Le37¢

LA-UR-97-4765

Approved for public release;
distribution is unlimited

o

Title: | Overview of Los Alamos National Laboratory—1997

Author(s): | Site-Wide Environmental Impact
Statement Project Office

Environment, Safety, and Health Division

"%w“

Submitted to: | Corey Cruz
LANL SWEIS Project Manager

EIS Projects Office
DOE Albuquerque Operations Office

Los Alamos

NATIONAL LABORATORY

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the University of Califomia for the U.S. Department of
Energy under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S. Government retains a nonexclusive, royalty-
free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Govemment purposes. Los Alamos National
Laboratory requests that the publisher identify this article as work performed under the auspices of the U.S. Depariment of Energy. Los Alamos Nationa! Laboratory
strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the

viewpoint of a publication or guarantee its technical correctness.

AL A

3555

0. 836 R6
2629 8/96



s

L T

PREFACE

In October 1994, the Los Alamos National Laboratory (LANL) established a project office to pro-
vide support to the Department of Energy (DOE) and its contractor for the preparation of a site-
wide environmental impact statement (SWEIS). The role of the SWEIS Project Office was to pro-
vide background information and to respond to requests for information. DOE and its contractor
prepared the SWEIS.

Because of the institution’s size and the diversity of its ongoing projects, summary information on
the LANL'’s organization, programs, ecological setting, infrastructure, and operations did not read-
ity exist in a consolidated form at the time the SWEIS Project Office was established. Thus, it was
necessary to obtain and integrate data from many organizations and sources to provide all this in-
formation in a concise presentation. A number of individuals contributed to the process, and the
project office served as the focal point for integration. Information was gathered between 1995
and 1997, and information was updated to the extent feasible. Changes in the organizational
structure introduced by the new Laboratory director, appointed in November 1997, have not
been incorporated.
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1.0 INTRODUCTION TO LOS ALAMOS NATIONAL LABORATORY

Los Alamos National Laboratory (LANL or the Laboratory) and the associated residential areas of
Los Alamos and White Rock are located in Los Alamos County in north-central New Mexico, ap-
proximately 60 mi (100 km) north-northeast of Albuguerque and 25 mi (40 km) northwest of Santa
Fe (Figure 1-1). The 43-mi? (111-km?) Laboratory site is situated on the Pajarito Plateau, which
consists of a series of fingerlike mesas separated by deep east-to-west-oriented canyons cut by
intermittent streams. Mesa tops range in elevation from approximately 7,800 ft (2,400 m) on the
flanks of the Jemez Mountains to about 6,200 ft (1,900 m) at their eastern termination above the
Rio Grande Canyon. Plant communities on these mesa tops range from ponderosa pine forests
on the flanks of the Jemez Mountains to pinyon-juniper woodlands near the Rio Grande. The
climate is moderate with relatively mild winters and summers (LANL 1996a).

Most Laboratory and community developments are confined to mesa tops. The surrounding land
is largely undeveloped, and large tracts of land north, west, and south of LANL are held by the
Santa Fe National Forest, Bureau of Land Management, Bandelier National Monument, General
Services Administration, and Los Alamos County. The Pueblo of San lldefonso borders the Lab-
oratory to the east (LANL 1996a).

The Laboratory is divided into technical areas (TAs) that are used for building sites, experimental
areas, waste disposal locations, etc. (Figure 1-2). However, these uses account for only a small
part of the total land area. Over one-half of the total acreage has slopes whose grade exceeds
20%, making development impossible. In addition, much of the area that could be developed is
needed for security and safety buffers because of the work being performed. Therefore, of the
43 mi? (111-km?), less than 25% is developed (LANL 1990).

The Department of Energy (DOE) controls the area occupied by LANL and has the option to com-
pletely restrict access. The public is allowed limited access to certain areas of LANL. An area north
of Ancho Canyon between the Rio Grande and State Road 4 is open to hikers, rafters, and hunt-
ers, but wood cutting and vehicles are prohibited. Portions of Mortandad, Los Alamos, and Pueb-
lo canyons are also open to the public. Archaeological sites in Bayo Canyon, in the area northwest
of State Road 502 near White Rock, and in Mortandad Canyon are open to the public, subject to
restrictions protecting cultural resources (LANL 1996a).

The operating cost for LANL during fiscal year (FY) 1995 (the Laboratory's fiscal year runs from
October 1 through September 30) was $1,084 million, with an additional $65 million for equip-
ment, $25 million for construction, and $11 million for general plant projects. In FY95, $951 million
of the operating cost was spent on DOE programs, including $440 million on defense programs,
$210 million on environmental restoration and waste management, $93 million on energy re-
search, and $85 million on nonproliferation and international security. Approximately $133 million
was spent on work for others (clients other than DOE), including $71 million on Department of
Defense (DoD) projects (LANL 1996b).

In 1995, LANL employed approximately 7,000 people in permanent positions; approximately
39% of these employees were technical staff members, 7% were managers, 12% were support
staff members, 26% were technicians, and 16% were office worker or general support workers.
LANL also employed about 3,000 other people in special programs such as work/study programs,
graduate research positions, and limited-term positions. In addition, approximately 2,500 people
were employed by contractors, providing support services, protective force services, and special-
ized scientific and technical services.
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LANL is administered under a contract between the University of California (UC) and the DOE
through DOE's Los Alamos Area Office (LAAO) and Albuquerque Operations Office (DOE-AL).
This contract is reviewed once every five years. As a nonprofit organization managed by UC,
LANL functions more like a major university than a business in private industry. The Laboratory’s
director is ultimately responsible for all LANL activities as prescribed by this contract. However,
technical and administrative responsibility and authority have been delegated to directorates and
technical and support offices. The director is supported by a deputy director; both the director
and the deputy director are supported by special assistants. In 1995, the Laboratory’s manage-
ment structure consisted of 17 division offices, 10 program offices, and 6 institutional offices. The
directors of all programs and divisions form the Laboratory Leadership Council (LANL 1996b).

1.1 History

A basic understanding of LANL’s history requires not only a knowledge of its physical develop-
ment but also a knowledge of the congressional actions that resulted in its establishment. This
section presents an overview of both topics, following the Laboratory’s development from its start
during World War |1, moving into postwar development, and ending with its modern configuration.

1.1.1  Physical Development

A variety of good source documents provide information on the Laboratory’s development; three
of these should be mentioned because of their unique attributes: One, “Los Alamos: The First
Forty Years™ (Lyon and Evans 1984), is a unique collection of newspaper clippings and articles
that present the cross section of public information made available as LANL grew. Another, “Pro-
ject Y: The Los Alamos Story” (Hawkins et al. 1983), is a good presentation of the scientific ad-
vances made to produce nuclear weapons at the embryonic laboratory. The last is a series of arti-
cles produced by LANL, authored by Robert Seidel, in celebration of its 50th anniversary, which is
available on the Intemet at http:/bang.lani.gov/video/history/lanI50th. The following section has
been extracted from these and other source documents.

1.1.1.1 The War Years (1942-1946)

During World War 11, Los Alamos was the site selected for developing a weapon based on advanc-
ed concepts and new discoveries in physics. Scientists in Nazi Germany had discovered nuclear
fission in late 1938, and refugee scientists were convinced that Germany was pursuing develop-
ment of a weapon based on this concept. They persuaded Albert Einstein, America’s most fa-
mous physicist, to wam President Franklin Roosevelt of this danger. In response to this warning,
Roosevelt ordered increased research in nuclear physics.

The National Bureau of Standards started a small research program in 1939 at the Naval Research
Laboratory in Washington, DC, to explore uranium isotope separation. A separate study was es-
tablished at Columbia University, where prototype nuclear reactors were built based on various
configurations of graphite and uranium. Then, in 1941, British scientists announced that very
small amounts of the fissionable isotope of uranium (V) could produce an explosion equivalent
to several thousand tons of TNT. This announcement prompted the National Academy of Sci-
ences to propose an all-out effort to build nuclear weapons. No sooner had this decision been
made than the Japanese bombed Pearl Harbor.

During 1942, the War Department established sites at Oak Ridge, Tennessee, and Richland,
Washington—one site for uranium and plutonium refinement and enrichment, the other for metal
production. In addition, the War Department contracted with many private-sector companies to
produce necessary equipment and parts. This was the start of the nuclear weapons complex.
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in December 1942, General Leslie Groves, Commander of the Manhattan Engineer District, and J.
Robert Oppenheimer, the UC physicist whom Groves had asked to head the new nuclear weap-
ons design laboratory, selected the Los Alamos Ranch School as the preferred construction site.
Undersecretary of War, Robert Patterson, approved the acquisition on November 25, 1942. The
War Department informed the school’s director, A. J. Connell, in a letter dated December 1, 1942,
that the property would be condemned pursuant to purchase for military purposes and that the
ranch school would have to be vacated on February 8, 1943.

Ninety percent of the land surrounding the Los Alamos Ranch School, 54,000 acres (21,854 ha)
of semiarid forest and grazing land, was already controlled by the federal government and was
easily transferred to the Manhattan Project. The remaining 8,900 acres (3,600-ha) of private hold-
ings were purchased in five separate actions.

1.1.1.1.1 Townsite

When the school closed, digging and trenching for laboratory buildings had already begun. The
existing 54 Ranch School buildings were immediately converted to new uses, and additional
buiidings were built as needed. The Ranch School buildings were converted as follows: the Big
House was divided into bachelor quarters, recreation room, and library; a five-car garage was con-
verted to a fire station; the arts and crafts building became a nursery school and two bachelor quar-
ters: and other ranch homes were converted to housing. To the existing buildings were added
soldiers’ barracks, a mess hall, officers’ quarters, an administration building, a theater, and an in-
firmary, as well as apartments, a bachelor dormitory, laboratory technical buildings, and utilities for
civilian scientists.

The US government owned all facilities and restricted access to the entire site. Site personnel
paid rent for their houses, and everyone, including housewives and children of school age, re-
ceived a badge allowing entrance to the site.

1.1.1.1.2 Operations Areas

The Main Technical Area (TA-1), which consisted of technical, administrative, and warehousing
facilities, was constructed on about 25 acres (10 ha) around Ashley Pond and along the south
side of the present Trinity Drive out to the edge of Los Alamos Canyon. By 1945, approximately
100 structures were in use. Although some were small or were being used for storage, the area
was a large complex that combined features of both experimental laboratory research and indus-
trial operations. Between 1943 and 1945, much of the theoretical, experimental, and production
work involving the development of the atomic bomb took place in TA-1 (Figure 1-3). The
structures indicated by dashed lines represent the original TA-1, and the shaded structures show
the townsite as it is today.

Some of the work being done was considered too dangerous to be performed at TA-1, so these
operations were placed at remote locations. For example, the Omega Site (TA-2) was built to
house experiments on integral assemblies. This work involved experiments to determine critical
masses of fissionable material. In 1946, this work moved to TA-18. Alpha Site at TA-4, abandoned

in the late 1940s, was used as a firing site to test high explosives (HE). It was originally used to fire
several charges per day of up to 100 Ib (45.4 kg) and was then converted to accommodate stud-
ies of small equation-of-state tests that used only a few pounds of HE per shot. Beta Site at TA-5
was used extensively in 1945 as a firing site for the pin or electric method of studying implosions.
Larger charges could be safely used at TA-5, and shots of several hundred pounds were used. S-
Site at TA-16 was developed for production of HE to be used in the various tests.
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Many other sites developed during the war years were used for a variety of purposes. Within
LANL boundaries, many experiments were conducted that released or had the potential to re-
lease contaminants to the environment. LANL has compiled detailed information on these sites
under the auspices of the Environmental Restoration Program and is in the process of cleaning
them up. At some of the sites are buildings over 50 years in age that have historical significance.
Many of these historic facilities contain residues of hazardous substances and have deteriorated.
Information regarding these sites can be found in “Comprehensive Environmental Assessment
and Response Program, Phase 1: Installation Assessment, Los Alamos National Laboratory”
(DOE 1986), and the subsequent “Installation Work Plan for Environmental Restoration” (LANL
1992). .

1.1.1.1.3 Waste Areas

The work at TA-1 involved a variety of radioactive and hazardous materials that required appropri-
ate disposal. Radioactive materials handled included tritium (H?), curium (3*Cm and 2Cm), uranium
(%8U), phosphorus (?*P), polonium (2'°Po), thorium (*2Th), radium (**Ra), cesium (*¥'Cs), strontium
(®Sr), and americium (2*'Am). Hazardous materials handled included lithium hydride, beryllium,
mercury, iodine, trisodium phosphate, ammonium sulfate, various acids (such as hydrochloric, ni-
tric, perchloric, hydrofiuoride, and orthophosphoric), and various types of organics. In addition,
nonhazardous waste was generated by regular office activities, routine nonhazardous operations,
and the townsite.

Two major dump areas were established to accept these wastes. Nonhazardous waste was dis-
posed in an area located adjacent to and under portions of the existing airport. This dump consist-
ed of a bumning area and landfill. Hazardous and radioactive wastes were disposed in separate dis-
posal areas at or adjacent to TA-21.

Other waste areas were established adjacent to remotely located facilities. In addition, testing con-
ventional ammunitions resulted in impact areas that contained unexploded ordnance. These
areas, which contain what is termed “legacy” contamination, are being evaluated for potential risk
to human health and the environment, and, when appropriate, are being cleaned up by the
Environmental Restoration Program under the oversight of the Environmental Protection Agency
(EPA) and New Mexico Environment Depariment (NMED).

1.1.1.2 Postwar Development (1947-1960)

As originally planned, the Laboratory’s sole purpose was to develop the atomic bomb, and the
War Department planned to dismantle it upon completion of the project. However, at the end of
the war, distrust of the Soviet Union and the US government’s perceived need for developing
and maintaining a nuclear arsenal resulted in the establishment of a permanent nuclear weapons
research and design entity at Los Alamos. The facility was soon named Los Alamos Scientific Lab-
oratory, a name that lasted until the early 1980s, when it changed to Los Alamos National Labora-
tory. iImmediately following the war, work concentrated on refining the design of fission weapons.

1.1.1.2.1 Townsite

During the late 1940s and early 1950s, the Town of Los Alamos expanded to the rim of Pueblo
Canyon. Los Alamos High School and Mesa Elementary School were constructed, along with the
first permanent single-family dwellings. One set of dwellings, named for its location west of the
high school, was called the “Western Area.” These dwellings were of standard construction. The
other set of dwellings, located north of the high school, was called the “Denver steels.” These
houses were composite construction consisting of regular foundations, subfloors, and floors;
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however, they had steel wall supports, sides, and roofs. The steel components were made in
Denver.

In 1948, as a result of an extreme housing shortage in Los Alamos, the government established a
construction camp (trailer park and temporary government housing) at the location of what is now
White Rock. By 1952, occupancy of this camp started a steady decline, and it was closed on Sep-
tember 30, 1957.

In early 1957, Los Alamos became an open town. The guard gates strategically located around
the Laboratory site were removed, and, for the first time, visitors could simply drive into town. The
government allowed residents to purchase their homes, and Los Alamos became more like a nor-
mal town. One year later, the government sold Barranca Mesa for development of private housing.
Complete transfer of the townsite to private ownership occurred over several years because spe-
cial legislation was necessary to allow the government to construct support facilities and transfer
ownership to county government.

This special legislation also permitted the development of White Rock by allowing 250 acres (100
ha) of the former construction camp site to be sold to private developers for housing. it also allow-
ed the rehabilitation of the White Rock sewage system and construction of a water distribution
system for the new development.

1.1.1.2.2 Operations Area

During the late 1940s and early 1950s, concomitant with the growth of the townsite, Laboratory
operations in TA-1 were slowly moved to South Mesa across Los Alamos Canyon from the town-
site. TA-3, the new home for most of these operations, became one of the largest and most com-
plex of the technical areas in the Laboratory. Easy access to TA-3 from the townsite was provided
in late 1951 by the open-spandrel, steel-arch bridge that spans Los Alamos Canyon (Figure 1-4).

The first new facility built at TA-3 was the van de Graaff Laboratory complex, which inciuded a verti-
cal machine for accelerating particles (and later a horizontal machine), followed by construction of
the Chemistry and Metallurgical Research (CMR) Building. CMR was designed to be the major lab-
oratory for investigating plutonium chemistry and metallurgy and the properties of other materials,
such as uranium, tritium, and other radionuclides. The next facilities built were warehouses (Build-
ings 30 and 31). Thereafter, a flurry of building activity occurred during which the administration
building, the cryogenics complex, the shops/fabrication building, and the Physics Building were
constructed. By the mid-1950s, construction started on the Sigma Complex, and most operations
had been moved from TA-1 to TA-3. TA-1, however, lingered on for a number of years as opera-
tions continued in some of the buildings—in some cases, into the early 1960s.

In 1957, Area G (TA-54) was opened to replace the trenches used at TA-21 for radioactive waste
disposal. Burial and storage units at Area G include pits, shafts, trenches, and pads of varying di-
mensions. Area G remains in operation today. Also located at TA-54 are Area H, built between
1959 and 1963 for disposal of uncontaminated classified material; AreaJ, used for disposal of
equipment wastes that require administrative control (i.e., may have minute quantities of high-
explosive contamination); and Area L, used for chemical disposal from 1964 to 1975.

During the spring and summer of 1945, TA-21 was conceived and built for chemical and metallurg-
ical work. This site, as developed and used over the years, can be divided into two main sections:
DP West and DP East. DP West was built to replace D Building at TA-1. D Building could not safe-
ly handle large quantities of plutonium. DP East was built to process polonium and to produce ini-
tiators. Plutonium work continued at TA-21 until late 1977 or early 1978, when these operations
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moved to TA-55. TA-21 is mentioned here because it was one of the few operations that did not
move south of Los Alamos Canyon during the 1950s and 1960s.

1.1.1.3 Modern Configuration (1961-Present)

LANL continued to evolve as an active research and development institution; however, the con-
struction of new facilities started to decline in 1961, and most of the new construction was confin-
ed to remodeling existing structures to accommodate new applications. A major exception was
the construction of a new technical area, TA-55, during the 1970s and the creation of a consol-
idated “plutonium corridor” in the central portion of LANL along Pajarito Road. Other new build-
ings of interest include the Plutonium-Processing Facility at TA-55, the accelerator physics build-
ing at TA-53, the Weapons Engineer Test Facilty (WETF) at TA-16, and the Materials Science
Laboratory at TA-3.

1.1.1.3.1 Townsite

The communities of White Rock and Los Alamos continued to expand until nearly all available
building space had been occupied. Contaminated areas existing in Los Alamos were cleaned up,
the land was transferred to the county or to private ownership for development, and housing was
built throughout these areas. Today, there is no remaining space into which either community can
conveniently expand without transferring additional government lands for development pur-
poses.

1.1.1.3.2 Operations Area

Because LANL'’s mission continued to expand into areas other than nuclear weapons research,
by the late 1980s considerable thought was being given to land use planning. By 1990, the Lab-
oratory had developed a planning model that proposed building on and strengthening existing
development patterns to achieve effective functional working relationships between major pro-
grams, taking into account the compatibility of land uses. In this planning model, TA-3 and its im-
mediate environs remain the administrative and functional center of LANL. Emanating from this
area are three main development corridors, each with its own major programmatic emphasis.

The East Jemez Corridor consists of the Los Alamos Meson Physics Facility (LAMPF)—now the
Los Alamos Neutron Scattering Center (LANSCE)—Sigma Mesa, and East Jemez Road.
LANSCE is devoted primarily to accelerator-related experimental science; Sigma Mesa is propos-
ed for administrative, technical, and physical support functions; and East Jemez Road is reserved
for physical support functions and primary access to LANL. The Pajarito Corridor is used primarily
for nuclear materials research and development, fusion and laser research and development,
waste management, and other multipurpose experimental science. The West Jemez Corridor is
used for weapons engineering and dynamic testing.

Satellite support and service areas for Laboratory administrative and technical support functions
are planned for each of the three main development corridors. Satellite sites may also be used for
physical support functions. Facilities providing cafeterias, wellness centers, and other empioyee
services may also be located in these areas. All such satellites require expansion areas to permit
the phased, planned growth of facilities as funding permits.

The Laboratory currently consists of approximately 2,043 structures. Of these, 1,835 are build-
ings, which contain 7.3 million square feet (2.225 million square meters). The other structures
consist of meteorological towers, water tanks, manholes, small storage sheds, electrical transform-
ers, etc. Overall, LANL facilities are very old: 80% are more than 20 years old, 50% are more than
30 years old, and 30% are more than 40 years old.
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1.1.2 Congressional Actions

LANL exists because of specific congressional actions, including establishing and approving the
actions of the War Department and passing the Atomic Energy Act, the Energy Research and De-
velopment Administration Act, and the Department of Energy Organization Act. The prime spon-
sor for LANL changed under the four major pieces of legislation. A short discussion of this legis-
lation is presented below. Enough history is included to connect the four pieces.

1.1.2.1 War Department Action

in the summer of 1942, Colonel! Leslie Groves was appointed to take charge of the atomic weap-
ons project. The first thing he did was rechristen the project “The Manhattan District,” also known
as “The Manhattan Engineer District.” At the same time, Groves was promoted to brigadier gener-
al, which gave him the rank thought necessary to deal with senior scientists in the project and to
provide easy access to materials and funds through the War Department.

The Manhattan Engineer District immediately took charge and acceierated construction of the
necessary metal production facilities (to provide the nuclear material), which consisted of the Y-12
Plant at Oak Ridge, Tennessee, and the Hanford Site at Richland, Washington. In early October
1942, Groves learned that a new research and development laboratory was needed to collocate
the theoretical and experimental efforts involved in designing a nuclear weapon. By mid-October,
the formal decision was made to create a nuclear weapons design laboratory.

A letter dated January 23, 1943, laid out a rudimentary agreement calling for the Office of Scien-
tific Research and Development to contract with UC for “certain investigations to be directed by
Dr. J. R. Oppenheimer” (DOE 1994). UC President, Robert Gordon Sproul, accepted the letter of
intent on February 10, 1943. The contract was signed on April 20, 1943, making UC the manage-
and operations (M&O) contractor for LANL, a function that UC still performs today.

To ensure UC control and to protect the secrecy of Los Alamos, material for the Laboratory was
routed through UC's purchasing office in Los Angeles, which shipped it on to Los Alamos. UC
was kept largely ignorant of the nature of the project at Los Alamos until after the war. In 1947, UC
entered into a new operating agreement with the Manhattan Engineer District's successor, the
Atomic Energy Commission (AEC).

1.1.2.2 Atomic Energy Act and Atomic Energy Community Act

By the Atomic Energy Act of 1946, Congress established the AEC to assume responsibility for
nuclear research, including the nation’s nuclear defense research program, thereby removing
control of nuclear weapons design, development, and production from the War Department. The
tradition of having civilian control of the nuclear weapons complex still exists today.

Executive Order 9816 (The White House 1946) said, in part:

“ . . transferred to the Atomic Energy Commission all interests owned by the United States or any
Govemment Agency in the following property: All fissionable material, all atomic weapons and parts
thereof, all facilities, equipment and material for the processing, production or utilization of fission-
able material or atomic energy; all processes and technical information of any kind, and the source
thereof (including data, drawings, specifications, patents, patent applications and other sources)
related to the processing, production and utilization of fissionable material or atomic energy, and all
contracts, agreements, leases, patents, applications for patents, inventions and discoveries
(whether patented or unpatented), and other right of any kind concerning any such item.”
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“There are also transferred to the Atomic Energy Commission all properties, real or personal, tan-
gible or intangible, including records owned by or in the possession, custody or control of the Man-
hattan Engineer District, War Department, in addition to the properties described in paragraph 1
above.”

By this executive order, LANL became the property of the AEC and, as such, was essentially self-
regulated in handling nuclear materials and radioactive hazardous wastes for and on behalf of the
AEC. Most of the work at LANL had military application, although some work had direct applicabili-
ty to the budding industry of using nuclear power for peacetime purposes.

in 1954, Congress revamped the Atomic Energy Act to separate the use of nuclear energy for
weapons and commercial applications (USC, Title 42, Chapter 23, Development and Control of
Atomic Energy). This act defined—and set apart for AEC regulation—control of the plutonium and
uranium used in weapons [special nuclear material (SNM)], the original or raw material from which
the special nuclear material was produced (source material), and any wastes generated by pro-
cessing these materials into weapons (by-product materials), while allowing the federal govern-
ment and private industry to promote nuclear power in partnership. This act solidified the civilian
control of nuclear weapons, and LANL continued to work for and on behalf of the AEC under con-
tract with UC.

Congress also enacted the Atomic Energy Communities Act (USC, Title 42, Chapter 24, Disposal
of Atomic Energy Communities) to (1) facilitate the establishment of local self-government; (2) pro-
vide for the orderly transfer of municipal functions, municipal installations, and utilities to these lo-
cal government entities; and (3) provide for the orderly sale to private purchasers of property in
those communities with a minimum of dislocation. This act established the policy for transferring
excess land to the local government rather than transferring the land back to its original owners.

The act was promulgated to make the townsites at the national laboratories into “real cities” and to
provide the scientists working at these laboratories an opportunity to invest in a home. As stated
in the congressional findings: “The continued morale of project-connected persons is essential to
the common defense and security of the United States” (DOE 1994).

1.1.2.3 Energy Research and Development Administration

The US government played a limited role in formulating national energy policy before the 1973
energy crisis. The government left the task of long-range planning and energy utilization to private
industry or state, local, and regional authorities for whom the private sector filled most of the na-
tion's energy needs. Through the early 1970s, energy programs were scattered throughout the
federal departments and agencies, reflecting the government’s decentralized approach to energy
management. The energy crisis of 1973 forced recognition that the US government needed a co-
ordinated national energy policy and that the various energy programs needed to be consolidated
in one agency.

Even as the energy crisis eased, the nation’s dependence on foreign oil imports increased. Be-
cause of this dependence on foreign oil, the energy crisis, and the need for a national energy pol-
icy, Congress started to consolidate government efforts in energy research. On January 19,
1975, as a result of the Energy Reorganization Act of 1974, the AEC was replaced by the Nuclear
Regulatory Commission (NRC) and the Energy Research and Development Administration
(ERDA).

ERDA inherited the largest portion of its budget and personnel from the AEC, including AEC'’s
network of field offices and national laboratories. ERDA also incorporated all energy research and
development functions from the Department of the Interior's Office of Coal Research and all Bu-
reau of Mines energy research centers. The National Science Foundation (NSF) relinquished its
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offices involved in solar and geothermal energy development, and the EPA transferred its func-
tions related to research, development, and demonstration of innovative automotive systems.

The Energy Reorganization Act of 1974 required the ERDA administrator to collaborate with the
Secretary of Defense to decide whether the nuclear weapons programs should be transferred to
the DoD or be retained under civilian control. As recommended in its report submitted to the Pres-
ident on January 16, 1976, ERDA retained oversight of the military application program. Thus, this
act maintained civilian control of nuclear weapons but split control and regulation of radioactive ma-
terial by assigning weapons applications to ERDA and peacetime applications to NRC. LANL'’s -
operating contract with the UC was transferred from the AEC to ERDA.

1.1.2.4 Department of Energy

Natural gas supplies in New England fell critically short during the winter of 1976-1977. On Feb-
ruary 2, 1977, President Carter proclaimed a national emergency, as defined in the Emergency
Natural Gas Act of 1977, and, on March 1, the President presented Congress with proposed en-
ergy reorganization legislation to create the DOE. This legislation also created a unified energy
policy framework that placed much greater emphasis on reducing energy consumption and de-
veloping alternative energy technologies. Congressional action on the Department of Energy
Organization Act was completed by August 3 and was signed into law (Public Law 95-91) on Au-
gust 4. DOE officially replaced ERDA on October 1, 1977.

By law, DOE would be led by three principal officers: the secretary, deputy secretary, and under-
secretary. Energy technologies would not be divided by fuel type, such as fossil, nuclear, or solar,
but would be grouped under the assistant secretaries according to the stage of evolution of the
fuel’s development—from research and development through application and commercialization.
This approach formulated a comprehensive energy policy rather than simply a fuel management
system.

The DOE inherited about 40 regional and field offices, research centers, university programs, and
laboratories from its predecessor agencies. These varied from the 10 regional regulatory offices of
the Federal Energy Administration to the Bureau of Mines research laboratories at Bartlesville,
California; Morgantown, Pennsylvania; Pittsburgh, Pennsylvania; and Laramie, Wyoming. The
bulk of the department's inherited facilities came from ERDA. These included 8 operations offices
and various production and weapons facilities. Again LANL's operating contract with UC was trans-
ferred, and LANL started operating for and on behalf of the DOE.

During the 1980s, President Reagan advocated abolishing the DOE. However, the question of
what to do with DOE’s Nuclear Weapons Program became a major obstacle to all plans. Sugges-
tions to place the nuclear program in DoD met with strong congressional opposition. The Nuclear
Weapons Program had been under civilian control since the Atomic Energy Act of 1946, and Con-
gress wanted it to stay that way. Placing the Nuclear Weapons Program in the Department of Com-
merce or Interior did not receive widespread support, nor was there congressional support for cre-
ating an independent nuclear weapons agency.

During the late 1980s, environmental and safety concerns with DOE's aging nuclear weapons
complex became a matter of concern. in mid-1987, DOE conducted a year-long study detailing
environmental conditions at all federal nuclear facilities. The study focused on 17 sites and exam-
ined efforts to clean up environmental contamination and to ensure compliance with environmen-
tal, safety, and health (ES&H) standards. The study estimated cleanup and compliance costs of
$66 billion through fiscal year 2025 (DOE 1994).

In December 1988, DOE released another study known as the 2010 Report (DOE 1994). This
study estimated that operating and maintaining the weapons complex would cost $244 billion
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over the next 20 years. These costs included new production plants, waste facilities, and environ-
mental and safety corrective actions and compliance. The 2010 Report recommended ending all
materials production at Hanford and closing down the Rocky Flats and Fernald facilities, as well as
the Mound nuclear material plant.

By the fall of 1991, the Cold War was over, the Soviet Union had dissolved, and the Strategic
Arms Reduction Treaty had been signed. This treaty promised to reduce the US nuclear weapons
stockpile to 6,000 accountable warheads (each warhead is numbered and tracked from creation
to disposal). Then, the US government announced major additional cuts in the nuclear weapons -
arsenal. Because tritium requirements had been greatly reduced as a result of the treaty, DOE
announced a two-year delay in selecting the technoiogy and location for tritium production. In ad-
dition, DOE announced its intent to accelerate downsizing the nuclear weapons complex. Non-
nuclear component manufacturing operations would be consolidated at the Kansas City Plant,
and facilities at Pinellas and Mound would be closed. The nation’s nuclear weapons complex
would start downsizing.

A complete discussion of the history of DOE is found on the internet at http://www.doe.gov/html/
doe/about/history.

1.2 LANL as Part of the DOE Complex

For over 50 years, LANL has served the nation as one of two nuclear weapons design laboratories
(Lawrence Livermore National Laboratory is the other) during which it designed about 80% of the
nation’s nuclear weapons stockpile. LANL’s missions have evolved over time in response to na-
tional needs; however, the primary role of serving as a national resource of scientific, technical,
and technical engineering excellence, with a special focus on national security, has remained
(Chapter 2 contains a discussion of the Laboratory’s current mission and assignments).

LANL is, and has always been, only a small part of the nuclear weapons complex. To produce a
nuclear weapon, a variety of materials and systems had to be designed and fabricated. Nuclear
material suitable for a weapon had to be produced, which required mining operations, enrichment
plants, reactors, special foundries, and the development of new technologies for casting and
molding these materials. Electrical systems (fusing and firing) and explosive systems (shaped
charges to produce an implosion) also had to be developed and tested. Finally, all these compo-
nents and systems had to be brought together into a workable unit.

Although the two weapons used in World War |l (Little Boy and Fat Man) were assembled at LANL,
shortly following the war weapons assembly moved to assembly plants specifically designed for
that purpose, and LANL continued its role in research and development (R&D). For each weapon
developed at LANL, this role has included design, testing, and certification. Like everything else,
nuclear weapons deteriorate as they age. Certification is the process whereby an aging weapon is
determined to be safe (that is, it will detonate only on demand) and reliable (it will produce the ex-
pected yield). This process used to involve periodic detonation of a weapon from the stockpile
(i.e., atmospheric testing in the 1950s and underground testing up until the early 1990s). When
the moratorium on underground testing was adopted in 1992, computer modeling and other
techniques replaced underground testing as means of determining safety and reliability. This top-
ic is discussed in greater detail in the Stockpile Stewardship and Management Programmatic Envi-
ronmental Impact Statement (DOE 1996a).

Thus, LANL has responsibility for its nuclear weapons from conception through development and
placement in the national stockpile to retirement from the stockpile when a weapon is replaced by
a new weapon. This concept of ownership from cradle to grave has resulted in a very reliable na-
tional stockpile, where there has never been an accidental nuclear detonation.
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As shown in Figure 1-5, during the height of the Cold War, the nuclear weapons complex con-
sisted of the following:

» weapons research and design laboratories (LANL and Lawrence Livermore National Labo-
ratory);

* a weapons engineering laboratory (Sandia National Laboratories);

« production plants (Pinellas, Florida—neutron generators; Rocky Flats, Colorado—warhead
triggers; Kansas City, Missouri—electronic, mechanical, and plastic components; Mound,
Ohio—actuators, ignitors, and detonators; and Pantex, Texas—high-explosives fabrication
and final warhead assembly and disassembly);

« uranium enrichment plants (Paducah, Kentucky, and Portsmouth, lowa);

* uranium refinery and metal foundry plants (Weldon Spring, Missouri, and Fernald, Ohio);
« chemical separation facilities (Idaho National Engineering Laboratory),

» fuel and component fabrication facilities (Hanford, Washington);

» component fabrication facilities using highly enriched uranium, depleted uranium, and lithi-
um deuteride (Oak Ridge National Laboratory, Tennessee);

» fuel and target fabrication facilities plus tritium production facilities (Savannah River, South
Carolina); and

» weapons testing facilities (Nevada Test Site) (DOE 1995).

Since the end of the Cold War, the need for nuclear weapons has decreased, the stockpile has
been reduced, and the nuclear weapons complex has been downsized. Several of the produc-
tion plants have been closed, production of nuclear metal has ceased, and operations have been
consolidated. These changes in the nuclear weapons complex have resulted in new roles for
LANL.

In recent years, with ever-tightening federal budgets, DOE has started a process to improve the
mission focus, governance, and cost-effectiveness of the national laboratories. An in-depth re-
view of DOE’s strategic focus for the national laboratories, including LANL, is presented in “Strate-
gic Laboratory Missions Plan—Phase |, July 1996” (DOE 1996b).

1.2.1 The Contractor-Operator

The arrangement by which LANL works for the DOE under contract with the UC is called a GoCo
(government-owned, contractor-operated) operation. The land, facilities, and intellectual property
belong to the government, and the installation is run by the contractor. Under the GoCo, UC is
called the M&O contractor. This concept dates back to World War 1l, when the government need-
ed assistance in managing large businesses for the war effort. Many large private companies such
as DOW Chemical and the Chrysler Corporation, as well as major universities, accepted this chal-
lenge and provided these services as a national service for essentially no charge.

UC has always been the M&O contractor for LANL. The contract is bid every five years, and nego-
tiations now include performance measures negotiated between UC and DOE. Thus, LANL man-
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agement has to answer to UC'’s board of regents for the way LANL is operated and to DOE for the
way work is performed.

1.22 Complex 2000 and LANL's Role

The nuclear weapons complex is being downsized; missions are being consolidated, and instal-
lations are being closed or reconfigured. LANL is undergoing reconfiguration to assume a limited
production role and to maintain capability for conducting underground nuclear detonations,
should there be a need to resume testing. LANL will also accept the role of reprocessing and
managing materials (such as sealed sources) for the NRC that NRC does not have the capability to
handle. More important, however, is LANL’s core mission of reducing global nuclear danger and
solving national problems while being responsive to the dynamic and unpredictable nature of in-
ternational politics, the global economy, and US society.

Together with the other national laboratories, LANL has embarked on a science-based approach
to stockpile stewardship and management. This approach focuses on modeling and simulation, as
well as on developing a more fundamental understanding of the science, materials, and engineer-
ing required for stewardship of the stockpile. This approach is consistent with the presidential de-
cision to pursue a zero-yield comprehensive test ban and to continue the current ban on under-
ground testing.
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2.0 LOS ALAMOS NATIONAL LABORATORY: ITS MISSION, ORGANIZATION,
CORE COMPETENCIES, AND PROGRAMS

This chapter provides an overview of LANL's missions, programs, organizations, and operations.
For more detail, the reader is referred to the Laboratory’s Institutional Plan (e.g., LANL 1997a),
which is updated annually.

2.1 Mission

LANL'’s central mission is reducing global nuclear danger to ensure a more secure future (LANL
1995, 1996a, 1996b, 1996¢, and 1897a). From its original mission of designing, developing, and
testing the first atomic bombs, LANL's mission has evolved to reducing global nuclear danger by
maintaining and safeguarding the nuclear stockpile without performing underground tests and by
providing technologies for counterproliferation and assisting with material control and account-
ability for nonproliferation. Its vision is to use science to enhance global security, to preserve the
earth, and to improve the quality of life (LANL 1996d).

Because LANL is a national resource, its areas of investigation change in response to federal ad-
ministrative policy and congressional actions. LANL is typically asked to solve problems that

« are large in scale of time, space, size, or complexity;

e require a strong science base;

* require engineering, teamwork, and special facilities;

« benefit from a muttidisciplinary approach and continuity of effort, and
» have a public service orientation.

Although LANL's central mission is defense, it is engaged in a number of nondefense programs
such as advanced computing, nuclear and non-nuclear energy, atmospheric science, space and
geosciences, bioscience and biotechnology, and environmental stewardship (Figure 2-1). This
figure illustrates the relationships among major programs, core competencies, and the various
missions at LANL. The center of the figure represents the Laboratory’s prime mission—reducing '
the nuclear danger. Surrounding this central mission are the missions relating to nuclear weapons
and environmental stewardship. These missions interface with each other, and they are support-
ed by the core technical competencies shown surrounding the central circle. Not only are there
direct and indirect interactions between the core competencies, there .are also direct and indirect
interactions between the core competencies and the various missions. The outer wheel of the di-
agram represents the national interface of the Laboratory in conventional defense, in assisting
with civilian needs, and in technology transfer through industrial partnerships. Again, there are
both direct and indirect interactions between the core competencies and these non-nuclear inter-
faces.

2.2 Organization

UC has managed LANL for DOE since the Laboratory’s creation during World War i, and the M&O
contract between DOE and UC has been renegotiated numerous times. A new 5-year contract
became effective on October 1, 1997. At that time, the Laboratory had 18 divisions (line organi-
zations) and 10 major programs (multiorganizational participation) (Figure 2-2). Changes in this
structure are published annually in the Institutional Plan. These two systems (line and program
management) function together to identify and accomplish work. The leaders of both systems re-
port to the Laboratory director, who has overall responsibility for Laboratory operations.
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Figure 2-1. The Laboratory’s national missions and core technical competen-
cies.

2.2.1 Line Management

Each division provides a major segment of LANL'’s capabilities in a broad technical or professional
area (LANL 1995) or provides institutional support to the various operations. Divisions are further
divided into groups and offices according to the types of work performed. Group and office organ-
izations are dynamic, evolving in both name and function in response to changing needs. Most of
LANL’s personnel are members of a group or office staff. Individual staff members may be reas-
signed to other groups or offices on either a permanent or temporary basis, as work requirements
dictate.

2.2.1.1 Roles

The divisions provide for LANL's strategic planning and development and implement policies for
managing personnel, equipment, and facilities. Each division is a collection of groups; each group
administers a collection of capabilities made up of people and equipment that provide technical
and/or operational support. The LANL director selects division directors (LANL 1996e), and the
division directors select group leaders in a competitive process.
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Offices are organizations that perform specialized functions in divisions and program offices.
These functions can include operating a remote installation (e.g., Fenton Hill), overseeing a Lab-
oratory-wide activity (e.g., Public Affairs), and providing specialized interfaces with outside organi-
zations that do not directly sponsor work at LANL (e.g., Community Involvement and Outreach).
Office leaders are selected in a competitive process by a division or program directors (LANL
1996e).

2.2.1.2 Responsibilities

Division directors are responsible for providing their divisions’ capabilities to support Laboratory
programs and for managing their divisions. They

* make commitments and provide technical expertise for completing projects that fall within
their division’s capabilities,

* manage their division’s budgets,

» accept funds from program managers to implement projects,

* are responsible for conducting operations in their facilities and for delivering the required
products on schedule and within planned budgets,

* are responsible for the safety of all division employees and for minimizing the environmental
impacts of their operations, and

* authorize all hiring and approve all terminations of personnel.

At present, division directors are responsible for managing facilities through the facility manage-
ment system (Section 3.1 and LANL 1996e).

Group leaders, who report to division directors,

« are responsible for achieving and maintaining technical and professional excellence in their
organizations;

*» act as proponents for their groups’ capabilities and are expected to maintain or expand their
groups’ work;

* are responsible for managing group resources, which includes hiring individuals to meet
Laboratory program requirements and negotiating budgets and funding allocations with the
division directors and program managers;

» conduct performance appraisals, manage salaries, oversee the conduct of operations in
their facilities, ensure a safe work place, and minimize environmental impacts; and

» are responsible for delivering quality products and services (LANL 1996e).
Office leaders are responsible to their division or program directors for managing the office’s re-
sources, championing the office’s functions, and delivering quality products and services. Their
responsibilities are much the same as those of group leaders (LANL 1996¢).
2.2.2 Program and Project Management
Programs are business centers at LANL whose objective is to develop and apply a technology or
a set of technologies to satisfy the requirements of a sponsor or group of sponsors. Programs typ-

ically last several years, and their annual budgets are often funded at the multimillion-dollar level.
The 13 major externally funded programs, through which most funds enter LANL, are

March 1998 22 Overview



« five DOE weapons technology and energy programs:

- Nuclear Weapons Technology,

Nuclear Material and Stockpile Management,
- Nonproliferation and International Security,
Energy Research, and

- Energy Technology;

» five DOE environmental management programs:

- Waste Management, -
Environmental Restoration and Decommissioning,

Environmental Stewardship,

- Independent Technical Assessments,

- Field Programs; and

» work-for-others programs:

- Department of Defense and
- Science and Technology Basic Research.

In addition, LANL maintains 12 internally funded programs:

Human Resources;

Ombuds Office;

Laboratory-Directed Research and Development;
Environment, Safety, and Health;
Legal Counsel;

Audits and Assessments;

Information and Material Security;
Business Management;

Property Management;

information and Records Management;
Public Relations; and

Collaborations and Partnerships.

Each program is implemented through a series of projects that are typically of short duration (last-
ing from periods of months to 1-3 years) and that involve one or more millions of dollars in annual
funding. The projects have clearly defined budgets, schedules, objectives (deliverables), and
costs as negotiated between the division director and the sponsor. Projects are usually carried
out at the group level (LANL 1996e).

2.2.2.1 Roles

Each program has a single program director and one or more program managers. The program di-
rector is in charge of marketing, typically provides a single point of contact with sponsors (custom-
ers), and provides policy and guidance for allocating funds. Program directors are selected by and
report to the LANL director (LANL 1996e).

Program managers, who are selected by the program directors, help develop business opportuni-

ties and work with customers to ensure their satisfaction. They oversee program execution and
appoint project leaders for the duration of a project (LANL 1996e).
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Project leaders provide the technical and professional leadership required to carmy out a project.
They plan the project, assemble the project team, assign tasks, provide guidance, monitor
progress, and manage the project's budget (LANL 1996e).

2.2.2.2 Responsibilities

Program directors have overall responsibility for interacting with LANL’s sponsors, developing
business opportunities, and securing funds. They are held accountable for overall customer sat-
istaction, and they lead strategic planning to develop and market capabilities that fulfill sponsor
needs (LANL 1996e).

Program managers assist the program director with developing programs, deveioping project pro-
posals, and executing programs and projects. They work with other project managers to deter-
mine the feasibility of projects and with group leaders and division directors to match customer
programs with Laboratory capabilities (LANL 1996e).

Project leaders assist program managers with developing proposals for new projects. Once fund-
ing has been received, they are responsible for carrying out the project, producing the deliver-
able, and controlling project schedules and budgets. They negotiate staffing and resources with
group management and are accountable to program managers for executing projects and satis-
fying customers (LANL 1996e).

2.2.3 Subcontractors

LANL has, at present, two major subcontractors: one to take care of general infrastructure and
support and one to provide security. In addition, LANL has a large group of subcontractors who
supply various goods and services. Each subcontract is negotiated and administered according to
federal requirements. Support subcontracts have fixed terms, are regularly recompeted, and de-
pend on the nature of the goods or services required.

2.2.3.1 General Infrastructure Support

Johnson Controls, Inc., of Northern New Mexico (JCINNM, usually referred to as JCI) currently has
the general infrastructure support contract for LANL. The contract includes repairing and main-
taining facilities and equipment, operating the motor vehicle pool, maintaining Laboratory
grounds and roads (including snow removal and trash collection), and operating LANL’s recycling
and salvage operations. JCI personnel also operate the gas, water, and electricity distribution sys-
tems for LANL. This service includes operating the potable water well fields and the water supply
and distribution system that serve all of Los Alamos County, Bandelier National Monument, and
the Laboratory. JCI also operated the airport at Los Alamos until 1996, when this function was
transferred to Los Alamos County. Infrastructure activities are addressed more fully in Section 3.

2.2.3.2 Security and Protection

Protection Technologies of Los Alamos (PTLA) currently holds the security and protection con-
tract for LANL. This service was privatized in the 1980s under the initiative to tum government
services over to private industry.

2.2.3.3 Goods and Services

LANL has a large number of subcontracts to obtain goods and services from fims located in
northern New Mexico. In recent years, DOE and LANL have shifted much of the support work that

had been done by UC employees to subcontractors. For instance, whereas once all office, cleri-
cal, and cafeteria personnel were UC employees, most are now supplied by local firms. In addition,
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LANL has increasingly turned to specialized support contractors to supply trained personnel,
such as health physicists, engineers for short-term needs, and writer/editors.

One recent innovation in buying supplies was establishment of a “Just In Time” purchasing sys-
tem. Fimns contract to supply steady-demand items, such as standard computer equipment and
office supplies, in a very short time. This approach relieves LANL of maintaining an extensive in-
ventory, reduces warehouse space, and maximizes the dollars spent for supplies (e.g., purchases
are limited to an as-needed basis).

Major construction at LANL is also performed under subcontracts. Construction projects are
discussed in some detail in Section 3.3. -

2.3 Core Competencies

The concept of core competencies is used to describe an aggregation of existing skills used to
respond to a diverse set of customers. These core competencies evolve as needs dictate and
change in both name and composition through time. Currently, LANL has eight core competen-
cies, which are described in the Institutional Plan (LANL 1997a). The relationship of the core
competencies to LANL's central mission is shown in Figure 2-1.

2.3.1 Theory, Modeling, and High-Performance Computing

LANL'’s high-performance computing research center is one of two such centers designated by
DOE to facilitate the solution of complex problems in science, industry, and defense. High-per-
formance computing involves applying unique simulation and advanced computational resources
to problems previously beyond the capability of existing computer systems (LANL 1995). The
competency combines fundamental theory and numerical solution methods with the power of
high-performance computing to model a broad range of physical, chemical, and biological pro-
cesses. It complements ongoing experiment programs with numerical approaches to solving com-
plex, nonlinear problems, and it also supports the other core competencies.

2.3.2 Complex Experimentation and Measurements

Complex experimentation and measurements involve experiments that use energy sources such
as accelerators, high-power lasers, high explosives, and pulsed-power systems. it includes the
capability of taking measurements from these experiments using multidisciplinary diagnostics or
one-of-a-kind measurement systems across a wide range of physical conditions. It also includes
LANL'’s special research and development facilities for handling radioactive, explosive, and hazar-
dous materials capabilities that are not easily duplicated by other institutions.

2.3.3 Analysis and Assessment

The analysis and assessment competency integrates basic theory and experimental data from
many disciplines in realistic simulation models; validates the models through comparison with data
obtained through experiments and other information; and converts the models into computer
programs for assessing complex systems. Examples of the latter include weapons performance
and surety, energy systems, military systems, transportation, atmosphere and ocean environ-
ments, manufacturing and materials processes, nuclear facility performance and safety, and health
system analysis (LANL 1996f).

2.3.4 Nuclear and Advanced Materials

The nuclear and advanced materials competency includes synthesizing and processing both nu-
clear and advanced materials and using these materials in existing or future applications. The ca-
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pabilities include the ability to cast, forge, extrude, draw, form, and machine many types of mate-
rials—such as metals, ceramics, and polymers—in both bulk and thin-film forms into complex
shapes over a range of sizes from microscopic to massive. The types of materials used include
(LANL 1996f)

* radioactive materials (e.g., transuranics, tritium, and man-made radioactive species);

* energetic materials (e.g., high explosives, polymers, binders, and detonators);

» hazardous materials (e.g., beryllium and toxic organics); and )

* structural materials (e.g., metals and metal alloys, intermetallic compounds ceramics, and or-
ganic materials such as plastics and polymers).

2.3.5 Nuclear Weapons Science and Technology

Nuclear weapons science and technology comprise LANL’s scientific and engineering skills in nu-
clear weapons design and assessment. Design includes the range of activities from preliminary
engineering to full integration of weapons components in a working system. Assessment in-
cludes the experimental testing and instrumentation needed to evaluate weapons systems and to
perform research in weapons science. It also includes surveillance and fabrication of nuclear
weapons components and research in nuclear weapon materials science and technology, with
special emphasis on energetic, nuclear, and specialized organic and inorganic materials (LANL
1996f).

2.3.6 Earth and Environmental Systems

The earth and environmental systems competency integrates earth and environmental sciences
with physics and engineering disciplines. It provides unique capabilities in biosensors, remote
sensing, and space instrumentation and assists basic research in chemical, biological, physical,
and engineering sciences by supplying skills in theory, modeling, and measurement. I includes
all life and geological sciences on Earth, as well as space science.

2.3.7 Bioscience and Biotechnology

The bioscience and biotechnology competency integrates LANL’s capabilities in genomic, mole-
cular, and cellular biology; cytology; structural biology; theoretical and computational biology;
spectroscopy, biochemistry; biophysics; and biomedical engineering for studying life processes
and systems. These capabilities are being applied to problems in environmental remediation and
environmental challenges to human health (e.g., radiation, pollution, and biological and chemical
threats) (LANL 1996f).

2.3.8 Nuclear Science, Plasmas, and Beams

This competency integrates the capabilities of beam physics, starting from the origin of the beam
to its end use. This range of functions includes developing particle accelerators based on knowl-
edge of the underlying beam physics, understanding how the beam interacts with various fields
and matter, and finally answering questions in basic nuclear and plasma sciences based on these
interactions. Laboratory research encompasses nuclear, particle, and plasma physics; astrophys-
ics; nuclear chemistry; accelerator technology; laser science; and beam physics. it has a wide
range of applications such as neutron scattering, transmutation, plasma processing, radiography,
microlithography, and inertial fusion. It is also used in national defense projects (LANL 1996f).

2.4 Programs
LANL has two types of programs: directly funded programs (i.e., those funded by external spon-

sors) and indirectly funded programs (i.e., those funded through a burden placed on the directly
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tunded programs). Indirectly funded programs include institutional support (e.g., business opera-
tions, facilities and utilities, human resources, and regulatory compliance). At present, the burden
required for indirect programs is about 50% of incoming dollars. Although these indirect costs
seem high, they are required to do business with radioactive and other hazardous materials in a
highly regulated environment.

2.4.1 Directly Funded Programs

LANL receives its authority to implement directly funded programs by way of budget classifica-
tions (cost codes), as defined by federal budget allocations. These codes, called budget and re-
porting (B&R) codes, are used to allocate funds for specific types of work on an agency-by-
agency basis. For work assigned to LANL, each B&R code is further defined by program codes
assigned to the work packages. These program codes specify what work may be done and what
funds may be spent. As work is accomplished and paid for, the costs are tallied by B&R code
designation. Monies cannot be transferred between B&R codes without DOE or congressional
approval.

Programs funded by DOE contribute about 75% to 80% of LANL's direct funds. The additional
20% comes from sources other than DOE. These sources include DoD and other federal agen-
cies, universities, private companies, and some foreign governments. Projects from the non-DOE
sector are proposed to LANL and approved by DOE. DOE must be certain that LANL will recover
full costs and will not compete with private industry. In addition, LANL must be able to perform the
work using its existing experimental capability, and the work must be achievable within current
safety and environmental protection requirements. In addition, DOE must also be satisfied that
LANL's ability to do DOE’s work will not be compromised. If these conditions are met, DOE ac-
cepts the proposed work and funds and passes the funded activity to LANL through one of the
B&R codes. LANL's major directly funded programs are described below.

2.4.1.1 DOE Weapons Technology and Energy Programs

Most directly funded work at LANL is performed for the five major DOE programs in weapons tech-
nology and energy.

2.4.1.1.1 Nuclear Weapons Technology

The Nuclear Weapons Technology Program focuses on providing a nuclear deterrent through
proven technical capabilities and weapons science. It includes

* stockpile stewardship activities;

« surety assessment to minimize risk under credible accident conditions and to minimize risk
of unauthorized access to weapons;

« weapons science to develop the capabilities needed to accurately understand the details of
weapons operation and to predict the effects of aging without the tool of underground nu-
clear testing;

« developing ways to extend the usable lifetime of weapons remaining in the stockpile while
improving their safety and operating reliability;

« research and development of new materials, processes, and components that are more reli-
able, faster, cheaper, less wasteful, and/or more environmentally benign; and

« maintaining readiness for resumption of nuclear testing at the Nevada Test Site.

2.4.1.1.2 Nuclear Material and Stockpile Management Program

The Nuclear Material and Stockpile Management Program, formerly called the Nuclear Materials
and Reconfiguration Technology Program, ensures that the materials used in the nuclear weap-
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ons remaining in the stockpile are available, if needed, and are stored or disposed safely, if un-
needed. The program includes

* LANL'’s capabilities for dealing with nuclear materials, such as developing and implementing
fabrication methods, reducing waste, controlling and accounting for these materials, prepar-
ing cenrtified “standard” materials, and studying the effects of these materials on the envi-
ronment.

» developing technology to reduce environmental impacts, quantities of waste, and expo-
sure of workers to radiation. a

* stabilization technologies to improve capabilities for safely packaging, storing, and monitor-
ing a variety of nuclear materials for extended time periods.

2.4.1.1.3 Nonproliferation and International Security
The goal of nonproliferation and international security is to deter, detect, assess, and respond to
threats to domestic or international security when those threats relate to nuclear, biological, or

chemical weapons of mass destruction. Programmatic work includes

* developing methods for verifying compliance with treaties, for closely tracking nuclear mate-
rials, and for guarding against their diversion;

identifying and controlling critical knowledge for designing and making such weapons;

developing instrumentation to detect use of such weapons by foreign entities or terrorists
(e.g., onsite, ground-based, airborne, and spaceborne detection systems); and

* creating secure computer networks for high-speed information exchange and computation
to assist with analyzing possible or imminent threats, analyzing traditional and new response
options, and providing linkage to all relevant Laboratory resources in response to a threat.

2.4.1.1.4 Energy Research

Energy research programs cover an assortment of tasks related either to use of LANSCE or to his-
torical energy-related problems. LANSCE is a proton linear accelerator that “shoots” (accelerates)
certain atomic particles down a half-mile-long channel into selected materials (targets). The
reactions of these targets provide a detailed basic understanding of the materials and their proper-
ties.

Health research funded under this program addresses basic understanding of biological systems,
including studies on the human genome, the physical structure (shape) of biological molecules,
factors and mechanisms that cause and allow repair of dioxyribonucleic acid damage, computer
simulation and computations of biological systems, new medical radioisotopes, and magnetoen-
cephalography (a tool for noninvasive examination of the brain). Environmental research at LANL
inciudes computer modeling of global climate change, airflow over and around features of rough
terrain, predictions of the movement of radioactive materials and liquids through soils, and biologi-
cal methods for removing contaminants from soil and water.

2.4.1.1.5 Energy Technology
Research on energy technology focuses on integrating chemical and material processing. The

methods brought together include process engineering, chemistry, computer simulation of pro-
cesses and process control, and economic and systems analyses. Work activities include model-
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ing internal combustion engines to improve engine design, developing technology to reduce en-
ergy use and creation of waste in industry, developing high-temperature superconductors, pro-
ducing medical radioisotopes, and developing technologies for coal utilization in the US. ltalsoin-
cludes projects directly associated with energy supplies and the environment. Studies include in-
creasing US production of oil and natural gas, advanced driling methods, characterizing Yucca
Mountain in Nevada as a repository for high-level radioactive waste, and urban air quality. Finally, it
includes transportation and infrastructure. These studies include developing fuel cells, solving
technical problems associated with transportation and New Mexico’s environment, and performing
computer simulation and analysis of large-scale urban transportation systems.

2.4.1.2 DOE Environmental Management Programs -

DOE directly funds an extensive program of environmental restoration, poliution prevention, and
waste management at LANL.

2.4.1.2.1 Waste Management

Section 3.5 provides detailed information on waste management.

2.4.1.2.2 Environmental Restoration

The Environmental Restoration Program is cleaning up contaminated sites created by the Labora-
tory’s 50+ years of operations (initially over 2,000 sites). Activities include assessing sites, estab-
lishing cleanup priorities, obtaining regulatory agency approval of cleanup plans, cleaning up
sites, and disposing of the wastes.

2.4.1.2.3 Decontamination and Decommissioning

Some contaminated facilities require decontamination to free space for nonradiological work and/
or renovation to meet new requirements. Facilities that cannot reasonably be cleaned up or reno-
vated are removed.

2.4.1.2.4 Environmental Stewardship

The Environmental Stewardship Program is responsible for changing operations to make them
more environmentally benign and for keeping LANL employees and managers aware of changing
regulatory requirements. The three main thrusts of environmental stewardship are waste minimiza-
tion, pollution prevention, and material substitution.

2.4.1.2.5 Independent Technical Assessments

This program provides for an independent review of Laboratory operations on an as-needed ba-
sis. It supplies “red teams” to perform technical assessments of facilities and processes for DOE.
The goal of the reviews is to formulate policy choices that involve fewer environmental impacts.
2.4.1.2.6 Environmental Technology

The Environmental Technology Program is responsible for improving and developing new tech-
nologies to solve local, regional, and global environmental problems. Areas of technology de-

velopment include pollution prevention, waste characterization, waste treatment, site cleanup,
automation and robotics, and underground storage tanks.
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2.4.1.2.7 Field Programs

LANL assists in solving environmental problems at DOE sites around the country. The Labora-
tory’s larger contributions to date include developing methods for treating high-level radioactive
wastes stored in underground tanks at Hanford, methods to stabilize old plutonium wastes, and
methods to stabilize and deactivate old surplus equipment and facilities.

2.4.1.3 Work-for-Others Programs

LANL also performs some work for tederal agencies other than DOE and the private sector. The
DOE calls these activities “work for others.” Non-DOE government agencies currently sponsoring
research and development at LANL include, but are not limited to, the DoD, National Aeronautics
and Space Administration (NASA), National Institutes of Health, the Social Security Administra-
tion, the EPA, the US Postal Service, Department of Transportation (DOT), the Internal Revenue
Service, the Federal Bureau of Investigation, and the NSF.

2.4.1.3.1 Department of Defense

LANL's DoD Programs Office applies LANL's capabilities in defense science and technology
work, which ranges from conducting basic research to providing systems ready for military use.
Many of DoD’s areas of interest complement DOE projects. Such work includes conventional
weapons technology, modeling and simulation, defense beams and sensors, advanced concepts
for national security applications, high-performance computing, and biological and environmental
technologies.

2.4.1.3.2 -Basic Research in Science and Technology

Laboratory research staff receive grants for a wide spectrum of basic and applied research pro-
jects from the agencies listed in Section 2.4.1.3. Typically, grants are given for a single year, how-
ever, productive research efforts often receive follow-on grants. Outstanding research includes
developments in cytometry, biotechnology and biophysics, mapping the human genome, and
developing superconducting films and ribbons.

2.4.2 Indirectly Funded Programs

Like any large company, LANL requires support services to operate. These services are paid for
by overhead charges on directly funded programs. The rates (or percentages) of these charges,
called general and administrative costs, are set annually and must be approved by DOE.

2.4.2.1 Human Resources

The Human Resources Division provides in-house training, ensures that development opportuni-
ties exist, and assists with problems in human interactions. The division also manages compensa-
tion and fringe benefits and assists personnel with administrative problems.

2.4.2.2 Ombuds Office

The Ombuds Office was established to provide an independent entity at LANL to assist person-
nel in resolving work-related concerns that are not addressed under the auspices of some other
Laboratory office (e.g., the Mediation Center). The services of the ombudsman do not replace
these other channels of problem resolution; rather, these services are designed to complement
each other (LANL 1997b). The Ombuds Office maintains an informal and confidential atmos-
phere.
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2.4.2.3 Laboratory-Directed Research and Development

The Laboratory-Directed Research and Development (LDRD) Program encourages in-house re-
search that augments LANL's base in science and technology. As the title implies, projects are
funded to conduct preliminary investigations into promising research areas and to develop these
new research areas into funded projects. Funds for LDRD are set aside as a percentage of each
year's total Laboratory operating funds. The percentage of funds set aside and appropriate uses
for them must comply with many controls, including public laws, the prime contract between UC
and DOE, and DOE regulations and orders.

2.4.2.4 Environment, Safety, and Health

LANL provides ES&H subject matter experts to ensure that operations are performed safely and
in compliance with regulations designed to protect human health and the environment. These ex-
penrts prepare permits; conduct monitoring and reporting functions; offer required guidance, train-
ing, and oversight; and establish general institutional standards. Major areas covered by these
professionals inciude environmental protection, health physics, safety and health protection, inte-
grated safety management, and emergency management.

2.4.2.,5 Legal Counsel

The Laboratory’s Legal Counsel Office is an adjunct of the Director’s Office. The principal legal of-
ficer advises senior managers on iegal matters. Other legal staff provide general counsel and inter-
pretations of the laws and regulations that apply to Laboratory operations and counsel on busi-
ness matters such as the operating contract between DOE and UC and LANL's subcontracts.
They counsel employees on employment and labor law, litigation matters, and workman's com-
pensation issues. They also provide advice and representation on intellectual property rights,
including patents and copyrights. Finally, the legal staff represents LANL in lawsuits and other
legal matters.

2.4.2.6 Audits and Assessments

LANL’s Audits and Assessments Office is the point of contact for all external audits. LANL also
performs internal assessments of organizations, facilities, and programs. The assessment process
identifies significant potential problems and causative factors, suggests improvements, and tracks
the results of process modifications. Information from these assessments is provided to managers

to assist in improving overall operations.

At the request of senior management, these staff investigate allegations of any improper activity
placing LANL at risk, including allegations of fraud, waste, and abuse. The office also serves as
LANL’s whistle-blower office, receiving allegations of improper activity from Laboratory managers
and employees.

2.4.2.7 Information and Material Security

LANL handies information and materials that require protection because of national security in-
terests. Within the DOE Complex, access authorizations are identified by the terms L- and Q-
clearances. These clearances permit holders access based on job requirements to selected clas-
sified matter. Table 2-1 shows the differences in access requirements (LANL 1997c). Information
about salaries, performance evaluations, and medical conditions, including radiation exposures, is
also protected. Section 3.9 provides details on information and material security.
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TABLE 2-1

CLASSES OF INFORMATION AND CLEARANCES AT
LOS ALAMOS NATIONAL LABORATORY

Category
Restricted Formerly National Security
Level Data Restricted Data Information
Top Secret Q? Q Q
Secret Q Q/L® - Q/L
Confidential Q/L Q/L Q/L

a. Q-Clearance—Provides access up to top-secret restricted data on a need-to-know basis.
b. L-Clearance—Provides access to limited amounts of classified information, again on a need-to-
know basis.

2.4.2.8 Business Operations

LANL’s Business Operations (BUS) has responsibility for all financial actions, procurement, and
shipping and receiving. Major financial activities include tracking funds, negotiating contracts,
compensating personnel, and keeping records. Procurement operations provide small-ticket
items from qualified just-in-time suppliers and large-ticket items through competitive bids. LANL'’s
shipping and receiving facility keeps track of all unclassified deliveries and shipments, including
chemicals. Chemical orders are tracked using the Automated Chemical Inventory System data-
base. Certain classified items and SNM are delivered directly to the LANL facility that has the
proper handling and storage systems. These records are kept separately.

2.4.2.9 Property Management

Foliowing federal property management guidelines, LANL bar-codes property and then assigns
this property to an individual who is responsible for its whereabouts and condition. Before an item
can be removed from the Laboratory, a record of its interim destination and valid use must be gen-
erated and approved. ltems of property may be transferred from one individual to another. When
items are no longer usable, they are removed from the property inventory system and disposed
(LANL 1997d). Being able to account for each item of assigned property is one element of each
individual's annual performance appraisal.

2.4.2.10 Information and Records Management

Information and records management includes (1) telecommunications and scientific and admin-
istrative computing resources and software; (2) printing and publications, library services, photo-
graphy, and writing and editing; and (3) records management and document control (LANL 1995).
A variety of activities support these functions, including LANL's desire to provide reliable, effi-
cient, state-of-the-art computing and communications resources and information services.

LANL has become a leader in applications of high-performance computing and in business appli-
cations of advanced computing, communications, and networking. The goal is to provide LANL
staff with an improved capability to handle information more quickly and effectively. Ongoing stud-
ies include technological issues surrounding information management, infrastructure services,
and application development [e.g., gathering, storing, processing, sharing, and protecting infor-
mation (LANL 1995)].
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LANL maintains a library that contains physical copies of reports, journals, books, magazines, and
other items. However, given the large quantity of information generated annually and the need to
rapidly access information, LANL has started to develop a virtual library. The virtual library delivers
information from digital library resources to researchers’ desktop computers wherever and when-
ever that information is needed. The long-term goal is to create a network of knowledge systems
and machines capable of facilitating synergistic collaborations between people (LANL 1995).

To meet this long-term goal, LANL is performing research in a number of areas such as a national
information infrastructure that links enabling technologies. These technologies include asyn-
chronous transfer mode networking, object-oriented distributed computing,.graphical and multi-
media user interfaces, security and privacy capabilities, and data-mining capabilities for specific
applications. This research also includes electronic-information-sharing systems that use com-
mercial software components to form an integrated electronic publishing capability with powerful
search and retrieval technology.

2.4.2.11 Public Affairs

LANL maintains a public affairs staff to provide accurate information about Laboratory activities and
to arrange for visits by government officials and scientists from other countries. The staff also pre-
pare news releases and draft responses to queries from the news media and public interest
groups. In addition, they spearhead the community involvement program by listening to and re-
sponding to the concerns of the surrounding communities. These concerns include use of local
merchants for procurements, availability of jobs to the local workforce, monitoring local environs,
and educational opportunities for youth.

2.4.2.12 Collaborations and Partnerships

Through the Civilian and Industrial Technologies Office, LANL connects its scientific and technical
capabilities with the needs of universities, industry, and government. This office is the point of
contact for making industrial agreements, for developing industrial partnerships, and for partici-
pating in the technology transfer program. It uses technologies developed by LANL to assist US
industries in the global marketplace, and to improve LANL's research and business operations by
using industry’s best practices. The work includes transferring to private industry certain technolo-
gies related to weapons products and processes and providing technological knowledge to small
and often new businesses in New Mexico.
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3.0 SUPPORT SERVICES AND INFRASTRUCTURE

This chapter, which addresses the general support services and infrastructure required to operate
LANL, includes descriptions of

* facility management,

¢ maintenance and refurbishment,

e construction,

* utilities,

» waste management, :
e roads and grounds, -
» packaging and transportation,

¢ communications,

» safeguards and security,

* emergency management and response, and

» fire protection.

The Laboratory has about 8 million square feet of structural space. Approximately 7.3 million
square feet exist in 1,835 buildings, and about 0.7 million square feet exist in 208 other struc-
tures, such as meteorological towers, manhole covers, and small storage sheds. The buildings
house more than 9,000 Laboratory employees (including full-time, part-time, visiting, and casual-
status employees) and over 4,000 additional contract employees, vendors, and members of the
protective guard force.

According to the Laboratory's Institutional Plan for FY97-02 (LANL 1996b), administrative func-
tions occupy 25% of the Laboratory's space, and storage and services, including power facilities,
occupy approximately 23%. Thus, central services and infrastructure account for aimost half of the
Laboratory’s structural space. These activities and structures include

« administrative/technical services—facilities used for support functions, including the Direc-
tor's Office; BUS; Human Resources Division; Facilities, Security and Safeguards Division
(FSS); Environment, Safety and Health Division (ESH); and the Computing, Information,
and Communications (CIC) Division .

« public/corporate interface—tacilities, both restricted and unrestricted, that allow public and
corporate access and use. These facilities include the J. Robert Oppenheimer Study Cen-
ter, Bradbury Science Museum, and special research centers.

« physical support and infrastructure—facilities used for physical support of other Laboratory
facilities, including warehouses, general storage, utilities, and wastewater treatment.

The other 52% of LANL space is occupied by a wide variety of laboratories, fabrication facilities,
production and testing facilities, and other structures dedicated to research and development.

3.1 Facility Management Program

Itis LANL's policy to manage, organize, and conduct its operations in a manner that ensures ap-
propriate levels of safety and complies with environmental laws and regulations. LANL has estab-
lished a facility management program to integrate operations; engineering; maintenance; heaith
and safety; environmental compliance; and Laboratory policies, procedures, and standards. The
Facility Management (FM) Program, when fully implemented, will
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* ensure that facility operations are performed correctly and consistently;

* ensure that facility operations are performed in compliance with applicable requirements,
laws, regulations, orders, standards, policies, and procedures; and

» provide consistent, cost-effective, and responsive facility capabilities.

As part of the FM Program, LANL has developed general awareness training for conducting op-
erations. Facility managers and line managers lead this training to ensure that Laboratory employ-
ees understand facility-specific safety procedures and conduct of operations. Small teams con-
sisting of ES&H and operations personnel assist facility managers with these activities. The goal
is to provide operating capabilities that meet programmatic requirements in a timely and cost-
effective manner by reducing controllable costs while achieving operational effectiveness. Re-
sponsibility for and implementation of the program rests with the various division directors who
have landlord responsibilities for various structures and facilities.

3.1.1 Program Development

Historically, LANL facilities did not have designated owners or direct linkage to major programs;
therefore, funding was not readily available for needed upgrades and repairs. To solve this prob-
lem, in late 1991, LANL chartered a Facilities Management Task Force as part of a reengineering
study to determine alternative processes and methods for facilities management and to provide
direction and guidelines for program implementation.

The starting point for this work was the “apartment model,” wherein the “landlord” (division direc-
tor) of the facility supports the customers or tenants by providing the design and operational in-
tegrity of the facility’'s ES&H envelope, including maintenance management. The final study was
consistent with the original mode! and provided a blueprint for flexible and accountable facility
management by fostering a team approach. The approach focused on the roles, responsibilities,
and authorities of division directors, facility managers, and facility management support teams,
which form the facility management partnership.

3.1.2 Program Implementation

Facility managers implement the FM Program through facility management units (FMUs), which are
defined as

“A group of structures, systems, and equipment that are related by function or activity or
are located contiguously and that serve a particular purpose, capability, or mission need.
Facilities include the utility supply and distribution systems and other support infrastruc-
tures within the boundary or other identified interfaces” (LANL 1996a).

The FM Program applies to all FMUs and to anyone performing work under LANL’s contract with
UC, including UC personnel, contractors, and subcontractors. Criteria for defining facility boun-
daries include

* Nuclear or Nonnuclear Status—The DOE requires that each nuclear facility be a separate
entity, especially major facilities, such as the Plutonium-Processing Facility and CMR.

* Hazard Level—It takes more time for a facility manager to oversee high- and medium-hazard
areas than low-hazard areas. A single facility manager is able to handle a larger number of of-
fice buildings than laboratories.

* Overall Complexity—Because a facility manager is required to know about activities and op-
erations in the facility, more complex areas require more time and effort.
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e * Contiguity and Geography—Difficulties associated with security, access, and transportation

are addressed by considering contiguity and geography. Contiguity is sometimes subordi-
nate to similarity of purpose.

» Similarity of Mission or Purpose—Grouping technical work that is related by type of tech-
nology and worker skills allows accountability, flexibility, and responsibility for operations.
Similarity is sometimes subordinate to contiguity.

3.1.2.1 Integrated Safety Management

The Integrated Safety Management (ISM) Program is a major program that eh;ﬁompasses the en-
tire Laboratory. Under ISM, the FM Program is required to integrate safety management and work
practices, where safety is defined as including ES&H.

3.1.2.1.1 Framework

Safety expectations include standards, policies, requirements, laws and regulations, procedures,
engineered and administrative controls, and personal responsibilities that apply to the perform-
ance of work. A five-step process used throughout DOE helps establish, implement, and ensure
these safety expectations. The five-step process is

* define the scope of work,
analyze hazards,

develop and implement controls,
perform work, and

ensure performance.

- At LANL, a graded approach is used to implement this process. It integrates safety management
T and applies safety functions at three levels:

» activity level—applies to discrete work activities performed by individuals in the workplace
(e.g., the level of application is directly related to the risk involved in the operation being
performed).

« facility level—applies collectively, as appropriate, to the activities conducted in a specific fa-
cility (e.g., CMR) or, more broadly, to an FMU.

* institution level—focuses on and applies collectively, as appropriate, to the activities con-
ducted at LANL as a whole.

LANL's ES&H commitment establishes unambiguous roles, responsibilities, and authorities, of
which the most important are

* line managers, who are responsible for safety;

= program managers, who are responsible for providing funding and are held accountable for
expenditures;

» ESH Division, which is responsible for providing safety expertise and services and a process
for establishing unambiguous institutional expectations.

UC'’s president delegates the authority to manage all activities at LANL to LANL'’s director. The
director retains ultimate responsibility.
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3.1.2.1.2 Roles and Authorities

Under the 1SM system, safe conduct of work requires that each individual fulfil assigned safety
roles and be accountable for various safety responsibilities associated with the assigned role.
Working safely is every worker's responsibility and is a condition for employment at LANL. The
work force ensures that all hazardous work is covered by approved procedures and is done by
trained personnel. The work force has authority to perform and will be held accountable for per-
forming work that is covered by safe work practices requirements. Any employee has the authority
and responsibility to stop work deemed to be unsafe (i.e., work that presents a clear and present
danger). Nonsupervisors are authorized to prepare but not approve activity-level procedures and
practices needed for conducting work safely in accordance with institutional -and facility expecta-
tions.

Under the ISM system, group leaders, facility managers, program managers, and office leaders are
authorized to conduct readiness reviews of their operations and to require activity-level safety pro-
cedures and practices. They are authorized to approve corrective actions and are expected to par-
ticipate in developing activity, tacility, and institutional safety goals that apply to their organization’s
work. It is their responsibility to define safety envelopes for facilities.

In addition, programmatic-, facility-, and institutional-level roles are assigned to facility managers
and institutional support organizations. The institutional support organizations, which provide an
oversight role, include the

» L aboratory Director’s Office,

¢ Legal Counsel,

» Laboratory Leadership Council,
* Operations Working Group,

* Resource Working Group,

* ESH Division,

* FSS Division,

* BUS Division,

* Quality and Planning Office,

» Audits and Assessments Office, and
» Laboratory safety committees.

Working with facility and program management, the institutional support organizations have the
authority and responsibility for establishing safety expectations for LANL and the authority to re-
view and provide feedback throughout LANL regarding the effectiveness of safety operations.
LANL is ultimately responsible for the safety of all onsite subcontractor organizations. However,
safety activities may be assigned to subcontractors by contract. In such cases, LANL exercises
due diligence to ensure that subcontractors meet contractual safety obligations.

3.1.213 Process

Each FMU has a facility management team that provides the infrastructure, processes, and re-
sources required to effectively support safe work practices. The facility management team works
with tenant organizations to establish facility-specific safety expectations. Facility expectations de-
fine the operational limits and boundaries of facility processes to ensure that the current safety ca-
pabilities of the facility (commonly referred to as “facility operating limits” or “safety envelope”) are
not exceeded. They also establish the requirements for interfaces among tenants, the facility
management team, and support organizations.

A facility safety plan is prepared to help facility managers establish, document, and integrate facil-
ity-level expectations. Establishing and documenting the facility safety plan is the responsibility of
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the landlord and is usually delegated, along with other facility management responsibilities, to the
facility manager. Development of the facility safety plan begins with a basic understanding of the
work and its hazards. Its development includes input from the people doing the work, subject mat-
ter experts, and appropriate stakeholders. The plan is tailored to the work, incorporates applicable
external standards, and complies with applicable statutory requirements.

The facility safety plan contains a definition of the facility’s safety envelope and a description of the
facility's administrative and engineering controls. It includes, and is consistent with, institutional
expectations (i.e., Laboratory performance requirements, implementation requirements, and
guidelines); Laboratory permits; and other institutional requirements. The level of detail of the
work description, the rigor of hazard analyses, and the evaluation of facility pracesses and controls
are consistent with Laboratory criteria and are matched to the magnitude of the hazards associat-
ed with the facility. For nuclear or hazardous facilities, the facility safety plan may include DOE-pre-
scribed requirements, such as final safety analysis reports, technical safety requirements, safety
analysis documents, and unreviewed determinations of safety questions. DOE requires that
these reports provide for evaluation of all potential hazards and mitigation measures necessary to
protect both workers and the general public. Alternatively, facilities having only low-hazard activi-
ties may have short facility safety plans that consist mainly of references to institutional programs
or a few facility-specific documents, such as emergency evacuation plans.

3.1.2.2 Facility Manager Assignments

Division directors are ultimately responsible for conducting operations, establishing safety limits,
and overseeing operations that occur in their FMUs. The key individuals assisting the division di-
rectors are the facility managers. Table 3-1 presents the names of the FMUs, their locations, and
the divisions responsible for their operations.

Facility managers, who are appointed by division directors, have the responsibility for operational
integrity and the authority to control operations at assigned facilities. At complex facilities, the facil-
ity manager may delegate authority to members of the facility management support team, which is

chosen by the facility manager. Depending on cost-effectiveness and availability, the facility man-
ager draws members from support divisions at LANL or from outside contractors. To ensure con-
sistent application of regulatory requirements, team members are trained by support organiza-
tions, and, when feasible, team members are expected to reside at the facility.

3.1.2.3 Funding

LANL funds the FM Program by making maintenance costs the responsibility of programs. Direct
funding of facility maintenance from programmatic budgets ensures that the actual cost of doing
work is charged back to the client. User fees are negotiated between facility managers and users
based on equitable “rent” payments for space, facility equipment, utilities, supplies, and mainte-
nance costs.

Facility operating budgets inciude both fixed and variable costs. The fixed costs are general and
administrative and include minimum resource requirements for “keeping the doors open.” Var-
able costs represent resource use during operations per unit of operating time and include rou-
tine maintenance related to use. Total operating budgets are the sum of the fixed costs and vari-
able costs muitiplied by the total expected operating time.

Capital budgets are developed for refurbishing old buildings and equipment and for increasing
capacities to meet customer expectations. Once budgets are approved and funded, financial
performance is monitored by comparing actual revenues and expenses with projections. The
facility manager is expected to identify trends and determine corrective actions.
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JABLE 3-1

FACILITY MANAGEMENT ASSIGNMENTS

Facility
Manage- Owner
ment Unit Facility Name Location Division®
61 LANSCE TA-53 LANSCE
62 Business Complex TA-3 Warehouse, TA-3-170 | BUS
) Gas Plant
63 CiC TA-3 CIC Complex CiC
64 Waste Disposal Facility TA-54 EM
65 CMR TA-3-29 CST
66 Radiochemistry Facility TA-2, TA-48, TA-35 (part), TA- | CST
21 (part), TA-46 (part)
67 Explosives and Dynamic TA-6, TA-8-21, TA-9, TA-14, | DX
Testing TA-15, TA-22, TA-35 (part) TA-
36, TA-39, TA-40, TA-60, TA-
67, TA-69
68 EES Facilities TA-57, TA-21 West EES
70 Engineering Complex TA-21 East, TA-41, TA-33-86, | ESA
TA-3-39, TA-8 (part) TA-11,
TA-16, TA-28, TA-37, TA-46
(part)
71 ES&H Support Facility TA-59, TA-3 (part) ESH
72 Life Sciences Facility TA-43, TA-54-1001 through | LS
1003
73 Materials Science Complex TA-3 Sigma Complex, TA-35 | MST
(part)
74 Critical Assemblies Facility TA-18, TA-36-1 NIS
75 NIS Complex TA-35 East, TA-33 (part) NIS
76 Piutonium Facility TA-55 NMT
77 Physics Complex TA-3-40, TA-3-16 P
78 RD Site TA-52 TSA
79 Radiation Exposure Facility TA-51 EES
80 Utilities and Infrastructure Utility systems, airport®, roads, | FSS
and grounds
81 Unclaimed Facilities TA-3 administrative facilities, | FSS
TA-49
84 Radioactive Liquid Waste TA-50 EM

Treatment

a. Full division names are provided in the acronym list at the end of this document.

b. The airport has been transferred to Los Alamos County and is no longer the responsibility of

LANL or DOE.
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3.2 Maintenance and Refurbishment

Existing structures and facilities require periodic maintenance, refurbishment, and upgrades.
LANL manages maintenance and refurbishment by using resources on an “as-needed” basis.
Conducted in compliance with applicable requirements, these activities do not produce uncon-
trolled releases of hazardous substances, nor do they have adverse effects on environmentally
sensitive resources. JCI, LANL’'s support services subcontractor, has primary responsibility for
maintenance and refurbishment. LANL’s waste management system readily manages wastes pro-
duced by these activities.

Typically, maintenance and refurbishment occur in and around existing buildings, in developed
areas, and along existing roadways. Examples include

* maintaining and extending onsite roads and parking areas;

« replacing apparatus and components, such as pumps and filters, to retain and improve fa-
cility performance or to extend the useful life of buildings and equipment;

» cleaning, painting, repairing, and servicing buildings, utility lines, equipment, and vehicles;

* decontaminating equipment and facilities;

= erecting, operating, and demolishing support structures to facilitate ongoing operations;

* relocating and consolidating equipment and operations from one location to another at
which similar activities are being performed; and

* placing facilities in a safe-shutdown condition when they are not needed.

3.2.1 Condition of Physical Plant

Most LANL facilities have reached the age at which major building systems begin to fail and main-
tenance and operating costs increase. About 80% of LANL’s facilities are more than 20 years old,
50% are more than 30 years old, and 30% are more than 40 years old.

LANL conducts a condition assessment survey to inspect all real property (buildings and installed
equipment) at predetermined intervals to ensure that facilities are maintained in a condition con-
sistent with assigned missions and long-range planning. The condition assessment survey iden-
tifies the condition of architectural, structural, mechanical, electrical, communications, and safety
and security systems and provides estimated budget costs to correct identified deficiencies. The
results of the condition assessment survey are shown in Table 3-2.

JA 3-2

GROSS SPACE BY PHYSICAL CONDITION

Condition Percent
Fair 44
Adequate 37
Excellent 1
Good 8
Poor 9

Fail 1
TOTAL 100
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3.2.2 Routine Maintenance

Routine maintenance operations (preventive or predictive) are based on an evaluation of probabi-
lity of failure and magnitude of consequence in the event of failure. The evaluation categorizes
both real property and installed equipment in order of importance. These categories are

» Category M1—The failure of the structure, system, or component may cause

- death or serious injury or illness to a member of the public,
- severe damage to the environment beyond the boundaries of LANL, or
- major environmental cleanup. -

e Category M2—The failure of a structure, system, or component may cause

- minor injury, iliness, irritation, or annoyance to a member of the public;

- death or serious (disabling) injury or illness of a Laboratory worker;

- damage to the environment inside LANL's boundaries that would require limited cleanup;
- potential loss or theft of Category | quantities of SNM or national security information;

- total loss of the use of a facility or major process; or

- severe mission or economic impacts.

» Category M3—The failure of the structure, system, or component would cause

- no impact on the public but might cause minor injury or illness of a Laboratory worker,

- damage to the local environment immediately adjacent to the facility that would require
minimal cleanup;

- potential loss or theft of Category Il or lll quantities of SNM or classified information;

- damage to a facility or process; or

- serious impact on the capability of facilities and equipment to meet the quality, schedule,
and budget expectations of its users.

» Category M4—The failure of the structure, system, or component would cause

- no probable impact on the public, Laboratory workers, or the environment;
- no safeguard or security concerns but might cause minor damage to a facility or process
that would interrupt the mission or cause inconvenience.

The goal of scheduled maintenance is to enhance the reliability of systems or components for
either safety or economic benefits. The assignment of equipment to one of the four categories
shown above provides a starting point for evaluating the basis for scheduled maintenance. Fa-
cilities with high risk receive more frequent attention than facilities with low risk. For example, fa-
cilities and equipment in Categories M1 and M2 have potential safety implications for both the
public and workers; therefore, the benefits derived from routine maintenance are high compared
with the potential consequences of untimely equipment failure.

Facility managers are responsibie for routine maintenance of real property and installed equip-
ment. Real property and instalied equipment include land; improvements such as buildings,
roads, fences, bridges, and utility systems; and equipment installed as part of the normal func-
tioning of a building (such as plumbing, electrical, and mechanical systems).

Line management is responsible for routine maintenance of personal property and programmatic
equipment. This equipment (reactors, accelerators, chemical-processing lines, lasers, computers,
etc.) is used only for programmatic purposes; therefore, costs of maintaining this equipment are
directly linked to the users.
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In FY95, the total allocation for maintenance and refurbishment at LANL was $54.6 million. This
total includes custodial services, snow and waste removal, and landscaping provided by JCI.

3.2.3 Renovations and Upgrades

When approved by DOE and funded by Congress, LANL may undertake major renovations or up-
grades to extend the life and usefulness of existing facilities. Typically, these actions are required
to meet health, safety, and structural requirements, which have become more stringent over the
years. Major upgrades are also undertaken to enable an existing facility to house new research
programs or to save the costs of demolishing an old facility and building a new one.

To ensure that LANL can meet its assigned missions over the next 20 years, an increasing per-
centage of Laboratory facilities will need to be renovated and upgraded as time goes on. Planning
and budget processes for these projects are described in Chapter 2; the construction process is
described below.

3.3 Construction

Four major DOE programs—Defense Programs, Energy Research, Environmental Management,
and Civilian Radioactive Waste Management—describe the minimum project management re-
quirements for implementing DOE Order 430.1, Life Cycle Asset Management (DOE 1995a). This
directive applies to all projects, defined as

strategic systems,

line item projects,

operating-expense-funded projects, and
general plant projects and capital equipment.

3.3.1 Construction Process (Titles 1, Ill, and Ill)

The planning process described in Chapter 2 is followed by preconceptual design to identify the
proposed action, document the mission, and estimate total project cost. Total project cost is com-
posed of the total estimated costs for design, construction, acceptance testing, and operating ex-
pense. DOE participates in critical decisions at significant milestones during project development
and authorizes the next set of activities. Critical decisions include

» CD1—approval of mission need: expense funds authorized;

» CD2—approval of baseline (plans, estimate, and schedule): capital funds authorized;
» CD3—start construction: funds obligated; and

» CD4—completion of facility and start of operations.

DOE manages the project baselines, including scope, budget cost and schedule, and authoriza-
tion to expend capital funds. Architect-engineer (A-E) design subcontractors are hired to provide
technical support and design documents in sufficient detail to ensure project success. LANL
uses the federal acquisition regulations (FARs) to acquire the services of outside A-E fims for
larger projects.

CD-2 results in an authorization from DOE to proceed with a Title | (conceptual design) summary
report prepared by an A-E firm for additional review and approval by DOE before beginning Title 1
(design). JCI provides these services for appropriate smaller projects, including expense-funded
projects. Completion of the detailed design, plans, cost estimate, and project schedule allows ob-
ligation of funds and start of construction (CD-3).
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Typically, construction contractors are hired to perform the actual construction and installation of
equipment [Title 1l (construction)]. LANL prepares the construction contracts in compliance with
federal acquisition regulations. Engineering interfaces among LANL, DOE, and the construction
contractors are maintained during Title Ill to ensure adequate controls and customer coordination.

Completion of Title Il includes conducting final inspections, correcting deficiencies, and, after
DOE has conducted a preoccupancy safety inspection (CD-4), transferring the facility to the own-
er division and facility manager. Facility startup includes installing personal property and program-
matic equipment. Project closeout consists of final reconciliation of project costs (e.g., all project
costs have been identified, all costs have been charged to the appropriate cost accounts, all in-
voices have been paid, and all accounts have been formally closed). LANL prepares a final closing
statement for DOE’s review and approval.

3.3.2 Near-Term Projects

Near-term projects involve design, construction, or acceptance testing. These projects have re-
ceived authorization and funding from (1) Laboratory management for expense projects, (2) DOE
for general plant projects, or (3) Congress for line item projects. Information on the justification, es-
timated costs, schedule, and funding profile for each near-term project can be found in the Capital
Assets Management Plan Report (LANL 1995a).

3.3.3 Out-Year Projects

Out-year projects are in the preconceptual planning stage and have not been authorized by DOE
or Congress. These projects arise when LANL personnel evaluate anticipated DOE-directed work
and facility requirements against existing facility capabilities. These projects are in a state of flux,
being rescoped and refined continually as LANL management and DOE come into agreement on
future assignments. Out-year projects are included in the Capital Assets Management Project Re-
port; however, their listing does not imply decisions by Congress, DOE, or LANL about a project’s
scope, viability, cost, or location.

3.4 Utilities

Ownership and distribution of utility services are split between DOE and Los Alamos County. DOE
owns and distributes all utility services to LANL facilities, and the county provides these services
to the communities of White Rock and Los Alamos. DOE also owns and maintains several main
lines for electrical, natural gas, and water distribution located throughout the town’s residential
areas. The county’s Department of Public Utilities taps into these main lines at a number of loca-
tions and owns and maintains the final distribution systems.

Utility systems at LANL include electrical service, natural gas, steam, water, sanitary wastewater,
and refuse. Electrical service includes operating and maintaining the complete power system, in-
cluding retrofilling or replacing polychlorinated biphenyl (PCB) transformers, coordination with the
County Resource Pool, generation as needed at the TA-3 power plant, and distribution to the in-
put side of low-voltage transformers at Laboratory facilities. The natural gas system includes a
DOE-owned high-pressure main and distribution system to Los Alamos County and pressure-
reducing stations at Laboratory buildings. Steam systems include production and distribution at
TA-3, TA-16, and TA-21. The water system includes supply wells, water chlorination, pumping
stations, storage tanks, and distribution systems. Sanitary wastewater systems include septic
tanks, a new, centralized sanitary wastewater collection system, and a treatment plant. JCI collects
refuse, which is combined with refuse from Los Alamos County and disposed in a landfill owned
by DOE and managed by Los Alamos County. Under special agreement, this landfill also takes
refuse from the City of Espanola.
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3.4.1 QGas

Los Alamos County currently purchases natural gas from Meridian Oil Company in the San Juan
Basin of northwestern New Mexico. The DOE independently purchases gas from Duke Solu-
tions’ Energy Office in Salt Lake City, Utah, through a DOE/DoD Federal Defense Fuels Procure-
ment. The DOE and Public Service Company of New Mexico (PNM) own portions of the main gas
supply line coming into and crossing Los Alamos County. This line is also used to provide gas to
customers in the Espanola, Taos, and Red River areas. The DOE has agreed to sell its share of
this line to PNM in the near future. Figure 3-1 shows the gas distribution system at LANL.

The county and LANL both have delivery points at which gas is monitored_and measured. In
1994, the county used approximately 946,000 decatherms (DTH) of gas, compared with the
1,682,000 DTH used by LANL. About 80% of the gas used by LANL was used for heating (both
steam and hot air). The remainder was used for electrical generation to fill the difference between
peak loads and the electric distribution system’s capacity. If the demand for natural gas increases,
the existing gas distribution system, portions of which are 47 years old, will require modification
and/or replacement.

As shown in Table 3-3, LANL burns natural gas to produce steam to heat buildings at three tech-
nical areas (TA-3, TA-16, and TA-21). The use of gas to produce steam remained relatively con-
stant over the five years from 1991 to 1995. Peak use occurred in 1993 when the TA-3 steam/
power plant used about 775,000 DTH of gas to produce steam and about 412,000 DTH to gen-
erate electricity. The low-pressure steam is supplied to the TA-3 district heating system and the
electricity is routed into the power grid. The TA-3 steam distribution system has about 5.3 mi (8.5
km) of steam supply lines and an additional 5.3 mi (8.5 km) of condensate return lines. Most of the
condensate return lines are old and corroded, resulting in the loss of up to 10-20 million gallons
per year of treated condensate. In addition, operation and maintenance costs for the district
heating system (which supplies steam heat) are 3 to 4 times that of natural gas at about $5 million
per year. Without upgrades, these costs will increase dramatically.

Gas use at the TA-16 and TA-21 steam plants is small compared with use at the TA-3 power plant.
In addition, under a shared savings contract, JC! has replaced the TA-16 district heating with small,
natural-gas-fired, distributed heaters and boilers. Based on 1993 data, gas consumption at the old
TA-16 steam plant was 336,543 DTH, and gas consumption at the TA-21 steam plant was 81,510
DTH.

3.4.2 Electricity

In 1985, the DOE and Los Alamos County formally agreed to pool their electrical generating and
transmission resources and to share bulk power costs based on usage. The Electric Resource
Pool currently provides bulk electricity to LANL and customers in the communities of White Rock
and Los Alamos, as well as in Bandelier National Monument. Pool resources currently provide
from 99 MW in winter to 117 MW in summer (Hinrichs and Lundberg 1997) from a number of hy-
droelectric, coal, and natural gas power generators throughout the western US, including hydro-
electric generators owned by Los Alamos County. The pool sells excess power to other area
power utilities. Power delivered to the Electric Resource Pool is limited by the two existing region-
al 115-kV transmission lines, one owned by PNM and the other by DOE. The two 115-kV electric
power transmission lines come from the Bernalilio-Algodones substation near Albuquerque and
the Norton Substation near White Rock. Many northern New Mexico communities, including
Santa Fe and Espafiola, also receive power from these substations. Onsite electric generating
capacity for the pool is limited to the existing TA-3 steam/power plant, which has a design capacity
of 20 MW.

March 1998 45 Overview



58 35 -

r/
I
! 8 \‘ N N — -~ \"’:_“
\ / \\\I’ ;E'“-A\LSO 3\/_5_%/ 5 ‘.\‘ \\
r- 9 [ttt N g e e S e
‘ : ! o e~
/ S 14 | _ 67 N R 4T~
j SN T R
- | - Nak)
A NS | N A
/ §§J\| \ \‘\8\ . \\
I‘ " ,\/ 15 ! NS Py
P | Nyts R "
/ s~ ! 11\'\-—\"\ ! ‘\_\f ~
~.28_ T - [N L NN
e \ ~q ~ —_—
= N, 87 ' . ~
M ) | 36 ~ \
Lem~mme 1 -~ \\»\'1 —_____,/}—"
:E' - | N 1\-__ /,
~ .~ \ 1 \“V-\ ‘\ e
Nt N A ’./
\‘ ~a WAL \
49 I SN 68 Ay )
i \\\ Yo /
1 ~o " S/
\\ ] \\(z/ \\
1
N i 39 X M
=y - no )
» ! BN AP
Vo p
» I T~ !
| T
N\ ! -2
NS -~ { N
N v NY
\ y \\Ilv 70 \"—-A
( Pl
\\ N I/
— ————— LANL boundary \ oo _
------- Technical Area boundary \\ N (
Gas line \‘ 33 ,\y
7
1 -
0 2500 5000 7500 10000 \ //
FEET \\ /
cARTography by A. Kron 2/3/68 \ /,/

(data from FIMAD, G105567 5/16/97)

Figure 3-1. Gas distribution system at the Laboratory.
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TABLE 3-3

GAS CONSUMPTION (DTH) AT LANL FY91-FY95

FY91 FY92 FY93 FY94 FY95

Total LANL Consumption 1,480,789 1,833,318 1,843,936 1,682,180 1,520,358
Total Used for Electricity 64,891 447 427 411,822 242,792 111,908
Production )

Total Used for Heat Pro- 1,415,898 1,385,891 1,432,113 1,439,388 1,408,450
duction

TA-3 Steam Production 471,631 387,421 774,750 719,769 583,229
TA-16 Steam Production 262,916 282,206 336,543 314,430 328,332
TA-21 Steam Production 78,261 74,673 81,510 60,613 65,026
Total Steam Production 803,168 744,300 1,192,803 1,094,812 976,587

Source: Gonzales 1997.

Tables 3-4 and 3-5 show peak demand and annual use of electricity for FY91 to FY95. LANL’s
usage ranged from about 352,000 MWh in FY94 to about 382,000 MWh in FY92. Most of this
fluctuation was a result of power consumption by LANSCE. Peak demand declined from about
76,000 kW in FY91 to about 66,000 kW in FY95. Again, this reduction is attributable to the decline
in power demand at LANSCE.

JABLE 34

ELECTRIC PEAK COINCIDENTAL DEMAND (kW)
FOR DOE’S FISCAL YEARS 1991 TO 1995*

LANL LANL City Pool

Base LANSCE Total Total Total
FY91 43,452 32,325 75,777 11,471 87,248
FY92 39,637 33,707 73,344 12,426 85,770
FY93 40,845 26,689 67,534 12,836 80,370
FY94 38,354 27,617 65,971 11,381 77,352
FY95 41,736 24,066 65,802 14,122 79,924

*The total pool is a coincidental peak or the highest peak hour of a given month or year. The sub-
sets are components that make up the load during the peak hour.

Source: Hinrichs 1997.

Historically, offsite power system failures have disrupted operations in LANL facilities; therefore,
all facilities that require safe shutdown capability during power outages are equipped with emer-
gency generators to ensure that safe shutdown can occur. The emergency generators serve
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TABLE 3-5

ELECTRIC CONSUMPTION (MWh) FOR DOE’S
FISCAL YEARS 1991 TO 1995

LANL LANL City Pool

Base LANSCE Total Total Total
1991 282,994 89,219 372,213 86,873 459,086
1992 279,208 102,579 381,787 87,709 469,496
1993 277,005 89,889 366,894 89,826 456,720
1994 272,518 79,950 352,468 92,065 444,533
1995 276,292 95,853 372,145 93,546 465,691

Source: Hinrichs 1997.

such nuclear facilities as TA-55 and CMR, which require uninterrupted power for critical ventila-
tion, control systems, and lighting.

The TA-3 steam/power plant currently provides the additional electric power needed to meet peak
load demands when demand exceeds contract import rights (71 MW). When electric power gene-
ration is required, steam production is increased (additional gas is burned), and the extra steam is
routed to three steam turbines. Typically, peaking power is needed for only a few months out of
the year when LANSCE is fully operational. Loss of power from the regional electric transmission
system results in cutting off the power supply to Los Alamos. The TA-3 steam/power plant is the
only local source of sufficient capacity to prevent a total blackout. The TA-3 steam/power plant,
which is over 40 years old, needs various upgrades of the steam turbine generators, battery
banks, circuit breakers, metering, and power generation controls. In addition, though the steam/
power plant has a design capacity of 20 MW, the existing cooling system (composed of low-pres-
sure steam condensers, pumps, valves, and piping) limits the generating capacity to 12 MW in
summer and 15 MW in winter (Hinrichs and Lundberg 1997).

A retrofit of the existing TA-3 steam boilers to increase electric power generation capacity and re-
liable electric power for LANL could be accomplished by replacing the turbine generators with na-
tural-gas-fired, low-emission, combined-cycle turbine generators backed up by oil fuel and boilers
that recover exhaust heat. During construction, the TA-3 plant will still be able to supply steam for
the TA-3 district heating system. Increased demand for natural gas for electric power generation
would require additional natural gas capacity unless an alternate fuel were made available during
peak demand periods. Oil backup is available at TA-3.

Another approach would be to install a new 10-mi- (17-km-) long 345-kV transmission line from
PNM'’s Norton Substation to the new 345-/115-kV South Technical Substation at TA-70 near
White Rock, which would increase capacity and reliability and enable the Laboratory to keep pace
with projected growth in its power requirements, including those for the low-energy-demonstra-
tion accelerator. This option might require acquisition of a right-of-way.

Most of the Laboratory’s 120-mi (200-km) 115-/13.8-kV overhead electrical distribution system—
including transformers, switchgear, and other components—is past or nearing the end of its de-
sign life. As aresult, the likelihood of component failure is increasing, and many of the com-
ponents are no longer replaceable. When additional power is supplied through the system to
meet projected power demands, most of the Laboratory’s 480-/277-V and 208-/120-V systems
will fall below industry reliability standards. Thus, backup and replacement transformers and their
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ancillary equipment are needed to increase system reliability. The Laboratory’s electrical distribu-
tion system is shown in Figure 3-2.

3.4.3 Water

DOE currently supplies potable water to all of Los Alamos County, LANL, and Bandelier National
Monument and supplies some nonpotable water to LANL for industrial use. The DOE has rights
to withdraw 5,541.3 acre-feet [about 1,806 million gallons (6,836 million liters)] of water per year
from the main aquifer. In addition, DOE obtained the right to purchase 1,200 acre-feet [about 391
million gallons (1,480 million liters)] of water per year from the San Juan-Chama Transmountain
Diversion Project in 1976. Although these San Juan-Chama water rights exist," no delivery system
is in place. '

Potable water is obtained from deep wells located in three well fields (Guaje, Otowi, and Pajarito).
This water is pumped into production lines, and booster pump stations lift the water to reservoir
storage tanks for distribution. The entire water supply is disinfected with chlorine before distribu-
tion. DOE’s potable water production system consists of 14 deep wells. 153 mi (246 km) of main
distribution lines, pump stations, storage tanks, and 9 chiorination stations. DOE and Los Alamos
County are currently negotiating a possible transfer of most of this system to county ownership.
Los Alamos County already owns and maintains the distribution system for the communities of
Los Alamos and White Rock.

Portions of the Laboratory’s water system—including pressure-reducing valves, block valves, hy-
drants, and 8,400 ft (2,600 m) of transite asbestos fiber piping—have been in place for about 50
years. In addition, another 30 mi (48 km) of distribution piping is near the end of its useful life and
needs replacement. The Laboratory’s water distribution system is shown in Figure 3-3.

During FY94, DOE withdrew about 1,430 million gallons (5,490 million liters) from the aquifer
(Table 3-6). Of this total, the county used about 64% [about 922 miillion gallons (3,440 million
liters)]; the National Park Service used about 5 million gallons (19 million liters) for Bandelier,
Tsankawi, and Ponderosa Camp Grounds; and the Laboratory used the remainder, approximately
487 million gallons (1,843 million liters).

The projected annual water demand is expected to increase to about 87% of the main aquifer
water right or 1,571 million gallons (5,946 million liters) (DOE 1996a). To meet this projected de-
mand, LANL and Los Alamos County may need to institute additional water conservation and re-
cycling and/or install a delivery system for the San Juan-Chama water.

The Water Canyon Gallery used to supply nonpotable water to the TA-16 steam plant (Table 3-7).
This system consists of about 1 mi (1.6 km) of water line and a catchment basin improvement at a
spring. In 1994, this gallery produced about 12 million gallons (45 million liters) of water. The TA-
16 steam plan is now shut down; thus, this water is no longer needed.

3.5 Waste Management

Most wastes produced at LANL are similar to those of a small town; they include office trash, cafe-
teria waste, sewage, construction debris, and drain waters from sinks and cooling towers. LANL
produces smaller amounts of other wastes, including administratively controlied industrial solid
wastes, toxic wastes, hazardous wastes (including chemicals and explosives), low-level radioac-
tive wastes (LLW), transuranic (TRU) wastes, and mixtures of the above.
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TABLE 3-6

POTABLE WATER PRODUCTION AND ESTIMATED USE
(MILLION GALLONS)

1991 1992 1993 1994 1995
LA Field 125 13 0 0 0
Guaje Field 502 472 298 179 230
Pajarito Field 820 1,044 876 1,042 1,126
Otowi Field 0 0 284 206 0
Water Canyon Gallery 0 0 0 0 0
Total 1,447 1,529 1,458 1,427 1,356
LANL Use 500 500 500 500 500
LA County and National Park Service 947 1,029 958 927 856

Sources: Purtymun et al. 1994, Purtymun et al. 1995a, Purtymun et al. 1995b, McLin et al. 1996,
and Mclin et al. 1997.
JABLE 3-7

NONPOTABLE WATER PRODUCTION*
(MILLION GALLONS)

1991 1992 1993 1994 1995
Water Canyon Gallery 12 0.1 6.4 11.6 1.6
Guaje Canyon Reservoir 1.5 0.0 0.0 0.0 0.0
Los Alamos Canyon Reservoir 2.4 0.0 0.5 0.0 1.6
Total 15.9 0.1 6.9 11.6 3.2

*Nonpotable water is used for makeup water at the steam plants. The large reduction in use from
1994 to 1995 reflects the changes made at the TA-16 steam plant.

Sources: Purtymun et al. 1994, Purtymun et al. 1995a, Purtymun et al. 1995b, McLin et al. 1996,
and McLin et al. 1997.

Wastes can be described as either “mission wastes” or “legacy wastes." Mission wastes are gene-
rated by current and anticipated operations, and a management path has been established for
these wastes from generation to disposal. The term legacy waste, as used here, encompasses
three types of wastes encountered at LANL: (1) orphan wastes (wastes that cannot be traced to a
specific program or operation), which are occasionally found on Laboratory lands, (2) wastes that
were created by past operations and now require proper disposal (i.e., much of the material result-
ing from site cleanup activities being performed by the Environmental Restoration Program), and
(3) regulatory wastes (i.e., wastes that are defined as mixed or TRU wastes under RCRA and
NMED regulations) in storage pending development and availability of technologies for safe treat-
ment and disposal. LANL’s goal is to reduce (and eliminate by 2002) the amount of legacy wastes
stored onsite.
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Waste management activities encompass the several ways in which both mission and legacy
wastes are coliected, transported, stored, treated, and disposed. The infrastructure support sub-
contractor, currently JCI, manages trash, including recycle and salvage operations. Hazardous
wastes are collected at TA-54 to be turned over to commercial waste management firms. Low-
level solid radioactive wastes are buried in designated locations at TA-54, Area G. Mixed and
transuranic wastes are collected and stored at Area G pending shipment offsite. Aqueous radio-
active wastes are collected at the Radioactive Liquid Waste Treatment Facility (RLWTF) at TA-50,
where the contaminants are removed by chemical coagulation, flocculation, and sedimentation.
(This process will soon be changed to ultrafiltration, followed by reverse osmosis coupled with bio-
degradation of nitrates). The resulting liquids discharged to the land surface and the sludges are
collected in drums, solidified, and managed as TRU wastes.

Characterization—the identification of waste composition and properties—involves knowledge of
the processes that produced the waste, sampling and analysis, radiological testing, or combina-
tions of these techniques. Characterization ensures that the generator and waste management
personnel recognize the inherent hazards associated with the wastes and their containers, con-
sider the range of treatment and disposal options that can be applied to the waste, and under-
stand the relevant regulatory requirements. Services provided by waste management personnel
center on four activities:

« transport involving proper packaging and transportation;
» storage occurring before or after transport and before or after treatment;

* treatment involving methods, techniques, and processes to reduce waste volumes; to
change the physical, chemical, or biological characteristics of the waste; or to change the
composition of the wastes to render them nonhazardous or less hazardous; and

* disposal in a permanent location in a manner that provides isolation from the biosphere and
requires substantial effort for retrieval.

The main storage and disposal facilities at LANL are

* Los Alamos County Landfili—a DOE-owned landfill on East Jemez Road operated under a
special-use permit by Los Alamos County; the landfill accepts office and cafeteria trash,
county trash from the Laboratory, and trash from Espanola.

* TA-54, Area J—a disposal site for nonhazardous solid wastes, including administratively
controlled industrial solid wastes and oil-contaminated soils.

* TA-54, Area L—a storage site for liquid chemical wastes, solid and liquid PCB wastes, used
gas cylinders, small quantities of hazardous wastes in 5-gal. (19-L) lab packs that are separ-
ated if incompatible and stored, and drums of liquid low-ievel mixed waste.

* TA-54, Area G—a site for disposal of most LLW and storage of TRU waste. Some low-level
mixed waste is also currently stored in one part of Area G but may be relocated to Area L as
the backlog of mixed wastes is shipped offsite over the next 10 years for treatment and
disposal. Pyrophoric uranium chips are stored outdoors in drums of oil. Radioactively con-
taminated PCB liquid wastes and asbestos wastes (asbestos suspected of being contam-
inated with radioactive material) continue to be disposed at a monofill disposal cell (a cell that
receives only one type of waste). The Area G facility is located on Mesita del Buey Road at
the east end of TA-54 and has been a disposal site since 1957.
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3.5.1 Nonhazardous Wastes
Nonhazardous liquid and solid wastes are produced, collected, and disposed at LANL.
3.5.1.1 Nonhazardous Liquid Waste

Sanitary liquid wastes are delivered by dedicated pipelines to the Sanitary Wastewater Systems
Consolidation (SWSC) plant at TA-46. The plant has a design capacity of 600,000 gal. (2.27 mil-
lion liters) per day and in 1995 processed a maximum of about 400,000 gal. (1.5 million liters) per
day. Some septic tank pumpings are delivered periodically to the plant for treatment via tanker
truck. Sanitary waste is treated by an aerobic digestion process. Liquid effluent is treated and
recycled to the TA-3 power plant as makeup water for the cooling towers or is discharged to San-
dia Canyon adjacent to the power plant under an National Pollutant Discharge Elimination System
{(NPDES) Permit NM0028355 and groundwater discharge plan (LANL 1996c). Solids are dried in
beds at the SWSC plant and are landfilled in dedicated space with limited public access. These
dried solids are used as soil amendments for erosion control in specified areas of LANL where
construction has occurred.

According to the LANL Utilities and Infrastructure Group, the TA-3 sewer lines between Pajarito
Road and Diamond Drive and between Diamond Drive and the SWSC connection are 40 years old
and are flowing at 58% to 68% of capacity as the result of deterioration and infiltration. These lines
will need to be refurbished or replaced if new construction results in significantly increased loads.

Some industrial effluent at LANL is discharged into the local environs via NPDES-permitted out-
falls. To comply with new regulatory requirements and the discharge limitations specified in
LANL’'s NPDES permit, DOE has decided to eliminate 27 of the 88 industrial effluent outfalls asso-
ciated with wetlands. The action includes modifying plumbing to reroute effluent from 14 outfalls
into the sanitary sewage system, replacing parts of the cooling water system to recycle once-
through cooling water, and changing operations to eliminate discharges from 13 outfalls. When
the industrial effluent discharge has been eliminated, these outfalls will be removed from the
NPDES permit. The existing piping from the effluent source to the discharge point will be remov-
ed or plugged. The reader is referred to DOE'’s environmental assessment for effluent reduction
(DOE 1996b) for a detailed description of the activities being undertaken and an evaluation of
consequences.

3.5.1.2  Nonhazardous Solid Waste

Office and cafeteria trash are collected by compactor trucks and delivered to the Los Alamos
County landfill. LANL contributed 22% [2,649 tons (2,402,643 kg)] of the total quantity of trash
disposed at the landfill during calendar year (CY) 1995; the remainder came from the county and
the City of Espafiola. LANL also sent 5,689 tons (5,160,000 kg) of concrete/rubble, 776 tons
(704,000 kg) of construction and demolition debris, 82 tons (74,000 kg) of brush for composting,
and 45 tons (41,000 kg) of metal for recycling to the landfill construction and demolition area
during CY95. Table 3-8 presents a summary of the materials collected by JCI at LANL’s salvage
yard during FY95 and sold to area dealers in recycled materials.

Administratively controlled nonhazardous and nonradioactive wastes are disposed in Area J, a
controlled location at TA-54. These wastes include, but are not limited to, classified waste, sensi-
tive waste, special wastes defined by the State of New Mexico, and empty containers whose capa-
city is greater than 30 gal. (113 L). New Mexico special wastes include treated, formerly character-
istic (before treatment) hazardous wastes (Section 3.5.2). Classified waste is any classified mate-
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TABLE 3-8

QUANTITIES OF WASTE RECYCLED BY JCI IN FY95
Waste Material Pounds Kilograms
Paper 759,720 345,327
Photographic film 2,200 1,000
Lead w/steel 53,533 24,333
Lead acid batteries 25,365 11,530
Electric cable 16,091 7,314
Aluminum shavings 2,210 1,005
Scrap steel/tin/iron 681,310 309,969
Aluminum solid 71,800 32,636
Copper 1,604 729
Stainless steel 3,590 1,632
Brass 110 50
Tires 16,400 7,455
Waste oil 214,345 97,430
Flammable liquids 115,837 52,653
Chemicals 35,257 16,026
Mercury light bulbs 3,164 1,438
Gas cylinders 2,770 1,259
Phone books 12,200 5,645

rial that has been determined to be waste. In CY95, the landfill at Area J received and disposed of
128 yd® (~98 m°) of solid, administratively controlled wastes.

Regulations for use or disposal of sewage (EPA 1996) establish numerical, management, and op-
erational standards for using sewage as fertilizer or for surface disposal. Under these regulations,
LANL is required to collect representative samples of sewage sludge to demonstrate that it is not
a hazardous waste and that it meets LANL’s administrative requirements (LANL 1995b). During
1995, the Sanitary Waste System Consolidation Plant generated approximately 38 dry tons
(34,500 kg) of sewage sludge. Analytical monitoring demonstrated 100% compliance with mini-
mum federal and Laboratory standards for land application. In June 1995, the Groundwater Pro-
tection and Remediation Bureau of the NMED approved LANL’s groundwater discharge plan ap-
plication to apply dried sanitary sludge from the TA-46 Sanitary Waste System Consolidation Plant
for a period of five years. The sewage sludge landfill is operated by the county.

3.5.2 Hazardous Wastes

Hazardous wastes at LANL include gases, liquids, and solids such as compressed-gas cylinders
containing combustible gases; acids, bases, and solvents; out-of-date laboratory chemicals; and
lead bricks. At present, no disposal facility for hazardous chemical waste exists at LANL. Hazard-
ous wastes are shipped offsite for further treatment and disposal to facilities designated in accord-
ance with the Resource Conservation and Recovery Act (RCRA). The Laboratory managed ap-
proximately 2,554,359 Ib (1,158,638 kg) of RCRA hazardous waste in CY95.

3.5.2.1 Hazardous Liquid Wastes
Incompatible drums of liquid chemical wastes are segregated, temporarily stored (accumulated) at

Area L in TA-54, and sent offsite for treatment and disposal. For example, during 1995, the last 7
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high-concentration (>500 ppm) PCB transformers were replaced with non-PCB transformers. The
liquid from the old transformers was stored at Area L until it could be shipped for treatment and dis-
posal. During 1995, LANL shipped 10 loads of PCB waste, totaling about 3.1 million pounds (1.4
million kilograms).

LANL also generates wastewater contaminated with HE. DOE has decided to filter and recycle this
HE wastewater and is currently installing the necessary filtering and recycling equipment. in
addition to installing new equipment, water-sealed vacuum pumps and wet HE collection systems
are being replaced by equipment that does not use water. These actions will reduce the amount
of water used in HE processing [about 131 thousand gallons (494 thousand liters) per year] by
approximately 99%. This decision was made to improve management of wastewater from high ex-
plosives R&D and to meet current and future regulatory standards for wastewater discharge.

To process HE wastewater, solvents will be extracted at the processing facility at TA-16. Then, the
HE wastewater will be transferred for filtering and recycling to the new treatment facility adjacent to
the existing treatment facility. HE wastewater will be trucked, as needed, to the new facility. For a
detailed description of the wastewater treatment system upgrade and impacts associated with its
installation and use, the reader is referred to DOE’s environmental assessment for the HE waste-
water treatment facility at Los Alamos (DOE 1995b). Sources of non-HE industrial wastewater are
being eliminated from HE-processing areas. HE is currently being removed from outfall piping,
and storm water will be allowed to discharge through the decontaminated pipes.

3.5.2.2 Hazardous Solid Wastes

Most hazardous solid waste, including asbestos, gas cylinders, solid PCB wastes, and small-
quantity [5-gal. (19-L)] waste lab packs, is shipped offsite for treatment and disposal. A transfer
station for asbestos wastes is located at Area J pursuant to NMED regulations. Oil-contaminated
soils are land-farmed at Area J under an interim permit from NMED.

LANL also generates solid HE wastes. These wastes are collected, packaged, and transported to
locations on Laboratory property for open burning. New Mexico regulations allow DOE and LANL
to burn waste explosives. In 1995, LANL had five open-burning permits: one for burning jet fuel
and wood used in ordnance testing at K Site (TA-11); one each for burning explosive-contaminat-
ed materials at TAs-14, -16, and -39; and one for burning explosive-contaminated wood at TA-36.

3.5.3 Radioactive Wastes

Radioactive wastes are divided into three main waste types: LLW, TRU waste, and high-level
waste (HLW).

* | LW is defined as waste that contains radioactive material that is not classified as high-level,
TRU waste, spent nuclear fuel, tailings from milling uranium or thorium ore, or by-product
material (DOE 1988). Test specimens of fissionable material that have been irradiated tor
R&D may be classified as LLW, provided that the concentration of TRU elements is less
than 100 nCi/g of waste at the time of assay (DOE 1988). Fissionable material generated
during the production of power or plutonium does not qualify as LLW.

* TRU is defined as radioactive waste that contains alpha-emitting radionuclides with an atomic
number (number of neutrons) greater than uranium (i.e., transuranic), half-lives greater than
20 years, and concentrations greater than 100 nCi/g of waste. The major radioactive con-
taminants in TRU wastes at LANL are plutonium and americium.

* HLW is defined as radioactive waste generated by chemically reprocessing spent nuclear
reactor fuels. HLW includes liquid waste produced directly from reprocessing and solid
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wastes derived from the liquid. It contains a combination of transuranic and fission product
nuclides in quantities that require permanent isolation. No HLW currently exists at LANL.
When the Omega West Reactor was decommissioned, the fuel elements were removed
and shipped to the Idaho National Engineering Laboratory for reprocessing and storage.

3.5.3.1 Low-Level Waste

LLW is further categorized by its physical and chemical characteristics. The various waste types
are distinguished by waste codes and include plastics, cellulosics (such as paper and rags), nitrate
salts, evaporator bottoms, combustible trash, waste metals, contaminated process instrumenta-
tion, radiation protection clothing, demolition debris from decommissioning activities, and contam-
inated soils and debris from environmental cleanup activities. Approximately 60 types of LLW are
generated, which are grouped into larger treatability groups whose physical or chemical attributes
affect treatment and disposal strategies. Less than 1% of LLW requires special handling and
shielding to protect workers and the public (e.g., LLW and TRU wastes require remote handling
only when the external exposure rate at the surface of the waste container exceeds 200 mrem/
hr).

LLW at LANL includes

* solid waste contaminated with radioactive materials, including plutonium, americium, uran-
ium, or tritium from weapons design and test work;

* waste tracers and medical isotopes from scientific studies;

* mixed fission materials from nuclear energy work; and

* activation products from physics experiments. (Activation products are formed when a sub-
stance is struck by protons or neutrons and the atoms of the original substance are convert-
ed to other unstable radioactive elements.)

In CY95, approximately 107,072 ft* (3,032 m®) of LLW were managed at LANL.
3.5.3.2 Transuranic Waste

About 95% of the TRU waste at LANL is mixed TRU waste. Because both TRU and mixed TRU
waste are managed together, they are collectively referred to as TRU waste. Distinctions are made
between the two only when necessary.

TRU waste at LANL consists of rags, equipment, solidified wastewater treatment sludge, paper,
and protective clothing. Facility and program managers are responsible for minimizing the amount
of TRU waste they generate and for characterizing those wastes generated. Waste Management
Operations accepts responsibility for these wastes once they have been characterized. The
characterization of wastes already in storage is the responsibility of waste management per-
sonnel. In 1995, less than 3,353 ft* (95 m®) of newly generated TRU waste required management
by LANL.

TRU wastes at LANL that require management are

* TRU wastes generated from operations and research activities (primarily from TA-55 and
CMRY);

* TRU wastes generated by cleanup efforts of the Environmental Restoration Program;

* TRU wastes currently stored in domes at TA-54; and

* legacy TRU wastes stored under earthen cover on Pads 1, 2, and 4 at TA-54.
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The management scheme for TRU waste is to store it at TA-54 pending shipment to the Waste
isolation Pilot Plant in Carisbad, New Mexico. At present, approximately 13,000 containers are
stored in fabric-covered domes, and another 17,000 containers are stored under earthen cover
on Pads 1, 2, and 4 at Area G. Under the Transuranic Waste Inspectable Storage Project, the latter
will be retrieved, repackaged if necessary, cleaned, characterized, and placed in new storage
domes to await shipment to the Waste Isolation Pilot Plant.

3.5.3.3 Radioactive Liquid Wastes

Radioactive liquid waste, either LLW or TRU, is generated by a variety of chemical and production
activities conducted at 17 different facilities. Generators of radioactive liquid waste are responsible
for minimizing the amounts of waste that they generate and for characterizing those wastes. Most
of this waste is transferred by direct pipeline from the generator to the treatment equipment in the
RLWTF at TA-50. The remaining radioactive liquid waste is transferred to the RLWTF via truck.
Limited quantities of radioactive liquid waste from buildings located at TA-21 are treated at TA-21
on an as-needed basis.

To comply with current and future regulatory requirements, DOE is actively pursuing a long-term
strategy for maintaining a radioactive liquid waste treatment capability at LANL. This strategy in-
volves (1) a series of upgrades and modifications of the existing process and (2) use of new
“state-of-the-art” process equipment. Currently under discussion is a new process building at TA-
50 adjacent to RLWTF that will house the newer treatment technologies (ultrafiltration and reverse
osmosis). This approach eliminates most chemicals released by the existing process and will com-
ply with NMED’s discharge limits for nitrates.

3.5.3.4 Radioactive Solid Wastes

Sludge from the RLWTF chemical treatment process is managed as either LLW or TRU waste. The
sludge is dewatered, drummed, and sent to TA-54 for disposal. Radioactive asbestos and asbes-
tos suspected of being contaminated with radioactive material continue to be disposed at a mono-
fill disposal cell at Area G. Contaminated lead bricks are subjected to a grit blast and subsequent
water wash at TA-50 to remove radioactive contamination. The bricks are then reused, and spent
grit is packaged as solid LLW or TRU waste. Wash solutions are drummed, sampled, and transport-
ed to the RLWTF for treatment. Bulky metallic TRU wastes, such as large gloveboxes, are section-
ed and repackaged in a ventilated enclosure at the Waste Characterization, Reduction, and Re-
packaging Facility at TA-50.

3.5.4 Mixed Wastes

When a radioactive waste (LLW, TRU, or HLW) contains a hazardous substance as defined by
RCRA, the waste is referred to as “mixed.” Mixed wastes make up the smallest volumes of wastes
managed at LANL. These wastes take the physical form of solids, liquids, and compressed gases
(such as hydrogen with a tracer radioactive isotope). The gases are contained in cylinders. Exam-
ples of low-level mixed wastes include tritiated mercury, radioactively contaminated lead shielding,
and solid chemicals that react violently with water. Other mixed wastes generated at LANL include
radioactive asbestos wastes and radioactive PCB wastes. All mixed wastes are characterized by
the generator, then collected by waste management personnel and transported to Area L for sort-
ing and packaging. Wastes are segregated by type and are stored in roofed facilities.

3.5.4.1 Liquid ‘Mixed Wastes
Liquid mixed wastes generated at L ANL include contaminated solvents, oils, and spent solutions

from electroplating operations. Liquid mixed wastes are collected at the generating facilities and
are transported to Area L for storage pending the availability of offsite commercial treatment or de-
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velopment of technologies to treat those wastes that cannot be treated by the commercial sector.
During 1995, LANL disposed of 35 Ib (16 kg) of mixed liquid LLW—a liquid LLW with PCB con-
tamination—that required special handling.

3.5.4.2 Solid Mixed Wastes

TRU mixed wastes at LANL are solids. The major hazardous component is solvents or toxic heavy
metals such as cadmium or lead. Solid low-level mixed waste generated at LANL is collected at the
generating facilities, packaged, and transported for storage in one parn of Area G. These wastes
may be relocated to Area L as the backlog of mixed wastes is shipped offsite over the next 10
years after offsite commercial treatment or development of technologies to treat those wastes that
cannot be treated by the commercial sector become available. Radioactive asbestos wastes and
solid radioactive PCB wastes are disposed in shafts at Area G instead of at Area L.

3.6 Roads and Grounds

DOE, either directly or through LANL, has built and maintains its own roads and associated infra-
structure. DOE has taken this approach because access must be contiolled when nuclear mate-
rials are being moved and the county tax base does not support the additional work that would be
required if these roads were given to the county.

3.6.1 BRoad Maintenance and Construction

LANL'’s general contractor, JCI, is responsible for maintaining Laboratory roads and grounds, in-
cluding paving, signage, striping, traffic signals, landscaping, and parking lots. The contractor is
also charged with removing snow and sanding after major storms. The general scope of road main-
tenance covers inspecting and maintaining

* 85 mi (140 km) of asphalt- and concrete-paved roadway with a surface area of about 1.5
million yd? (1.2 million m?);

* 12 million square yards (10 million square meters) of asphalt- and concrete-paved parking
areas;

* 68,000 linear feet (20,700 m) of concrete and asphalt sidewalk;

* 83,000 linear feet (25,300 m) of guard rail;

*» 1,800 traffic signs, 30 signs indicating technical areas, and 10,000 “No Trespassing” signs;
and

* 8 traffic signals.

Road maintenance is based on a five-year plan of preventive maintenance and on springtime road
condition surveys. Roads and parking areas within LANL boundaries are constructed and main-
tained by JCI and other contractors. Roads outside LANL boundaries are constructed and main-
tained by the State Highway and Transportation Department and the Forest Service. Roads and
parking areas proposed for construction (inside LANL boundaries) are surveyed for right-of-way,
archaeological resources, and potentially contaminated areas. After these surveys have been
completed and the appropriate mitigation measures have been taken, engineering designs and
excavation permits for clearing and grading the right-of-way are prepared. LANL then issues a
start-work order to JCI for construction. Adequate road base and paving materials are installed and
compacted, followed by surface treatment, if necessary, in accordance with New Mexico State
Highway and Transportation Department specifications.

Occasionally, traffic safety upgrades are needed to bring an existing road into compliance with

current DOE traffic design standards. These upgrades may include widening traffic lanes; adding
turning, deceleration, and acceleration lanes; establishing carpool turnouts; and adding base
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course to roadway shoulders. These improvements and ongoing maintenance improve traffic
safety, thereby reducing the opportunity for accidents involving nuclear materials.

3.6.2 Ground Keeping

Ground-keeping activities are required for open areas (lawns, areas between buildings, shoulders
of roadways, fire breaks, etc.). JCI provides these services, which include maintaining and operat-
ing sprinkler systems, applying fertilizer, mowing, weeding, controlling pests, installing industrial
tencing, and managing storm water to control erosion. In accordance with the Federal Insecti- -
cide, Fungicide, and Rodenticide Act, JCI maintains a state-certified control officer, who oversees
the storage, use, and disposal of pest and weed control chemicals in accordance with Department
of Agriculture regulations.

JCI, in association with the Centers for Disease Control, also provides a state-certified wildlife
officer to oversee capture of problem animals for testing (for example, deer mice to be tested for
hantavirus). The wildlife officer also oversees retrieval and disposal of dead animals from Laborato-
ry facilities, roads, and grounds.

Because of the threat from wildfire, DOE requires interagency cooperation among LANL, the For-
est Service, and Bureau of Indian Affairs. Through this process, firebreaks are established and
maintained to protect LANL facilities. JCI provides the equipment and manpower to cut and main-
tain these firebreaks.

3.6.3 Batch Plant

JCI maintains an asphalt batch plant for smaller road construction projects and repairs. The batch
plant is equipped with a wet scrubbing system to minimize air emissions. Asphalt is prepared in ac-
cordance with New Mexico State Highway and Transportation Department specifications and is
delivered by truck to each job site as needed. For larger projects, LANL also purchases asphalt
hot mix from a local supplier.

3.6.4 Heavy-Equipment Shops

JCI's heavy-equipment shops contain all equipment necessary for new road construction,
grounds and road maintenance, and snow removal. These shops also maintain and repair all
heavy equipment.

3.7 Packaging and Transportation

Packaging and transportation both on and off the Laboratory site take place in accordance with ap-
plicable regulatory requirements of the DOT; DOE; EPA,; International Civil Aviation Organization;
International Air Transport Association; NRC; and state, local, and tribal laws. To meet these re-
quirements, LANL maintains the appropriate documentation (shipping manifests, bills of lading,
etc.), defines emergency response procedures, establishes packaging requirements, conducts
training, determines driver qualifications, arranges for vehicle placarding, and provides for occur-
rence reporting and assessment. In addition, all packages are certified according to test perform-
ance criteria defined by the DOT and NRC to meet containment requirements based on the types,
activity, form, and consistency of hazardous material. Special provisions for packaging or transpor-
tation require DOE approval.

3.7.1 Onsite Shipments

Vehicles owned by the General Services Administration and DOE are used for onsite shipments.
Vehicle and driver requirements, including the requirements for maintaining and inspecting com-
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mercial motor vehicles, conform with Federal Motor Carrier Safety regulations. Drivers are required
to have commerecial licenses for specific types of vehicles and materials, must undergo random al-
cohol and drug testing, and must participate in periodic training. LANL maintains driver qualifica-
tion files that document this training and testing.

3.7.2 Offsite Shipments

In December 1995, DOT became the regulatory agency primarily responsible for offsite hazardous
materials shipments, as defined in the Code of Federal Regulations, Title 49 (DOT 1996). DOE
orders on transportation generally require compliance with DOT requirements for offsite transpor-
tation, including shipments made by air or water. LANL uses “best available mode of transporta-
tion” for all offsite shipments; this requirement addresses package selection, marking, labeling,
loading, and tie-down requirements; cost; vehicle and driver requirements; and includes other
special provisions. When shipping radioactive materials, LANL also provides for monitoring.

3.8 Communications

Laboratory communications systems include mail service, telephone service, and electronic com-
munications service via computer networks.

3.8.1 Mail Service

LANL maintains its own post office with a dedicated zip code (87545). This post office collects,
sorts, and delivers Laboratory mail to the entire site. The mail includes all letters, packages, and
items shipped to LANL by any mail carrier (e.g., the US Postal Service, United Parcel Service,
common courier). Incoming mail is sorted and routed to internal mail stops via 14 mail routes. Mail
delivery is coordinated with deliveries of small purchased items. When no mail stops are identified,
the mailroom searches LANL's work force database to locate addressees. Typical mail volumes are
shown in Table 3-9.

TABLE 3-9

MAIL VOLUMES AND CARRIERS

Pieces Handled Volumes
Outgoing Mail 42,000-61,000 pieces per
month
Incoming Mail 650,000-990,000 per
month
Carriers Percents
USPS First Class 48
USPS Bulk 25
DHL* First Class 17
Other 10

*DHL is the corporate name of a private mail carrier used for international mail.

All classified mail is transported in locked bags and handled separately in a dedicated sorting area.
Outgoing mail is sorted and posted in accordance with postal regulations. Outgoing certified,
registered, postal express, foreign express, and insured mail is logged. Postage costs about
$400,000 annually.
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3.8.2 Phone System

In October 1992, LANL contracted with US West Communications Federal Services to design,
implement, and operate the Los Alamos Integrated Communications System. The system in-
cludes

integrated voice and data telephone services for the entire Laboratory,
fiber-optic infrastructure for Laboratory-wide, high-speed data communications,
teleservices such as an on-line electronic directory and voice mail, and - -
modermnization and reinforcement work order processing for faster serviee.

The foundation of this communications system is a Laboratory-wide fiber-optic transmission sys-
tem placed in service in May 1994. The system is arrayed in a star topology, the center of which is
the Laboratory Data Communications Center (LDCC) at TA-3. The LDCC node serves users in TA-
3, the townsite, and White Rock. The rest of LANL is served by remote nodes located at

* TA-16 (serving the areas between S Site and TA-39 in Ancho Canyon),
* TA-50 (serving users along Pajarito Road), and
» TA-53 LANSCE.

The remote nodes are connected to the LDCC by single-mode, fiber-optic cables. Each cable
has 144 fibers, and each fiber is capable of transmission rates in excess of 1.5 gigabits per sec-
ond. A total of over 9 mi (14.5 km) of fiber cables are installed in an underground concrete-encas-
ed duct.

Layered on the transmission system is an AT&T-distributed telephone-switching system. All
16,800 Laboratory telephone subscribers receive service from the switch. Laboratory users are
able to place simultaneous voice and data calls through a common telephone instrument over
common wires. Voice mail was installed with basic “answering-machine” and “message-store-and-
forward” features. Networking with similar voice mail systems at other DOE sites is being investi-
gated.

The AT&T switch is connected to the outside world through 360 local US West trunks and 120
long-distance (Federal Telecommunications System) trunks, of which 24 are dedicated to incom-
ing 800 calls. Other teleservices provided by the integrated communications system include an
online directory service, an enhanced 911 emergency service call-routing system, and a compre-
hensive telemanagement system.

3.8.3 Computer Network

The integrated computing network (ICN) is LANL’s primary computer network. It provides con-
trolled access to and support for a wide variety of computing resources. The ICN has two major
partitions: the open partition for processing unclassified information (available to the general pub-
lic) and the closed partition for processing classified information (restricted access). The World-
Wide Web provides access to the open partition. The electronic front door to LANL is LANL’s
home page (http:// www.lanl.gov).

Three major realms of network computing occur at LANL:
» The “Internet-only” reaim, which handles E-mail, local computer programs, electronic data-

bases, and other electronic information that LANL makes available to workers and the gen-
eral public. This realm is supported by computers (servers) dedicated to unclassified work.
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« The “administrative” realm in which dedicated administrative computers (servers) provide ac-
cess to institutional data. This reaim includes the Laboratory’s data warehouse, protected
databases (property and employee information, financial information, etc.), and al of the
Labwide functions (e.g., time-and-effort reporting and financial reporting). A smart card and
an ICN password are generally required for access.

» The “computer server” realm focuses on providing access to large mainframe machines,
supercomputers, and work station clusters. An ICN password is required for access.

All computer users at LANL are trained in computer security. All Laboratory computers, computing
systems, and their associated communication systems are used only for official business and are
protected in accordance with property protection and security rules. Software must be legally pro-
cured, and records of ownership and proof of license must be maintained. Duplication of copy-
righted or proprietary software must be authorized.

3.9 Safeguards and Security

LANL conducts safeguards and security operations to protect national security interests, propri-
etary information, personnel, property, and the general public. ltems needing physical protection
include SNM,; vital equipment; and sensitive information, property, and facilities. Physical protec-
tion strategies are based on a graded approach involving threat analysis, risk assessments, and
cost/benefit analysis.

At LANL, special nuclear materials (the nuclear materials used in weapons and referred to as SNM)
are rigorously controlled and accounted for to ensure proper management and adequate safe-
guards. DOE Orders 5632 (1994a) and 5633.3B (DOE 1994b) require LANL to have a stringent
materials control and accountability system that deters, prevents, detects, and responds to unau-
thorized use, possession, or sabotage of these materials. SNM is tracked by the inventory and
storage system from the time it enters LANL until it leaves. To protect SNM, LANL uses perimeter
security fences and access control stations that limit access to those individuals who have the
proper level of security clearance (DOE Q) and a work assignment requiring access. In addition,
LANL’s protective force guards and others are trained to respond to threats and emergencies.

Six materials access areas have been designated when the quantities and uses of SNM dictate
that special precautions be taken. Special protective areas called vaults are available to store
these materials when they are not in use. These vaults are shielded to protect personnel from
radiation and are locked to prevent unauthorized access. In addition, they are constructed to
retain their integrity in case of external impacts such as fire and earthquake.

Organizations at LANL that have and use SNM or other nuclear materials appoint a nuclear mate-
rials custodian. This person is responsible for maintaining records on quantities and locations of
nuclear materials and for providing safe storage locations. A computer-based accountability, con-
trol, and management system operates across LANL to provide

* near real-time tracking of nuclear material,

* an internal database for tracking inventories,
« early detection of inventory inconsistencies,
* a measurement control database,

* materials management features,

* access to reports, and

* inventory and transaction audit trails.

Besides the computer-based inventory, a physical inventory program requires physical verification
of the records on a scheduled basis.
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SNM transfers between facilities at LANL and external to LANL are tracked through the Material
Control and Accountability System. As needed, protective force personnel and armored vehicles
provide protection from external theft and sabotage during onsite transfer operations.

The overall safeguards and security system was designed to protect against credible threats,
which include compromise, loss, theft, diversion, espionage, sabotage, and other malevolent or
inadvertent acts that may cause unacceptable risks to national security, employee or public health
and safety, and/or the environment. LANL provides these services by maintaining comprehen-
sive programs in physical security and property protection (including guard forces and use of DOE
identification badges with clearance levels and special-access authorizations), nuclear material
control and accountability, personnel security assurance, computing and communications secur-
ity, and personnel/information security.

Protection strategies are based on the following:

* vulnerability of assembled or partially assembled nuclear weapons or test devices to malevo-
lent acts;

* vulnerability of SNM, vital equipment or facilities, or sensitive matter to malevolent acts;

* importance of facilities to overall DOE missions and costs of replacement, the classification
level of the matter, and the impact of its loss or compromise on national security;

* potential effects of a malevolent act on the health and safety of employees, the environ-
ment, or the public;

* the need for compartmentalization of safeguards and security interests; and

* the need for efficient and cost-effective methods for protecting the safeguards and security
interests, based on DOE orders and performance tests.

Physical security is maintained by a comprehensive program that uses physical barriers and guard
forces coupled with electronic systems. For example, the materal control and accountability sys-
tem tracks nuclear material from its entry into LANL, through its movement within, and shipment
from LANL. Physical barriers and guards restrict access to these materials.

LANL works with DOE through jointly sponsored initiatives (e.g., working groups, task forces, and
self-assessments) to update and improve its safeguards and security operations. Based on these
interactions, the Laboratory has initiated and is commitied to the following improvements in safe-
guards and security:

* quality management practices that provide innovative, creative, and credible safeguards and
security;

* consolidation (and, where practical, reduction) of safeguards and security interests;

* increased use of technologies (such as automated access and automated validation sys-
tems) that promote more cost-effective, efficient, and reliable safeguards and security op-
erations;

* standardized protection systems, including physical restraints, guard force weapons, alam
systems, and computer hardware; and

* training that provides a well-qualified and knowledgeable guard force.

3.9.1 Information Security

Some information produced or received at LANL is classified and requires protection because of
national security interests. LANL reviews this information to determine the proper level of classifi-
cation, restrictions on use, and/or the extent to which the information may be disseminated or
must be protected. Safes and vaults are used to protect sensitive, classified, and proprietary in-
formation. Persons wishing to use this information must have the appropriate level of DOE securi-
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ty clearance and a legitimate need to know. Information about salaries, performance evaluations,
and medical conditions, including radiation exposures, is also protected.

3.9.2 Guard Force

LANL maintains an onsite security force, currently through the services of PTLA, which provides
trained personnel to man security checkpoints that restrict admission to properly qualified indivi-
duals. PTLA also provides amtmed guards in special vehicles to escort certain nuclear materials
being moved over public roads within LANL boundaries, as well as armed guards to monitor vehi-
cles entering secure areas and to respond to unauthorized activities and/or other situations that
place SNM at risk. 5
Training and fithess requirements for the PTLA guard force include a mandatory exercise and
fitness program and a mandatory marksmanship program for which the Laboratory provides a
small-arms practice range. PTLA personnel are also trained in emergency response, including
antiterrorist tactics. In cooperation with the Los Alamos County Police Force, the local hospital,
and other organizations, PTLA stages one or more simulated emergency exercises, such as vehi-
cle accidents with multiple injuries and/or release of radioactive or hazardous material release.

LANL controls PTLA’s budget and prioritizes its tasks and activities based on requirements deriv-
ed from operational and programmatic needs; DOE orders; and safety, health, and environmental
requirements. PTLA provides the necessary managerial, technical, professional staff, and guard
force to provide quality, cost-effective services and to create and foster a safe work environment.

PTLA operates under established policies and procedures. lts duties include monitoring alarms,
dispatching response, validating actions and conditions, and transferring 911 calls to other agen-
cies as appropriate. Following a response, LANL conducts an inquiry to determine whether evi-
dence indicates that a theft or vandalism has occurred. If it has, LANL contacts the appropriate law
enforcement agency (in most cases, the Los Alamos Police Department). When appropriate,
LANL also notifies the Federal Bureau of Investigation and DOE’s Inspector General. Most inci-
dents are administratively resolved through supervisors and the Laboratory’s Human Resources
Division.

3.9.3 Police Force

The Los Alamos Police Department handles general law enforcement at LANL. The department
responds to LANL needs by investigating criminal activity, issuing citations, arresting suspects,
and forwarding cases to the Los Alamos County legal system for prosecution.

3.10 Emergency Management and Response

In accordance with federal regulations, LANL has an institutional emergency planning, prepared-
ness, and response program. Personnel are available on a 24-h/day basis for emergencies, and
they provide a 24-h/day notification service for all Laboratory employees and their families, any-
where in the world, should assistance be needed. The Emergency Management and Response
(EM&R) Program equips and trains both a Crisis Negotiations Team and a Hazardous Devices
Team. The EM&R Program provides for an Emergency Operations Center 24 h/day to coordinate
emergency responses and maintains an alternate emergency operations center as required by
DOE. To effectively operate during an emergency, EM&R personnel have established memo-
randa of understanding among DOE, Los Alamos County, and the State of New Mexico to provide
mutual assistance during emergencies and to provide open access to medical facilities. In addi-
tion, the program supports development and deployment of a DOE-directed, complex-wide data-
handling and display system.
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To assist emergency responders, the EM&R Program maintains a database with facility-specific
information such as building managers, phone numbers, building locations, and chemicals of con-
cern. In addition, the EM&R Program has an emergency management plan that contains all pro-
cedures for mitigating emergencies and collecting response data.

LANL has its own fully trained Hazardous Materials (HAZMAT) Team of approximately 18 mem-
bers, which is fully equipped to handle large spills and events. The HAZMAT Team responds to
emergencies at LANL through the EM&R Office and to emergencies offsite through mutual-aid
agreements with DOE and the State of New Mexico. The HAZMAT Team maintains a staff of fully
trained personnel to call as auxiliary members, should they be needed.

LANL also has a Spill Prevention Control and Countermeasures Plan to meet the regulatory re-
quirements of the EPA and NMED that pertain to pollution from oil and hazardous chemical spills.
The plan ensures that adequate prevention and response measures are provided to prevent oil
and chemical spills from reaching a water course. In addition to requiring secondary containment
for all aboveground storage tanks, the plan provides for spill control at drum and container stor-
age, transfer, and loading/unloading areas. Either the HAZMAT Team or the Health Physics Oper-
ations Group responds to chemical spills and mixed (radioactive and hazardous) spills.

3.11 Fire Protection

LANL's fire protection program ensures that personnel and property are adequately protected
against fire and related incidents. The program is directed at all aspects of traditional fire protec-
tion, wildland fire prevention, and life safety as detailed in the National Fire Protection Association
code.

This program is carried out in five areas:

+ fire protection engineering, such as loss prevention assessments;

* fire protection document review to ensure that proposed facilities and workers are protected
against any life safety or fire hazards;

* fire protection system maintenance oversight to ensure that protection systems, once in-
stalled, are properly maintained so that they operate correctly in an emergency;

+ fire protection inspection program to monitor installed safety systems for changes in con-

ditions that affect readiness; and

fire department oversight to ensure that LANL receives necessary and adequate services

from the DOE-funded fire department.

DOE contracts with Los Alamos County under a government-owned, county-operated prime con-
tract for fire department services, which covers a geographic fire services area that includes the
county, the townsite, and the Laboratory. All equipment and facilities are government-owned, ak
though fire department personnel are county employees. The Los Alamos Fire Department pro-
vides fire suppression, medical/rescue, wildland fire suppression, and fire prevention services to
the fire services area. Five continuously manned fire stations are located on government proper-
ty, including two at LANL, and a training facility at the fire department headquarters. An additional
reserve station and training facility on DP Road, not continuously manned, may dispatch firefight-
ers when it is occupied. DOE-LAAO and the Laboratory provide contract administration and
technical oversight.
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4.0 LOS ALAMOS NATIONAL LABORATORY’'S TECHNICAL AREAS AND FACIL-
ITIES

The concept of technical areas (TAs) was implemented during the first five years of the Laborato-
ry’s existence; however, the early TA designations did not cover all lands inside the Laboratory's
boundary, and, in the early 1980s, LANL revamped the TA-numbering system to provide com-
plete coverage. Because all TAs received new numbers, a correlation between the historic sys-
tem and the new numbering system does not exist. In addition, in the new system, some num-
bers were reserved for future TAs. -

LANL has both active TAs (places where work is performed) and inactive TAs (areas that are no
longer in use and from which the buildings have been removed). Some active TAs contain inac-
tive buildings and/or sites with residual contamination (chemical, radioactive, or both) from past
operations. The Environmental Restoration Program is addressing the contamination present at
inactive TAs and inactive portions of active TAs as legacy contamination. Sites with legacy con-
tamination are typically referred to as solid waste management units (LANL 1992).

The land controlled by LANL is divided into 49 separate TAs (Figure 1-2), two ot which do not be-
long to DOE. TA-0, the townsite, belongs to Los County, and TA-57 is the Fenton Hill site, which
belongs to the US Forest Service. Together, these TAs compose the basic geographic config-
uration of the Laboratory. TA-3, located on South Mesa, is the main technical area, where ap-
proximately one-half the total LANL workforce is located. TA-3 serves as the central technical,
administrative, and physical support tacility for LANL. The remaining TAs contain research and
development facilities or production facilities. However, most of the land in many of these TAs is
undeveloped to provide a buffer for security, safety, and possible expansion. The Fenton Hill
Site, which is located ~28 mi (~45 km) west of Los Alamos), is the Laboratory’s only remotely lo-
cated site.

4.1 Background

TAs were set up to facilitate administration of related functions, enhance security, provide safe
distances between dynamic experiments, and isolate various program elements. For example,
some TAs (such as the firing sites) require a great deal of space to protect people from shrapnel
and other energetic releases, and some TAs (such as locations where nuclear-weapon-like as-
semblies are made) require isolation from public view for security purposes. Other TAs require
ready access to neighboring TAs in which related activities are conducted (e.g., to minimize
movement of hazardous materials).

Because all TAs have operations that pose some risk either to the workers, public, and/or local en-
virons, LANL uses a risk-based system to categorize its facilities. Non-nuclear facilities are rated as
low-, moderate-, or high-risk, and nuclear facilities are rated as Category 1, 2, or 3. These classi-
fications limit the type of work that can be performed in a given building or facility.

Not all activities fit well into this system. For example, some work is done outside buildings at spe-
cialized facilities (firing sites, buming grounds, etc.), and DOE's nuclear facilities categories do not
include all radioactive material. In addition, the definition of a facility tends to be site-specific and
varies somewhat within LANL. Typically, a facility is a group of structures, systems, and equipment
that are related by function, activity, or location and that serve a particular purpose, capability, or
mission. Facilities include the utility supply and distribution systems and other support infrastruc-
tures.
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Many of LANL'’s technical areas and facilities are vital to the continued implementation of assigned
operations. Some facilities support the national security mission of stockpile stewardship and
management and disposition of weapons-usable fissile materials. Others support high-energy
physics, waste management, and R&D such as materials research, radiochemistry, and health re-
search. These facilities also have the greatest potential for affecting the environment and gener-
ating public interest. In addition, LANL contains several facilities with unique characteristics (one
of a kind or not easily duplicated). These facilities include the TA-55 Plutonium Facility, the LDCC,
LANSCE, CMR, the Material Science Laboratory, and the Health Research Laboratory.

As explained in Chapter 2, Laboratory staff knowledge is combined with facility capacities and
characteristics (buildings or aggregations of buildings that house equipment) o perform research
and development work. When a new project or activity is proposed for the Laboratory, facility man-
agers and environment, safety, and health professionals evaluate the anticipated operations, pro-
cesses, and types of materials (e.g., hazardous, radioactive) to be used. The proposed location
of the new project or activity is also evaluated to determine whether the location(s) are suitable.
Suitability is based on many factors, including the safety envelope of the facility, which limits the
type of work and hazards that can be supported. An individual project or technical task may be lo-
cated in one facility or, more likely, involve activities at more than one TA, facility, or building.

4.2 Hazard Classifications of Facilities

All LANL facilities, whether proposed, under construction, preoperational, operational, or idle,
DOE-owned or leased, temporary or permanent, occupied or unoccupied have been categorized
according to hazards inherent to their actual operations or planned use. If the operations do not
fall into one or more of the nuclear or non-nuclear hazard classifications, the facility is categorized
as “no hazard.”

The first step taken in categorizing a facility is segregating the facility by function. A screening
methodology is used to sort the various facilities based on work processes or operations perform-
ed. Using this system, the Laboratory has first categorized facilities as follows:

Administrative/Technical—facilities used for Laboratory support functions, which include the Di-
rector’s Office, Comptroller, Human Resources, BUS, FSS, ESH, and communications.

Public/Corporate Access—facilities, both restricted and unrestricted, that allow public and corpor-
ate access and use, including such facilities as the R. J. Oppenheimer Study Center, Bradbury
Science Museum, and special research centers.

Theoretical/Computational—facilities such as computer centers used for theoretical and computa-
tional functions for both classified and unclassified work.

Experimental Science—{acilities used for such experimental functions as accelerator, fusion, and
laser R&D and testing and multiuse experiments.

Waste Management—facilities used for WM activities such as storage, treatment, and/or disposal
of low-level, transuranic, hazardous, and mixed wastes.

Special Nuclear Materials—facilities used for SNM functions, including storage and R&D involving
SNM. For the purposes of this document, the term SNM also covers nonspecial nuclear materials
such as tritium.

High Explosives—facilities used for HE functions, including storage and R&D.
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ical Su —facilities such as warehouses, general storage buildings, utilities, and waste-
water treatment.

Vacant/Unoccupied—tacilities currently vacant or unoccupied that could be rendered suitable for
certain operations.

Decontamination and Decommissioning—facilities that are currently in or are scheduled for de-

contamination and/or decommissioning.

Abandoned/Closed—facilities that are unoccupied and have been abandoned or closed and will
not be occupied in the future.

Environmental Restoration—facilities or areas that are being restored under RCRA, including
landfills and burn pits.

Facilities that do not involve unusual hazards (i.e., hazards not routinely sncountered by the gen-
eral public) are eliminated from further screening. These facilities include facilities categorized as
entirely administrative/technical, public/corporate access, theoretical/computational, vacant/un-
occupied, and abandoned/closed. Then, in accordance with DOE guidance, LANL divides the
facilities with potential sources of danger (e.g., a hazard with the potential to cause illness, injury,
or death to personnel; damage to a facility; and/or negative affects on the environment) into
nuclear or non-nuclear categories. Having been defined as nuclear or non-nuclear, the facility is
further evaluated based on the consequences of an unmitigated accident or release.

Once the hazard potential is known, the process of controlling the perceived risk is implemented
to ensure comprehensive, integrated, and balanced risk management of all safety and environ-
mental hazards posed by these facilities and operations. This task is accomplished by providing
engineering controls, administrative controls, and skilled workers. When possible, potentially un-
acceptable risks are eliminated by modifying processes, substituting materials, or modifying en-
gineering designs. )

4.2.1 Nuclear Facility Hazard Categories

Nuclear hazards are categorized by DOE Order 5480.23 (DOE 1992) as Category 1, 2, or 3. The
order defines these categories as follows:

Category 1 Hazard. The hazard analysis shows the potential for significant offsite consequences.

Based on total curie content, potential material forms, and maximum energy available for disper-
sion, only one class of DOE facilities has this hazard potential: DOE Class A Nuclear Reactors as
defined by DOE Order 5480.6 (DOE 1986). By this definition, Category 1 nuclear facilities or
operations do not exist at LANL.

Category 2 Hazard. The hazard analysis shows the potential for significant onsite consequences.

DOE constructed the Category 2 hazard definition from existing regulations that define minimum
thresholds for many radionuclides based on consequences from these hazards in the immediate
vicinity of a facility. Table A.1in DOE-STD 1027-92 (DOE 1992) provides the resulting threshold
quantities for radioactive materials that define a Category 2 facility. Such an approach is consistent
with the intent of DOE Order 5480.23 to categorize at Level 2 those facilities with the potential for
significant onsite consequences.
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ategory 3 Hazard. The hazard analysis shows the potential for only significant localized conse-
quences.

Category 3 is designed to capture those facilities that use nuclear materials in quantities below
Category 2 levels but above Level 3 thresholds and that are considered to represent a low hazard.
At LANL, these facilities typically include laboratory operations, low-level-waste-handling facilities,
and research machines. DOE-STD-1027-92 states that facilities should be categorized as Level 3
if there is only the potential for “significant localized consequences” (DOE 1992). Essentially, all
industrial facilities have a potential for significant localized consequences because the potential
for worker injuries from typical industrial accidents is always present. However-Category 3 facilities
pose additional hazards because of the presence of radionuclides. Table A.1 in DOE-STD 1027-
92 provides the Category 3 thresholds for radionuclides.

Radiological Facilities. Facilities that use nuclear materials in quantities below the Category 3
threshold are considered to be radiological facilities. Administrative controls are in place at these
facilities to ensure that minimum threshold values are not exceeded through the introduction of
new radiological materials. Radiological facilities are considered “no hazard” unless operations
warrant categorization under non-nuclear facility hazard criteria.

All nuclear facilities at LANL are either Category 2, Category 3, or radiological. As previously stat-
ed, LANL does not have any Category 1 nuclear facilities (DOE Class A Nuclear Reactors). LANL
had a research reactor, the Omega West Reactor; however, this reactor did not generate enough
steady-state power (>20 MW) to qualify as a Category 1 hazard. The reactor was decommission-
ed, the fuel rods were removed, and the site is slated for cleanup under the Environmental Resto-
ration Program.

Nuclear facilities at LANL are typically buildings whose operations involve radioactive and/or fis-
sionable materials in such form and quantity that a significant nuclear hazard potentially exists to
the worker, general public, or the environment. Activities performed include those that

» produce, process, or store radioactive liquid or solid waste, fissionable materials, or tritium;

* conduct separations operations;

* conduct irradiated materials inspection, fuel fabrication, decontamination, or recovery oper-
ations;

* conduct fuel enrichment operations; and/or

* perform environmental remediation or waste management activities involving radioactive ma-
terials.

4.2.2 Non-Nuclear Facility Hazard Categories

DOE Order 5481.1B (DOE 1988) categorizes non-nuclear hazards as low (L), moderate (M), or
high (H). The order defines these categories as follows:

* low hazards are those hazards that present minor onsite and negligible offsite impacts on
people or the environment;

¢ moderate hazards are those hazards that present considerable potential onsite impacts on
people or the environment but, at most, result in only minor offsite impacts; and

* high hazards are those hazards that have the potential for onsite or offsite impacts on large
numbers of persons or major impacts on the environment.

The Laboratory has further grouped non-nuclear hazards as hazardous energy sources (ENS),
hazardous chemical sources (CHEM), hazardous radiation sources (RAD), and hazardous environ-
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mental sources (ENV). A fourth grouping, identified as “no hazard,” identifies activities that in-
volve only hazards normally encountered by the public in day-to-day activities.

4.2.21 Hazardous Energy Sources
The following hazardous energy sources are found at the Laboratory:

* High Explosives—Any facility that processes, handles, or stores more than 2.2 Ib (10 g) of
HE is categorized as a low-hazard facility because of the localized consequences of detona-
tion events. This source includes all HE for which a credible direct or sympathetic detona-
tion could be postulated. Low-order detonation or deflagration of HE (deflagration is a par-
tial detonation of HE in which some of the HE detonates, scattering the remainder) or insen-
sitive high explosives are evaluated on a case-by-case basis.

* Lasers—Facilities containing lasers that have the capability of causing ham beyond a dis-
tance similar to the normal warning area specified by American National Standards Institute
(ANSI) standards for Class IV lasers (LANL 1997; ANSI, current version) have been cate-
gorized as being a low hazard. Lasers in other ANSI classes are considered to be in the no-
hazard category.

* Other Energy Sources—A facility containing electrical, motion, gravity-mass, pressure,
chemical, heatffire, cold, or radiant energy sources capable of causing irreversible health ef-
fects to more than two operating personnel or causing any injury to onsite personnel out-
side the facility, or any injury to a person offsite is categorized as low hazard.

4.2.2.2 Hazardous Chemical and Biological Sources

Facilities that store, process, or handle significant quantities of nonradiological hazardous materi-
als are categorized according to criteria developed by the Laboratory that use guidance outlined
in several DOE documents and professional guides, including DOE Order 6430.1A (DOE 1989)
and the American Industrial Hygiene Association’s emergency response planning guides (AIHA
1997). These materials include toxic chemicals, harmful biological agents, carcinogens, or other
materials that might expose workers, members of the public, or the environment to an unusual
hazard if released from primary confinement by a credible means.

4.2.2.3 Hazardous Radiological Sources

Facilities that process, handle, and/or store radioactive materials in quantities less than Category 3
threshold levels are categorized as hazardous radiological sources. Operations include work with
powders, metal shavings, solid or liquid waste samples, small x-ray, and monitoring equipment.

4.2.2.4 Hazardous Environmental Sources

Those facilities that house hazardous material and that have a potential to release hazardous ma-
terial to the environment through credible postulated events are categorized as hazardous envi-
ronmental sources. These events could include, but would not be limited to, leakage from trans-
former oil storage tanks or damage to DOE Type B containers, during either storage or transport.

4.3 Facilities at Los Alamos Categorized as Potentially Hazardous
Of the total 2,043 structures at Los Alamos, 411 cany hazard classifications. Two of these build-
ings (Building 125 at TA-35 and Building 2 at TA-39) cany both L/ENS and L/RAD designations

and have been counted twice. Table 4-1 shows the total number of structures under each hazard
category and the percentages of the total structures that fall in each hazard category.
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TABLE 4-1

NUMBERS AND PERCENTAGES OF LABORATORY STRUCTURES
HAVING HAZARD CATEGORY DESIGNATIONS

Percent of Total
Structures with
Hazard Percent of Total

Nuclear Facilities Number Designation Structures
Category 2 38 8 2
Category 3 10 2 <1
Total Nuclear Facilities 48 11 2
Non-Nuclear Facilities
M/RAD 1 <1 <1
M/CHEM : 13 3 1
L/RAD 54 13 3
L/ENS 255 63 12
L/CHEM 39 10 2
L/ENV 1 <1 <1
Total Non-Nuclear Facilities 363 ~89 18

Table 4-2 lists the facilities at the Laboratory that have the highest potential for hazards—and thus
attract the most public interest—and describes the functions conducted at each. Table 4-3 pro-
vides a summary of all the structures at the Laboratory that have a hazard classification. More de-
tailed descriptions of these facilities, including those with low-hazard classifications, are provided
in “A Guide to Technical Areas and Facilities at Los Alamos National Laboratory” (LANL 1998).

st
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JABLE 4-2

SUMMARY OF FUNCTIONS AT BUILDINGS IN NUCLEAR HAZARD
CATEGORIES AND IN MODERATELY HAZARDOUS
NON-NUCLEAR CATEGORIES

Nuciear Facilities

Hazard Category, Name, and

Building Number Functions
Category 2 -
TA-3-29, Chemistry and Nuclear materials analytical chemistry, nuclear materials sci-
Metallurgy Research Building ence, waste characterization, environmental remediation.

TA-3-65, Sealed Source Building | Research and measurement using encapsulated radioactive
materials and SNM.

TA-8-22-24, -70 Radiographic facilities used for performing nondestructive evai-
vation of parts of components. These facilities occasionally
house nuclear materials in sufficient quantities to qualify them
as Category 2 nuclear facilities. Based on safety analyses, the
necessary controls are in place when nuclear materials are
being handled. For all other operations, these facilities are
considered non-nuclear.

TA-16-411 Facility used to combine HE components with metal compo-
nents and to house the completed assembly until is is moved as
part of normal operations. This facility occasionally houses nu-
clear materials in sufficient quantities to qualify it as a Category
2 nuclear facility. Based on safety analyses, the necessary
controls are in place when nuclear materials are being handled.
For all other operations, these facilities are considered non-

nuclear.
TA-16-205/205A, Weapons Supports high-pressure tritium gas fills and processing, gas
Engineering Tritium Facility, boost system testing and development, diffusion and mem-
plus addition brane tritium purification research and development, thin-film

loading of tritium on target materials, solid material and contain-
er storage, tritium analysis, and calorimetry.

TA-18, Pajarito Laboratory Used for nuclear criticality experimentation research and devel-
opment; criticality safety training, studies, and research; radia-
TA-18-23, Critical Assembly tion detector and instrumentation development; radiation scat-
Building, Kiva 1 tering and spectral experimentation; and radiation effects on
TA-18-26, Hillside Vault materials.
TA-18-32, Critical Assembly
Building, Kiva 2
TA-18-116, Critical Assembly
Building, Kiva 3

TA-21-155, Tritium Systems Test | Used to develop, demonstrate, and integrate tritium-processing

Assembly technologies related to the deuterium-tritium fuel cycle for large-
scale fusion reactor systems. Supports other tritium proces-
sing, research, and development studies.
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Category 2 (Continued)

TA-21-209, Tritium Science and
Fabrication Facility

TA-50-1, Radioactive Liquid
Waste Treatment Facility

TA-50-69, Waste Characteriza-
tion, Reduction, and Repack-
aging Facility

TA-54, Area G: Buildings 33, 48,
49, 144,145, 146, 153, 177,
226, 229, 230, 231, 232, 281,
283, Pad 2, Pad 3, Pad 4

TA-54-38 (Area G West)

TA-55-4, Piutonium Facility
TA-55-41, Nuclear Materials
Storage Facility

Supports thin-film loading of tritium on target materials, diffusion
and membrane tritium purification research and development,
solid material and container storage, metaliurgical and material
research on tritium effects and properties, tritium analysis, and
calorimetry.

Treatment and disposal of most of the industrial liquid and radio-
active liquid waste generated at LANL.

Waste characterization, reduction, and repaekaging.

Management and disposal of radioactive solid and hazardous
chemical waste.

Waste package characterization, including verification assay
and radiographic examination of unopened containers and radi-
oactive and mixed waste.

Plutonium chemical processing (synthesis, reprocessing, stabi-
lization); plutonium physical processing (casting, forming, fabri-
cating, measuring); actinide chemistry; radioactive waste re-
search; nuclear fuels research; NASA fue! development. The
Nuclear Materials Storage Facility is not operational and is being
renovated to bring it up to current nuclear facility standards.

Category 3

TA-3-40, Physics Building

TA-3-66, Sigma Building

TA-3-130, Calibration Building

TA-3-159, Thorium Storage
Building

TA-21-146, Exhaust Building
TA-33-86, High-Pressure Tritium
Facility

TA-35-2, -27, Nuclear
Safeguards Research

Calibration and evaluation of all types of radiation detection in-
strumentation used throughout the Laboratory.

Materials science (synthesis, processing, characterization,
fabrication); nuclear materials stabilization; materials deposi-
tion research; surface reactions, including materials joining;
material-aging research; uranium process development.

Radiation evaluation studies using sealed radiation sources for
calibrating instruments used to evaluate the response of vari-
ous detectors to x-ray, gamma, beta, and neutron emissions.

Stores thorium in ingot and oxide forms.
Decontaminated building awaiting declassification as a hazard-
ous facility.

Preparing and packaging tritum-containing gas mixtures to
meet precise experimental specifications.

Nuclear safeguards, research, development, and training; a 7-
in. launcher is used to determine responses of various fuels
and other materials to different kinds of impacts.
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Category 3 (continued)

TA-48-1, Radiochemistry
Laboratory

TA-53-3-M, Los Alamos Neutron

Science Center

Radiochemistry research, development of waste management
technologies, radionuclide transport, inorganic chemistry,
structural analysis, medical radioisotope research.

Subatomic, particle, and atomic physics; subatomic chemistry;
radioisotope production; materials science studies; proton and
neutron radiography of HE and actinides; neutron irradiation
techniques for waste; fusion research; condensed matter
research; advanced accelerator concepts; advanced free-
electron lasers.

Non-Nuclear Facilities

M/RAD

TA-41-4, Laboratory

Past operations included handiing and storing materials such as
uranium, tritium, deuterium, and liquid nitrogen. All nuclear
materials were removed from this facility in 1995. The building is
currently used for nonradiological work related to weapons
engineering.

M/CHEM

TA-0-1009,TA-0-1110, TA-0-1113,
TA-0-1114, Chlorination stations

TA-3-170, Liquid and Compressed
Gas Facility

TA-16-560, Chlorination Station
TA-21-3, -4, Laboratories

TA-35-213, Target Fabrication
Building

TA-46-340, Sanitary Wastewater
Treatment Facility

Chilorination.

Receiving and distribution point for bulk quantities of specializ-
ed gases used in R&D.

Chlorination.

Radiochemistry operations (being decommissioned).

Polymer science, ceramic technology, specialized physical pro-
cessing (machining, fabrication, electroplating).

Disinfecting plant effluent before release to holding ponds; uses
chlorine gas for this purpose.

TA-54-1008, Chlorination Station Chlorination.
TA-72-3, Chlorination Station Chilorination.
TA-73-9, Chlorination Station Chlorination.
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TABLE 4-3

SUMMARY OF FACILITIES CATEGORIZED AS HAZARDOUS
AT LOS ALAMOS NATIONAL LABORATORY

gy

TA Nuclear Facilities Nonnuclear Facilities _
Cat. 2 Cat. 3 M/RAD | M/CHEM | L/RAD L/ENS L/CHEM L/ENV
TA-0 1109,
1110,
1113,
1114
TA-2 1,4, 44,
50
TA-3 29, 65 40, 66, 170 16, 35, 216 24, 30, 31,
130, 159 102, 316 32, 34, 39,
141, 1698
TA-8 22,23, 24,70° 1,2,3,31,32
TA-9 21,22, 23, 24, 25, 26, 27, 32, 33, 34, 35, 36, 37, 38, | 29, 31
39, 40, 42, 43, 44, 45, 48, 47, 48, 49, 50, 51, 52, 53,
54, 55, 204, 208
TA-11 0, 25, 30, 36
TA-14 5, 6, 22, 23, 24, 34, 39
TA-15 184, 203, | 41, 42, 43, 183, 241, 242, 243, 263, 285, 306, 314
312°, 313
TA-16 205/205A, 411 560 58, 220, 221, 223, 224, 225, 226, 236, 260, 261, 88, 339, 344
263, 265, 280, 281, 282, 283, 284, 285, 287, 288,
301, 302, 303, 307, 308, 313, 340, 341, 342, 343,
345, 350, 351, 352, 353, 354, 360, 380, 388, 389,
399, 401, 406, 410, 413, 415, 416, 418, 419, 430,
435, 437, 442, 443, 444, 460, 461, 462, 463, 477,
478 '
TA-18 23, 26,32, 116 127,129,
227, 247,
249 :
TA-21 155, 209 146 3,4 5, 150, 30, 212
257, 324

ar
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TA-22 1,7,8,9,10, 11,12, 14,15, 16,17, 18, 19,20, 21, | 95
22, 23, 24, 25, 34, 35, 69, 91, 93, 96
TA-28 1,2,3,4,5
TA-33 86 19, 95, 114
TA-35 2,27 213 7. 125-1 86, 124, 125-2, 128, 189, 207, 294, 301 85
TA-36 86 3,4,5,7,9,10, 11, 12, 55, 82, 83
TA-37 3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26
TA-39 2, 138 2,3,4,5,6,7, 54, 56, 57, 69, 77, 89, 95, 111
TA-40 2,3,4,56,7,8,9 10, 11,12, 13, 14, 15, 23, 36,
37, 38, 39, 40, 41,72
TA-41 1 7
TA43 20 1,47
TA-46 340 161, 208 24, 30, 31, 41, 76, 154, 158, 200, 250 324
TA-48 1
TA-49 0, 128, 130
TA-50 1,69 37
TA-53 3-M 1,3,7,8, | 19, 365,633, 761, 1031
10, 14,17,
18, 29, 30,
34, 315,
364, 369,
370, 371,
372, 374,
382, 541,
616, 823
TA-54
Area G 33, 48, 49, 144, 2
145, 146, 153,
177, 226, 229, ‘
230, 231, 232, !
281, 283, Pad 2,
Pad 3, Pad 4
Area G 38
West
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Areal
31, 32, 35,
36, 39, 46,
50, 55, 58,
62, 68, 69,
70, 82, 174,
215,216

Other

TA-54

Build-

| ings 1008 1009

TA-55 4, 41° 7 3,5

TA-72 3 Pistol Range 3, Rifle Range 4

TA-73 9

a. These facilities occasionally house nuclear materials in sufficient quantities to qualify them as Category 2 nuclear facilities. Based on safety analyses, the

necessary controls are in place when nuclear materials are being handled. For all other operations, these facilities are considered non-nuclear.

b. The DAHRT Facility is not yet operational.
c. The Nuclear Materials Storage Facility is not operational and is being renovated to bring it up to current nuclear facility standards.
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5.0 ENVIRONMENTAL SETTING

This chapter has four major topics of discussion. It starts with the physical setting of LANL, which
includes the geological, seismological, hydrological, and climatological components of the region-
al environs. This discussion is followed by a description of the ecological setting, which includes
threatened, endangered and sensitive species; unique and sensitive habitats; and floodplains
and wetlands. Because of the rich history of the Pajarito Plateau from an Indian settlement stand-
point and the historic buildings and structures dating to the Manhattan Project, a section is includ-
ed on cultural resources, which includes an overview of the prehistoric, historic, and traditional cul-
tural properties. The chapter closes with a presentation of the socioeconomic setting, which iden-
tifies the regional context of these data, the types of data routinely collected and their limitations,
the ethnic and geographic location of the workforce, and the Laboratory’s contribution to the re-
gion’s economy.

5.1 Physical Setting

Los Alamos is located on the eastern flank of an inactive volcano in the mountains of the desert
Southwest. This region has a rich geological history; a very complex and not completely under-
stood hydrology; some seismic activity; and a system of canyons, mesas, and mountains that gen-
erate a complex-terrain climatology. The following four sections explain what is known about each
of these physical systems. Much of the information presented is based on the Laboratory’s Instal-
lation Work Plan (IWP) for Environmental Restoration, Revision 4 (LANL 1995), prepared by the
Environmental Restoration Program.

5.1.1 Geology

The Laboratory has been collecting data on the soil, seismic, and geologic characteristics of the
Laboratory since the 1950s in an effort to better understand (1) water supply and the potential for
hydrologic transport of contaminants, (2) seismological stability, particularly as it affects nuclear fa-
cilities, and (3) local ecosystems and the effects of Laboratory activities on those ecosystems.
Currently, gechydrologic characterization data are collected primarily by the Environmental Sur-
veillance and Monitoring Program, and special studies are conducted by various Laboratory
groups, by the Environmental Restoration Program, and by a number of interested groups out-
side the Laboratory.

The Laboratory is situated on the Pajarito Plateau, which extends eastward from the base of the
Jemez Mountains to the western edge of the Rio Grande rift, a major tectonic feature of the west-
ern United States (Figure 5-1). The plateau occupies the western part of the Espafiola basin por-
tion of the rift; the basin lacks distinct major faults on its eastern margin, but faults of major vertical
offset may exist within the Precambrian rocks of the Sangre de Cristo uplift (Vernon and Riecker
1989, Biehler et al. 1991). The western margin of the Espafiola basin is characterized by a zone of
prominent major faults that cuts through Miocene to Quaternary rocks of the Jemez volcanic field
{Smith et al. 1980, Gardner and Goff 1984, Goff et al. 1990). These border faults strongly infiu-
enced the location and development of the volcanic field (Gardner and Goff 1984; Gardner et al.
1986).

The Jemez volcanic field consists of some 432 mi® (1,800 km®) of volcanic rock erupted from nu-
merous vents, including a giant, multistage caldera (Gardner et al. 1986). I lies at the intersection
of the Jemez lineament, a northeast-trending alignment of volcanic fields, and the north-trending
zone of extensional tectonics that is the Rio Grande rift (Aldrich 1986). The Jemez Mountains are
part of the Jemez volcanic field.
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Rocks formed before the rift developed underlie and are exposed around the margins of the Es-
panola basin. These rocks consist of Mississippian to Permian marine limestones, sandstones,
and shales; Mesozoic marine and terrestrial sandstones and shales; and Eocene sandstones,
shales, and freshwater limestones. Precambrian rocks—predominantly quartzite, granitic gneiss
and schist, and greenstone—are exposed in the cores of the Sangre de Cristo, Nacimiento, and
Brazos uplifts that flank the basin (Kelley 1978). The earliest sediments deposited in the Tertiary
Espaiola basin are those of the Abiquiu, Picuris, and Los Pifios formations, which consist of tuf-
faceous sandstones and volcaniclastic conglomerates derived largely from voicanic highlands to
the north and northeast. These units range in age from about 28 to 17 million years old (Baldridge
et al. 1980, May 1994, Ingersoll et al. 1990). -

The Rio Grande rift began to form over 20 million years ago as a result of local downfaulting, which
was followed by accumulations of rocks of the Santa Fe Group as fill in the depression. The ande-
sitic rocks of the Paliza Canyon Formation represent effusions of numerous coalesced composite
volcanoes in the southwestern portion of Los Alamos County, dating to some 9.1 to 8.5 million
years ago. The next sequence of volcanic activity in the county took place along faults at or near
the western boundary of the Rio Grande rift, when the flow rocks of the Jemez Mountains volcanic
pile were erupted from volcanic feeders. These rocks subsequently eroded and were deposited
as an alluvial fan, the Puye Formation. Subsequently, the basaltic lavas of Chino Mesa erupted
from volcanic centers in the Cerros del Rio area and flowed northwest into what is now the White
Rock-Pajarito Acres area.

In mid-Pleistocene times, local volcanism climaxed in two gigantic pyroclastic outbursts, one about
1.5 million years ago and the second about 1.13 million years ago; these events created the Oto-
wi and Tshirege members of the Bandelier Tuff, which together comprise nearly 100 mi® (418 kmd)
of deposited rhyolite ash and pumice (Smith and Bailey 1966, Spell et al. 1990).

The first of these volcanic events was precipitated by the upward movement of rhyolite magma.
Once exposed to the atmosphere, the magma was ejected, forming first the Guaje pumice and
then the Otowi Member of the Bandelier Tuff as great volumes of magma swept down the flanks of
the volcanic pile in the form of granular pumice. The eruptions caused the crater to collapse, cre-
ating the Toledo Caldera; a portion of the viscous, volatile-poor magma was extruded to form the
Cerro Toledo rhyolite domes and, subsequently, the Cerro Rubio quartz lattice and latite domes.

The second eruption of rhyolite magma resulted in the formation of the Tsankawi pumice, follow-
ed in rapid succession by several ash flows that produced the Tshirege Member of the Bandelier
Tuff. With this eruption, the collapse of the crater resulted in the Valles Caldera. A few minor erup-
tions followed the Tshirege flows and deposited a small amount of ashfall pumice on top of the
Bandelier Tuff. After formation of the calderas, volcanism continued with the extrusion of domes
along ring fractures.

The latest eruption in the Jemez Mountains occurred about 60,000 years ago, producing the El
Cajete pumice and Banco Bonito rhyolite flow (Wolff and Gardner 1995, Gardner et al. 1986, Self
et al. 1988). Vestiges of volcanic activity continue today, as evidenced by solfataric and hot-spring
activity both inside and outside of the Valles Caldera (Goff et al. 1989). Studies of P-wave arrival
time delays suggest the presence of partially molten rock beneath the Valles Caldera, possibly the
remnants of the cooling Bandelier magma chamber (Roberts et al. 1991).

5.1.1.1 Geologic Structure
As mentioned earlier, the Laboratory is situated on the Pajarito Plateau, which lies at the western

margin of the Espaiiola basin of the Rio Grande rift, a major tectonic feature of the North American
continent. The Pajarito fault system forms the western margin of the Espafola basin and exhibits
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Holocene movement and historical seismicity (Gardner and House 1987, Gardner et al. 1990,
Gardner and House 1994). The fault system is made up of over 65 mi (105 km) of mapped fault
traces and connects with regional structures that extend at least as far as Cochiti to the south and
Taos to the northeast (Gardner and House 1987).

Within Los Alamos County, the Pajarito fault system consists of three unconnected fault seg-
ments that are active or potentially active: the Frijoles Canyon, Rendija Canyon, and Guaje Moun-
tain segments. The Frijoles Canyon fault segment is a zone of faulting more than 0.25 mi (0.4 km)
wide, whose major scarp forms the western boundary of the Laboratory. This scarp is over 410 ft
(125 m) high near the southwestern corner of the Laboratory and is composed of rocks about 1
million years old. Movement on this fault segment is normal-oblique, and the fault's eastern side is
relatively downdropped. The Rendija Canyon and Guaje Mountain segments, exposed north of
Los Alamos Canyon, are characterized by zones of gouge and breccia, generally 100 to 150 ft (30
to 46 m) wide. Both fault segments produce visible offsets of stratigraphic horizons and are domi-
nantly normal-oblique faults whose west sides are downdropped. There are some indications of
strike-slip movements on the Guaje Mountain fault segment (Wachs et al. 1988, Aldrich and Deth-
ier 1990, Gardner et al. 1990). The youngest movements on the Guaje Mountain segment have
been constrained to between roughly 4,000 and 6,000 years ago (Gardner et al. 1990).

Displacement on the Guaje Mountain and Rendija Canyon faults apparently decreases south of
Los Alamos Canyon, and narrow zones of fauiting are replaced by wide [over 300 ft (30 m)] zones
of intense brecciation and fracturing superimposed on the network of cooling joints in the Bande-
lier Tuff (Vaniman and Wohietz 1990). In contrast to cooling joints, these tectonic fractures cross
flow-unit and lithologic unit boundaries; thus, tectonic fractures may provide more continuous and
more deeply penetrating flow paths for groundwater migration than do cooling joints.

Dransfield and Gardner (1985) integrated a variety of data to produce structure contour and paleo-
geologic maps of the pre-Bandelier-Tuff surface beneath the Pajarito Plateau. Their maps reveal
that subsurface rock units are cut by a series of down-to-the-west normal faults; the overlying Ban-
delier Tuff is not obviously displaced by these buried faults. However, where detailed fracture
studies have been done on the plateau, they show that fractures and apertures are more abun-
dant in the Bandelier Tuff over fault projections, which indicates the occurrence of tectonic fractur-
ing, as mentioned earlier (Vaniman and Wohletz 1990). In addition, small-scale offsets along frac-
tures have been observed in various parts of the Laboratory, including Area G at TA-54 (Rogers
1977), which suggests additional unmapped fault zones. Detailed studies of fractures on the Pa-
jarito Plateau are few.

5.1.1.2 Stratigraphic Units

The mesas of the Pajarito Plateau are formed of Bandelier Tuff of Pleistocene age, which is over-
lain by a veneer of soils and alluvial deposits. The tuff is exposed in the canyon walls and is pene-
trated by numerous drill holes. Beneath the Bandelier Tuff is a sequence of interstratified sedi-
mentary and volcanic rocks of Miocene to Pleistocene age, which have been penetrated by water
supply wells and have been studied where they are exposed in canyons on the margins of the Pa-
jarito Plateau. These rock units include volcanic rocks of the Paliza Canyon Formation, the Tschi-
coma Formation, and the Cerros del Rio volcanic field, as well as sedimentary deposits of the Puye
Formation, the Totavi Formation, the Cochiti Formation, and the Santa Fe Group. Figure 5-2 is a
generalized cross section, from west to east, of the geology in the vicinity of the Laboratory.

5.1.1.2.1 Santa Fe Group
The Santa Fe Group is of Miocene and early Pliocene age (formed 28 to 4.5 million years ago) and

consists of a thick series of terrestrial conglomerates, sandstones, and mudstones, with minor
limestones, evaporites, volcanic tuffs, and intercalated basalts. These rocks are the most exten-
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sive units filling the Rio Grande rift, and most production from water wells at Los Alamos is from the
Santa Fe Group (Griggs and Hem 1964, Purtymun et al. 1984). Sedimentary rocks usually domi-
nate the Santa Fe Group, although basalts constitute up to 45% of the section penetrated by wa-
ter supply wells at the Laboratory (Purtymun et al. 1984). in the Espanola basin and below the
northern part of Los Alamos County, the Santa Fe Group is subdivided into two formations (the
Tesuque and the Chamita) and into several members, which reflects the diversity of the coalesced
alluvial fans deposited in the Espariola basin (Galusha and Blick 1971, Ingersoll et al. 1990). Early
investigators inferred that all Santa Fe Group rocks exposed around the flanks of the Pajarito Pla- -
teau and intersected by water wells beneath the plateau belonged to the Tesuque Formation
(Griggs and Hem 1964, Cooper et al. 1965). However, more recent investigations suggest that
some of the upper Santa Fe Group in the vicinity of Los Alamos is Chamita Formation (Turbeville et
al. 1989).

5.1.1.2.2 Keres Group

Two formations of the Keres Group (Bailey et al. 1969, Gardner et al. 1986) may be important in
the pre-Bandelier-Tuff subsurface in the southern parts of the Laboratory. These are the Paliza
Canyon and Cochiti formations, both about 13 million to 6 or 7 million years old. The St. Peter's
Dome area, about 3 mi (4.8 km) from the southern boundary of the Laboratory, was a major center
of Keres Group volcanism (Goff et al. 1990). Large volumes of Paliza Canyon andesite were erupt-
ed from the St. Peter's dome center, whence they spread to the east and north. it appears that
some of the volcanic units encountered in wells at TA-49 (Weir and Purtymun 1962) may be Paliza
Canyon lavas that had been misidentified as Tschicoma and Cerros del Rio units, as discussed be-
low. '

Beneath the southern Pajarito Plateau, sedimentary deposits of the Cochiti Formation compose
the Miocene basin fill and are therefore laterally equivalent to the sedimentary rocks of part of the
Santa Fe Group—and, possibly, also to those of the Puye Formation (Section 5.1.1.2.4) to the
north (Gardner et al. 1986). The Cochiti Formation consists predominantly of basin fill gravels de-
rived from the volcanic centers of the southern and central Jemez Mountains volcanic field. Tran-
sitions between the Cochiti, Santa Fe, and Puye formations probably exist somewhere beneath
Los Alamos County; however, they are very poorly defined.

5.1.1.2.3 Tschicoma Formation

The Tschicoma Formation consists of a sequence of dacitic domes and lavas that were erupted
from vents in the central to northeastern Jemez Mountains between about 7 and 3 million years
ago (Gardner et al. 1986). These volcanic rocks outcrop extensively in the mountains immediately
west of the Laboratory and have been observed in the subsurface beneath the western and
southern part of the Laboratory (Weir and Purtymun 1962, Griggs and Hem 1964, Dransfield and
Gardner 1985).

5.1.1.2.4 Puye Formation

The Puye Formation consists of a Pliocene-to-Pleistocene fanglomerate that was shed eastward
from Tschicoma volcanic centers in the northeastern Jemez volcanic field between about 4 and
1.7 million years ago. Earlier workers (e.g., Griggs and Hem 1964) included the Totavi Lentil—now
considered a separate formation (Section 5.1.1.2.5)—in the Puye Formation. Most of the Puye
conglomerates contain cobbles of dacitic to andesitic composition in a matrix of volcanic sand. The
beds include streamflow deposits, debris, volcanic deposits, and ash-fall and pumice-fall deposits
(Waresback and Turbeville 1990). The Puye Formation is best exposed north of the Laboratory,
but lithologically similar rocks have been penetrated by drill holes as far south as Frijoles Mesa
(Weir and Purtymun 1962, Dransfield and Gardner 1985). Under parts of the Laboratory, the Puye
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Formation is interstratified with basalts of the Cerros del Rio volcanic field. In Los Alamos water
supply wells, the top of the main aquifer is usually within the Puye Formation.

5.1.1.2.5 Totavi Formation

immediately beneath the fanglomerates of the Puye Formation is a section of poorly consolidated
fluvial gravels that unconformably overlie the Santa Fe Group; Griggs and Hem (1964) originally
named these gravels the Totavi Lentil of the Puye Formation. However, the gravels contain clasts
that differ lithologically from those in the Puye, including abundant well-rounded cobbles and
boulders of quantzite, granite, and pegmatite that testify to a source area distant from the Jemez
Mountains. This unit probably consists of axial channel gravels of an ancestral Rio Grande. Re-
cently, Waresback and Turbeville (1990) redefined the unit as a separate formation; their Totavi
Formation also includes lacustrine sediments that are complexly interstratified with the upper
Puye Formation (“old alluvium” of Griggs and Hem). In some water supply wells beneath the Lab-
oratory, the Totavi Formation was reportedly observed between the Santa Fe and the Puye for-
mations at lower elevations in the eastern wells (Cooper et al. 1965, Purtymun et al. 1983, Purty-
mun et al. 1984). The presence of the Totavi at these levels suggests that Rio Grande river grav-
els were deposited on erosional surfaces, conditions analogous to those that created the Qua-
ternary terraces of the Rio Grande in the Espafola basin before deposition of the Puye fans,
which unconformably overlie older formations (Dethier et al. 1988).

5.1.1.2.6 Cerros del Rio Basalts

Basaltic flows, breccias, and scoria of the Cerros del Rio occur in the subsurface beneath much of
the Pajarito Plateau (Dransfield and Gardner 1985) and outcrop in the east and southeast parts of
Los Alamos County (Griggs and Hem, 1964). These volcanic rocks are associated with the Plio-
cene-to-Pleistocene Cerros del Rio basalt field east of the Rio Grande, rocks from which have
been dated at 4.6 to 2.0 million years old (Gardner et al. 1986). The youngest lava flows in this
area occurred between the two Bandelier Tuff eruptions 1.5 and 1.13 million years ago (“basaltic
andesite of Tank Nineteen” described by Smith et al. 1980). Part of this volcanic field is also
known as basaltic rocks of Chino Mesa (Griggs and Hem 1964). The top of the main aquifer be-
neath the Laboratory is locally within this section of basaltic rocks.

5.1.1.2,7 Otowi Member, Bandelier Tuff

The Otowi Member of the Bandelier Tuff underlies the Tshirege Member beneath much of the Pa-
jarito Plateau and outcrops in many of the canyons (Griggs and Hem 1964). The Otowi Member is
mostly a nonwelded ash-flow tuff (ignimbrite) that was erupted from the Jemez Mountains 1.5 mil-
lion years ago (Spell et al. 1990). It is highly porous and poorly indurated and is composed of muiti-
ple flow units. Where it outcrops, cooling joints are typically absent because of relatively low em-
placement temperatures and the lack of induration. The Guaje Pumice Bed, which is composed of
sorted pumice fragments averaging 0.8 to 1.6 in. (2 to 4 cm), is generally found at the base of the
Otowi Member (Crowe et al. 1978).

5.1.1.2.8 Cerro Toledo Rhyolite and Iinterbedded Sediments

An interbedded sequence of rhyolitic tuffs and sediments commonly occurs between the Otowi
and Tshirege members of the Bandelier Tuff. The rhyolitic tuffs were erupted between 1.5 and
1.2 million years ago, predominantly from the Cerro Toledo domes in the northeastern Jemez
Mountains (Heiken et al. 1986). The interbedded sediments are epiclastic sands and sandy grav-
els that lithologically resemble Puye Formation fanglomerates. At the Laboratory, deposits be-
longing to this interval have sometimes been referred to as “Tsankawi pumice” or “Tsankawi mem-
ber.” These units may play an important role in the migration of water through the subsurface be-
neath the Laboratory (Stoker et al. 1991).
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5.1.1.2.9 Tshirege Member, Bandelier Tuff

The most widespread rock unit on the Pajarito Plateau is the Tshirege Member of the Bandelier
Tuff (Griggs and Hem 1964), which was erupted from what is now the Valles Caldera in the Jemez
Mountains about 1,13 million years ago (Spell et al. 1990). The Tshirege Member is composed of
multiple flow units of crystal-rich, ash-flow tuff (ignimbrite) and displays significant variations in
welding and alteration, both in a single stratigraphic section and with varying distance from the cal-
dera. Individual units tend to be more welded and thicker to the west. Flow units are locally sepa-
rated by volcanic surge deposits of well-sorted, fine-grained, cross-bedded crystal and pumice
fragments. Vapor-phase alteration, caused by postemplacement cooling and migration of entrain-
ed magmatic gases, occurs in much of this unit. The base of the Tshirege Member is often marked
by 1.5t0 10 ft (0.5 to 3 m) of bedded, unconsolidated, pumice-rich ash-fall tuft of the Tsankawi
Pumice Bed (Bailey et al. 1969, Crowe et al. 1978). The Tsankawi Pumice Bed is generally poorly
recognized in drill-bit cuttings because the soft pumice is often ground to dust by a rotary drill.

The Tshirege Member has been subdivided into a sequence of mappable units, based on either
erosional characteristics (Weir and Purtymun 1962, Baitz et al. 1963, Purtymun and Kennedy
1971) or on primary cooling units. These units have been correlated over large distances on the
Pajarito Plateau. However, the boundaries between them are not always distinct in the field and
can be difficult to recognize in drill holes, with the result that different investigators make different
judgments concerning the locations of these boundaries. Furthermore, in the absence of geolog-
ic mapping in the intervening areas, the validity of the correlations is uncertain.

Stratigraphic features in the tuff, such as volcanic surge deposits, may locally provide preferential
migration pathways for moisture and contaminants in the subsurface (Purtymun 1973b, Crowe et
al. 1978). Purtymun (1973a) noted increased rates of vapor-phase migration of tritium away from
storage shafts at TA-54 along a stratigraphic boundary that includes surge layers. Individual flow
units in the Tshirege Member contain vertical cooling joints that may or may not cross flow unit
boundaries. In ash-flow tuffs, the spacing of cooling joints varies primarily with the thickness of the
unit, the emplacement temperature, the substrate temperature, and topography. Joint density
tends to be greatest in welded tuff and least in nonwelded tuff. Hydraulic conductivities are gen-
erally greatest in the fractured, welded parts of ash-flow tuffs and least in the nonweided pans
(Crowe et al. 1978).

5.1.1.2.10 Post-Bandelier-Tuff Units

Stratigraphically overlying the Bandelier Tuff are discontinuous Quaternary alluvial units that occur
as thin deposits [typically measuring less than 15 ft (4.6 m)] on mesa tops and in canyons. These
post-Bandelier-Tuff alluvial units represent a range of ages, from 1.1 million years ago to the pre-
sent. Alluvial fans, consisting mostly of dacite debris, are being shed over the Bandelier Tuff at the
western boundary of the Laboratory. Well-sorted to poorly sorted sandy and gravelly alluvium,
ranging up to 70 ft (21 m) thick in some drill holes (Baltz et al. 1963), is found in the major drain-
ages of the Pajarito Plateau. Older alluvium occurs on stream terraces in canyon bottoms, where it
is often buried by colluvial deposits from the canyon walls. Generally, alluvial units on the surface
of the mesas are probably oldest, having been formed before the cutting of the plateau by multi-
ple parallel drainages. The distribution of alluvial deposits on the mesa tops has not been map-
ped, but these deposits are most widespread in the western part of the plateau. Those units
lowest in the drainages grade into the active alluvium along canyon bottoms.

The alluvial sediments in the canyon bottoms probably record a complex history of erosion and
deposition, in part related to regional climatic changes. In Cabra Canyon, immediately north of Los
Alamos, several cycles of erosion and deposition of sediment have occurred over the last 6,000
years, during which most of the previously stored sediment was eroded (Gardner et al. 1990).
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Similar cycles of erosion and deposition have been documented in many parts of the southwest-
ern United States, and the older alluvial units in the vicinity of Los Alamos may also record the ef-
fects of regional climatic changes (Dethier et al. 1988).

The mesas of the Pajarito Plateau are also covered in part by deposits of El Cajete pumice, erupt-
ed from the El Cajete crater in the Jemez Mountains. These deposits have not been mapped, but
in the area of the Laboratory they appear to be most common to the south, and the axis of the vol-
canic dispersal plume is south of Los Alamos County. Available data suggest that the El Cajete
pumice is 60,000 years old (Wolff and Gardner 1995).

5.1.1.3 Geomorphic Processes -

Significant geomorphic processes active on the Pajarito Plateau include (1) erosion of mesa-top
soils by runoft, (2) retreat of canyon walls as the result of rockfalls and landslides, (3) colluvial trans-
port along sloping portions of canyon walls, and (4) erosion and deposition of sediments by
streams in the canyon bottoms. Little information exists on the rates of erosion and landscape
change caused by these different processes on the Pajarito Plateau. The rates at which vertical
erosion of mesas takes place over the long term have been estimated by calculating the rates at
which overlying units are stripped off (Purtymun and Kennedy 1971), but these estimates may be
of limited value because the resistant cliff-forming units may be eroded primarily by lateral cliff re-
treat rather than by vertical erosion. Erosion rates of mesas vary considerably; the highest rates
occur in and near drainage channels and in areas of locally steeper slope, and the lowest rates
occur in the more gently sloping areas farthest from channels. Areas in which runoff is concen-
trated because of the presence of roads and other development are especially prone to accel-
erated erosion.

The rates and processes of erosion may differ significantly between the north and south slopes of
canyons. Under current vegetation and climate conditions, the south-facing slopes are drier and
less vegetated and exhibit more extensive exposures of bedrock than the north-facing slopes,
suggesting that erosion of fine-grained materials, mainly by runoff, is higher on the south-facing
sides of canyons; these fine materials are largely retained on the north-facing slopes. However,
no studies have been conducted to quantify the rates and processes of erosion on canyon sides.

Clift faces retreat primarily through dislodgment of blocks bounded by joints and, to a lesser ex-
tent, by large-scale landsliding, including the formation of huge toreva blocks in White