conditions. An exception is the elevated
molybdenum concentrations in upper Los Alamos Canyon alluvial groundwater at monitoring wells
LAQO-1.6(g), LAO-2, LAO-3a, and LAO-4. The molybdenum detected in this portion of the watershed is
related to historical discharges from permitted outfalls at TA-53 where sodium molybdate was used as a
corrosion inhibitor for cooling towers. Figure 7.2-31 shows a time series of molybdenum data for alluvial
monitoring weills downcanyon of the locations where the permitted discharges entered the Los Alamos
Canyon stream channel. Molybdenum use was discontinued at TA-53 in June 2002, so these data
represent only the variations in concentration over time for the period that molybdenum was discharged.
The highest molybdenum concentrations are in monitoring well LAO-3a approximately 1 km (0.6 mi) from
the area where the outfalls discharged. Molybdenum is highly water soluble and, therefore, a rapid
decline in concentrations is expected to occur in association with surface and underflow recharge of
molybdenum-free water. The rate of decline for molybdenum may approximate the system half-life of
tritium of 4 to 5 years {see Section 7.2.2.3).

Perchlorate

Perchlorate is known to have been discharged into DP Canyon from the former SWMU 21-011(k) outfall
and into Acid Canyon from the former TA-1 and TA-45 ouffalls. In response to recent concerns about the
potential health risks from perchlorate in drinking water, sampling conducted over the last few years has
included perchlorate in the analytical suite. Perchlorate was detected in several surface water and alluvial
groundwater sample collected in Los Alamos and Pueblo Canyons. However, all of these samples were
collected in 2000 and 2001 when analytical laboratories contracted by the Laboratory used an ion
chromatography analytical method that resulted in false positive detections for perchlorate (Rogers et al.
2002, 73876). The two highest detected values are 15.3 pg/L in a sample collected at the background
monitoring well LAO(b), and 11.5 pg/L in surface water collected from Los Alamos Creek upcanyon of the
reservoir. The surface water location above the reservoir is approximately 3 km (1.9 mi) upcanyon of the
Laboratory boundary. Four of five additional detected values are from monitoring wells PAC-4 and
PAO-5n {below the Bayo WWTP), and one is from surface water in reach P-1E. In fall 2000, sediment
samples were also collected from reach ACS, near the source of initial releases, and alsc in reaches
AC-1 and AC-2, and analyzed for perchlorate. The results of the sediment sampling were all nondetects.
A thorough analysis of the issues associated with historical perchlorate analytical problems is presented
in the 2001 surveillance report (Rogers et al. 2002, 73876, pp. 187, 204.). The historical analytical
problems and the locations of the detected values collectively indicate that perchlorate is probably not
present at elevated concentrations in surface water or alluvial groundwater in the Los Alamos and Pueblo
watershed.
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7.2.4  Organic Chemicals in Water
PAHs

Two PAHSs, specifically benzo(a)pyrene, and benzo(b)ffucranthene, are identified as the most significant
organic chemicals contributing to the HQs in the human health screen in Section 6. However, because of
elevated detection limits in the data set for PAHs at all focations in the watershed, only surface water in
lower reach AC-3 and surface water at Pueblo 2 were identified as significant, and, more specifically,
from only one set of sample results with sufficiently low detection limits to identify the presence of these
PAHSs in water. However, as discussed in Section 7.1.3.1, the spatial distribution of PAHs in sediment
indicates that the dominant source of these contaminants is runoff from developed portions of the
watershed. In fact, the highest concentrations of benzo(a)pyrene and benzo{b)fluoranthene in sediment
are in reach AC-1 at the head of Acid Canyon, indicating a source in the townsite and not Laboratory
operations (see Section 7.1.3.1). These PAHs are highly adsorbing and the spatial distribution of PAHs in
water should be closely related to concentrations in sediment.

Diesel-Range Organics

Samples of surface water and alluvial groundwater in DP Canyon were analyzed for diesel-range
organics (DRO) to support monitoring activities and investigation results associated with identified
hydrocarbon seepage from bedrock in reach DP-1C in upper DP Canyon. The source of the hydrocarbon
seepage, consisting primarily of weathered diesel fuel, is the DP Tank Farm (SWMU 21-029), a former
fuel distribution station that operated from 1946 to 1985. Monthly visual observations conducted in reach
DP-1 for almost five years (since July 1999) indicate that hydrocarbon seepage is highly variable. In
general, during wet or cold periods, no sheen is observed; during dry or warm periods, a sheen is
sometimes present, and, on occasion, a faint diesel smell is noticeable.

Much of the DRO data collected during this investigation has high detection limits. However, sample
results from the fourth of four rounds of samples collected in May 2002 in accordance with the surface
water and alluvial groundwater addendum (LANL 2002, 70235) show detected concentrations of DRO at
multiple locations along the length of DP Canyen. The highest detected concentration, 1400 ug/L, is from
a surface water sample collected from a bedrock pool in reach DP-1W, at the very head of DP Canyon
and upcanyon of the hydracarbon seepage area. The pool collects water from a concrete-lined channel
that conveys stormwater runoff from the townsite storm drain system fo the head of DP Canyon.
Concentrations of DRO at downcanyon surface water sample locations decreased to 700 pg/L in DP-1C,
and 82 pg/L in alluvial monitoring well LAUZ-1. Both locations are downcanyon of the DPTF. A previous
sampling round conducted in November 2001 showed detected DRO concentrations of 0.5ug/L in
DP-1W, and 2.2 ug/L in DP-1C. The data are inconclusive because of the limited set of detected values,
but the identification of highest detected DRO concentrations in surface water at the head of the canyon,
upgradient of the DP Tank Farm, suggests that the low DRO concentrations may be related to runoff from
the townsite.

The Laboratory conducted sediment and alluvial groundwater investigations in DP Canyon during 1998
and 1999 (LANL 1999, 63915). Sediment and surface water samples collected within the DP Canyon
stream channet both upgradient and downgradient of DP Tank Farm did not match the “signature” from
the petroleum hydrocarbon contamination originating from the DP Tank Farm. Investigation results
indicated that low DRO concentrations are present in sediment throughout the entire length of DP Canyon
and show a decreasing {rend from the head of DP Canyon to the confluence with Los Alamos Canyon.
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Phase Il RF{ results for subsurface samples collected from tuff beneath the former fueling station and
within and beneath the stream channel were fingerprinted for petroleum type and were all characterized
as weathered diesel consistent with historic releases from DP Tank Farm. All sediment sample results
reported in the DP Canyon reach report (LANL 1999, 63915) were analyzed for DRO. Of particular
importance in relating the TPH contamination in DP Canyon with DP Tank Farm are the sediment
samples collected from reaches DP-1W and DP-1C. The samples from these two canyon reaches are
important because they may be used to characterize and differentiate between the hydrocarbon
contamination from the townsite and from the tank farm. Analytical results from the 11 sediment samples
collected during the Phase |l RFI indicate that the petroleum contamination in reaches DP-1W and DP-1C
is primarily motor oil. Only one sample, CA21-98-0060, had a chromatograph that showed a weathered
diesel profile (53 mg/kg). The other ten samples had a motor oil TPH signature seen at comparable
concentrations (240680 mg/kg). The source of the motor il contamination in DP Canyon is believed to
be townsite runoff (LANL 1999, 63815).
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Figure 7.1-13. Reconstructed concentrations of cesium-137 in fine and coarse facies sediment in lower DP Canyon, plotted against year
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Figure 7.1-14. Estimated cumulative cesium-137 inventory in DP and upper Los Alamos Canyons
downstream from the SWMU 21-011(k) outfall
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Figure 7.1-16. Estimated average plutonium-239,240 concentration in fine facies and coarse
facies sediment deposits in Pueblo and lower Los Alamos Canyons
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Figure 7.1-17. Modeled concentrations of cesium-137 in fine facies sediment transported out of
upper Los Alamos Canyon between 2000 and 2100
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Figure 7.1-18. Modeled inventory of cesium-137 in four parts of upper Los Alamos Canyon
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Figure 7.1-19. Estimated average concentrations of inorganic chemicals in fine facies sediment in
the Los Alamos and Pueblo watershed
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Barium in Fine Facies Sediment
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Figure 7.1-19 (continued). Estimated average concentrations of inorganic chemicals in fine facies

April 2004

sediment in the Los Alamos and Pueblo watershed
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Chromium in Fine Facies Sediment
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Figure 7.1-19 (continued). Estimated average concentrations of inorganic chemicals in fine facies
sediment in the Los Alamos and Pueblo watershed
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Manganese in Fine Facies Sediment
2000 g
—&—— South Fork Acid Canyon g
—&— Acid Canyon o
Reaches =g~ Pueblo Canyon §
LA-3FE —— DP Canyon k]
and —=— Los Alamos Canyon Al 2
1500 R
P-4E «+0..+ Pugblo Post-Fire ®
Reach post-fire ---8--- Los Alamos Post-Fire 9
PtW — = Background Value §
post-fire = = = = Background Average :3.'
| Q. =
e 1000 §
i o S
m
2
el
o
aQ,
a
500 &
-]
=]
3
&
2
El
e
. . . . . : : ‘ ‘ 0 8
20 18 16 14 12 10 8 i} 4 2 4]
Distance from Rio Grande (km}
Mercury in Fine Facies Sediment 20
—a— South Fork Acid Canyon 3
—&— Acid Canyon ﬁ
—=e— Pueblo Canyon s
—e— DP Canyon =
| Reach —=a— |os Alamos Canyon | 45 §
ACS ---0--- Pueblo Post-Fire : 2
--+8-++ Los Alamos Post-Fire Q
— — Background Value §
= = = = Background Average g
-]
=
1.0 3
=]
n
Reaches 2
PAW Reaches il
and DP-1w 2
P-1E and 2
DP-1C ®
o
=]
3
-]
2
F
Q
x
20 18 16 14 12 10 8 6 4 2
Distance from Rio Grande (km)

Note: Error bars indicated upper and lower bounds based on replacing nondetect values with either the detection

limit or zero,

Figure 7.1-19 {continued). Estimated average concentrations of inorganic chemicals in fine facies

sediment in the Los Alamos and Pueblo watershed
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Selenium in Fine Facies Sediment
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Figure 7.1-19 (continued). Estimated average concentrations of inorganic chemicals in fine facies
sediment in the Los Alamos and Pueblo watershed
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Zinc in Fine Facies Sediment
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Figure 7.1.19 (continued). Estimated average concentrations of inorganic chemicals in fine facies

sediment in the Los Alamos and Pueblo watershed
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Figure 7.1-21. Estimated average concentrations of benzo(a)pyrene and naphthalene in fine facies sediment in the Los Alamos and

Pueblo watershed
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Notes: Error bars indicate upper and lower bounds based on replacing nondetect values with either the detection
fimit or zero. A value of zero is shown where there are no detected results.

Figure 7.1-22. Estimated average concentrations of Aroclor-1254 and Aroclor-1260 in fine facies
sediment in the Los Alamos and Pueblo watershed
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Notes: Error bars indicate upper and lower bounds based on replacing nondetect values with either the detection

Figure 7.1-24. Estimated average concentrations of DDE, DDT, and endrin aldehyde in fine facies
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LAC-B Water Level with Streamflow & Precipitation 8/25/00-9/30/03
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LAO-0.3 Water Level with Streamflow & Precipitation 8/25/00-9/25/03
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Figure 7.2-4 (continued). Integrated precipitation and streamflow data related to the groundwater-
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LAO-0.91 Water Level with Streamflow & Precipitation 8/25/00-9/25/03
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Figure 7.2-4 (continued). Integrated precipitation and streamflow data related to the groundwater-
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PAQ-3 Water Level with Streamflow & Precipitation 8/23/00-9/30/03
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Los Alamos Canyon Alluvial Water Level Depths and Streamflow 8/25/00-9/30/03

5 20
. . -‘m 18
- A
5 \/ K Qe J
B o e A AR AR \J
§ - 16
b
'
o 15 \ 14 3
] o
£ IRY \ 5
4
s 2 §
2 20 =
[
&g 105
£
'E. 1
g 251 8 ;
B H
£ =
. ]
-1 30 6 a
[ ——
@
]
= 4
35
2
40 - . _u_-_l_hl,l. —l — —_ 0
C OO0 0 T T T T e T o NN NNNANNNOANNNNNTOOOM MO
Q00 C R COoOCDEOoODRDoOOOQOOoLOCOoODDORDOO0QO0OQ
SRESSEESSSER8SSEES8ESEES8SRSE888SS88588¢8R8
IS V3283535207 830058800 0 R5300848]2
- T e -
R R R R L E R T
T - - -
Date
— LAQ-B water level LAQ-1.6g water level —— E030 mean daily streamflow (cfs)

—— LAO-0.3 water level
— LAD-0 .91 water level

E025/26 mean daily streamflow (cfs} —— E042 mean daily streamflow (cfs)
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gages in upper Los Alamos Canyon
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Strontium-30 in DP and Upper Los Alamos Canyons
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Figure 7.2-7. Box plots showing the spatial distribution of strontium-90 at surface water and

April 2004

alluvial groundwater locations in the Los Alamos and Pueblo watershed.

Annotation shows the relative locations of key contaminant sources and other

geographic features.
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Strontium-90 in Acid and Pueblo Canyons
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Figure 7.2.7 (continued). Box plots showing the spatial distribution of strontium-80 at surface
water and alluvial groundwater locations in the Los Alamos and Pueblo
watershed. Annotation shows the relative locations of key contaminant
sources and other geographic features.
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Plutonium-239,240 in DP and Upper Los Alamos Canyons
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Figure 7.2-8. Box plots showing the spatial distribution of plutonium-239,240 at surface water

April 2004

and alluvial groundwater locations in the Los Alamos and Pueblo watershed.
Annotation shows the relative locations of key contaminant sources and other

geographic features.
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Plutonium-239,240 in Acid and Pueble Canyons
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Figure 7.2-8 (continued). Box plots showing the spatial distribution of plutonium-239,240 at
surface water and alluvial groundwater locations in the Los Alamos and
Pueblo watershed. Annotation shows the relative locations of key
contaminant sources and other geographic features.
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Uranium-234 in DP and Upper Los Alamos Canyons
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Figure 7.2-9. Box plots showing the spatial distribution of uranium-234 and uranium-238 at
surface water and alluvial groundwater locations in the Los Alamos and Pueblo
watershed. Annotation shows the relative locations of key contaminant sources
and other geographic features.
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Uranium-234 in Upper Los Alamos Canyon
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Figure 7.2-9 {continued).

ER2004-0027

Box plots showing the spatial distribution of uranium-234 and
uranium-238 at surface water and alluvial groundwater locations in the
Los Alamos and Pueblo watershed. Annotation shows the relative
locations of key contaminant sources and other geographic features.
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Uranium-234 in Acid and Pueblo Canyons
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Figure 7.2-9 (continued). Box plots showing the spatial distribution of uranium-234 and
uranium-238 at surface water and alluvial groundwater locations in the
Los Alamos and Pueblo watershed. Annotation shows the relative
locations of key contaminant sources and other geographic features.
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Uranium-234 in Lower Los Alamos Canyon
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Figure 7.2-9 (continued). Box plots showing the spatial distribution of uranium-234 and
uranium-238 at surface water and alluvial groundwater locations in the
Los Alamos and Pueblo watershed. Annotation shows the relative
locations of key contaminant sources and other geographic features.
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Figure 7.2-10. Major ion chemistry of select alluvial groundwater and regional groundwater
monitoring wells in lower Los Alamos Canyon
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Americium-241 in DP and Upper Los Alamos Canyons
=
o 1 s
SWMU 21-011{k) > : DP/Los Alamos Confluence
© ,
— —tm .
= : :
= %
2 ] ;
£ o A - it : PS e — —+ o
s —e Py
o
: - ¥
3 e
g Y
< 7
2
—o
t 7 0 8 5 11 a 8 o 8 g 2 0 4 0 4 1 3
- o =1 o~ ]
% % N N € o = 3 §
O =} = = < o] 9 i
z > 3 3 o 3 2
i 2 & 3
a <} 8
& &
a K] &
Americium-241 in Upper Los Alamos Canyon
s
" |
- . | TA-1 Hillsides | lTA-Z! DP/Los Alamas Confluence
3 ~ -
=
3
£ -
=
3 o - ot e we = o we B S o e
[
32 o
('\ll -
¢ 2 0 3 0O 4 216 1 5 011 010 1 5 2 8 0M1 0 2 0 4
E: K 3 @ z Q 5 z )y 8 iy 3
2 Z e o w < e @ Q - Q S
g 2 § 3 ¥ 2 ¢ ¢ 3 9o 3 2
& o & < 3 4 3
& ©» z
2 g 5 5 ]
= T @ © [
o = o Q ]
e <L x o o
¢ 2 o
8] = %]
b g 3

Figure 7.2-11. Box plots showing the spatial distribution of americium-241 at surface water and
alluvial groundwater locations in the Los Alamos and Pueblo watershed.
Annotation shows the relative locations of key contaminant sources and other
geographic features.
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Figure 7.2-11 {continued). Box plots showing the spatial distribution of americium-241 at surface
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water and alluvial groundwater locations in the Los Alamos and Pueblo
watershed. Annotation shows the relative locations of key contaminant
sources and other geographic features.
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Strontium-90 in DP and Los Alamos Canyons
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Figure 7.2-12. Spatial relation between estimated average concentrations of strontium-90 in fine
facies sediment, surface water, and alluvial groundwater in different portions of the
Los Alamos and Pueblo watershed
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Strontium-90 in Acid and Puebio Canyons
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Figure 7.2-12 {continued). Spatial relation between estimated average concentrations of
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Plutonium-239,240 in DP and Los Alamos Canyons
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Figure 7.2-13. Spatial relation between estimated average concentrations of plutonium-239,240 in
fine facies sediment, surface water, and alluvial groundwater in different portions
of the Los Alamos and Pueblo watershed
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Plutonium-239,240 in Acid and Pueblo Canyons
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Figure 7.2-13 {continued). Spatial relation between estimated average concentrations of
plutonium-239,240 in fine facies sediment, surface water, and alluvial
groundwater in different portions of the Los Alamos and Pueblo
watershed
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Figure 7.2-14. Time series plots for strontium-90 in surface water and alluvial groundwater in
DP Canyon
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Figure 7.2-14 (continued). Time series plots for strontium-90 in surface water and alluvial
groundwater in DP Canyon
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Figure 7.2-15. Time series for strontium-90 in alluvial groundwater in upper Los Alamos Canyon
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Figure 7.2-15 (continued). Time series for strontium-90 in alluvial groundwater in upper
Los Alamos Canyon
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Figure 7.2-16. Decay-corrected strontium-90 concentrations plotted versus water level for select
alluvial monitoring wells in DP and Los Alamos Canyons
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Figure 7.2-17.
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Time series for strontium-90 in Acid Canyon showing the long-term trend at Acid
Weir from (a) Laboratory environmental surveillance data and this investigation
and (b) a shorter-term trend from data collected at a surface water location in lower
reach AC-3 during this investigation
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Figure 7.2-19. Long-term time series of plutonium-239,240 in surface water (a and b) and alluvial
groundwater (c) in DP Canyon. The long-term record includes data primarily from
the environmental surveillance record.
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Figure 7.2-19 (continued). Long-term time series of plutonium-239,240 in surface water (a and b)
and alluvial groundwater (c) in DP Canyon. The long-term record
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Figure 7.2-20. Long-term time series of plutonium-239,240 at alluvial monitoring well LAO-1 in
upper Los Alamas Canyon. The long-term record includes data primarily from the
environmental surveillance record.
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Figure 7.2-21. Time series of plutonium-239,240 in surface water (a—d) and alluvial groundwater (e
and f) in Pueblo Canyon. L.ong-term record shown in (a—d) includes data primarily
from the environmental surveillance record.
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Figure 7.2-21 {continued). Time series of plutonium-239,240 in surface water (a—d) and alluvial
groundwater (e and f) in Pueblo Canyon. Long-term record shown in
{a—d) includes data primarily from the environmental surveitlance
record.
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Figure 7.2-21 (continued). Time series of plutonium-239,240 in surface water (a—d} and alluvial
groundwater {e and f) in Pueblo Canyon. Long-term record shown in
{a-d) includes data primarily from the environmental surveillance
record.
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Figure 7.2-22. Long-term time series of tritium in DP and upper Los Alamos Canyons showing
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surface water data from DP Canyon (a and b), alluvial groundwater data from
LAO-2 in DP Canyon at the confluence with upper Los Alamos Canyon (c), and
alluvial groundwater data from monitoring wells located in upper Los Alamos
Canyon below the DP confluence {d—g).
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Figure 7.2-22 {continued).

Aprit 2004

Long-term time series of tritium in DP and upper Los Alamos Canyons
showing surface water data from DP Canyon (a and b}, alluvial
groundwater data from LAO-2 in DP Canyon at the confluence with
upper Los Alamos Canyon (c}, and alluvial groundwater data from
monitoring wells located in upper Los Alamos Canyon below the DP
confluence {d—g).
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Figure 7.2-22 {continued).
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Long-term time series of tritium in DP and upper Los Alamos Canyons
showing surface water data from DP Canyon (a and b), alluvial
groundwater data from LAO-2 in DP Canycn at the confluence with
upper Los Alamos Canyon (c}, and alluvial groundwater data from
monitoring wells located in upper Los Alamos Canyon below the DP
confluence (d-g).
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Figure 7.2-22 {continued). Long-term time series of tritium in DP and upper Los Alamos Canyons
showing surface water data from DP Canyon (a and b), alluvial
groundwater data from LAO-2 in DP Canyon at the confluence with
upper Los Alamos Canyon {c}, and alluvial groundwater data from
monitoring wells located in upper Los Alamos Canyon below the DP
confluence (d—g).
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Figure 7.2-23. Long-term time series of tritium in Acid and Pueblo Canyon surface water (a—c¢),
and at Basalt Spring (d). The long-term record includes data primarily from the
Laboratory’s environmental surveillance record.
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Figure 7.2-23 (continued). Long-term time series of tritium in Acid and Pueblo Canyon surface
water (a—c) and at Basalt Spring {d}. The long-term record includes data
primarily from the Laboratory’s environmental surveillance record.
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Tritium at DPS-1, reach DP-2 SW, DPS-4, LAD-2
System Half-Life for Tritium = 3.7 yr
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Figure 7.2-24. Natural log of tritium concentrations from combined water locations plotted versus
time for monitoring locations in {a) DP Canyon, (b) monitoring well LAO-1 in upper
Los Alamos Canyon above the DP Canyon confluence, {¢) monitoring locations in
the portion of upper Los Alamos Canyon below the DP Canyon confluence, and (d)
a surface water monitoring location in Acid Canyon. The plots also show a
regression line that has a slope used to calculate an estimated “system half-life”
for tritium.
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Tritium at LAO-3, LAO-3a, LAG-4, LAO-4.5, LAO4.5¢
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Figure 7.2-24 {continued). Natural log of tritium concentrations from combined water locations

April 2004

plotted versus time for monitoring locations in (a) DP Canyon, (b)
monitoring well LAO-1 in upper Los Alamos Canyon above the DP
Canyon confluence, (¢) monitoring locations in the portion of upper Los
Alamos Canyon below the DP Canyon confluence, and (d) a surface
water monitoring location in Acid Canyon. The plots also show a
regression line that has a slope used to calculate an estimated “system
half-life” for tritium.
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Strontium-90 at DPS-1, reach DP-2 SW, DPS-4, LAO-2
System Half-Life for Strontium-90 = =320 yr
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Figure 7.2-25. Natural log of strontium-80 concentrations from combined water locations plotted

ER2004-0027

versus time for monitoring locations in {(a) DP Canyon, {b) monitoring well LAO-1 in
upper Los Alamos Canyon above the DP Canyon confluence, (c) monitoring
locations in the portion of upper Los Alamos Canyon below the DP Canyon
confluence, and (d) a surface water monitoring location in Acid Canyon. The plots
also show a regression line that has a slope used to calculate an estimated
“system half-life” for strontium-90.
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Strontium-90 at LAO-3, LAO-3a, LAO-4, LAO-4.5, LAO4.5¢
System Half-Life for Strontium-90 = 120 yr
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Figure 7.2-25 (continued). Natural log of strontium-90 concentrations from combined water
locations plotted versus time for monitoring locations in (a) DP Canyon,
{b) monitoring well LAO-t in upper Los Alamos Canyon above the DP
Canyon confluence, (c) monitoring locations in the portion of upper Los
Alamos Canyon below the DP Canyon confluence, and (d) a surface
water monitoring location in Acid Canyon. The plots also show a
regression line that has a slope used to calculate an estimated “system

April 2004

half-life” for strontium-90.

7-116

ER2004-0027




Los Alamos and Pueblo Canyons Investigation Report

Arsenic in DP and Upper Los Alamos Canyons
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Figure 7.2-26. Box plots showing the spatial distribution of arsenic at surface water and alluvial
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groundwater locations in the Los Alamos and Pueblo watershed. Annotation
shows the relative locations of key contaminant sources and other geographic
features.
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Arsenic in Acid and Pueblo Canyons
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Figure 7.2-26 (continued). Box plots showing the spatial distribution of arsenic at surface water
and alluvial groundwater locations in the Los Alamos and Pueblo
watershed. Annotation shows the relative locations of key contaminant
sources and other geographic features.
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Arsenic vs. Time at PAO4
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Figure 7.2-27. Time series for arsenic at select alluvial monitoring well locations in
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Pueblo Canyon
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Manganese in DP and Upper Los Alamos Canyons
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Figure 7.2-28. Box plots showing the spatial distribution of manganese at surface water and
alluvial groundwater locations in the Los Alamos and Pueblo Watershed
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Manganese in Acid and Pueblo Canyons
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Figure 7.2-28 (continued). Box plots showing the spatial distribution of manganese at surface
water and alluvial groundwater locations in the Los Alamos and Pueblo
Watershed
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Manganese vs. Time at LAQ-0.6
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Figure 7.2-29. Time series for manganese at select alluvial monitoring well locations in upper
Los Alamos and Pueblo Canyon
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Molybdenum in DP and Upper Los Alamos Canyons
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Figure 7.2-30. Box plots showing the spatial distribution of molybdenum at surface water and
alluvial groundwater locations in the Los Alamos and Pueblo watershed.
Annotation shows the relative locations of key contaminant sources and other
geographic features.
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Molybdenum in Acid and Pueblo Canyons
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Figure 7.2-30 (continued). Box plots showing the spatial distribution of molybdenum at surface

April 2004

water and alluvial groundwater locations in the Los Alamos and Pueblo
watershed. Annotation shows the relative locations of key contaminant
sources and other geographic features.
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Molybdenum in Upper Los Alamos Canyon Alluvial Groundwater
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Figure 7.2-31. Composite time series for molybdenum at alluvial monitoring wells downcanyon of
the location where molybdenum was historically discharged from outfalls at TA-53.

Annotation shows the relative locations of key contaminant sources and other
geographic features.
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Table 7.1-1
Summary of Estimated Inventory of Key Radionuclides
in Post-1942 Sediments in the Los Alamos and Pueblo Watershed

Americium- Plutonium-
§ 24 Cesium-137 249,240 Strontium-90 | Uranium-234
55 3 5 3 3 5
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g v 3 > |2l _ Bl |8l _ (B2l (P2
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Acid Canyon 18.06-19.30 | 13 11% |6 1% 223 18% |7 8% 26 26%
downcanyon from TA-45
and SWMU 0-030(g)
Pueblo Canyon 7.57-18.06 |22 19% |3 1% 852 |68% |5 6% 0 0%
downcanyon from Acid
Canyon :
Upper Los Alamos 17.38-14.85 |1 1% |9 2% {47 4% |0 0% 156 |([57%

Canyon between Hillside
137 and DP Canyon

DP Canyon downcanyon | 12.89-14.85 | 24 21% |109 |24% (14 1% 18 22% 1.7 17%
from SWMU 21-011(k}
Upper Los Alamos 7.57-12.89 (50 43% |275 |60% |29 2% |53 64% [0 0%

Canyon between DP and
Pueblo Canyons

Lower Los Alamos 0-7.57 7 6% 58 13% |90 7% 0 0% 0 0%
Canyon

Total, ca. 1997 P 117 | 100% [ 460 {100% | 1255 | 100% | 83 100% | 10 100%
Total removed in — 8 7% 18 4% 180 |12% |7 8% 0.5 5%
remediation activities,

2000-2003

Total lost by radioactive | — 0 0% |69 5% |0 0% 13 16% |0 0%

decay, 1997-2004

Note: Inventory applies to conditions at time of characterization, prior to remaediation activities and prior to remobilization by post-fire
floods; does not include gstimates in reaches where these analytes are not COPCs; cesium-137 and strontium-90 adjusted to
values in ca. 1997.

* - = Not applicable.

ER2004-0027 7-127 April 2004




Los Alamos and Pueblo Canyons Investigation Report

This page intentionally left blank.

April 2004 7-128 ER2004-0027



80 RISK ASSESSMENTS
8.1 Baseline Ecological Risk Assessment

Biclogical data were collected in the Los Alamos and Pueblo watershed as lines of evidence to evaluate
the potential for adverse ecological effects from contaminants in sediment and persistent surface water.
Biclogical investigation plans were developed based on the application of the eight-step EPA ecological
risk assessment guidance for Superfund (ERAGS) (EPA 1997, 59370) to COPECs in sediment and
persistent surface water. Laboratory personnel, Laberatory subcontractors, and personnel from the
NMED Hazardous Waste Bureau (HWB), NMED DOE Oversight Bureau (NMED DOE OB), and DOE
applied ERAGS to affected canyons media in the Los Alamos and Pueblo watershed,

Steps 1 and 2 of ERAGS include the screening-level ecological risk assessment (LANL 1999, 64783),
which identifies COPECs and ecological receptors potentially at risk. Screening-levef ecological risk
assessments have been presented previously in reports on the impacted media in DP, L.os Alamos, and
Pueblo Canyons {Reneau et al. 1998, 59159; Reneau et al. 1998, 59160; Reneau et al. 1998, 59667
Katzman et al. 1999, 63915). These screening-leve! assessments identified COPECs and formed the
basis for proceeding to the baseline ecological risk assessment (ERAGS Steps 3 to 8). Ecological
screening results based on the comparison of ESLs with available sediment and water data are provided
in Katzman (2002, 73667) and in Section 6 and Appendix E, Section E-1, of this report.

Steps 3 and 4 of ERAGS comprise problem formulation and study design, which include refining the list of
COPECs, developing a conceptual exposure model, selecting assessment endpoints, and selecting
associated measures of effect and exposure. The study design required for these measures was included
in a record of communication that documents agreements between Laboratory, NMED, and DOE
personnel regarding the list of study design COPECs; assessment endpoints; measures of effect,
exposure, and ecosystem/receptor characteristics; and risk characterization (Katzman 2002, 73667).
Aspects of study design were modified based on field verification of the design (ERAGS Step 5), and
deviations to the original plan are discussed in Section 8.1.2. ERAGS Steps 6 and 7 comprise the
implementation of the study design, analysis of ecological exposure and effects, and risk characterization.
ERAGS Step 8 is risk management and is documented in Section 10 of this report.

811 Problem Formulation

This section addresses the baseline ecological risk assessment problem formulation, or ERAGS Step 3,
which includes refinement of the list of COPECs, a literature search on known ecological effects, the
conceptual exposure model, and the selection of assessment endpoints. Problem formulation is
documented in Katzman (2002, 73667), a record of communication used to document agreements and
approaches between Laboratory, NMED, and DOE personnel.

8.1.11 Refinement of COPEC List

Concentrations of COPCs in sediment and water were compared with ESLs as part of the problem
formulation (Katzman 2002, 73667). The ESLs were used to evaluate combined sediment and water
exposures to wildlife. ESLs used were from the Ecorisk Database, Version 1.4, the current version at the
time of this evaluation (LANL 2002, 72802); COPECs identified for terrestrial receptors included metals,
SVOCs, PAHs, PCBs, pesticides, americium-241, and isotopic plutonium (Table 8.1-1). COPECs for
study design were selected during meetings between Laboratory, NMED, and DOE personnel; selection
criteria included the spatial distribution of COPECs and the magnitude of the HQ values (HQ >5).
Analytes with HQ values less than 1 were not considered to be COPECs. COPECs with HQ values
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between 1 and 5, based on the maximum watershed concentrations, did not warrant special biological
studies because maxima are overly protective compared with central fendency values, which are more
representative of actual exposure levels (Katzman 2002, 73667). The terrestrial study design was based
on the list of COPECs presented in Table 8.1-1,

The Ecorisk database was revised between the time the study design was prepared and the time this
report was written, and Table 8.1-2 provides a comparison of the COPECs from Sections 6 and E-1
(hereafter referred to as Section 6 COPECs) with the study design COPECs documented in Katzman
{2002, 73667). The COPECs from Section 6 were obtained using ESLs from Ecorisk Database, Version
1.5 (LANL 2002, 73702; LANL 2003, 74012), the version of ecotoxicity and bioaccumulation information
current at the time this report was written. COPECs identified in Section 6 are based on an HQ >0.3,
which is a more stringent criterion than was used to select study design COPECs {HQ >5). In addition,
ecotoxicity and bioaccumulation information from Ecorisk Database, Version 1.5, was used for
calculations of exposure or effect (e.g., toxicity reference values [TRVs] were used in the ECORSK.7
model calculations in Gonzales et al. [2004, 85207] as one measure of effect for wildlife receptors). Thus,
it is important to understand if the Section 6 COPECs differ markedly from the original study design
COPECs (as listed in Table 8.1-1).

The Section 6 COPEC list includes analytes that were not selected as study design COPECs for
terrestrial receptors or aquatic receptors and pathways (see Table 8.1-2 for a list of these analytes).
Notes in Table 8.1-2 indicate the HQ for COPECs not included in the study design list; an HQ range of
0.3 to 3 is indicated for some COPECs. The upper-end HQ range of 3 was selected to represent the
typical ratio between the NOAEL and lowest observed adverse effect level (LOAEL}) {Dourson and Stara
1983, 73474) and is a slightly more inclusive selection criterion than the HQ >5 threshold originally used
for the study design COPECs. Many of the additions are COPECs with HQ values between 0.3 and 3 or
are analytes identified as COPECs because sample results represented removed samples or ash-rich
post-fire baseline samples collected upstream of Laboratory SWMUs and AOCs (Table 8.1-2). These
COPECs do not warrant assessment of ecological risks associated with existing Laboratory
contamination. Some of the additional Section 8 COPECs meet the criteria for study design COPECs
(HQ >5 and wide spatial distribution), although these did not expand the analytical suites identified by
study design COPECs for either terrestrial receptors or aquatic receptors and pathways. Because
analytical suites were not expanded by the Section 6 COPECs, relative to the study design COPECs, the
suites used in this investigation are adeqguate for assessing potential adverse ecologicai effects.

Avian ground invertevores (e.g., robins and bluebirds), mammalian invertevores (e.g., shrews and deer
mice}, detritivores (earthworms and other soil organisms), and primary producers (plants) were the four
feeding guilds with the highest HQs associated with the canyons investigation (Katzman 2002, 73667).
An avian threatened and endangered (T&E) species, the Mexican spotted owl, was also evaluated, using
the camivorous kestrel as a surrogate receptor. The receptors potentially at risk from aquatic pathways
from COPECs in water or sediment include wildlife receptors {(mouse, shrew, cottontail, fox, bat, robin,
kestrel, swallow) through the drinking water pathway; aerial insectivores (bat, swallow) through food chain
exposure to COPECs in sediment; and representatives of the aquatic community (e.g., benthic
macroinvertebrates, algae). However, screening of the water data showed that water HQs for terrestrial
receptors were much less than 1 and therefore indicates that the drinking water pathway for terrestrial
receptars is not a major wildlife exposure pathway (Katzman 2002, 73667).

81.1.2 Literature Search on Known Ecological Effects

Toxicity evaluations in addition to the reference set used to produce the ESLs in the Ecorisk database
were not necessary. The Ecorisk database encompasses hundreds of primary and secondary references

April 2004 8-2 ER2004-0027



Los Alamos and Pueblo Canyons Investigation Report

and represents a comprehensive and up-to-date compilation of toxicity information on 134 chemicals,
including inorganic and organic chemicals and radionuclides for soil, sediment, and water. Online
literature databases (e.g., US EPA Ecotox, MEDLINE, PubMed} and bibliographies (e.g., Oak Ridge
National L.aboratory technical reports) were searched to find primary literature relevant for deriving TRVs,
and 879 primary toxicity study evaluations were compiled for terrestrial receptors. Detailed information
from each study was scored and ranked in a tiered-review system, and a primary toxicity value was
calculated based on the published dose-response relationship. Thus, this literature review meets the
intent of ERAGS problem formulaticn to obtain and review primary literature and also is consistent with
EPA's approach for developing their ecological soil screening levels (Eco-SSLs) (EPA 2003, 76077). The
following is a synopsis of the screening ecological receptors with the highest HQs (and the feeding guilds
they represent), the study design COPECs for these receptors, and the potential adverse ecological
effects from these COPECs.

1. The shrew as a representative for mammalian invertevores had HQs greater than & {one criterion
for study design COPEC selection) for Aroclor-1254, arsenic, barium, cobalt, silver, thallium, and
titanium {(Katzman 2002, 73667). The most important effects of increased concentrations of
Aroclor-1254 on mammals are reproductive effects {decreased offspring survival). Cobalt was
eliminated as a COPEC because concentrations in sediment in the LLos Alamos and Pueblo
watershed are less than EPA’s Eco-SSLs (EPA 2003, 76077), thus indicating that further
assessment of the potential toxic effects of cobalt on mammals is not warranted. Of the remaining
five metals with HQs greater than 5, only silver has a spatial distribution that confirms notable
releases from Laboratory sources, as discussed in Section 7.1.2.1. Toxicity studies of these
metals are based on assuming bioavailable and typically more toxic forms of these COPECs;
available data are insufficient to determine if these forms are present. Metals were included in the
study design COPECs to test their bioavailability and toxicity (potential for adverse effects). Thus,
potential reproductive effects of PCBs (primarily Aroclor-1254) are the most important ecological
effects on the mammalian invertevore community. Because mammalian invertevores have not
been found in these canyons, it is important to consider what COPECs had high HQs for
mammalian omnivores, i.e., the deer mouse. All COPECs identified for the shrew also had HQs
greater than 5 for the deer mouse (Katzman 2002, 73667). Thus, adverse effects on mammalian
omnivores from these COPECs were investigated.

2. The robin (with an invertevore diet) as a representative for avian invertevores had HQs greater
than 5 (one criterion for study design COPEC selection) for Aroclor-1254, DDE, DDT, endrin
aldehyde, naphthalene, and cobalt (Katzman 2002, 73667). Reproductive effects are the more
important effects of Aroclor-1254, DDE, DDT, and endrin aldehyde on birds. Naphthalene was
also identified as a COPEC; however, adverse effects of naphthalene on birds are not well
documented. The avian naphthalene TRV is based on a secondary study with unreported
endpoints. An uncertainty factor of 100 was applied to adjust from an acute to chronic duration
because study duration was not reported in the secondary source for this TRV. Cobalt is
eliminated as a COPEC because concentrations in sediment in the Los Alamos and Pueblo
watershed are less than EPA’s Eco-SSLs, thus indicating that further assessment of the potential
toxic effects of cobalt on birds is not warranted. Potential reproductive effects of PCBs (primarily
Aroclor-1254) and pesticides (DDE, DDT, and endrin aldehyde) are the most important potential
ecological effects on the avian invertevore community. The same COPECs and ecological effects
are important for the avian carnivore feeding guild. In addition, avian TRVs are lacking for several
of the PAHs and some metals, so toxicity to birds from these COPECs cannot be evaluated from
literature studies alone. Field and model measures were selected to complement literature toxicity
information.
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3. Invertebrates (i.e., earthworms) as representatives for detritivores had HQs greater than 5 (one
criterion for study design COPEC selection) for chromium, mercury, and plutonium-239,240
(Katzman 2002, 73667). Effects from these COPECs include reproductive and survival endpoints.
Toxicity studies of chromium and mercury are based on assuming a bioavailable and toxic form of
these COPECs. However, available data indicate that the mercury and chromium in the
watershed consist largely of nonbioavailable forms. Metals were included in the study design
COPECs to test their bicavailability and toxicity (potential for adverse effects). Plutonium-239,240
is a COPEC for the earthworm because it is assumed to be highly bioavailable and invertebrates
are assumed to be as sensitive to radiation as plants and wildlife. The literature !acks invertebrate
toxicity information for many organic chemicals and some metals; therefore, toxicity to
invertebrates from all COPECs cannot be evaluated from literature studies alone. Field and
model measures were selected to complement literature toxicity information.

4, Plants as representatives for primary producers had HQs greater than 5 {one criterion for study
design COPEC selection) for endrin aldehyde, antimony, chromium, manganese, selenium,
silver, thallium, and zinc (Katzman 2002, 73667). Effects from these COPECs include growth and
survival endpeints. Toxicity studies of these metals are based on assuming a more bioavailable
and toxic form of these COPECs; however, available data are insufficient to determine if these
forms are present. Metals were included in the study design COPECs to test their bioavailability
and toxicity (potential for adverse effects). The literature lacks plant toxicity information for some
organic chemicals {endrin aldehyde) and some metals, so toxicity to plants from these COPECs
cannot be evaluated from literature studies alone. Field and model measures were selected to
complement literature toxicity information.

5. Bats as representatives for mammalian aerial insectivores had HQs greater than 5 (one criterion
for study design COPEC selection} for barium and cobalt (Katzman 2002, 73667). Neither of
these COPECs have spatial distributions that indicate releases from Laboratory SWMUs or
AOCs. Instead, the elevated concentrations in the watershed are primarily associated with post-
fire sediment deposits that contain ash from the Cerro Grande burn area, as discussed in
Section 7.1.2.3. Toxicity of these metals is based on assuming a bicavailable form is present;
however, available data are insufficient to determine if these forms are present. Metals were
included in the study design COPECs to test their bicavailability and toxicity (potential for adverse
effects). Cobalt was eliminated as a COPEC because concentrations in sediment in the Los
Alamos and Pueblo watershed are tess than EPA's Eco-SSLs, thus indicating that further
assessment of the potential toxic effects of cobalt on mammals is not warranted.

6. Swallows as representatives for avian aerial insectivores had HQs greater than 5 (one criterion
for study design COPEC selection) for cobalt and cyanide (Katzman 2002, 73667). Cyanide was
identified as a COPEC conly because concentrations in post-fire deposits were greater than the
BV. Cyanide was retained as a study design COPEC to collect additional information on its
distribution and potential ecological effects. Cobait was eliminated as a COPEC because
concentrations in sediment in the Los Alamos and Pueblo watershed are less than EPA's Eco-
SSLs, thus indicating that further assessment of the potential toxic effects of cobalt on mammals
is not warranted.

7. The aquatic community that represents various functional and feeding guilds had HQs greater
than 5 (one criterion for study design COPEC selection) for numerous inorganic, organic, and
radionuclide COPECs (Katzman 2002, 73667). For sediments, the COPECs included cyanide,
anthracene, benzo(a)anthracene, benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene, pyrene,
gamma-chlordane, benzoic acid, americium-241, cesium-137, plutonium-238, and
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plutonium-239,240. For persistent surface water, the COPECSs included anthracene,
benzo{a)anthracene, benzo(a)pyrene, aluminum, barium, beryllium, cadmium, copper, lead,
manganese, silver, and zinc. Potential ecological effects from these COPECs include decreased
reproduction, survival, or growth of various aquatic macroinvertebrates.

Although aerial insectivores had a potential for adverse effects from COPECs in sediments, special
investigations of this feeding guild were not warranted {(Katzman 2002, 73667). The first and most
important reason is that water resources in the Los Alamos and Pueblo watershed are limited in spatial
extent and are more commonly ephemeral than perennial. This limited extent reduces the potential for
maintaining either individuals or populations of aerial insectivores on these resources. Second, the
invertebrate feeding guild was thoroughly assessed for the terrestrial receptors, and the terrestrial studies
provide information on the relevance of the insect-eating pathways from aquatic environments.

8.1.1.3 Conceptual Exposure Model

The conceptual exposure madel is based on the study design COPECs and the toxicity evaluation
summarized in Section 8.1.1.2. This information is coupled with information compiled from ecologicat
scoping site visits (the Acid Canyon ecological scoping checklist is provided in Section E-3 of Appendix E,
and all other ecological scoping checklists have been included in previous reports [Reneau et al, 1998,
59159; Reneau et al. 1998, 59160; Reneau ef al. 1938, 59667; Katzman et al. 1999, 63915]).

Terrestrial ecological receptors are abundant throughout these canyons, where the dominant plants
include ponderosa pine, pifion pine, juniper, shrub oak, forbs, and grasses. Animats are also common
and have been observed, or their sign (tracks or scat) has been noted, during ecological scoping visits.
T&E species are potential receptors for contaminants in the Los Alamos and Pueblo watershed.
Specifically, the Mexican spotted owl may forage in the watershed, and the habitat is suitable for nesting
in parts of the watershed (Koch 1998, 59114; Koch 1998, 59115; Koch 1998, 59116; Koch 1999, 63519);
however, the Mexican spotted owl currently does not nest anywhere in the watershed. Some areas of
these canyons also have riparian habitats; however, areas of persistent surface water are limited in
spatial and temporal extent and include areas in reaches DP-1W, DP-1C, LA-0, LA-1FW, LA4W, P-3E,
P-4W, and P-4E. Aquatic receptors have been found through collections of benthic macroinvertebrate
samples at some of these locations of more persistent surface water flow (Foxx 1995, 50039,

pp. 91-194). The quality of habitat for aquatic receptors is discussed in more detait in Section 8.1.3.6.

Historical contaminant releases to the soils, sediments, and persistent surface water in the Los Alamos
and Pueblo watershed have occurred from multiple SWMUs and AQCs, as summarized in Section 2. For
ecological receptors, the primary impacted media in the canyons are (1) post-1842 sediment deposits in
the canyon bottoms; and (2) persistent surface water derived from seeps, springs, or snowmelt runoff. No
direct exposure pathway for ecological receptors to alluvial groundwater exists, but alluvial groundwater is
assessed where it emerges at springs or seeps. Effluent sources also exist, the primary effluent source
being the Bayo WWTP, which discharges into Pueblo Canyon. Materials that are termed “sediments” in
other parts of this report are subdivided in this section to account for the different ecological receptors in
areas with and without persistent water. Active channel sediments (¢c1 geomorphic unit), potentially
subject to persistent water, are referred to as “sediment” in this section to be consistent with ecological
risk assessment literature. Post-1942 sediment in other geomorphic units (abandoned channels and
floodplains) is referred to as “soil” in this section.

Persistent surface water exists only in limited sections of the active channel in the watershed. Even so, all
active channel deposits are considered in this assessment potentially to be subject to persistent flow
under different climatic conditions, and therefore potentially to harbor aquatic receptors (organisms
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dependent on water, like algae or chironomids [LANL 1999, 64783, pp. 19-26]). Floodplains and
abandoned channels generally have well-developed terrestrial ptant and animal populations and do not
support truly aquatic species. Thus, only active channel sediments and surface water potentially have
complete exposure pathways to truly aquatic species, whereas terrestrial animals and plants are exposed
to COPECs in surface water, soil, or sediment. It is important to recognize that the aquatic species in the
watershed represent a fairly simple food web because surface water is limited both spatially and
temporally.

Exposure pathways to terrestrial receptors can occur through air (respiration of vapors, inhalation or
deposition of particulates); surface socil (root uptake and rain splash on plants, food web transpoert to
plants and animals, incidental ingestion of soil, dermal contact with contaminated soil, and external
irradiation); and persistent surface water and sediments (root uptake and rain splash on plants, food web
transport to animals, incidental ingestion of water and sediment, dermal contact with contaminated water
or sediment, and external irradiation from sediment). The major soil-related exposure pathways are plant
uptake, food web transport, incidental ingestion of contaminated soil, and external gamma radiation
exposure. Water and sediment pathways are of lesser importance to terrestrial receptors because of the
iimited temporal and/or spatial extent of persistent surface water in the watershed. Exposure to vapors is
unlikely, because of the infrequent detection of VOCs in the watershed, the low VOC concentrations
measured in sediment and water, and the rapid volatilization of VOCs in sediments near the ground
surface. Exposure to airbome particulates is a minor pathway because of the limited amount of
contamination at the ground surface and the dense plant cover in some reaches.

The remaining pathways related to exposure to surface soil (dermal contact) and surface water and
sediment {food web transport, incidental ingestion of contaminated sediment and water, dermal contact,
and external gamma radiation exposure) arg also minor because of the limited amount of contamination
at the ground surface or in surface water. In addition, soil exposure pathway analysis performed by EPA
to support the development of their Eco-SSLs has shown that inhalation and dermal pathways contribute
a small fraction of the dose obtained orally (EPA 2003, 76077). All complete exposure pathways are at
teast qualitatively evaluated in the assessment in this report. Because socme of the measures considered
in Section 8.1.3 are field measures of effect or exposure, all complete pathways are included. Measures
based on models typically do not assess all exposure pathways.

8.1.1.4 Assessment Endpoints

Six assessment endpoints were selected based on the study design COPECs listed in Table 8.1-2 and
the conceptual exposure model. These endpoinis were selected to represent T&E species (the Mexican
spotted owl) and species that are representative of the terrestrial food web in the Los Alamos and Pueblo
watershed. The conceptual model indicates that ingestion exposure pathways and, in particular, food web
transport, are important pathways for these COPECs. Assessment endpoints were developed for the four
terrestrial feeding guilds that represented the receptors with the highest HQs. Because of the limited
spatial extent of aquatic environments in the Los Alamos and Pueblo watershed, a single assessment
endpoint for the aquatic study design was selected. In addition, the invertebrate feeding guild was
evaluated for terrestrial receptors and provides relevant information on the importance of the insect-eating
pathways from aquatic environments (as sediment and water COPECs are similar to scil COPECs). The
six assessment endpoints {AE1 through AEG) are as follows:

1. Survival and reproduction of T&E species (i.e., Mexican spotted owl) (AE1)

2. Populaticn abundance or persistence and species diversity of avian ground invertevore feeding
guild species (e.g., robin, bluebird, ash-throated flycatcher) (AE2)

April 2004 8-6 ER2004-0027



Los Alamos and Pueblo Canyons Investigation Report

3. Population abundance or persistence and diversity of mammalian invertevore feeding guild
species (e.g., deer mice) (AE3)

4. Nutrient cycling rates of detritivore species (e.g., earthworms) (AE4)
5. Native plant species presence and diversity (AES)

6. Abundance and diversity of the aquatic community in the perennial stream segments of the Los
Alamos and Pueblo watershed (AEG)

8.1.2  Study Design, Field Verification, and Site Investigation

This section discusses the baseline ecological risk assessment study design, field verification, and site
investigation, or ERAGS Steps 4 and 5 and the first part of Step 6. Biological data were collected as lines
of evidence (measures of exposure and effect) to evaluate the potential for adverse ecological effects
from contaminants in soit, sediment, and persistent surface water. Field verification of the design occurred
when locations were sited for data collection and included field trips with Laboratory personne! and a field
trip with NMED personnel to confirm selection of some sites. The initial study design and deviations from
the design are documented in Katzman (2002, 73667). Other deviations encountered during
implementation and summaries of the results obtained are noted in this section.

8.1.21 Small-Mammal Trapping and Whole-Body Analysis (AE1, AE3)

Four areas for small-mammal trapping were selected to represent potential Mexican spotted owl nesting
and foraging habitat and to represent a range of HQs for study design COPECs for the owl and mammal
invertevores. Two reaches (AC-3 and LA-1C) were selected because they had the highest concentrations
of Aroclor-1254, and one reach (P-3W) was selected because it had low concentrations of Aroclor-1254.
Reach LA-1C was also selected because it had the highest concentrations of DDT. The fourth area was a
small-marmmal investigation reach in Guaje Canyon that represented a reference condition (low
concentrations of COPECs). Two trapping events were completed as proposed in Katzman {2002, 73667)
in the summer and fall of 2002. One deviation noted in Katzman (2002, 73667) is that one of the two
arrays for reach P-3W mistakenly was located downstream of the Bayo WWTP outfall for the summer
trapping. An upper array was sited upstream of the Bayo WWTP for the reach P-3W fall trapping event.
Another deviation occurred at reach AC-3, where the canyon bottom was wide enough for only three
trapping lines instead of five as in the other locations, and only a single array was trapped in the summer,
A second array was added to the reach AC-3 fall trapping event to collect additional small mammals, but
not to estimate density. Locations of the trapping arrays are shown on Figure 8.1-1.

The results of population abundance and reproductive status from the trapping events are presented in
Robinson and Bennett (2003, 82663), and a summary of the resuits relevant to measures of exposure
and effect is provided in Section 8.1.3. A total of 165 animals (mainly deer mice and brush mice) were
collected, and 99 animals (plus 5 QC animals) were submitted for chemical analyses for study design
COPEC:s for either the mammalian invertevore or avian carnivore feeding guilds (AE1, AE3) (Table
B-3.0-6). Analytical suites included pesticides, PCBs, metals, isotopic plutonium, gamma spectroscopy
radionuclides, and strontium-80. At the same time, the analytical laboratory analyzed four additional QC
animals (for a total of nine QC animals) for metals for another project (LANL 2003, 77965), and metals
results from these additional QC animals were considered in interpreting the metals results in this section.

Animals were selected for chemical analyses based on species, weight, and spatial coverage. The priority
was to select animals of intermediate weight (between 18 and 22 g). Animals within the acceptable weight
category were selected to provide spatial representatives across the trapping array, but animals caught
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near the margins of the area of post-1942 flooding or outside of this area (uncontaminated locations)
were excluded. Some of the selected animals did not have sufficient mass (around 15 g) to permit
analysis for all desired analytical suites. Therefore, analyses were prioritized based on the study design
COPEC HQ values for the avian carnivore feeding guild {Katzman 2002, 73667). Some samples were not
analyzed for radionuclides, which were the lowest-priority COPECs (CAGU-03-50852, CAPU-02-49237,
CAPU-02-49241, CAPU-02-49248, CALA-02-49217, CAPU-03-50588, and CAPU-03-50619), and other
samples were not analyzed for metals, which were the next lowest priority COPECs (CAGU-03-50652,
CAPU-02-49241, and CAPU-02-45248).

Total cyanide, which was a study design COPEC {Katzman 2002, 73667), was eliminated from the
requested analyses because the analytical method used to analyze for cyanide is inappropriate for
biological tissues. The analytical methods used for measuring cyanide concentrations follow EPA SW-846
Method 9010A or 9012A: Total and Amenable Cyanide. These methods were specifically developed and
validated for solid samples, such as sediments, soils, wastes, and leachates. Biological samples have not
been validated for these methods, and it is not reliable to use them for matrices other than those
recommended in the method. Potential problems that may arise if these methods are used for biological
samples include interference from thiocyanate, found in blood plasma. High levels of aldehydes and
ketones can also pose interference problems. In addition, fatty acids (lipids) that are found in high
concentrations in biological tissues interfere with the distillation step. This interference can result in
difficulty in finding the titration endpoint, used for quantitative measurement, and makes quantitation
difficult. Cyanide is evaluated in a qualitative manner in the uncertainty analysis (Section 8.1.4.2).
Analytical resuits for the other COPECs are provided in Appendix C.

8.1.2.2 Soil Characterization (AE3, AE4, AE5)

Soil was characterized by collecting composite samples as a measure of exposure for wildlife receptors in
the four areas trapped for small mammals (Katzman 2002, 73667). This information was needed because
there was no soil characterization data for trapping arrays in Guaje Canyon and because the trapping
arrays located in previously sampled reaches include areas outside the post-1942 geomorphic units that
were not sampled previously. Composite samples were collected from 0- to 15-cm (0- to 6-in.) depth,
because this depth represents the surface exposure concentrations for these animals under the
assumption that most exposure occurs during foraging (Katzman 2002, 73667). A trapping array is
roughly 200 by 50 m (656 by 164 ft), and samples for compositing were collected within one-third of the
array length (approximately 65 by 50 m [213 by 164 ft] or about equal to a deer mouse’s home range’).
Within each trap line of each array, three locations were selected at random from the 6 or 7 trap locations
within the 65- by 50-m (213- by 164-t) plot for compositing. The composite for each third of an array was
based on 15 subsamples: 3 samples per trap line for 5 trap lines. When samples were collected, notes
were made regarding the geomorphic setting and the presence of post-fire flood deposits at the trapping
array locations. Table B-3.0-7 provides a list of the samples collected and submitted for laboratory
analysis and the analytical suites requested. Tables B-3.0-1 through B-3.0-5 provide information on the
geomorphic setting and post-fire sediment deposits sampled in each trapping array. Locations of the
composite soil samples used to characterize the small-mammal trapping arrays are shown on

Figure 8.1-1.

Soil was also characterized by collecting samples from depths of 0 to 30 cm (0 to 12 in.) at locations
selected for plant and earthworm toxicity tests. Sample locations were selected on the basis of the

' Deer mouse home range varies between 0.075 and 0,128 ha for habitats comparable to the Laboratory (ponderosa
pine forest and sagebrush desert) (EPA 1993, 53384, p. 2-298).
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existing geomorphic characterization and sediment characterization results, and the concentrations of
COPECs represented a gradient of concentrations. An exception is that the Guaje Canyon (reference
location) plant and earthworm tests were based on a portion of the composite sample collected in the
mammal trapping array. The samples were analyzed for PCBs, pesticides, metals, and radionuciides
(strontium-90, isotopic plutonium, and gamma spectroscopy radionuclides). Table B-3.0-7 provides a list
of the samples collected and analytical suites requested, and analytical results are provided in
Appendix C. Locations of the samples used for plant and earthworm toxicity tests are shown on

Figure 8.1-1.

8.1.2.3 Nest Box Study (AE2)

In 1997, an avian monitoring network consisting of nest boxes was established at 18 locations at the
Laboratory and in surrounding areas. The purpose of this network is to evaluate the health and condition
of individuals and populations in areas near and far from contaminants {Fair 2002, 82654). A variety of
cavity-nesting bird species use the nest boxes; however, the most common occupants are western
bluebirds (Sialia mexicana) and ash-throated flycatchers (Myiarchus cinerascens). Some of these nest
boxes were ptaced at locations in the Los Alamos and Pueblo watershed and include middie DP Canyon,
Los Alamos Canyon downstream of the DP Canyon confluence, lower Pueblo Canyon, the Los Alamos
golf course, and the Guaje Pines Cemetery (Fair 2002, 82654). Nest boxes were placed approximately

2 m (7 ft) off the ground in trees and spaced approximately 50 to 75 m (164 to 246 ft) apart. Boxes were
placed in the open ponderosa pine forest and pifion-juniper woodland of the canyons and mesas. An
average of 29 boxes were placed in each of the 18 locations. information from the avian monitoring
network provides measures of effect (occupancy, nest success, eggshell thickness, sex ratio} for the
avian ground invertevore feeding guild, which was represented by the robin in the screening assessment.
COPEC concentrations in eggs provide another measure of exposure and a measure of effect (by
comparing egg concentrations with published safe levels for COPECSs).

To further support the assessment of the avian invertevore feeding guild, more nest boxes were added to
this existing cavity-nesting bird monitoring network in 2002 (Katzman 2002, 73667). Nest boxes were
added to upper Los Alamos Canyon, Acid Canyon, and upper Pueblo Canyon near the Acid Canyon
confluence because these areas encompassed a wider range of COPEC concentrations than was
available in the original network. One deviation from the proposed plan was that boxes were placed
mistakenly in Walnut Canyon instead of Acid Canyon as originally proposed. This error was corrected in
April 2003. Nest box locations are shown on Figure 8.1-1. None of the new boxes was occupied during
the investigation period, in part probably because of the drought conditions in 2002 and 2003 and also
because of changes in regional habitat quality as a result of the Cerro Grande fire. Thus, nest box data
from the Los Alamos and Pueblo Canyons part of the original network are assessed, and uncertainties
related to nonoccupancy of the nest boxes added to the network in 2002 and 2002 are considered in the
uncertainty analysis. To characterize effects of COPECs on nest occupancy, nest success, eggshell
thickness, and sex ratios, spatial tfrends are evaluated within and between locations, as contaminant
concentrations have trends longitudinally in the Los Alamos and Pueblo watershed (Section 7.1; Reneau
et al. 1998, 59159; Reneau et al. 1998, 59160; Reneau et al. 1998, 59667; Katzman et al. 1999, 63915).
In addition, data on occupancy and reproductive success for the birds are provided in Fair {2004, 85438)
and are evaluated in Section 8.1.3.2. Results from the chemical analyses of eggs collected from the nest
box network are documented in Fair et al. (2004, 85824), and results from the chemical analysis of eggs
are summarized in Section 8.1.3.2.
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8.1.24 Breeding Bird Survey (AE3)

Breeding bird surveys provide a measure of effect (abundance and diversity) for the avian ground
invertevore feeding guild {(Katzman 2002, 73667). Plots of bird abundance and diversity versus HQs for
avian COPECs are the primary method used to characterize effects (Katzman 2002, 73667). In each
survey area, the birds present were recorded by a point-count method, using standard methods that were
previously used in baseline studies in Los Alamos and Guaje Canyons (Foxx 1993, 50039, pp. 241-242).
Upon arrival to a survey area, surveyors walked through the area, stopping at 200-m (656-ft) intervals to
record all birds seen or heard for a period of six minutes. Survey areas were selected in reaches having a
gradient in COPEC concentrations for the avian feeding guild (Katzman 2002, 73667); survey areas
included reaches AC-1, AC-2, AC-3, P-1FW, P1-W, P-1E, P-3W, LA-1C, LA-2E, DP-1W, DP-1C, DP-2,
DP-3, and DP-4 and the Guaje Canyon small-mammal trapping arrays. Breeding bird surveys were
completed in the summer of 2002 as proposed in Katzman (2002, 73667). Data were compiled from
these surveys, with the exception of the Guaje Canyon (reference canyon) survey data that were lost. An
additional set of point counts for all locations (including Guaje) was completed in the spring of 2003 to
supplement the 2002 data. The 2002 and 2003 data and other recent data available for these canyons
(from 2001) are summarized in Keller (2003, 82662), and a summary of the results relevant to measures
of effect is provided in Section 8.1.3.2.

8.1.2.5 Earthworm Toxicity Tests (AE4)

Earthworm toxicity tests provide a measure of effect (mortality and growth) for detritiveres. Although this
measure of effect is not the same as the AE4 attribute (nutrient cycling), adverse effects on earthworms
are an indirect indicator of impacts on nutrient cycling. Evidence for effects is based on statistically
significant changes (using Dunnett's t-Test) in mortality and growth for the soils tested versus the
reference site results (Katzman 2002, 73667). Effects are also evaluated by plotting the data to determine
if there are trends in mortality and growth versus COPEC concentrations. Scils from 12 locations were
selected to represent a gradient in COPECs, and one location (Guaje Canyon) also included fire-affected
sediment deposits. Different samples from the same locations were evaluated using the seedling
germination toxicity test. The reference location in Guaje Canyon was one of the small-mammal trapping
arrays. Reaches were selected to represent the overall gradient in COPEC concentrations (Katzman
2002, 73667), and then specific sample locations within these reaches were selected to represent the
higher HQ values for the plant or earthworm receptors. Locations selected for earthworm toxicity tests are
shown on Figure 8.1-1. Earthworm mortality and growth tests were completed as proposed {(Katzman
2002, 73667). The results are documented in ep&t (2002, 82658), and a summary of the results relevant
to measures of exposure and effect is provided in Section 8.1.3. American Society for Testing and
Materials [ASTM] procedure E1676-97 was used to conduct the tests.

Earthworm mortality was high (roughty 90%) for sediments from one location (reach LA-1W), while
mortality for the other locations was low (0-3%) and not different from the negative control sample or
reference location (Guaje Canyon) results. Concentrations of COPECs were unremarkable from the
LA-1W location compared with the other locations and the reference sample collected in Guaje Canyon.
The concentrations were similar to those measured previously at this location and reported by Reneau
et al. (1998, 59160). Photographs and a narrative were sent to earthworm experts, who subsequently
indicated that the most probable explanation for high mortality was a bacterial infection (ep&t 2003,
82659). The high mortality was evaluated by collecting and submitting two additional samples from the
same geomorphic unit but from different sample locations 120 to 140 m (394 to 459 ft) upstream in reach
LA-1W and reconducting the toxicity test on the sample with high mortality. Mortality or growth measured
in these additional LA-1W samples was not different from the negative control samples or the reference
location results (ep&t 2003, 82659). A test of the bacterial theory was devised by reusing replicates of the
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LA-1W sample and retesting two replicates “as-is” and two replicates heated to 105 °C. The “as-is”
replicates had 100% mortality after five days, and the heated replicates had no mortality, which indicates
either a volatile COPEC or a microbe was responsible for the earthworm mortality. As VOCs are not
COPECs in these seftings (Sectien 8.1.1.1), the presence of pathogens is the most probable explanation
for high mortality in the reach LA-1W sample.

Earthworms were sent to an analytical laboratory for chemical analyses (see Table B-3.0-8 for a
crosswalk of earthworms, the bicassay, and the soil samples). Cyanide was eliminated from the
requested analyses as described in Section 8.1.2.1. The earthworm laboratory soil was afso analyzed to
evaluate bioaccumulation. Analytical results for the earthworms and soil are provided in Appendix C.

8.1.26 Seedling Germination Tests (AE5)

Seedling germination tests are a measure of effect for plants. Evidence for effects is based on statistically
significant changes (using Dunnett's t-Test) in germination measures for the soils tested versus the
reference site results (Katzman 2002, 73667). Effects are also evaluated by plotting the data to determine
if there are trends in germination measures versus COPEC concentrations. The species selected for the
test was western yarrow (Achillea millefolium). This species was recommended by the toxicity testing
laboratory (ecological planning & toxicology,) because it is representative of native species and because
it previously yielded acceptable germination rates in laboratory control samples. Toxicity tests were
conducted according to ASTM procedure E1963-98, and the results are presented in Kapustka (2002,
82657). Soils from 12 locations, including one area (Guaje Canyon) with post-Cerro Grande fire sediment
deposits, were selected for testing to represent a gradient in COPEC concentrations. Different samples
from the same locations were evaluated using the earthworm toxicity test. The reference location was in
Guaje Canyon in one of the small-mammal trapping arrays. Reaches were selected to represent the
overall gradient in COPEC concentrations (Katzman 2002, 73667), and then specific sample locations
within these reaches were selected to represent the higher HQ values for the ptant or earthworm
receptors. Locations selected for seedling germination tests are shown on Figure 8.1-1. Seedling
germination tests were completed as planned (Katzman 2002, 73667). The results are documented in
Kapustka (2002, 82657), and a summary of the results relevant o measures of effect is provided in
Section 8.1.3.5. Concentrations of COPECS in soil were measured in a sample from the same location,
and Table B-3.0-8 provides a crosswalk between the toxicity tests and the soil samples.

8.1.2.7 Plant Survey (AE1, AE2, AE3, AE4, AES5)

Plant surveys to determine species composition and abundance provide a measure of effect (abundance
and diversity) for plants and a measure of receptor characteristics for other assessment endpoints. For
example, vegetation is an indicator for the presence of bird species, including the Mexican spotted owl.
Reaches were selected to represent the overall gradient in COPEC concentrations (Katzman 2002,
73667), and these reaches overlapped most of the locations selected for plant surveys, invertebrate
toxicity testing, the cavity-nesting bird monitoring network, the breeding bird survey, and the small-
mammal trapping arrays. The survey areas included reaches AC-3, P-3W, DP-2, LA-0, LA-1FW, LA-1W,
LA-1C, LA-1E, LA-2E, and LA-3 and the Guaje Canyon small-mammal trapping arrays. Plant surveys
were completed in summer 2002 as planned (Katzman 2002, 73667). Data were analyzed using standard
plant transect methods, which were supplemented with the quantitative habitat analysis (QHA) procedure.
QHA is a tool for assessing and ranking habitat within a user-friendly ArcView application, and it provides
information on ecosystem “health” through US National Vegetation Classification Efement Occurrence
scoring and other metrics. Descriptions of all methods and detailed results are provided in Marsh (2003,
82661), and a summary of the results relevant to measures of effect and ecosystem/receptor
characteristics is provided in Section 8.1.3.

ER2004-0027 8-1 Aprif 2004




Los Alamos and Pueblo Canyons Investigation Report

8.1.2.8 Chironomus tentans Toxicity Tests (AE6)

Toxicity testing using an aquatic midge, Chironomus tentans, provides a measure of effect (survival and
growth) for the aquatic community that can be related to the impacts on abundance and diversity of the
aquatic community in the perennial stream segments of the Los Alamos and Pueblo watershed. Toxicity
testing in this assessment was based on the approach and test organisms applied previously in Cafion de
Valle (LANL 2003, 77965), using Test Method 100.2 (EPA 2000, 73776).

As indicated in the Cafon de Valle report (LANL 2003, 77965, Appendix L), two general approaches are
available for conducting toxicity tests: the use of water-column test organisms or sediment-dwelling test
organisms. Given the nature of the aquatic system in the Los Alamos and Pueblo watershed, organisms
that live in sediment are more representative of contaminant exposures to endemic biota than are water-
column organisms (such as the cladoceran Ceriodaphnia dubia, an organism commonly used to test the
sensitivity of aquatic organisms to metals in water). The midge, Chironomus tentans, is a toxicity test
organism that is well documented for its toxic responses to contaminants, is widely used in toxicity testing,
and is reared from laboratory populations. Additionally, the genus Chironomus is present in the Los
Alamos and Pueblo watershed (Foxx 1995, 50039, pp. 163—164). A cursory literature review provided by
ASTM (1995, 73729) indicates that Chironomus tentans was among the most sensitive of 24 species
evaluated with Great Lakes sediment. In various studies, the midge tended to be less sensitive than the
amphipod Hyalella azteca for some metals and equivalent to or more sensitive than Hyalella azteca for
pesticides.

Locations in the Los Alamos and Pueblo watershed were selected for testing, based on the presence of
persistent or intermittent surface water and a gradient of COPEC concentrations. Locations selected for
Chironomus tentans growth and mortality tests are shown on Figure 8.1-1. Dunnett's t-Test was used to
compare the results of the tests with results from reference locations where either persistent water or drier
conditions exist. Two reference {(or upstream) locations were selected; one was a persistent surface water
location in upper Los Alamos Canyon (reach LA-0), and the second was an intermittent surface water
location in upper Pueblo Canyon (reach P-1FW). At each location, the water and sediment were coliected
for chemical analysis for the following analytical suites: metals, cyanide, PAHs, PCBs, pesticides,
americium-241, strontium-20, isotopic plutonium, and gamma spectroscopy radicnuclides. Information
from the toxicity tests was compared with COPEC concentrations in the water and sediment. Fieldwork
and laboratory analyses were completed as planned (Katzman 2002, 73667). The Chironomus tentans
toxicity tests are documented in Pacific Ecorisk (2002, 82656), and a summary of the results relevant to
measures of effect is provided in Section 8.1.3.6. Sediment and water samples collected and analytical
suites requested are summarized in Table B-3.0-9, and analytical results are provided in Appendix C.
Table B-3.0-10 provides a crosswalk of the sediment and water samples and the Chironomus fentans
growth and mortaiity tests.

8.1.2.9 Rapid Bioassessment Characterization (AE6)

Near the end of the 2002 rainy season {(September and October), a rapid bicassessment characterization
(EPA 1999, 73728) was conducted at locations with sufficient water to potentially support an aquatic
community. The rapid bioassessment provides information about the physical habitat quality and aquatic
macroinvertebrate community structure present at these locations. Habitat was assessed, and aquatic
macroinvertebrates were sampled at six sites where flow volume potentially could support the
development of aquatic invertebrate communities. The study sites included four locations in Los Alamos
Canyon (reaches LA-0, LA-1FW, LA-4W, and LA-5), one in DP Canyon (reach DP-1C), and one in
Pueblo Canyon (reach P-3E). The rapid bioassessment characterization included habitat ratings for
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locations based on watershed features, riparian vegetation, in-stream features, aquatic vegetation, and
benthic substrate (Henne 2004, 84601).

Aquatic invertebrate samples were collected under standardized effort (i.e., to cover the same length of
reach and to sample for a consistent amount of time) using a dip net to sample the major habitat types
present in the reach (riffles, runs, pools, submerged vegetation). The invertebrate specimens were
identified by an expert, and the resulting data were analyzed using a set of six metrics that have been
shown {0 be robust across wide geographic areas, including measures of richness (number of
Ephemeroptera taxa, number of Plecoptera taxa, and number of Trichoptera taxa), diversity
{Shanncn-Weiner index), feeding groups, tolerance to perturbation (number of intolerant taxa), and
habitat (number of clinger taxa) (Henne 2004, 84601). These metrics are used in a semiguantitative
manner to support characterization of these locations. Fieldwork was completed as planned (Katzman
2002, 73667). The results are documented in Henne (2004, 84601), and a summary of the results is
provided in Section 8.1.3.6.

8.1.2.10 Chironomus tentans Deformities {AE®S)

Chrironomid mouthpart deformities have been used as a measure of exposure for aquatic organisms
(Henne and Ryti 2004, 85533). An experimental tank of sediment and water (see Section 8.1.2.8), in
addition to the replicates needed for the toxicity tests, was treated in the same manner as the replicates
evaluated for toxicity. Morphology (mouthparts and antennae) of these animals was evaluated to quantify
malformations, and the rates of deformities were compared with contaminant concentrations or
contaminant loading (Henne and Ryti 2004, 85533). Changes in morphology are not used as a measure
of effects in this report, but instead, this deformity assessment evaluation is a pilot investigation of
bioindicators of exposure under controlied conditions for future environmental monitoring (Katzman 2002,
73667). Chironomus tentans mouthparts and antennae were examined for deformities as proposed in
Katzman (2002, 73667). The results are documented in Henne and Ryti (2004, 85533), and a summary of
the results is provided in Section 8.1.3.6.

8.1.2.11 Spatial Modeling using ECORSK.7 {AE1, AE2, AE3)

ECORSK.7 provides a measure of effect using the HQ methodology for wildlife receptors (EPA 1997,
59370). ECORSK.7 integrates biological, ecological, and toxicological information using Geographic
Information System (GIS) interfaces so that all model input and output are spatially explicit (Gonzales

et al. 2004, 85207). ECORSK.7 was used to model risk to three receptors: Psromyscus maniculatus (deer
mouse), Strix occidentalis (Mexican spotted owl), and Sialia mexicana (western bluebird). Effects are
characterized by evaiuating impacts on individual Mexican spotted owls using a measure of population
effects on invertevore species as the proportion of the poputation with an Hi greater than 1 (Katzman
2002, 73667). Exposure pathways considered in ECORSK.7 are incidenta! soil ingestion and food
ingestion. The model assigns nest sites or focal locations (the center of the animals' home range) within
GIS land cover types that incorporate measurements on the distribution of these animals. An animal then
can either forage across its home range in a uniform manner or forage based on the central-place
foraging theory with greater amounts of food and greater COPEC exposure near the nest or focal point.
The model calculates unadjusted, adjusted, and background HI vatues for each nest site or focal point.
The unadjusted H! is equivalent to the total exposure from COPECS, including background sources. The
adjusted HI removed the contribution of background sediment concentrations. The adjusted scenaric was
identified as the most reasonable case on which to base conclusions because the adjusted HI provides
information on the COPECs that may originate from Laboratory releases and does not reflect background
risks.
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8.1.3 Characterization of Exposure and Effects

This section discusses the baseline ecological risk assessment characterization of exposure and effects,
or the second part of ERAGS Step 6. Figures that support this assessment include scatter plots and box
plots. Scatter plots show the data for one variable (e.g., analyte concentration in biota samples on the
y-axis) plotted against data from a second variable (e.g., analyte concentration in soil samples on the
x-axis). Box plots are used to show differences between two or more categories of data and summarize
information about the shape and spread of the distribution of results. The box plots consist of a box and a
line (the median value) across the box. The y-axis displays the cbserved values in the reported units. The
area enclosed by the box shows the range containing the middle haif of the data; that is, the lower box
edge is at the 25th percentile, and the upper box edge is at the 75th percentile. The horizontal line above
each box represents the 90th percentile, and the line beneath the box represents the 10th percentile of
the sample results. The height of the box is a measure of the spread of the results. The horizontal line
across the box represents the median (50th percentile) of the data, a measure of the center of the
distribution. If the median line divides the box into two approximately equal parts, the shape of the
distribution of results could be symmetric; if not, the distribution is skewed or asymmetric. Thus, each box
indicates values for the central half of the data, and comparing the locaticn of boxes can readily assess
shifts in the results.

8.1.3.1 Threatened and Endangered Species: Mexican Spotted Owl

The weight of evidence for the Mexican spotted owl consists of two lines of evidence: the ECORSK.7
model and body burdens of prey species. These measures were evaluated in addition to the line of
evidence provided by the screening-level ecological risk assessment for the carnivorous avian T&E
species guild.

1. ECORSK.7 Modeling

ECOREK.7 modeling assesses potential ecological risks to terrestrial animals over large spatial
areas. Estimates of animal exposure over a gridded area are compared with assumed effects
levels to generate Hls. ECORSK.7 integrates biological, ecological, and toxicological information
using GIS interfaces so all model input and output are spatially explicit. The ECORSK.7 model
used the most current information available on COPEC concentrations, toxicity, and
bicaccumulation (Gonzales et al. 2004, 85207). The model provides information on the average
HI or HQ: for eccological receptors and the spatial distribution of HI values.

Key exposure parameters for the Mexican spotted owl include a body weight of 600 g, home
range of 412 ha, food intake of 59 g fresh weight per day, and an 88%-carmivore and
12%-insectivore diet (Gonzales et al. 2004, 85207). The owl was also assumed to be a central-
place forager with exponentially decreasing foraging intensity with increasing distance from the
nest site. Central-place foraging birds have a nest or roost to which they return after each
foraging event. Most birds are central-place foragers, especially during the breeding season.
Based on these inputs, the unadjusted average HI for the owl is 0.67 across the watershed
(Gonzales et al. 2004, 85207, p. 35), and this Hl was dominated by anthropogenic sources
{(average background HI was 0.22). The unadjusted average HI was less than 1, indicating no
potential for adverse ecological effects for an average nest site, because exposure doses do not
exceed the NOAEL.

These results are generally comparable to those obtained from ECORSK .4, which was also used
to model potential risks to the Mexican spotted owl (Gallegos et al. 1996, 57315). However, one
difference is that a greater frequency of model results was greater than an Hl of 1 based on
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ECORSK.7 model structure and inputs. None of the owl nest sites modeled using ECORSK.4 had
an Hi greater than 1, whereas 13 of the 100 ECORSK.7 modeled nest sites (or 13%) had His
greater than 1 (ECORSK.7 model results are provided in Gonzales et al. [2004, 85207], including
a map showing Hls [Gonzales et al. 2004, 85207, p. 38]). One of these nest sites with an HI
greater than 1 (HI was 3.5) was in upper Los Alamos Canyon {(maximum HI for a canyon
location), and the dominant contributor to the potential hazard to the modeled Mexican spotted
ow! nest site was Aroclor-1254. The Arocler-1254 HQ was 1.1, indicating an exposure only
slightly greater than the NOAEL. HQ values for other COPECs at this nest site were less than 1.
Thus, effects on the population are unlikely, based on the low Hls and low frequency of His
greater than 1.

2. Concentrations of COPECs in Prey

Small mammals, which are prey for Mexican spotted owls, were analyzed for metals, PCBs, and
pesticides. Four small-mammal species were analyzed, including deer mouse (Peromyscus
maniculatus) and brush mouse (Peromyscus boyilii), which are more common and omnivorous,
and western harvest mouse (Reithrodontomys megalotis) and pifion mouse (Peromyscus truei),
which are less common and more granivorous (seed eating). Maximum concentrations of
COPECs measured in smafl mammals are listed in Table 8.1-3, which includes the maximum
detection limit for some COPECs {if not detected). Table 8.1-3 also provides the owl ESL
calculated for each COPEC based on the Ecorisk Database, Version 1.5, avian TRV (LANL 2002,
73702; LANL 2003, 74012) and exposure parameters for the Mexican spotted owl (see below).
The owl ESL is calculated based on the general HQ equation (LANL 1999, 64783), which is
derived as follows:

{,.,C .
= Exposure. HQ,, = ol “mammali Let HQou = 1, S0IVe TOr Crammar
Effect ‘ NOAEL,,
NOAEL,,, ;
ESLowi.j = mammal, :—I—_

owl

where Cramma; iS the concentration in smalt mammals of COPEC j {mg of COPEC/kg animal
fresh weight) [note this concentration includes soit in the pelt and therefore includes
incidental soil ingestion for the owl];

ESLyyjis the owl ESL for COPEC j (mg of COPEC/kg animal fresh weight);
NOAEL . is the avian NOAEL for COPEC j (mg/kg/day); and

lw I8 the normalized daily dietary ingestion rate for the owl {kg food fresh weight/kg
owl/day).

The normalized food intake of 0.102 kg food fresh weight/kg owl/day for the Mexican spotted owl
is based on the average intake of one wood rat per day (or 0.059 kg fresh weight per day) and
the average body weight of 0.58 kg (Weathers et al. 2001, 73476). This calculation assumes an
area use factor of 1, which is consistent with the way other ESLs are derived (LANL 1899,
64783). Comparison of the maximum biota concentrations with owl ESLs is used as a screening
tool to determine if the concentrations of any COPEC in small mammals might exceed an HQ of
1. Only the lead HQ is greater than 1, and all other HQis are less than 0.16 (Table 8.1-3). The
maximum lead concentration was from an animal collected in the reference location (Guaje
Canyon), but the iead HQ for the maximum small-mammai concentration in the Los Alamos and
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Pueblo watershed was also greater than 1. The HI (sum of HQs) based on owl ESLs and using
maximum resuits from all animals is greater than 1 for the data from the Los Alamos and Pueblo
watershed (2.23) and Guaje Canyon (2.32), and the majority of the Hl is from the lead HQ.
Because Hls exceed 1, some further assessment of small-mammal concentrations, and in
particular the lead concentrations that yield HQ and HI greater than 1, is warranted.

The HQ based on the upper confidence limit (UCL) of average lead concentrations in mammals is
much less than the HQ based on the maximum lead concentrations (the 95" UCL of average
small-mammal lead concentrations for Guaje Canyon was 68.7 mg/kg, for a lead HQ of 0.45; the
95™ UCL of average small-mammal lead concentrations for the Los Alamos and Pueblo
watershed was 22.5 mg/kg, for a lead HQ of 0.17). Thus, chronic exposures io Mexican spotted
owl based on the UCL of the average concentrations indicate no potential for adverse ecological
effects. In addition, the lead HQ based on the maximum or average of the reference site samples
is larger than the HQ based on the same statistics for lead concentrations in smalfl-mammals from
the Los Alamos and Pueblo watershed. Because HQs based on maximum results from individual
animals are all less than 1 except for lead and the HQ for lead based on average concentrations
is less than 1, there is no potential for adverse ecological effects on Mexican spotted owls by
consuming small mammals with these whole-body concentrations.

The relationship between contaminant concentrations in small mammals and COPC
concentrations in soil is provided in scatter plots in Section E-4.1 of Appendix E. There is no
statistical relationship between whole-body concentrations of lead and concentrations of lead in
soil, and Figure 8.1-2 shows that the higher whole-body concentrations of lead (>100 mg/kg dry
weight) were measured across the range of lead concentrations from the Los Alamos and Pueblo
watershed (9 to 58 mg/kg). Figure 8.1-2 also shows whole-body concentrations of lead versus
soil results from a literature compilation (Sample et al. 1998, 72726).

One difference between the literature and Los Alamos and Pueblo lead concentrations in
mammals is the frequency of sample results where the concentration in mammals is greater than
the concentration in soil. Twenty-four of 96 samples collected from Acid, Los Alamos, Pueblo,
and Guaje Canyons had higher lead concentrations in mammals than in soil, but only 2 of 136 of
the mammal concentrations from the literature compilation had lead concentrations in mammals
greater than concentrations in soil. Thus, concentrations are greater in the mammal samples from
this investigation than reported in the literature compilation. One possible explanation could be a
bias introduced during sample preparation, but this possibility is not consistent with the lack of
high lead concentrations in the nine QC animals (average lead concentration in the QC animals
was 0.035 mg/kg fresh wt [Tardiff et al. 2003, 85525]).

Regardless of whether these lead measurements reflect animals with high lead or not, there are
two important results. First, sample resuits for lead were efevated in a fraction of animals across
all trapping arrays, and the maximum concentration was for an animal collected in the reference
arrays (Guaje Canyon). Second, HQ values for all COPECs (except lead) based on the maximum
concentrations are less than 1. Lead HQs for the Los Alamos and Pueblo watershed are less
than those obtained in the reference location (Guaje Canyon). Thus, concentrations of COPECs
in measured samples of Mexican spotted owl prey are less than levels associated with adverse
ecological effects or are similar to concentrations measured in a reference area.
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8.1.3.2

Avian Invertevore Feeding Guild

The weight of evidence for the avian invertevore consists of seven lines of evidence. Nest occupancy
rates, nesting success, eggshell thickness, COPEC concentrations in eggs, COPEC concentrations in
food, ECORSK.7 modeling, and field surveys were evaluated in addition to the screening-level ecological
risk assessment for the avian invertevore feeding guild.

1.

Occupancy Rate by Bluebirds

Nest occupancy by cavity-nesting birds across the nest box monitoring network is documented in
a series of annual reports (e.g., Fair 2002, 82654; Fair and Sommer 2002, 84602; Fair and
Coiestock 2003, 84603). The overall occupancy frequency for the monitoring network ranges
between 9 and 28% from 1997 to 2003, and, excluding the first year of the network, occupancy
ranges between 16 and 28%; occupancy was lowest in the first year, possibly because it took
time for the birds to locate the boxes (Fair and Colestock 2003, 84603, p. 10). Occupancy for
various locations across the network and locations within the L.os Alamos and Pueblo watershed
is variable. For example, in 2003 none of the nest boxes in 2003 in Acid Canyon (31 boxes) or in
2002 in Guaje Canyon (11 boxes) was occupied. Occupancy in 2003 at other locations in the Los
Alamos and Pueblo watershed ranged from 3% to 80% (DP Canyon, 25% of 12 boxes; golf
course, 80% of 10 boxes; cemetery, 38% of 16 boxes; Los Alamos Canyon, 4% of 112 boxes;
and Pueblo Canyon, 52% of 61 boxes [Fair and Colestock 2003, 84603 p. 8]). Boxes in these
other locations in the Los Alamos and Pueblo watershed have been in place since 1997.

Explanations for variability in nest occupancy range from regional trends to more location-specific
problems. One of the major regional trends has been a greater occupancy in locations that were
burned during the Cerro Grande fire. Nest occupancy in 2003 illustrates a clear preference for
burmed locations cutside of the Los Alamos and Pueblo watershed; 69 of 98 boxes in burned
locations (70%) were occupied, and 101 of 534 boxes in unburned locations (19%) were
occupied {Fair and Colestock 2003, 84603, p. 8). These numbers suggest that nest occupancy is
unrelated to concentrations of these COPECs because burned locations in Mortandad Canyon,
with relatively high contaminant levels, have a very high occupancy rate (98% occupancy in 2003
[Fair and Colestock 2003, 84603, p. 8]). Although none of the focations in the Los Alamos and
Pueblo watershed was burned, greater occupancy in bumed locations probably means fewer
birds in unburmed locations, assuming that the western bluebird population has not greatly
expanded. One location-specific problem is that two locations added in 2002 and 2003 (Acid and
Guaje Canyons) have suffered from vandalism, which has not occurred in other parts of the
network. Vandalism is relevant to measures of occupancy, because a nest box demolished or
lying on the ground is not suitable for nesting bluebirds.

Nest Success for Bluebirds

Seven years of data from the Los Alamos and Pueblo watershed portion of the cavity-nesting bird
monitoring network (Fair 2004, 85438) were reviewed to assess nest success. Results for
western bluebirds are most relevant for evaluating potential COPEC effects because of their short
foraging distances (Fair et al. 2003, 82660). Western bluebirds are year-round residents, so
potential confounding effects of contaminant exposures during winter migration are avoided
(Kunisue et al. 2003, 82667).

Because contaminant concentrations generally decrease downstream from sources in the upper
parts of the canyons {Section 7.1), trends in nest success versus the easting coordinate of each
nest box can be evaluated as a surrogate for COPEC trends. For example, scatter plots showing

ER2004-0027 8-17 April 2004



Los Alamos and Pueblo Canyons investigation Report

the number of young fledged per nest were evaluated to determine if fledgling numbers are lower
in the upper part of the watershed (locations farther west). Differences between nests can also be
evaluated as a function of their locaticn in the watershed. Nest boxes in the cemetery or golf
course locations are upstream of key SWMUs or AOCs in the Los Alamos and Pueblo watershed,
and locations in DP, Los Alames, or Pueblo Canyons are located downstream of key SWMUSs or
AQCs (Fair 2002, 82654, Figure 1). Figure 8.1-3 shows that there are no differences in the
number of birds fledged per nest between locations in the Los Alamos and Pueblo watershed or
along a gradient {versus easting). The percent of females fledged per nest is evaluated as
ancther measure of effects. Figure 8.1-4 shows that there are no differences between locations
and across the easting gradient. Additional plots are provided in Section E-4.2 of Appendix E for
western bluebird nests in the Los Alamos and Pueblo watershed. No differences were noted in
western bluebird nest success from 1997 to 1898 for the entire monitoring network (including but
not exclusive of locations in the Los Alamos and Pueblo watershed) (Fair and Myers 2002,
82655). One uncertainty is that the nest boxes added to the monitoring network in 2002 and 2003
to evaluate portions of the Los Alamos and Pueblo watershed were not occupied; the implications
are considered in the uncertainty analysis.

3. Eggshell Thickness for Bluehirds

Seven years of data from the Los Alamos and Pueblo watershed portion of cavity-nesting bird
monitoring network {Fair 2004, 85438) were reviewed to assess differances in eggshell thickness.
Spatial trends are evaluated as an indication of changes in eggshell thickness as related to
COPECs. Figure 8.1-5 shows that there are no differences in eggshell thickness between
locations in the Los Alamos and Pueblo watershed or along a gradient (versus easting).
Additional plots are provided in Section E-4.3 for westermn bluebird nests in the Los Alamos and
Pueblo watershed. These findings are similar to those reported from the analysis of 1997 to 1999
eggshell thickness data, except for eggs collected from nests in Sandia Canyon that had a lower
eggshell thickness index (Fair and Myers 2002, 82655) and serve to confirm the utility of eggshell
thickness as a measure of effect.

4. COPEC Concentrations in Eggs

COPEC concentrations in eggs provide a measure of exposure and, combined with a comparison
with safe levels in bicta, can also be a measure of effect. Eggs collected across the monitoring
network were analyzed for metals, PAHs, PCB congeners, and pesticides (Fair et al. 2004,
85824). These data provide a general indication of exposure and effects from Laboratory sources
and are not specific to releases in the Los Alamos and Pueblo watershed. However,
radionuclides were measured in eggs collected in the Los Alamos and Pueblo watershed only,
and therefore reflect exposures for the specific watershed of interest in this report. Several
metals, PCB congeners, DDE, and DDT were detected in multiple eggs. Concentrations of metals
generally did not vary among eggs. Radionuclides were not detected in eggs, and PAHs either
were not detected or the results not quantified (reported as “<" values).

Concentrations of metals, DDE, and the sum of measured PCB congeners were compared for
western bluebird and ash-throated flycatcher eggs as estimates of exposure and
bioaccumulation. Ash-throated flycatchers are winter migrants and therefore may be exposed to
these COPECs from non-Laboratory sources. Western bluebirds are year-round residents, so
overall levels of PCBs and DDE in bluebird eggs are indications of local or Laboratory sources for
these COPECs. Figure 8.1-6 shows that concentrations of PCB congeners are somewhat greater
in bluebird eggs than in fiycatcher eggs (although statistically not different [Fair et al. 2004,
85824, p. 13]), and the concentrations of DDE are similar between the two species (and
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statistically not different [Fair et al. 2004, 85824, page 13]). PCB concentrations in western
bluebird eggs are plotted by watershed in Figure 8.1-7, and DDE concentrations in western
bluebird eggs are plotted by watershed in Figure §.1-8. PCB concentrations are less than 2 mg/kg
{fresh weight) in all analyzed eggs.

Bennett et al. (1999, 8§2652) developed a summary of PCB concentrations in birds that may be
associated with adverse effects, and the most definitive threshold from that survey is that adverse
effects may be associated with concentrations in brain tissue when greater than 300 mg/kg (fresh
weight). Given available ratios between muscle tissue and brain tissue concentration (a multiplier
between 2 and 8.7), 2 mg/kg in an egg translates to far less than 300 mg/kg in brain tissue
(maximum estimated brain concentration would be 17 mg/kg or 8.7 fimes 2. Thus, these PCB egg
concentrations are less than levels reported to be associated adverse effects in birds. The
maximum egg concentration reported for DDE (0.3 mg/kg fresh weight) is consistent with values
reported for killdeer eggs (0.5 mg/kg reported by Fair et al. [1994, 82650]), which indicates that
the bluebird DDE exposure concentrations in the Los Alamos and Pueblo watershed are similar
to those reported for birds elsewhere.

PCBs and DDE have also been detected in adult birds collected in the watershed (Podolsky
2000, 73477, p. 37). The only western bluebird in the Podolsky (2000, 73477, p. 37) study had
0.7 mg/kg Aroclor-1260 fresh weight and 0.03 mg/kg DDE fresh weight (value reported by
Podolsky was converted to fresh weight by assuming 68% moisture). The maximum
concentrations for any birds in the Podolsky (2000, 73477; p. 37) study were 1.7 mg/kg Aroclor-
1260 fresh weight and 0.8 mg/kg DDE fresh weight (assuming 68% moisture). The DDE
concentrations reported in birds or eggs from the Los Alamos and Pueblo watershed and vicinity
fall in the lower range of DDE concentrations measured in adults and reperted for a variety of bird
species (0.02 to 22 mg/kg reported by Kennedy et al. {1995, 82651]). Thus, DDE concentrations
measured in western bluebird and ash-throated flycatcher eggs are similar to those reported in
other studies and indicate there is no greater exposure to DDE for birds in the Los Alamos and
Pueblo watershed than birds elsewhere. Therefore, DDE is ubiquitous in the environment {see
discussion in Section 7.1.3.3 about the sources of DDT and its metabolites), and concentrations
of DDE in eggs or birds in the investigation area are at the low end of values reported in the
literature. In conclusion, there is no evidence for increased concentrations or any associated
increase in adverse ecological effects associated with pesticides in the Los Alamos and Pueblo
Canyon watershed or, more generally, at the Laboratory.

Some metals were also detected in eggs, and four metals (barium, copper, mercury, and zinc)
were detected in many eggs. Copper, mercury, and zinc were measured at similar concentrations
in western bluebird and ash-throated flycatcher eggs, but concentrations of barium were greater
in the western bluebird eggs (Figure 8.1-9). Metals concentrations in western bluebird eggs were
similar across the various watersheds (Figure 8.1-10). This cbservation indicates that metals are
equally bioavailable in these watersheds, possibly because the source of these metals is primarily
from background sources. In summary, concentrations of PCBs, DDE, and metals in bird eggs in
the Los Alamos and Pueblo watershed are indicative of exposure, but these concentrations are
either less than thresholds of concem or are similar to levels of exposure obtained elsewhere.
Concentrations of PCBs and DDE measured in the eggs are less than levels associated with
adverse effects.

5. Concentrations of COPECs in Food
Concentrations of COPECs in earthworms provide a measure of concentrations of COPECs in

food for the avian invertevore feeding guild. The earthworm toxicity test was conducted for
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28 days to estimate bioaccumulation. Scatter plots that show the relationship between the
concentrations of metals in earthworms and the concentrations of metals in soil are provided in
Section E-4.4, Significant statistical relationships exist between concentrations in earthworms and
soii for some of the metals, indicating that metals can accumulate in earthworms and potentially
be transferred to birds. The potential ecological effects of metals in earthworms are further
discussed below using the resuits of an earlier Laboratory-specific study (Podolsky 2000, 73477,
pp. 39-40).

The three metals with the most significant relationships are cadmium, lead, and mercury, and
earthworm and soil concentrations for these metals are plotted in Figure 8.1-11, showing data
from this study and from Podolsky (2000, 73477). The bioaccumulation rates indicated by the two
studies are not consistent for cadmium and mercury (i.e., the data plotted in Figures 8.1-11{a] and
8.1-11[c] are not linear for cadmium and mercury), although they appear to be consistent for lead
(Figure 8.1-11[b]). These inconsistencies indicate uncertainties in these relations that affect
conclusions about potential ecological risk. These plots also show that in each set of earthworm
bioaccumulation data one location has higher concentrations of cadmium, lead, and mercury than
other locations. Because a bicaccumulation model developed using these data would potentially
be biased by statistical outliers, additional uncertainties would be introduced in calculations of
empirical bioaccumulation factors such as for use in ECORSK.7 modeling.

Another important observation is that samples of other ground-dwelling invertebrates were also
collected in the Podolsky study, and concentrations of cadmium, lead, and mercury in these
invertebrates were 3 to 50 times lower than those reported for the earthworms (Podolsky 2000,
73477, p. 40). This cbservation indicates that bioaccumulation information for earthworms may
fead to highly protective estimates of ecological risk unless invertevores can truly specialize on
earthworms.

In summary, the metals data from the earthworm bioaccumulation test and from Podolsky (2000,
73477) indicate potential exposure of invertevores to metals, and hence potential transfer to
birds. However, significant relationships were obtained for only a few metals, and the data are not
consistent and not amenable to developing reliable bioaccumulation models. In addition,
bioaccumulation provides only a measure of exposure, and an evaluation of the measures of
effect is based on data from the nest box network, ECORSK.7 modeling, and field surveys of bird
abundance and diversity. Therefore, the evidence for bioaccumulation in earthworms does not by
itself indicate adverse ecological effects on birds in the watershed.

6. ECORSK.7 Modeling

ECORSK.7 assesses potential ecological risks to terrestrial animals over large spatial areas. Key
exposure parameters for the western bluebird include a body weight of 31 g, home range of

0.43 ha, food intake of 15.5 g fresh weight per day, and an 88%-insectivore and 12%-herbivore
diet (Gonzales et al. 2004, 85207). The bluebird was assumed to forage uniformly over its home
range. Based on these inputs, the unadjusted average HI for the watershed for the bluebird, 5.6,
was dominated by background concentrations of metals (average background HI = 5.1). Thus,
the adjusted average HlI for the bluebird is 0.5 across the watershed, and because the adjusted
average Hl was less than 1, this indicates no potential for adverse ecological effects for an
average nest site from Laboratory-derived COPCs (Gonzales et al. 2004, 85207, p. 35).
ECORSK.7 also provides information on the spatial patterns in the HI values and the frequency of
HI values greater than 1. About 11% (106 of 1000} of the model nest sites in the watershed had
adjusted (total minus background) His greater than 1, and 7% (65 of 1000) had adjusted (total
minus background) His greater than 3 (Gonzales et al. 2004, 85207, p. 40, provides a map
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8.1.3.3

showing these locations). Thus, across the entire watershed, relatively few model bluebird nest
sites have the potential for adverse ecological effects (HI >1), and the probability of population
effects is small.

Field Surveys of Bird Abundance and Diversity

Field surveys were completed to provide information on the number of birds, number of species,
and species diversity (Keller 2003, 82662}. Species diversity is calculated on the basis of the
frequency of species noted during the survey and provides an index of the evenness or relative
abundance of species. For example, a site with 2 species observed in equal number has a
calculated diversity of 2, but a site with 2 species where 1 species is 99 times more abundant has
a diversity calculated of about 1. The locations surveyed were cross-referenced to reaches and
the average concentrations of two key avian COPECs (PCBs [sum of Arocior-1254 and Aroclor-
1260] and DDX {sum of DDE and DDT]). Based on the average concentrations of these
COPECs, HQs were calculated for the reaches with bird surveys using the robin-invertevore ESL.
HQ values were calculated using the robin-invertevore ESL because the robin-invertevore refiects
how the AEZ assessment endpoint was defined, and HQ values provide information on spatial
trends for the COPECs included in the sum and also provide an indication of where effects may
be possible {areas with HQ >1) or not expected (HQ <1). There were no trends between bird
abundance, the number of bird species, or bird species diversity and PCB or DDX HQ values
(Figures 8.1-12 and 8.1-13). Similar bird densities have been reported for these locations in
surveys conducted in 1993 and 1994 (Foxx 1995, 50039, pp. 243-248). Thus, there is no
evidence for effects on bird abundance or diversity with increasing concentrations of COPECs in
soil. However, landscape changes caused by drought and subsequent large-scate tree-thinning
operations at the Laboratory may be a confounding factor for bird density and diversity (Fair and
Keller 2003, 82664), and the impacts of drought are considered in the uncertainty analysis.

Mammalian Invertevore Feeding Guild

The weight of evidence for the mammalian invertevore consists of four lines of evidence. Field surveys of
small-mammal abundance and diversity, field surveys to determine small-mammal reproductive status,
concentrations in food and organisms, and the ECORSK.7 model were evaluated in addition to the
screening-level ecological risk assessment for the mammalian invertevore feeding guild.

1.

Field Surveys of Small-Mammal Abundance and Diversity

Trapping arrays to measure small-mammal abundance and diversity were established at four
locations in Acid, Los Alamos, Pueblo, and Guaje Canyons. These locations were selected to
represent a range of concentrations of study design COPECs for the mammalian invertevore or
mammalian omnivore feeding guilds. Study design COPECs for the mammalian invertevore
feeding guild are Aroclor-1254, antimony, barium, manganese, and silver. HQ values for these
COPECSs are calculated on the basis of the reach characterization data (maximum and average
soil concentrations) and the average of the composite soil samples collected at the trapping
arrays (Table 8.1-4).

Because there are no reach characterization data for the mammal trapping arrays in Guaje
Canyon, BV and average background concentrations are used as a surrogate measure for the
Guaje Canyon maximum and average concentrations. Because there is no background
concentration for Araclor-1254, concentrations of Aroclor-1254 in reaches upstream of Laboratory
SWMUs and AOCs (reaches LA-0 and P-1FW) were used as an estimate of baseline
concentrations of Aroclor-1254. HQ values for the metals were similar among the locations
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selected for small-mammal trapping, but the Aroclor-1254 HQ varies over approximately two
orders of magnitude for reaches AC-3 and LA-1C (Table 8.1-4). Concentrations of Aroclor-1254,
and therefore HQ values, are lower in the composite samples than in the reach average data
(Table 8.1-4). Concentrations of metal COPECs are generally more similar between composite
samples and the reach average, which is consistent with concentrations generaily similar to
background levels.

This comparison emphasizes that the reach investigations represent a biased assessment of the
terrestrial habitat in these canyons, and concentrations from the investigation reaches are
overestimates of the exposure concentrations for wildlife. HQ values based on the average of the
composite samples are essentially the same as the HQs for background average concenirations
of antimony, barium, and manganese (Table 8.1-4). The HQ for silver in reach AC-3 is about five
times the HQ based on background average concentration but is about one-third of the HQ based
on the silver BV (Table 8.1-4). The Aroclor-1254 HQ based on the average of the composite
samples varies over approximately a factor of 20 from the low values in reach P-3W and the
Guaje mammal trapping area compared with the highest Aroclor-1254 HQ based on the reach
AC-3 composite averages. This analysis indicates that differences in Aroclor-1254 concentrations
between the mammal trapping arrays provide a gradient in COPEC concentrations.

Figure 8.1-14 shows the relationship between small-mammal density estimated from the mark-
recapture study in the trapping arrays (Robinson and Bennett 2003, 82663) and the Aroclor-1254
HQ from the trapping array. The upper and lower arrays provided independent estimates of
mammal density. Twe trapping events occurred (summer and fall 2002), providing 14 density
estimates (Acid Canyon had one trapping array, the other three sites had two arrays, and there
were two trapping events). In some cases, an insufficient number of recaptures prevented a valid
density estimate, and one trapping array was incorrectly located for the summer trapping event
{lower array for reach P-3W).

For the 10 estimates of small-mammal density, there is no evidence for a decreasing trend with
increasing Aroclor-1254 HQ (Figure 8.1-14). in fact, the highest density estimate (about 50
animals/ha) was for the summer 2002 trapping event in reach AC-3, which has the highest
COPEC concentrations. These density estimates are comparable to those obtained in 1993 and
1994 at other locations in Los Alamos and Guaje Canyons (density between 8 and 39 animals/ha
[Foxx 1995, 50039, p. 263]). Species diversity was similar across the mammal trapping arrays,
except the fall trapping event in reach LA-1C, which had lower diversity than the other arrays and
events (Robinson and Bennett 2003, 82663, p 19). It is unknown why diversity was lower in this
one event at this one location, but it was not a repeatable difference, and this lower diversity is
associated with trapping arrays with intermediate Aroclor-1254 concentrations (HQ of 1.4). Two
species represented most of the captures: deer mice and brush mice (Robinson and Bennett
2003, 82663, pp. 14-18). Thus, there is no evidence for COPECs causing decreased density or
diversity of small-mammal species.

2. Field Surveys to Determine Small-Mammal Reproductive Status

Animals were visually inspected to assess reproductive status of small mammals captured during
mark-recapture events (Robinson and Bennett 2003, 82663). The visual cues for reproductive
status are based on pelage color or gross morphological observations. The numbers of animals in
reproductive classes by species, trapping event, and location are provided in Robinson and
Bennett (2003, 82663). One result is that the numbers of animals per species, location, and
reproductive class are small (typically between 0 and 5 individuals). Figure 8.1-15 illustrates the
numbers of animals for male and female reproductive classes for deer mice in both trapping
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events, and Figure 8.1-16 presents the same information for brush mice. The only notable
difference in reproductive status is that Pueblo Canyon (reach P-3W) had a large number of
nonscrotal deer mouse males (Figure 8.1-15), which may indicate that reach P-3W is an area of
active recruitment of males, although the specific reasons for this observation are unknown.
Because of the small numbers of animals when split by species and the finer resolution of
reproductive classes, data on reproductive status were sorted by reproductive males (scrotal) and
nonreproductive males (juvenile and nonscrotal) and reproductive females (pregnant and
lactating) and nonreproductive females (juvenile and nonreproductive). Figure 8.1-17 shows no
decreases in the fraction of reproductive females or males status versus the Aroclor-1254 HQ for
the trapping array. Some differences were noted in the sex ratios (different from 50:50) for
specific events in specific arrays (Robinson and Bennett 2003, 82663), but sex ratios do not differ
between the pooled event and array data for each reach. Thus, there is no evidence for COPECs
causing adverse impacts to the reproductive status of smali-mammait species.

3. Concentrations of COPECs in Food and Organisms

Concentrations of COPECs in food {earthworms) and small mammals have been presented as
lines of evidence for the Mexican spotted owl (Section 8.1.3.1) and the avian invertevore feeding
guild (Section 8.1.3.2). In summary, the analysis of metals in earthworms shows evidence for
bioaccumulation of some metals, but the metals with the best evidence for bioaccumulation
(cadmium, lead, and mercury) are not study design COPECs for the marmmalian invertevore (or
omnivore) feeding guild. Concentrations of COPECs measured in small mammals do not indicate
bioaccumulation (Section 8.1.3.1). Because Aroclor-1254 is a study design COPEC for the
mammalian invertevore {or omnivore) feeding guild, bioaccumulation of PCBs in small marmmals
is a measure of exposure,

Figure 8.1-18 presents the comparison of concentrations of PCBs in small mammals {converted
to dry weight) with the concentrations of PCBs in soi!. The first observation is that Aroclor-1254
was not detected in small mammals, and Figure 8.1-18(a) presents the range of nondetected
sample results for Aroclor-1254 to show that detection limits are similar among the mammals
analyzed. Figure 8.1-18 also provides two reference lines that represent the predicted
bioaccumulation of PCBs based on the Ecorisk Database, Version 1.5, transfer factors (LANL
2002, 73702; LANL 2003, 74012). Detectable small-mammal concentrations of Aroclor-1254 are
predicted on the basis of Aroclor-1254 transfer factors and soil concentrations in most of the
trapping arrays (Figure 8.1-18[a)).

Aroclor-1260 was detected in small-mammal tissue, and the concentrations of Arocler-1260 are
plotted versus the concentration of total Aroclor (Aroclor-1254 plus Aroclor-1260) in soil in the
trapping arrays (Figure 8.1-18[b]). Total Aroclor in soil is plotted on the x-axis because Aroclor
mixtures are often difficult to quantify in weathered environmental media, and Aroclor mixtures
are difficult to quantify in biological tissues where the various congeners have different
bioaccumulation rates. These uncertainties in the cotrect identification of Aroclor mixtures are
addressed by evaluating the relationship between total Aroclors and small-mammal Aroclor
concentrations. Relatively few Aroclor-1260 results were detects (20 out of 98 animals), and most
of these detects are greater than 0.1 mg/kg dry weight. In Figure 8.1-18(b), seven results are
reported as greater than 0.1 mg/kg dry weight, including four results for females and three results
for males.

Gender differences in contaminant concentrations are worth noting because of physiologicat and
behavioral differences between the genders. These detected concentrations of Aroclor-1260 are
generally associated with low or medium PCB concentrations in soi!, and with one exception,
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these concentrations are consistent with the bioaccumulation models from the Ecorisk Database,
Version 1.5. The highest Aroclor-1260 concentration is for a male trapped in reach P-3W, which
is a reach with low and typically nondetected concentrations of PCB in soil. One explanation may
be that this animal was trapped in reach P-3W but obtained its body burden of PCBs elsewhere.
The maximum Aroclor-1260 small-mammal concentrations are less than concentrations
associated with adverse effects on small mammals (Bennett et al. 1999, 82652). Thus, the
available evidence indicates that adverse effects on small mammals from COPECs in food are
unlikely.

ECORSK.7 Modeling

ECORSK.7 modeling assesses potential ecological risks to terrestrial animals over large spatial
areas. Key exposure parameters for the deer mouse include a body weight of 20 g, home range
of 0.064 ha, food intake of 1.4 g fresh weight per day, and an omnivore diet (50% insectivore and
50% herbivore) (Gonzales et al 2004, 85207). Although the home range of the deer mouse is less
than the area of one grid cell in the model {900 m? [10,000 ft’]), the model requires that the deer
mouse forage uniformly within a grid cell (or the smallest spatial scale evaluated in the
ECORSK.7 model).

Based on these inputs, the unadjusted average HI for the deer mouse, 9.8, was dominated by
background concentrations {HI = 9.5). Thus, the adjusted average HI for the deer mouse is 0.3
across the watershed, and because the adjusted average Hl was less than 1, this indicates no
potential for adverse ecological effects for an average nest site (Gonzales et al. 2004, 85207,
p. 35). The ECORSK.7 model also provides information on the spatial patterns in the Hl vaiuves
and the frequency of HI values greater than 1. About 6% (58 of 1000 model focal points) had
adjusted (total minus background) Hls greater than 1, and about 5% (46 of 1000 model nest
sites) had adjusted (total minus background) Hls greater than 3 (see Gonzales et al. [2004,
85207, p. 42] for a map showing these locations). Thus, across the entire watershed, relatively
few model deer mouse focal points have the potential for adverse ecological effects (Ml >1), and
therefore the likelihood of population effects is small.

Detritivores

The weight of evidence for detritivores consists of two lines of evidence. Toxicity tests of earthworm
survival and growth and concenirations of COPECs in organisms were evaluated in addition to the
screening-level ecological risk assessment for detritivores.

1.

Toxicity Tests (Earthworm Survival and Growth)

The earthworm toxicity test provides information on survival and growth of earthworms at various
sites in the Los Alamos and Pueblo watershed across a gradient of COPEC concentrations and in
comparison with a reference location {(Guaje Canyon) {(ep&t 2002, 82658; epé&t 2003, 82659).
Results are summarized with box plots comparing survival and growth test results, and these
plots also include comparison circles (Figures 8.1-19 and 8.1-20). These plots indicate which
samples had higher or lower survival and growth compared with the reference sample (Guaje
Canyon}. The boxes indicate the interquartile range of the sample results, with the upper and
lower ends defined by the 75th and 25th percentiles, respectively. Lines above and below the
boxes represent the 5th and 95th percentiles of the data. Dunnett's t-Test results are presented in
the right-hand section of the figure. The comparison circles indicate statistical differences
between the tests and the reference sample (also known as the control sample. The control
sample for the Dunnett's t-Test is displayed as a heavy red circle, and the text for the reference
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location (Guaje Canyon) is printed in bold red text on the x-axis. Thin red circles represent
samples that are not statistically different (p >0.05), and the reach identifiers (IDs) are printed in
red on the x-axis. Heavy gray circles represent samples that are statistically different, and the
reach IDs are printed in black on the x-axis. The diameter of the circle is proportional to the
variance of the test results.

Other than the sample from reach LA-1W with high mortality discussed in Section 8.1.2, no
significant differences in survival and only one statistically significant difference in growth was
noted (ep&t 2002, 82658; ep&t 2003, 82659). Also, all of the treatments, including the laboratory
negative control sample, showed weight loss, which is typical in these tests (ep&t 2002, 82658,
ep&t 2003, 82659). Figure 8.1-19 shows variations in survival between the laboratory replicates
for a reach and laboratory or test control samples. The only significant decrease in survival is for
the sample collected in reach LA-1W, and as discussed in Section 8.1.2.5, the decreased
earthworm survival for this sample is probably related to soil pathogens. Figure 8.1-20 shows
variation in growth between the laboratory replicates for a reach and taboratory or test control
samples. The only significant decreases in growth are for the samples collected in reaches
LA-1W and P-3E. Samples from reach LA-3E show less weight loss than the reference site
(Guaje Canyon). Differences in survival and weight loss are not related to COPEC concentrations
{based on scatter plots of survival and growth versus invertebrate COPEC HQs in Section E-4.5
of Appendix E). Specifically, the HQ and Hi values based on the invertebrate ESL are low for the
sample with high mortality, and samples with high HQ and Ht values have low mortality and no
increase or decrease in growth. Thus, there is no statistically significant difference in survival of
earthworms among the soils tested and no reiationship of survival or growth with COPEC
concentrations.

2. Concentrations of COPECs in Organisms

Earthworms were analyzed for metals after the toxicity tests were completed. Three metals had
evidence for bioaccumulation. The highest concentrations of these three metals (cadmium, lead,
and mercury) were from a sample collected in reach AC-3. However, reach AC-3 did not exhibit
any difference in survival or growth compared with the reference site or laboratory control
samples (Figures 8.1-19, 8.1-20). Thus, there is no evidence for adverse effects on earthworm
survival or growth because of COPECs in soil.

8.1.3.5 Plant (Primary Producers)

The weight of evidence for plants consists of two lines of evidence. Toxicity tests of seedling germination
and growth and abundance and diversity of plants were evaluated in addition to the screening-level
ecological risk assessment for detritivores.

1. Toxicity Test (Seedling Germination and Growth)

Seedling germination tests using western yarrow provide 10 measures for evaluating possible
adverse ecological effects of COPECs on plants and include mortality, average shoot height,
average root length, shoot wet weight, root wet weight, total wet weight, shoot dry weight, root dry
weight, total dry weight (replicate [pot] or plant). Details on these tests are available in Kapustka
(2002, 82657), and box plots with comparison circles of the plant test measures versus soil
samples are provided as Figures 8.1-21 to 8.1-30. These plots indicate which samples had higher
or lower germination and growth measures compared with the reference location (Guaje
Canyon}. The boxes indicate the interquartile range of the sample results, with the upper and
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8.1.3.6

lower ends defined by the 75th and 25th percentiles, respectively. Lines above and below the
boxes represent the 5th and 95th percentiles of the data. Dunnett’s t-Test results are presented in
the righthand section of the figure. The comparison circles indicate statistical differences between
the tests and the reference sample based on Dunnett's t-Test, and the text for the reference
location (Guaje Canyon) is printed in bold red text on the x-axis. The control sample for the
Dunnett's t-Test is displayed as a heavy red circle, and a thin red circle represents samples that
are not statistically different {(p >0.05), and the reach IDs are printed in red on the x-axis. Heavy
gray circles represent samples that are statistically different, and the reach IDs are printed in
black on the x-axis. The diameter of the circle is proportional to the variance of the test resulis.

Four of these 10 measures {shoot height for all reaches, Figure 8.1-22; root length for reaches
P-3E, P-3W, LA-1C, and LA-2W, Figure 8.1-23; shoot wet weight for reaches P-3W, DP-1W,
DP-2, LA-2W, and LA-3E, Figure 8.1-24; and total wet weight for LA-2W, Figure 8.1-26) exhibited
significant decreases relative to Guaje Canyon soil (the reference site) (Kapustka 2002, 82657).
Data indicate that the differences in these 10 measures are not related to a gradient in COPEC
concentrations (see scatter plots of the plant test measures versus plant COPEC HQs in Section
E-4.6). Specifically, the HQ and HI values based on the plant ESL are relatively low for the
sample with shorter shoots or roots, and samples with high HQ and HI values have germination
measures similar to samples with low HQ/HI values (Section E-4.6). Plants were not analyzed for
COPECs after harvest, and therefore no information exists on the bioavailability of COPECs.
Thus, the lack of toxicity could be caused by limited bicavailability of COPECs or tolerance of the
plants to the COPECs. Some Laboratory-specific data do indicate that plants take up some
radionuclides and metals (Fresquez et al. 1998, 58972), but regional sampling of vegetation for
radionuclides did not find different concentrations between locations for most radionuclides (an
exception is tritium near Material Disposal Area G [Gonzales et al. 2000, 696971). Thus, there are
no differences in seedling germination between the sails tested and no relationship of differences
in growth measures to COPEC concentrations,

Abundance and Biversity of Plants

Surveys to quantify the number of plant species (trees, shrubs, forbs, grasses, total) at reaches in
the Los Alamos and Pueblo watershed were documented in Marsh (2003, 82661). Because
elevation may have a confounding effect on species diversity, the residuals of a linear regression
of species diversity versus elevation were also evaluated. There are no trends between the
number of plant species and the HQ for key plant COPECs (based on scatter plots of the number
of plant species versus COPEC HQs in Section E-4.7). Specifically, the species diversity is
similar across a range of HQ and HI values. These plots show that reach LA-0 has greater plant
diversity probably because of its higher elevation relative to other reaches and/or to the presence
of more persistent surface water.

Aquatic Community

The weight of evidence for the aquatic community consists of two lines of evidence, Toxicity bioassay of
Chironomus tentans survival and growth and rapid bioassessment characterization of habitat and
invertebrate abundance and diversity were evaluated in addition to the screening-level ecologicat risk
assessment for the aquatic community. The results of the pilot investigation of Chironomus tentans
deformities also provide a possible measure of exposure.
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1. Toxicity Bioassay (Chironomus tentans Survival and Growth) Along a COPEC Gradient

Toxicity to Chironomus tentans was tested using Method 100.2 (Pacific Ecorisk 2002, 82656).
The laboratory control sample survival and growth parameters were within the limits required to
make the test valid (Pacific Ecorisk 2002, 82656), and impacts on survival and growth are
inferred by comparing results with reference site results. Two reference (or upstream) locations
were selacted for the Los Alamos and Pueblo watershed: reach LA-O and reach P-1FW.

Box plots with comparison circles of the survival and growth test measures versus sediment and
water samples are provided as Figures 8.1-31 to 8.1-34. These plots indicate which samples had
higher or lower test results compared with the reference locations (LA-0 and P-1FW). The boxes
indicate the interquartile range of the sample results, with the upper and lower ends defined by
the 75th and 25th percentiles, respectively. Lines above and below the boxes represent the 5th
and 95th percentiles of the data. Dunnett’s t-Test results are presented in the right-hand section
of the figure. The comparison circles indicate statistical differences between the tests and the
reference sample. The control sample for the Dunnett's t-Test is displayed as a heavy red circle,
and the text for the reference location (Guaje Canyon) is printed in bold red text on the x-axis.
Thin red circles represent samples that are not statistically different (p >0.05), and the reach IDs
are printed in red on the x-axis. Heavy gray circles represent samples that are statistically
different, and the reach IDs are printed in black on the x-axis. The diameter of the circle is
proportional to the variance of the test results.

Growth and mortality measures for the downstream reaches were compared with reach P-1FW
results in Figures 8.1-31 and 8.1-32, and the comparison of the test results and the reach LA-0
reference sample resuits are provided in Figures 8.1-33 and 8.1-34. No differences were noted in
survival, and three reaches {AC-3, P-3E, and LA-1FW) had slightly more biomass than reach
P-1FW (Figures 8.1-31 and 8.1-32). Growth and mortality measures for the downstream reaches
were compared with reach LA-Q results in Figures 8.1-33 and 8.1-34. No differences were noted
in survival, and four reaches (AC-3, P-3E, LA-1FW, and LA-5) had slightly more biomass than
reach LA-Q. Differences in these Chironomus fentans survival and growth are not related to
COPEC concentrations (see plots of survival and growth versus aquatic community COPEC HQs
in Section E-4.8). Thus, there are no statistical decreases in survival and growth between the
sediments and waters tested and no relationship of variability in survival and growth to COPEC
concentrations.

2. Rapid Bioassessment Characterization of Habitat and Invertebrate Abundance and
Diversity

Henne (2004, 84601) employed the rapid bioassessment method at five reaches characterized by
fairly persistent surface water flow. The aquatic community in these reaches is somewhat to
grossly impoverished of aquatic invertebrates. The major reason for having aquatic communities
of lesser diversity and abundance is adverse physical factors, including the common lack of
persistence and low volume of surface water flow. In some reaches (LA-4W and LA-5W), flow
varies to such a degree that substrate and organisms do not persist and organisms must
recolonize the reach; these conditions are in part refated to the increased magnitude and
frequency of floods following the Cerre Grande fire. Another reach with persistent surface water
flow, P-3E, is supplied with treated wastewater from the Bayo WWTP, and organisms typical of
WWTPs (sewage worms) are found in this reach.

In 1993 and 1994, sampling of aquatic invertebrates was conducted at three locations in Los
Alamos Canyon and three locations in Guaje Canyon as part of baseline ecological studies in
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these canyons (Foxx 1995, 50039; p. 97). Two of the three Los Alamos Canyon locations were
upstream of reach LA-0 or the most upstream reach sampled for invertebrates by Henne (2004,
84601). One of the major conclusions from the 1993 and 1994 investigation was that
invertebrates were impoverished in the two locations downstream of the reservoir, and the
scarcity of flowing water was identified as one key factor (Foxx 1985, 50039, p. 144). In summary,
habitat factors, including the persistence and volume of surface water flow, are important limiting
factors for the diversity and abundance of aquatic invertebrates in the Los Alamos and Pueblo
watershed.

3. Chironomus tentans Deformities

Henne and Ryti (2004, 85533) describes a pilot study to evaluate whether the frequency or
severity of Chironomus tentans deformities can be related to contaminant concentrations,
sediment HQ values, or contaminant loading. Although the rate and severity of mouthpart
deformities varied {e.g., the frequency of deformities varied from 7 to 32%), there was only one
statistically significant correlation between greater deformities and the concentration of COPECs
in sediment (Henne and Ryti 2004, 85533). The linear regression between the toxic score for
DDX (sum of DDE and DDT) and the deformity index was significant (** = 0.434, p = 0.02, Henne
and Ryti 2004, 85533). However, a statistical outlier influenced this resuit. Excluding outlier data
did not change the results for any of the nonsignificant regressions, but excluding the sample with
the largest deformity index did make the relationship between the DDX toxic score and the
deformity index nonsignificant (* = 0.095, p = 0.36, Henne and Ryti 2004, 85533). It was
hypothesized that variation in deformities could be related to genetic variation in laboratory
chironomid stocks or be related to water and sediment chemistry changes as a result of the Cerro
Grande fire (Henne and Ryti 2004, 85533). As deformities may be a measure of contaminant
exposure, these results indicate that contaminant levels in Los Alamos and Pueblo sediment and
persistent surface water are not high encugh to yield any difference in this measure.

814 Risk Characterization

ERAGS Step 7 is risk characterization, which includes risk estimation and the uncertainty analysis. Risk
estimation includes a synopsis of the measures used to evaluate the potential for adverse ecological
effects. A weight of evidence criterion (e.g., low, medium, or high) is provided for each measure, and it
reflects agreements between the Laboratory, NMED, and DOE on the relative weight (or credibility) of the
line of evidence for evaluating adverse ecological effects {Katzman 2002, 73667). Thus, if measures
indicate different outcomes, meaning one measure indicates a potential for adverse effects and one does
not, then the overall conclusion would be weighted toward the measure with the greater weight (i.e., high
is greater than medium).

8.1.4.1 Risk Estimation

Mexican Spotted Owl. ECORSK.7 mode! results and evaluation of COPECs in Mexican spotted owl food
(small mammals) indicate no potential for adverse effects, which contradicts the screening level
ecological risk assessment result indicating the potential for adverse ecological effects (Table 8.1-5). The
ECORSK.7 mode! and the small-mammal body burden analysis indicated different COPECs might be of
concemn. Organic chemicals had higher HQs in the ECORSK.7 model and lead had the highest HQ based
on the owl ESL, which indicates the COPECs predicted to have higher risks based on the models
(ECORSK.7 or screening models) were not being taken into the food web at the rate predicted. The
observation of lead as a more important COPEC for the Mexican spotted owl is an unexpected result, and
as discussed in Section 8.1.3.1 could be caused by anomalous lead small-mammal body burden data or
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some unknown ubiquitous source of lead (the reference location animals had higher lead concentrations).
Thus, the weight of evidence from the concentrations of COPECs in prey and the ECORSK.7 model
indicates no potential for adverse effects on survival and reproduction of the Mexican spotted owl

(Table 8.1-5).

Avian Invertevore Feeding Guild. Results from the nest box monitoring network (occupancy, nest
success, and eggshell thickness), concentrations in eggs, ECORSK.7 model results, and field surveys of
abundance and diversity indicate no potential for adverse effects, which contradicts the screening-level
ecological risk assessment result indicating the potential for adverse ecological effects (Table 8.1-6). The
only uncertainty associated with the nest box monitoring network is the lack of occupancy for the nest
boxes in certain parts of the watershed in 2002 and 2003. Data collected in this study indicate the
bioaccumulation of metals in food (earthworms), but these data could not be used to develop
bioaccumulation models as a measure of exposure. In addition, the field measures of effect indicated no
adverse effects, and the ECORSK.7 model results indicated that a small fraction of the assessment
population in the Los Alamos and Pueblo watershed would have Hlis greater than 1. Thus, despite some
uncertainties associated with the nest box network and bioaccumulation models for COPECs, the weight
of evidence from the seven measures of effect and exposure indicates no adverse effects of COPECs on
species diversity, population abundance, and/or persistence for the avian invertevore feeding guild
{Table 8.1-6).

Mammalian Invertevore Feeding Guild. Results from field surveys of small-mammal abundance,
diversity, and reproductive status; concentrations of COPECs in mammals; and ECORSK.7 modeling
indicate no potential for adverse effects, which contradicts the screening-level ecological risk assessment
result indicating the potential for adverse ecological effects (Table 8.1-7). The only field data that
indicated any adverse effects were the concentrations of some metals in food (earthworms), and there
was uncertainty associated with these potential adverse effects. Most of the field data indicated no
adverse effects, and the ECORSK.7 model results indicated that a small fraction of the assessment
population in the Los Alamos and Pueblo watershed would have His greater than 1. Thus, despite some
uncertainties associated with COPEC concentrations in food, the weight of evidence from the four
measures of effect and exposure indicates no adverse effects of COPECs on species diversity,
population abundance, and/or persistence for the mammalian invertevore feeding guild (Table 8.1-7).

Detritivores. Results from toxicity tests on earthworms indicate no potentiaf for adverse effects, which
contradicts the screening-level ecological risk assessment result indicating the potential for adverse
ecological effects (Table 8.1-8). In contrast, evidence for bioaccumulation in earthworms indicates the
potential for exposure. Specifically, several metals had evidence for bioaccumulation, but primarily for a
sample from reach AC-3. Because the sample for reach AC-3 did not have greater mortality or lesser
growth than the reference location, there is no evidence of adverse effects of metal bioaccumulation on
earthworms. The only toxicity test sample with any decrease in mortality or growth was retested after heat
treatment and the sediment deposit was resampled, and in both cases there was no toxicity. This
information supports the hypothesis that the toxicity was from a pathogen and not COPECs. Thus, the
weight of evidence from the two measures of effect and exposure indicates no adverse effects of
COPECs on earthworms and therefore no impact on rates of nutrient cycling for detritivores (Table 8.1-8).

Plants {Primary Producers). Results from toxicity tests and field surveys of plant abundance and
diversity indicate no potential for adverse effects, which contradicts the screening level ecological risk
assessment result indicating the potential for adverse ecological effects {Table 8.1-9). There were no
differences in seedling germination but some differences in measures of growth. However, none of this
variability in the toxicity test results was related to increased concentrations of COPECs. There was no
decrease in plant abundance or diversity with increasing COPEC concentrations. Thus, the weight of
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evidence from the two measures of effect and exposure indicates no adverse effects of COPECs on
native plant species diversity and/or the absence of native plant species (Table 8.1-9).

Aquatic Community. Results from toxicity tests and field surveys of macroinvertebrate abundance and
diversity indicate no potentia! for adverse effects, which contradicts the screening level ecological risk
assessment result indicating the potential for adverse ecological effects (Table 8.1-10). There were no
decreases in chironomid growth or survival compared with reference locations. Field surveys of
macroinvertebrate abundance and diversity documented an impoverished fauna, which was related to the
quality of the aquatic habitat in these canyons. Measures of chironomid deformity could not be correlated
to contaminant concentrations with the exception of the DDX toxic score (concentration normalized to
organic matter), which indicates that contaminant levels are not high enough to yield a statistical predictor
of exposure. Thus, the weight of evidence from the two measures of effect and the measure of exposure
indicates no adverse effects of COPECs on abundance or diversity of aguatic organisms in the more
persistently wet segments of the Los Alamos and Pueblo watershed (Table 8.1-10).

8.1.4.2 Uncertainty Analysis

Uncertainties in the ecological risk assessment are potentially associated with the nature of sediment
characterization data obtained in this investigation. The composite samples, which provide important
characterization data for wildlife receptors, allow an informative comparison with the reach
characterization data based on the geomorphic approach described in Section B-1 of Appendix B.

Averages calculated from samples collected in a reach, using a geomorphic approach, provide biased
values that tend to overestimate COPC concentrations relative to composite samples, which are more
appropriate for estimating exposures for wildlife. One reason is that most reaches (and all of the reaches
investigated with mammat trapping arrays) cover a narrow portion of the canyon compared with the home
range of small mammals or other wildlife. Thus, the fraction of the canyon that is outside the extent of
post-1942 sediment deposits contribute to decreased exposure to COPECs that are confined to sediment
deposits. The active channel {¢1 geomorphic unit}, which has relatively low concentrations of COPECs,
also occupies a large portion of the canyon bottom in some reaches. An important reason why arithmetic
averages are overestimates of concentrations within reaches is that samples collected using a
geomorphic approach are biased toward fine-grained deposits, which have higher average COPEC
concentrations than coarse-grained deposits, and toward sediment deposits with small areas but high
concentrations. Thus, a less biased estimate of the average is based on a weighted average, which is
more appropriate for geomorphic (stratified) sampling (see Ryli et al. [2004, 85206] and Section B-1.0).
Calculation of weighted averages is also discussed in Section D-1.3 of Appendix D and Section E-2.2 of
Appendix E.

Cyanide was eliminated from the analysis of biological material, which is a deviation from the original
study design and therefore introduces uncertainty into conclusions of this investigation. However, cyanide
was identified as a COPC largely in post-fire sediments within or downstream from the Cerro Grande burn
area and therefore does not appear to be related to Laboratory SWMUs or AOCs. Thus, because cyanide
is generally related to post-fire sediment deposits, any adverse effect would be greater in burned
watersheds. Because cyanide concentrations are greater in burned areas, data from burned and
unburned locations in the nest box monitoring network can be compared to evaluate the potential effects
of cyanide and other fire-related analytes. No differences were noted in nest success or eggshell
thickness information between burned and unburned locations, indicating that cyanide and other fire-
related COPECs have not adversely affected this component of the ecosystem (see Sections E-4.2 and
E-4.3).
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Another uncertainty is the adequacy of the toxicity and bioaccumulation data used to develop the
assessment endpoints and associated measures and study design. As discussed in Section 8.1.1, the
Ecorisk database contains a wealth of information on ecotoxicity and bioaccumulation, but this literature
does have its limitations. Gaps exist mainly for toxicity of COPECs on invertebrates and the ecological
effects of PAHs on birds. Because literature studies can provide only a partial answer, the study design
included field, laboratory, and model components to provide complementary information on ecological
risks. These combined aspects of the study design act to reduce uncertainties related to toxicity and
bicaccumulation data.

Field Measures

Empirical ecological effects data are the most relevant data for determining if there are adverse effects on
ecological receptors. However, these data are inherently more variable and difficult to quantify than
literature studies or laboratory measures. Uncertainty associated with a limited number of locations, a
limited number of trapping events, and a limited trapping effort for small mammals is mitigated by
collecting information across a variety of relevant measures of exposure and effect. Understanding
broader temporal and spatial variation in small-mammal density and other related measures is also
helpful in interpreting and assessing the uncertainty of these data. This broader site-specific
understanding is partly available from previous Laboratory field studies.

Repeating some field measures over time, like the cavity-nesting bird monitoring network and small-
mammal trapping, can reduce uncertainty. This assessment benefited from seven years of nest box data,
and it is clear that future nest box monitoring in reaches of the upper canyons could further reduce
uncertainty. However, one of the key uncertainties for the nest box network relates to the greater
occupancy of nest boxes in the burned areas and no occupancy in areas where additional nest boxes
were placed. The sites with no occupancy include AC-3, one of the more contaminated reaches in the
watershed, and the absence of nest box data from this reach prevents a direct evaluation of the effects of
contaminants here on nesting success.

Continuing the nest box monitoring network would also address some of the issues related to regional or
watershed-scale changes over time, such as effects of droughts and other aspects of climate variability,
the die-off of pine trees from bark beetles, and fire. Not all changes are negative as is clear from the
greater occupancy of nest boxes in areas that were burned in the Cerro Grande fire. Nest boxes in areas
of the canyons downstream of sources provide the opportunity for detecting adverse effects if they occur.

Field measures can also provide some information on adverse effects that cannot be obtained with other
methods. For example, eggs were analyzed for PAHs as a direct measure of bicaccumulation to provide
some information on exposure that can be combined with information on effects, and this can address the
lack of literature ecotoxicity data on the adverse effects of PAHs on birds. The egg data are useful in
understanding if PAHs are present at detectable concentrations in eggs, which they are not, and provide
some indication of the bioavailability or biological retention of PAHs in birds.

Laboratory Measures

Laboratory toxicity tests benefit from being conducted under controlled environmental conditions but are
subject to uncertainties associated with sample collection and representativeness. Confounding factors
are also possible as demonstrated by the extremely low survival and growth in one set of the earthworm
bioaccumulation tests. Other confounding factors may include variability in the test species selected
relative to more typically tested, but less ecologically refevant, agricultural species. For example, westem
yarrow had greater variability in germination success or growth measures compared with an agricultural
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species, lettuce {Kapustka 2002, 82657). Another confounding factor is that some of the sampled soils
may be nutrient-poor, and variation in test responses could be caused by variation in nutrients between
soil samples. Overall representativeness of the laboratory toxicity tests was addressed by collecting and
homogenizing a large sediment sample for toxicity testing. Sample sites were also selected to represent a
gradient of COPEC concentrations to improve the representativeness of the toxicity tests to potential
COPEC impacts.

Model Measures

ECORSK.T represents a modified exposure model with many of the limitations of the simple exposure
models used for screening-level ecological risk assessments. ECORSK.7 blends more realistic
information on spatial use of the watershed with simple models of contaminant bicaccumulation and
toxicity. This is why ECORSK.7 is considered a Tier 2 ecological risk assessment model (Gonzales et al.
2004, 85207). Conservatism is present for key parameters like TRVs and bioaccumulation factors even in
the most realistic or basetine model scenario. For example, the TRVs are based on NOAELSs, and risks
are assessed assuming additivity of response or summing of exposure across COPECs (HI). ECORSK.7
is also based on conservative estimates of COPEC concenfrations in soil, as it assumes that the average
of the sample data for a model grid cell is representative of the true average concentration. However, the
composite samples collected for the small-mammal trapping arrays show that averages obtained using a
biased sediment sampling approach can be an order of magnitude greater than more representative
exposure concentrations (composite samples) for terrestrial ecological communities in these canyons.
Thus, risks calculated by the ECORSK.7 model are overestimated.

815 Summary

Screening of affected media in the Los Alamos and Pueblo watershed identified many COPECs, which
led to developing a plan to characterize ecological risk based on the ERAGS process (EPA 1897, 58370).
The weight of evidence demonstrated by the various lines of evidence gathered in this effects
assessment indicates there are no adverse effects of COPECs on terrestrial and aquatic receptors. The
field studies, model calcuiations, and laboratory toxicity tests all provide a complementary set of results
that support this interpretation and indicate that the assessment endpoints are not adversely affected.
Thus, no COPECSs are retained for any further assessment or mitigation and the lack of effects for various
measures used in the baseline ecological risk assessment confirm the protective nature of ESLs (i.e., the
overestimation of potential effects using ESLs).

8.2  Site-Specific Human Health Risk Assessment

The human health risk assessment in this investigation report is divided into two sections. Section 6
documents the screening assessment for identification of COPCs. The human health screening
assessment includes data evaluation, comparison of site data to background concentrations, and
screening of maximum values and 95% UCLs against SALs. The current section documents the site-
specific human heaith risk assessment that employs specific exposure scenarios for evaluation of
potential exposure in canyon bottoms. This approach to organizing the risk assessment was taken to help
identify the COPCs discussed in the physical system conceptual model in Section 7.

The transport of ash from the Cerro Grande burn area has influenced the concentrations of chemicals in
sediments and waters of the Los Alamos and Pueblo watershed, as discussed in Section 7. The data
used to conduct this risk assessment consist of sediment data that are not affected by the fire {(sample
results from pre-fire sediment deposits and post-fire deposits in areas not affected by the fire) and both
pre- and post-fire water data. The effects of post-fire floods on COPC concentrations are discussed in
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Section 7. Risk characterizations that focus on post-fire sediment deposits and water are presented in
Kraig et al. (2002, 85536), IFRAT (2002, 85429), and RAC (2002, 85431).

The risk assessment approach used in this report follows guidance from EPA (1989, 8021), LANL (2000,
66801), and NMED (2000, 68554) and is organized in seven major subsections. Section 8.2.1 provides
the basis for selection of exposure scenarios for the human heaith risk assessment. In Section 8.2.2, the
data collection and evaluation processes described in previous sections of the report are summarized,
focusing on aspects of data analysis that are pertinent to the risk assessment. The exposure assessment
{Section 8.2.3) provides information used in quantifying human exposure to chemicals in sediments and
water. Qualitative aspects of exposure are also discussed to provide a context for interpreting chemical
intake. The toxicity assessment (Section 8.2.4) provides information on potential human health effects for
chemicals and radionuclides evaluated in the risk assessment. The information pertaining to exposure
and toxicity is used in Section 8.2.5 to characterize potential human health risks. These effects include
radiation dose, cancer risk, and systemic toxicity. Uncertainty related to the various assumptions and
inputs used in the risk assessment is evaluated in Section 8.2.6 to support interpretation of the risk
characterization. A summary of the risk assessment is provided in Section 8.2.7.

8.21 Problem Formulation

The purpose of this risk assessment is to evaluate potential human health risks related to the COPCs
identified in sediments and water in the Los Alamos and Pueblo watershed and to determine whether a
management decision to mitigate potential human-health risks is warranted. This risk assessment uses
information pertaining to current and reasonably foreseeable future land use to assess potential impacts
under reasonable maximum exposure (RME) conditions. The canyon bottoms in the Los Alamos and
Pueblo watershed include a mixture of Laboratory property and land owned by Los Aiamos County or the
San Ilidefonso Pueblo, potentially supporting a variety of land use alternatives.

The assessment in this report primarily employs trail user and extended backyard exposure scenarios to
represent the current and reasonably foreseeable future exposure activities for contaminated sediments
and surface waters in the watershed. The trail user scenario describes an adult individual who contacts
contaminated sediments and surface water while hiking or jogging in the canyons. The extended
backyard scenario describes an older child living in a home sufficiently close to a canyon that he or she
may use the canyon as an extension of play areas immediately surrounding the home. The extended
backyard scenario was originally developed through collaboration among Laboratory, DOE, and NMED
personnel for intensive recreational use by older children {ages 6 through 11) for the interim report for
reach ACS (Reneau et al. 2000, 66867). These uses are considered to be inclusive of realistic present-
day potential exposure activities in canyon bottoms in most areas of the watershed.

Three additional exposure scenarios are evaluated in the human health risk assessment. They are
residential, resource user (incorporating aspects of ranching/hunting and gathering of wild plant foods),
and construction worker. A description of these supplemental exposure scenarios is provided in Section
8.2.3.3. Unlike trail user and extended backyard scenarios, these additional scenarios are not generally
applicable across the watershed. Residential and resource user scenarios do not represent current or
reasonably foreseeable land uses in most parts of the canyon bottoms, and residential development in
particular is not a feasible fand use within the parts of the canyons subject to flooding. Although
residences on the mesas are in relatively close proximity to contaminated sediment deposits in some
locations, the trail user and extended backyard scenarios address increased potential exposures to adulis
and children residing near such sediment deposits. With respect to the resource user scenario, ranching
and hunting of game animals do not occur in the canyon areas within Laboratory boundaries and on Los
Alamos County-owned iands where concentrations of COPCs in sediment are highest. Construction
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activities within a canyon are generally of limited scope and duration and are unlikely to be focused on
areas of contaminated sediments, as these are often prone to flooding. The construction worker risk
calculations included in this report do not replace the need for health and safety planning for any job site
in a canyon bottom in accordance with the federal and state requirements at the time of the activity.

Although not universally applicable across the watershed, the residential, resource user, and construction
worker scenarios represent present-day land uses at some specific locations. Residential and resource
user scenarios are active in lower Los Alamos Canyon on San lidefonso Pueblo land, and construction of
a new wastewater treatment plant is planned for part of Pueblo Canyon. Therefore, these scenarios are
used in conjunction with the trail user and extended backyard scenarios in the risk assessment for these
locations. Assessment results for these three exposure scenarios at these locations, and for the trail user
and extended backyard scenarios in all areas of the canyons are provided in Section 8.2.5. The results of
risk calculations for the residential, resource user, and construction worker scenarios in other parts of the
watershed where these scenarios are incomplete are provided in Section E-5 of Appendix E. The results
of these calculations are not intended to directly support risk-based decisions in these areas but may
assist in comparing theoretical impacts across the watershed.

The exposure scenarios employed in this human health risk assessment differ from those presented in
Chapter 6 of the canyons core document (LANL 1997, 55622; LANL 1998, 57666) by incorporating more
realistic land use assumptions, which in part have been developed since the completion of the core
document. The core document proposed risk assessments of sediments, surface water, groundwater,
and air particulates for nine exposure scenarios over three categories of land use. In the core document,
continued Laboratory land use included a construction worker scenario and an on-site Laboratory worker
scenario. The recreational land use alternative included both a trail user scenario and a camper scenario.
The Native American tand use alternative consisted of exposure scenarios for residential use, ranching,
hunting, traditional uses, and use of the Rio Grande and Cochiti Lake.

The current approach of using the trail user and extended backyard scenarios to support decisions
throughout the watershed, with additional information for residential, resource use, and construction
worker scenarios where those activities occur, simplifies the amount of information that goes into
decisions and emphasizes potential exposures under current and reasonably foreseeable future land
uses. Development of a Native American land use scenario with various exposure pathways was
proposed in the core document (LANL 1997, 55622; LANL 1998, 57666). The intent of that scenario was
to define and quantify the exposure pathways that reflect the unique activities of the local pueblo
populations in areas where such activities may occur. However, the exposure pathways related to the
traditional and cultural uses of natural resources described in the core document have not been
developed and therefore are not assessed in this report. The pathways associated with the residential,
trail user, and resource user scenarios may approximate exposure for some of the activities associated
with a Native American land use scenario but are not intended to define or describe actual contact by
Native American individuals or populations with contaminants in the Los Alamos and Pueblo watershed.

8.2.2 Data Collection and Evaluation

The approach to sampling design, data collection, and characterization is described in Sections 3 and 4.
Sample locations, sample results, and data quality for data employed in the human health risk
assessment are presented in Appendix C. Additionally, Section 6 and Appendix B describe how sediment
data were separated into reaches and status and how sediment data within reaches were combined for
the comparison of contaminant data maxima and 95% UCLs with BVs and/or screening criteria.
Acquisition and evaluation of water data are also addressed in Sections 3 and 4. The initial screen used
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water data assembled into hydrosegments. Subsequent data screens were performed at the scale of
each water sampling location.

Area- and Volume-Weighted Averages for Sediments

The investigation approach for sediments resulted in samples associated with discrete geomorphic units
and sediment facies within each reach. These data are combined to estimate weighted averages and
weighted 95% UCLs for COPCs in each reach. The approach to estimating weighted averages and
weighted 95% UCLs is well established in the statistical methods for stratified sampling, (e.g., Gilbert
1987, 56179; Cochran 1977, 84462). A description of these methods is provided in Section E-2 of
Appendix E. Many of the data sets for combinations of COPCs and reaches or COPCS and water
sampling locations inglude nondetect values. The approach to estimating averages and UCLs with data
that include nondetects is also described in Section E-2.

The trail user and extended backyard exposure scenarios use sediment exposure point concentrations
(EPCs) calculated from surface-area weighted averages and surface area weighted UCLs for sediment
facies that typically occur in the uppermost parts of geomorphic units, because exposure associated with
these exposure scenarios occurs predominantly with near-surface sediment. In addition, the uppermost
sediment facies is usually finer grained and contains higher contaminant concentrations than deeper
sediment, thus providing a more protective assessment. The calculation approach for the averages and
UCLs uses the relative areas of the different geomorphic units in a reach to derive the weights. The
resource user, construction worker, and residential exposure scenarios include activities that penetrate
the ground surface, resulting in direct exposure to buried sediments, or activities that include the
consumption of plants that have the potential to take up contaminants from deeper sediment layers,
resulting in indirect exposure to these sediments. Therefore, these exposure scenarios use the volumes
of sediment deposits within geomorphic units to derive weights rather than the surface areas.

Water COPC concentrations are evaluated for each sampling location, unlike sediments, where multiple
sample locations are combined to generate an EPC for a reach. As a result, methods to estimate
weighted averages and weighted 95% UCLs are not used to calculate water EPCs. The approach to
calculating averages and 95% UCLs for the water data follows the approach described in Section E-2 for
calculating UCLs to support the screening assessments described in Section 6.

8.2.3 Exposure Assessment

The trail user and extended backyard scenarios are the two exposure scenarios that apply across the
whole watershed in this risk assessment. Additionally, risk estimates associated with residential, resource
user, and construction worker scenarios are provided as points of reference and because they inciude
present or potential land uses in parts of the canyons. The five exposure scenarios employed in the
human health risk assessment have been generally described in other documents, although some
modifications to pathways, equations, and parameter values have been made. The trail user scenario is
based on the adult receptor in the recreational scenario (LANL 2000, 66801). An extended backyard
scenario is described in Reneau et al. (2000, 66867), and aspects of this scenario are equivalent to the
child receptor in the recreational scenario in LANL (2000, 66801). The residential and resource user
scenarios are developed in LANL (2000, 66801). The construction worker scenario corresponds to the
“industrial scenario, construction worker” in LANL (2000, 66801),
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8.2.3.1 Calculation of COPC Intake

The basic structure of the exposure equations used in this assessment was obtained from EPA’s risk
assessment guidance for Superfund (EPA 1989, 8021). The general intake equation for a chemical is

C,xCRxEF xED
BW x AT

Intake =

where Intake = rate of chemical available for uptake at an exchange boundary (mg/kg body weight /day);
Ci = concentration of contaminant i at exposure point (e.g., mg/kg sediment);
CR = contact rate with the environmental medium (e.g., mg sediment/day);
EF = exposure frequency (days/yr);
ED = exposure duration {(yr)
BW = body weight (kg); and
AT = averaging time for toxicological effects {days).
The equation for a radionuclide is simpler because the exposure duration is defined within the context of

annual dose, and because body weight and averaging time are not applicable to dose calculations. The
general intake equation for a radionuclide is

Intake =C, x CRx EF

where Intake = rate of radionuclide available for uptake at an exchange boundary {pCifyr);
C,; = concentration of contaminant i at exposure point (e.g., pCi/g sediment);
CR = contact rate with the environmental medium {e.g., mg sediment/day); and

EF = exposure frequency (days/yr).

Generally, COPC intake is calculated as an intermediate step in the risk assessment and is then
combined with toxicity criteria to yield estimates of systemic toxicity, cancer risk, or radiation dose (EPA
1989, 8021). In this human health risk assessment, the relatively low concentrations of COPCs measured
in sediments and water and the large number of sediment reaches and hydrosegments indicated that the
use of site-specific RBCs provides a more efficient assessment tool. The RBCs are provided in

Tables E-5.3-6 and E-5.3-7. |n addition to the exposure parameters used to calculate intake, the RBCs
incorporate toxicity and health effects criteria directly and yield media-specific COPC values that may be
used to screen site data to identify potential risk-drivers. Therefore, their derivation and use is similar to
that of the SALs described in Section 6.2.3. The exposure parameter values that were applied in this
assessment are documented in Table E-5.3-1, with additional values pertaining to RESRAD inputs in
Table E-5.3-2. Equations for the calculation of RBCs for each exposure pathway and medium, except for
pathways associated with exposure to radionuclides in soil, are provided in Section E-5. Risk-based
concentrations for radionuclides in soil were calculated using Version 6.21 of the RESRAD computer
code.

8.2.3.2 Exposure Scenario Descriptions

The human health risk assessment focuses on potential risks resulting from direct exposure to
contaminants in sediments via ingestion, inhalation, external irradiation {radionuclides only), and dermal
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contact (chemicals only). The water pathways consist of ingestion and dermal contact (chemicals only)
using alluvial groundwater (residential scenario only) and persistent surface water data. Exposure to
stormwater is not assessed because stormwater is transient and does not occur frequently enough to
sustain chronic exposures. A summary of potentially complete exposure pathways, by scenario, is
provided in Table 8.2-1.

Exposure scenario parameters were selected to provide an RME estimate of potential exposures. As
discussed in EPA (1989, 8021), the RME estimate is generally the principal basis for evaluating potential
health impacts. In general, an RME estimate of risk is at the high end of a risk distribution,

i.e., 90th—89.9th percentiles (EPA 2001, 85534). An RME scenario assesses risk to individuals whose
behavioral characteristics may result in much higher potential exposure than seen in the average
individual.

Trail User

The trail user scenario addresses limited site use for outdoor activities such as hiking and jogging. The
receptor for this scenario may be either a Labeoratory employee or a local resident using the canyon over
an extended period of time. Although an older child might also reasonably be evaluated as a trail user,
this potential receptor is evaluated under a child-specific extended backyard scenario. Therefore,
receptors under the trail user scenario are defined as adulits (age 12 years or greater). A summary of trail
user exposure parameters is provided below; a complete description of the parameter values and
associated rationale is provided in Table E-5.3-1.

The potentially complete exposure pathways for the trail user scenario are incidental soil ingestion,
inhalation, dermal absorption of organic chemicals from soil, external irradiation, surface water ingestion,
and dermal absorption of organic chemicals from water. Exposure intensity in an investigation reach
under the trail user scenario is defined as 1 hour/day, 200 days/yr, corresponding to 4 weekly visits for
50 weeks/yr. The exposure duration, an important parameter in the calculation of incremental cancer risk,
is defined as 30 years.

Major exposure parameters related to contact with exposure media include

¢ soil ingestion of 100 mg/day, of which 12.5% (12.5 mg) comes from the contaminated site;
» water ingestion of 0.2 Lievent for 20 events/yr, or 10% of the total trail user events/yr;
e inhalation of air at 1.6 m%hour, corresponding to moderately strenuous activity;

» dermal exposure fo organic chemicals in soil over 3200 cm? of skin area, corresponding to head,
hands and arms; and

« dermal exposure to organic chemicals in water for 20 events/yr over 2130 cm? of skin area,
corresponding to immersion of hands and feset.

The exposure frequency of 20 events per year for water-related pathways is intended to reflect the
likelihood of trail users bringing their own drinking water, the semi-arid nature of the canyons with
infrequent occurrences of water, and that water, to the extent that it is present, is unavailable for drinking
for part of the year because of freezing.

Extended Backyard ’

Residential areas occur near some of the investigation reaches, and it is possible that older chiidren could
use the canyons as an extension of play areas surrounding their homes. Therefore, an extended
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backyard scenario for children was developed to supplement the adult trail user scenario. For this
scenario, a child is defined as encompassing 6 years, from age 6 through 11. The potentially complete
exposure pathways and exposure intensity {1 hour/day for 200 days/yr) are identical to those described
for the adult trail user. A summary of extended backyard exposure parameters is provided helow; a
complete description of the parameter values and associated rationale is provided in Table E-5.3-1.

Major exposure parameters related to contact with exposure media include

« soil ingestion of 400 mg/day of which 18% {71.4 mg) comes from the contaminated site;
» water ingestion of 0.35 L/event for 20 events/yr, or 10% of the total extended backyard events/yr;
« inhalation of air at 1.6 m*/hour, corresponding to moderately strenuous activity for children;

* dermal exposure to organic chemicals in soil over 3360 cm? of skin area, corresponding to face,
forearms, hands, lower legs, and feet; and

e dermal exposure to organic chemicals in water for 20 eventsfyr over 3140 cm? of skin area,
corresponding to immersion of forearms, hands, lower legs, and feet.

As with the trail user scenario, the water exposure component of the extended backyard scenario is
adjusted to reflect the availability of water and climatic constraints on water use.

8.2.3.3 Supplemental Exposure Scenarios

Supplemental exposure scenarios for which risk estimates are provided include residential, construction
worker, and resource user scenarios. A brief description of these scenarios is provided here; a more
detailed discussion of the basis and parameterization of these scenarios is provided in LANL (2000,
66801) and Table E-5.3-1 of this report.

Under residential land use, exposure may be expected to result from frequent, repeated contact with
contaminated media. The exposure pathways evaluated in this scenario include incidental ingestion of
soil, alluvial groundwater ingestion, inhalation of ambient air and dust, dermal contact with organic
chemicals in soil and alluvial groundwater, external irradiation from soil, and consumption of home-grown
fruits and vegetables. Because of the large amount of time spent on-site and the evaluation of exposure
via plant ingestion and use of alluvial groundwater, the residential scenario is considered to reflect
maximum exposure conditions.

The construction worker scenario encompasses potential receptors including construction personnel,
road crews, drillers, and anyone excavating in a contaminated area in the canyon. The exposure
pathways evaluated in this scenario include incidental ingestion of soil, inhalation of ambient air and dust,
dermal contact with organic chemicals in soil, and external irradiation from soil. Although the construction
worker scenario reflects potentially high incidental soil ingestion rates and soil loading on exposed skin,
the exposure duration is defined as only one year. Therefore, this scenario may generate relatively low
RBCs for certain chemicals,

The resource user scenario pertains to individuals that may be exposed to contaminated environmental
media as a result of outdoor activities that include the use of natural resources in a canyon. Under this
exposure scenario, foraging for wild plants and berries as welt as hunting or ranching are addressed. With
the exception of the plant and meat ingestion pathways, the resource user scenario is similar to the trail
user with respect to the exposure intensity and potentially complete exposure pathways for contaminated
soil and water (Table 8.2-1).
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8.2.3.4 Spatial Scales of Application for the Exposure Scenarios

Each exposure scenario is evaluated at the scale of a reach for sediments and at the scale of individual
sampling locations for water. All of the canyons included in this report have multiple investigation reaches
and water sampling locations. The risk assessment does not attempt to integrate exposure across
multiple reaches for sediment or across water sampling locations for surface water or groundwater. By
assessing each reach and water sampling location separately, the impacts of local variability in COPC
concentrations upon the risk assessment results are preserved. Multimedia assessments were also
performed by combining the risk results for sediment and water where investigation reaches and water
sampling locations were in close proximity. When risk criteria were exceeded for one media but not the
other media, multimedia sums (MMSs) were not calculated.

The canyons core document (LANL 1997, 55622; LANL 1998, 57666) proposed using different spatial
scates for each exposure scenario. The extended backyard scenario represents activities that match up
well with the reach scale of data integration. The trail user scenario would in practice occur at a larger
scale than a reach and include uncontaminated as well as contaminated areas, possibly with multiple
reaches being visited on a single day. The approach presented here overestimates exposure to the trait
user. The resource user scenario would also occur at a larger scale than a reach in order for the plant
and meat pathways to be realistic. The application of the resource user scenario to a reach assumes that
all plant materials are gathered within the contaminated area of the canyon bottom and that the animals
used for meat range comptetely within the same contaminated area of the reach. This approach atso over
estimates exposure to the resource user via these pathways. The residential and construction worker
scenarios typically are considered at smaller scales than the investigation reaches. The geomorphic
approach to reach investigation focused the sample collection on the part of the canyon bottom that
contains contaminated sediments. This was accomplished through field-screening methods to identify
higher contaminant concentration areas and by conducting the fieldwork over multiple phases to address
the data requirements. These data provide a protective estimate of COPC EPCs for the residential and
construction worker scenarios applied to the canyon bottom,

8.24 Toxicity Assessment

This section of the human health risk assessment provides information related to the basis for
distinguishing among the three classes of chemicals that are evaluated in this assessment; systemic
toxicants {noncarcinogens), chemical carcinogens, and radionuclides. This information provides a context
for interpreting the results of the risk assessment, which employs COPC-specific values of toxicity and
radiation dose to evaluate potential health impacts. The protocol used for identifying the specific values
used in the calculation of the RBCs is also described. Table E-5.3-3 of Appendix E provides a summary
of those toxicity and dose values.

8.241 Noncarcinogen Effects

Chemical-induced adverse effects on the function of various organ systems, other than cancer and gene
mutations, are referred to as systemic or noncancer effects. Based on current understanding of
homeostatic and adaptive mechanisms, systemic or noncancer toxicity is assumed to have an identifiable
threshold, which means the receptors can tolerate a range of lesser exposures without adverse effects.
The benchmark value for this threshold is the reference dose (RfD), expressed in mg/kg-day, or the
reference concentration (RfC), expressed in units of mg/m® of air (EPA 1989, 8021). In general, the RfD is
the estimated daily dose considered to pose no appreciable deleterious effects to humans, including
sensitive subgroups. The RfC is the estimated daily air concentration considered to pose no appreciable
risk of deleterious effects to humans, including sensitive subgroups. For the human health risk
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assessment, RfC values were converted to inhalation RID values (expressed in units of mg/kg-day) by
assuming an inhalation rate of 20 m*day and a body weight of 70 kg.

The toxicity values used to evaluate noncarcinogenic health effects in this risk assessment are chronic
RfDs. The chronic RfD is an estimate of daily exposure without appreciable risk of adverse effects for
long-term exposure of several years or longer (EPA 1989, 8021). An RfD is derived by EPA using human
dose-response data from adequate studies, if available. If data from studies involving humans are
unavailable, dose-response information from animal studies may be employed. EPA preferentially bases
an RfD on the highest dose level not associated with adverse effects (the NOAEL). If such a value was
not identified in the literature, the LOAEL is generally used as the basis of the RfD. In practice, EPA
generally first identifies the critical study and adverse effect for a chemical from a review of available
toxicological data. Once these are specified, the NOAEL or LOAEL is identified. The RfD is then
calculated from the NOAEL or LOAEL using uncertainty factors to account for uncertainty in extrapolating
from the NOAEL or LOAEL to a chronic RfD. Uncertainty factors may relate to potential variability in
sensitivity in the human population, to interspecies variability between humans and test animals, to
inadequate dosing periods in a critical study, or to use of a LOAEL instead of a NOAEL. A modifying
factor is sometimes also employed to account for additional uncertainties in the derivation of a chronic
RfD. The uncertainty associated with an RfD or RfC may span as high as three orders of magnitude (EPA
1989, 8021).

8.2.4.2 Carcinogenic Effects

The toxicity value used to evaluate carcinogenic health effects in the human health risk assessment is the
cancer slope factor (SF). A SF is a quantitative relationship between dose and carcinogenic response and
is usually representative of a plausible upper-bound estimate of the lifetime probability of developing
cancer associated with exposure to a specific quantity of a potential carcinogen (EPA 1989, 8021). Unlike
noncarcinogenic effects, the model of chemical carcinogenesis assumes that there is no “safe” threshold
of exposure below which effects are not observed. There is a question whether the assumption of no
threshold dose for carcinogenic effects upon which the cancer SFs are based is valid, or whether there
may be little or no carcinogenicity at low exposure rates such as those encountered in most
environmental exposures. The EPA has stated the true risk is probably less than what is predicted by a
SF or may even be zero (EPA 1989, 8021).

Oral SFs are published in units of (mg/kg-day)”'. Inhalation cancer toxicity values are generally expressed
as unit risk values, with units of pg/m°. These unit risk values were converted to SFs for use in the human
health risk assessment in a manner analogous to that described for RfC values in Section 8.2.4.1. The
conversion was accomplished by assuming an inhalation rate of 20 m*day and a body weight of 70 kg.

To be protective of health regarding exposures fo carcinogens, EPA guidance (EFPA 1988, 8021)
assumes a relatively smal! number of molecular events can elicit changes in a cell, ultimately resulting in
uncontrolled cell proliferation and tumor formation. Based cn this nonthreshold theory of chemical
carcinogenesis, the EPA uses a two-part process to evaluate the potential carcinogenic effects of
contaminants: (1) assign a weight-of-evidence classification, and (2) calculate a cancer SF.

Evidence of carcinogenicity is not uniform across al! chemicals for which EPA publishes a SF. The EPA
weight-of-evidence classification system for carcinogenicity is as follows:

A human carcinogen,
B1orB2 probable human carcinogen (limited human data available indicating carcinogenicity}),

C possible human carcinogen (inadequate or no human data available),
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not classifiable as to human carcinogenicity, and

E evidence of noncarcinogenicity in hurmans,

The weight-of-evidence classification is based on the source of the data (human epidemiology study or
animal bioassay) and whether carcinogenic effects have been observed in more than one animal species.
In general, SFs are available for potential carcinogens in Groups A, B1, and B2, but are calculated only
on a case-by-case basis for Group C and are not calculated for Groups D and E (EPA 1989, 8021). The
great majority of SFs are based on carcinogenic effects observed at relatively high dose rates that have
been extrapolated to lower doses. Multiple mathematical models used for this extrapotation relate both to
the goodness-of-fit with the dose-response data, as well as theoretical models of carcinogenesis. The SF
is commonly calculated as the 95% UCL on the slope of the dose-response curve, although in some
cases where the data are more robust, a “best estimate” is used instead.

8.2.4.3 Radiation Dose

Health effects related to radionuclides were evaluated in terms of radiation dose, specifically the 50-yr
whole-body effective dose equivalent. The effective dose equivalent uses a weighted sum of radiation
doses to several organs and body tissues to account for differences in sensitivity to cancer or genetic
disorders. The basis of radiation dose assessment is similar to that for chemical carcinogenesis in that
both are ultimately based on a no-threshold model of the probability of developing cancer. Dose
conversion factors (DCFs) for internal exposure (ingestion or inhalation} are expressed as dose per
activity ingested (mrem/pCi). Internal dose of some long-lived radionuclides may accrue long after
exposure. The internal DCFs are therefore calculated to reflect a “committed” dose over a 50-yr period
following intake (EPA 1988, 50123). DCFs for external exposure to soil are expressed as dose rate per
soil concentration {mremfyr per pCifcm?®). The soil source is assumed fo be an effactively infinite slab
source. External DCFs used in the human health risk assessment were converted to units of mrem/yr per
pCifcm?®, assuming a bulk soil density of 1.25 g/em®.

The DCFs published by EPA were derived for an adult in an occupational setting and therefore are not
directly applicable to a general population that includes infants and children. It is probable that infants and
children are more susceptible to certain malignancies associated with radiation exposure than adults
(ICRP 1997, 68750). This may be because of a greater proportional dose equivalent for children and/or a
greater biological effectiveness per unit dose in children. It is important to note, however, that empirical
dose-response models for the biological effects of ionizing radiation do not exist at the very low dose
levels associated with most environmental exposures. The DCFs are based on dose-response data for
populations exposed to very high doses over a short time period {for example, Japanese A-bomb
survivors), and opinions differ regarding their applicability for low doseflong duration exposure.

Although adverse health effects related to radionuclides are evaluated using radiation DCFs in the
calculation of the RBCs, radiological cancer risk estimates are also provided in the risk assessment
summary. Radionuclide cancer risk is calculated in a different manner than radiation dose; exposure is
integrated over the scenario-specific exposure duration rather than on a per-year basis. Additionally,
radionuclide slope factors were derived to pertain to the general United States population rather than
adults in an occupational setting. For these reasons, the relationship of calculated radionuclide dose to
cancer risk will vary depending on the specific scenario, exposure pathways, and radionuclides in
question.
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8.2.4.4 I|dentification of Toxicity Values and Dose Conversion Factors

The toxicity values and dose factors used in this risk assessment are decumented in Table E-5.3-3 in
Appendix E. These values and factors are extracted from the most recently available information
developed by regulatory agencies and other sources.

The primary source of chemical toxicity values used in the risk assessment was EPA’s Integrated Risk
Information System (IRIS) (EPA 2003, 76870}. A secondary source of information used was EPA’s Health
Effects Assessment Summary Tables (HEAST) (EPA 1997, 58968). Additional EPA sources of
toxicological information were used for a limited number of chemicals when values were unavailable in
the primary references, as described in Table E-5.3-3. The sources of the radionuclide DCFs
incorporated in RESRAD and used in the human health risk assessment are EPA's Federal Guidance
Report 11 (EPA 1988, 50123) and Federa! Guidance Report 12 (EPA 1983, 62798). Radiogenic cancer
risks described in Section 8.2.7 were calculated in RESRAD using cancer morbidity slope factors from
Federal Guidance Report 13 (EPA 2002, 75934).

EPA provides RfD and SF values associated with the oral ingestion exposure route. These values may be
directly applied to the ingestion exposure pathways. However, EPA does not provide toxicity criteria
specific to the dermal absorption route of exposure. Because oral RfD and SF values are generally based
on the amount of a chemical administered by means of food or water, they incorporate the
gastrointestinal absorption efficiency of that chemical. If the coral absorption efficiency is low, the absorbed
dose associated with the observed effect may be much lower than the administered dose captured in the
RfD or SF. Therefore, oral RID and SF values are commonly adjusted when used for the dermal route of
exposure by a chemical-specific oral absorption factor reflecting an assumption that, once the chemical is
in the bloodstream, the cbserved health effects will be similar regardless of the route of intake. For
noncarcinogenic effects, the oral RfD was adjusted according to the following equations (EPA 1988,
B0O21):

RJD dermal RJD oral X AB Sara!

where ABS,., is the chemical-specific oral absorption factor. For carcinogenic effects, the oral SF was

adjusted according to
— SF oral
SF dermal — ABS .

oral

Route-to-route extrapolation of toxicity values was employed to develop inhalation toxicity values for
certain organic chemicals (Tables E-5.3-3 and E-5.3-5). Route-to-route extrapolation was used only if
neither RfC nor unit risk values were available for a specific organic chemical.

8.2.5 Risk Characterization

In this section of the human health risk assessment, information provided in the exposure and toxicity
assessments (Sections 8.2.3 and 8.2.4, respectively) is integrated to characterize potential adverse
effects. The risk characterization is conducted on the basis of the general principles described in
Section 8.0 of the risk assessment guidance for Superfund (EPA 1989, 8021). Potential adverse effects
related to noncarcinogens, chemical carcinogens, and radionuclides are discussed in Sections 8.2.5.1,
8.2.5.2, and 8.2.5.3, respectively. The presentation of potential adverse effects focuses on the
quantitative expressions of potential impacts. In the uncertainty analysis (Section 8.2.6), the confidence
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associated with the quantitative risk estimates is discussed through an evaluation of the uncertainties
pertaining to each step of the risk assessment process.

As described in Section 8.2.3.1, this risk assessment employs RBCs to screen for potentially adverse
health effects. COPC intake and toxicity are combined within the RBC calculations; therefore, separate
calculations of intake and health effects (cancer risk, hazard, and dose) were not generated. Human
health effects were assessed using the ratios of EPCs to RBCs for each of the five exposure scenarios.
These ratios were then summed for an investigation reach and (when applicable) a water sampling
location within the COPC classes of chemical carcinogens, noncarcinogens, and radionuclides. A sum of
less than one indicates that exposure is unlikely to result in an unacceptable cancer risk, hazard, or
radiation dose. The RBCs for COPCs in sediment and water are presented in Tables E-5.3-6 and E-5.3-7,
respectively.

The RBCs were calculated using the following target adverse-effects levels: an HQ of 1 for
noncarcinogenic chemicals, a cancer risk of 1 x 10 for chemical carcinogens, and a radiation dose of

15 mrem/yr for radionuclides in sediments and 4 mrem/yr for radionuclides in water. These adverse-
effects levels may be employed to assess the hazard, risk, or dose associated with the ratios of EPCs to
RBCs by multiplying an EPC:RBC ratio by the corresponding adverse effects level used in the RBC
calculation. For example, to derive cancer risk for a chemical having a ratio of 0.5, 1 x 107° is multiplied by
0.5 to express the cancer risk as 5 x 10

With the exception of the construction worker scenario, the risk assessment scenarios include exposure
to contaminants in both sediment and water. Although site-specific risk criteria have been generated
separately for sediments and water, it is necessary to integrate exposure to both media. This is
accomplished by summing the ratios of EPCs and RBCs for each medium, where the resulting value has
been defined as an MMS. The equation for the calculation of an MMS is provided as Equation 4 in
Section E-4.

Tables 8.2-2 and 8.2-3 present the summed results of the sediment EPC-to-RBC ratios for the trail user
and extended backyard scenarios. Table 8.2-4 provides these ratios for each of the COPCs contributing
to the sums in Tables 8.2-2 and 8.2-3. Table 8.2-4 also provides the weighted averages and UCLs for
each sediment COPC in investigation reaches. Tables 8.2-5 through 8.2-7 provide analogous information
for COPCs in surface water. MMSs, evaluating combined exposure to COPCs in sediment and surface
water under trail user and extended backyard scenarios, are provided in Tables 8.2-8 and 8.2-9,
respectively. The tables contain multiple sediment reaches for each water sampling location to evaluate
multimedia exposures for a water sampling location and all of the sediment reaches in the vicinity.
Results for the supplemental exposure scenarios (residential, construction worker, and resource user) are
provided in Tables E-5.3-8 through E-5.3-22.

8.2.5.1 Noncarcinogenic Effects

Chemical hazard for an individual chemical is commonly defined by the HQ, which is calculated as the
ratio of the chemical intake to the RfD for that chemical. An HQ value greater than 1 is indicative of the
potential for adverse effects; therefore, an HQ of 1 was used in the calculation of RBCs for
noncarcinogenic effects. When the potentially additive effects of two or mare chemicals are considered,
HQs may be summed to generate a HI. However, summing of chemical HQs to create an HI assumes
that the target organs and mechanisms of toxicity are similar. Summing of the ratios of EPC and RBC
values in this human health risk assessment is functionally equivalent to generating an HI. The protective
approach of summing these ratios does not warrant refinement because the summed ratios of EPC and
RBC values are in all cases well below 1.0.
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Separate RBC calculations were performed for adult and child receptors for incidental soil ingestion,
water ingestion, dust inhalation, and dermal absorption exposure pathways in the residential exposure
scenario (the only scenario combining child and adult receptors). The more protective value (that is, the
smaller RBC) was used in the risk assessment. In almost all cases, the smaller RBC was associated with
the child receptor because of their smaller body size and higher soil ingestion rate. Calculations for the
biota ingestion pathways pertain to a general population of both adults and children because the ingestion
rate information is based on survey data across all ages.

Trail User and Extended Backyard Scenarios

None of the investigation reaches had an Hi exceeding 1 after data evaluation methods and screening
processes were performed {Section 6). The largest ratio of sediment EPC to RBC for the adult receptor in
the trail user scenario was |ess than 0.04 and related mostly to dermal absorption of Aroclor-1254 in
reach AC-3. For the child receptor in the extended backyard scenario, the maximum ratio was 0.33, also
associated primarily with dermal absorption of Aroclor-1254 in reach AC-3. Both of these RBC ratios also
include a secondary component for soil ingestion. Noncarcinogenic surface water COPCs were identified
at 20 surface water sampling locations. The highest ratio of surface water EPC to RBC for the adult
receptor in the trail user scenario was approximately 0.03 at location LA-10040 near reach LA-0, a
baseline location upcanyon from Laboratory SWMUs and AOCs. The highest ratio of surface water EPC
to RBC for the child receptor in the extended backyard scenario was approximately 0.12, also at location
LA-10040. In both cases, iron via water ingestion was the primary contributor to chemical hazard. The
MMSs for trail user and extended backyard exposure scenarios are provided in Tables 8.2-8 and 8.2-9.

Residential and Resource User Scenarios in Lower Los Alamos Canyon

Lower Los Alamos Canyon is the one location in the watershed where residential and resource user
scenarios are present-day land uses. Thesa activities occur on land owned by San lidefonso Pueblo.
Noncarcinogen COPC concentrations in sediments for reaches LA-4W, LA-4E, and LA-5 in lower Los
Alamos Canyon were below the screening criterion {HQ of 1) in Section 6 and were not evaluated further.
The residential and resource user scenarios also include water exposures via ingestion and dermal
absorption. The residential scenaric water exposure comes from alluvial groundwater. The Hls associated
with noncarcinogens in alluviat groundwater sampled from wells LLAC-1 (LA-00215}, LLAO-2 (LA-00045),
LLAO-4 (LA-00046), and LLAQ-5 {LA-00002) range from 5 to 8, as a result of fluoride, nitrite, nitrate, and
thallium concentrations. The resource user water exposure is from surface water. The Hls associated with
surface water collected at Basalt Spring (LA-00219), reach LA-4 SW (LA-00218), upper reach LA-5 SW
(LA-10057) and lower reach LA-5 SW (LA10058) in the lower canyon ranges from 0.003 to 0.01. Results
for the residential and resource user scenarios for other parts of the watershed are provided in

Section E-5.

Construction Worker Scenario in Pueblo Canyon

A construction project to build a new wastewater treatment plant is planned for part of Pueblo Canyon.
Noncarcincgen COPCs in sediments for reaches P-2W, P-2E, and P-3W, in the vicinity of the
construction work, were below the screening criterion {HQ of 1} in Section 6 and were not evaluated
further. Exposure to water is not a complete pathway for the construction worker scenario. Results for the
construction worker scenario for other parts of the watershed are provided in Section E-5.
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8252 Carcinogenic Effects

Cancer risk for an individual chemical is defined by the ICR, which is calculated as the product of
exposure to a single chemical and the cancer SF for that chemical. ICRs for each exposure route and
chemical are then summed to calculate the total ICR to an individual. The acceptability of any calculated
excess cancer risk is generally evaluated relative to a target risk range of 10° to 10, in accordance with
55 FR 46, “National Qil and Hazardous Substances Pollution Contingency Plan.” A target risk level of

1 x 10”° was used in this human health risk assessment to calculate RBCs for carcinogenic effects based
on the adoption of this value by the NMED (NMED 2000, 68554).

Lifetime cancer risk is considered to be additive over time; therefore, residential exposures integrating
childhood and adulthood are summed to calculate the ICR. As with the HQ, calculations for the produce
ingestion pathway pertain to a general population of both adults and children because the ingestion rate
information is based on survey data across all ages.

Trail User and Extended Backyard Scenarios

Carcinogenic sediment COPCs were identified in 12 of the 17 reaches that were carried forward to the
risk assessment from the hurman health screening assessment in Section 6. Ratios of sediment EPCs to
RBCs for the adult receptor in the trail user scenario ranged from 0.02 to 0.5, with the highest ratios
occurring in reaches AC-1 (0.52; 5 x 10° ICR), AC-2 (0.32; 3 x 10° ICR), AC-3 (0.16; 2 x 10® ICR) and
DP-1W (0.29; 3 x 10 ICR). Ratios of sediment EPC to RBC in the extended backyard scenario ranged
from 0.026 (3 x 107 ICR) to 0.91 {9 x 10® ICR), with the highest ratios occurring in reach AC-1 (0.91;

9 x 10° ICR), AC-2 (0.57; 6 x 10° ICR), and AC-3 (0.28; 3 x 10 ICR).

The PAH benzo(a)pyrene was the primary contributor to cancer risk from sediment exposure.
Approximately two thirds of the benzo(a)pyrene risk for the trail user is associated with dermal contact
with sediment, with the remainder resulting from the incidental soil ingestion exposure pathway.
Benzo(a)pyrene was also the primary COPC related to cancer risk for the child receptor in the extended
backyard scenario, although in this scenario incidental soil ingestion and dermai absorption are equal
confributors to exposure. The exception to benzo(a)pyrene as the primary COPC is in reach AC-3, where
exposure to the PCB Aroclor-1254 via incidental soil ingestion and dermal absorption was determined to
be a contributor equal to benzo(a)pyrene in the total carcinogen ratio for the extended backyard scenario.

Carcinogenic surface water COPCs were identified at 30 of the 33 surface water sampling locations. The
ratio of surface water EPC to RBC for the adult receplor in the trail user scenario exceeded 1.0 at location
PU-10155 in reach AC-3 (2.4; 2 x 10°° ICR) and location PU-10231 in reach P-2W, which is 3 km (2
miles) downgradient from Acid Canyon (1.2; 1 x 10”° ICR). The ratio of surface water EPC to RBC for the
child receptor in the extended backyard scenario exceeded 1.0 at location PU-10155 (1.7; 2 x 10°° ICR).
in both cases, exposure to carcinogenic PAHs via dermal contact with surface water was the primary
contributor to chemical hazard.

The MMS in reaches AC-3, P-1E, and P-1W, associated with water sampling location PU-10155, ranged
from 1.7 (2 x 10° ICR) to 2.6 (3 x 10”° ICR) across both scenarios. No carcinogen data were collected for
reach P-2W in the vicinity of PU-10231. The nearest upcanyon reach with carcinogen data is reach P-1E.
Those data can be used to approximate an MMS of 1.3 (1 x 10 ICR) for water and sediment in reach
P-2wW.
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Residential and Resource User Scenarios in Lower Los Alamos Canyon

Analysis for SVOCs in lower Los Alamos Canyon was performed only for sediments collected from reach
LA-5. Therefore, data for carcinogenic organic chemicals from sediments in reaches LA-3W and LA-5
were used to protectively bound the exposure to these chemicals for residential and resource users in
lower Los Alamos Canyon. The values for carcinogenic organic chemicals from both reaches were below
screening criterion (10'5) and were not evaluated further in Section 6. Residential water exposures to
alluvial groundwater as represented by EPC-to-RBC ratios in Table E-5.3-13 range from 4.3 (4 x 10°®
ICR) to 23 (2 x 10™* ICR) for alluvial groundwater from wells LLAO-1 (LA-00215), LLAO-2 (LA-00045),
LLAO-4 (LA-00046), and LLAO-5 (LA-00002). All of the carcinogenic risk associated with exposure to
alluvial groundwater is caused by arsenic. Resource user water exposures to carcinogens in surface
water presented in Table E-5.3-12 for Basalt Spring (LA-00219), reach LA-4 SW (LA-00218), upper reach
LA-5 SW (LA-10057) and lower reach LA-5 SW (LA10058) range from 0.022 {2 x 107 ICR) to 0.079

(8 x 107 ICR). Results for the residential and resource user scenarios for other parts of the watershed are
provided in Section E-5.

Construction Worker Scenario in Pueblo Canyon

Sediment data for carcinogenic organic chemicals were not collected for reaches P-2W, P-2E, and P-3W,
in the vicinity of planned construction work for a new wastewater treatment plant. The nearest upcanyon
reach with organic carcinogen data is P-1E. The EPC-to-RBC ratio sum for P-1E is 0.014, equivalent to
an ICR of 1 x 107, Results for the construction worker scenario for other parts of the watershed are
provided in Section E-5.

8.2.5.3 Radiation Dose

The radiaticn dose associated with the EPA DCFs used in the human health risk assessment is the
annual committed effective dose equivalent (internal) or annual effective dose equivalent (external),
expressed in units of millirem per year (mrem/yr). The target dose limit used for calculating RBCs related
to soil pathways is 15 mrem/yr, which is consistent with guidance from the DOE (DOE-AL 2000, 67153)
and EPA (1997, 58693). For water-based exposure pathways, RBC values were calculated using a target
dose limit of 4 mrem/yr. Use of this more protective dose limit for water pathways is based on the
radiation dose limit for a public drinking water supply in DOE Order 5400.5, “Radiation Protection of the
Public and the Environment.”

Although DCFs were derived to apply to adults, not children, exposure parameters for children were used
in the residential RBC calculations if a higher rate of exposure resulted. This is analogous to the use of
the smaller of the RBC values for child or adult for the calculation of the HQ, discussed above in

Section 8.2.5.1. As with the HQ and ICR, calculations for the bicta ingestion pathways pertain to a
general poputation of both aduits and children because the ingestion rate information is based on survey
data across all ages. Consistent with EPA guidance (EPA 1989, 8021), dose via dermal absorption is not
quantified, as it is probably negligible compared with the other exposure pathways.

Trail User and Extended Backyard Scenarios

Radionuclide sediment COPCs were identified in 10 of the 17 reaches that were carried forward to the
human health risk assessment from the human health screening assessment described in Section 6.
Ratios of sediment EPCs to RBCs for the adult receptor in the trail user scenario exceeded 0.1 in reaches
DP-2, DP-3, and LA-2FE. The highest ratio (0.14; 2 mrem/yr) was calculated for DP-2. External irradiation
from cesium-137 was the primary contributor to radionuclide dose from sediment exposure in the trail
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user scenario. Ratios of sediment EPCs to RBCs for the child receptor in the extended backyard scenario
were highest in reaches ACS {(0.50; 8 mrem/yr) and AC-3 (0.39; 6 mrem/yr). In both reaches, exposure to
plutonium-239,240 via incidental soil ingestion was the primary contributor to radiation dose. The
differences between COPCs and pathways for the trail user and extended backyard scenarios reflect the
influence of the higher soil ingestion rate value for children compared with adults.

Radionuclide surface water COPCs were identified at five surface water sampling locations. The highest
ratio of surface water EPC to RBC for the adult receptor in the trail user scenario was 0.028 at location
PU-10175 in reach ACS (0.12 mrem/yr). The highest ratio of surface water EPC to RBC for the child
receptor in the extended backyard scenario was 0.049 at location PU-10175 (0.2 mrem/yr). In both cases,
radiation dose was primarily associated with exposure to plutonium-239,240 via surface water ingestion.
The highest MMSs for the extended backyard scenario were in reaches ACS (0.55, PU-10175,
corresponding to 8 mrem/yr) and AC-3 (0.41, PU-10155, corresponding to 6 mrem/yr). For the trail user,
the highest MMS was calculated for reach DP-2 (0.15, 21-01854, corresponding to 2 mrem/yr}.

Residential and Resource User Scenarios in Lower Los Alamos Canyon

Radionuclide COPC concentrations in sediments for reaches LA-4W, LA-4E, and LA-5 in lower Los
Alamos Canyon were below the screening criterion of 15 mrem/yr (Section 6) and were eliminated from
further consideration. Similarly, radionuclide COPC concentrations in groundwater from wells LLAQ-1
(LA-00215), LLAO-2 (LA-00045), LLAO-4 (LA-00046), and LLAO-5 (LA-00002) and surface water from
Basalt Spring (LA-00219), reach LA-4 SW (LA-00218), upper reach LA-5 SW (LA-10057) and lower reach
LA-5 SW (LA10058) were below the screening criterion of 4 mrem/yr {Section 6) and were not evaluated
further. Resulis for the residential and resource user scenarios for other parts of the watershed are
provided in Section E-5.

Radionuclide COPC concentrations were above the screening criterion of 15 mrem/yr {Section 6) for post-
fire sediment deposits in reach LA-5E containing ash from the Cerro Grande burn area. Potential doses
from radionuclide COPCs in post-fire sediment deposits and water are evaluated elsewhere (IFRAT 2002,
85429; Kraig et al. 2002, 85536; RAC 2002, 85431).

Construction Worker Scenario in Pueblo Canyon

Radionuclide COPC concentrations in sediments for reaches P-2W, P-2E, and P-3W, in the vicinity of
planned construction work for a new wastewater treatment plant, were below the screening criterion of
15 mrem/yr (Section 6) and were not evaluated further. Results for the construction worker scenario for
other parts of the watershed are provided in Section E-5.

8.2.6 Uncertainty Analysis

The uncertainty analysis uses qualitative and semi-quantitative information to evaluate the uncertainty
associated with the risk, hazard, and dose estimates described in Section 8.2.5. This uncertainty analysis
primarily pertains to the results of the trail user and extended backyard scenarios and to the results of the
supplemental exposure scenarios in locations where these scenarios are occurring. The uncertainty
analysis is organized according to the major aspects of the human health risk assessment. data collection
and evaluation (Section 8.2.6.1), exposure assessment (Section 8.2.6.1), and toxicity assessment
(Section 8.2.6.3). A summary of the results of the residential, construction worker, and resource user
scenarios where these scenarios are incomplete is provided in Section 8.2.6.4.
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8.2.6.1 Data Collection and Evaluation

Some uncertainty in the selection of sediment COPCs is introduced by using a minimum 5% detection
frequency to identify organic COPCs and by using BV comparisons to identify inorganic and radionuclide
COPCs. However, it is unfikely that such uncertainty excluded important risk-drivers from the assessment.
The 5% rule was used to eliminate COPCs that occur sporadically and at low concentrations and are not
representative of broader areas. The BVs were developed specifically for the Laboratory and represent
the background concentrations for metals and radicnuclides {Ryti et al. 1398, 59730).

There are no BVs available for surface water and alluvial groundwater. The inability to distinguish COPCs
in water media based on comparisons with background concentrations is a substantial source of
uncertainty in the results of the human health risk assessment for these media. For example,
concentrations of arsenic in groundwater, which are responsible for calculated ICR values above the
decision criterion are apparently consistent with variations in local background. Tables E-5.3-13 and
E-5.3-14 present ratios for alluvial groundwater EPCs to RBCs with and without the arsenic data to show
the effects of other COPCs on these ratios. No ratios are greater than 1.0 when arsenic is removed,
whereas 22 of 24 water sampling locations, including background or baseline locations, exceed the risk
criterion for carcinogens when arsenic is included. These results indicate that the potentially unacceptable
cancer risk calculated for the residential scenario in lower Los Alamos Canyon probably results from
hatural arsenic concentrations in alluvial groundwater. Additional information indicating that measured
arsenic concentrations are consistent with naturally occurring groundwater concentrations is provided in
Section 7.2.

Additional uncertainty exists in identifying COPCs that result from Laboratory releases versus other
anthropogenically derived COPCs that are not from Laboratory activities. For example, PAHs dominate
carcinogenic risks in sediments and surface water, but available data indicate a primary source of PAHs
is in urban runoff, as discussed in Section 7.1.3.1. Location PU-10155 in reach AC-3 was one of the
water sampling locations where potentially unacceptable cancer risk was calculated. Four rounds of
surface water sampling were conducted at PU-10155. A single sample yielded detected values of
carcinogenic PAHSs, with the other three samples having nondetects for all PAHs. The detection limits for
PAHSs in the sample with detected concentrations were substantially lower than the other three samples.
The association of detected PAHs with low detection limits indicates that PAHs at similar concentrations
may be more widespread in the Los Alamos and Pueblo watershed, and that similar risk may exist
elsewhere from PAHSs in surface water.

Underestimating EPCs for investigation reaches is another potential source of uncertainty. Three
approaches were used {o minimize that possibility. First, the emphasis of the geomorphic characterization
and sediment sampling was to identify and sample post-1842 sediment deposits, which focuses sampling
on potentially contaminated areas. The process of characterizing reaches and focusing sampling is
discussed further in Section 4.1 and Section B-1 of Appendix B. Second, the canyon bottoms include
other geomorphic units that are not impacted or are only minimally impacted by Laboratory releases.
Samples from these other geomorphic units were not included in the area-weighted and volume-weighted
averages to provide more protective estimates of COPC concentrations for use in the human health risk
assessment. Third, weighted 95% UCLs on the weighted average sediment concentrations were
employed as EPCs to minimize the chance of underestimating EPCs in a reach.

A similar uncertainty exists for estimating EPCs for water sampling locations. COPC concentrations often
change with hydrologic conditions and can either increase or decrease with rising water levels. The SAP
was designed to capture both high and low water conditions by sampling during snowmelt runoff,
monsoon rainfall periods, and during the intervening dry periods. As discussed in Section 7.2.1, and
Appendix B, Section B.Z, the ranges of water level elevations, and variations in field parameters, such as
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pH and dissolved oxygen, indicate that a range of hydrologic conditions was sampled by the four rounds
of sampling of alluvial groundwater and surface water. The EPCs calculated from these data represent
the range of COPC concentrations at the sampiing locations. Using the 95% UCL on the average
minimizes the chance of underestimating the EPCs for a sampling location. One aspect of uncertainty
that cannot be addressed with these data is the ongoing drought. It is possible that if annual precipitation
increases, there could be a shift in COPC concentrations, although trend analyses presented in

Section 7.2 indicate that COPC concentrations in alluvial groundwater are generally stable or declining
over time. Therefore, based on available data, significant increases in COPC concentration are not
expected to occur.

An additional potential uncertainty for data collection and evaluation is that concentrations of all COPCs in
each investigation reach are not quantified because not all analytical suites were cbtained in all reaches.
This is particularly the case for SVOCs in lower reaches of Los Alamos and Pueblo Canyons. In these
cases, it is reasonable to assume that concentrations and associated risks are no greater than those
found in upcanyon reaches because average concentrations generally decrease downcanyon from
sources, as discussed in Section 7.1. The characterization was most thorough in reaches close to
sources, typically including more comprehensive analytical suites and greater sampling density than
downcanyon reaches. EPCs for SVOCs in upcanyon sediments were used as surrogate EPCs for
downcanyon reaches when data were not available.

8.2.6.2 Exposure Assessment

Uncertainty pertaining to exposure parameters was addressed in the human health risk assessment by
using RME estimates for several exposure parameters. The use of RME assumptions, coupled with
upper-bound estimates of the average concentration of COPCs in sediment, is intended to produce a
protective bias in the risk calculations. The results of the risk assessment, discussed in Section 8.2.5,
include a description of the key COPCs and exposure pathways associated with potential health impacts.
This evaluation of uncertainty in exposure is focused on these COPCs and pathways.

Key exposure pathways for contaminated sediments across hazard, ICR, and dose for trail user and
extended backyard exposure scenarios include dermal absorption, incidental soil ingestion, and external
irradiation. A common source of protective bias in the exposure assessment for these pathways is that
the entire 1-hr daily exposure time defined for the trail user and extended backyard scenarios is
consistently spent on contaminated sediment deposits within a reach. To the extent that time may be
spent in other canyon areas such as uncontaminated stream terraces and colluvial slopes during
recreational activities, exposure to contaminated sediment deposits is overestimated. This bias is
probably more substantial in the trail user scenario, which presupposes walking across a relatively large
area given an exposure duration of 1 hr.

Dermal contact with sediments and incidental soil ingestion exposure pathways each have a second
exposure characteristic in addition to time spent on-site that was biased in a protective manner. The soil
adherence factors that were used to define soil loading on skin for children and adults are both
protectively biased. The adult adherence factor is based on a high-exposure activity (gardening) that
probably would result in greater exposure than would be the case during walking. The child adherence
factor pertains to the 95th percentile of a cohort of day-care children (an average-exposure activity) and
the 50th percentile for children playing in wet soil (a high-exposure activity). Child incidental soil ingestion
is based on a daily ingestion rate of 400 mg/day, which is an “upper percentile” value (EPA 1997, 66596).
Adult soil ingestion was assumed to be 100 mg/day, which is twice the EPA-recommended value for
adults (EPA 1997, 66596).
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Exposure related to external irradiation from soil is primarily a function of time spent on-site. However, the
external DCFs used in the calculation of external dose protectively assume an effectively infinite area and
depth of contamination. The contaminated sediments in reach DP-2, where external irradiation was an
important contributor to trail user dose, average approximately 12 m in width and 0.6 m in depth. The
calculated dose via external irradiation from cesium-137, assuming an infinite source, is at least twice as
large as would actually be the case given the described source geometry of reach DP-2. Actual external
irradiation received during recreational activities would probably be even lower assuming that receptors
are not consistently in the center of the contaminated area.

Key exposure pathways for contaminated surface water across hazard, ICR, and dose for trail user and
extended backyard scenarigs include dermal absorption and ingestion. Of these two pathways, dermal
absorption (related to PAHs) is responsible for the greatest potential exposure. The presence of PAHs in
surface water samples used in the risk assessment is associated with fine particulate matter in the
unfiltered samples. If surface water exposure were limited to ingestion, ratios of EPCs to RBCs in water
would be well below 1.0 for all health effects endpoints and scenarios. The ICR resuiting from absorption
of PAHs from water is almost certainly overestimated because “particulate-bound chemicals in an
aqueous medium would be considered to be much less bicavailable for dermal absorption, because of
inefficient adsorption of suspended particles onto the skin surface and a slower rate of absorption into the
skin” (EPA 2001, 71431, Section 3.1.2.2, p. 3-10).

A second aspect of uncertainty in exposure to COPCs in surface water relates to exposure intensity.
Dermal contact and surface water ingestion were assumed to occur 20 times per year over 6 years
(extended backyard) or 30 years (trail user). There is no empirical basis for this assumption, which was
developed to bound a high-end exposure condition. Actual contact by children or adults with surface
water in Acid or Pueblo Canyons is probably highly intermittent at some locations at least in part because
of the availability of water. The Pueblo Canyon location, PU-10231, which exceeded an EPC-to-RBC ratio
of 1.0 for the trail user scenario, was dry for three of the four sampling rounds. The other location in Acid
Canyon where the EPC-to-RBC ratio exceeded 1.0, PU-10155, was wet for all four rounds of sampling.
Skin surface area exposed during each dermal exposure event was also biased in a protective manner to
bound high-end exposure and therefore probably promotes cverestimation of exposure via dermal
absorption.

Ingestion of alluvial groundwater resulted in Hi values ranging from 5 to 8 and ICR values of 2 x 107 to

4 x 10° for a resident in lower Los Alamos Canyon. Lower Los Alamos Canyon is the location of present-
day residential land use for the canyon bottoms in the watershed. The source of potable water for those
residences is a regional groundwater well. It is probable that any additional residential development in
lower Los Alamos Canyon also will use water from the existing regional well. For this reason, chronic
exposure to COPCs via ingestion of alluvial groundwater in the residential scenario at this location is

unrealistic.

8.2.6.3 Toxicity Assessment

The evaluation of uncertainty pertaining to the toxicity assessment focuses primarily on the toxicology of
PAHs, because these COPCs were primarily responsible for the ratios of EPCs to RBCs approaching or
exceeding 1.0 in situations of probable exposure. The toxicity of alluvial groundwater COPCs in lower Los
Alamos Canyon is not addressed, as exposure to alluvial groundwater in a residential context is
unrealistic at this location.

The primary areas of uncertainty in the toxicology of PAHSs for this human health risk assessment include
extrapolation from carcinogenicity observed in animal studies to humans and use of toxicity equivalency
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factors to estimate the carcinogenic potency of PAHs other than benzo{a)pyrene. As discussed in Section
8.2.4, uncertainty in the dose-response model of carcinogenicity often leads to the use of protectively
biased SFs. In the case of benzo{a)pyrene, the oral SF is based on the geometric mean of four SFs
derived using different modeling approaches on a combined data set of tumor data from both genders of
multiple species of mice. Therefore, there is little apparent bias in the SF model.

The carcinogenic PAHs evaluated in the risk assessment include benzo(a)pyrene and six other PAHs
(benzo[a)anthracene, benzo|b]flucranthene, benzo[k]fluoranthene, chrysene, dibenz{a,hlanthracene, and
indeno[1,2,3-cd]pyrene). These chemicals are identified as Class B2, or probable human carcinogens,
based on several studies. The basis of the oral SF for benzo{a)pyrene, however, is animal studies. It is
uncertain whether benzo(a)pyrene is indeed carcinegenic in humans and, if so, whether humans are
more or less sensitive than the mice used in the carcinogenicity studies.

Among PAHs, an oral SF has been developed by EPA for only benzo(a)pyrene (EPA 2003, 76870).
Because the available data are considered insufficient to calculate SFs for carcinogenic PAHs other than
benzo(a)pyrene, SFs for these compounds have been derived based on a toxicity equivalence basis.
Under this method, EPA has used the available toxicity data for the other PAHs to derive carcinogenic
potencies for each carcinogenic PAH relative to that of benzo(a)pyrene. Confidence in these equivalency
factors is less than that commonly associated with SFs.

Other COPCs contributing to calculated health impacts include Aroclor-1254, plutonium-239,240, and
cesium-137. The oral RfD for Aroclor-1254, which was applied to the dermal absorption pathway, is
based on toxicological studies on monkeys. The LOAEL in these studies (0.005 mg/kg-day) was
protectively assigned an uncertainty factor of 300 to generate an RfD of 2 x 10° mg/kg-day. The
uncertainty factor incorporates a 10-fold factor to account for sensitive individuals, a factor of 10 to
account for the use of a LOAEL instead of a NOAEL, and a factor of 3 to extrapolate from rhesus
monkeys fo humans. As described in Section 8.2.4.3, uncertainties in the DCFs used for estimating
radiation dose include applying these factors to children and using DCFs based on dose rates that are
relatively high compared with the dose rates associated with this assessment.

8.2.6.4 Additional Results for the Supplemental Exposure Scenarios

As discussed in Sections 8.2.1 and 8.2.3, three supplemental exposure scenarios were also evaluated in
the human health risk assessment. Uncertainties related to the results of the residential, construction
worker, and resource user scenarios for areas of the watershed where these exposure scenarios
presently occur were discussed in Sections 8.2.6.1 through 8.2.6.3. Risk assessment calculations for
these scenarios were also conducted for areas of the watershed where these scenarios are infeasible, in
order to allow comparison of theoretical risks across the watershed. The results of the calculations for
these scenarios are provided in Appendix E and are discussed in this uncertainty analysis, as they may
be used to bound potential health impacts under improbable exposure conditions.

Residential Scenario

The residential scenario does not represent widespread current use of canyon bottoms in the Los Alamos
and Pueblo watershed. The assumptions for exposure rely on a residence being located within
contaminated geomorphic units in the canyon bottoms and alluvial groundwater being used as the
primary household water source. This is not representative of actual or potential exposures because the
contaminated geomorphic units are narrow and adjacent to the channel and it is impractical to locate a
house in these areas because of potential flooding. In addition, it is probable that the regional water
supply wells would be used for any new residential development, and not shallow alluvial groundwater
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that is largely supported by wastewater treatment plant effiuents. A residential scenario was employed in
areas of Los Alamos and Pueblo Canyons where it is not feasible because of topographic constraints or
land ownership to provide a familiar context and reference for human health risk assessment results.

Tables E-5.3-10 and E-5.3-11 of Appendix E present sediment EPC-to-RBC ratios and COPC
contributors to those ratios. The ratios of sediment EPCs to RBCs for the residential scenario were above
1.0 in multiple reaches in these areas. The highest ratios for sediments, approximately 60, were
calculated for carcinogenic effects in reaches AC-1 and AC-2. In both cases, and for many of the ratios in
other reaches, exposure to arsenic via fruit and produce ingestion was responsible for much of the
projected risk, ranging from 80% to 100% of the summed carcinogen risk. Because maximum detected
arsenic concentrations were generally less than a factor of 2 larger than the sediment BV (see Table
E-1.0-3), much of the projected arsenic risk under the residential scenario is associated with background
levels of arsenic. In addition, the spatial distribution of arsenic indicates a possible source in urban runoff,
as discussed in Section 7.1.2.2.

Laboratory-derived COPCs influenced the residential results mostly through radionuclide contributions to
dose. Reaches AC-3 and ACS in Acid Canyon have estimated radionuclide exposures for a residential
scenario of 42 and 56 mrem/yr associated with plutonium-239,240. A series of reaches, starting with
DP-2 in DP Canyon and continuing downcanyon into Los Alamos Canyon, have potential radionuclide
doses associated with external irradiation from cesium-137 ranging from 120 mrem/yr in reach DP-2 to
27 mrem/yr in reach LA-3W.

The ratios of alluvial groundwater EPCs to RBCs for the residential scenario were greater than 1.0 for
carcinogens and radionuclides at many sampling locations. As with sediment exposure, projected cancer
risk was largely associated with exposure to arsenic. Tables E-5.3-13 and E-5.3-14 present ratios for
alluvial groundwater EPCs to RBCs with and without the arsenic data to show the effects of other
COPCs. There are no ratios greater than 1.0 when arsenic is removed, whereas 22 of 24 water sampling
locations, including baseline locations, exceed the criterion (107®) for carcinogens when arsenic is
included. These results indicate that there is no potential unacceptable cancer risk from aliuvial
groundwater from other COPCs. Available data indicate that the source of the arsenic is natural
groundwater, as discussed in Section 7.2.

in a few cases, such as at locations LAUZ-1 and LAUZ-2 in reach DP-2, cancer risk was dominated by
exposure to bis(2-ethylhexyl)phthalate via dermal absorption. Various COPCs, including molybdenum,
fluoride, nitrate, perchlorate, thaflium, iron, and manganese, were related to noncarcinogen ratios
exceeding 1.0 resulting from alluvial groundwater ingestion. Most of these COPCs show no apparent
trend relative to Laboratory COPC source areas. Molybdenum shows a Laboratory-derived signature in
upper Los Alamos Canyon with an EPC-to-RBC ratio of 38 at well LAO-3a (LA-10035). For radionuclides,
three locations exceeded the drinking water criterion of 4 mrem/yr resulting from strontium-90. Potential
DP Canyon alluvial groundwater doses ranged from 18 to 20 mrem/yr at LAUZ-1 (21-01811) and LAUZ-2
{21-01812). The potential dose at well LAO-3a (LA-10035) in upper Los Alamos Canyon was 4 mrem/yr.

MMSs are presented in Tables E-5.3-19 and E-5.3-20 for filtered and unfiltered alluvial groundwater and
Tables E-5.3-21 and E-5.3-22 for filtered and unfiltered data with the arsenic results removed. The MMSs
are consistent with the results discussed separately for sediments and alluvial groundwater.

Construction Worker Scenario

The construction worker scenario represents activities that occasionally take place in the canyons but are
infrequent in occurrence and are typically for short durations. Potential exposure to contaminated media
is restricted to sediment, which is limited in extent along the stream channel. Job site planning is
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designed to mitigate worker health risk and minimize exposure to suspended particulates. Potential
exposure to contamination is restricted to areas of post-1942 sediment deposits and would occur for a
fraction of the time that the construction worker is in the area. Relatively short duration construction
activity, such as excavation for pipelines, is possible.

None of the EPC-to-RBC ratios exceeded 1.0 for carcinogen or noncarcinogen sums (Table E-5.3-8).
Four reaches had radionuclide EPC-to-RBC ratio sums that ranged from 1.2 (18 mrem/yr) to 2.0

(30 mrem/yr). AC-3, ACS, DP-2 and DP-3. The Acid Canyon ratio sums are dominated by
plutonium-239,240, and the DP Canyon ratio sums are dominated by cesium-137.

Resource User Scenario

The resource user scenario is not realistically represented by the contaminated areas within the canyon
bottoms. This scenario requires a much larger area, where wild game and cattle may graze and wild
plants and berries are available. Restricting this scenario to a reach and the channel deposits
overestimates the exposure as well as the potential risk, hazard, and dose. Ranching and hunting do not
occur in the canyon areas within Laboratory boundaries or on land owned by Los Alamos County; these
activities are restricted to portions of lower Los Alamos Canyon,

The highest calculated ratios of sediment EPCs to RBCs in the human health risk assessment were from
carcinogenic risk under the resocurce user scenario, although the highest ratios were limited to areas of
the upper canyons where such resource use is currently prohibited. Ratios for sediments in reaches
AC-1, DP-1W, and AC-3 were 231, 167, and 143, respectively. Ratios in other reaches assessed ranged
from approximately 9 to 40. Exposure to PAHSs, in particular benzo(a)pyrene, via the meat ingestion
pathway was responsible for these high ratios. As noted in Section 8.2.3, it was assumed that 100% of
the foraging range of the animals hunted or grazed was represented by the EPC, leading to the
unrealistically high cancer risks calculated for this scenario.

The sediment ratio for radionuclides under the resource user scenario exceeded 1.0 only in reach DP-2
{20 mrem/yr) because of exposure to strontium-90 and cesium-137 through meat and plant ingestion.
External irradiation from cesium-137 also contributes to the total exposure at this reach. The ratio of
EPCs to RBCs associated with PAHs was exceeded only for surface water exposure for carcinogens at
locations PU-10155 and PU-10231 in reaches AC-3 and P-2W, respectively (see Section 8.2.6.1 for
discussion of PAHSs in surface water at these locations).

8.2.7 Summary of the Human Health Risk Assessment

The health effects associated with COPCs in the Los Alamos and Pueblo watershed were assessed
relative o a radiological dose criterion of 15 mrem/yr for sediment and 4 mrem/yr for water, a chemical
cancer risk criterion of 1 x 10, and a chemical hazard criterion of 1.0. The sediment risk assessment
results are below these thresholds for the trail user and extended backyard exposure scenarios for the
whole watershed, for residential and resource user scenarios in lower Los Alamos Canyon, and for the
construction worker scenario in Pueblo Canyon. Water risk results are below the noncarcinogen and
radionuclide thresholds for the trail user and extended backyard scenarios across the watershed. The
carcinogen and noncarcinogen criteria for residential drinking water were exceeded by alluvial
groundwater in lower Los Alamos Canyon. As described below, this exposure pathway is not complete
because the potable water supply for area residents is regional groundwater. Radionuclide dose for
afluvial groundwater in lower Los Alamos Canyon was below the criterion of 4 mrem/yr. No risks exceed
thresholds in lower Los Atames Canyon and middle Pueblo Canyon for the resource user and
construction worker, respectively.
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Maximum sediment Hls are approximately 0.05 for the trail user and approximately 0.4 for the extended
backyard exposure scenarios. These values were refated primarily to exposure {o Aroclor-1254 in soil via
dermal exposure in reach AC-3. Protective biases associated with these HI| values include probable
overestimation of exposure concentrations in sediments, conservative estimates of the amount of time
spent on contaminated sediment deposits, the amount of soil adhering to exposed skin, and a protective
uncertainty factor of 300 incorporated into the orat RfD of Aroclor-1254, His ranged from 5 to 8 in the
residential exposure scenario in lower Los Alamos Canyon, resulting from ingestion of nitrate, nitrite,
fluoride, and thallium in alluvial groundwater. Because residences in this area use a regional groundwater
well for their domestic water, this exposure pathway is considered incomplete at this location. Hls related
to the resource user in lower Los Alamos Canyon were well below the decision criterion of 1.

Maximum ICR estimates for carcinogenic chemical COPCs are 3 x 10°° for the trail user and 2 x 10 for
the extended backyard exposure scenario. These values were primarily related to exposure to
benzo{a)pyrene in surface water via dermal absorption at location PU-10155 in reach AC-3. Secondary
contributors to these ICR values were exposure to benzo(a)pyrene and Aroclor-1254 in sediments via
incidental ingestion and dermal uptake. An ICR of 2 x 10°® for the trail user was also calculated for
exposure to benzo(a)pyrene in surface water via dermal absorption at location PU-10231 in reach P-2W.
Protective biases associated with these ICR values include intermittent availability of water in the area,
reduced bioavailability of PAHs in water resulting from adsorption of PAHs on particulates, conservative
estimates of the amount of time spent on site, and the area of skin exposed to water. Cancer risk related
to alluvial groundwater exposures in the residential scenario in lower Los Alamos Canyon were driven by
arsenic. Available data indicate that these arsenic concentrations are naturally occurring. Present-day
residences in lower Los Alamos Canyon obtain their potable water from a regional groundwater well.
Therefore, exposures to alluvial groundwater in a residential context are not presently occurring at this
location.

Maximum radiation dose estimates are approximately 2 mrem/yr for the trail user (reach DP-2) and
approximately 8 mrem/yr for the extended backyard scenario (reach ACS). As discussed in Sections
8.2.4.3 and 8.2 4.4, potential health effects for radionuclides may also be expressed as cancer morbidity
risk using radionuclide slope factors. Cancer risks calculated for reach DP-2 and ACS are 3 x 107 and

4 x 10°® for trail user and extended backyard exposure scenarios, respectively. External irradiation from
cesium-137 was the primary coniributor to radionuclide dose and cancer risk in the trail user scenario.
Exposure to plutonium-239,240 via incidental soil ingestion was the primary contributor to radiation dose
and cancer risk in the extended backyard scenario. Protective biases associated with these values
include use of an upper percentile value for child incidental soil ingestion, conservative estimates of the
amount of time spent on site, and use of an external DCF for cesium-137 that assumes an effectively
infinite source area.
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Figure 8.1-1, Biota locations in the Los Alames and Pueblo watershed
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Figure 8.1-19. Box plot and comparison circles of earthworm survival fraction for samples tested
(red groups are not different from control}
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Figure 8.1-21. Box plot and comparison circles of plant mortality fraction for samples tested (red
groups are not different from control)
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Figure 8.1-22. Box plot and comparison circles of pfant shoot height for samples tested (red
groups are not different from control)
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Figure 8.1-23. Box plot and comparison circles of plant root length for samples tested {red
groups are not different from control)
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Figure 8.1-24. Box plot and comparison circles of plant shoot wet weight for samples tested (red
groups are not different from control)
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Figure 8.1-25. Box plot and comparison circles of plant root wet weight for samples tested (red
groups are not different from control)
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Figure 8.1-26. Box plot and comparison circles of plant total wet weight for samples tested (red
groups are not different from control)

April 2004 8-70 ER2004-0027



Los Alamos and Pueblo Canyons Investigation Report

0.14— ' —
@012‘“i E | F
=] |
5 01= !
2 o é ! ;

0.08— I .
= ! | :
2 006—‘ ' |
: g 800 i 3
B i
v 0.04—= i
g !
= 0.02- i

‘ B
0= I '
: ! : i ; T T T T 7
% & 8 & % = E p .?-"l Q E & £ T N2 with Dunnetts
322dd g8 c 4 & € 5 £ £ § tTest,p<=005
° 6§ 733338¢2¢55
o O O O
2 0o o ©
8 2 2 2
g B B B
2 & &8

Reach ID or Laboratory Sample

Figure 8.1-27. Box plot and comparison circles of plant shoot dry weight for samples tested (red
groups are not different from control)
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Figure 8.1-28. Box plot and comparison circles of plant root dry weight for samples tested (red
groups are not different from control)
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Figure 8.1-29. Box plot and comparison circles of plant total dry weight per pot for samples
tested (red groups are not different from control)
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Figure 8.1-30. Box plot and comparison circles of plant total dry weight per plant for samples
tested (red groups are not different from control)
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Figure 8.1-31. Box plot and comparison circles of C. tentans survival for samples tested.
Dunnett’s t-Test is based on reach P-1FW as the control {red groups are not
different from control)
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Figure 8.1-32. Box plot and comparison circles of C. tentans growth (weight) for samples tested.
Dunnett’s t-Test is based on reach P-1FW as the control (red groups are not
different from control)
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Table 8.1-1
Synopsis of Terrestrial HQ Analysis and
Study Design COPECs Using Ecorisk Database, Version 1.4

Category Code®

COPEC Los Alamos and DP | Acid and Pueblo Receptor with Highest HQ
Acenaphthene 0 0 n/a’
Americium-241 0 0 n/a
Antimony 1 3 Plant
Antimony detects only 2 2 Plant
Aroclor-1254 2 2 Shrew, robin
Aroclor-1260 0 0 n/a
Arsenic 3 2 Shrew
Barium 1 1 Shrew
Bis-2-sthylhexyl phthalate 0 0 n/a
Cadmium 4 4 n/a
Chromium 1 2 Plant, invertebrate
Chrysene 0 0 n/a
Cobalt 1 1 Robin, shrew
Copper 0 0 n/a
Cyanide none® none® n/a
DDE 2 2 Robin
DDT 2 2 Robin
Endrin aldehyde 2 2 Plant, robin
Lead 0 0 n/a
Manganese 3 3 Plant
Methy! mercury 0 0 n/a
Mercury 2 2 Invertebrate
Naphthalene 3 3 Robin
Naphthalene detects only 3 3 Robin
Plutonium-239,240 4 2 Invertebrate
Selenium K| 3 Plant
Silver 2 2 Shrew, plant
Thallium 4 3 Plant, shrew
Titanium 4 2 Shrew
Uranium 0 0 n/a
Zinc 3 2 Plant

a 0 = HQ for maximum concentration less than 5, COPEC not carried forward for biclogical sampling.
1 = High HQs occur over most of the canyon.
2 = High HQs occur at particular spots within canyon.
3 = Lower but still elevated HQs occur over most of the canyon.
4 = HQs are close to target hazard geal or background HQ throughout canyon; therefore, this constituent is unlikely to be
a risk driver.
b nfa = Not applicable.

c
Too few samples.
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Table 8.1-2
Synopsis of Terrestrial and Aquatic COPECs
Terrestrial Aguatic
C ) — - o —
° [HE e |02
2 5 88|19 58|99
E = o £8 g -y 52 2
) c e | 2R D | 2R -
< = e S = a =)
-0 L= = -— Q =
T =lao® T ==
o =f &= 2h
o =S a. 3
[=] = 9 o - O
O |ex o |eex
Inorganic Aluminum Yes | No |Nota COPECifpH>55]| Yes { Yes |—*
(EPA 2003, 76077)
Antimony Yes | Yes | — No | No |[—
Arsenic Yes | Yes | — Yes | No |HQ>3
Barium Yes | Yes |— Yes | Yes | —
Beryllium Yes | No [0.3<HQ<3 Yes | Yes | —
Boron Yes [ No |0.3<HQ<3 Yes | No |0.3<HQ<3
Cadmium Yes | Yes | — Yes | Yes | —
Chicride No | No | Not COPC in sediment | Yes | No | Water only
Chromium Yes | Yes |— Yes | No | 0.3<HQ<3
Cobalt Yeas | Yes |— Yes | No |HQ=>3
Copper Yes | No [HQ>3 Yes | Yes | —
Cyanide, Total Yes | Yes | — Yes | Yes | —
Fluoride No | No [Not COPC insediment | Yes | No | Water only
Lead Yes | No [HQ >3 Yes | Yes | —
Manganese Yes | Yes | — Yes | Yes | —
Mercury Yes | Yes |— No | No |[—
Methylmercury Yes | No |HQ>3 No | Ne | NotCOPCin
sediment or water
Nickel Yes | No |HQ >3 Yes | No |HQ=>3
Selenium Yes | Yes |— Yes | No |0.3<HQ<3
Silver Yes | Yes |— Yes | Yes |—
Strontium Yes | No [Not COPCinsediment | Yes | No | Water only
Thallium Yes | Yes |[— Yes | No [HQ >3
Titanium Yes | Yes |— No | No [Not COPC
Uranium Yes | No |0.3<HQ<3 Yes | No (Water only
Vanadium Yes | No |HQ >3 Yes | No |HQ >3
Zing Yes | Yes | — Yes | Yes | —
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Table 8.1-2 {continued)

Terrestrial Aquatic
- e — a—
o |28 e |28
= o c a s
@ St |8~ se|3~
p] > By " B2 g »
@ 2 R £ a2 =28 £
< Ewl|8c = £ wn S c =
of |98 og |98
T E= ™|
o =< o =i~
(o] = 58 (=] = 8
o |ox o |ox
PAH Acenaphthene Yes | No |HQ >3 No | No |—
Anthracene No | No |Not COPCinsediment | Yes | Yes | —
Benzo(a)anthracene Yes | No [0.3<HQ<3 Yes | Yes |—
Benzo{a)pyrene Yes | No |0.3<HQ<3 Yes | Yes |—
Benzo(b)flupranthenea Yes | No |0.3<HQ<3 Yes | Yes |—
Benzo(g,h,i)perylene Yes | No [0.3<HQ<3 Yes | No |0.3<HQ<3
Benzo{k)fluoranthene No | No |Not COPCinsediment | Yes | No |0.3<HQ<3
Chrysene Yes | No [0.3<HQ<3 Yes | No |0.3<HQ<3
Fluoranthene Yes | No [0.3<HQ<3 Yes | No |0.3<HQ<3
Fluorene Yes | No |0.3<HQ<3 Yes | No |Water only
Indeno(1,2,3-cd)pyrene Yes | No | Not COPC in sadiment Yes | Yes | —
Naphthalene Yes | Yes [— Yes | No |HQ >3
Phenanthrene Yes | No {0.3<HQ<3 Yes | No |HQ >3
Pyrene Yes | No |0.3<HQ<3 Yes | Yes | —
PCB Aroclor-1248 Yes | No | Only detect was in No | No |Not COPC
removed ACS samples
Aroclor-1254 Yes | Yes |— Yes | No |0.3<HQ<3
Aroclor-1260 Yes | No [HQ>3inremoved ACS | Yes | No |0.3<HQ<3
samples only
Pesticide BHC{gamma-) No | No |Not COPCinsediment | Yes | No | Water only
Chiordane(alpha-) No [No |Not COPC insediment | Yes | No |HQ >3
Chlordane(gamma-} No | No |Not COPCinsediment | Yes | Yes |—
DDE(4,4"-) Yes | Yes | — Yes | No | 0.3<HQ<3
DDT(4,4"-} Yes | Yes | — Yes | No [HQ >3
Dieldrin Yes | No |0.3<HQ<3 No | No j—
Endrin Yas | No |0.3<HQ<3 No | No |Not COPC
Endrin Aldehyde Yes | Yes [— Yes | No | Water oniy
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Table 8.1-2 (continued)

Terrestrial Aquatic
k-] ok k=] (S
c |£8 c &8
e SE|8~ Se(8"~
2 = 58|90 » £8|1%a "
S © o5 &3S O D 9| S <3
D e Dy EFa ° DS °
< Ewnld=cs = Ewnloc z
e |28 o522
ul = w 2
o s 8 o B %
8 [#£ 8 5L
Radionuclide § Americium-241 Yes | No [0.3<HQ<3 Yes | Yes |—
Cesium-134 No | No |Not COPC insediment | Yes | No [0.3<HQ<3
Cesium-137 Yes | No | 0.3<HQ<3 Yes | Yes | —
Europium-152 No | No |Not COPCinsediment | Yes j No |0.3<HQ<3
Plutonium-238 Yes | No |Only HQ >0.3 in ACS Yes | Yes {—
removed samples
Plutonium-239,240 Yes | Yes | — Yes | Yes |—
Strontium-90 No No | Not COPC in sediment Yes | No |0.3<HQ<3
Thorium-232 Yes | No |0.3<HQ<3 No [ No |NotCOPC
Uranium-234 Yes | No {Only HQ>0.3in ACS Yes | No |Water only
removed samples
Uranium-238 Yes | No [Only HQ>0.3in ACS No | No |Not COPC
removed samples
SVOC Benzoic Acid Yes | No |0.3<HQ<3 Yes | Yes |—
Bis(2)ethylhexyl phthalate | Yes | No | 0.3<HQ<3 Yes | No |0.3<HQ<3
Nitrobenzene No | No |— No | No |NotCOPC
Phenol Yes | No | Only detected in post- No | No | Not COPC
fire baseline samples
Tetryl Yes | No | Only detected in post- No | No |Not COPC
fire baseline samples
*— = Not applicable.
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Table 8.1-3
Comparison of Maximum Concentrations in Small-Mammal Tissues with Owl ESLs
Los Alamos and Pueblo
Canyons (study area} Guaje Canyon (reference area)
Maximum Mammal Maximum Mammal
Owl ESL Concentration Concentration
COPEC? (mg/kg fresh wt) {mg/kg fresh wt) HQ® (mglkg fresh wt) HQ
Arsenic 50.5 2.2 0.044 .17 0.003
Barium 904 7.8 0.009 10 0.011
Cadmium 143 0.04 0.003 0.021 0.001
Copper 297 3.5 0.118 4 0.135
Lead 154 190 1.231 270 1.749
Manganese 5710 86 0.002 48 0.001
Mercury 0.73 0.089 0122 00230 0.032
Nickel 275 16 0.006 0.32 0.001
Selenium 4.33 0.56 0.129 0.53 0.123
Silver 535 0.049 0.001 0.063 0.001
Vanadium 10.8 0.31 0.029 0.17 0.016
Zinc 1180 190 0.161 160 0.136
Aroclor-1254 0.98 0.025 U° 0.025 0.017 U 0.017
Aroclor-1260 105 0.12 0.011 0.017 U 0.002
DDE[4,4'-] 0.069 0.0029 0.042 0.0019 0.027
DDT[4,4"-] 0.069 0.0028 0.040 0.0017 U 0.024
Dieldrin 0.76 0.0025U 0.003 0.0017 U 0.002
Endrin 0.098 0.0025 U 0.026 0.0017 U 0.017
Endrin Aldehyde 0.098 0.0025V0 0.025 0.0017 U 0.017

& All COPECSs with an avian TRV are listed in this table {except cobalt, which was eliminated as a study design COPEC in Section

8.1.2).

HQ is calculated as the ratic of maximum mammal concentrations divided by the owl ESL.

c
U = Maximurn is a nondetected sample resuft.
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Table 8.1-4
HQ Summary for Key Mammalian Invertevore Feeding Guild COPECs
Aroclor-1254 Antimony Barium Manganese Silver
ESL {mg/kg} 0.022 0.57 2.4 520 0.091
Background mean 0.038* 0.505 60.4 290 0.066
(mgrkg)
BV {mg/kg) 0.041* 0.83 127 543 1
HQ for Maximum Reach Sample Result
AC-3 282 4.4 41.3 0.9 23.1
LA-1C 59.1 7.1 53.3 0.7 19.8
P-3wW 1.0 1.1 62.5 1.3 7.7
BV 19 1.5 52.9 1.0 11.0
HQ of Average Reach Data
AC-3 44.9 07 18.0 0.5 34
LA-1C 9.2 40 18.8 04 10.3
P-3W 09 0.6 253 06 47
Background mean 17 0.9 252 06 0.7
HQ for Composite Soil Sample Average
AC-3 4.2 0.6 271 o8 3.8
LA-1C 14 0.7 20.3 0.5 05
P-3W 0.2 07 28.0 0.6 0.8
Guaje 0.2 0.7 27.4 0.5 05

*Average and maximum Aroclor-1254 concentrations in baseline reaches LA-0 and P-1FW.

Table 8§.1-5
Weight of Evidence Summary for Mexican Spotted Owl Assessment Endpoint

Weight of
Evidence

Lines of Evidence

Criteria

Result

(1} Modeled exposure and literature toxicity information to
calculate spatially weighted HQ values using ECORSK.7 {includes
consideration of nesting and foraging habitat based on vegetation
class coverage)

Medium

No evidence for adverse effects;
average, and maximum HQ/HI
do not suggest potential for
adverse effects

(2) Modeled and measured concentrations in prey species—
determine if exposure concentrations differ within the watershed in
relation to sediment concentrations; compare prey COPEC
concentrations across gradient in the Los Alamos and Pueblo
watershed and also compare concentrations with “reference”
locations in Guaje Canyon

Medium

No evidence for adverse effects;
maximum concentrations in
small mammals are less than
owl ESLs

{3} Compare the concentrations of COPECs in sediment with the
soil ESL for the kestrel with the flesh diet

low

Soil concentrations are greater
than ESL; adverse effects are
possible

April 2004 8-80

ER2004-0027



Los Alamos and Pueblo Canyons Investigation Report

Table 8.1-6
Weight of Evidence Summary for Avian Ground Invertevore Feeding Guild Assessment Endpoint
Weight of
Evidence
Lines of Evidence Criteria Result

(1) Nest box study—determine occupancy rate by bluebirds along | Medium® No difference in occupancy
a gradient of COPEC concentrations in the Los Alamos and [expanded | rates versus COPECs; post-fire
Pueblo watershed; need to account for vegetation differences in network] occupancy higher in burned
the canyon as well as other factors known to influence nest site High* canyons
preferences [established

network]
(2) Nest box study—determine nest success rate by bluebirds Medium* No difference in nest success
along a gradient of COPEC concentrations in the Los Alamos and | [expanded | (numbers of eggs, nestlings, or
Pueblo watershed; need to account for other factors known to network] fledglings) versus COPECs
influence nest success (food, predators, etc.) High*

[established

network]
(3) Nest box study—determine eggshell thickness for bluebirds Medium No difference in eggsheli
along a gradient of COPEC concentrations in the Los Alamos and thickness versus COPECs
Pueblo watershed; need to account for other factors known to
influence eggshell thickness (amount of calcium in diet, etc.)
(4) Nest box study—compare COPEC concentrations in eggs Medium-low | Differences in PCBs between
within the Los Alamos and Pueblo watershed and also compare locations; concentrations less
concentrations with “reference” locations than levels of concern
{5) Modeled and measured concentrations in food (earthworm Medium for | Evidence for bivaccumulation of
bioaccumulation test}—determine if exposure concentrations differ | metals only | metals, primarily from a sample
within the watershed in relation to sediment concentrations; design collected in reach AC-3
used a gradient in COPEC concentrations with the Los Alamos
and Pueblo watershed and also compared concentrations with
“reference” locations
(6) Modeled exposure and literature toxicity information to Medium Population effects for watershed
calculate spatially weighted HQ values using ECORSK.7 (includes are unlikely because small
consideration of nesting and foraging habitat based on vegetation fraction of modeled nests with
class coverage) for bluebird populations in the watershed; will be HI >1
based on a frequency of HQ values >1 for the watershed {or
population area)
(7) Field surveys of avian ground invertevore abundance and Low No decrease in
diversity in the Los Alamos and Pueblo watershed; and also abundance/diversity versus
compare abundance/diversity with “reference” locations COPECs
{8) Compare the concentrations of COPECs in sediment with the | Low Soil concentrations are greater

soil ESL for the robin with the invertevore diet

than ESL; adverse effects are
possible

*Tie breaking not possibie for two closely related measures.
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Table 8.1-7

Weight of Evidence Summary for Mammalian Invertevore Feeding Guild Assessment Endpoint

Lines of Evidence

Weight of
Evidence

Criteria Result

(1) Field surveys of small-mammal abundance and diversity along
gradient of COPEC concentrations in the Los Alamos and Pueblo
watershed and also compare abundance/diversity with “reference”
locations

No difference in
abundance across
COPEC gradient

Medium-low

(2) Field surveys to determine small mammal reproduction status along
gradient of COPEC concentrations in the Los Alamos and Puebto
watershed and also compare reproduction rates with “reference” locations

No difference in
reproductive status
across COPEC
gradient

Medium+

{3) Modeled and measured concentrations in food—could determine if
exposure concentrations differ within the watershed in relation to
sediment concentrations; design could use a gradient in COPEC
concentrations with the Los Alamos and Pueblo watershed and also
compare concentrations with “reference” location in Guaje

Evidence for
bioaccumulation of
metals, primarily from a
sample collected in
reach AC-3

Medium-

For metals
only

(4) Modeled exposure and literature toxicity information to calculate
spatially weighted HQ values using ECORSK.6 {includes consideration of
nesting and foraging habitat based on vegetation class coverage] for deer
mouse poputations in the watershed——could be based on a frequency of
HQ values >1 for the watershed

Population effects for
watershed are unlikely,
because small fraction
of modeled focal points
with HI >1

Medium-

{5) Compare the concentrations of COPECs in sediment with the soil ESL
for the shrew

Soil concentrations are
greater than ESL,;
adverse effects are
possible

Low

Table 8.1-8
Weight of Evidence Summary for Detritivore Assessment Endpoint
Weight of
Evidence
Lines of Evidence Criteria Result
{1) Toxicity bicassay (earthworm mortality) along gradient | High No evidence for adverse effects on
of COPEC concentrations in the Los Alamos and Pueblo earthworm mortality; no relationship of
watershed—compare mortality rates with “reference” mortality over COPEC gradient; one
locations sample with anomalously high mortality
apparently because of a pathogen
(2) The concentration of COPECs in earthworms n/a” Evidence for bioaccumulation of metals,
primarily from a sample collected in
reach AC-3
{3} Compare the concentrations of COPECs in sediment | Low Soil concentrations are greater than ESL;
to the soil ESL for the earthworm adverse effects are possible

*n/a = Not applicable because this is a supporting measure to the toxicity bioassay.
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Table 8.1-9
Weight of Evidence Summary for Primary Producer Assessment Endpoint

Lines of Evidence

Weight of
Evidence
Criteria

1) Toxicity bioassay (seedling germination) along gradient of COPEC | High

concentrations in the Los Alamos and Pueblo watershed and also

compare germination rates with “reference” locations

No difference in seedling
germination test endpoints
across COPEC gradient

2} Abundance and diversity of plants along gradient of COPEC Medium No difference in plant
concentrations in the Los Alamos and Pueblo watershed and also diversity across COPEC
compare plant abundance/diversity with “reference” locations

3) Compare the concentrations of COPECs in sediment to the sail Low Soil concentrations are

ESL for the plant

greater than ESL; adverse
effects are possible

Table 8.1-10
Weight of Evidence Summary for Aquatic Community Assessment Endpoint

Lines of Evidence

{1) Estimates of growth and mortality of aquatic invertebrates
based on toxicity tests using Chironomus tentans compared with
the reference location

(2} A rapid bioassessment characterization to evaluate habitat

ratings at selected locations based on watershed features,

riparian vegetation, in-stream features, aquatic vegetation, and

benthic substrate; assessment will also include measures of

abundance and diversity of aquatic invertebrates

(3) Compare the concentrations of COPECs in sediment to the

sediment ESL for the aquatic community organisms

Weight of
Evidence
Criteria
High No difference in growth or
mortality compared to the
reference location
Medium Assessment suggests that
locations with more persistent
water have poor habitat, and this
prevents many aquatic species
from being present
Low Concentrations are greater than
ESL,; adverse effects are possible
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Table 8.2-1
Site-Specific Exposure Scenarios and Complete Exposure Pathways

Exposure Scenarios
Extended Construction | Resource
Exposure Pathways Trail User Backyard Residential Worker User
Incidental ingestion of soil X X X X X
Inhalation of dust X X X X X
Dermal contact with soil X X X X X
Ingestion of fruits and vegetables — — X — X
Ingestion of meat — — —_ — X
Ingestion of alluvial groundwater — — X — —
Dermal contact with alluvial groundwater — — X — —
Ingestion of surface water X X —_ —_ X
Bermal contact with surface water X X — —_ X
External irradiation X X X X X
* — = Incomplete pathway.
Table 8.2.2

Trail User Sediment Exposure Pathways EPC-to-RBC Ratio Sums, by Reach

Reach Carcinogen Sum? Noncarcinogen Sum Radionuclide Sum®

AC-1 0.517 0.00191 -
AC-2 0.321 0.00188 —
AC-3 0.161 0.0385 0.0877
ACS 0.0427 0.00573 0.0907
DP-1C 0.038 - —_
DP-1E 0.0816 — —_
DP-1W 0.292 — —_
DP-2 — — 0.137
DP-3 0.0153 — 0.102
DP-4 — — 0.0801
LA-2E 0.0594 0.000828 0.0643
LA-2FE — — 0.114
LA-3E — — 0.0214
LA-3W — — 0.0616
P-1E 0.0223 0.0000464 0.0113
P-1W 0.047 0.0012 —_
P-4w 0.0413 0.00212 —

2 Convert to risk: Value x (1x10).

Convert to dose: Value x 15 mrem.
R Value below screening criteria.
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Table 8.2-3
Extended Backyard Sediment Exposure Pathways EPC-to-RBC Ratio Sums, by Reach
Reach Carcinogen Sum? Noncarcinogen Sum Radionuclide Sum®
AC-1 0.909 0.0205 —°
AC-2 0.571 0.0202 —
AC-3 0.277 0.328 0.387
ACS 0.0823 0.051 0.502
DP-1C 0.0653 - -
DP-1E 0.141 — —
DP-1W 0.504 - —
DP-2 - — 0.165
DP-3 0.0264 - 0.135
DP-4 —_ —_ 0.101
LA-2E 0.11 0.0089 0.0858
LA-2FE — — 0.115
LA-3E — — 0.0216
LA-3W —_ —_ 0.062
P-1E 0.0384 0.000385 0.0523
P-1W 0.0922 0.0129 —
P-4W 0.091 0.0228 -

@ Convert to risk; Value x (1x10°%).
Convert to dose: Value x 15 mrem.

c . .
— = Value below screening criteria,
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Table 8.24
Surface Sediment Exposure Pathways EPC-to-RBC Ratios, by Reach
Surface Area 95% Upper
Reach Risk Weighted Confidence Limit, Trail User Extended Backyard
COPC Class® Average® Epc® RBC Ratio RBC Ratio
AC-1
Arsenic ca 347 38 0.0368 0.0811
Arsenic nc 3.47 3.8 0.00191 0.0205
Benz(a)anthracene ca 1.82 3.51 0.0358 0.0617
Benzo(a)pyrene ca 1.96 375 0.382 0.659
Benzo(b)}flucranthene ca 2.65 475 0.0484 0.0835
Indeno(1,2,3-cd)pyrene | ca 0.751 1.38 0.0141 0.0242
AC-2
Arsenic ca 3.28 3.74 0.0362 0.0799
Arsenic ne 328 374 0.00188 0.0202
Benz(a)anthracene ca 1.26 1.92 0.0196 0.0337
Benzo{a)pyrene ca 1.35 215 0.219 0.378
Benzo(b)fluoranthene ca 2.29 373 0.038 0.0655
Indeno(1,2,3-cd)pyrene | ca 0.582 0.816 0.00832 0.0143
AC-3
Americium-241 rad 9.67 27.2 0.0181 0.101
Aroclor-1254 ca 0.668 2.24 0.0659 0.112
Aroclor-1254 ne 0.668 2,24 0.0385 0.328
Benz(a)anthracene ca 0.831 —° 0.00847 0.0146
Benzo(a)pyrene ca 0.718 — 0.0732 0.126
Benzo(b)fluoranthene ca 1.35 — 0.0138 0.0237
Cesium-137 rad 2.18 5.59 0.0266 0.0266
Plutonium-239 rad 457 725 0.0426 0.259
Strontium-90 rad 2.38 5.67 0.000334 0.00101
ACS
Americium-241 rad 3.26 4.34 0.00289 0.0161
Aroclor-1254 ca 0.185 0.278 0.00818 0.014
Aroclor-1254 nc 0.185 0.278 0.00477 0.0407
Arsenic ca 172 1.9 0.0184 0.0406
Arsenic nc 1.72 1.9 0.000953 0.0103
Benzo{a)pyrene ca 0.158 — 0.0161 0.0278
Ceslum-137 rad 1.26 1.92 0.00914 0.00814
Plutonium-239 rad 103 133 0.0782 0475
Strontium-90 rad 0.485 0.667 0.0000392 0.000119
Uranium-234 rad 384 4.87 0.000375 0.0018
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Table 8.2-4 {continued)

Surface Area 95% Upper
Reach Risk Weighted Confidence Limit, Trail User Extended Backyard
COPC Class® Average EPC’ RBC Ratio RBC Ratio
DP-1C
Aroclor-1260 ca 0.359 — 0.0106 0.018
Benzo(a)pyrene ca 0.269 —_ 0.0274 0.0473
DP-1E
Benz(a)anthracene 0.44 0.643 0.00855 0.0113
Benzo{a)pyrene ca 0.661 — 0.0674 0.116
Benzo(b)fluoranthene ca 0.487 0.752 0.00766 0.0132
DP-1W
Benz(a)anthracene ca 1.07 2 0.0204 0.0351
Benzo(a)pyrene ca 1.23 2.14 0.218 0.376
Benzo(b)fluoranthene ca 1.47 2.61 0.0266 0.0459
Indeno(1,2,3-cd)pyrene |ca 2.67 -— 0.0272 0.0469
DP-2
Americium-241 rad 3.98 57 0.0038 0.0211
Cesium-137 rad 18.5 275 0.131 0.131
Plutonium-239 rad 2.51 3.18 0.00187 0.0114
Strontium-90 rad 4.64 6.78 0.000399 0.00121
DP-3
Americium-241 rad 6.11 9.32 0.00621 0.0345
Benz{a)anthracene ca 0.12 — 0.00122 0.00211
Benzo(a)pyrene ca 0.116 — 0.0118 0.0204
Benzo(b)fluoranthene ca 0.22 - 0.00224 0.00387
Cesium-137 rad 14.7 20 0.0952 0.0952
Plutonium-239 rad 1.03 1.33 0.000782 0.00475
Strontium-90 rad 1.28 21 0.000124 0.000377
DP4
Americium-241 rad 244 4.36 0.00291 0.0161
Ceslum-137 rad 12.4 15.9 0.0757 0.0757
Plutonium-239 rad 1.32 2.28 0.00134 0.00814
Strontium-90 rad 216 3.02 0.000178 0.000539
LA-2E
Americium-241 rad 4.67 6.9 0.0046 0.0256
Aroclor-1260 ca 0.0522 0.0722 0.00212 0.00363
Arsenic ca 1.85 — 0.016 0.0352
Arsenic nc 1.65 — 0.000828 0.0089
Benzo(a)pyrene ca 0.204 0.405 0.0413 0.0712
Cesium-137 rad 9.95 12.5 0.0595 0.0595
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Table 8.2-4 {continued)

Surface Area 95% Upper

Reach Risk Weighted Confidence Limit, Trail User Extended Backyard

COPC Class® Average EPC® RBC Ratio RBC Ratio
Strontium-90 rad 2.91 379 0.000223 0.000677
LA-2FE
Cesium-137 rad 18.2 226 0.108 0.108
Strontium-90 rad 36 447 0.000263 0.000798
LA-2W
Cesium-137 rad 1.24 1.28 0.0061 0.0061
Strontium-90 rad 0.469 0.855 0.0000503 0.000153
LA-3E
Cesium-137 rad 3.76 447 0.0213 0.0213
Strontium-90 rad 1.15 202 0.000119 0.000361
LA-3W
Cesium-137 rad 8.55 129 0.0614 0.0614
Strontium-90 rad 1.99 299 0.000176 0.000534
P-1E
Americium-241 rad 0.27 0.316 0.000211 0.00117
Aroclor-1254 ca 0.0027 — 0.0000795 0.000136
Aroclor-1254 nc 0.0027 —_ 0.0000464 0.000395
Benz{a)anthracene ca 0.132 — 0.00135 0.00232
Benzo(a)pyrene ca 0.179 —_ 0.0182 0.0315
Benzo(b¥fluoranthene ca 0.233 — 0.00237 0.00409
Cesium-137 rad 0.656 0.659 0.00314 0.00314
Dibenz(a,h)anthracene ca 0.00204 — 0.000208 0.000358
Plutonium-239 rad 9.76 13.4 0.00788 0.0479
Strontium-90 rad 0.776 — 0.0000456 0.000139
P-1W
Arsenic ca 21 24 0.0222 0.0512
Arsenic nc 2.1 24 0.0012 0.0129
Benzo(a)pyrene ca 0.181 0.233 0.0237 0.0409
P-4wW
Arsenic ca 4.23 — 0.0409 0.0903
Arsenic nc 4.23 — 0.00212 0.0228
Benzo{a)pyrene ca 0 — 0 0
Benzo(b)fiuoranthene ca 0.0393 —_ 0.000401 0.000691

a . . . )
ca = Carcinogen, nc = noncarcinegen, rad = radionuclide.

Units for radionuclide concentrations are pCi/g; units for nonradionuclide concentrations are mg/kg.

¢ Insufficient data to calculate a variance. In these cases, the weighted mean is used as the EPC.
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Table 8.2.5
Trail User Surface Water Exposure Pathways EPC-to-RBC Ratio Sums, by Sampling Location
Location Carcinogen Sum® Noncarcinogen Sum Radionuclide Sum®

00-10241 0.0305 0.00795 =
21-01854 0.0285 0.0126 0.0168
21-10929 0.114 0.0058 —
21-11226 0.0885 0.0151 —
21-11269 — —_ 0.0146
GU-10004 0.0641 0.00332 —_
LA-00218 0.0652 0.00338 —
LA-00219 0.0523 0.0107 —
LA-02-2(908 0.0541 0.00281 —_
LA-02-20809 0.0374 0.002 —
LA-02-20913 0.0357 0.00185 —
LA-02-20914 0.0239 0.00561 —
LA-02-20915 0.0295 0.00644 —
LA-10005 0.0356 0.00627 —
LA-10006 _ 0.00292 —
LA-10033 0.0153 0.00826 —
LA-10040 0.0417 0.0313 _
LA-10057 0.0793 0.00411 —
LA-10058 0.0224 0.00885 —
LA-10084 0.0788 0.0206 —
LA-10065 — 0.00743 —
LA-10126 —_ — —
LA-10179 0.0469 0.00243 —
PU-02-20920 0.152 0.022 —
PU-10068 0.0346 0.00551 -
PU-10069 0.0437 0.00719 —
PU-10070 0.0369 0.00191 —
PU-10071 0.082 0.0147 —_
PU-10155 2.43° — 0.0126
PU-10175 0.0325 0.00223 0.0281
PU-10176 0.0183 0.000949 0.0183
PU-10229 0.0854 0.0115 —
PU-10230 0.187 0.0219 —
PU-10231 1.23 - —_

Convert to risk: Value x {1x107).
Convert to dose: Value x 4 mrem.
— = Value bslow screening criteria.

o 0o oo

Bold text indicates sum that exceeds 1.
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Table 8.2-6
Extended Backyard Surface Water

Exposure Pathway EPC-to-RBC Ratio Sums, by Sampling Location

Location Carcinogen Sum”® Noncarcinogen Sum Radionuclide Sum®
00-10241 0.0495 0.0314 —°
21-01854 0.0462 0.0496 0.0295
21-10929 0.184 0.0229 —
21-11226 0.144 0.0595 —
21-11269 — o 0.0255
GU-10004 0.104 0.0131 —
LA-00218 0.106 0.0133 —
LA-00219 0.0849 0.0424 —
LA-02-20908 0.0878 0.0111 —
LA-02-20909 0.0608 0.00791 —_
LA-02-20913 0.0579 0.0073 —
LA-02-20914 0.0387 0.0218 -—
LA-02-20915 0.0479 0.0252 —
LA-10005 0.0578 0.0243 —_
LA-10006 — 0.0112 —
LA-10033 0.0248 0.0318 —
LA-10040 0.0677 0.123 —
LA-10057 0.129 0.0162 —
LA-10058 0.0363 0.0349 —
LA-10064 0.128 0.0808 —_
LA-10065 — 0.0292 —
LA-10126 — —_ —
LA-10179 0.0761 0.00959 —
PU-02-20920 0.248 0.0859 —
PU-10068 0.0561 0.0214 —
PU-10069 0.071 0.0279 —
PU-10070 0.0599 0.00755 —
PU-10071 0.101 0.0571 —
PU-10155 1.67 ¢ — 0.022
PU-10175 0.0528 0.00879 0.0493
PU-10176 0.0297 0.00375 0.032
PU-10229 0.139 0.0452 —
PU-10230 0.227 0.0821 —
PU-10231 0.857 —_ —

: Convert to risk: Value x (1x10%),
Convert to dose: Value x 4 mrem.
; - = Value below screening criteria.
Bold text indicates sum that exceeds 1.
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Table 8.2-7
Surface Water Exposure Pathways EPC-to-RBC Ratio, by Sampling Location
Extended
Number of Trail User | Backyard
Location Name Canyon | Class® COPC Units | Samples EPC® | RBCRatio| RBC Ratio
00-10241 Reach AC-2 SW Acid ca Arsenic po/L 2 3 0.0305 0.0495
00-10241 Reach AC-2 SW Acid nc Arsenic po/L 2 3 0.00158 0.00624
00-10241 Reach AC-2 SW Acid nec Iron palt. |2 1200 0.000633 |0.0025
00-10241 Reach AC-2 5W Acid nc Thallium ugfL 2 29 0.00574 0.0226
21-01854 DP Spring DP ca Arsenic pgl |5 2.8 0.0285 0.0462
21-01854 DP Spring DP nc Arsenic pgl |5 2.8 0.00148 | 0.00583
21-01854 DP Spring DP nc Fluoride pg/L 1 1100 0.0029 0.0114
21-01854 DP Spring bP nc iron po/l 5 1300 0.000686 |0.0027
21-01854 DP Spring DP nec Thallium pg/il 5 38 0.00752 |0.0296
21-01854 DP Spring DP rad Strontium-90 pCillL |5 110 0.0168 0.0295
21-10929 Reach DP-1W SW DP ca Arsenic Hg/L 4 11 0.112 0.182
21-10929 Reach DP-1W SW DP ca BHC|beta-] pg/L 4 0.1 0.00208 0.00256
21-10929 Reach DP-1W SW DP nc Arsenic pg/L 4 11 0.0058 0.0229
21-11226 Reach DP-1C SW DP ca Arsenic Ha/L 4 8.7 0.0885 0.144
21-11226 Reach DP-1C SW DP nc Aluminum Hall. 4 6610 0.00105 0.00413
21-11226 Reach DP-1C SW DP nc Antimony pg/L 4 215 0.000901 [0.00352
21-11226 Reach DP-1C SW DP nc Arsenic g/l 4 8.7 0.00459 0.0181
21-11226 Reach DP-1C SW DP nc iron ugil 4 4480 0.00236 0.00932
21-11226 Reach DP-1C SW DP nc Manganese pa/L 4 280 0.000396 | 0.00151
21-11226 Reach DP-1C 3W DP ne Thalliurn Hg/k 4 29 0.00574 0.0226
21-11226 Reach DP-1C SW DP nc Uranium Mg/l 4 115 0.0000607 | 0.000239
—21-1 1269 Reach DP-2 SW DP rad Strontium-20 pCit |1 952 0.0146 0.0255
GU-10004 Guaje at LA Confluence Guaje ca Arsenic Hg/lL 2 6.3 0.0641 0.104
GU-10004 Guaje at LA Confluence Guaje nc Arsenic Hg/L 2 6.3 0.00332 0.0131
LA-00218 Reach LA-4 SW Los Alamos |ca Arsenic Mg/l 8 6.41 0.0652 0.106
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Table 8.2-7 (continued)

Extended
Number of Trail User | Backyard
Location Name Canyon | Class® COPC Units | Samples | EPC® | RBCRatio | RBC Ratio
LA-00218 Reach LA-4 SW Los Alamos | nc Arsenic ugiL 8 6.41 0.00338 0.0133
LA-00219 Basalt Spring Los Alamos | ca Arsenic ug/L 8 514 0.0523 0.0849
LA-00219 Basalt Spring Los Alamos | nc Antimony [Viel[ 8 3 0.00126 0.00492
LA-00219 Basalt Spring Los Alamos | nc Arsenic B/l 8 514 0.00271 0.0107
LA-00219 Basalt Spring Los Alamos | nc Thailium ug/L 8 34 0.00672 0.0265
LA-00219 Basalt Spring Los Alamos | nc Uranium ug/L 3 1.05 0.0000552 | 0.000218
LA-02-20908 | Eco Los Alamos | ca Arsenic Mo/l 1 5.32 0.0541 0.0878
LA-02-20908 | Eco Los Alamos | nc Arsenic Ho/L 1 5.32 0.00281 0.0111
LA-02-20909 | Eco Los Alamos |ca Arsenic dg/L 1 3.61 0.0367 0.0596
LA-02-20909 | Eco Los Alamos | ca DDT[4.4"-] pg/ll 1 0.32 0.00073 |0.00119
LA-02-20909 | Eco Los Alamos | nc Arsenic pa/L 1 3.61 0.0019 0.00751
LA-02-20909 | Eco Los Alamos | nc DDT[4,4"] pgiL 1 0.32 0.0001 0.000396
1 A-02-20913 | Eco DP ca Arsenic Mg/l 1 3.51 0.0357 0.0579
LA-02-20913 | Eco DP nec Arsenic Mg/l 1 3.51 0.00185 | 0.0073
LA-02-20914 | Eco Los Alamos | ca Arsenic pg/L 1 227 0.0231 0.0375
LA-02-20914 | Eco Los Alamos |ca DDT{4,4"-] Hg/L 1 0.34 0.000776 |0.00127
LA-02-20914 | Eco Los Alamos | nc Arsenic Hg/L 1 2.27 0.0012 0.00472
LA-02-20914 | Eco Los Alamos | nc DDT[4 4] Mg/l 1 0.34 0.000106 | 0.000421
LA-02-20914 | Eco Los Alamos | nc Iron pall 1 2170 0.00114 0.00452
LA-02-20914 | Eco Los Alamos | nc Manganese po/L 1 1640 0.00232 0.00887
LA-02-20914 | Eco Los Alamos | nc Thallium po/L 1 0.422 0.000835 |0.00329
LA-02-20915 | Eco Los Alamos | ca Arsenic [V[e/[8 1 29 0.0295 0.0479
LA-02-20915 | Eco Los Alamos | nc Aluminum Mo/l 1 4910 0.000777 |0.00306
LA-02-20915 | Eco Los Alamos | nc Arsenic Ho/L 1 29 0.00153 0.00603
LA-02-20915 | Eco Los Alamos | nc tron Ho/L 1 3300 0.00174 0.00887
LA-02-20915 | Eco Los Alamos | nc Manganese ug/L 1 1270 0.0018 0.00687
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Table 8.2-7 (continued)

Extended
Number of Trail User | Backyard
Location Name Canyon | Class® CoOPC Units | Samples EPC® | RBCRatio | RBC Ratio
LA-02-20915 | Eco Los Alamos |nc Thallium Mg/l 1 0.302 0.000597 | 0.00236
LA-10005 SW at LAO-0.6 Los Alamos | ca Arsenic pg/llL 3 35 0.0356 0.0578
LA-10005 SW at LAO-0.6 Los Alamos | nc Arsenic Hg/L 3 35 0.00185 | 0.00728
LA-10005 SW at LAO-0.6 Los Alamos | nc Iron pg/L 3 1400 0.000738 10.00291
LA-10005 SW at LAQ-0.6 Los Alamos | nc Manganese pgfl 3 2600 0.00388 0.0141
LA-10008 Upper Reach LA-0 SW Los Alamos | nc Iron povL 2 1500 0.000791 |0.00312
LA-10006 Upper Reach LA-0 SW Los Alamos | nc Manganese po/l 2 1500 0.00212 0.00812
LA-10033 LA Reservoir Los Alamos | ca Arsenic Hg/l 2 1.5 0.0153 0.0248
LA-10033 LA Reservoir Los Alamos | nc Arsenic HylL 2 1.5 0.000791 ]0.00312
LA-10033 LA Reservoir Los Alamos | nc Manganese pgil 2 4500 0.00651 0.0249
LA-10033 LA Reservoir Los Alamos | nc Thallium Hg/lL 2 0.482 0.000953 |0.00376
LA-10040 At EC26 los Alamos | ca Arsenic polL 1 41 0.0417 0.0677
LA-10040 At E026 Los Alamos | nc Aluminum po/L 1 42800 0.00677 0.0267
LA-10040 At E026 Los Alamos | nc Arsenic uag/L 1 4.1 0.00216 0.00853
L A-10040 At E026 Los Alamos | nc Barium pg/L 1 467 0.0012 0.00466
LA-10040 At EQ26 Los Alamos | nc Chromium pg/L 1 18.8 0.00028 0.00103
LA-10040 At E026 Los Alamos | nc Iron ug/L 1 24200 0.0128 0.0504
LA-10040 At E026 Los Alamos | nc Manganese pg/L 1 2130 0.00302 0.0115
LA-10040 At E026 Los Alamos | nc Thallium ug/it 1 26 0.00514 0.0203
LA-10057 Upper Reach LA-5 Sw Los Alamos | ca Arsenic gl 2 78 0.0793 0.129
LA-10057 Upper Reach LA-5 SW Los Alamos |nc Arsenic pg/L 2 7.8 0.00411 0.0162
LA-10058 Lower Reach LA-5 SW (at delta) | Los Alamos | ca Arsenic Hg/lL 1 22 0.0224 0.0363
LA-10058 Lower Reach LA-5 SW (at delta) | Los Alamos | nc Arsenic Hg/L 1 2.2 0.00116 0.00458
LA-10058 Lower Reach LA-5 SW (at delta) | Los Alamos | nc Iron Ka/l. 1 1700 0.000897 |0.00354
LA-10058 Lower Reach LA-5 SW {at delta) | Los Alamos | n¢ Manganese pg/L 1 330 0.000467 |(0.00179
LA-10058 Lower Reach LA-5 SW (at delta) | Los Alamos | nc Perchlorate po/L 1 4 0.00633 0.025
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Table 8.2-7 (continued)

Extended
Number of Trail User | Backyard
Location Name Canyon Class® COPC Units | Samples EPC® | RBCRatio | RBC Ratio
LA-10064 Reach LA-1W SW Los Alamos | ca Arsenic pg/l 3 7.75 0.0788 0.128
LA-10064 Reach LA-1W SW Los Alamos | nc Aluminum Mo/l 3 27800 0.0044 0.0174
LA-10064 Reach LA-1W SW Los Alamos | nc Arsenic Wg/L 3 7.75 0.00409 0.0161
LA-10064 Reach LA-1W SW Los Alamos [ nc Barium pa/l 3 381 0.000982 |0.0038
LA-10064 Reach LA-1W SW Los Alamos | nc Chromium Hg/L 3 18.1 0.000269 | 0.000994
LA-10064 Reach LA-1W SW Los Alamos | nc Iron Mo/l 3 14300 0.00754 0.0298
LA-10064 Reach LA-1W SW Los Alamos | nc Manganese pg/l 3 1590 0.00225 0.0086
LA-10064 Reach LA-1W SW Los Alamos [ nc Thallium pg/ll |3 042 0.000831 | 0.00328
LA-10064 Reach LA-1W SW Los Alamos | nc Uranium Hg/L 3 417 0.00022 0.000868
LA-10065 Reach LA-1C SW Los Alamos | nc Aluminum Hg/L 3 15000 [0.00237 {0.00936
LA-10065 Reach LA-1C SW Los Alamos | nc lron Kg/L 3 7290 0.00384 0.0152
LA-10065 Reach LA-1C SW Los Alamos | nc Manganese Mg/l 3 728 0.00103 0.00394
LA-10065 Reach LA-1C SW Los Alamos | nc Uranium Ho/L 3 344 0.000182 | 0.000716
LA-10179 Otowi Spring Los Alamos | ca Arsenic po/L 1 4.61 0.0469 0.0761
LA-10179 Otowi Spring Los Alamos | nc Arsenic Hg/L 1 4.61 0.00243 0.0095¢
PU-02-20920 { Eco Pueblo ca Arsenic ug/L 1 14.9 0.152 0.246
PU-02-20920 | Eco Pueblo ne Arsenic pgiL 1 14.9 0.00786 0.031
PU-02-20920 | Eco Pueblo ne Barium pg/L 1 391 0.00101 0.0039
PU-02-20920 | Eco Pueblo nec Iren ug/L 1 14100 ]0.00744 |0.0293
PU-02-20920 { Eco Pueblo nc Manganese ugft 1 4010 0.00568 0.0217
PU-10068 Reach P-1 Far West SW Pueblo ca Arsenic pg/l 4 34 0.0346 0.05861
PU-10068 Reach P-1 Far West SW Pueblo nc Arsenic pgll |4 34 0.00179 | 0.00707
PU-10068 Reach P-1 Far West SW Pueblo ne Iron ugll |4 2800 0.00148 | 0.00583
PU-10068 Reach P-1 Far West SW Pueblo nc Manganese pg/L 4 1580 0.00224 0.00855
PU-10069 Upper Reach P-1W SW Pueblo ca Arsenic Hg/L 4 43 0.0437 0.071
PU-10069 Upper Reach P-1W SW Pusblo nc Antimony Mg/l |4 3 0.00126 0.00492
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Table 8.2-7 (continued)

Extended
Number of Trail User | Backyard
Location Name Canyon | Class® COPC Units | Samples EPC® | RBCRatio | RBC Ratio
PU-10069 Upper Reach P-1W SW Pueblo nc Arsenic pgil 4 43 0.00227 ]0.00895
PU-10069 Upper Reach P-1W SW Pueblo nc Manganese g/t 4 2590 0.00367 0.014
PU-10070 Lower Reach P-1W SW Pueblo ca Arsenic po/L 6 3.63 0.0369 0.0599
PU-10070 Lower Reach P-1W SW Pueblo ne Arsenic Mg/l 6 363 0.00191 0.00755
PU-10071 Upper Reach P-1E SW Pueblo ca Arsenic pa/l 4 6.1 0.062 0.101
PU-10071 Upper Reach P-1E SW Pueblo nc Arsenic ug/l 4 6.1 0.00322 0.0127
PU-103071 Upper Reach P-1E Sw Pueblo nc Iron uo/l 4 5200 0.00274 0.0108
PU-10071 Upper Reach P-1E SW Pueblo nc Manganese pa/L 4 6200 0.00878 0.0335
PU-10155 Lower Reach AC-3 SW (near Acid ca Benz(a)anthracene gL |4 0.65 0.0659 0.047
Acid Weir)
PU-10155 Lower Reach AC-3 SW (near Acid ca Benzo(a)pyrene Hg/L 4 0.63 1.07 0.745
Acid Weir}
PU-10155 Lower Reach AC-3 SW (near Acid ca Benzo(b)fluoranthene Hg/L 4 0.49 0.0847 0.0587
Acid Weir)
PU-10155 Lower Reach AC-3 SW (near Acid ca Dibenz(a h)anthracene Ha/L 4 0.43 1.12 0.766
Acid Weir}
PU-10155 Lower Reach AC-3 SW (near Acid ca Indeno{1,2,3-cd)pyrene Mg/l 4 0.47 0.0813 0.0564
Acid Weir)
PU-10155 Lower Reach AC-3 SW (near Acid rad Americium-241 pCilL |4 0.134 0.000488 | 0.000854
Acid Weir)
PU-10155 Lower Reach AC-3 SW (near Acid rad Plutonium-239 pCilL {4 2.58 000913 |0.016
Acid Weir)
PU-10155 Lower Reach AC-3 SW (near Acid rad Strontium-90 pCilL |4 19.2 0.00294 0.00514
Acid Weir}
PU-10175 Upper S. Fork Acid Canyon SW | Acid ca Arsenic Mg/l 2 3.2 0.0325 0.0528
PU-10175 Upper S. Fork Acid Canyon SW | Acid ne Arsenic pg/L 2 3.2 0.00169 | 0.00666
PU-10175 Upper $. Fork Acid Canyon SW | Acid ne Uranium Hg/L 2 10.3 0.000541 |0.00214
PU-10175 Upper S. Fork Acid Canyon SW 1 Acid rad Plutonium-239 pCilL 12 7.11 0.0252 0.044
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Table 8.2-7 (continued)

Extended
Number of Trail User | Backyard
Location Name Canyon | Class® COPC Units | Samples EPC® | RBCRatio | RBC Ratio
PU-10175 Upper S. Fork Acid Canyon SW | Acid rad Uranium-234 pCillL |2 7.3 0.00207 0.00362
PU-10175 Upper S. Fork Acid Canyon SW | Acid rad Uranium-238 pCilL |2 34 0.000915 |0.0016
PU-10176 Lower S. Fork Acid Canyon SW | Acid ca Arsenic Mg/l 2 1.8 0.0183 0.0297
PU-10176 Lower S. Fork Acid Canyon SW | Acid nc Arsenic ug/L 2 1.8 0.000949 |0.00375
PU-10176 Lower S. Fork Acid Canyon SW | Acid rad Plutonium-239 pCilL |2 5.17 0.0183 0.032
PU-10229 Pueblic at SR-502 Puebic ca Arsenic Mg/l 4 84 0.0854 0.139
PU-10229 Pueblo at SR-502 Pueblo nc Aluminum Hg/l 4 4000 0.000633 |0.0025
PU-10229 Pueblo at SR-502 Pueblo ne Arsenic Ho/L 4 84 0.00443 0.0175
PU-10229 Pueblo at SR-502 Pueblo ne Boron ugll |2 384 0.000675 | 0.00266
PU-10229 Pusblo at SR-502 Pusblo nc Iron pgll |4 5990 0.00316 [0.0125
PU-10229 Pueblo at SR-502 Pueblo nc Manganese pgit 4 1780 0.00249 0.00952
PU-10229 Pueblo at SR-502 Pueblo ne Uranium pafl 3 262 0.000138 |0.000544
PU-10230 Puebio 3 Pueblo ca Arsenic ug/l 4 104 0.106 0.172
PU-10230 Pueblo 3 Pueblo ca Bis(2-ethylhexyl)phthalate | pg/L 4 6.8 0.0814 0.0548
PU-10230 Pueblo 3 Pueblo ne Arsenic poL 4 104 0.00549- |0.0216
PU-10230 Pueblo 3 Pueblo ne Bis(2-ethylhexyl)phthalate | pg/L 4 6.8 0.00678 0.0226
PU-10230 Pueblo 3 Pueblo nc Boron ugil. 2 347 0.000861 0.00241
PU-10230 Pueblo 3 Pueblo ne Iron pgll |4 2550 0.00134 | 0.00531
PU-10230 Pueblo 3 Pueblo nc Manganese poL 4 1240 0.00176 0.00671
PU-10230 Pueblo 3 Pueblo ne Thallium pg/L |4 3 0.00593 | 0.0234
PU-10231 Pueblo 2 Pueblo ca Benz{a)anthracene Mg/l 1 0.79 0.0801 0.0571
PU-10231 Pueblo 2 Pueblo ca Benzo{a)pyrene g/l 1 0.56 0.954 0.662
PU-10231 Pueblo 2 Pueblo ca Benzo(b)flucranthene HolL 1 0.58 0.1 0.0695
PU-10231 Pueblo 2 Pueblo ca indeno(1,2,3-cd)pyrene pa/L 1 0.57 0.0987 0.0684

a . . . .
ca = Carcinogen, nc = noncarcinogen, rad = radionuclide.
The maximum detected value is used as the EPC when insufficient data are available to calculate a UCL.
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Table 8.2-8
Trail User RME Multimedia Sums, by Reach and Sampling Station
Sediment Water Carcinogen Noncarcinogen Radionuclide
Reach Water Station Name Location Sum® Sum sum®
DP-1W DP-1W SW 21-10929 0.406 0.0058 —
DP-1C DP-1W SwW 21-10929 0.152 0.0058 —
DP-1E DP-1W SW 21-10929 0.196 0.0058 —
DP-1W DP-1C SW 21-11228 0.38 0.0151 -—
DP-1C DP-1C SW 21-11226 0.127 0.0151 —_
DP-1E DP-1C SW 21-11226 017 0.0151 —
LA-2E DP Spring 21-01854 0.0879 0.0134 0.0811
LA-2FE DP Spring 21-01854 0.0285 0.0126 0.131
LA-2W DP Spring 21-01854 0.0285 0.0126 0.0168
LA-3 DP Spring 21-01854 0.0285 0.0126 0.0168
LA-3FE DP Spring 21-01854 0.0285 00126 0.0168
DP-2 DP Spring 21-01854 0.0285 0.0126 0.154
DP-3 DP Spring 21-01854 0.0438 0.0126 0.119
DP-4 DP Spring 21-01854 0.0285% 0.0126 0.0969
AC-1 AC-2 W 00-10241 0.547 0.00986 —_
AC-2 AC-2 SW 00-10241 0.352 0.00983 _
AC-1 Upper S. Fork Acid SW | PU-10175 0.549 0.00414 0.0281
AC-2 Upper S. Fork Acid SW | PU-10175 0.354 0.00411 0.0281
ACS Upper S. Fork Acid SW { PU-10175 0.0752 0.00796 0.119
AC-1 Lower S. Fork Acid SW | PU-10176 0.535 0.00286 0.0183
AC-2 Lower S. Fork Acid SW | PU-10176 0.339 0.00283 0.0183
ACS Lower S. Fork Acid SW | PU-10176 0.061 0.00668 0.109
AC-3 lower AC-3 SW PU-10155 2597 0.0385 0.1
P-1W lower AC-3 SW PU-10155 2.48 0.0012 0.0126
P-1E lower AC-3 SW PU-10155 2.45 0.0000464 0.0239
P-1W Upper P-1W SW PU-10069 0.0907 0.00839 —
P-1W Lower P-1W SW PU-10069 0.0907 0.00839 —
P-1E P-1E SW PU-10071 0.0843 0.0147 0.0113
P-1W P-1E SW PU-10071 0.109 0.0159 -
AC-3 P-1E SW PU-10071 0.223 0.0532 0.0877
P-3w Pueblo 3 PU-10230 0.187 0.0219 —
P-4W Pueblo 3 PU-10230 0.228 0.024 —
P-4E Pueblo 3 PU-10230 0.187 0.0219 —_
P-3W Pueblo at 502 PU-10229 0.0854 0.0115 —
P-4w Pueblo at 502 PU-10229 0.127 0.0136 —
P-4E Pueblo at 502 PU-10229 0.0854 0.0115 —

@ Convert to risk: Value x (1x10°).

Convert to dose; Value from Sediment Component (Value from Table 8.2-2 x 15 mrem) + Water Component (Value from
Table 8.2-5 x 4 mrem).

c . -
— = Value below screening criteria.
Boid text indicates sum that exceeds 1.
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Table 8.2-9
Extended Backyard RME Multimedia Sums, by Reach and Sampling Station
Sediment Water Station Water Carcinogen Noncarcinogen Radionuclide
Reach Name Location Sum® Sum Sum®
DP-1W DP-1W SW 21-10929 0.688 0.0229 —°
DP-1C DP-1W SW 21-10929 0.249 0.0229 —_
DP-1E DP-1W SW 21-10929 0.325 0.0229 —
DP-1W DP-1C SW 21-11226 0.648 0.0595 —
DP-1C DP-1C SW 21-11226 0.209 0.0595 —
DP-1E DP-1C 8W 21-11226 0.285 0.0595 —
LA-2E DCP Spring 21-01854 0.156 0.0585 0.115
LA-2FE DP Spring 21-01854 0.0462 0.0496 0.145
LA-2W DP Spring 21-01854 0.0462 0.0496 0.0295
LA-3 DP Spring 21-01854 0.0462 0.0496 0.0295
LA-3FE DP Spring 21-01854 0.0462 0.0496 0.0295
DP-2 DP Spring 21-01854 0.0462 0.0496 0.195
DP-3 DP Spring 21-01854 0.0726 0.0496 0.165
DP-4 DP Spring 21-01854 0.0462 0.0486 0131
AC-1 AC-2 SW 00-10241 0.959 0.0519 —
AC-2 AC-2 SW 00-10241 0.62 0.0516 —
AC-1 Upper S. Fork Acid SW | PU-10175 0.962 0.0293 0.0493
AC-2 Upper S. Fork Acid SW | PU-10175 0.624 0.029 0.0493
ACS Upper S. Fork Acid SW | PU-10175 0.135 0.0598 0.551
AC-1 Lower S. Fork Acid SW [ PU-10176 0.939 0.0243 0.032
AC-2 Lower S. Fork Acid SW | PU-10176 0.601 0.0239 0.032
ACS Lower S. Fork Acid SW | PU-10176 0.112 0.0547 0.534
AC-3 Lower AC-3 SW PU-10155 1.957 0.328 0.409
P-1W Lower AC-3 SW PU-10155 1.76 0.0129 0.022
P-1E Lower AC-3 SW PU-10155 1.71 0.000395 0.0743
P-1W Upper P-1W SW PU-10069 0.163 0.0408 —_
P-1W Lower P-1W SW PU-10069 0.163 0.0408 —_
P-1E P-1E SW PU-10071 0.139 0.0575 0.0523
P-1W P-1E SW PU-10071 0.193 0.07 —
AC-3 P-1E SW PU-10071 0.378 0.385 0.387
P-3W Pueblo 3 PU-10230 0.227 0.0821 —
P-4w Pueblo 3 PU-10230 0.318 0.105 —
P4E Pueblo 3 PU-10230 0.227 0.0821 -—
P-3wW Pueblo at 502 PU-10229 0.139 0.0452 —_
P-4W Pueblo at 502 PU-10229 0.23 0.068 —_
PAE Pueblo at 502 PU-10229 0.139 0.0452 —

8 Convert to risk: Value x (1x1 0%).
Convert to dose: Value from Sediment Component (Value from Table 8.2-3 x 15 mrem) + Water Component (Value from
Table 8.2-6 x 4 mrem).

c . .
— = Value below screening criteria.

Bold text indicates sum that exceeds 1.
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9.0 CONCLUSIONS AND RECOMMENDATIONS

Investigations of sediment, surface water, and alluvial groundwater in the Los Alamos and Pueblo
watershed indicate that incrganic, organic, and radionuclide COPCs are present in these media at
concentrations above ESLs or SALs. These COPCs are derived from several sources, including
Laboratory SWMUs and AOCs, runoff from the Los Alamos townsite, redistribution of ash from the Cerro
Grande burn area, and uncontaminated soils and sediments.

The spatial distribution of contaminants in the Los Alamos and Pueblo watershed indicates that the
primary Laboratory sources mast important for assessing potential human health risk are the former TA-1
and TA-45 outfalls into the South Fork of Acid Canyon (active from 1944 to 1964) and the SWMU 21-
011(k) outfall intoc DP Canyon (active from 1952 to 1986). Source areas for Laboratory-derived COPECs
that are most important in the assessment of potential ecological risk include outfalls into the South Fork
of Acid Canyon and sites in upper Los Alamos Canyon (such as TA-2 and perhaps former TA-1 andfor
TA-21 ouffalls). The impacts of several additional Laboratory sources (e.g., outfalls from TA-53 and
SWMU 0-030[g] and the former Pueblo Canyon WWTP) may be inferred from the characterization data,
although the concentrations, extent, and inventory of COPCs from these sources are minor compared to
the sources listed above.

Contaminant concentrations in canyons sediment and water have generally decreased over time,
indicating that the initial SWMU and AQC sources are no longer major contributors to contamination in
canyons media. The canyon bottom sediment deposits contain the largest inventory of contaminants
susceptible to remobilization and transport in floods and are the primary source for ongoing surface water
and alluvial groundwater contamination. Therefore, any future efforts to address contaminants in canyons
media should focus on the current distribution of contaminants in sediment instead of the original source
areas at Laboratory outfalis.

Many organic, inorganic, and radionuclide COPECs have been identified in the ecological screening
assessments; subsequently, a plan for a baseline ecological risk assessment (BERA) was developed.
The BERA process is based upon the eight-step EPA ecological risk assessment guidance for Superfund
(ERAGS) (EPA 1997, 59370). The study design and sampling plan was developed in collaboration with
the NMED and is described in Katzman (2002, 73667). The BERA evaluated evidence of ecological risks
from COPECs to omnivorous mammals, insect-eating birds, plants, earthworms, aquatic invertebrates,
and the Mexican spotted owl, a threatened and endangered species. The multiple lines of evidence did
not identify adverse effects to terrestrial or aquatic receptors. Therefore, no mitigation is necessary.

The site-specific human health risk assessment uses extended backyard and trail user exposure
scenarios to represent the present-day and reasonably foreseeable future land use in canyons throughout
the watershed. Residential and resourceuser scenarios were also assessed for San lldefonso Pueblo
land in lower Los Alamos Canyon and the construction worker scenario for Pueblo Canyon in the vicinity
of a planned new wastewater treatment plant. The assessment results indicate that for the trail user and
extended backyard scenarios, no areas in the Los Alamos and Pueblo watershed have contaminant
concentrations greater than levels acceptable for noncarcinogens in sediment or water (Hl of 1) or
radionuclides (dose fimit of 4 mrem/yr in water and 15 mrem/yr in sediment). However, combined
exposures to sediment and water at two locations, one in Acid Canyon and one in Pueblo Canyon, have
estimated RME risks that exceed the cancer risk criterion of 1 x 10°°. Reach AC-3 has the highest
calculated RME risk of 3 x 10 for the trail user exposure scenario and 2 x 10°° for the extended backyard
exposure scenario. These potential risks are dominated by PAHSs in surface water, with a minor
contribution from PAHs in sediment. Reach P-2W in Pueblo Canyon has a calculated trail user RME risk
of 2 x 10°° that is also dominated by PAHSs in surface water. As described in Section 8.2.6, these potential
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risks result mostly from dermal exposure to PAHs and are probably overestimated because of several
protectively biased assumptions of the exposure assessment.

Investigation data indicate that the dominant scurce of PAHSs is runoff from the Los Alamos townsite, not
Laboratory SWMUs or AQCs. The highest concentrations of PAMs in sediment in the Los Alamos and
Pueblo watershed were measured in reach AC-1, upcanyon from SWMU 0-030(g) and downcanyon from
commercial and residential areas and roads in the Los Alamos townsite. Relatively high concentrations of
PAHs are also present in sediment at the head of DP Canyon, which is also downcanyon from developed
areas in the townsite. Similarly, the source of PAHSs in surface water is townsite runcff. This conclusion is
consistent with studies in other regions that show PAHs to be common contaminants in sediment and
surface water near roads and developed areas.

For the residential and resource user scenarios, COPC concentrations in sediment in lower Los Alamos
Canyon on San lldefonso Pueblo land are below target risk levels. For the residential scenario in this part
of the canyon, noncarcinogens and carcinogens in alluvial groundwater have Hls ranging from 5 to 8 and
ICRs ranging from 4 x 10 to 2 x 10*. The noncarcinogen Hl is attributed to flucride, nitrite, nitrate, and
thallium; the ICR is from arsenic. Radionuclide concentrations in alluvial groundwater are below the dose
limits of 4 mrem/yr for the residential scenario. The residences in this part of the canyon currently use
potable water from a regional groundwater well. Additional residences in the area probably use regional
groundwater as well. Although the target cancer risk level is exceeded in lower Los Alamos Canyon by
the alluvial groundwater pathway, this exposure pathway is not complete and is therefore not
representative of actual exposure conditions. Available data indicate that these COPCs are not from
Laboratory SWiUs or AOCs but are either naturally occurring or from Bayo WWTP discharges. The
carcinogen, noncarcinogen, and radionuclide risk resuits for the construction worker scenario in Pueblo
Canyon are all below target risk levels.

For radionuclides, which are the primary contaminants derived from Laboratory SWMUs or AOCs, the
highest combined dose from water and sediment for the extended backyard scenario is in reach ACS in
the South Fork of Acid Canyon, at 8 mrem/yr (4 x 10° cancer incidence risk); 93% of this dose is from
plutonium-239,240 in sediments, 2% is from plutonium-239,240 in surface water, and the remainder is
from other radionuclides in sediment, including americium-241 and cesium-137. These estimates for
reach ACS use data collected following sediment removal in an |A in 2001, which met cleanup goals in an
NMED-approved IA plan. For the frail user scenario, the highest calculated dose is in reach DP-2 in DP
Canyon, with a potential radionuclide dose of 2 mrem/yr (3 x 107 cancer incidence risk); 93% of this dose
is from cesium-137 in sediments, 3% is from strontium-90 in surface water, and the remainder is from
other radionuclides in sediment.

Evaluations of the changes in COPC concentrations over time for sediment, surface water, and alluvial
groundwater indicate that concentrations are either relatively stable or are decreasing for contaminants
derived from Laboratory SWMUs or AOCs. These decreases are associated with processes that
remobilize, transport, and mix sediment- and water-borne constituents. Flooding and changes in sediment
and water chemistry that resulted from the Cerro Grande fire did not change the nature of these
processes but may have accelerated the rates of these processes because of increased flocd frequency
and magnitude. Only minor post-fire perturbations in COPC concentrations have been observed in
surface water and alluvial groundwater. Larger changes in COPC concentrations have been observed in
sediment associated with the redistribution of ash derived from the Cerrc Grande bum area. Radioactive
decay also contributes to decreasing concentrations for some radionuclides (e.g., cesium-137,
strontium-90, and fritium). Therefore, the potential for impacts to human health or ecosystems from
Laboratory-derived contaminants are expected to continue to decrease in the absence of new sources.
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The concentrations of contaminants originating in the townsite, such as PAHs, may not decrease
because of the effects of nonpoint source runoff from urbanized portions of the watershed.

In summary, for contaminants released from Laboratory SWMUs and AOC, the results of this
investigation indicate that human health risks are within acceptable risk ranges for present-day and
foreseeable future land uses. Nor were adverse ecological effects observed within terrestrial and aquatic
systems in the watershed. Therefore, corrective actions are not needed to mitigate unacceptable risks.
Available data also indicate that potential risks or doses from Laboratory-derived COPCs either will
remain refatively stable or will decrease in the absence of new contaminant sources. The analysis and
conclusions in this report are predicated on present-day and foreseeable future land uses. In the event
that the type or extent of land-use changes, the human health risk assessment may need to be
reassessed for some parts of the watershed. Continued monitoring of sediment, surface water, alluvial
groundwater, and biota is appropriate to document frends in contaminant concentrations over time and to
verify conceptual models and risk assessment results. The assessments in this report form the basis for
focusing the types, analytical suites, locations, and frequencies of such future monitoring. The persistent
surface water and alluvial groundwater monitoring should be conducted under the long-term watershed
monitoring plan for the Los Alames and Pueblo watershed, which is scheduled for annual revision with
review and approval by the NMED. Sediment and biota monitoring wil! also be conducted and reported by
the Laboratory.
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Acronyms and Abbreviations and Conversion Table




A-1.0 ACRONYMS AND ABBREVIATIONS

ABS

AF
ALSM
AOC
asl
ASTM
BAF
BERA
BTEX
BV
CFR
cpm

csf
CMS
COPC
COPEC
cY
D&D
DC
DCG
DCF
DDE
DDT
DDX

DI

DO
DOE
DOE OB
DOE-LASO
dpm
DRI
DRO
Eco-SSL

ER2004-0027

absorption factor

adherence factor

airborne laser swath mapping

area of concern

above sea level

American Society for Testing and Materials
bioaccumulation factor

baseline ecological risk assessment
benzene, toluene, ethylbenzene, xylene
background value

Code of Federal Regulations

counts per minute

cubic feet per square inch

corrective measures study

chemicals of potential concern

chemical of potential ecological concern
calendar year

decontamination and decommissioning
direct current

US Department of Energy-derived concentration guidefines
dose conversion factor
dichlorodiphenyltrichloroethylene
dichlorodiphenyitrichloroethane

sum of DDE and DDT

desk instruction

dissolved oxygen

US Depariment of Energy

US Department of Energy Oversight Bureau
US Department of Energy-Los Alamos Site Office
disintegrations per minute

Desert Research Institute

diesel range organic

ecological soil screening level
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EES Earth and Environmental Sciences (Laboratory Division)
EO element occurrence

EPA US Environmental Protection Agency

EPC exposure point concentration

ER Environmental Restoration (Project)

ERAGS ecological risk assessment guidance for Superfund
ERDB Environmental Restoration Database

ESL ecclogical screening level

ET evapotranspiration

FR Federal Register

FUSRAP Formerly Utilized Sites Remedial Action Program
Gis Geographical Information System

GRO gasoline range organic

HE high explosive

HEAST Health Effects Assessment Summary Tables
HI hazard index

HQ hazard quotient

HSWA Hazardous and Solid Waste Amendments
HWA Hazardous Waste Act (New Mexico)

HWB Hazardous Waste Bureau (New Mexico)

IC ion chromatography

ICR incremental cancer risk

1A interim action

ID identification number

IFRAT Inferagency Flood Risk Assessment Team
IRIS Integrated Risk Information System

ISE ion selective electrodes

KGS Kansas Geological Survey

Laboratory Los Alamos National Laboratory

LANL Los Alamos National Laboratory

LOAEL lowest observed adverse effect level

MCL maximum contaminant level

MDA minimum detectable activity

MMS multimedia sum
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mrem
NCEA
NIST
NMAC
NMED
NMWQCC
NOAEL
NOD
NTU
ou
OWR
PAH
PCB
PEF
PPCC
PRS
psi
PVC
QA

QcC
QHA
QP
RAC
RAGS
RAWS
RBC
RCRA
RfC
RfD
RFI
RME
RPF
RRES
RRES-RS
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millirem

Nationat Center for Environmental Assessment
National Institute of Standards and Technology
New Mexico Administrative Code

New Mexico Environment Department

New Mexico Water Quality Control Commission
no ohserved adverse effect le