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1 INTRODUCTION

This document describes the proposed site-wide goal for environmental remediation at the Los Alamos
National Laboratory (LANL). The proposed goal is described as a “vision” of how the LANL campus will
look when the Department of Energy (DOE) Environmental Management (EM) program cleanup mission
is complete and the National Nuclear Security Administration (NNSA) assumes full responsibility for
environmental management at LANL. The vision juxtaposes land-use, program, and facility plans with
remediation requirements, establishing a conceptual completion goal (or end state) that is both realistic
and protective. The purpose of the vision is to identify where and how potentially harmful exposures to
hazardous contaminants might occur under projected future conditions, and to determine what actions will
be necessary and sufficient to minimize the potential for harm under those condition. Consistent with the
objectives of cleanup, the vision conceptualizes specific end-state conditions that will minimize the
potential for harm in the future. Because this paradigm is consistent with the federal government's
definition of risk as the probability that a substance or situation will produce harm under specified
conditions, the vision is referred to as a risk-based end state.

The April 2003 DOE Policy 455, Use of Risk-Based End States, requires DOE EM sites to define and
document a risk-based end-state vision that is acceptable to regulators and stakeholders, and then to
revise cleanup program plans as necessary to achieve that end-state in the most efficient manner (ref
DOE Policy 455.1). The policy is a formal mandate for EM sites to implement risk-based corrective action
programs as described in numerous DOE, Environmental Protection Agency (EPA) publications, ASTM
Standard Guides, and National Research Council recommendations (refs including DOE Expedited Site
Characterization and SAFER).

Risk-based corrective action is an application of standard scientific, engineering, and mathematical
principles, enabling steady progress in solving even very complex cleanup problems. The complexities of
cleanup at a typical EM site are generally similar: Multiple contaminants distributed in multiple
environmental media, released over long periods of time and large areas of land. Uncertainties in
source(s), nature, extent, transport, and fate of contaminants are very large and can never be absolutely
eliminated. Risk-based corrective action provides an objective means of managing uncertainties to the
degree necessary and sufficient to make defensible decisions about effective cleanup actions.

Risk-based corrective action is a defining element of LANL’s integrated technical strategy, which was
formally submitted to the New Mexico Environment Department (NMED) in 2000 as Revision 8 of the
LANL /nstallation Work Plan (ref). The LANL technical strategy also incorporates guidance developed by
EPA Region VI, which maximizes the benefits of risk-based planning by applying it first on a site-wide
scale to rank and prioritize among multiple corrective action sites, then on a site-specific scale to optimize
the corrective actions to achieve cleanup goals for sites both individually and collectively (ref EPA R6
CAS).

The risk-based end-state vision describes cleanup goals that would be protective under the planned
future uses described in two planning documents. The first is LANL's Ten-Year Comprehensive Site Plan,
which describes NNSA'’s facility and operations over a 10-year planning window; the second is Land
Transfer Report to Congress under Public Law 105-119, A Preliminary Identification of Parcels of Land in
Los Alamos, New Mexico for Conveyance or Transfer, which identifies specific parcels of land that are
planned for transfer from DOE ownership. In addition, the future end-state vision makes use of other
LANL documents, including those that forecast the environmental impacts of planned activities, in
compliance with the National Environmental Policy Act.

The DOE's risk-based end-state initiative is fully consistent with the EPA’s recent endorsement of
“systematic planning,” which uses risk-based decision methods to ensure objectivity, defensibility, and
cost-effectiveness in corrective action programs. (ref TRIAD) “Systematic planning is the scaffold around
which defensible site decisions are constructed... First and foremost, planning requires that key decision-
makers collaborate with stakeholders to resolve clear goals for a project.” LANL will collaborate with its
stakeholders to revise the proposed risk-based end-state vision as needed to define clear goals for
completion of its EM-sponsored cleanup work. Once the final end-state goal is resolved with public and
regulatory stakeholders, LANL will use risk-based decision analysis to objectively, defensibly, and cost-
effectively align its remediation project plans to achieve that goal.
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1.1 Organization of the Report

The format and content of this report strictly adheres to DOE’s Guidance for Developing a Risk-Based,
Site-Speciﬁc End State Vision.

The remainder of this section provides background and programmatic context for the descriptive
information in Sections 2, 3, and 4. The descriptive information in Sections 2, 3, and 4 focuses on
attributes that relate to risk on three spatial scales: Regional, site-wide, and hazard-specific. The
attributes of risk are natural and man-made features, events, and processes that impact the potential for
harm to living systems from exposures to environmental hazards. Major risk attributes include the type
and amount of contamination in environmental; the current distribution and potential migration of
contamination in the environment; and the conditions and situations that may result in contact between
living organisms and contamination at specific locations. These attributes will change over time, as
remediation actions are completed and LANL operations continue amid evolving Federal, Tribal, state,
and municipal conditions and constraints.

To differentiate between the present state and the planned end-state, the three spatial descriptions in
Sections 2, 3, and 4 depict two time frames, present-day and end-state. As prescribed by the DOE, the
end-state vision represents a snapshot of conditions anticipated 20 years after completion of the EM-
sponsored cleanup mission. For LANL, the risk-based end-state vision conceptualizes the year 2035,
consistent with a planned EM completion in 2015.

Section 2 depicts LANL in its regional context under current and planned conditions. The current
conditions reflect factual knowledge in 2003, while the planned conditions reflect objective goals to be
achieved through 2035. Section 3 depicts the current and planned conditions at a slightly smaller scale
that encompasses the LANL boundary and directly adjacent environs. Finally, Section 4 describes the
current- and end-state at the scale of watersheds, within which one or more contaminant sources coexist.
The site- and hazard-scale descriptions in Sections 3 and 4, respectively, are both graphical and
narrative.

1.2 Site Mission

Since World War |1, scientific research and tebhnology development have been conducted at the Los
Alamos National Laboratory in support of national security. That mission endures today: To develop and
apply science and technology to

Ensure the safety and reliability of the U.S. nuclear deterrent.
Reduce the threat of weapons of mass destruction, proliferation, and terrorism.
Solve national problems in defense, energy, environment, and infrastructure.

The concepts of risk and the constructs of risk management are fundamental to the accomplishment of
every element of the LANL mission.

1.21 Management of National Security Risks

Under the current structure of the federal government, the National Nuclear Security Administration
(NNSA) sponsors the core national security mission work conducted at LANL. It is expected that LANL
will remain a center of research and development in support of national security into the foreseeable
future.

The goal of the national security mission is to develop countermeasures to threats posed by weapons and
tactics of modern warfare and terrorism. These countermeasures include surveillance and monitoring of
existing and emerging weapons and tactics and developing and maintaining a deterrent arsenal. The
development of technologies to understand threats and develop deterrents and countermeasures
requires a significant level of research in nearly every branch and specialty of science, from the most
fundamental to the most esoteric. The general technical capabilities required by the LANL mission are:

Atomic-to-global scale sensor and detector research and development to acquire information
about threats.

Data storage technologies, data display capabilities, and computational methods to assemble and
interpret an ever-growing body of information.
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Research, engineering, fabrication, storage, testing, treatment, and disposal of chemical,
biological, and radiological materials.

1.2.2 Management of Operational Risks

The achievement of the LANL mission requires the use and disposal of radioactive materials, chemicals,
and pathogens. As evidenced by their use in terrorism and warfare, these substances are harmful under
specific conditions. Their use and disposal at LANL is carefully controlled at every stage through safe
operating procedures developed to prevent known conditions of harm. These procedures reflect federal
laws, state and federal regulations, and DOE directives. Safe operating procedures limit the doses,
exposure frequencies, and exposure durations to protect workers. The limits are typically 10- to 1000-
times lower than thresholds known to cause harm.

Since 1996, all LANL operations have been performed within an integrated safety and security
management system, which ensures that associated hazards are identified and procedures are
developed to mitigate the risks from hazards as a routine part of the work authorization process.
Elements of the integrated safety and security management system include radiation protection of
workers, non-nuclear authorization basis, and management of nuclear facilities.

The risks associated with operations involving radioactive materials are controlled primarily through

‘procedures that implement the requirements of DOE Orders. These Orders reflect the state of knowledge

about radiological doses as defined, refined, and maintained by national and international scientific
organizations. (ref NCRP, ICRP, IAEA, etc.) Procedures are followed through every phase of LANL
operations involving radioactive materials to prevent against harmful conditions of exposure. These
procedures are implemented to protect both LANL workers and other members of the public.

Analogous procedures are followed to manage the risks associated with toxic chemicals. These
procedures comply with standards and regulations administered primarily through the Occupational
Safety and Health Administration (OSHA) and the EPA. These regulations and implementing procedures
reflect the state of scientific knowledge about the toxicity of various chemicals, and the preventive
measures that will ensure against harmful exposures.

Different regulations and policies apply to ensure against harmful exposures under different conditions,
including individual work-spaces to facility effluent stacks. In general, compliance with OSHA regulations
prevents workers from being exposed to harmful amounts of toxic chemicals, and compliance with EPA
regulations and DOE Orders likewise protects other members of the public.

1.2.3 Management of Environmental Risks

There are several facilities and operations at LANL that release radioactive and chemical substances into
the environment. All releases are monitored, reported, and audited in accordance applicable laws,
regulations, and requirements. Monitoring ensures that releases of potentially harmful substances are
below amounts that are known to cause harm under potential conditions of exposure in the environment.

Liquid and air-borne releases are monitored at the point of discharge, and at locations either down-stream
or down-wind from the discharge. The monitoring results are reported to the EPA, NMED and/or the DOE
to independently validate compliance with applicable regulations. Environmental risks from LANL
operations are managed in accordance with the following primary requirements:

DOE Order 435.1 Radioactive Waste Management (formerly DOE Order 5820.2A): Addresses
risk of radioactive waste disposals sites.

DOE Order 450.1 Environmental Protection Program (formerly DOE Order 5400.5): Addresses
risk from radioactivity released into the environment from all sites and facilities, through the post-
closure period.

RCRA Hazardous Waste Facility Permit

The National Environmental Policy Act requires that LANL analyze and report potential environmental
risks associated with planned facilities and operations prior to initiating work. Together, these directives
ensure that LANL is complying with environmental protection laws, including but not limited to:

Clean Air Act
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3/11



Pre-decisional Draft Official Use Only
11/3/2003

New Mexico Air Quality Control Act

Clean Water Act

Safe Drinking Water Act

Toxic Substances Control Act

Hazardous and Solid Waste Act
Resource Conservation and Recovery Act

Operations using toxic substances at LANL were conducted for many years before laws were enacted to
prevent unintentional harm to people and the environment. Still, LANL began sampling studies and
voluntary cleanups in 1946, after the successful completion of their initial mission. These efforts continued
through the 1960s. Throughout the 1970s, LANL implemented more formal practices to identify and
assess contamination in the environment. In the 1980s, a program was funded by DOE EM to conduct
corrective actions at LANL sites where contamination was found to present a potential risk to human
health and the environment. The specific requirements for corrective actions for radiological
contamination in the environment are found in DOE Order 5820.2A (superseded by DOE Order 435.1),
which incorporates by reference corrective actions under the RCRA for hazardous chemical
contamination in the environment. The goals of the LANL environmental cleanup program are to

protect human health and the environment from exposure to hazardous chemical or radioactive
materials resulting from past treatment, storage and disposal practices, and

meet or exceed the environmental cleanup requirements of the LANL RCRA permit to operate
hazardous waste facilities.

1.3  Status of Cleanup Program

The EM mission at LANL was initiated in 1989 and is scheduled to be complete in 2015 on the basis of its
2003 performance management plan (ref). In its initial RCRA facilities assessment, LANL identified over
2,000 individual “potential release sites” across its 43-square-mile area that would be further evaluated
through its EM-sponsored remediation program. Potential release sites include such things as septic
tanks and associated drain lines, chemical storage areas, wastewater discharge areas, material disposal
areas, high-explosive firing sites, storage tanks, and spills. Potential release sites are located on mesa
tops, canyon walls, and canyon bottoms. No two are exactly alike, varying in terms of contaminant type
(or “nature,” such as chemical solvents, radioactive substances, and explosives), distribution (or “extent,”
either localized or broadly distributed), mobility (or “transport,” in air or water), and transformation (or
“fate,” such as radioactive decay or biodegradation).

In 1999, LANL updated its remediation approach from one focused on individual sites and their potential
to impact human health to one focused on aggregates of sites and their cumulative potential to impact
human health and/or the broader ecosystem. The revised approach is documented in the facility-wide
Installation Work Plan, which was approved by the NMED in 2002. While the corrective-action Order
issued to DOE and LANL by NMED is pending, LANL intends that its EM-sponsored cleanup activities will
be completed in accordance with the risk-based process described in the approved work plan. The
following subsections describe the key elements of the LANL cleanup program.

1.3.1 General Technical Strategy and Cleanup Goals

Although not an official pilot site, LANL is following the technical framework endorsed by EPA Region VI
in its Corrective Action Strategy Guidance for Pilot Projects (ref).1 EPA Region VI developed its risk-
based corrective action strategy to accelerate corrective action at RCRA sites, a goal that is consistent
with DOE's risk-based end-states policy. Moreover, the EPA Region VI corrective action strategy begins
with the clarification of a final risk goal, which, like DOE’s risk-based end-state vision, is the level of

' The EPA Region VI corrective action strategy addresses the primary basis of the NMED order, which is reducing
risk to human health and the environment. What is more, the Region VI strategy requires the early determination of
performance standards as an objective basis of EM completion, which would remedy one of the primary abjections
to the order, namely the lack of completion criteria.
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protection to be achieved and maintained by the facility based on future land use, real receptors, and
known releases.

The final risk goal is one of three categories of performance standards recommended by Region VI, the
other two being source control and applicable statutes and regulations. Table 1.3-1 lists Region VI's
descriptions of, and LANL's proposals for meeting, performance standards.

Table 1.3-1
Proposed performance standards comprising the risk-based end state to be
achieved at EM completion

Performance EPA Region VI Definition LANL Proposal

Standard ]
Control of materials that include or contain Eliminating, reducing or stabilizing
hazardous wastes or hazardous primary sources (e.g., storage tanks,
constituents, that act as a reservoir for outfalls, MDAs)

Source Control migration of contamination to scoilf sediment, | Eliminating, reducing or stabilizing

_— ground water, surface water, or air, or as a secondary sources (e.g., contaminated
source for direct exposure. Contaminated soils, sediments, alluvial water)

ground water plumes are not generally
considered a source material.

Media-specific contaminant levels that must | Achieving MCLs and DCGs within water
be achieved, such as maximum contaminant | supply system by achieving site- and

Statutory/ Regulatory | levels (MCLs) in drinking water. These source-specific ACLs at designated
requirements may be specified in Federal, monitoring wells
state, and local laws and regulations.
The level of protection to be achieved and Providing 95% confidence that the
maintained by the facility based on land use probability of exceeding applicable
Final Risk Goal and acceptable risk at specific locations and | thresholds is not greater than 10° for a
times period of 20 years under exposures

consistent with future land use

Performance standards provide an objective basis for determining the priority of corrective actions and
optimizing remedies according to their ability to achieve and maintain the standards. By focusing on
known and realistic goals, the Region VI corrective-action strategy emphasizes progress over process. In
completing its EM mission, LANL will achieve a risk-based end state vision that integrates Region VI
performance standards to protect both human receptors and the environment from all sources of
contamination across the entire LANL campus. To accomplish this, LANL has developed a systematic
risk-based decision analysis process.

Risk-based decision analysis provides many benefits:

Facilitates prioritization of contaminated sites at individual installations.

Provides a consistent mechanism for addressing both simple low-risk sites and complex high-risk -
sites, establishing a systematic approach for sites of differing complexity.

Guides data collection to support the development of site-specific cleanup goals, ensuring that
data collected are demonstrably linked to ensuring protection of human health and the environment.

Assesses cumulative risks from all sources affecting the same human or ecological receptor,
quantifying the overall, facility-wide risk encountered by potential target receptors.

Encourages early action at sites where the risk is imminent and at sites where the risk is low but
remediation is rapid and inexpensive.

Considers relevant uncertainties explicitly using stochastic modeling approaches, and considers
options for reducing relevant uncertainties.

Integrates the selection of cleanup options with the cleanup goals, evaluating multiple options in a
quantitative framework.
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Provides a means of revisiting remedies over the long term through repeated risk evaluations if
site conditions change over time.

Takes place in a public forum, explicitly presenting all relevant science, assumptions, and
judgments.

Undergoes external, public and independent scientific peer review before decisions are
implemented.

Complies with relevant state and federal statutory programs, being flexible enough to incorporate
applicable state and EPA regulations. '

The risk-assessment methods used to provide input to the decision analysis is itself graded to ensure that
the level of technical rigor matches the level of information needed for a particular decision in the cleanup
process. LANL follows EPA’s Process for Conducting Probabilistic Risk Assessment (ref).

1.3.2 Investigation and Assessment Strategy

Investigations and assessments are conducted iteratively to support cleanup decisions that ensure
progress toward achieving performance standards. Since the source-control performance standard
applies to individual release sites, site-specific investigations are tailored to provide information necessary
and sufficient to assess the site-specific practicability of alternative source-control measures. Since the
final risk goal applies to all releases collectively, site-wide investigations are tailored to provide
information necessary and sufficient to assess the potential for harm from exposures to environmental
media that may be directly or indirectly contaminated from one or more release sites. To the extent
possible, the site-wide investigations are also designed to provide information necessary and sufficient to
assess releases in the context of regulatory performance standards.

13.21 Source Specific

Before the integrated technical strategy was implemented, site-specific investigations generally followed
the traditional RCRA Facilities Investigation approach. Since then, LANL has made substantial progress
in streamlining site-specific investigations by identifying feasible site-specific source-control alternatives,
and designing investigations to provide information to either confirm or deny the practicability of those
alternatives.

According to EPA Region VI, the source-control performance standard applies to “materials that contain
hazardous wastes or hazardous constituents, that act as a reservoir for migration of contamination to soil
sediment, ground water, surface water, or air, or as a source for direct exposure.” This implies that the
source-control performance standard applies to contained or confined hazards (including storage tanks
and associated plumbing, landfills, surface impoundments, and evaporation lagoons), but does not apply
to media contaminated indirectly as a result of these sources (including air, surface soil, sediment,
surface water, groundwater, and biota). Therefore, investigations and assessments designed to support
source-control decisions are limited to sites that meet EPA Region VI's applicability criteria.

For sources including septic tanks, shallow-subsurface landfills, surface impoundments and evaporation
lagoons, LANL plans to achieve source control by excavation, offsite disposal, and remediation.
Accordingly, site-specific investigations are designed to support excavation, waste disposition, and site
remediation decisions. These investigations are often based on the results of contaminant transport
models developed and implemented to assess the likely nature and extent of contaminated media.

For the majority of the deeper subsurface material disposal areas (MDAs), excavation is dangerous
and/or impracticable, and off-site disposal is unlikely or virtually impossible due to the large volumes of
deeply buried heterogeneous materials contaminated with a variety of constituents. Source control at
MDAs is limited primarily to stabilization of existing caps. To streamline MDA investigations to support
stabilization decisions, LANL developed a risk-based characterization process (ref MDA Core Document
submitted to NMED).

To design investigations for MDAs, baseline quantitative risk assessments are conducted to evaluate the
stability of MDA sources assuming no enhancement of the existing caps. Stability is judged in the context
of applicable regulatory standards, including the Safe Drinking Water Act. To further streamline
characterization process, models developed for the performance assessment and composite analysis for
LANL's operating on-site radioactive waste disposal facility have been modified to account for release
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and transport of both hazardous and radioactive constituents. (ref PA/CA and TA-54 RFI Report) (Note
that the “inadvertent site intruder” exposure scenario included in the PA/CA is excluded from the risk
assessment applications.)

Probabilistic (EPA’s “Tier 3") methods are implemented because they provide an efficient but rigorous
way to 1) simulate the performance of multiple MDAs within a single numerical framework, 2) determine
what modeled characteristics of a given MDA are most important in terms of source stability, 3) evaluate
alternative stabilization methods, 4) design appropriate monitoring programs.

(Sections 3 and 4 provide additional detail on baseline risk assessments and risk-based remedy selection
for MDAs.)

1.3.2.2 Site-Wide

For contaminated media to which the source-control performance measure does not directly apply,
LANL'’s investigations are designed to provide information needed to evaluate the need for actions to
meet media-specific regulatory standards and site-wide risk goals. A quantitative risk-based decision-
analysis process is especially valuable for these investigations, since contamination resulting from
operations as far back as 1943 has had time to migrate within and between environmental media,
resulting in broad spatial distributions and cross-media contamination.

Baseline risk assessments are conducted to understand the impacts of contaminants in environmental
media, where impacts are evaluated in the context of applicable regulatory performance standards and
cumulative risk. To the extent possible, risk assessments are designed to incorporate media-specific
standards. Contaminant transport is simulated at scales that account for physical features and processes
that may cause multiple contaminants to be transported in air or water to a single point, resulting in
coincident exposures. Exposures are modeled consistent with current and reasonably foreseeable land
use.

There are eight major watersheds that traverse the 43 square mile LANL campus. These watersheds play
a significant role investigations and assessments conducted to support decisions related to the attainment
of regulatory performance standards and site-wide risk goal. All of the watersheds are impacted to some
extent by contaminants associated with current and/or historic LANL operations. Some of the watersheds
are directly impacted by contaminated liquid effluents, and most were indirectly impacted by contaminants
carried from other locations into watersheds, primarily in runoff of rainwater and snowmelt.

Contamination deposited in canyon sediments are then subject to further transport by perennial and
ephemeral stream-flow, and also by winds that are dramatically channeled within some of the steeper,
deeper canyons. To account for these physical attributes and processes related to contaminant
transport, baseline risk assessments are conducted for each watershed to inform decisions related to the
attainment of applicable regulatory performance standards for surface water and air, as well as the final
risk goal.

The watersheds also play a major role in assessing groundwater impacts, because the regional aquifer is
partially recharged from surface-water infiltration within watersheds. LANL has developed a risk-based
decision analysis application to streamline site-wide investigations and assessments for the purposes of
achieving applicable drinking-water performance standards and the final risk goal. This systematic
decision framework incorporates information collected through geologic, hydrologic, and environmental
investigations conducted since the implementation of EM cleanup in 1989, including site-specific
characterization studies and regional hydrogeology studies.(ref. Hydrogeologic Work Plan)

Over the last three years, LANL has developed the “infrastructure” needed to implement site-wide
groundwater-pathway risk assessment, including:

A site-wide enterprise GIS for geo-spatial data staging, storage, distribution, analysis and
visualization (ref),

A site-wide three-dimensional hydrogeology data model (ref),

A site-wide empirical infiltration model (ref),

A site-wide quasi-three-dimensional vadose zone groundwater flow model (ref), and

A regional three-dimensional regional-aquifer flow model (ref).

(Section 3 provides detailed descriptions of the site-wide hydrogeology.)
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(Sections 3 and 4 provide additional detail on site-wide hydrogeology, and the baseline I'ISk assessment
for groundwater.)

1.3.3 Prioritization Strategy

Consistent with the EPA Region VI corrective action strategy, LANL prioritizes work on the basis of risk.
An initial prioritization was accomplished by DOE, LANL, and NMED based on semi-quantitative risk
attributes, including

Nature and extent of contamination,
Potential for on-site exposures, and
Potential for offsite migration.

Table 1.3-2 lists the watersheds in order of priority as initially determined, along with the compelling
rationale for each watershed’s rank. This ranking was used to develop the lifecycle baseline for the
cleanup project. Specific work elements were planned for each watershed. Annually at the fiscal-year
boundary, the baseline is constrained according to the anticipated budget. Work within specific
watersheds is aligned to accomplish the greatest progress with the available resources. Consequently, on
an annual basis, not all work will be within the highest-priority watershed. The current prioritization listed
in Table 1.3-3 may be reconsidered if indicated by the results of the quantitative baseline groundwater
pathway risk assessment.

1.3.4 Remedy Selection

LANL has identified likely remedies for cleanup sites. Each remedy will be optimized using risk-based
decision analysis to compare the effectiveness of alternative remedy designs at achieving applicable
performance standards under the conditions of planned land use.

Table 1.3-2

Initial priority ranking of watersheds as a basis for planning
Watershed Name Priority Risk-Based Rationale for Priority Rank
Los Alamos/Pueblo 1 Mobile contaminants; land-transfer parcel; recreational use
Mortandad 2 Mobile contaminants; land transfer; proximity to Pueblo land; recreational

use.

Water/ Cafion de Valle 3 Mobile contaminants; and recreational use.
Pajarito 4 Potentially mobile contaminants, and recreational accessibility
Sandia 5 Potential contamination, and recreational accessibility
Ancho 6 Potential contamination, and recreational accessibility
Chaquehui 7 Potential contamination
Frijoles 8 Recreational accessibility

Exposures scenarios have been developed to represent future land use according to existing plans. The
vast majority of cleanup sites are on property that is expected to remain under DOE ownership. The risk-
based remedy selection decision analysis for these sites will feature industrial-use exposure scenarios for
mesa-tops and firing sites, and recreational-use scenarios for canyons. There are 10 parcels of DOE
property that were designated for transfer to either Los Alamos County or the Pueblo of San lidefonso
(held in trust by the Department of the Interior). Cleanup goals for these land parcels will be determined
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using risk-based decision analysis for residential-use scenarios. Finally, LANL plans to release a small
section of land to either the National Park Service or the National Forest Service. In either case,
contamination on that land will be remediated to levels consistent with a recreational-use scenario.
Those levels will be calculated using risk-based decision analysis methods.

1.3.5 EM Completion

For cleanup sites located on DOE property, EM completion will coincide with the attainment of
performance standards through remedies approved by the administrative authority. LANL intends for the

final risk goal performance standard to meet the intent of the risk-based end state, which represents EM
completion.

Long-term performance monitoring and response actions to maintain the risk-based end state will be
integrated into the NNSA environmental management system consistent with the requirements of DOE
Order 450.1. The location, frequency, and duration of monitoring will be established using systems-
engineering design principles, and a logical exit strategy will be defined to ensure that resources are not
wasted on unnecessary data collection and reporting.
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Table 1.3-3

Planned schedule for task and watershed completion

Official Use Only

Planned
Completion

Task

FY03

Hydrogeologic characterization well R-02

Hydrogeologic characterization well R-04

Hydrogeologic characterization well R-11

FY04

Hydrogeologic characterization well R-03

Hydrogeologic characterization well R-10

Hydrogeologic characterization well R-17

FY05

Hydrogeologic characterization well R-27

Hydrogeologic characterization well R-30

FY06

MDA-H

FY08

MDA-C

FY09

MDA-B

MDA-T

FY10

MDA-A

MDA-L

LA/Pueblo Watershed

MDA-U

MDA-V

FY12

Sandia Watershed

MD-AB

FY13

Frijoles Watershed

FY14

MDA-F

FY15

Mortandad Watershed

Water/Canon de Valle Watershed

Pajarito Watershed

Ancho Watershed

Chaquehui Watershed

EM Work Complete by 2015, turnover to NNSA

1.3.6 Long-Term Risk Management

Consistent with the Atomic Energy Act, DOE retains responsibility for radioactive materials used in its
programs. This includes responsibility for residual environmental contamination as long as it poses a
threat to human health and/or the environment. At LANL, EM sites that cannot be remediated to
contaminant levels allowing unrestricted use (either now or in the foreseeable future) will transition to the
National Nuclear Security Administration (NNSA). As required by DOE Order 450.1 Environmental
Protection Program, the Laboratory will explicitly incorporate long-term environmental stewardship
activities into an integrated environmental management system supported by NNSA.

What is more, the basic risk-based decision analysis will be used as an adaptive management tool (as
described the NAS/NRC in Environmental Cleanup at Navy Facilities) for long-term environmental
stewardship planning. This approach addresses key issues faced by DOE sites by

Section 1
10/11

£ 32 3 32 L2

£E3 £33 £33 £33 ¢33 £33 EB £33 B3 R a2 LI



f1 €3 £ B3 B

Pre-decisional Draft Official Use Only
11/3/2003

Allowing continuous evaluation, research and development toward innovative solutions to resolve
long-term risks (i.e., uncertainties) while convention remedies are implemented to manage short-
term risks.

Periodically reevaluating previous remediation decisions that do not meet LTES goals, even if
they are currently protective. '
Integrating public stakeholders in each decision phase.

1.3.7 Public Involvement

The senior managers at LANL have identified community partnerships as one of their top five
performance priorities. The risk-based end states initiative and the long-term environmental stewardship
initiative will be one of the pilot project for strategic community involvement this fiscal year. LANL's
Citizen’s Advisory Board and a local anti-nuclear activist organization have already requested copies of
this draft document. '
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Several of the nuclear facilities are legally permitted through NESHAPS and NPDES to release vapor-
phase and effluents into the environment. Important among these are the beryllium machine shops and
Radioactive Liquid Waste Treatment Facility. Permitted releases are monitored at points of discharge and
at points down-gradient, both on and off site. Monitoring results are reported to the appropriate

administrative authority, and are also published in the annual environmental surveillance report required
by DOE.

One of LANL'’s nuclear facilities is a low-level radioactive waste disposal facility, known as Material
Disposal Area G, MDA G, or simply Area G. An important part of MDA G's authorization basis is the
performance assessment and composite analysis (PA/CA).

The DOE radioactive waste disposal sites are managed, in part, based on whether the sites were active
before or after the issuance of DOE Order 5820.2A (September 25, 1988). DOE Order 5820.2A
(superceded by DOE Order 435.1 in 2001) requires a radiological PA to demonstrate and document the
safety basis for disposal sites accepting low-level radioactive waste (LLW) after September 25, 1988. The
order defers radioactive waste disposal sites used before that date to either Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) or Resource Conservation and
Recovery Act (RCRA) corrective action, with the latter applying at the Laboratory. To ensure that the
cumulative radiological impact of all radioactive waste disposals will not adversely impact human health
or the environment for future generations, a composite analysis (CA) is also required by the DOE.

The PA is required to determine if LLW generated since September 26, 1988 has been, and will continue
to be, disposed at MDA G in a manner that will not result in radiation doses to the public that exceed
performance objectives specified by the DOE. In a complementary fashion, the CA is used to evaluate
options for ensuring that exposures from all radioactive waste disposed of at MDA G will not exceed
specified limits in the future.

The PA/CA for MDA G is equivalent to a baseline human-health risk assessment for radiological
constituents, evaluating environmental fate, transport, and human-health risk consequence of
radioactivity disposed there. Consistent with DOE guidance, the all-pathways, all-sources risk analysis
covers a time period of 1,000 years post closure.

The performance objectives for the PA that are comparable to RCRA and CERCLA risk assessment
requirements are the following:

Maximum effective dose equivalent of 25 mrem/yr. to any member of the public resulting from
external exposure and concentrations of radioactive material released into surface water,
groundwater, soil, plants, and animals.

Maximum effective dose equivalent of 10 mrem/yr. to any member of the public from concentrations
of radioactive material released to the atmosphere (excluding radon) from Area G and all other
facilities at the Laboratory.

Maximum effective dose equivalent of 4 mrem/yr. to any member of the public from the consumption
of drinking water drawn from wells outside of the land-use boundary.

The performance objective for the CA is the DOE'’s primary annual dose limit of 100 mrem/yr.

The results of the PA/CA are compared to their associated performance measure in Table 3.1-1. By all
measures, the PA/CA provides reasonable assurance that radionuclides released from MDA G will not

exceed health-based standards, even when potential interacting releases from legacy MDAs are
considered.
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Table 3.1-1
Summary results of the MDA G performance assessment/composite analysis
Calculated Peak Performance
Inventory | Analysis Dose Objective*

PA Air pathway 6.6x107 mrem/yr. 10 mrem/yr.

CA All pathways 5.8 mrem/yr. 30 to 100 mrem/yr.

PA Groundwater protection | 3.5x10° mrem/yr. 4 mrem/yr.

PA All pathways 1.0x10™* mrem/yr. 25 mrem/yr.

CA All pathways 7.2x10° mrem/yr. 30 to 100 mrem/yr.

In addition to the nuclear facilities listed previously, there are numerous radiological facilities wherein
radioactive materials are used, but under conditions that prevent risk-significant exposures. Like nuclear
facilities, radiological facilities are identified through a formal process, but are exempt from safety-basis
requirements. Still, safe operating procedures are required in radiological facilities to reduce the risk of
harmful exposures.

The LANL integrated safety management system includes an authorization-basis requirement for facilities
and processes that pose a non-nuclear hazard. Examples of non-nuclear hazards requiring non-nuclear
authorization basis prior to initiating work are compressed-gas facilities and chemical operations facilities.

A significant operational hazard is identified over much of the southern portion of the LANL campus (light
blue cross-hatching). This is the buffer zone associated with the firing sites, which are core mission
facilities. As such, this buffer zone is expected to remain well into the future.

3.1.4.2 Legacy Contamination

Legacy contamination includes all of the sites being investigated and remediated under LANL's EM-
sponsored cleanup program. The risk based end state achieved at the completion of the EM mission will
ensure that performance standards (including a final site-wide risk goal) are met and maintained. This
section briefly describes the general means by which those performance measures will be met to achieve
the risk-based end state. The map shown on Figure 3.1b reflects the accomplishment of those general
remedies, which include:

remediation of surface and near-surface contamination to risk-based levels consistent with the
planned future land use, either residential (for land parcels transferred to county or tribal
governments), recreational (for land parcels transferred to the National Park Service or National
Forest Service), or industrial/recreational (for land that will remain under the institutional management
of LANL).

capping and monitoring of MDAs, which will be transferred to NNSA for management.

A site-wide groundwater monitoring program that will be implemented by NNSA.

Table 3.1-2 lists the number and general description of potential releases sites within each watershed,
and indicates the planned remediation strategy and end state. The End State column indicates the
planned remediation; the exposure scenarios that will be used in risk assessments supporting
remediation plans; and the future landlord.
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Table 3.1-2
Planned remediation end state for potential release sites
Contaminat | End State
Watershed Current Description ion
Los Alamos/Pueblo 63 potential release sites with residual Rad, Removal/ Based on
contamination from surface waste disposal, | Inorganic, Residential use soil cleanup
explosives testing, wastewater PCBs levels/ Transfer to LA County
or Tribal governments
136 potential release sites with residual Radiologic, Removal/ Cap in place/
contamination from surface waste disposal, Inorganic, Based on Industrial and/or
explosives testing, wastewater Organic, Recreational use soil cleanup
PCBs levels for NNSA lands/

Monitoring systems installed/
transfer to NNSA

Mortandad 4 potential release sites attributed primarily Perchlorate, Removal/ Based on
to discharges of LANL wastewaters, which Nitrate, Rad, Residential use soil cleanup
have occurred since 1951 and possibly as Inoganic, levels/ Transfer to LA County
early as 1943, but also from runoff from PCBs or Tribal governments
mesa tops with LANL operations.

169 potential release 'sites attributed Rad, Cap in place/ Removal/
primarily to discharges of LANL Inorganic, Based on Industrial and/or
wastewaters, which have occurred since Organic, Recreational levels/

1951 and possibly as early as 1943, but PCBs Monitoring systems installed/
also from runoff from mesa tops with LANL transfer ownership to NNSA
operations.

Pajarito 172 potential release sites associated with Rad, HE, Cap in place/ Removal/
secondary contamination from runoff from Organic, Based on Industrial and/or
mesa-top operations Inorganic, Recreational levels/

perchlorate Monitoring systems installed/
transfer ownership to NNSA

Sandia 76 potential release sites primarily Rad, Removal/ Based on Industrial
associated with industrial and sanitary Inorganic, and/or Recreational use soil
wastewaters and power plant cooling Organic, cleanup levels/ Transfer
towerst PCBs ownership to NNSA

Water/Cafion de Valle | 133 potential release sites primarily Rad, Removal/ Based on Industrial
contaminated with debris from firing sites Inorganic, HE | and/or Recreational use soil

cleanup levels/ Transfer
ownership to NNSA

Ancho 33 potential release sites primarily Rad, Removal/ Based on industrial
contaminated with debris from firing sites Inorganic, HE | and/or Recreational use soil

cleanup levels/ Transfer
ownership to NNSA

Chaquehui 53 potential release sites associated with Rad, Removal/ Based on Industrial
former firing areas and tritium site Inorganic, HE | and/or Recreational use soil
operations. cleanup levels/ Transfer

ownership to NNSA

Frijoles 15 debris areas located in Bandelier Rad, D&D/ Based on Recreational
National Monument. Inorganic use soil cleanup levels/

ownership NPS, NFS

Table 3.1-3 lists the legacy MDAs, along with a general description of the site and the planned remedy.
The End State column indicates the planned remediation; the exposure scenarios that will be used in risk
assessments supporting remediation plans; and the future landlord. The end state for the majority of the
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MDAs is capping and monitoring, and transfer to NNSA. These are the sites for which long-term
management will be required, as reported in DOE's 2001 Long-Term Stewardship Study.

The risk-based remedy-selection process developed for these MDAs is nearly identical to the
performance assessment/composite analysis Process that established the authorization basis for

radioactive waste disposal at LANL's MDA G.

Indeed, seven of the legacy—waste MDAs (MDAs A, B, C,

T, U, V, and AB) are included in the composite analysis for MDA G.2 For this reason, LANL expects that
the long-term institutional management of the legacy-waste MDAs can be integrated directly into the MDA
G performance assessment/composite analysis maintenance program already implemented by NNSA,
which is likely to be integrated within the LANL environmental management system.

Table 3.1-3
Planned remediation end state for MDAs
Watershed MD Current Description End State
A
Los Alamos/Pueblo A 1.8-acre; two 50,000-gal. underground tanks Cap and monitoring in place/ Industrial
and 3 pits use/ Transferred to NNSA
B 6-acre; primarily solid waste in shallow Cap and monitoring in place/ Industrial
trenches; some chemical waste use/ Transferred to NNSA
T 3.5-acre; four radioactive liquid waste Cap and monitoring in place/ Industrial
absorption beds and cemented-waste shafts use/ Transferred to NNSA
u 1.3-acre site; two absorption beds and Cap and monitoring in place/ Industrial
associated sump use/ Transferred to NNSA
\ 1-acre; three liquid absorption beds for Cap and monitoring in place/ Industrial
outflow from radioactive laundry facility use/ Transferred to NNSA
Mortandad C 11.8-acre; 7 pits and 108 shafts with solid Cap and monitoring in place/ Industrial
radioactive waste use/ Transferred to NNSA
w Two 4-in. diameter, 125-ft long stainless steel | Transferred to NNSA
tubes suspended inside 8-in. diameter
carbon steel-cased wells; tubes backfilled
under pressure with nitrogen and sealed:
150L of liquid sodium reactor coolant
contaminated with Pu-239 and associated
fission products
X Buried LAPRE Il reactor, decommissioned in | Transferred to NNSA
1959; site remediated in 1991
Pajarito F Classified trash Cap and monitoring in place/ Industrial
use/ Transferred to NNSA
G 65-acre; 34 disposal pits, 174 disposal shafts | Cap and monitoring in place/ Industrial
with solid radioactive waste, 4 trenches with use/ Transferred to NNSA
transuranic waste
H 0.3-acre; 9 shafts with radioactive and Cap and monitoring in place/ Industrial
classified waste use/ Transferred to NNSA
| 2.65 acre; solid waste landfill Transferred to NNSA
L 2.5-acre; 1 pit, 34 shafts and 3 surface Cap and monitoring in place/ Industrial
impoundments for liquid chemical waste in use/ Transferred to NNSA
M Surface trash disposal site Transferred to NNSA
Q | Naval guns and other metaliic trash

Cap and monitoring in place/ Industrial
use/ Transferred to NNSA

! LANL provided NMED wnh a document describing the risk-based corrective action strategy for MDAs in 1999.
? Results of the composite analysis indicate that legacy MDAs are as robust as MDA G.
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noncritical nuclear weapons safety
experiments

Watershed MD Current Description End State
A
Chaquehui D Two underground concrete chambers for HE Transferred to NNSA
E Underground chamber plus 6 waste disposal | Cap and monitoring in place/ Industrial
pits; spent projectiles, U, Be use/ Transferred to NNSA
K Septic tank, sump, roof drain and outfall; Transferred to NNSA
contaminants include tritium
Water/Carion de Valle N < 1 acre; construction and office debris in Remediated to Industrial and/or
shallow trenches Recreational use standards Transferred
to NNSA
P Surface site; HE burn-ground residues Transferred to NNSA
R Surface site; HE burn ground and associated | Remediated to Industrial and/ore
HE residues recreational use standards Transferred
to NNSA
4 Approximately 2,000 yd of uranium- Remediated to Industrial and/or
contaminated firing-site debris recreational use standards Transferred
to NNSA
AA 13-ft deep trenches with burned and Remediated to Industrial and/or
unburned firing site debris recreational use standards Transferred
to NNSA
Ancho Y 5 shallow trenches with construction, office, Remediated to Industrial and/or
and firing-site debris. Recreational use standards Transferred
to NNSA
AB Multiple 80-ft deep shafts with residue from

Cap and monitoring in place base on
Industrial use

Transferred to NNSA

Table 3.1-4 summarizes the current status of site-wide groundwater contamination and describes the
planned remedy. The table includes three categories of groundwater, consistent with the site-wide
hydrogeology: Alluvial, Perched, and Regional. The regional aquifer is the only source of drinking water
for the local communities; alluvial and perched groundwater is not accessible. The supply wells are on
LANL property, but are managed by the County of Los Alamos.
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Table 3.1-4
Planned remediation end state for groundwater
Groundwater | Contaminants Detected Remedy End State
Alluvial Nitrates, 15 mg/L Reactive barriers, source Reduce contaminant levels for
Perchlorates, 3 ppb removal, monitored natural MCLSs or State standards so no
Strontium-90, 15 — 60 pCi/L attenuation, institutional 10°® risk occurs in the regional
Triti 15 0(’)0 GilL controls over water use aquifer. Transfer of groundwater
ritium, 15, pGil monitoring and treatment
Molybdenum >1 mg/L systems to NNSA
Perched High Explosives, 50 ppb Institutional controls over the Long-term monitoring
Nitrates, 15 mg/L use of water, monitored
Perchlorates, 12 — 142 ppb :‘:;ﬁ:’ gr_attenuatlon,
Tritium 1,200 pCi/L ng.
Aquifer High Explosives, 2 — 3 ppb Institutional controls over the Maintain Regional Aquifer as a

Perchlorates, 6 ppb
Nitrate 10 mg/L
Tritium 350 pCi/L

use of well fields, Monitored
natural attenuation, treat at the
well head if necessary

drinking water suppéy without
exceedences of 10™ risk
standards

The regional hydrogeology is being characterized through the installation of 32 wells extending to the
regional aquifer. Table 3.1-5 lists the wells installed and planned as part of the regional hydrogeologic
characterization program. ’
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Table 3.1-5

Planned regional hydrogeology characterization wells

Watershed

Well

LLosAlamos/Pueblo

R-5

R-9

R-7

R-1

R-8

R-2

R-3

R-4

R-6

Mortandad

R-15

R-13

R-14

R-16

Water/Carion de Valie

R-27

R-28

R-25

R-29

R-26

R-24

R-30

Sandia

R-12

R-10

R-11

Ancho

R-31

Pajarito

R-19

R-22

R-23

R-18

R-20

R-17

R-32

R-21

Official Use Only

LANL has completed a baseline probabilistic risk assessment and risk-based decision analysis model for
Mortandad Canyon.® Similar models will be completed for each watershed. The watershed models will
than be coupled to produce a site-wide groundwater decision analysis model that will be used to design
(following systems-engineering principles) a site-wide monitoring program that will meet all of LANL’s

8 Preliminary results indicate a very low probability of exceeding EPA'’s threshold Hazard Index value of 1, excess cancer risk of 10°

or DOE’s groundwater dose limit of 4 mrem, assuming a standard 70-year drinking-water exposure over a 100-year modeling

period.
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monitoring requirements in an integrated and cost-effective manner. Monitoring and monitored natural
attenuation are expected to be the primary elements of the remedies for most contaminated groundwater
locations at LANL. Ten monitoring wells are planned to fulfill the expected RCRA/HSWA monitoring
obligations relative to historic releases and surface waste sites. These wells will monitor contaminant
migration and contaminant levels downgradient of key liquid discharge locations, primarily in Los Alamos,
Pueblo, Mortandad, and Water Canyons. Where possible, these wells will have supplementary benefits
and may serve as multipurpose monitoring wells relative to material disposal areas (MDAs), RCRA units,
and groundwater discharge plans. The optimal number and location of a subset of hydrogeologic
characterization wells will be identified for long-term performance monitoring in support of EM completion
again using risk-based decision analysis methods.

3.1.4.3 Environmental Monitoring Summary

To ensure compliance with regulations and requirements related to major environmental statutes, LANL
routinely monitors for radiation and radioactive and non-radioactive materials in environmental media, at
both on- and off-site locations, all of which are identified on Figures 3.1a and 3.1b. Comparing monitoring
results with applicable standards, LANL’s environmental surveillance report routinely concludes that it is
in compliance with all environmental regulations and does not pose a threat to its employees, member of
the general public, or the environment. To support these conclusions, LANL completed the EPA
OSWER’s Documentation of Environmental Indicator Determination. These worksheets are included as
an appendix to this document.

3.1.5 Significant Differences between the Current State and the End State Maps

The major difference in the attributes considered by DOE to represent Physical and Surface Interfaces
now and in the year 2035 that are visible in Figures 3.1a and 3.1b is:

The change in ownership of land in the north-central and north-northeast site-boundary in 2003 from
Government in 2003 (grey outiined purple irregular polygon) to Ownership Undetermined in 2035
(purple cross-hatch), reflecting the planned transfer of land to either Los Alamos County or San
lldefonso Pueblo.

3.2 Human and Ecological Land Use

This section discusses the human and ecological attributes presented in maps following DOE’s

prescribed format. Figure 3.2a represents current conditions (i.e., 2003), while Figure 3.2b represents
end-state conditions (i.e., 2035).

As discussed in DOE’s guidance, human and ecological land use attributes fall into the following three
categories:

Human Activities,
Ecological Activities, and
Hazard Areas of Concern.

3.21 Human Activities

Human activities include site-wide and local land-use and water-use patterns, which can be used to
identify potential points, pathways, and scenarios of human exposure to potentially contaminated media.
Characteristic differences in human activities (and therefore potential exposures) are expected in
agricultural, residential, commercial, industrial, recreational, open-space, and restricted-access areas.

The majority of the land within the LANL boundary (grey line) land is designated as Open Space (dark
blue) or Manufacturing and Industrial (magenta). The industrial space is only sparsely populated with
buildings and structures associated with LANL operations. While not visible on the prescribed map
format, the topography within and around the LANL site effectively limits amount of land suitable for
facilities. Generally speaking, LANL buildings are on mesas rather than in canyons. This is also true for
residential, municipal, and commercial structures in the Town of Los Alamos. Since the topography of the
region is not expected to change significantly between 2003 and 2035, this general rule is expected to
hold true.
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Winds over the Pajarito Plateau show considerable spatial structure and temporal variability. During
sunny, light-wind days, an upslope flow greatest along the western margin of the plateau usually develops
over the plateau in the morning. By midday a southerly flow usually prevails over the entire plateau.

The prevailing nighttime winds over the western portion of the plateau are west-southwesterly to
northwesterly. These nighttime westerlies result from cold air drainage off the Jemez Mountains and the
Pajarito plateau; the drainage layer is typically 50 m (165 ft) deep in the vicinity of Technical Area (TA) 6.
At stations farther from the mountains, the nighttime direction is more variable but usually has a relatively
strong westerly component. Just above the drainage layer, the prevailing nighttime flow is usually
southwesterly.

Observations made at meteorological stations in canyons show that atmospheric flow there is quite
different from flow over the mesas. During the nighttime, cold air flows down the canyons about 75% of
the time. This gravity flow is steady and continues for an hour or two after sunrise when it abruptly ceases
and is followed by an unsteady up-canyon flow for a couple of hours.

Solar irradiance measurements show that Los Alamos receives more than 75% of possible sunshine
annually. (Possible sunshine is defined as the amount received when the sky is cloud-free.) During most
of the year, when there is no snow on the ground, about 80% of this incoming solar energy is absorbed at
the ground surface. About half of this absorbed shortwave energy is offset by longwave radiation to
space. The remainder of the radiant energy, called the net all-wave radiation, is dissipated into the soil,
into the lower layer of the atmosphere, and evaporates water from the soil and plants
(evapotranspiration). Preliminary analyses suggest that monthly total evapotranspiration reaches a
maximum of 7.4 cm (2.9 in.) in July. Monthly totals during January and February are about 0.8 cm

(0.3 in.). It appears that evapotranspiration equals approximately 90% of the annual precipitation.

Geology

The surface distribution of bedrock geologic units in the Pajarito Plateau area is shown on geologic maps
The principal bedrock units in the Pajarito Plateau area consist of the following, in ascending order:

Puye Formation: and basalts of the Cerros del Rio volcanic field on the east.
Otowi Member of the Bandelier Tuff and volcaniclastic sediments of the Cerro Toledo interval
Tshirege Member of the Bandelier Tuff

The Puye Formation is mostly a fanglomerate deposit generally consisting of poorly sorted boulders,
cobbles, and coarse sands. At PM-3 the clasts are composed of dacite, rhyolite, and fragments of basalt
and pumice. At TW-8 in Mortandad Canyon, the fanglomerate consists predominately of fine- to coarse-
grained sands and interbedded clay, silt, and gravel. The lower fanglomerate includes more than 95 ft (29
m) of light tan to light gray tuff and tuffaceous sand.

The top of the regional zone of saturation beneath the Pajarito Plateau is usually encountered within the
fanglomerate facies of the Puye Formation and the associated interbedded basalits.

The Otowi Member of the Bandelier tuff erupted approximately 1.6 million years ago. The Otowi Member
varies in reported thickness from 184-465 ft (56-142 m). The deposits of the Otowi Member beneath
upper Sandia and middle Mortandad watersheds are among the thickest on the Pajarito

The basal part of the Otowi Member includes the Guaje Pumice Bed, which is a sequence of well-
stratified pumice-fall and ash-fall deposits. The Guaje Pumice Bed typically is 30- to 35- ft- (9.1- 10.7-m)
thick beneath the Pajarito Plateau.

The Tshirege Member of the Bandelier Tuff erupted approximately 1.2 million years ago. ltis a multiple-
flow ignimbrite sheet that forms the prominent cliffs and mesas of the Pajarito Plateau. The Tshirege
Member includes a number of subunits that can be recognized based on differences in physical and
weathering properties.
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Subunits of the Tshirege Member dip gently southeastward on the Pajarito Plateau. The southeastward
dip of these tuffs probably is the primary initial dip, mainly resulting from the burial of a southeast-dipping
paleotopographic surface and thinning of subunits away from the volcanic source to the west.

Hydrology

Rivers and streams located within 80 km (53 mi) of LANL include the Rio Grande and its tributaries
including the Chama, Ojo Caliente, Santa Cruz, Nambe, and Tesuque rivers to the north and east; the
Jemez River and San Antonio creeks to the west; and the Santa Fe and Galisteo rivers to the south. The
Rio Grande receives all surface water drainage from the Pajarito Plateau. Reservoirs within 80 km (50 mi)
include the Cachiti, Abiquiu, Santa Cruz, and Jemez.

Despite the dramatic erosional topography of the Pajarito Plateau that resulted from greater surface flows
in the past, only a few streams currently flow year-round; most flow only after heavy rains and snowmelt.
Run-off from heavy rainfall and snowmelt reaches the Rio Grande several times a year in some
drainages.

Springs occur at elevations between 2,400- and 2,700-m (7,900- and 8,900-t) on the eastern slopes of
the Jemez Mountains and supply water to the upper reaches of several major canyons, which is depleted
by evaporation to the atmosphere and infiltration into the underlying alluvium. On the mesas, water flows
only as stormwater and snowmelt run-off. As a result of run-off, surface erosion occurs, typically as
shallow sheet erosion on the relatively flat parts of the mesa, or by local established erosion channels
during sustained storm run-off.

Run-off from summer storms reaches a maximum in less than 2 hours and lasts less than 24 hours. In
contrast, run-off from spring snowmelt occurs over a period of several weeks at a low discharge rate. The
amount of eroded material transported in run-off waters is generally higher in summer rainfall events than
during snowmelt.

Groundwater in area occurs as shallow perched alluvial groundwater in canyons, intermediate perched
zones beneath some canyons and along the Jemez Mountains within the Bandelier Tuff, the Cerros del
Rio Basalt, and the upper part of the Puye Formation, and in the regional aquifer. The regional aquifer is
the only source capable of serving municipal and industrial water needs.

Ephemeral streamflows in the canyons of the Pajarito Plateau have deposited alluvium that locally may
be up to 100-ft-(30 m) thick and typically more permeable than the underlying volcanic tuff and sediments.
Ephemeral run-off in some canyons infiltrates the alluvium untii downward movement is impeded by the
less permeable underlying strata, which results in a buildup of shallow alluvial groundwater. In addition to
the alluvium, in some cases relatively thin zones of shallow groundwater can also be contained in the
weathered tuff or some other unit immediately underlying the alluvium.

Perched groundwater is known to exist beneath several canyons in the eastern portion of the Laboratory,
along the eastern flanks of the Jemez Mountains west of the Laboratory, and beneath the mesas and
canyons at S Site (TA-16), located in the southwestern part of the Laboratory near the Jemez Mountains.
Perched groundwater zones possibly exist beneath other canyons in the south and central portions of the
Laboratory.

Water for LANL, the communities of Los Alamos and White Rock, and Bandelier National Monument is
supplied from 11 deep wells in 3 well fields. The wells are located on the Pajarito Plateau and in Los
Alamos and Guaje canyons east of the plateau. Municipal and industrial water supply pump volume
during 1997 was 1.29 billion gal. (4.9 billion I). Yields from individual wells ranged from about 175-1400
gal./min (665-5320 I/min) (Stoker et al. 1992, 12017).

Typically, most of the units of the Tshirege Member, which form the mesas and slopes on the Plateau,
are very dry and do not readily transmit moisture. However, relatively thin subunits such as pumice falls,
surge beds, and the Colonnade Tuff demonstrate elevated moisture contents and enhanced fluid-flow
properties. Most of the pores in the tuff are small enough to be of capillary size, and hold water against
gravity by surface tension forces. Moisture content is generally more variable near the top of the mesa
than in the central portions as a result of variations in temperature, humidity, and evapotranspiration.
Vegetation is very effective at removing moisture near the surface by transpiration. During the summer
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rainy season when rainfall is highest, near-surface moisture content is variable due to the effects of
higher rates of evaporation and of transpiration by vegetation, which flourishes during this time.

The volumetric moisture content within mesas varies between about two and 14 percent. Measurement
on core samples show that the surge beds at the base of Unit 2 have relatively high capillary suction and
low hydraulic pressure. The interpretation of these measurements is that moisture is being drawn towards
the surge beds from above and below. The driving force for this movement may be evaporation aided by
air movement along the fractures within these units or along the more permeable surge beds found at the
base of Unit 2. Similar surge beds are found at the Unit 3/4 interface, also; less is known about the air
permeability there.

3.5.1 Current State

Figure 3.5.1a is a conceptual site-wide exposure model, which integrates in a simple diagram the
features, events, and processes characterizing the current state, as discussed in the previous sections, in’
the specific context of risk- the likelihood of harmful exposures to contaminants in the environment. The
Hazard Category box on the left side of the figure represents contaminants that are introduced directly
into:

air (Hazard Category A),

onto the surface of the ground (Hazard Category B), or

below the surface of the ground (Hazard Category C).

Hazard Categories are analogous to what are loosely referred to as primary sources, recognizing the
subtlety that sources become hazards when they enter the environment. Under current conditions,
Hazard Categories A and B are associated primarily with operational releases discussed in Section 3.1 A4,
while Hazard Category C is associated with both active and formerly-used MDAs.

The arrows emanating from each Hazard Category represent environmental transport pathways that may
move contamination from the directly affected medium to one or more media, which become indirectly
contaminated, represented by the boxes to the left of center on the figure. The arrows between indirectiy

contaminated media represent the systematically integrated pathways that may move contamination
within the environment. The arrows pointing right from the indirectly contaminated media to the matrix on
the right of the figure indicate exposure pathways whereby biological receptors may come into contact
with contaminated media. Several of the pathways are particularly important because they provide
natural controls (discussed below) over the movement of contaminants. Generally speaking, these natural
controls reduce potential exposure-point concentrations to levels below applicable regulatory or risk-
based standards.

The line-styles of the arrows differentiate between pathways that are fully controlled ( - P partially
controlled (--%), and uncontrolled ( —p). As apparent from the figure 3.5.1a, controls lli ) can be
achieved at any point between the Hazard Category and the exposure point. Controls that occur at the
hazard source are examples of EPA’s Source Control Performance Measure (cf. Section 1.3.1 ).

The site-wide conceptual site exposure model shows a number of controls that reduce the risk of hazards
under current conditions. Many of these are associated with institutional and administrative controls
pursuant to worker safety and environmental protection regulations, while others are attributed to natural
characteristics or process at the site that attenuate hazards along the pathway between hazard and
receptor. Together, institutional and natural controls provide layers of protection that ensure that the risks
due to operational and historical releases of contamination into the environment from LANL are relatively
low, as demonstrated on the RCRA Environmental Indicators worksheets included in Appendix 1.

The number tagging each control mechanism in Figure 3.5.1a identifies each control as follows:

1. Source control and monitoring of operational releases of hazardous constituents to air in
compliance with NESHAPS regulations provide control of hazard.

2. Source control and monitoring of operational releases of hazardous particulates in air in
compliance with OSHA provide control of hazard.
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Figure 3.5.1a Site-Wide Conceptual Site Exposure Model- Current State .
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Source control and monitoring of operational releases of waste water in compliance with NPDES
regulations provide control of hazard.

Characterization of regional hydrogeology, and monitoring conducted in association with the risk
and performance assessment/composite analysis and environmental protection programs provide
evidence of natural pathway control, indicating that multiphase unsaturated reactive transport and
saturated advection and dispersion ensure that most contaminants (i.e., all but non-reactive
species) will not be transported from their source to groundwater exposure points by 2035.

Characterization data show no perched zones of saturation beneath material disposal areas, but
not all have been investigated, providing partial evidence of transport pathway control.

Through natural processes, surface water transport of dissolved species is partly retarded by
adsorption onto sorptive phases in solid media. Through administrative health and safety
procedures, risk-significant worker-exposures to contaminated water, soil and sediment are
controlled.

Through natural processes, concentrations of contaminants in sediments generally decrease
downstream along watersheds (i.e., toward the LANL boundary) due to dilution with clean
sediments. Through administrative controls, access at facility boundary provides partial control of
potential recreational exposures.

Exposure control provided by environmental protection program monitoring and mitigation of
potential contamination in air, soil, sediment, groundwater, and springs.

Exposure control provided by monitoring of municipal water supply.

Table 3.5-1 provides a contextual definition of each of the indirectly contaminated media, and descriptions
of and hypotheses associated with, the pathways included in Figure 3.5.1a.
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Table 3.5-1.

‘ site-wide conceptual exposure model

Contextual Definition

Indirectly

Contaminated Medium

Ambient Air Refers to the earth's atmosphere as a media for contaminant transport.

Surface Water Includes perennial and ephemeral stream reaches (both naturally occurring and

effluent-driven), groundwater discharged via springs, surface impoundments and
ponds, and stormwater flow derived from short, intense, precipitation events and
snowmelt.

Surface Soil and Sediment

Includes naturally occurring soil and anthropogenically placed backfill materials
present on mesa tops, and soils and sediments present on mesa slopes and canyon
bottoms, both naturally occurring and derived from mesa tops.

Vadose Zone

Unsaturated media located between the ground surface and locally present
groundwater, whether the groundwater is present at alluvial, intermediate, or
regional aquifer depths.

Alluvial Water

Unconfined surface or near-subsurface zones of saturation in unconsolidated
surface sediments in canyons, perched high above the regional aquifer.

Perched Zones of
Saturation

Includes occurrences of perched groundwater bodies of varying extent and depth.

Regional Aquifer

Groundwater present in the regional zones of saturation, which typically aceur in the
Puye Formation, sediments of the Santa Fe Group, Cerros del Ric Basalts, and the
Tschicoma Formation.

Transport or Exposure
Pathway

Description/Hypothesis

Advection Dissolved contaminants moving with the bulk flow of water.

Condensation Concentration and settling of vapor-phase airborne contaminants onto surface
media.

Deposition Gravity-driven settling of suspended particulate contaminants from air or surface
water onto surface media, or from groundwater onto solid confining solid media.

Desorption Re-dissolution of solutes that were bound to solid phases of geologic media.

Diffusion Movement of dissolved contaminants in liquid water and volatile contaminants in air
from areas of higher concentration to areas of lower concentration.

Discharge Groundwater migrating to the surface due to physical forces

Dispersion Atmospheric distribution of airborne contaminants controlled by temperature and
pressure gradients, wind speed and direction, and precipitation, and surface- and
groundwater distribution of solutes in a saturated conditions.

Dissolution Chemical reaction with surface water or groundwater, causing a solid-phase
contaminant to disperse into liquid water as a solute.

Evaporation Conversion of liquid water and volatile contaminants to vapor phases due to contact
with ambient air. Pore water evaporation appears to occur deep within mesas due to
barometric pumping. '

Infiltration Flow of surface water and solutes into surface media through pores or small

openings.

Matrix (unsaturated) flow

Steady-state movement of liquid water and solutes, and colloids smailer than the
pore space, through the pore spaces in unsaturated rock.

Microbial Degradation

Decomposition by microscopic organisms.

Mineralization

Organic materials naturally transformed into inorganic materials.

Multi-Phase Unsaturated
Reactive Transport

Matrix transport coupled with contaminant-specific processes like radioactive decay,
microbial degradation, sorption/desorption, mineralization, and evaporation.
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Transport or Exposure | Description/Hypothesis

Pathway ‘

Sorption Dissolved contaminants in subsurface binding to natural components of the solid
porous media, and onto the surface of soil and sediment particles that can be
transported by runoff and concentrated in depositional areas in the canyons.

Suspension Precipitation runoff, surface water flow, and effluent discharge moving contaminants
as particles into the canyon stream or groundwater.

Transient Saturated Relatively rapid infiltration, transient flow, and transport in the subsurface through

Fracture Transport cooling joints and faults in bedrock.

Unearthing by Natural Re-exposure of subsurface materials by natural processes such as (but not limited

Processes to) biotic intrusion, surface erosion, and mass wasting. Anthropogenic excavation is
excluded.

Volatilization The direct release of solutes to the atmosphere.

The columns in the matrix on Figure 3.51 indicate the land-use scenarios under which exposures may
occur under current conditions, and the letters within the matrix cells indicate the routes of exposure
consistent with the exposure scenarios and exposure pathways.

3.5.2 End State

Figure 3.5.1b shows the conceptual site-wide exposure model for end-state conditions expected to be
achieved through LANL's EM-sponsored cleanup project and maintained through LANL's NNSA-
sponsored environmental management system (which will incorporate long-term environmental
stewardship responsibilities, as discussed in Section 1.3.5). The potentially impacted media and transport
and exposure pathways active in the current state conceptual exposure model and listed in Table 3.5-1
apply equally to the risk-based end state.

Many of the uncontrolled and partially controlled transport and exposure pathways identified in the
current-state are fully controlled. The numbers with prime symbols (i.e., 1’ through 8") signify
enhancements of controls identified in the current state conceptual site-wide exposure model. In
particular, the institutional monitoring and mitigation will meet the requirements of DOE Order 450.1 for
systematic site-wide monitoring to ensure the early identification of, and appropriate response to,
potential adverse environmental impacts associated with DOE operations, including effluent and
surveillance monitoring. Consistent with guidance on annual reporting of site-wide monitoring, resuits will
be differentiated according to NESHAPS and NPDES compliance monitoring, remediation performance
monitoring, waste management monitoring, and environmental surveillance monitoring.

1. Source control and monitoring of operational releases of hazardous constituents to air in
compliance with NESHAPS regulations provide control of hazard.

2. Source control and monitoring of operational releases of hazardous particulates in air in
compliance with OSHA provide control of hazard.

3. Source control and monitoring of operational releases of waste water in compliance with NPDES
regulations provide control of hazard.

4’. Characterization of regional hydrogeology, and monitoring conducted in association with the risk
and performance assessment/composite analysis and environmental protection programs provide
evidence of natural pathway control, indicating that multiphase unsaturated reactive transport and
saturated advection and dispersion ensure that most contaminants (i.e., all but non-reactive
species) will not be transported from their source to groundwater exposure points by 2035. Maijor
MDAs are capped and monitored within the institutional environmental management system.
Groundwater is monitored to detect contaminants at specific levels and locations established to
provide time to respond before contaminants reach supply wells, springs, or the Rio Grande.
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Figure 3.5.1b Site-Wide Conceptual Site Exposure Model- End State .
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5. Perched zones beneath material disposal areas are characterized and accounted for in risk-

6.

7.

11.

12,

based end state (including regulatory standards and final risk goal).

Through natural processes, surface water transport of dissolved species is partly retarded by
adsorption onto sorptive phases in solid media. Contaminated soil and sediment removed,
treated, or stabilized as necessary to achieve risk-based end state (including regulatory
standards and final risk goal).

Through natural processes, concentrations of contaminants in sediments generally decrease
downstream along watersheds (i.e., toward the LANL boundary) due to dilution with clean
sediments. Institutional access controls are enhanced, as necessary to achieve end-state risk
goal (including regulatory performance standards and final risk goal).

- Exposure control provided by environmental protection program monitoring and mitigation of

potential contamination in air, soil, sediment, groundwater, and springs. An integrated site-wide
groundwater-monitoring program will be designed and implemented to ensure early detection of
risk-significant contaminants from all Hazard Categories as necessary to maintain the end-state
risk goal.

Exposure control provided by monitoring of municipal water supply.

. Contaminated alluvial groundwater treated and monitored as necessary to achieve end-state risk

goal (including regulatory performance standards and final risk goal).

Subsurface vapor sources are controlled by soil vapor extraction as necessary to meet source-
control performance standards, and MDAs are monitored and contingency responses

implemented as necessary to achieve risk-based end state (including regulatory standards and
final risk goal).

Contaminated perched zones are monitored and contingency responses implemented as
necessary to achieve risk-based end state (including regulatory standards and final risk goal).
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1 INTRODUCTION

This document describes the proposed site-wide goal for environmental remediation at the Los Alamos
National Laboratory (LANL). The proposed goal is described as a “vision” of how the LANL campus will
look when the Department of Energy (DOE) Environmental Management (EM) program cleanup mission
is complete and the National Nuclear Security Administration (NNSA) assumes full responsibility for
environmental management at LANL. The vision juxtaposes land-use, program, and facility plans with
remediation requirements, establishing a conceptual completion goal (or end state) that is both realistic
and protective. The purpose of the vision is to identify where and how potentially harmful exposures to
hazardous contaminants might occur under projected future conditions, and to determine what actions will
be necessary and sufficient to minimize the potential for harm under those condition. Consistent with the
objectives of cleanup, the vision conceptualizes specific end-state conditions that will minimize the
potential for harm in the future. Because this paradigm is consistent with the federal government’s
definition of risk as the probability that a substance or situation will produce harm under specified
conditions, the vision is referred to as a risk-based end state.

The April 2003 DOE Policy 455, Use of Risk-Based End States, requires DOE EM sites to define and
document a risk-based end-state vision that is acceptable to regulators and stakeholders, and then to
revise cleanup program plans as necessary to achieve that end-state in the most efficient manner (ref
DOE Policy 455.1). The policy is a formal mandate for EM sites to implement risk-based corrective action
programs as described in numerous DOE, Environmental Protection Agency (EPA) publications, ASTM
Standard Guides, and National Research Council recommendations (refs including DOE Expedited Site
Characterization and SAFER).

Risk-based corrective action is an application of standard scientific, engineering, and mathematical
principles, enabling steady progress in solving even very complex cleanup problems. The complexities of
cleanup at a typical EM site are generally similar: Multiple contaminants distributed in multiple
environmental media, released over long periods of time and large areas of land. Uncertainties in
source(s), nature, extent, transport, and fate of contaminants are very large and can never be absolutely
eliminated. Risk-based corrective action provides an objective means of managing uncertainties to the
degree necessary and sufficient to make defensible decisions about effective cleanup actions.

Risk-based corrective action is a defining element of LANL'’s integrated technical strategy, which was
formally submitted to the New Mexico Environment Department (NMED) in 2000 as Revision 8 of the
LANL /nstallation Work Plan (ref). The LANL technical strategy also incorporates guidance developed by
EPA Region VI, which maximizes the benefits of risk-based planning by applying it first on a site-wide
scale to rank and prioritize among multiple corrective action sites, then on a site-specific scale to optimize
the corrective actions to achieve cleanup goals for sites both individually and collectively (ref EPA R6
CAS).

The risk-based end-state vision describes cleanup goals that would be protective under the planned
future uses described in two planning documents. The first is LANL’s Ten-Year Comprehensive Site Plan,
which describes NNSA’s facility and operations over a 10-year planning window; the second is Land
Transfer Report to Congress under Public Law 105-119, A Preliminary Identification of Parcels of Land in
Los Alamos, New Mexico for Conveyance or Transfer, which identifies specific parcels of land that are
planned for transfer from DOE ownership. In addition, the future end-state vision makes use of other
LANL documents, including those that forecast the environmental impacts of planned activities, in
compliance with the National Environmental Policy Act.

The DOE’s risk-based end-state initiative is fully consistent with the EPA’s recent endorsement of
“systematic planning,” which uses risk-based decision methods to ensure objectivity, defensibility, and
cost-effectiveness in corrective action programs. (ref TRIAD) “Systematic planning is the scaffold around
which defensible site decisions are constructed... First and foremost, planning requires that key decision-
makers collaborate with stakeholders to resolve clear goals for a project.” LANL will collaborate with its
stakeholders to revise the proposed risk-based end-state vision as needed to define clear goals for
completion of its EM-sponsored cleanup work. Once the final end-state goal is resolved with public and
regulatory stakeholders, LANL will use risk-based decision analysis to objectively, defensibly, and cost-
effectively align its remediation project plans to achieve that goal.
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1.1 Organization of the Report

The format and content of this report strictly adheres to DOE’s Guidance for Developing a Risk-Based,
Site-Specific End State Vision.

The remainder of this section provides background and programmatic context for the descriptive
information in Sections 2, 3, and 4. The descriptive information in Sections 2, 3, and 4 focuses on
attributes that relate to risk on three spatial scales: Regional, site-wide, and hazard-specific. The
attributes of risk are natural and man-made features, events, and processes that impact the potential for
harm to living systems from exposures to environmental hazards. Major risk attributes include the type
and amount of contamination in environmental; the current distribution and potential migration of
contamination in the environment; and the conditions and situations that may result in contact between
living organisms and contamination at specific locations. These attributes will change over time, as
remediation actions are completed and LANL operations continue amid evolving Federal, Tribal, state,
and municipal conditions and constraints.

To differentiate between the present state and the planned end-state, the three spatial descriptions in
Sections 2, 3, and 4 depict two time frames, present-day and end-state. As prescribed by the DOE, the
end-state vision represents a snapshot of conditions anticipated 20 years after completion of the EM-
sponsored cleanup mission. For LANL, the risk-based end-state vision conceptualizes the year 2035,
consistent with a planned EM completion in 2015.

Section 2 depicts LANL in its regional context under current and planned conditions. The current
conditions reflect factual knowledge in 2003, while the planned conditions reflect objective goals to be
achieved through 2035. Section 3 depicts the current and planned conditions at a slightly smaller scale
that encompasses the LANL boundary and directly adjacent environs. Finally, Section 4 describes the
current- and end-state at the scale of watersheds, within which one or more contaminant sources coexist.
The site- and hazard-scale descriptions in Sections 3 and 4, respectively, are both graphical and
narrative.

1.2 Site Mission

Since World War i, scientific research and téchnology development have been conducted at the Los
Alamos National Laboratory in support of national security. That mission endures today: To develop and
apply science and technology to

Ensure the safety and reliability of the U.S. nuclear deterrent.
Reduce the threat of weapons of mass destruction, proliferation, and terrorism.
Solve national problems in defense, energy, environment, and infrastructure.

The concepts of risk and the constructs of risk management are fundamental to the accomplishment of
every element of the LANL mission.

1.21 Management of National Security Risks

Under the current structure of the federal government, the National Nuclear Security Administration
(NNSA) sponsors the core national security mission work conducted at LANL. Itis expected that LANL

will remain a center of research and development in support of national security into the foreseeable
future.

The goal of the national security mission is to develop countermeasures to threats posed by weapons and
tactics of modern warfare and terrorism. These countermeasures include surveillance and monitoring of
existing and emerging weapons and tactics and developing and maintaining a deterrent arsenal. The
development of technologies to understand threats and develop deterrents and countermeasures
requires a significant leve! of research in nearly every branch and specialty of science, from the most
fundamental to the most esoteric. The general technical capabilities required by the LANL mission are:

Atomic-to-global scale sensor and detector research and development to acquire information
about threats.

Data storage technologies, data display capabilities, and computational methods to assemble and
interpret an ever-growing body of information.
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Research, engineering, fabrication, storage, testing, treatment, and disposal of chemical,
biological, and radiclogical materials.

1.2.2 Management of Operational Risks

The achievement of the LANL mission requires the use and disposal of radioactive materials, chemicals,
and pathogens. As evidenced by their use in terrorism and warfare, these substances are harmful under
specific conditions. Their use and disposal at LANL is carefully controlled at every stage through safe
operating procedures developed to prevent known conditions of harm. These procedures reflect federal
laws, state and federal regulations, and DOE directives. Safe operating procedures fimit the doses,
exposure frequencies, and exposure durations to protect workers. The limits are typically 10- to 1000-
times lower than thresholds known to cause harm.

Since 1996, all LANL operations have been performed within an integrated safety and security
management system, which ensures that associated hazards are identified and procedures are
developed to mitigate the risks from hazards as a routine part of the work authorization process.
Elements of the integrated safety and security management system include radiation protection of
workers, non-nuclear authorization basis, and management of nuclear facilities.

The risks associated with operations involving radioactive materials are controlled primarily through

‘procedures that implement the requirements of DOE Orders. These Orders reflect the state of knowledge

about radiological doses as defined, refined, and maintained by national and internawonal scientific
organizations. (ref NCRP, ICRP, IAEA, etc.) Procedures are followed through every phase of LANL
operations involving radioactive materials to prevent against harmful conditions of exposure. These
procedures are implemented to protect both LANL workers and other members of the public.

Analogous procedures are followed to manage the risks associated with toxic chemicals. These
procedures comply with standards and regulations administered primarily through the Occupational
Safety and Health Administration (OSHA) and the EPA. These regulations and implementing procedures
reflect the state of scientific knowledge about the toxicity of various chemicals, and the preventive
measures that will ensure against harmful exposures.

Different regulations and policies apply to ensure against harmful exposures under different conditions,
including individual work-spaces to facility effluent stacks. In general, compliance with OSHA regulations
prevents workers from being exposed to harmful amounts of toxic chemicals, and compliance with EPA
regulations and DOE Orders likewise protects other members of the public.

1.2.3 Management of Environmental Risks

There are several facilities and operations at LANL that release radioactive and chemical substances into
the environment. All releases are monitored, reported, and audited in accordance applicable laws,
regulations, and requirements. Monitoring ensures that releases of potentially harmful substances are
below amounts that are known to cause harm under potential conditions of exposure in the environment.

Liquid and air-borne releases are monitored at the point of discharge, and at locations either down-stream
or down-wind from the discharge. The monitoring results are reported to the EPA, NMED and/or the DOE
to independently validate compliance with applicable regulations. Environmental risks from LANL
operations are managed in accordance with the following primary requirements:

DOE Order 435.1 Radioactive Waste Management (formerly DOE Order 5820.2A): Addresses
risk of radioactive waste disposals sites.

DOE Order 450.1 Environmental Protection Program (formerly DOE Order 5400.5): Addresses
risk from radioactivity released into the environment from ali sites and facilities, through the post-
closure period.

RCRA Hazardous Waste Facility Permit

The National Environmental Policy Act requires that LANL analyze and report potential environmental
risks associated with planned facilities and operations prior to initiating work. Together, these directives
ensure that LANL is complying with environmental protection taws, including but not limited to:

Clean Air Act
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New Mexico Air Quality Control Act

Clean Water Act

Safe Drinking Water Act

Toxic Substances Control Act

Hazardous and Solid Waste Act

Resource Conservation and Recovery Act

Operations using toxic substances at LANL were conducted for many years before laws were enacted to
prevent unintentional harm to people and the environment. Still, LANL began sampling studies and
voluntary cleanups in 1946, after the successful completion of their initial mission. These efforts continued
through the 1960s. Throughout the 1970s, LANL implemented more formal practices to identify and
assess contamination in the environment. In the 1980s, a program was funded by DOE EM to conduct
corrective actions at LANL sites where contamination was found to present a potential risk to human
health and the environment. The specific requirements for corrective actions for radiological
contamination in the environment are found in DOE Order 5820.2A (superseded by DOE Order 435.1),
which incorporates by reference corrective actions under the RCRA for hazardous chemical
contamination in the environment. The goals of the LANL environmental cleanup program are to

protect human health and the environment from exposure to hazardous chemical or radioactive
materials resulting from past treatment, storage and disposal practices, and

meet or exceed the environmental cleanup requirements of the LANL RCRA permit to operate
hazardous waste facilities.

1.3  Status of Cleanup Program

The EM mission at LANL was initiated in 1989 and is scheduled to be complete in 2015 on the basis of its
2003 performance management plan (ref). In its initial RCRA facilities assessment, LANL identified over
2,000 individual “potential release sites” across its 43-square-mile area that would be further evaluated
through its EM-sponsored remediation program. Potential release sites include such things as septic
tanks and associated drain lines, chemical storage areas, wastewater discharge areas, material disposal
areas, high-explosive firing sites, storage tanks, and spills. Potential release sites are located on mesa
tops, canyon walls, and canyon bottoms. No two are exactly alike, varying in terms of contaminant type
(or “nature,” such as chemical solvents, radioactive substances, and explosives), distribution (or “extent,”
either localized or broadly distributed), mobility (or “transport,” in air or water), and transformation (or
“fate,” such as radioactive decay or biodegradation).

In 1999, LANL updated its remediation approach from one focused on individual sites and their potential
to impact human health to one focused on aggregates of sites and their cumulative potential to impact
human health and/or the broader ecosystem. The revised approach is documented in the facility-wide
Installation Work Plan, which was approved by the NMED in 2002. While the corrective-action Order
issued to DOE and LANL by NMED is pending, LANL intends that its EM-sponsored cleanup activities will
be completed in accordance with the risk-based process described in the approved work plan. The
following subsections describe the key elements of the LANL cleanup program.

1.3.1  General Technical Strategy and Cleanup Goals

Although not an official pilot site, LANL is following the technical framework endorsed by EPA Region VI
in its Corrective Action Strategy Guidance for Pilot Projects (ref).1 EPA Region VI developed its risk-
based corrective action strategy to accelerate corrective action at RCRA sites, a goal that is consistent
with DOE'’s risk-based end-states policy. Moreover, the EPA Region VI corrective action strategy begins
with the clarification of a final risk goal, which, like DOE’s risk-based end-state vision, is the level of

! The EPA Region VI corrective action strategy addresses the primary basis of the NMED order, which is reducing
risk to human health and the environment. What is more, the Region VI strategy requires the early determination of
performance standards as an objective basis of EM completion, which would remedy one of the primary objections
to the order, namely the lack of completion criteria.
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protection to be achieved and maintained by the facility based on future land use, real receptors, and
known releases.

The final risk goal is one of three categories of performance standards recommended by Region VI, the
other two being source control and applicable statutes and regulations. Table 1.3-1 lists Region VI's
descriptions of, and LANL’s proposals for meeting, performance standards.

Table 1.3-1
Proposed performance standards comprising the risk-based end state to be
achieved at EM completion

Performance EPA Region VI Definition LANL Proposal

Standard .
Control of materials that include or contain Eliminating, reducing or stabilizing
hazardous wastes or hazardous primary sources (e.g., storage tanks,
constituents, that act as a reservoir for outfalls, MDAs)

Source Control migration of contamination to soil, sediment, Eliminating, reducing or stabilizing

e ground watgr, surface water, or air, orasa secondary sources (e.g., contaminated
source for direct exposure. Contaminated soils, sediments, alluvial water)

ground water plumes are not generally
considered a source material.

Media-specific contaminant levels that must | Achieving MCLs and DCGs within water
be achieved, such as maximum contaminant | supply system by achieving site- and

Statutory/ Requlatory | levels (MCLs) in drinking water. These source-specific ACLs at designated
requirements may be specified in Federal, monitoring wells
state, and local laws and regulations.
The level of protection to be achieved and Providing 95% confidence that the
maintained by the facility based on land use probability of exceeding applicable
Final Risk Goal and acceptable risk at specific locations and | thresholds is not greater than 10 for a
. times period of 20 years under exposures

consistent with future land use

Performance standards provide an objective basis for determining the priority of corrective actions and
optimizing remedies according to their ability to achieve and maintain the standards. By focusing on
known and realistic goals, the Region VI corrective-action strategy emphasizes progress over process. In
completing its EM mission, LANL will achieve a risk-based end state vision that integrates Region VI
performance standards to protect both human receptors and the environment from all sources of
contamination across the entire LANL campus. To accomplish this, LANL has developed a systematic
risk-based decision analysis process.

Risk-based decision analysis provides many benefits:

Facilitates prioritization of contaminated sites at individual installations.

Provides a consistent mechanism for addressing both simple low-risk sites and complex high-risk -
sites, establishing a systematic approach for sites of differing complexity.

Guides data collection to support the development of site-specific cleanup goals, ensuring that
data collected are demonstrably linked to ensuring protection of human health and the environment.

Assesses cumulative risks from all sources affecting the same human or ecological receptor,
quantifying the overall, facility-wide risk encountered by potential target receptors.

Encourages early action at sites where the risk is imminent and at sites where the risk is low but
remediation is rapid and inexpensive.

Considers relevant uncertainties explicitly using stochastic modeling approaches, and considers
options for reducing relevant uncertainties.

Integrates the selection of cleanup options with the cleanup goals, evaluating multiple options in a
quantitative framework.
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Provides a means of revisiting remedies over the long term through repeated risk evaluations if
site conditions change over time.

Takes place in a public forum, explicitly presenting all relevant science, assumptions, and
judgments. '

Undergoes external, public and independent scientific peer review before decisions are
implemented.

Complies with relevant state and federal statutory programs, being flexible enough to incorporate
applicable state and EPA regulations. '

The risk-assessment methods used to provide input to the decision analysis is itself graded to ensure that
the level of technical rigor matches the level of information needed for a particular decision in the cleanup
process. LANL follows EPA’s Process for Conducting Probabilistic Risk Assessment (ref).

1.3.2 Investigation and Assessment Strategy

Investigations and assessments are conducted iteratively to support cleanup decisions that ensure
progress toward achieving performance standards. Since the source-control performance standard
applies to individual release sites, site-specific investigations are tailored to provide information necessary
and sufficient to assess the site-specific practicability of alternative source-control measures. Since the
final risk goal applies to all releases collectively, site-wide investigations are tailored to provide
information necessary and sufficient to assess the potential for harm from exposures to environmental
media that may be directly or indirectly contaminated from one or more release sites. To the extent
possible, the site-wide investigations are also designed to provide information necessary and sufficient to
assess releases in the context of regulatory performance standards.

1.3.21 Source Specific

Before the integrated technical strategy was implemented, site-specific investigations generally followed
the traditional RCRA Facilities Investigation approach. Since then, LANL has made substantial progress
in streamlining site-specific investigations by identifying feasible site-specific source-control alternatives,
and designing investigations to provide information to either confirm or deny the practicability of those
alternatives.

According to EPA Region VI, the source-control performance standard applies to “materials that contain
hazardous wastes or hazardous constituents, that act as a reservoir for migration of contamination to soil,
sediment, ground water, surface water, or air, or as a source for direct exposure.” This implies that the
source-control performance standard applies to contained or confined hazards (including storage tanks
and associated plumbing, landfills, surface impoundments, and evaporation lagoons), but does not apply
to media contaminated indirectly as a resuit of these sources (including air, surface soil, sediment,
surface water, groundwater, and biota). Therefore, investigations and assessments designed to support
source-control decisions are limited to sites that meet EPA Region VI's applicability criteria.

For sources including septic tanks, shallow-subsurface landfills, surface impoundments and evaporation
lagoons, LANL plans to achieve source control by excavation, offsite disposal, and remediation.
Accordingly, site-specific investigations are designed to support excavation, waste disposition, and site
remediation decisions. These investigations are often based on the results of contaminant transport
models developed and implemented to assess the likely nature and extent of contaminated media.

For the majority of the deeper subsurface material disposal areas (MDAs), excavation is dangerous
and/or impracticable, and off-site disposal is unlikely or virtually impossible due to the large volumes of
deeply buried heterogeneous materials contaminated with a variety of constituents. Source control at
MDASs is limited primarily to stabilization of existing caps. To streamline MDA investigations to support
stabilization decisions, LANL developed a risk-based characterization process (ref MDA Core Document
submitted to NMED).

To design investigations for MDAs, baseline quantitative risk assessments are conducted to evaluate the
stability of MDA sources assuming no enhancement of the existing caps. Stability is judged in the context
of applicable regulatory standards, including the Safe Drinking Water Act. To further streamline
characterization process, models developed for the performance assessment and composite analysis for
LANL's operating on-site radioactive waste disposal facility have been modified to account for release
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and transport of both hazardous and radioactive constituents. (ref PA/CA and TA-54 RFI Report) (Note
that the “inadvertent site intruder” exposure scenario included in the PA/CA is excluded from the risk
assessment applications.)

Probabilistic (EPA’s “Tier 3") methods are implemented because they provide an efficient but rigorous
way to 1) simulate the performance of multiple MDAs within a single numerical framework, 2) determine
what modeled characteristics of a given MDA are most important in terms of source stability, 3) evaluate
alternative stabilization methods, 4) design appropriate monitoring programs.

(Sections 3 and 4 provide additional detail on baseline risk assessments and risk-based remedy selection
for MDAs.)

1.3.2.2 Site-Wide

For contaminated media to which the source-control performance measure does not directly apply,
LANL’s investigations are designed to provide information needed to evaluate the need for actions to
meet media-specific regulatory standards and site-wide risk goals. A quantitative risk-based decision-
analysis process is especially valuable for these investigations, since contamination resulting from
operations as far back as 1943 has had time to migrate within and between environmental media,
resulting in broad spatial distributions and cross-media contamination.

Baseline risk assessments are conducted to understand the impacts of contaminants in environmental
media, where impacts are evaluated in the context of applicable regulatory performance standards and
cumulative risk. To the extent possible, risk assessments are designed to incorporate media-specific
standards. Contaminant transport is simulated at scales that account for physical features and processes
that may cause multiple contaminants to be transported in air or water to a single point, resulting in
coincident exposures. Exposures are modeled consistent with current and reasonably foreseeable land
use.

There are eight major watersheds that traverse the 43 square mile LANL campus. These watersheds play
a significant role investigations and assessments conducted to support decisions related to the attainment
of regulatory performance standards and site-wide risk goal. All of the watersheds are impacted to some
extent by contaminants associated with current and/or historic LANL operations. Some of the watersheds
are directly impacted by contaminated liquid effluents, and most were indirectly impacted by contaminants
carried from other locations into watersheds, primarily in runoff of rainwater and snowmelt.

Contamination deposited in canyon sediments are then subject to further transport by perennial and
ephemeral stream-flow, and also by winds that are dramatically channeled within some of the steeper,
deeper canyons. To account for these physical attributes and processes related to contaminant
transport, baseline risk assessments are conducted for each watershed to inform decisions related to the
attainment of applicable regulatory performance standards for surface water and air, as well as the final
risk goal.

The watersheds also play a major role in assessing groundwater impacts, because the regional aquifer is
partially recharged from surface-water infiltration within watersheds. LANL has developed a risk-based
decision analysis application to streamline site-wide investigations and assessments for the purposes of
achieving applicable drinking-water performance standards and the final risk goal. This systematic
decision framework incorporates information collected through geologic, hydrologic, and environmental
investigations conducted since the implementation of EM cleanup in 1989, including site-specific
characterization studies and regional hydrogeology studies.(ref. Hydrogeologic Work Plan)

Over the last three years, LANL has developed the “infrastructure” needed to implement site-wide
groundwater-pathway risk assessment, including:

A site-wide enterprise GIS for geo-spatial data staging, storage, distribution, analysis and
visualization (ref),

A site-wide three-dimensional hydrogeology data model (ref),

A site-wide empirical infiltration model (ref),

A site-wide quasi-three-dimensional vadose zone groundwater flow mode! (ref), and

A regional three-dimensional regional-aquifer flow model (ref).

(Section 3 provides detailed descriptions of the site-wide hydrogeology.)
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(Sections 3 and 4 provide additional detail on site-wide hydrogeology, and the baseline risk assessment
for groundwater.) '

1.3.3 Prioritization Strategy

Consistent with the EPA Region VI corrective action strategy, LANL prioritizes work on the basis of risk.
An initial prioritization was accomplished by DOE, LANL, and NMED based on semi-quantitative risk
attributes, including

Nature and extent of contamination,
Potential for on-site exposures, and
Potential for offsite migration.

Table 1.3-2 lists the watersheds in order of priority as initially determined, along with the compelling
rationale for each watershed’s rank. This ranking was used to develop the lifecycle baseline for the
cleanup project. Specific work elements were planned for each watershed. Annually at the fiscal-year
boundary, the baseline is constrained according to the anticipated budget. Work within specific
watersheds is aligned to accomplish the greatest progress with the available resources. Consequently, on
an annual basis, not all work will be within the highest-priority watershed. The current prioritization listed
in Table 1.3-3 may be reconsidered if indicated by the results of the quantitative baseline groundwater
pathway risk assessment.

1.3.4 Remedy Selection

LANL has identified likely remedies for cleanup sites. Each remedy will be optimized using risk-based
decision analysis to compare the effectiveness of alternative remedy designs at achieving applicable
performance standards under the conditions of planned land use.

Table 1.3-2

Initial priority ranking of watersheds as a basis for planning
Watershed Name Priority | Risk-Based Rationale for Priority Rank
Los Alamos/Pueblo 1 Mobile contaminants; land-transfer parcel; recreational use
Mortandad 2 Mobile contaminants; land transfer; proximity to Pueblo land; recreational

use.

Water/ Carion de Valle 3 Mobile contaminants; and recreational use.
Pajarito 4 Potentially mobile contaminants, and recreational accessibility
Sandia 5 Potential contamination, and recreational accessibility
Ancho 6 Potential contamination, and recreational accessibility
Chaquehui 7 Potential contamination
Frijoles 8 Recreational accessibility

Exposures scenarios have been developed to represent future land use according to existing plans. The
vast majority of cleanup sites are on property that is expected to remain under DOE ownership. The risk-
based remedy selection decision analysis for these sites will feature industrial-use exposure scenarios for
mesa-tops and firing sites, and recreational-use scenarios for canyons. There are 10 parcels of DOE
property that were designated for transfer to either Los Alamos County or the Pueblo of San lidefonso
(held in trust by the Department of the Interior). Cleanup goals for these land parcels will be determined
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using risk-based decision analysis for residential-use scenarios. Finally, LANL plans to release a small
section of land to either the National Park Service or the National Forest Service. In either case,
contamination on that land will be remediated to levels consistent with a recreational-use scenario.
Those levels will be calculated using risk-based decision analysis methods. ’

1.3.5 EM Completion

For cleanup sites located on DOE property, EM completion will coincide with the attainment of
performance standards through remedies approved by the administrative authority. LANL intends for the
final risk goal performance standard to meet the intent of the risk-based end state, which represents EM
completion.

Long-term performance monitoring and response actions to maintain the risk-based end state will be
integrated into the NNSA environmental management system consistent with the requirements of DOE
Order 450.1. The location, frequency, and duration of monitoring will be established using systems-
engineering design principles, and a logical exit strategy will be defined to ensure that resources are not
wasted on unnecessary data collection and reporting.
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Table 1.3-3

Planned schedule for task and watershed completionr

Official Use Only

Planned
Completion

Task

FY03

Hydrogeologic characterization well R-02

Hydrogeologic characterization well R-04

Hydrogeologic characterization well R-11

FY04

Hydrogealogic characterization well R-03

Hydrogeologic characterization well R-10

Hydrogeologic characterization well R-17

FY05

Hydrogeologic characterization well R-27

Hydrogeologic characterization well R-30

FY06

MDA-H

FY08

MDA-C

FY09

MDA-B

MDA-T

FY10

MDA-A

MDA-L

LA/Pueblo Watershed

MDA-U

MDA-V

FY12

Sandia Watershed

MD-AB

FY13

Frijoles Watershed

FY1i4

MDA-F

FY15

Mortandad Watershed

Water/Canon de Valle Watershed

Pajarito Watershed

Ancho Watershed

Chaquehui Watershed

EM Work Complete by 2015, turnover to NNSA

1.3.6 Long-Term Risk Management

Consistent with the Atomic Energy Act, DOE retains responsibility for radioactive materials used in its
programs. This includes responsibility for residual environmental contamination as long as it poses a
threat to human health and/or the environment. At LANL, EM sites that cannot be remediated to
contaminant levels allowing unrestricted use (either now or in the foreseeable future) will transition to the
National Nuclear Security Administration (NNSA). As required by DOE Order 450.1 Environmental
Protection Program, the Laboratory will explicitly incorporate long-term environmental stewardship
activities into an integrated environmental management system supported by NNSA.

What is more, the basic risk-based decision analysis will be used as an adaptive management tool (as
described the NAS/NRC in Environmental Cleanup at Navy Facilities) for long-term environmental
stewardship planning. This approach addresses key issues faced by DOE sites by
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Allowing continuous evaluation, research and development toward innovative solutions to resolve
long-term risks (i.e., uncertainties) while convention remedies are implemented to manage short-
term risks.

Periodically reevaluating previous remediation decisions that do not meet LTES goals, even if
they are currently protective.

Integrating public stakeholders in each decision phase.

1.3.7 Public Involvement

The senior managers at LANL have identified community partnerships as one of their top five
performance priorities. The risk-based end states initiative and the long-term environmental stewardship
initiative will be one of the pilot project for strategic community involvement this fiscal year. LANL's

Citizen’s Advisory Board and a local anti-nuclear activist organization have already requested copies of
this draft document.
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