DOE/EIS-0380D
June 2006

Draft
Site-Wide Environmental Impact Statement
for Continued Operation of
Los Alamos National Laboratory
Los Alamos, New Mexico

Volume 2 Book 1

ccuns
S a—s,
5 3

T N . PAS
AN\

National Nuclear Security Administration e




AVAILABILITY OF
THE DRAFT SITE-WIDE ENVIRONMENTAL IMPACT
STATEMENT FOR CONTINUED OPERATION OF
LoS ALAMOS NATIONAL LABORATORY,

Los ALAMOS, NEW MEXICO

To submit general questions regarding this EIS, or to request
a copy, please contact:

Elizabeth Withers, EIS Document Manager
Los Alamos Site Office

National Nuclear Security Administration
U.S. Department of Energy

528 35" Street

Los Alamos, NM 87544-2201

Telephone: 505-845-4984

1 4 ’ Printed with soy ink on recycled paper



COVER SHEET

Responsible Agency:  U.S. Department of Energy (DOE)
National Nuclear Security Administration (NNSA)

Title: Draft Ste-Wide Environmental Impact Statement for Continued Operation of Los Alamos
National Laboratory, Los Alamos, New Mexico (SWEIS) (DOE/EIS-0380D)

Location: LosAlamos, New Mexico

For additional information or for copies of thisdraft For general information on the DOE National

SWEIS, contact: Environmental Policy Act (NEPA) process, contact:
Elizabeth Withers, EIS Document Manager Carol M. Borgstrom, Director
Los Alamos Site Office Office of NEPA Policy and Compliance
National Nuclear Security Administration Office of Environment, Safety and Health
U.S. Department of Energy U.S. Department of Energy
538 35" Street 1000 Independence Avenue, SW
Los Alamos, NM  87544-2201 Washington, DC 20585-1290
Telephone: 505-845-4984 Telephone: 202-586-4600, or leave a message

at 1-800-472-2756

This document is available on the NNSA Los Alamos Site Office website
(http://www.doeal .gov/LASO) for viewing and downloading.

Abstract: NNSA proposes to continue operating the Los Alamos National Laboratory (LANL)
located in Los Alamos County, in north-central New Mexico. NNSA hasidentified and assessed
three alternatives for continued operation of LANL: (1) No Action, (2) Reduced Operations, and
(3) Expanded Operations. Expanded Operationsis NNSA’s Preferred Alternative. Inthe

No Action Alternative, NNSA would continue the historical mission support activities LANL has
conducted at currently approved operational levels. Under the Reduced Operations Alternative,
NNSA would eliminate selected activities and limit the operations of other selected activities. In
the Expanded Operations Alternative, NNSA would operate LANL at the highest levels of
activity currently foreseeable, including full implementation of the mission assignments. Under
all of the alternatives, the affected environment is primarily within 50 miles (80 kilometers) of
LANL. Analysesindicate little difference in the environmental impacts among alternatives for
many resource areas. The primary discriminators are: public risk due to radiation exposure,
collective worker risk due to radiation exposure, socioeconomic effects due to LANL
employment changes, electrical power and water demand, waste management and transportation.

Public Comments:. In preparation of this Draft SWEIS, NNSA considered comments received
from the public during the scoping period (January 19, 2005 to February 17, 2005). Locations
and times of public hearings on this document will be announced in the Federal Register in
June 2006. Comments on this Draft SWEIS will be accepted at the address listed above for a
period of 60 days following its issuance and will be considered for preparation of the Fina
SWEIS. Any comments received after the 60-day period will be considered to the extent
practicable for the preparation of the Final EIS.
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CONVERSIONS

METRIC TO ENGLISH

ENGLISH TO METRIC

Multiply by To get Multiply by Toget
Area
Square meters 10.764 Square feet Square feet 0.092903 Square meters
Square kilometers 2471 Acres Acres 0.0040469 Square kilometers
Square kilometers 0.3861 Square miles Square miles 259 Square kilometers
Hectares 2471 Acres Acres 0.40469 Hectares
Concentration
Kilograms/square meter 0.16667 Tons/acre Tons/acre 0.5999 Kilograms/square meter
Milligramg/liter 13 Parts/million Parts/million 12 Milligramg/liter
Microgramg/liter 12 Parts/billion Parts/billion 12 Microgramg/liter
Micrograms/cubic meter 12 Partg/trillion Partg/trillion 12 Micrograms/cubic meter
Density
Gramg/cubic centimeter 62.428 Pounds/cubic feet || Pounds/cubic feet 0.016018 Grams/cubic centimeter
Grams/cubic meter 0.0000624 Pounds/cubic feet || Pounds/cubic feet 16,025.6 Grams/cubic meter
Length
Centimeters 0.3937 Inches Inches 254 Centimeters
Meters 3.2808 Feet Feet 0.3048 Meters
Kilometers 0.62137 Miles Miles 1.6093 Kilometers
Temperature
Absolute
DegreesC + 17.78 18 Degrees F DegreesF - 32 0.55556 DegreesC
Relative
DegreesC 18 Degrees F Degrees F 0.55556 DegreesC
Velocity/Rate
Cubic meters/second 2118.9 Cubic feet/minute || Cubic feet/minute 0.00047195 Cubic meters/second
Grams/second 7.9366 Pounds/hour Pounds/hour 0.126 Grams/second
Meters/second 2.237 Miles/hour Miles/hour 0.44704 Meters/second
Volume
Liters 0.26418 Gallons Gallons 3.78533 Liters
Liters 0.035316 Cubic feet Cubic feet 28.316 Liters
Liters 0.001308 Cubic yards Cubic yards 764.54 Liters
Cubic meters 264.17 Gallons Gallons 0.0037854 Cubic meters
Cubic meters 35.314 Cubic feet Cubic feet 0.028317 Cubic meters
Cubic meters 1.3079 Cubic yards Cubic yards 0.76456 Cubic meters
Cubic meters 0.0008107 Acre-feet Acre-feet 1233.49 Cubic meters
Weight/Mass
Grams 0.035274 Ounces Ounces 28.35 Grams
Kilograms 2.2046 Pounds Pounds 0.45359 Kilograms
Kilograms 0.0011023 Tons (short) Tons (short) 907.18 Kilograms
Metric tons 1.1023 Tons (short) Tons (short) 0.90718 Metric tons
ENGLISH TO ENGLISH
Acre-feet 325,850.7 Gallons Gallons 0.000003046 Acre-feet
Acres 43,560 Square feet Square feet 0.000022957 Acres
Square miles 640 Acres Acres 0.0015625 Square miles
a. Thisconversion isonly valid for concentrations of contaminants (or other materials) in water.
METRIC PREFIXES
Prefix Symbol Multiplication factor
exXar E 1,000,000,000,000,000,000 = 10"
pete- P 1,000,000,000,000,000 = 10%
tera- T 1,000,000,000,000 = 10%
gige G 1,000,000,000 = 10°
mega- M 1,000,000 = 10°
kilo- k 1,000 = 10°
deca- D 10 = 10
deci- d 0.1 = 10%
centi- c 0.01 = 10?
milli- m 0.001 = 10°
micro- u 0.000 001 = 10°
nano- n 0.000000001 = 10°
pico- p 0.000 000 000 001 = 10™
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DEPARTMENT OF ENERGY

Record of Decision: Site-Wide
Environmental Impact Statement for
Continued Operation of the Los
Alamos National Laboratory in the
State of New Mexico

AGENCY: Department of Energy.
ACTION: Record of decision.

SUMMARY: The Department of Energy
(DOE) is issuing this Record of Decision
on the continued operation of the Los
Alamos National Laboratory (LANL) in
the State of New Mexico. This Record of
Decision is based on the information
and analysis contained in the Site-Wide
Environmental Impact Statement for
Continued Operation of the Los Alamos
National Laboratory, DOE/EIS-0238
(including the classified supplement),
and other factors, including the mission
responsibilities of the Department, and
comments received on the final Site-
Wide Environmental Impact Statement.
DOE has decided to implement the
Preferred Alternative, which, with
certain limitations, is the Expanded
Operations Alternative. This alternative
would expand operations at LANL, as
the need arises, to increase the level of
existing operations to the highest
reasonably foreseeable levels, and to
fully implement the mission elements
assigned to LANL.

FOR FURTHER INFORMATION CONTACT: For
further information on the Site-Wide
Environmental Impact Statement or to

receive a copy of the Site-Wide
Environmental Impact Statement or
other information related to this Record
of Decision, contact: Corey Cruz,
Document Manager, U.S. Department of
Energy, Albuquerque Operations Office,
P.O. Box 5400, Albuquerque, NM 87185,
(505) 845-4282.

For information on the DOE National
Environmental Policy Act (NEPA)
process, contact: Carol M. Borgstrom,
Director, Office of NEPA Policy and
Assistance (EH-42), U.S. Department of
Energy, 1000 Independence Avenue,
SW, Washington, DC 20585, (202) 586—
4600, or leave a message at (800) 472—
2756.

SUPPLEMENTARY INFORMATION:

Background

DOE prepared this Record of Decision
pursuant to the regulations of the
Council on Environmental Quality for
implementing NEPA (40 CFR Parts
1500-1508) and DOE’s NEPA
Implementing Procedures (10 CFR Part
1021). This Record of Decision is based,
in part, on DOE’s Site-Wide
Environmental Impact Statement for
Continued Operation of the Los Alamos
National Laboratory, (DOE/EIS-0238).
LANL is located in north-central New
Mexico, 60 miles (96 kilometers) north-
northeast of Albuquerque, 25 miles (40
kilometers) northwest of Santa Fe, and
20 miles (32 kilometers) southwest of
Espariola. LANL occupies an area of
approximately 27,832 acres (11,272
hectares), or approximately 43 square
miles (111 square kilometers), of which
86 percent lies within Los Alamos
County and 14 percent within Santa Fe
County. The Fenton Hill site (Technical
Area [TA]-57), a remote site 20 miles
(32 kilometers) west of LANL, occupies
15 acres (6 hectares) in Sandoval County
on land leased from the U.S. Forest
Service. LANL is divided into 49
separate Technical Areas. LANL is a
multi-disciplinary, multipurpose
national laboratory engaged in
theoretical and experimental research
and development. DOE has assigned
elements of each of its four principal
missions (National Security, Energy
Resources, Environmental Quality, and
Science) to LANL, and has established
and maintains several capabilities in
support of these mission elements,
including applications of science and
technology to the nuclear weapons
program. These capabilities also support
applications for other Federal agencies
and other organizations in accordance
with national priorities and policies.

DOE is currently engaged in other
NEPA reviews that include LANL as an
alternate location for the action under
consideration. These other NEPA

reviews include programmatic and
project Environmental Impact
Statements for Waste Management and
Surplus Plutonium Disposition. Since
these other Environmental Impact
Statements identify potential new or
expanded activities for LANL, the
impacts of these activities are described
under the Preferred Alternative in the
Site-Wide Environmental Impact
Statement. The nature of the decisions
in this Record of Decision with regard
to the Waste Management programmatic
and project proposals is simply to
reserve infrastructure at LANL pending
completion of these programmatic and
project reviews and the corresponding
decision document. With regard to the
Surplus Plutonium Disposition
program, the nature of the decision in
this Record of Decision is to maintain
the competency and capability to
fabricate the Lead Assemblies as
evaluated in the Surplus Plutonium
Disposition Environmental Impact
Statement (SPD EIS). However, the
availability and capacity of facilities to
perform such work may be limited
because of competing priorities from the
weapons program. DOE’s resolution of
any such competing priorities will be
reflected in the Record of Decision for
the SPD EIS.

DOE was directed by Congress (Pub.
L. 105-119) to convey or transfer parcels
of DOE land in the vicinity of LANL to
the Incorporated County of Los Alamos,
New Mexico, and the Secretary of the
Interior, in trust for the San Ildefonso
Pueblo. Such parcels, or tracts of land,
must not be required to meet the
national security mission of LANL and
must also meet other criteria established
by the Act. DOE has issued a Draft
Environmental Impact Statement to
examine the potential environmental
impacts associated with the conveyance
or transfer of 10 specific parcels. EPA
published a Notice of Availability for
the Draft Environmental Impact
Statement for the Conveyance and
Transfer of Certain Land Tracts
Administered by the Department of
Energy and Located at Los Alamos
National Laboratory, Los Alamos and
Santa Fe Counties, New Mexico, in the
Federal Register on February 26, 1999.

The Site-Wide Environmental Impact
Statement considers the environmental
impacts of ongoing and proposed
activities at LANL. DOE expects that it
will continue to suggest new programs,
projects, and facilities for LANL (or
consider LANL as an alternative site for
such facilities or activities). These new
proposals will be analyzed in
programmatic or project-specific NEPA
reviews, as they become ripe for
decision. Subsequent NEPA reviews
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will make reference to, and be tiered
from, the Site-wide Environmental
Impact Statement; and subsequent DOE
decisions on these proposals may
amend this Record of Decision.

Alternatives Considered

DOE analyzed four broad alternative
levels of operation at the Los Alamos
National Laboratory. The four
alternatives are as follows:

Alternative 1—No Action

The No Action Alternative reflects the
levels of operation at LANL that are
currently planned. This includes
operations that provide for continued
support of DOE’s four primary missions,
but would not include an increase in the
existing pit manufacturing capacity
(beyond the current capacity of 14 pits
per year) nor expansion of the low-level
waste disposal facility at Technical
Area—54 (the remaining space in the
existing Area G footprint would be used,
but some low-level waste would be
shipped off-site for disposal). This
alternative includes the maintenance of
existing capabilities, continued support/
infrastructure activities, and
implementation of several facility
construction or modification projects
throughout LANL that have previous
NEPA reviews.

Alternative 2—Expanded Operations
(DOE’s Preferred Alternative Except for
Pit Manufacturing)

The Expanded Operations Alternative
would expand operations at LANL, as
the need arises, to increase the level of
existing operations to the highest
reasonably foreseeable levels, and to
fully implement the mission elements
assigned to LANL. This includes the
impacts of the full implementation of
pit manufacturing up to a capacity of 50
pits per year under single-shift
operations (80 pits per year using
multiple shifts). This alternative
includes the expansion of the low-level
waste disposal site at Technical Area—
54, including receipt of off-site wastes.
In addition, this alternative includes the
continued maintenance of existing and
expanded capabilities, continued
support/infrastructure activities, and
implementation of several facility
construction or modification projects at
Technical Area-53 (i.e., the Long-Pulse
Spallation Source, the 5-Megawatt
Target/Blanket Experimental Area, the
Dynamic Experiment Laboratory, and
the Isotope Production Facility).

Alternative 3—Reduced Operations

The Reduced Operations Alternative
reflects the minimum levels of operation
at LANL considered necessary to

maintain the capabilities to support
DOE missions over the near-term
(through the year 2007). While the
capabilities are maintained under this
alternative, this may not constitute full
support of the mission elements
currently assigned to LANL. This
alternative reflects pit manufacturing at
a level below the existing capacity (at 6
to 12 pits per year) and reflects
shipment of much of the low-level
waste generated at LANL for off-site
disposal (on-site disposal would be
limited to those waste types for which
LANL has a unique capability at Area
G). This alternative includes the
maintenance of existing capabilities,
continued support/infrastructure
activities, and implementation of
several facility construction or
modification projects throughout LANL
that have previous NEPA reviews; some
of the projects previously reviewed
under NEPA would be reduced in scope
or eliminated (e.g., the Low-Energy
Demonstration Accelerator would only
be operated at the lower end of its
energy range).

Alternative 4—*“Greener”’

The “Greener” Alternative reflects
increased levels of operation at LANL in
support of nonproliferation, basic
science, and materials recovery/
stabilization mission elements, and
reduced levels of operation in support
of defense and nuclear weapons mission
elements. All LANL capabilities are
maintained for the short term under this
alternative; however, this may not
constitute full support of the nuclear
weapons mission elements currently
assigned to LANL. This alternative
reflects pit manufacturing at a level
below the existing capacity (at 6 to 12
pits per year) and reflects shipment of
much of the low-level waste generated
at LANL for off-site disposal (on-site
disposal would be limited to those
waste types for which LANL has a
unique capability at Area G). This
alternative includes the maintenance of
existing capabilities, continued support/
infrastructure activities, and
implementation of several facility
construction or modification projects at
Technical Area-53 (i.e., the Long-Pulse
Spallation Source, the 5-Megawatt
Target/Blanket Experimental Area, the
Dynamic Experiment Laboratory, and
the Isotope Production Facility.) The
name and general description for this
alternative were provided by interested
public stakeholders as a result of the
scoping process.

Preferred Alternative

In the draft Site-Wide Environmental
Impact Statement, the Preferred

Alternative was the Expanded
Operations Alternative. In the final Site-
Wide Environmental Impact Statement,
the Expanded Operations Alternative is
the Preferred Alternative with one
modification, which involves the level
at which pit manufacturing would be
implemented at LANL. Under the
Expanded Operations Alternative, DOE
would expand operations at LANL, as
the need arises, to increase the level of
existing operations to the highest
reasonably foreseeable levels. This
expansion of operations would apply
broadly to the essential science and
technology activities across LANL, and
would apply to the level of activity for
those operations (e.g., increased
throughput or increased numbers of
experiments). The Expanded Operations
alternative includes expansion to fully
implement pit manufacturing up to the
capacity of 50 pits per year under
single-shift operations (80 pits per year
using multiple shifts) assigned to LANL
in the Record of Decision for the
Stockpile Stewardship and Management
Programmatic Environmental Impact
Statement.

However, as a result of delays in the
implementation of the Capability
Maintenance and Improvement Project
and recent additional controls and
operational constraints applied to work
conducted in the Chemistry and
Metallurgy Research (CMR) Building,
DOE has determined, as a matter of
policy, to postpone any decision to
expand pit manufacturing beyond a
level of a nominal 20 pits per year in the
near future (through the year 2007), and
to study further methods for
implementing the 50 pits per year
production capacity. The revised
Preferred Alternative reflects
implementing pit manufacturing at the
20-pit-per-year level. This
postponement does not modify the long-
term goal announced in the Record of
Decision for the Stockpile Stewardship
and Management Programmatic
Environmental Impact Statement of 50
pits per year (up to 80 pits per year
using multiple shifts).

The Preferred Alternative includes the
expansion of the low-level waste
disposal site at Technical Area—-54. The
Preferred Alternative also includes the
continued maintenance of existing and
expanded capabilities, continued
support/infrastructure activities, and
implementation of several facility
construction or modification projects at
Technical Area-53 (i.e., the Long-Pulse
Spallation Source, the 5-Megawatt
Target/Blanket Experimental Area, the
Dynamic Experiment Laboratory, and
the Isotope Production Facility).
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Environmentally Preferable Alternative

The Council on Environmental
Quiality, in its “Forty Most Asked
Questions Concerning CEQ’s NEPA
Regulations’ (46 FR 18026, 2/23/81),
with regard to 40 CFR 1505.2, defined
the “environmentally preferable
alternative” as the alternative ““that will
promote the national environmental
policy as expressed in NEPA'’s Section
101. Ordinarily, this means the
alternative that causes the least damage
to the biological and physical
environment; it also means the
alternative which best protects,
preserves, and enhances historic,
cultural, and natural resources.”

After considering impacts to each
resource area by alternative, DOE has
identified Alternative 3, Reduced
Operations, as the environmentally
preferable alternative. Alternative 3 was
identified as having the fewest direct
impacts to the physical environment
and to worker and public health and
safety because all operations would be
at the lowest levels. However, the
analyses indicate that there would be
very little difference in the
environmental impacts among the
alternatives analyzed. The major
discriminators among alternatives are
collective worker risks due to radiation
exposure, socioeconomic effects due to
LANL employment changes, and
electrical power demand. Therefore,
Reduced Operations would have the
fewest impacts and Expanded
Operations would have the most.

Environmental Impacts of Alternatives

DOE weighed environmental impacts
as one factor in its decision making.
DOE analyzed the potential impacts that
might occur to land resources; geology,
geological conditions, and soils; water
resources, air quality; ecological and
biological resources, human health,
environmental justice, cultural
resources; and socioeconomic,
infrastructure, and waste management
for the four alternatives. DOE
considered the impacts that might occur
from use of special nuclear materials,
facility accidents, and the transportation
of radioactive and other materials
associated with LANL operations. DOE
considered the impacts of projects and
activities associated with each
alternative, the irreversible or
irretrievable commitments of resources,
and the relationship between short-term
uses of the environment and the
maintenance and enhancement of long-
term productivity.

The highest resource impacts under
any of the alternatives will be to the
electrical power infrastructure. Peak

electrical demand under the Reduced
Operations Alternative exceeds supply
during the winter months and may
result in periodic brownouts. Peak
electrical demand under the No Action,
Expanded Operations, and Greener
Alternatives exceeds the power supply
in both winter and summer, when this
may result in periodic brownouts.
(Power supply to the Los Alamos area
has been a concern for a number of
years, and DOE continues to work with
other users in the area and power
suppliers to increase supply and reduce
use.)

Nonradioactive hazardous air
pollutants would not be expected to
degrade air quality or affect human
health under any of the alternatives. The
differences in activities among the
alternatives do not result in large
differences in chemical usage. The
activities at LANL are such that large
amounts of chemicals are not typically
used in any industrial process at LANL
(compared to what may be used in
commercial manufacturing facilities);
but research and development activities
involving many users dispersed
throughout the site are the norm. Air
emissions are, therefore, not expected to
change by a magnitude that would, for
example, trigger more stringent
regulatory requirements or warrant
continuous monitoring. Radioactive air
emissions change slightly, but are
within a narrow range due to the
controls placed on these types of
emissions and the need to assure
compliance with regulatory standards.
The collective population radiation
doses from these emissions range from
about 11 person-rem per year to 33
person-rem per year across the
alternatives, and the radiation dose to
the maximally exposed individual
ranges from 1.9 millirem per year to 5.4
millirem per year across the
alternatives. These doses were
considered in the human health impact
analysis.

The total radiological doses from
normal operations over the next 10
years to the public under any of the
alternatives are relatively small and are
not expected to result in any excess
latent cancer fatalities (LCFs) to
members of the public. Additionally,
exposure to chemicals due to LANL
operations under any of the alternatives
is not expected to result in significant
effects to either workers or the public.
Exposure pathways associated with the
traditional practices of communities in
LANL area (special pathways) would
not be expected to result in human
health effects under any of the
alternatives. The annual collective
radiation dose to workers at LANL

ranges from 170 person-rem per year to
833 person-rem per year across the
alternatives. These dose levels would be
expected to result in from 0.07 to 0.33
excess LCFs per year of operation,
respectively, among the exposed
workforce. These impacts, in terms of
excess LCFs per year of operation,
reflect the numbers of excess fatal
cancers estimated to occur among the
exposed members of the work force over
their lifetimes per year of LANL
operations. These impacts form an
upper bound, and the actual
consequences could be less, but
probably would not be worse.

Worker exposures to physical safety
hazards are expected to result in a range
of 417 (Reduced Operations) to 507
(Expanded Operations) reportable cases
each year; typically, such cases would
result in minor or short-term effects to
workers, but some of these incidents
could result in long-term health effects
or even death.

LANL employment (including the
University of California employees and
those of the two subcontractors with the
largest employment among LANL
subcontractors) ranges from 9,347
(Reduced Operations) to 11,351
(Expanded Operations) full-time
equivalents across the alternatives, as
compared to 9,375 LANL full-time
equivalents in 1996. These changes in
employment would result in changes in
regional population, employment,
personal income, and other
socioeconomic measures. Under any of
the alternatives, these secondary effects
would change existing conditions in the
region by less than 5 percent.

Water demand for LANL ranges from
602 million gallons (2,279 million liters)
per year to 759 million gallons (2,873
million liters) per year across the
alternatives; the total water demand
(including LANL and the residences and
other businesses and agencies in the
area) is within the existing DOE Rights
to Water, and would result in average
drops of 10 to 15 feet (3.1 to 4.6 meters)
in the water levels in DOE well fields
over the next 10 years. Usage, therefore,
will remain within a fairly tight range
among the alternatives. The related
aspect of wastewater discharges is also
within a narrow range for that reason.
Outfall flows range from 218 to 278
million gallons (825 to 1,052 million
liters) per year across the alternatives,
and these flows are not expected to
result in substantial changes to existing
surface or groundwater quantities.
Outfall flows are not expected to result
in substantial surface contaminant
transport under any of the alternatives.
However, since mechanisms for
recharge to groundwater are highly
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uncertain, it is possible that discharges
under any of the alternatives could
result in contaminant transport in
groundwater and off the site,
particularly beneath Los Alamos
Canyon and Sandia Canyon, which have
increased outfall flows. The outfall
flows associated with the Expanded
Operations and Greener Alternatives
reflect the largest potential for such
contaminant transport, and the flows
associated with the Reduced Operations
Alternative have the least potential for
such transport.

There is little difference in the
impacts to geology, geological
conditions, and soils across the
alternatives. Wastewater discharge
volumes with associated contaminants
do change across the alternatives, but
not to a degree noticeable in terms of
impacts (such as causing soil erosion,
for example). Under all of the
alternatives, small quantities (as
compared to existing conditions) of
contaminants would be deposited in
soils due to continued LANL operations,
and the Environmental Restoration
Project would continue to remove
existing contaminants at sites to be
remediated. Geological mapping and
fault trenching studies at LANL are
currently under way or recently
completed to better define the rates of
fault movements, specifically of the
Pajarito Fault, and the location and
possible southern termination of the
Rendija Canyon Fault. Ongoing and
recently completed seismic hazard
studies indicate that slip rates
(recurrence intervals for earthquakes)
are within the parameters assumed in
the 1995 seismic hazards study at
LANL.

There is little difference in the
impacts to land resources between the
No Action, Reduced Operations, and the
Greener Alternatives. Differences among
the alternatives are primarily associated
with operations in existing facilities,
and very little new development is
planned. Therefore, these impacts are
essentially the same as currently
experienced. The Expanded Operations
Alternative has very similar land
resources impacts to those of the other
three alternatives, with the principal
differences being attributable to the
visual impacts of lighting along the
proposed transportation corridor
between the Plutonium Facility and the
Chemistry and Metallurgy Research
Building (this corridor will not be built
under the Preferred Alternative) and the
noise and vibration associated with
increased frequency of high explosives
testing (as compared to the other three
alternatives).

No significant adverse impact to
ecological and biological resources is
projected under any of the alternatives.
The separate analyses of impacts to air
and water resources constitute some of
the source information for analysis of
impacts in this area; as can be seen from
the above discussion, the variation
across the alternatives is not of a
sufficient magnitude to cause large
differences in effects. The impacts of the
Expanded Operations Alternative differ
from those of the other alternatives in
that there is some projected loss of
habitat; however, this habitat loss is
small (due to limited new construction)
compared to available similar habitat in
the immediate vicinity.

DOE expects no environmental justice
impacts from the operation of LANL
under any of the alternatives, i.e.,
projected impacts are not
disproportionately high for minority or
low-income populations in the area.
DOE also analyzed human health
impacts from exposure through special
pathways, including ingestion of game
animals, fish, native vegetation, surface
waters, sediments, and local produce;
absorption of contaminants in
sediments through the skin; and
inhalation of plant materials. The
special pathways have the potential to
be important to the environmental
justice analysis because some of these
pathways may be more important or
viable for the traditional or cultural
practices of minority populations in the
area. However, human health impacts
associated with these special pathways
also will not present disproportionately
high and adverse impacts to minority or
low-income populations.

Under all of the Site-Wide
Environmental Impact Statement
alternatives, there is a negligible to low
potential for impacts to archaeological
and historic resources due to shrapnel
and vibration caused by explosives
testing and contamination from
emissions. Potential impacts will vary
in intensity in accordance with the
frequency of explosives tests and the
operational levels that generate
emissions (e.g., Reduced Operations
would reflect the lowest potential, and
Expanded Operations would reflect the
highest potential). Recent assessments
of prehistoric resources indicate a low
potential compared to the effects of
natural conditions (wind, rain, etc.). In
addition to these potential impacts, the
Expanded Operations Alternative
includes the expansion of the low-level
waste disposal site at Technical Area-
54, which contains several National
Register of Historic Places sites; if any
significant cultural resources will be
adversely effected by the undertaking,

DOE will consult with the New Mexico
State Historic Preservation Office and
other consulting parties to resolve the
adverse effect.

The potential impacts to specific
traditional cultural properties would
depend on their number, characteristics,
and location. Such resources could be
adversely affected by changes in water
quality and quantity, erosion, shrapnel
from explosives testing, noise and
vibration from explosives testing, and
contamination from ongoing operations.
Such impacts would vary in intensity in
accordance with the frequency of
explosive tests and the operational
levels that generate emissions. The
current practice of consultation would
continue to be used to provide
opportunities to avoid or minimize
adverse impacts to any traditional
cultural properties located at LANL.

LANL chemical waste generation
ranges from 3,173 to 3,582 tons
(2,878,000 to 3,249,300 kilograms) per
year across the alternatives. LANL low-
level waste generation, including low-
level mixed waste, ranges from 338,210
to 456,530 cubic feet (9,581 to 12,837
cubic meters) per year across the
alternatives. LANL transuranic (TRU)
waste generation, including mixed TRU
waste, ranges from 6,710 to 19,270 cubic
feet (190 to 547 cubic meters) across the
alternatives. Disposal of these wastes at
on-site or off-site locations is projected
to constitute a relatively small portion
of the existing capacity for disposal
sites; disposal of all LANL low-level
waste on the site would require
expansion of the low-level waste
disposal capacity beyond the existing
footprint of Technical Area-54 Area G
under all alternatives (although this is
only included in the analysis of the
Expanded Operations Alternative).

Radioactively contaminated space in
LANL facilities would increase by about
63,000 square feet (5,853 square meters)
under the No Action, Reduced
Operations, and Greener Alternatives
(due primarily to actions previously
reviewed under NEPA but not fully
implemented at the time the existing
contaminated space estimate was
established [May 1996]). The Expanded
Operations Alternative would increase
contaminated space in LANL facilities
by about 73,000 square feet (6,782
square meters). The creation of new
contaminated space causes a clean-up
burden in the future, including the
generation of radioactive waste for
treatment and disposal; the actual
impacts of such clean-up actions are
highly uncertain because they are
dependent on the actual characteristics
of the facilities, the technologies
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available, and the applicable
requirements at the time of the cleanup.

Incident-free transportation associated
with LANL activities over the next 10
years would be conservatively expected
to cause radiation doses that would
result in about one excess latent cancer
fatality to a member of the public and
two excess latent cancer fatalities to
members of LANL workforce over their
lifetimes under each of the Site-Wide
Environmental Impact Statement
alternatives. There is little variation in
impacts because effects are small, and
the increased transport of radioactive
materials is not enough to make a
significant change in those small effects.

Transportation accidents without an
associated cargo release over the next 10
years of LANL operations are
conservatively projected to result in
from 33 to 76 injuries and 3to 8
fatalities (including workers and the
public) across the alternatives. The
bounding off-site and on-site
transportation accidents over the next
10 years involving a release of cargo
would not be expected to result in any
injuries or fatalities to members of the
public for any of the alternatives.
Accidents were analyzed by type of
material, and the maximum quantities
were selected for analysis. These
parameters do not change across the
alternatives. Total risk also does not
change appreciably across the
alternatives because the frequency of
shipments does not vary enough to
substantially influence the result.

The accident analyses (other than
transportation and worker physical
safety incidents/accidents) considered a
variety of initiators (including natural
and manmade phenomena), the range of
activities at LANL, and the range of
radioactive and other hazardous
materials at LANL. Transportation
accidents and the relatively frequent
worker physical safety incidents/
accidents were considered separately.
The accidents discussed below are those
that bound the accident risks at LANL
(other than transportation and physical
safety incidents/accidents).

The operational accident analysis
included four scenarios that would
result in multiple source releases of
hazardous materials: three due to a site-
wide earthquake and one due to a
wildfire, resulting in three different
degrees of consequences and one
wildfire scenario. These four scenarios
dominate the radiological risk due to
accidents at LANL because they involve
radiological releases at multiple
facilities and are considered credible
(that is, they would be expected to occur
more often than once in a million years),
with the wildfire considered likely.

Another earthquake-initiated accident,
labeled RAD-12, is facility-specific (to
Building Technical Area—16—411) and is
dominated by the site-wide earthquake
accidents due to its very low frequency
(about 1.5 x 10 —6 per year). It is
noteworthy that the consequences of
such earthquakes are dependent on the
frequency of the earthquake event, the
facility design, and the amount of
material that could be released due to
the earthquake; such features do not
change across the alternatives, so the
impacts of these accidents are the same
for all four alternatives. The risks were
estimated conservatively in terms of
both the frequency of the events and the
consequences of such events. (In
particular, it is noteworthy that the
analysis assumes that any building that
would sustain structural or systems
damage in an earthquake scenario does
so in a manner that creates a path for
release of material outside of the
building.) The total risk of an accident
is the product of the accident frequency
and the consequences to the total
population within 50 miles (80
kilometers). This risk ranges from 0.046
(SITE-01, i.e., seismic event) and 0.034
(SITE-04, i.e., wildfire event) excess
latent cancer fatalities per year of
operation, to extremely small numbers
for most of the radiological accidents.
The risk for release of chemicals, such
as chlorine, is calculated similarly as
the product of the frequency and
numbers of people exposed to greater
than the selected guideline
concentration, Emergency Response
Planning Guideline (ERPG)-2. (ERPG-2
is the maximum airborne concentration
below which it is believed that nearly
all individuals could be exposed for up
to 1 hour without irreversible or serious
health effects or symptoms that could
impair their abilities to take protective
action). Under all alternatives, the risks
for chemical releases range from 6.4
(SITE-01) people exposed per year of
operation to extremely small numbers
for some chemical releases. In general,
such earthquakes would be expected to
cause fatalities due to falling structures
or equipment; this also would be true
for LANL facilities. Thus, worker
fatalities due to the direct effects of the
earthquakes would be expected. Worker
injuries or fatalities due to the release of
radioactive or other hazardous materials
would be expected to be small or
modest increments to the injuries and
fatalities due to the direct effects of the
earthquakes.

Comments on the Final Site-Wide
Environmental Impact Statement

DOE distributed approximately 500
copies of the final Site-Wide

Environmental Impact Statement to
Congressional members and
committees, the State of New Mexico,
various American Indian Tribal
governments and organizations, local
governments, other Federal agencies,
and the general public. Comments were
received from the U.S. Department of
the Interior (DOI) and Chestnut Law
Offices, representing San Ildefonso
Pueblo. The U.S. Environmental
Protection Agency (EPA) did not
provide comments on the final Site-
Wide Environmental Impact Statement
stating in the Federal Register (64 FR
18901) that ““Review of the FEIS was not
deemed necessary. No formal comment
letter was sent to the preparing agency.”

DOI identified two areas of concern
with the final Site-Wide Environmental
Impact Statement. The first concern is
that the Site-Wide Environmental
Impact Statement does not adequately
assess the direct, indirect, and
cumulative effects of programs and
activities associated with the continued
operation of LANL either on or off the
site. DOI maintains that the existing
impacts from the environmental
baseline should be quantified and not
restricted to the evaluation of only two
site-specific projects. DOI further states
that while programs and activities that
are proposed or under way may help to
reduce adverse impacts, these programs
and activities were not adequately
evaluated in the Site-Wide
Environmental Impact Statement.

Chapter 4 (Volume 1) of the Site-Wide
Environmental Impact Statement
presents the environmental setting and
existing conditions associated with
LANL operations. The information
presented in Chapter 4 forms a baseline
for use in evaluating the environmental
impacts of the four Site-Wide
alternatives. For all alternatives,
assessment of significance was
accomplished both quantitatively where
data and analysis were available, and
qualitatively. The assessment of the
potential effects, both positive and
adverse, of the Expanded Operations,
Reduced Operations, Greener, and No
Action Alternatives was based on the
degree of change from baseline
conditions and was presented in
Chapter 5 (Volume 1) of the Site-Wide
Environmental Impact Statement. DOE
integrated many programs and
activities, including the Natural
Resources Management Plan (see
Mitigation Measures), that would reduce
adverse impacts in its analysis of
environmental impacts.

DOI’s second concern is threatened
and endangered species protection at
LANL. DOI does not concur with DOE’s
determination that implementation of
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the Expanded Operation Alternative
may affect but would not likely
adversely affect four listed species at
LANL. The DOI believes that measures
necessary to reduce impacts to
threatened and endangered species that
are identified through the consultation
process should be incorporated into the
Site-Wide Environmental Impact
Statement as required measures.

On April 29, 1999, subsequent to
DOI’s submittal of comments on the
final Site-Wide Environmental Impact
Statement, DOE initiated formal section
7 consultation between the DOI and
DOE for DOE’s proposal to expand
existing operations at LANL. DOE sees
this consultation process as an
opportunity to further the stewardship
of listed species provided by the
recently implemented Threatened and
Endangered Species Management Plan
for LANL. Based on communications
with the U.S. Fish and Wildlife Service,
DOE anticipates that the Service will
issue a Biological Opinion in the near
future. Upon its receipt DOE will
continue to coordinate with the Service
the integration into the operation of
LANL of any needed measures
recommended in the Biological Opinion
that will contribute to the welfare of
listed species. DOE believes that this
process should proceed on a separate,
parallel track from that of the Site-Wide
Environmental Impact Statement
process.

The Chestnut Law Offices,
representing San lldefonso Pueblo,
identified three issues of concern with
the final Site-Wide Environmental
Impact Statement. First, Chestnut Law
Offices states that the environmental
justice analysis is flawed because it
divides San lldefonso Pueblo into
several different segments thereby not
indicating any adverse impacts to the
Pueblo. Chestnut Law Offices states that
most environmental risk is at the
perimeter of the laboratory directly
affecting San Ildefonso Pueblo, and that
the Site-Wide Environmental Impact
Statement determines there is no greater
impact on the Pueblo than on other
disadvantaged communities. Chestnut
Law Offices states that this approach in
environmental justice analysis does not
comply with Federal law and is
inadequate.

DOE prepared the environmental
justice analysis in accordance with
guidance from the Council on
Environmental Quality and Executive
Order 12898, Federal Actions to
Address Environmental Justice in
Minority Populations and Low-Income
Populations. The segments referred to in
the comments were used to identify and
highlight the locations of low-income

and/or minority populations for the
impact analyses. Using this tool, the San
Ildefonso Pueblo was identified as
housing minority and/or low-income
populations for consideration in the
Environmental Justice analysis. DOE has
not identified any disproportionately
high and adverse human health or
environmental impacts on minority or
low-income populations under any of
the alternatives analyzed in the Site-
Wide Environmental Impact Statement.
To the extent that there is a potential for
adverse impacts, DOE analysis has
shown that most of the impact would
affect all populations equally. In the
cases of air emissions and on-site
transportation, the residential
populations nearest to LANL, which
have a relatively low percentage of
minority and low-income populations,
would be affected to a greater extent
than other populations within the 50-
mile radius.

The impacts addressed in the
environmental justice analysis in the
Site-Wide Environmental Impact
Statement include land resources,
geology, soils, water resources,
ecological resources, air quality, human
health, waste management,
socioeconomic, and transportation. This
analysis includes the projected impacts
due to contamination in the area from
past LANL activities. As part of its
human health impact analysis, DOE
looked at potential exposure through
special pathways, including ingestion of
game animals, fish, native vegetation,
surface waters, sediments, and local
produce; absorption of contaminants in
sediments through the skin; and
inhalation of plant materials. For LANL,
the special pathways influence the
environmental justice analysis because
some of these pathways are more
important or viable to the traditional or
cultural practices of minority
populations in the area. Even
considering these special pathways,
DOE did not find disproportionately
high and adverse health impacts to
minority or low-income populations.

The Chestnut Law Offices’ second
concern is groundwater contamination
due to LANL activities. The Chestnut
Law Offices states that the final Site-
Wide Environmental Impact Statement
does not address the recent groundwater
contamination but downplays it, and
that this section of the Site-Wide
Environmental Impact Statement should
be re-evaluated.

DOE believes that drinking water
quality in the Los Alamos area
continues to meet all Federal and New
Mexico chemical and radiological
standards. In February 1999 DOE
discovered, as part of implementing the

Hydrogeologic Workplan (the multi-year
effort to characterize the flow and extent
of contamination of the main aquifer),
high explosives contamination while
drilling a well (R-25) in the western
part of the Laboratory. Based on current
knowledge, DOE believes it will take at
least 50 years for these contaminants to
reach the drinking water production
wells approximately three and a half
miles to the East of R—25. DOE has and
will continue to sample the drinking
water to ensure it is safe. Groundwater
monitoring data from implementation of
the Hydrogeologic Workplan is still
under review and evaluation. As new
information becomes available, the
LANL Environmental Surveillance and
Compliance Program will be revised to
incorporate the additional data.

Chestnut Law Offices’ third concern is
that the Site-Wide Environmental
Impact Statement does not consider the
shutdown of the low-level waste
disposal area, Area G, a reasonable
alternative. The commentor states the
alternatives in the Site-Wide
Environmental Impact Statement are
based on the assumption that LANL will
be a regional low-level waste disposal
site. The commentor believes the Site-
Wide Environmental Impact Statement
does not analyze the possibility that
another site may be chosen as the
regional low-level waste disposal site,
thereby providing the opportunity for
the waste to be removed from Area G.
The commentor states this is a serious
flaw since it does not anticipate a
clearly reasonable alternative in light of
existing planning documents.

The shutdown of the low-level waste
disposal area, Area G, was not
considered a reasonable alternative for
analysis in the Site-Wide Environmental
Impact Statement because Area G has a
unique capability for the disposal of
certain wastes generated by LANL. Such
wastes include classified wastes and
other wastes that would be difficult to
transport to other sites. The Expanded
Operations Alternative was the only
alternative that analyzed the impacts of
LANL being chosen as a regional low-
level waste disposal site.

Under the Waste Management
Programmatic Environmental Impact
Statement, which evaluated locations
for treatment and disposal of low-level
radioactive waste and mixed low-level
radioactive waste, these wastes would
be treated on the site at LANL and
disposed of at a regional site to be
determined after consultation with
stakeholders. One of the potential
regional disposal sites for low-level
waste is LANL. Therefore, in the
Expanded Operations Alternative, the
Site-Wide Environmental Impact
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Statement addressed treatment and
disposal of LANL-generated low-level
waste, as well as disposal of off-site
generated low-level waste. The
Expanded Operations Alternative
analyzes the environmental impacts and
the footprint needed at Area G to allow
for the implementation of this
alternative.

If LANL is not selected as a regional
disposal site, some low-level waste
could be sent off-site for disposal, as
reflected in the No Action, Reduced,
and Greener Alternatives. The current
low-level waste capacity available at
Area G is limited. If LANL were selected
as a regional disposal site, the
expansion of Area G would occur at the
fastest rate. If LANL continues to
dispose of its own wastes, the expansion
would still occur, but at a slower rate.
Currently LANL generates some low-
level waste that, primarily because of its
size and shape, does not meet the
acceptance criteria for disposal at other
DOE sites, such as the Nevada Test Site.
However, the decision as to the ultimate
treatment and disposal of low-level
waste and mixed low-level waste will be
made in a Record of Decision for the
Waste Management Programmatic
Environmental Impact Statement.

It should also be noted that the EPA,
State of New Mexico, and
representatives of the Pueblos (four
Accord Pueblos) near LANL were
invited to review and comment on the
Classified Supplement for the Draft Site-
Wide Environmental Impact Statement
(EPA declined the invitation).
Comments from that review were
received shortly after the final Site-Wide
Environmental Impact Statement was
issued. This final Classified Supplement
and all comments provided were
considered in reaching the decisions in
this Record of Decision.

Other Decision Factors

As noted in the final Site-Wide
Environmental Impact Statement, LANL
houses unique facilities and expertise
that have been developed over the past
50 years. These have served several
National Security and other national
needs in the past. It is expected that, for
the foreseeable future, the U.S. will
maintain a nuclear weapons stockpile
and require “cutting edge’ science and
manufacturing capabilities to address
issues of national importance for the
maintenance of that stockpile and for
other purposes, including assuring the
safety and reliability of that stockpile.
The unique facilities and expertise at
LANL are needed to assist in finding
solutions to these issues. As noted in
the final Site-Wide Environmental
Impact Statement, LANL’s role in

supporting DOE’s missions has
expanded as the DOE nuclear weapons
complex has been downsized over the
last decade. Additionally, it is expected
that there will be continued emphasis
on applying the unique capabilities at
LANL to support DOE’s basic science
mission and to apply technologies
developed in DOE laboratories to
improve the U.S. technological position
and competitiveness. These factors were
also considered (in addition to the
human health and environmental
impact information discussed above) in
reaching this Record of Decision.

Decisions

DOE has decided to continue to
operate LANL for the foreseeable future
and to expand the scope and level of its
operations at LANL. DOE is
implementing the Preferred Alternative,
that is Alternative 2, Expanded
Operations, but with pit production
limited to a capacity that can be
accommodated within the limited space
currently set aside for this activity in the
plutonium facility (estimated at
nominally 20 pits per year). This
alternative reflects a broad expansion of
science and technology research, and
applications of this research to a variety
of issues of national importance; this
alternative also includes the continued
maintenance of existing and expanded
capabilities, and continued support/
infrastructure activities. The following
discussion describes the major actions
to be taken, with an emphasis on those
areas that have had the most extensive
programmatic or public interest.

It should be noted that the decisions
in this Record of Decision will be
reflected in DOE budget requests and
management practices. However, the
actual implementation of these
decisions is dependent on DOE funding
levels and allocations of DOE budget
across competing priorities.

Pit Production and Other Plutonium
Operations

DOE remains committed to meeting
pit production requirements to support
the enduring nuclear weapons stockpile.
As part of its implementation of the
Preferred Alternative, DOE wiill
establish, over time, a pit production
capability at LANL with a capacity of
nominally 20 pits per year; this decision
reflects an intent to establish a pit
production capability at LANL within
the existing floor space set aside for this
operation (about 11,400 ft2 [1060 m 2]).
This will eliminate the need to transfer
several Technical Area-55 plutonium
operations (to ““‘make room” for pit
production activities in Technical Area-
55) either to the CMR Building, or to

newly constructed nuclear space, as
contemplated in the Site-Wide
Environmental Impact Statement. Thus,
the Preferred Alternative for Pit
Production can be implemented without
an expansion of the plutonium
operations floor space at LANL. The
exact production capacity of this floor
space is not known with certainty
(pending process optimization studies),
but has been characterized as nominally
20 pits per year. This level provides
adequate capacity to meet the near-term
pit production requirements to maintain
the enduring stockpile (about 20 pits per
year), as expressed in the Record of
Decision for the Stockpile Stewardship
and Management Programmatic
Environmental Impact Statement. While
this does not change the 50-pit-per-year
mission assignment made in the
Stockpile Stewardship and Management
Programmatic Environmental Impact
Statement Record of Decision, it does
suspend full implementation of that
decision until an undetermined time in
the future.

Implementation of the pit production
mission at LANL will be phased. The
first pit for delivery to the U.S. nuclear
weapons stockpile will be made in
2001. It is expected that, through
equipment installation in existing
facilities, the limited production
capacity of nominally 20 pits per year
will be achieved in 2007. At these levels
of production, there is no need to move
plutonium operations from the
Plutonium Facility, Technical Area-55,
to the CMR Building, and there is no
need to construct a corridor between
Technical Area-55 and Technical Area-
3. Thus, DOE has decided not to move
these operations or construct the road at
this time.

Chemistry and Metallurgy Research
Building—As the Site-Wide
Environmental Impact Statement was
being prepared, DOE was working on
two sets of information associated with
CMR operations: (1) Establishment of a
modern authorization basis for these
operations (referred to as the CMR Basis
for Interim Operations, or BIO); and, (2)
studies of the seismicity of the
Technical Area-55 and Technical Area-
3 areas. Both sets of information are
included in the impact analyses in the
Site-Wide Environmental Impact
Statement (where details were not
known, the analyses in the Site-Wide
Environmental Impact Statement were,
in fact, bounding of the details
determined through these efforts).
Through this effort, it became apparent
that the subprojects included in the
CMR Upgrades Construction Project
should be reprioritized and oriented to
provide for the continued safe operation
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of the CMR Building through about
2010. The single most substantive
change in this project was to replace the
proposed seismic upgrades with a
combination of material
containerization, a reduction in the
amount of Material at Risk (or MAR,
which is the amount of in-process
material that would be subject to release
if there were a catastrophic accident),
and a substantial reduction in the
amount of combustible material allowed
in the CMR Building. With these
controls in place, the worst-case
plausible accidents involving the CMR
Building would have minimal effects on
public health (effects would be within
applicable guidelines intended to
protect human health).

The 1996 Stockpile Stewardship and
Management Programmatic
Environmental Impact Statement
analyzed the environmental impacts of
locating a pit manufacturing capability
at either LANL or the Savannah River
Site. In December 1996, DOE issued a
Record of Decision reestablishing the pit
manufacturing mission at LANL. In
August 1998, the U.S. District Court for
the District of Columbia, while ruling in
DOE'’s favor in litigation challenging the
adequacy of the Stockpile Stewardship
and Management Programmatic
Environmental Impact Statement,
directed DOE to take another look at
certain new studies regarding seismic
hazards at LANL, and to provide a
factual report and technical analysis of
the plausibility of a building-wide fire at
LANL’s plutonium facility (PF-4 at
Technical Area-55). The Court directed
that DOE prepare a Supplement
Analysis, pursuant to DOE’s NEPA
regulations (10 CFR 1021.314(c)), to
help determine whether a supplemental
Stockpile Stewardship and Management
Programmatic Environmental Impact
Statement should be issued to address
these studies. These seismic studies
have been released to the public and are
examined in more detail in the draft
Supplement Analysis released for
public review and comment on July 1,
1999. On September 2, 1999, DOE
issued a final Supplement Analysis and
determined that none of the issues
analyzed in the Supplement Analysis
represents substantial changes to the
actions considered in the Stockpile
Stewardship and Management
Programmatic Environmental Impact
Statement, nor do those issues provide
significant new information relevant to
the environmental concerns discussed
in that Programmatic Environmental
Impact Statement. Therefore no
supplement to that Programmatic
Environmental Statement is required.

Secondaries

While LANL was considered as a
production site for secondaries
(components of a nuclear weapon that
contains elements needed to initiate the
fusion reaction in a thermonuclear
reaction) in the Stockpile Stewardship
and Management Programmatic
Environmental Impact Statement, this
mission was assigned to the Y-12 plant
at Oak Ridge, Tennessee. However, DOE
expects LANL to maintain an
understanding of secondary production
technologies, as well as the
characteristics of War Reserve
secondaries in the stockpile.

Tritium

LANL will continue to support both
research and development and
production activities involving tritium
(neutron tube target loading for nuclear
weapons stockpile components). These
will include development of new
reservoirs and reservoir fill operations,
surveillance and performance testing on
tritium components, tritium recovery
and purification technologies, and
production operations associated with
neutron generator production for the
stockpile. The expansion of these
activities results in: (1) tritium
throughputs on an annual basis increase
by a factor of up to 2.5; and (2) the on-
site inventory of tritium increases by a
factor of 10.

High Explosives Processing and Testing

Operations in this area will increase
such that annual explosives throughput
will increase to about 82,700 pounds,
and the annual mock explosives
throughput will increase to about 2,910.
These quantities include continued
research, development, and fabrication
of high-power detonators, including
support of up to 40 major product lines
per year in support of the Stockpile
Stewardship and Management program.
In addition, the number of
hydrodynamic tests will increase to
about 100 per year; the annual amount
of depleted uranium will increase to
about 6,900 pounds.

Accelerator Operations

DOE will implement several facility
construction or modification projects at
Technical Area-53: the Long-Pulse
Spallation Source, the 5-Megawatt
Target/Blanket Experimental Area, the
Dynamic Experiment Laboratory, and
the Isotope Production Facility.

Expansion of Technical Area-54/Area G
Low-Level Waste Disposal Area

As part of the implementation of the
Preferred Alternative, DOE will
continue the on-site disposal of LANL

generated low-level waste using the
existing footprint at Area G low-level
waste disposal area and will expand
disposal capacity into Zones 4 and 6 at
Area G (this expansion would cover up
to 72 acres [29 hectares]). DOE will
develop both Zones 4 and 6 in a step-
wise fashion, expanding these areas as
demand requires.

Mitigation Measures

The Site-Wide Environmental Impact
Statement included a discussion of
existing programs and plans and
controls built into the operations at
LANL, including operating within
applicable regulations, DOE Orders,
contractual requirements and approved
policies and procedures. The following
discussion outlines the mitigation
measures that DOE will undertake to
reduce the impacts of continuing to
operate LANL at the levels outlined in
this Record of Decision.

Electrical Power

The Site-Wide Environmental Impact
Statement recognizes the need for an
increase in electrical power supply and
reliability under the Preferred
Alternative as well as other alternatives
analyzed. The impact analyses
emphasize the severity of these issues
and consequences if they are not
resolved, e.g., brownouts. Solutions to
power supply issues are essential to
mitigate the effects of power demand
under all alternatives. An operating plan
for improved load monitoring,
equipment upgrades, and optimization
of some available power sources was
discussed. Additional measures under
consideration by DOE include: (1)
Limiting operation of large users of
electricity to periods of low demand,
and contractual mechanisms to bring
additional electric power to the region
and some form of on-site cogeneration
as an incremental resource. DOE and
other users of electrical power in the
area have been working with suppliers
to resolve these foreseeable power and
reliability issues. One solution under
consideration for improved reliability is
the provision of a third power line from
the existing Public Service Company of
New Mexico Norton substation to the
existing LANL substations. This
solution could include a new LANL
substation. In any case, DOE is
committed to manage electric power
demands to prevent periods of
brownouts by adjusting to the
limitations of available power until a
solution for a long-term increase in
powver is in place. DOE is also
committed to approve and begin
implementing a Utility Procurement
Plan by November 1999.
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Water Supply and Demand

Prior to September 8, 1998, DOE
supplied all potable water for LANL,
Bandelier National Monument, and Los
Alamos County, including the towns of
Los Alamos and White Rock. This water
was derived from DOE’s groundwater
right to withdraw 5,541.3 acre-feet or
about 1,806 million gallons of water per
year from the main aquifer. On this date,
DOE leased these rights to the County of
Los Alamos. This lease also included
DOE'’s contracted annual right obtained
in 1976 to 1,200 acre-feet of San Juan-
Chama Transmountain Diversion Project
water. This lease agreement is effective
for three years, at which point DOE
expects to convey 70 percent of the
water right to the County of Los Alamos
and lease the remaining 30 percent to
them. The San Juan-Chama rights will
be transferred in their entirety to the
County. On several occasions since 1986
through 1998, LANL operations have
exceeded 30 percent of the total DOE
annual water right. The agreement
between DOE and the County does not
preclude provision of additional waters
in excess of the 30 percent agreement,
if available. However, the agreement
also states that should the County be
unable to provide water to its
customers, the County shall be entitled
to reduce water services to DOE in an
amount equal to the water rights deficit.

DOE is committed to managing water
demand to prevent exceedances of DOE
water rights. LANL will develop and
implement by June 2000 procedures to
assure that all new projects will
implement water conservation design
and techniques. LANL will also develop
water conservation goals and begin
implementing them by October 2001.

Waste Management

DOE is committed to the proper
management and minimization of all
wastes. LANL will integrate waste
minimization into Integrated Safety
Management by October 2000. By June
2000 LANL will develop and implement
procedures to assure that all new
projects will implement waste
minimization for TRU and mixed TRU
waste streams. In addition LANL will
reduce by December 2005 waste from
routine operations by 80% using 1993
as a baseline for hazardous, low-level
radioactive, and mixed low-level
radioactive wastes. Also, LANL will
recycle 40% of sanitary waste from
routine operations by December 2005.

LANL will also purchase EPA-
designated items with recycled content
according to the conditions of Executive
Order 12873. A LANL Implementing

Requirement for waste minimization
activities is currently in draft.

Wildfire

The final Site-Wide Environmental
Impact Statement included an accident
scenario from a wildfire that was
initiated on land adjacent to LANL and
spread to the LANL site. The analysis
concluded that a major fire is not only
credible but also likely. The current and
future risks of wildfires at LANL can
only be mitigated through purposeful
environmental intervention and active
land management. LANL will develop
by December 1999 a preliminary
program plan for comprehensive
wildfire mitigation, including
construction and maintenance of
strategic fire roads and fire breaks,
creation of defensible space surrounding
key facilities, and active forest
management to reduce fuel loadings.
LANL will prepare and begin
implementation of a long-term strategy
for wildfire mitigation actions before the
start of the 2000 fire season.

Cultural Resources

DOE is committed through ongoing
consultation processes with affected
Native American tribes to ensure
protection of cultural resources and
sites of cultural, historic, or religious
importance to the tribes. With input
from the tribes participating in the Los
Alamos Pueblos Project (LAPP), DOE
will develop a strategy to increase the
understanding of traditional cultural
properties at LANL, to determine
strategies for the long-term management
of identified traditional cultural
properties and sacred sites and to
determine appropriate mitigation
measures for specific traditional cultural
properties. The strategies could include
the development of access agreements to
traditional cultural properties and
sacred sites. In the past, attempts to
identify specific traditional cultural
properties at LANL have encountered
concerns from traditional groups
because of the potential for increased
risk to these resources if they are
individually identified; thus, DOE will
explore the potential benefits and risks
of such a study, and options to such a
study, with the LAPP tribes. This
approach is intended to ensure
appropriate respect and consideration
regarding cultural concerns, while
attempting to provide the information
and ability to mitigate or avoid potential
impacts to traditional cultural
properties (which are currently not
specifically known, to a large extent).
The goal of the consultation and
coordination would be an agreement
with the relevant Native American

tribes for the management of these
resources.

DOE will complete an Integrated
Cultural Resource Management Plan
(ICRMP) by April 2002. The ICRMP will
detail how LANL will manage, preserve,
and protect cultural resources within
the scope of Federal and State laws,
regulations, Executive Orders,
standards, as well as to the extent
practicable, follow Tribal criteria and
guidelines. The ICRMP will provide a
basis for a unified approach to address
the multiplicity of cultural resources
located on LANL lands. The plan will
serve to streamline many of the
administrative steps required by Federal
and State laws and regulations. The
scope of activities for the ICRMP would
include development of the plan,
completion of surveys of archeological
resources and historic buildings, and
implementation of long-term
monitoring.

Natural Resources

DOE will develop and begin
implementation of an integrated Natural
Resources Management Plan (NRMP) by
October 2002, which will integrate the
principles of ecosystem management
into the critical missions of LANL to
conserve ecosystem processes and
biodiversity. The NRMP will support
DOE'’s policy to manage all of its land
and facilities as valuable national
resources. This stewardship will
integrate LANL’s mission and
operations with its biological, water,
soil, and air resources in a
comprehensive plan that will guide land
and facility use decisions. The plan will
consider the site’s larger regional
context and be developed in
consultation with regional land
managing agencies and owners
(particularly Bandelier National
Monument, Santa Fe National Forest,
and Native American Pueblos), State
agencies, and the U.S. Fish and Wildlife
Service. This cooperative effort will
ensure a consistent, integrated, and
structured approach to regional natural
resource management.

The NRMP is viewed as a sequenced
planning document that will include
specific tasks and studies as part of the
process of development. It will include
new initiatives as well as integrating
ongoing programs, plans, and activities
at LANL, some of which may be
reassessed to ensure their contribution
to the goals and objectives of integrated
ecosystem management.

Mitigation Action Plan

In accordance with 10 CFR 1021.331,
DOE is preparing a Mitigation Action
Plan that will identify specific actions
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needed to implement these mitigation
measures and provide schedules for
completion. These mitigation measures
represent all practicable means to avoid
or minimize harm from the alternative
selected.

Conclusion

DOE has considered environmental
impacts, stakeholder concerns, and
National policy in its decisions
regarding the management and use of
LANL. The analysis contained in the
Site-Wide Environmental Impact
Statement is both programmatic and site
specific in detail. It is programmatic
from the broad multi-use facility
management perspective and site
specific in the detailed project and
program activity analysis. The impacts
identified in the Site-Wide
Environmental Impact Statement were
based on conservative estimates and
assumptions. In this regard, the analyses
bound the impacts of the alternatives
evaluated in the Site-Wide
Environmental Impact Statement. The
Expanded Operations Alternative was
defined to include activities to
implement the programmatic decisions
made or that may be made as a result
of other DOE Environmental Impact
Statements (some of which are currently
in progress). This Site-Wide
Environmental Impact Statement and
the analyses it contains can be used to
support these future programmatic or
project decisions.

In accordance with the provisions of
NEPA, its implementing procedures and
regulations, and DOE’s NEPA
regulations, I have considered the
information contained within the Site-
Wide Environmental Impact Statement,
including the classified supplement and
public comments received in response
to the final Site-Wide Environmental
Impact Statement. Being fully apprised
of the environmental consequences of
the alternatives and other decision
factors described above, I have decided
to continue and expand the use of LANL
and its resources as described. This will
enhance DOEFE’s ability to meet its
primary National security mission
responsibility and create an
environment that fosters technological
innovation in both the public and
private sectors.

Issued at Washington, DC, September 13,
1999.
Thomas F. Gioconda,

Brigadier General, USAF, Acting Assistant
Secretary for Defense Programs.

[FR Doc. 99-24456 Filed 9-17-99; 8:45 am]
BILLING CODE 6450-01-P
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DEPARTMENT OF ENERGY

National Nuclear Security
Administration

Notice of Intent to Prepare a
Supplemental Environmental Impact
Statement to the Final Site-Wide
Environmental Impact Statement for
Continued Operation of the Los
Alamos National Laboratory

AGENCY: U.S. Department of Energy,
National Nuclear Security
Administration.

ACTION: Notice of Intent.

SUMMARY: Pursuant to the National
Environmental Policy Act (NEPA) of
1969, as amended (42 U.S.C. 4321 et

1 Protection from public disclosure involving this
kind of specific information is based upon 18 CFR
4.32(b)(3)(ii) of the Commission s regulations
implementing the Federal Power Act.

seq.), the Council on Environmental
Quality’s (CEQ) and the U.S.
Department of Energy’s (DOE)
regulations implementing NEPA (40
CFR parts 1500-1508 and 10 CFR part
1021, respectively), the National
Nuclear Security Administration
(NNSA), an agency within the DOE,
announces its intent to prepare a
supplemental site-wide environmental
statement (S—SWEIS) to update the
analyses presented in the Final Site-
Wide Environmental Impact Statement
for Continued Operation of the Los
Alamos National Laboratory (SWEILS)
(DOE/EIS -0238; January 1999). The
purpose of this notice is to invite
individuals, organizations, and
government agencies and entities to
participate in developing the scope of
the S—-SWEIS.

In its September 1999 Record of
Decision (ROD) based on the SWEIS,
DOE announced its decision to
implement the Expanded Operations
Alternative analyzed in the SWEIS, with
modifications to weapons related
production work (the Preferred
Alternative), at Los Alamos National
Laboratory (LANL). That decision is
being implemented at LANL. Pursuant
to 40 CFR 1502.20, the S—-SWEIS will
rely on and expand on the analysis in
the original SWEIS. The No Action
Alternative for the S—SWEIS is the
continued implementation of the SWEIS
ROD, together with other actions
described and analyzed in subsequent
NEPA reviews. The Proposed Action in
the S-SWEIS will include changes since
the SWEIS 1999 ROD.

DATES: NNSA invites comments on the
scope of this S-SWEIS through February
27, 2005. NNSA will hold a public
scoping meeting in Pojoaque, New
Mexico, at the Pablo Roybal Elementary
School on January 19, 2005, from 6 to

8 pm. Scoping comments received after
February 27, 2005, will be considered to
the extent practicable.

ADDRESSES: To submit comments on the
scope of the S-SWEIS, questions about
the document or scoping meeting, or
requests to be placed on the document
distribution list, please write or call: Ms.
Elizabeth Withers (e-mail address:
lanl_sweis@doeal.gov; mailing address:
NNSA Los Alamos Site Office, NEPA
Compliance Officer, 528 35th Street, Los
Alamos, New Mexico, 87544; (toll free)
telephone 1-877-491-4957; or
Facsimile 505-667-9998).

FOR FURTHER INFORMATION CONTACT: For
general information about the DOE
NEPA process, please contact: Ms. Carol
Borgstrom, Director, Office of NEPA
Policy and Compliance (EH -42), U.S.
Department of Energy, 1000

Independence Avenue, SW,
Washington, DC 20585, 202 -586—-4600,
or leave a message at 1-800-472-2756.

SUPPLEMENTARY INFORMATION: LANL is
located in north-central New Mexico, 60
miles north-northeast of Albuquerque,
25 miles northwest of Santa Fe, and 20
miles southwest of Espan ola in Los
Alamos and Santa Fe Counties. It is
located between the Jemez Mountains to
the west and the Sangre de Cristo
Mountains and Rio Grande to the east.
LANL occupies about 40 square miles
(104 square kilometers) and is operated
for NNSA under contract, by the
University of California. (The contract
for LANL’s management and operation
is undergoing a competitive bid process;
however, the selection of the LANL
management and operations contractor
in the future will not affect the nature
of the NNSA and DOE work performed
at LANL.)

LANL is a multidisciplinary,
multipurpose institution primarily
engaged in theoretical and experimental
research and development. LANL has
been assigned science, research and
development, and production mission
support activities that are critical to the
accomplishment of the national security
objectives (as reflected in the ROD for
the September 1996 Final Programmatic
Environmental Impact Statement for
Stockpile Stewardship and Management
(DOE/EIS -0236)). Specific LANL
assignments will continue for the
foreseeable future include production of
War-Reserve products, assessment and
certification of the stockpile,
surveillance of the War-Reserve
components and weapon systems,
ensuring safe and secure storage of
strategic materials, and management of
excess plutonium inventories. LANL ’s
main role in the fulfillment of DOE
mission objectives includes a wide
range of scientific and technological
capabilities that support nuclear
materials handling, processing and
fabrication; stockpile management;
materials and manufacturing
technologies; nonproliferation
programs; and waste management
activities.

The Final LANL SWEIS, issued in
January 1999, considered the operation
of LANL at various levels for about a 10-
year period of time. Alternatives
considered in that document were: No
Action Alternative, the Expanded
Operations Alternative, the Reduced
Operations Alternative, and the Greener
Alternative. In addition to providing an
overview of the LANL site and its
activities and operations, the SWEIS
identified 15 LANL “Key Facilities ” for
the purposes of NEPA analysis. “Key
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Facilities” are those facilities that house
operations with the potential to cause
significant environmental impacts; are
of most interest or concern to the public
based on scoping comments; or are
facilities that would be the most subject
to change due to potential programmatic
decisions. The operations of these “Key
Facilities” were described in the SWEIS
and, together with other non-key facility
functions, formed the basis of the
description of LANL facilities and
operations analyzed for their potential
impacts. The Preferred Alternative was
the Expanded Operations Alternative
with certain reductions in weapons-
related manufacturing capabilities. This
alternative was chosen for
implementation in the ROD issued in
September 1999.

In mid-2004, NNSA undertook the
preparation of a Supplement Analysis
for the SWEIS pursuant to DOE’s
regulatory requirement to evaluate site-
wide NEPA documents at least every 5
years (10 CFR 1021.330) and determine
whether the existing EIS remains
adequate, to prepare a new site-wide
EIS, or prepare a supplement to the
existing EIS. During the development of
this Supplement Analysis, NNSA
decided to proceed immediately with a
supplement to the existing SWIES in
order to expedite the NEPA process and
to save time and money. DOE NEPA
regulations (10 CFR 1021.314) require
the preparation of a Supplemental EIS if
there are substantial changes to a
proposal or significant new
circumstances or information relevant to
environmental concerns. Substantial
changes to the level of LANL operations
may result from proposed, modified or
enhanced activities and operations
within LANL facilities (discussed later
in subsequent paragraphs of this
Notice), and new circumstances and
information with regard to effects from
the Cerro Grande Fire (which burned a
part of LANL), a reduction in the size of
the LANL reservation due to recent land
conveyance and transfers, and
contaminant migration have come to
light over the past five years that could
be deemed significant under 10 CFR
1021.314.

Since the issuance of the Final SWEIS
in 1999, DOE and NNSA have finalized
several environmental impact
statements, environmental assessments
(EA), and a special environmental
analysis dealing with LANL operations
and actions taken immediately after the
2000 Cerro Grande Fire. The activities
analyzed in these NEPA documents and
developing changes to the LANL
environmental setting led NNSA to
conclude it would be prudent and
efficient to begin updating the SWEIS

now by preparing a supplemental
SWEIS. NNSA will use the S-SWEIS to
consider the potential impacts of
proposed modifications to LANL
activities, as well as the cumulative
impacts associated with on-going
activities at LANL, on the changed
LANL environment.

The S-SWEIS will provide a review of
the impacts resulting from
implementing the SWEIS ROD over the
past 5 years at LANL and compare these
impacts to the impacts projected in the
SWEIS analyses for that alternative to
provide an understanding of the
SWEIS’s ability to identify potential
impacts. The S—-SWEIS analyses will
focus primarily on aspects of the
existing environment that could be
impacted by newly proposed changes to
LANL operations at certain facilities and
by environmental cleanup actions that
could occur over the next 5 to 6 years
in response to a consent order from the
State of New Mexico. The S-SWEIS
Proposed Action will analyze projected
impacts anticipated from operating
LANL at the 1999 ROD level for at least
the next 5 years, with some modified
work now being proposed at certain
facilities. NNSA is considering
proposed operational changes within at
least two new ““Key Facilities”” at LANL:

e The Nicholas C. Metropolis Center
for Modeling and Simulation (formerly
called the Strategic Computing
Complex), and

e The Nonproliferation and
International Security Center (NISC).

The construction and operation of the
Nicholas C. Metropolis Center for
Modeling and Simulation were analyzed
in a December 1998 EA and a finding of
no significant impact (FONSI) for that
proposed action was issued based on
the impact analyses for operating the
computational facility up to a 50—
TeraOp platform (a TeraOp is a trillion
floating point operations per second).
The Center has been constructed and is
currently operating below the
operations level analyzed in the 1998
EA; however, NNSA proposes to
increase the facility’s operational
capacity up to 100 TeraOps before 2009
with corresponding increases to the
facility’s consumption of water and
electrical power resources. This
proposed increase in the operating
platform from 50 TeraOps up to 100
TeraOps will be analyzed in the S—
SWEIS.

The NISC’s construction and
operation were analyzed in a July 1999
EA and a FONSI was issued for that
proposed action based on the impact
analyses for consolidating activities and
operating the facility as it was
envisioned at that time. The facility is

currently operating as evaluated in the
1999 EA; however, NNSA is now
proposing to move certain operations
from the Technical Area 18 (TA-18)
Pajarito Site (another of LANL’s “Key
Facilities,” which is also discussed in
the following paragraph) into the NISC.
This would change the amount of
nuclear material stored in the facility,
with corresponding potential increases
to worker exposures in the case of a site
accident. The proposed changes to
operations and material stored in NISC
will be analyzed in the S—-SWEIS.

NNSA will also eliminate one former
LANL “Key Facility” identified in the
1999 SWEIS—the TA-18 Pajarito Site.
In its 2002 EIS (the TA-18 Relocation
Final EIS (DOE/EIS-319)) and ROD, the
NNSA decided to relocate TA-18
security category I and II operations and
associated nuclear material to the
Nevada Test Site. Implementation of the
relocation decision began in 2004 and
will continue over the next 5 years.
After relocation of operations and
materials, this facility will no longer be
a LANL “Key Facility”” within the
meaning of the SWEIS, and therefore
will not be listed as such a facility.
There are certain proposals related to
the relocation of the TA-18 security
category III and IV operations and the
disposition of the TA-18 facilities that
were not analyzed in the 2002 EIS; these
proposed actions and their projected
impacts will be evaluated in the S—
SWEIS impact analyses.

Certain aspects of operational
changes, construction and activities that
have occurred or are being proposed for
LANL over the next 5 years that were
not analyzed in the 1999 SWEIS will
also be considered and analyzed in the
S—SWEIS. Changes that have been made
to existing LANL operations that will
also be considered further in the S—
SWEIS include some permanent
modifications to on-going operations
that have recently been made as a result
of decreases in specific work and
projects performed at some LANL
facilities, and changes to the locations of
various types of materials at risk (MAR)
at LANL facilities or off-site locations.
Examples of newly proposed actions at
LANL include the remediation of 10
major material disposal areas (MDAs) at
LANL; the operation of a Biosafety
Level-3 (BSL-3) Facility (this facility
will become part of an existing ‘“Key
Facility” at LANL, the former Health
Research Laboratory (HRL) now known
as the Bioscience Facilities); the
construction and operation of a new
solid waste transfer station, an office
and light laboratory complex, a
consolidated warehouse and truck
inspection station, and a new
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radiography facility; and recently
proposed increases in the types and
quantities of sealed sources accepted for
waste management at LANL. Some of
these newly proposed actions may be
analyzed explicitly in the S-SWEIS in
project specific analyses, while others
may be analyzed in separate EAs to be
prepared over the next several months,
such as the new BSL-3 Facility EA. The
potential impacts of the BSL-3 Facility
will be included in the S—-SWEIS
evaluation of cumulative impacts, as
will the impacts of all of the newly
proposed actions. A comparison of the
newly projected operational impacts
will also be made to the projected
impacts identified in the SWEIS.

The NEPA compliance process for the
BSL-3 Facility at LANL has spanned
several years. In early 2002, the NNSA
issued an EA and FONSI for the
construction and operation of the
facility at LANL. Due to the need to
consider new circumstances and
information relevant to the actual
construction of the BSL-3 Facility and
its future operation, the NNSA
withdrew the 2002 FONSI for operating
this facility and determined that a new
EA should be prepared that re-evaluates
the proposed operations of the facility
as it has been constructed. The new EA
is currently being prepared and a draft
EA will be issued for public review and
comment in early 2005. The EA will be
used by NNSA in making a decision
about whether to issue a FONSI for
operation of the BSL-3 Facility. If a
FONSI cannot be issued, the analyses
for the operation of the BSL-3 Facility
will be included in the S—-SWEIS
Proposed Action.

In accordance with applicable DOE
and CEQ NEPA regulations, the No
Action Alternative will also be analyzed
in the S—-SWEIS. In this case, the No
Action Alternative will be the continued
implementation of the 1999 ROD at
LANL over the next 5 years as this
alternative was originally analyzed in
the SWEIS, and will also include the
implementation of other actions
selected in DOE and NNSA RODs
supported by separate NEPA reviews
(specifically, actions analyzed since the
issuance of the final SWEIS in the Final
Environmental Impact Statement for the
Conveyance and Transfer of Certain
Land Tracts Administered by the U.S.
Department of Energy and Located at
Los Alamos National Laboratory, Los
Alamos and Santa Fe Counties, New
Mexico (DOE/EIS-293), the Final
Environmental Impact Statement for the
Proposed Relocation of Technical Area
18 Capabilities and Materials at Los
Alamos National Laboratory (DOE/EIS—
319), the Final Environmental Impact

Statement for the Chemistry and
Metallurgy Research Building
Replacement Project at Los Alamos
National Laboratory, Los Alamos, New
Mexico (DOE/EIS-0350), and in about
20 various EAs and their associated
FONSIs, as well as actions categorically
excluded from the need for preparation
of either an EA or an EIS). The Los
Alamos Site Office has posted a list of
EAs and their associated FONSIs that
pertain to LANL operations dating from
the completion of the 1999 SWEIS on
their Web site at: http://www.doeal.gov/
LASO/nepa. The full text of most of
these EAs is also available through links
provided at that Web site; copies of all
of the documents may be obtained by
contacting Ms. Withers at any of the
addresses provided previously in this
Notice.

Changes or new information have also
surfaced regarding the environmental
setting at LANL over the past 5 years
that may affect future LANL operations,
such as changes to LANL watersheds as
the result of the Cerro Grande Fire, new
information and changes resulting from
thinning the forests around LANL, and
the long-term effects from the regional
drought. Additionally, there have been
changes to both the number of LANL
workers and to the surrounding
population that have occurred or are
being projected that are different from
those on which the SWEIS
socioeconomic and other impact
analyses were based. To the extent that
changes to or new information about the
existing LANL environment may
significantly affect natural and cultural
resource areas originally considered in
the 1999 SWEIS, projected impacts
associated with implementing the
Proposed Action over the next 5 years
at LANL will be analyzed in the S—
SWEIS.

Direct, indirect, and unavoidable
impacts to the various natural and
cultural resources present at LANL,
together with irreversible and
irretrievable commitments and
mitigations, will also be analyzed in the
S—SWEIS. Further, operational and site
differences require a re-evaluation of
LANL operational accident analyses and
a new assessment and understanding of
cumulative impacts of LANL operations
will also be addressed.

Public Scoping Process: The scoping
process is an opportunity for the public
to assist the NNSA in determining the
issues for impact analysis, and at least
one public scoping meeting is held. The
purpose of the scoping meeting is to
provide attendees an opportunity to
present oral and written comments, ask
questions, and discuss concerns
regarding the S—-SWEIS with NNSA

officials. Comments and
recommendations can also be mailed to
Elizabeth Withers at any of the
identified addresses noted in the
previous paragraphs of this Notice. The
S—SWEIS meeting will use a format to
facilitate dialogue between NNSA and
the public and will be an opportunity
for individuals to provide written or
oral statements. NNSA welcomes
specific comments or suggestions on the
content of the document that could be
considered. The potential scope of the
S—SWEIS discussed in the previous
portions of this Notice is tentative and
is intended to facilitate public comment
on the scope of this S-SWEIS. It is not
intended to be all-inclusive, nor does it
imply any predetermination of potential
impacts. The S—-SWEIS will describe the
potential environmental impacts of the
alternatives by using available data
where possible and obtaining additional
data where necessary. Copies of written
comments and transcripts of oral
comments provided to NNSA during the
scoping period will be available at the
following locations: Los Alamos
Outreach Center, 1350 Central Avenue,
Suite 101, Los Alamos, New Mexico,
87544; and the Zimmerman Library,
University of New Mexico,
Albuquerque, New Mexico 87131.

S—-SWEIS Preparation Process: The S—
SWEIS preparation process begins with
the publication of this Notice of Intent
in the Federal Register. After the close
of the public scoping period, NNSA will
begin developing the draft S—-SWEIS.
NNSA expects to issue the Draft S—
SWEIS for public review in the fall of
2005. Public comments on the Draft S—
SWEIS will be received during a
comment period of at least 45 days
following publication of the Notice of
Availability. The Notice of Availability,
also published in the Federal Register,
along with notices placed in local
newspapers, will provide dates and
locations for public hearings on the
Draft S-SWEIS and the deadline for
comments on the draft document.
Issuance of the Final S-SWEIS is
scheduled for early 2006.

Issued in Washington, DC, this 29th day of
December, 2004.

Everet H. Beckner,

Deputy Administrator for Defense Programs,
National Nuclear Security Administration.

[FR Doc. 05-210 Filed 1-4-05; 8:45 am)]
BILLING CODE 6450-01—P
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APPENDIX B
NONRADIOLOGICAL AIR QUALITY

B.1 Introduction

This appendix provides additional information about the nonradiological air quality analyses
presented in Chapter 5 of this Site-Wide Environmental Impact Statement (SWEIS), including
details on the modeling and analysis for criteria pollutants and toxic chemical emissions.

B.1.1  Assumptions, Data Sour ces, Standards, and Models
B.1.1.1 Applicable Guidelinesand Standards and Emission Sour ces
Criteria Pollutants

The Clean Air Act mandates that the U.S. Environmental Protection Agency (EPA) establish
primary and secondary National Ambient Air Quality Standards for pollutants of concern. These
pollutants, known as criteria pollutants, are carbon monoxide, sulfur dioxide, nitrogen dioxide,
ozone, lead, particulate matter less than or equal to 10 microns in aerodynamic diameter (PM 1),
and particulate matter less than or equal to 2.5 microns in aerodynamic diameter (PM3s).

The State of New Mexico aso has established ambient air quality standards for carbon
monoxide, sulfur dioxide, nitrogen dioxide, total suspended particulates, hydrogen sulfide, and
total reduced sulfur (New Mexico Administrative Code, Title 20, Chapter 2, Part 3). The more
restrictive of the State of New Mexico ambient air quality standards and the National Ambient
Air Quality Standards, are listed in Table B-1.

Criteria pollutants released into the atmosphere from Los Alamos National Laboratory (LANL)
operations are emitted primarily from combustion facilities such as boilers, emergency
generators, and motor vehicles.

Toxic Air Pollutants

Chemicals are currently used at LANL in separately located groups of operations or |aboratory
complexes called “technical areas’ (TAS) that each comprise large geographic areas. Toxic air
pollutants from these TAs may be released into the atmosphere from many ongoing activities,
including laboratory, maintenance, and waste management operations. In the 1999 Ste-Wide
Environmental Impact Statement for Continued Operation of Los Alamos National Laboratory,
Los Alamos, New Mexico (1999 SMEIS), two types of toxic air pollutants were considered:
noncarcinogenic and carcinogenic. Chemical pollutants are classified as hazardous air pollutants
or astoxic air pollutants.
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TableB-1 Criteria Pollutant Standards

Controlling Ambient Air Quality Standards *
Pollutant Time Period (micrograms per cubic meter)
Carbon Monoxide 8 hours 7,961°
1 hour 11,987°
Nitrogen Dioxide Annual 75°
24 hours 150°
Sulfur Dioxide Annual 42"
24 hours 209°
3 hours 1,046 ¢
Total Suspended Particulates Annual 60°
30-day 90"
7-day 110°
24 hours 150°
PM1o Annual 50°¢
24 hours 150°¢
PM, 5 Annual 15°¢
24 hours 65 °
Ozone 8 hours 125°
Lead Calendar quarter 15°¢
Hydrogen sulfide 1 hour 11.1°

PM,, = particulate matter with an aerodynamic diameter less than or equal to n micrometers.

& Ambient standards for gaseous pollutants are stated in parts per million. These values were converted to micrograms per
cubic meter, with appropriate corrections for temperature and pressure (elevation), following New Mexico Dispersion
Modeling Guidelines (NMED 2003, LANL 2003).

b State standard.

¢ Federal standard.

Note: The more stringent of the Federal and state standards is presented if both exist for the averaging period. The Nationa

Ambient Air Quality Standards (40 Code of Federal Regulations [CFR] Part 50), other than those for ozone, particulate

matter, lead, and those based on annual averages, are not to be exceeded more than once per year. The annual arithmetic

PM, s mean and annua arithmetic PM ;o mean standards are attained when the expected annua arithmetic mean concentration

(3 year average) isless than or equal to the standard. The 24-hour PM, 5 standard is met when the 98th percentile over 3 years

of 24-hour average concentrations is less than or equal to the standard value. The 24-hour PM . standard is met when the

99th percentile over 3 years of 24-hour concentrations is less than or equal to the standard value.

Sources. NMAC 20.2.3 (New Mexico Administrative Code — Environmental Protection, Air Quality, Ambient Air Quality

Standards 2002); 40 CFR 50 (National Ambient Air Quality Standards).

For the purpose of this SWEIS, the estimated toxic chemical emissions during recent years were
compared to the emissions evaluated in the 1999 SWEIS. Thetotal emissions of toxic or
hazardous air pollutants and volatile organic compounds showed considerable variation over the
period 1999 through 2004. Operation of the air curtain destructors resulted in increases of
hazardous air pollutants and volatile organic compounds during 2002 and 2003. Theair curtain
destructors accounted for 2.1 and 22.9 tons (1.9 and 20.8 metric tons) of hazardous air pollutants
and volatile organic compounds, respectively, in 2002. 1n 2003, they accounted for 3.3 and

36.0 tons (3.0 and 32.7 metric tons) of hazardous air pollutants and volatile organic compounds,
respectively (LANL 2004b). With the completion of the Cerro Grande Fire Rehabilitation
Project tree thinning and removal, emissions of hazardous air pollutants and volatile organic
compounds returned to lower levels more typical of prefire conditions.

Toxic or hazardous air pollutant emissions from LANL activities are released primarily from
laboratory, maintenance, and waste management operations. Unlike a production facility with
well-defined operational processes and schedules, LANL is aresearch and development facility
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with great fluctuations in both the types of chemicals emitted and their emission rates. LANL
has a program to review new operations for their potential to emit chemicals. LANL has not
been required to obtain any permits specifically for toxic air pollutant emissions, and therefore
there is no requirement to monitor for toxic air pollutants. Additionally, in the Title V operating
permit application, LANL requested voluntary facility-wide limits on hazardous air pollutants to
keep LANL below the major source threshold for hazardous air pollutants. Past actual emissions
of hazardous air pollutants have been well below the threshold (LANL 20043).

The chemical database information system used to estimate emissionsin recent yearsis called
ChemLog. It was used to estimate emissions for the annual SVEIS Yearbooks for 2002 through
2004 (LANL 2005). ChemLog includes all chemicals purchased at each LANL facility in each
calendar year. Prior to 2002, another inventory system was used to estimate emissions based on
chemical use. For the 1999 SMVEIS, 51 of the 382 chemicals evaluated were considered to be
carcinogenic. For the purpose of the analysis, it was assumed that air emissions could result
from the use of any of the 382 chemicals from any of the TAs that purchased them (DOE 1999).
In the SWEIS Yearbooks chemical usage was summed by facility. It was then estimated that

35 percent of the chemical used was released to the atmosphere. Emission estimates for some
metal s were based on an emission factor of less than one percent because these metal emissions
were assumed to result from cutting or melting activities. Fuels such as propane and acetylene
were assumed to be completely combusted; therefore, no emissions were reported.

Noncar cinogens

Short-Term Guideline Values. While no national or State of New Mexico standards have been
established for noncarcinogens, the New Mexico Environment Department has devel oped
guideline values for determining whether a new or modified source emitting atoxic air pollutant
would be issued a construction permit (New Mexico Environment Department, Air Quality
Control Regulations, revised November 17, 1994). These guideline values are 8-hour
concentrations that are one-hundredth of the Occupational Exposure Limits established by the
American Conference of Governmental Industrial Hygienists or the National Institute of
Occupational Safety and Health. The State of New Mexico listing was supplemented with
information on the lowest values for Occupational Exposure Limits from these sources. These
guideline values were used in this analysis in screening for potential short-term impacts of
chemical releases from LANL operations.

Annual Average Guideline Values. The guideline values used in the 1999 SVEIS analysis were
the inhal ation reference concentrations from EPA’ s Integrated Risk Information System.
Reference concentrations are daily exposure levels to the human population (including sensitive
subgroups) during alifetime (70 years) that could occur without appreciable risk of deleterious
effects.

Carcinogens

The guideline values used in the 1999 SAMVEIS analysis to estimate potential impacts of
carcinogenic toxic air pollutants from LANL operations were based on an incremental cancer risk
of onein amillion (1.0 x 10°) (in other words, one person in a population of amillion would
develop cancer if this population was exposed to this concentration over alifetime), alevel of
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concern established in the Clean Air Act. Thisvalue was used in the screening for the estimated
combined incremental cancer risk associated with all of the carcinogenic pollutants emitted from
LANL facilities at any location. For the purpose of screening individual carcinogens, a cancer
risk of onein one hundred million (1.0 x 10°®) was established as the guideline value.

B.1.1.2 Receptorsand Receptor Sets

For the purpose of evaluating the impact of criteria pollutant emissions, the analysis prepared for
the LANL operating permit was used (LANL 2003). Inthisanalysis, two sets of receptors
(locations where air quality levels were estimated) were considered: 1) aregular Cartesian grid
with 329 feet (100-meter) grid spacing, and 2) adiscrete Cartesian grid that followed actual fence
lines, property boundaries, and roads of interest. The discrete Cartesian grid distance was less
than 164 feet (50 meters) between receptor points. The regular Cartesian grid was created large
enough to show the full extent of the areas of significant impact and the grid spacing was fine
enough that it could serve as the receptor grid for the refined analysis (LANL 2003).

For the purpose of evaluating the impact of criteria pollutant emissions from construction
activities for various projects, adiscrete Cartesian grid that followed the fence line, property
boundary, and public roads of interest was used, plus aregular Cartesian grid with a 1,600-foot
(500-meter) spacing to 6,600 feet (2 kilometers) from the boundary and a 3,300-foot
(1,000-meter) spacing beyond 6,600 feet (2 kilometers).

For the purpose of the toxic air pollutant analysis in the 1999 SAMVEIS, two sets of receptor
locations were used: (1) locations representing actual locations of human activity, and (2) fence
line locations to which the public has access (DOE 1999).

The potential impacts of air pollutants on workers employed at LANL facilities were not
considered as part of the analysisin the 1999 SAVEIS. Different regulations apply to an
occupational setting, and the controlled nature of the work, along with surveillance systems
associated with those controls, restricts routine exposures for workers. The analysis focused on
exposure to the public and was based on a methodology that initially assumed that chemicals that
were purchased were entirely available for release to the atmosphere outside the facility in which
the chemicals were used.

Air quality standards have been established by the State of New Mexico and the EPA for criteria
pollutants for both short-term (1-hour, 3-hour, 8-hour, and 24-hour) and long-term (30-day,
quarterly, and annual) time periods. In addition, guideline values were devel oped for toxic air
pollutants for both short-term (8-hour) and long-term (annual) time periods. Using these
standards and guideline values, the potential impacts of the pollutant emissions from LANL
operations on these receptor sets were analyzed as discussed in the following paragraphs.

Criteria Pollutants

Short-term and long-term impacts for carbon monoxide, nitrogen dioxide, sulfur dioxide, total
suspended particulates, and PM 1o were estimated at the receptor locations, and the results were
compared with applicable air quality standards. Both time frames were analyzed to address the
potential short-term (acute) and long-term (chronic) impacts of these pollutants at locations
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where the public could have both short-term and long-term exposure to emissions from LANL
facilities. Hydrogen sulfide and total reduced sulfur emissions are associated mostly with oil and
gas industry; therefore, analysis for these pollutants was not necessary at LANL.

Toxic Air Pollutants

Noncarcinogens. The potential short-term (acute) and long-term (chronic) impacts of these
pollutants at locations where the public could have both short-term and long-term exposure to
emissions from LANL facilities were considered.

Short-term impacts were analyzed for fence line receptors. Long-term impacts were not
considered at these receptor locations because, although it is possible that the public could have
access to fence line areas for short periods of time, these locations would not be inhabited or
visited on aregular (long-term) basis.

Carcinogens. The annua impacts from the emissions of carcinogenic toxic air pollutants were
analyzed for sensitive receptors. Although guideline values for short-term exposure were used in
the screening steps, the more meaningful comparisons were to long-term guideline values for
sensitive receptors.

B.1.1.3 Air Quality Dispersion
Models

The EPA’s Industrial Source Complex Air Quality Dispersion Model (ISCST3) was used for
both the criteria and toxic pollutant analyses in this SWEIS and the 1999 SAMVEIS ISCST3isa
versatile model that is often used to predict pollutant concentrations from continuous point, area,
volume, and open disposal cell sources (EPA 1995, 2002). This versatile model is often used
because of the many features that enable the user to estimate concentrations from nearly any type
of source emitting nonreactive pollutants.

EPA’s PUFF computer model was used for a screening level analysis of emissions from LANL’s
High Explosive Firing Sites at TA-14, TA-15, TA-36, TA-39, and TA-40. The PUFF model was
designed to estimate downwind concentrations from instantaneous rel eases of pollutants

(DOE 1999). The HOTSPOT computer code was used in combination with the ISCST3
computer model for adetailed analysis of emissions from the high explosive firing sitesin order
to provide amore readily usable input datafile than that provided by PUFF for the health effects
analysisin the 1999 SVEIS. The HOTSPOT code was designed for detonation of high
explosives, and was used specifically to provide input data to the ISCST3 model (DOE 1999).

B.1.2 Criteria Pollutants— General Approach

The combustion sources that were evaluated in the facility-wide analysis of criteria pollutants
included each permitted emission source, and, for completeness, two of the largest insignificant
sources'. These sourcesincluded boilers, TA-3 and TA-15 carpenter shops, TA-33 generators,

! Sationery sources that emit criteria pollutants in quantities smaller than those requiring inclusion in the Title V operating
permit are called insignificant sources. The analysisincluded two of the largest of these insignificant sources.
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TA-52 paper shredder, TA-60 asphalt plant, TA-3 power plant, TA-21 rock crusher, TA-21
steam plant, boilers at TA-9 and TA-35, and air curtain destructors. An atmospheric dispersion
modeling analysis was conducted to estimate the combined potential air quality impacts of the
emissions from each of these emission sources (DOE 1999).

No quantitative analysis of vehicular-related emissions was performed as part of the analysis for
the 1999 SWEIS but these emissions were assumed to be included in the background

(DOE 1999). The alternatives considered in this SWEIS may have different effects on the travel
patterns in the study area as aresult of changesin the number of LANL employees and the future
population of Los Alamos. Therefore, changesin regional emissions from traffic were
considered for each alternative.

B.1.2.1 Criteria Pollutants— M ethodology

The analysis of combustion-related pollutants used standard analytical modeling techniques
based on atmospheric dispersion modeling and emissions estimated under the peak and actual
annual average operating conditions of each major combustion unit. Estimates of emission rates
were based on the potential emissions from each source. For the purpose of the site-wide
analysis, it was assumed that al three TA-3 boilers were operating at full capacity, using the fuel
with highest air emissions. This approach was taken to obtain a conservative and complete
modeling analysis of these emission sources. Emission rates used in the modeling are presented
in Table B—2. Other details of the modeling are summarized in the Facility-Wide Air Quality
Impact Analysisreport (LANL 2003). With respect to emission rates from the combustion
sources, the analysis bounds the air quality impacts from all the alternatives because the analysis
is based on the maximum potential emission from the sources.

B.1.2.2 Resultsof Criteria Pollutant Analysis

The results of the analysis of criteria pollutants from LANL’ s combustion sources are presented
in Chapter 5, Table 5-5 of this SWEIS. As shown, the highest estimated concentration of each

pollutant would be below the appropriate ambient air quality standard. None of the alternatives
considered in this SWEIS, therefore, would exceed the applicable ambient air quality standards,
and impacts on the public would be minor.

B.1.3 Toxic Air Pollutants— General Approach

Unlike a production facility with well-defined operational processes and schedules, LANL isa
research and devel opment facility that has great fluctuations in both the types of chemicals
emitted and their emission rates. Because LANL’stoxic air pollutant emission rates are
relatively low (compared to releases from production facilities), vary greatly, are released from
hundreds of sources spread over alarge geographic area, and are well below the state’s permitting
threshold limits, toxic air pollutant emissions are not monitored.
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Table B-2 Criteria Pollutant Emissions Summary  (grams per second)

Nitrogen Sulfur Carbon Total Suspended

Source Oxides Oxides Monoxide Particulates PM
TA-3 Power Plant, Stack 1 (2 boilers) 2.495 17.312 1.865 0.68 0.68
TA-3 Power Plant, Stack 2 (1 boiler) 1.247 8.656 0.932 0.34 0.34
TA-33 Diesel Generator 5.078 0.693 4.246 0.176 0.176
TA-21-357 Boilers (3) 0.563 1.38 0.315 0.093 0.093
TA-60 Asphalt Plant 0.252 0.046 4.032 0.097 0.097
TA-59-1 Boilers (2) 0.131 0.001 0.11 0.01 0.01
TA-55-6 Bailers (2) 0.303 0.002 0.255 0.023 0.023
TA-53-365 Boilers (2) 0.174 0.001 0.146 0.013 0.013
TA-50-2 Boiler 0.131 0.001 0.011 0.01 0.01
TA-48-1 Boilers (3) 0.218 0.001 0.183 0.017 0.017
TA-16-1484 Boilers (2) 0.058 0.001 0.13 0.012 0.012
TA-16-1485 Boilers (2) 0.071 0.001 0.161 0.015 0.015
TA-3-38 Carpenter Shop 0.0 0.0 0.0 0.178 0.178
TA-15-563 Carpenter Shop 0.0 0.0 0.0 0.163 0.163
TA-52-11 Paper Shredder 0.0 0.0 0.0 0.374 0.374

TA = technical area, PM,, = particulate matter with an aerodynamic diameter less than or equal to n micrometers.
& Emissions represent the values modeled in the Facility-Wide Air Quality Impact Analysis. Not included in this table are the
results of the analysis for air curtain destructors and arock crusher that are no longer operated by LANL. About half of the

boilers shown are actually backup boilers and would not be operated at the same time as the primary boiler at afacility, but
were included for the purpose of bounding the potential impacts considered in the Title V permit.

Source: LANL 2003.

The approach used to evaluate chemical air pollutants in the 1999 SWVEIS was based on the use of

screening level emission values to identify chemicals that would be evaluated in more detail.
Screening level emission values were conservatively estimated hypothetical emission rates for
each of the toxic air pollutants that could potentially be emitted from each of LANL’s TAsand

that would not result in air quality levels harmful to human health under current or future
conditions. These screening level emission values were compared with conservatively estimated

pollutant emission rates on a TA-by-TA basisto determine potential air quality impacts of toxic
air pollutants from LANL operations. This process consisted of the following steps:

e From over 2,000 chemical compounds listed as being used at LANL, 382 toxic air
pollutants (including 51 carcinogens) were selected for consideration based on chemical
properties, volatility, and toxicity.

e A methodology based on screening level emission values was used to estimate the

potential worst-case impacts of the toxic air pollutants. Screening level emission values
for each chemical for each TA were compared with emission rates conservatively
estimated from chemical userates. If aconservatively estimated emission rate for agiven
pollutant from a given TA was less than the screening level emission value, that pollutant
emission source was deemed not to have the potential to cause significant air quality
impacts, and, as such, no detailed analysis was required. If the screening level emission
value was less than the estimated emission rate for a given pollutant from agiven TA, a
more detailed analysis was conducted.
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e An additive impact analysis was conducted to estimate the potential total impact from the
emissions of each pollutant from more than one TA and the total incremental cancer risk
from al of the carcinogenic pollutants combined at any of the sensitive receptor |ocations
considered.

The methodology used in the analysis followed modeling guidelines for toxic pollutants
established by the EPA in that it first used screening level evaluations based on conservative
assumptions and resulting in maximum potential impacts, followed by more detailed analyses
based on more realistic assumptions. The overall procedure used for the air quality assessment,
including the development of screening level emission values, is summarized in the 1999 SMVEIS
(DOE 1999).

B.1.3.1 Toxic Pollutants—Methodology for Individual Pollutants
Screening Level Analysis

The following sections provide more detail on the methodology used for screening and detailed
analysisfor toxic air pollutants in the 1999 SWEIS (DOE 1999).

Once screening level emission values (both short-term and long-term) were established for each
of thetoxic air pollutants on a TA-specific basis, a comparison was made between these values
and conservatively estimated emission rates. A ratio was developed for each chemical by
dividing the screening level emission vaue by the estimated emission rate (SLEV/Q).

These results, in the form of worksheets, were presented to knowledgeable site personnel who
were aware of the activities and processes occurring at each TA, aswell as those that might occur
in the future. To streamline the process, the relationship between screening level emission values
and the estimated emission rates for each TA were presented in two data sets.

The first data set included those chemicals having SLEV/Q ratios greater than 100. For each of
these chemicals, a determination was made as to whether the use of that chemical would increase
by more than 100 times under future operation(s) of LANL under any of the alternatives
considered in this SWEIS. Essentially, this meant that for each TA adetermination had to be
made as to whether the use of a chemical would increase over current use rates by a factor of

100. If adetermination could be made that the future use of that chemical would not increase by
this factor, no further evaluation of that chemical was required. If such a determination was not
possible, amore detailed analysis was conducted.

The second data set included all chemicals having a SLEV/Q ratio less than 100, and all
chemicals having an SLEV/Q ratio greater than 1 but less than 100, and all chemicals having a
ratio lessthan 1. For each chemical having aratio greater than 1 but less than 100, an evaluation
was made as to whether the estimated emissions under any of the future aternatives would
exceed the screening level emission values. Essentially, this meant that for each TA a
determination had to be made as to whether the use of that chemica would increase over current
rates by afactor greater than the SLEV/Q ratio. If a determination could be made that the future
use of that chemical would not increase by this factor, no further evaluation of that chemical was
required. If such adetermination was not possible, a more detailed analysis was conducted. For
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those chemicals having an SLEV/Q ratio less than 1 (in other words, screening level emission
values were potentially being exceeded under current conditions), more detailed analyses were
conducted.

Two exceptions to the methodology described above were made. Information on the TAsfor
high explosive operations were derived using a model more appropriate for screening short-term
exposure concentrations under those conditions. The second exception involved screening the
emissions of chemicals from the Bioscience Facilities (formerly the Health Research Laboratory
Complex) at TA-43. Because of the proximity of the Bioscience Facilities to actual receptors, all
analyses for carcinogens, as well as noncarcinogens, were performed for actual receptors rather
than fence line receptors.

Detailed Analysis
The detailed air quality analysis consisted of one or both of the following steps:

o Development of emission rates and source term parameters using actual process
knowledge, and

o Dispersion modeling using actual stack parameters and receptor locations.

Two consequences may result from detailed analysis of each chemical from each TA: (1) either
thereis no potential to exceed a guideline value (in which case no additional analyses were
required), or (2) thereisa potential to exceed a guideline value (in which case additional analyses
were required). A pollutant having the potential to exceed a guideline value was subject to
evaluation in the health and ecological risk assessment process.

B.1.3.2 Toxic Pollutants— Results of I ndividual Pollutants Analysis
Screening Level

Thefirst data set considered those chemicals having SLEV/Q ratios greater than 100. For more
than 90 percent of the toxic air pollutants, a determination was made that the use of these
chemicals would not increase by more than 100 times under any of the SWEIS alternatives. The
second data set included chemicals having SLEV/Q ratios greater than 1 but less than 100, and
ratios lessthan 1. A determination was made as to whether the use of that chemical would
increase over current use rates by afactor greater than the SLEV/Q ratio. Thelist of carcinogens
also was reduced from 51 to 35 because some of the chemicals are no longer used and were not
projected for future use. Based on worksheets for the chemicalsin the data sets, and information
on potential future use, operations at 13 locations were identified with the potential to exceed a
guideline value, and more detailed analyses were conducted.

Emissions from two sources were referred to the health and ecological risk analysis process. The
analysis for TA-43 showed the potential to exceed the guideline values for four chemical
carcinogens from the Bioscience Facilities: chloroform, trichloroethylene, formal dehyde, and
acrylamide.
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The detailed analysis for the High Explosive Firing Sites indicated that the same chemicals that
had the potential to exceed a guideline value in the previous screening step would aso have the
potential to exceed their respective guideline values using somewhat different parameters and a
different model than that used in the screening analysis. The HOTSPOT 8.0 and ISCST3 models
were used in the detailed analysisin order to provide output datain aform more readily usable
for the health risk analysis. Additional information on the following chemicals was referred to
the health and ecological risk assessment process for the 1999 SWVEIS,

o  Depleted uranium, beryllium, and lead from TA-15;
o  Depleted uranium, beryllium, and lead from TA-36;
e Beryllium and lead from TA-39; and

o Depleted uranium and lead from TA-14.

The health risk analysis calculated Hazard Indices for two of the three metals. A Hazard Index
equal to or greater than 1 is considered consequential from a human toxicity standpoint. The
Expanded Operations Alternative in the 1999 SVEISis comparable to the No Action Alternative
inthis SWEIS. For the Expanded Operations Alternative, the worst-case Hazard Index for lead
did not exceed 0.000015, and, for depleted uranium, the worst-case Hazard Index did not exceed
0.000065. Beryllium has no established EPA reference dose from which to calculate the Hazard
Index. However it was evaluated as a carcinogen. The excess latent cancer fatalities for
beryllium under the Expanded Operations Alternative in the 1999 SVEISwas estimated to be
one chancein 2.7 million (3.6 x 10" per year (DOE 1999).

B.1.3.3 Toxic Pollutants— Methodology for Combined I mpacts Analyses

The following analyses were conducted for the 1999 SWVEISto ensure that the combined effects
from the releases of all of the chemicals from all the TAswould not exceed the guideline values.

Noncar cinogens

An analysis of potential short-term impacts at a TA’s fence line receptor |ocation showed that the
8-hour impacts from the releases of that TA were greater (more than two orders of magnitude)
than the impacts from the releases of anearby TA. Thisis becausethe TAs are relatively far
apart in comparison to the distances between the emission sources of a TA and its fence line
receptors. Therefore, it isunlikely that the additive short-term impacts of noncarcinogenic
pollutants at the fence line receptors of a TA would be significantly different from the maximum
concentrations previously estimated for that TA.

An analysis of annual potential impacts at sensitive receptor |ocations showed that these impacts
were significantly less (less than two orders of magnitude) relative to the appropriate guideline
values than the corresponding short-term impacts at the fence line receptors. Therefore, it would
be unlikely that the additive annual impacts of the noncarcinogenic pollutants at the sensitive
receptor locations would be significant.
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Carcinogens

Two different versions of additive impacts for carcinogens were presented. Both versions
considered impacts at sensitive receptor locations based on annual ambient concentrations of
pollutants. Short-term additive impacts for carcinogens at fence line receptor |ocations were not
considered (for the same reasons as for noncarcinogens). However, long-term impacts at
sensitive receptor |locations were considered because EPA considersin their standard setting
process that risk from carcinogens can be additive for all carcinogenic chemicals.

Thefirst version considered whether emissions of the same chemical from all TAs (whether or
not it was actually used at that TA), at the screening level emission value rate (whether or not
that maximum rate was actually projected at that TA), would exceed the total guideline risk value
of 1 x 10°. Therisk due to exposure at the maximum concentration over alifetime for any
receptor for each of the TAs was added to the separately cal culated maximum concentration for
any receptor for each of the other TAS, regardless of whether the same receptor was indicated.

The second version modeled simultaneous emissions of the same chemical at actual projected
rates for each of the TAs, and recorded the maximum concentration at any receptor location. The
risk due to exposure at that concentration over alifetime was then added to the risks calculated in
asimilar fashion for each of the other chemicals. Risks were added regardless of whether the
same receptor was involved. That total risk was also compared to the guideline risk value of

1 x 10°° of any excess cancer from alifetime of exposure.

B.1.3.4 Toxic Pollutants— Results of Combined Impact Analysis
Releases of Each Carcinogenic Pollutant from All TAs

The estimated combined cancer risk associated with releases of each of these pollutants from all
TAswas 1.23in ten million (1.23 x 10°"), which was below the guideline value of onein a
million (1.0 x 10). As such, no potentially significant air quality impacts were estimated.

Releases of All Carcinogenic Pollutantsfrom All TAs

Results of thisanalysis indicated that the potential combined incremental cancer risk associated
with releases of al carcinogenic pollutants from all TAswould be slightly above the guideline
value of oneinamillion (1.0 x 10°).

The major contributors to the estimated combined cancer risk values were chloroform,
formaldehyde, and trichloroethylene from the Bioscience Facilities at TA-43, and multiple
sources for methylene chloride. Of these, the relative contribution of chloroform emissions alone
to the combined cancer risk value were more than 87 percent. The impacts of TA-43 emissions
were due to a combination of relatively high emission rates, close proximity between receptors
and sources, and the elevation of the receptors. A more detailed analysis that considered the
impact at each specific receptor location was conducted. This more refined analysis estimated
the combined cancer risk at each of the 180 sensitive receptor locations. The health risk analysis
concluded that the combined cancer risk at the two receptor locations at the Los Alamos Medical
Center was 0.73t0 0.74 in amillion (7.3 to 7.4 x 107). This value was below the guideline value
for human health consequences from carcinogenic air emissions (DOE 1999).
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APPENDIX C
EVALUATION OF HUMAN HEALTH IMPACTSFROM NORMAL
OPERATIONS

This appendix provides a brief general discussion on radiation and its effects on human health. It also
describes the methods and assumptions used for estimating the potential impacts and risks to
individuals, workers, and the general public from exposure to releases of radioactivity and hazardous
chemicals during normal operations at Los Alamos National Laboratory (LANL). It also discusses
methods used to safely control biological material during research activities.

This appendix addresses the methods used to assess human health impacts from normal
operationsat LANL. To do so, it considers (1) radionuclides potentially released into the air
from Key Facilities as afunction of the three alternatives considered in this Site-Wide
Environmental Impact Statement (SWEIS); and (2) radionuclides and chemicals that may be
present in environmental pathways (for example, ground and surface water, game animals) in and
around the LANL environs. It aso presents background information on effects from exposure to
radiation, biological agents, and hazardous chemicals on human health. The methods used to
assess impacts and the impacts themselves from other projects that may be implemented at
LANL are addressed elsewhere in this SWEIS (see Appendices G, H and | and Chapter 5).

Releases to ambient air is the focus in these analyses because they are projected to dominate
possible exposures to the public associated with future LANL operations. Other releases such as
those through outfalls into surface water bodies are not expected to be dominant contributors to
future exposures, because of the significant reduction in the use of outfalls and the extensive
implementation of environmental controls such as National Emission Standards for Hazardous
Air Pollutants. However, past releases have resulted in some radiological and chemical
contamination in several environmental media, and impacts from this contamination are
addressed herein. This approach for evaluating human health impacts from normal operationsis
consistent with the approach used for the 1999 Ste-Wide Environmental Impact Statement for
Continued Operation of the Los Alamos National Laboratory, Los Alamos, New Mexico

(1999 SWEIS).

C.1 Impactson Human Health from Radiological Exposure

Radiation exposure and its consegquences are topics of interest to the general public. For this
reason, this appendix places emphasis on the consequences of exposure to radiation, provides the
reader with information on the nature of radiation, and explains the basic concepts used in the
evaluation of radiation health effects.
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C.1.1 About Radiation and Radioactivity
C.1.1.1 What IsRadiation?

Radiation is energy transferred in the form of particles or waves. Globally, human beings are
exposed constantly to radiation from the solar system and the Earth’s rocks and soil. This
radiation contributes to the natural background radiation that always surrounds us. Manmade
sources of radiation also exist, including medical and dental x-rays, household smoke detectors,
and materials released from nuclear and coal-fired power plants.

All matter in the universe is composed of atoms. Radiation comes from the activity of tiny
particles within an atom. An atom consists of a positively charged nucleus (central part of an
atom) with a number of negatively charged electron particlesin various orbits around the
nucleus. There are two types of particlesin the nucleus. neutrons that are electrically neutral and
protons that are positively charged. All atoms of a given chemical element have the same
number of protonsin their nuclei. There are more than 100 natural and manmade elements.
Atoms that have the same number of protonsin their nuclel but different numbers of neutrons are
called isotopes of an element. Elements may have one or more stable isotopes and others that are
unstable (decay with time).

Unstabl e i sotopes undergo spontaneous change, known as radioactive disintegration or
radioactive transformation. The process of continuously undergoing spontaneous transformation
iscaled radioactivity. The radioactivity (number of transformations per second) of a given
amount of material decreases with time. Each radioactive isotope is distinguished by the time it
takes for a given quantity of the material to lose half of itsoriginal radioactivity. Thistimeisits
half-life, and is characteristic of the isotope. For example, an isotope with a half-life of 8 days
will lose one-half of its radioactivity in that amount of time. In 8 more days, the radioactivity
will again decrease by half, to one-fourth of the original value. The half-lives of various
radioactive elements can vary from millionths of a second to millions of years.

As unstable isotopes change into more stable forms, they emit electrically-charged particles. The
particle may be either an alpha particle (a helium nucleus) or a beta particle (an electron), with
various levels of kinetic energy. Sometimes these particles are emitted in conjunction with
gammarays. The alphaand beta particles and gammarays are frequently referred to asionizing
radiation. Theterm “ionizing radiation” refersto the fact that the charged particle or gammaray
can strip or displace electrons from atoms of matter through which they pass, leaving those atoms
with an electrical charge. The ionization caused by radiation can change the chemical
composition of many substances, including living tissue, which can affect the way they function.

lonizing radiation is used in avariety of ways, many of which are familiar to usin our everyday
lives. The machines used by doctors to diagnose and treat medical patients typically use x-rays,
which isone form of ionizing radiation. The process by which atelevision displays apictureis
by ionizing coatings on the inside of the screen with electrons. Most home smoke detectors use a
small source of ionizing radiation to detect smoke particlesin the room’'s air.

When a radioactive isotope of an element emits a particle, it changes to an entirely different
element, one that may or may not be radioactive. Eventually, a stable element isformed. This
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transformation, which may take several steps, is known as adecay chain. For example, radium,
which is amember of the radioactive decay chain of uranium, has a half-life of 1,622 years. It
emits an alpha particle and becomes radon, a radioactive gas with a half-life of only 3.8 days.
Radon decays first to polonium, then through a series of further decay steps to bismuth, and
ultimately to a stable isotope of lead. Meanwhile, the decay products will build up and
eventually disappear astime

progresses. Radiation Typical Travel
Type Distancein Air Barrier
The characteristics of various forms of " Fewinches | Sheet of paper or skin's surface
ionizi ng radiation are briefly described B Few feet Thin sheet of aluminum foil or glass
below and in the box to the right. y Very large Thick wall of concrete, lead, or steel
n Very large Water, paraffin, graphite

Alpha (a)—Alpha particles are the
heaviest type of ionizing radiation. They can travel only afew centimetersin air. Alpha particles
lose their energy amost as soon as they collide with anything. They can be stopped easily by a
sheet of paper or by the skin’s surface.

Beta ()—Beta particles are much (7,330 times) lighter than alpha particles. They cantravel a
longer distance than alpha particlesin the air. A high-energy beta particle can travel afew feetin
the air. Beta particles can pass through a sheet of paper, but can be stopped by a thin sheet of
aluminum or glass.

Gamma (y)—Gammarays (and x-rays), unlike alpha or beta particles, are waves of pure energy.
Gammaraystravel at the speed of light. Gammaradiation is very penetrating and requires
concrete, lead, or steel shielding to stop it.

Neutrons (n)—The most prolific source of neutronsis anuclear reactor. Neutrons produce
ionizing radiation indirectly by collision with hydrogen nuclel (protons) and when gamma rays
and alpha particles are emitted following neutron capture in matter. A neutron has about one-
quarter the weight of an aphaparticle. It will travel in the air until it is absorbed in another
nucleus.

C.1.1.2 Unitsof Radiation Measure

During the early days of radiological experience, there was no precise unit of radiation measure.
Therefore, avariety of units were used to measure radiation. These units were used to determine
the amount, type, and intensity of radiation. Just as

heat can be measured in terms of itsintensity or Radiation Units and Con\/fefﬁqnsto
effects using units of calories or degrees, anounts International System of Units

. — 10 . . .
of radiation or its effects can be measured in units Lourie = 2; ) 1810 E's'”teg;at'ons per second
. L. =37x
of curies, radiation absorbed dose (rad), or dose oo beequards
. . 1 becquerel =1 disintegration per second
equivaent (roentgen equivalent man, or rem). The

: ) . lrad =0.01gr
following summarizes these units. Iy
lrem =0.01severt

= 1joule per kilogram

Curie—The curie, named after the French scientists loay

Marie and Pierre Curie, describes the “intensity” (activity) of a sample of radioactive material.
The rate of decay of 1 gram of radium was the basis of this unit of measure. Because the

C3



Draft Ste-Wide EISfor Continued Operation of Los Alamos National Laboratory, Los Alamos, New Mexico

measured decay rate kept changing slightly as measurement techniques became more accurate,
the curie was subsequently defined as exactly 3.7 x 10™ disintegrations (decays) per second.

Rad—Therad is the unit of measurement for the physical absorption of radiation. The total
energy absorbed per unit quantity of tissue is referred to as absorbed dose (or smply dose). As
sunlight heats pavement by giving up an amount of energy to it, radiation similarly gives up
energy to objectsin its path. Onerad is equal to the amount of radiation that leads to the
deposition of 0.01 joule of energy per kilogram of absorbing material.

Rem (roentgen equivalent man)—A rem is a measurement of the dose equivalent from radiation
based on itsbiological effects. The rem is used in measuring the effects of radiation on the body
as degrees centigrade are used in measuring the effects of sunlight heating pavement. Thus,

1 rem of one type of radiation is presumed to have the same biological effects as 1 rem of any
other kind of radiation. Thisallows comparison of the biological effects of radionuclides that
emit different types of radiation.

The units of radiation measure in the International System of Units are: becquerel (a measure of
source intensity [activity]), gray (a measure of absorbed dose), and sievert (a measure of dose
equivalent).

Anindividual may be exposed to ionizing radiation externally (from aradioactive source outside
the body) or internally (from ingesting or inhaling radioactive material). The external doseis
different from the internal dose because an external dose is delivered only during the actua time
of exposure to the external radiation source, while an internal dose continues to be delivered as
long as the radioactive source isin the body. The dose from internal exposure is calculated over
50 years following the initial exposure. Both radioactive decay and elimination of the
radionuclide by ordinary metabolic processes decrease the dose rate with the passage of time.

C.1.1.3 Sourcesof Radiation

The average American receives atotal of approximately 360 millirem per year from all sources
of radiation, both natural and manmade, of which approximately 300 millirem per year are from
natural sources. A person living in Los Alamos receives an average background dose between
350 and 500 millirem, depending on where they live (LANL 2004c). The sources of radiation
can be divided into six different categories. cosmic radiation, terrestrial radiation, internal
radiation, consumer products, medical diagnosis and therapy, and other sources (NCRP 1987).
These categories are discussed in the following paragraphs.

Cosmic Radiation—Cosmic radiation isionizing radiation resulting from energetic charged
particles from space continuously hitting the Earth’s atmosphere. These particles and the
secondary particles and photons they create comprise cosmic radiation. Because the atmosphere
provides some shielding against cosmic radiation, the intensity of this radiation increases with
the altitude above sealevel. The average dose to people in the United States from this sourceis
approximately 27 millirem per year. Doses from cosmic radiation range from 50 millirem per
year at lower elevations near the Rio Grande River to about 90 millirem per year in the
mountains near Los Alamos (LANL 2004c).
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External Terrestrial Radiation—External terrestrial radiation is the radiation emitted from the
radioactive materialsin the Earth’ srocks and soils. The average dose from external terrestrial
radiation is approximately 28 millirem per year. Doses from terrestrial radiation in Los Alamos
range from about 50 to 150 millirem ayear, depending on the amounts of natural uranium,
thorium, and potassium in the soil (LANL 2004c).

Internal Radiation—Internal radiation results from radioactive material that has entered the body
by inhalation or ingestion and is retained by the affected organs or tissues. Natural radionuclides
in the body include isotopes of uranium, thorium, radium, radon, polonium, bismuth, potassium,

rubidium, and carbon. The mgjor contributors to the annual dose equivalent for internal

radioactivity are the short-lived decay products of
Average Annual Dose

radon, which contribute approximately 200 millirem per Radiation Source (millirem)

year. The average dose from other interna Cosmic 50-90

radionuclides is approximately 40 millirem per year. Externa Terrestrial 50-150
Internal 240

Consumer Products—Consumer products also contain

. . Consumer Products 10
sources of ionizing radiation. In some products, such as —— ,
. . Medical Diagnostic 50
smoke detectors and airport x-ray machines, the and Treatment
radiation source is essential to the product’s operation. Other 1+

In other products, such as televisions and tobacco, the
radiation source is a byproduct of the product’s function. The average dose from consumer
products is approximately 10 millirem per year.

Medical Diagnosis and Therapy—Radiation is an important diagnostic medical tool and cancer
treatment. Diagnostic x-rays result in an average exposure of 50 millirem per year. Nuclear
medical procedures result in an average exposure of 14 millirem per year.

Other Sources—There are afew additional sources of radiation that contribute minor doses to
individualsin the United States. The dose from nuclear fuel cycle facilities (for example,
uranium mines, mills, and fuel processing plants) and nuclear power plants has been estimated to
be less than 1 millirem per year. Radioactive fallout from atmospheric atomic bomb tests,
emissions from certain mineral extraction facilities, and transportation of radioactive materials
contribute less than 1 millirem per year to the average dose to an individual. Air travel
contributes approximately 1 millirem per year to the average dose.

C.1.1.4 Exposure Pathways

As stated earlier, an individual may be exposed to ionizing radiation both externally and
internaly. The different ways that an individual can be exposed to radiation are called exposure
pathways. Each type of exposure is discussed separately in the following paragraphs.

External Exposure—External exposure can result from several different pathways, all having in
common the fact that the radiation causing the exposure is external to the body. These pathways
include exposure to a cloud of radiation passing over the receptor (an exposed individual),
standing on ground that is contaminated with radioactivity, and swimming or boating in
contaminated water. If the receptor leaves the source of radiation exposure, the dose rate will be
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reduced. Itisassumed that external exposure occurs uniformly during the year. The appropriate
dose measure is called the effective dose equivalent.

Internal Exposure—Internal exposure results from a radiation source entering the human body
through either inhalation of contaminated air or ingestion of contaminated food or water. In
contrast to external exposure, once a radiation source enters the body, it remains there for a
period of time that varies depending on physical decay and biological half-life. The absorbed
dose to each organ of the body is calculated for a period of 50 years following the intake. The
calculated absorbed dose is called the committed dose equivalent. Various organs have different
susceptibilities to damage from radiation. The quantity that takes these different susceptibilities
into account is called the committed effective dose equivalent, and it provides a broad indicator
of therisk to the health of an individual from radiation. The committed effective dose equivalent
isaweighted sum of the committed dose equivalent in each major organ or tissue. The concept
of committed effective dose equivalent applies only to interna pathways.

C.1.1.5 Limitsof Radiation Exposure

Limits of exposure to members of the public and radiation workers are derived from International
Commission on Radiological Protection recommendations. The U.S. Environmental Protection
Agency (EPA) uses the National Council on Radiation Protection and Measurements and the
International Commission on Radiological Protection recommendations and sets specific annual
exposure limits (usualy less than those specified by the Commission) in Radiation Protection
Guidance to Federal Agencies documents. Each regulatory organization then establishes its own
set of radiation standards. The various exposure limits set by the U.S. Department of Energy
(DOE) and EPA for radiation workers and members of the public are given in Table C-1.

Table C—1 ExposureLimitsfor Members of the Public and Radiation Workers

Guidance Criteria (Organization) Public Exposure Limits at the Site Boundary Worker Exposure Limits
10 CFR 835 (DOE) Not applicable 5,000 millirem per year 2
DOE Order 5400.5 (DOE) ® 10 millirem per year (al air pathways) Not applicable

4 millirem per year (drinking water pathway)
100 millirem per year (all pathways)
40 CFR 61 (EPA) 10 millirem per year (el air pathways) Not applicable
40 CFR 141 (EPA) 4 millirem per year (drinking water pathways) Not applicable
CFR = Code of Federal Regulations, EPA = U.S. Environmenta Protection Agency.
& Although thisisalimit (or level) that is enforced by DOE, worker doses must be managed in accordance with as low as
reasonably achievable principles. An annual limit of 2,000 millirem per year was established by DOE to assist in achieving

its goal to maintain radiological doses at as |ow as reasonably achievable levels. (DOE 1999b)
® Derjved from 40 CFR 61, 40 CFR 141, and 10 CFR 20.

C.1.2 Health Effects

Radiation exposure and its consequences are topics of interest to the general public. To provide
the background for discussions of impacts, this section explains the basic concepts used in the
evaluation of radiation effects.

Radiation can cause a variety of damaging health effectsin people. The most significant effects
are induced cancer fatalities. These effects are referred to as “latent” cancer fatalities because the
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cancer may take many years to develop. In the discussions that follow, all fatal cancers are
considered latent; therefore, the term “latent” is not used.

The National Research Council prepared a series of reportsto advise the U.S. Government on the
health consequences of radiation exposures. The most recent of these, Health Effects from
Exposure to Low Levels of lonizing Radiation, BEIR VII-Phase 2 (National Research

Council 2005), provides current estimates for excess mortality from leukemia and other cancers
that are expected to result from exposure to ionizing radiation. Biological Effects of lonizing
Radiation (BEIR) VII provides estimates that are not significantly different from thosein its
predecessor, BEIR V, and recent UNSCEAR and International Commission on Radiological
Protection reports. However, the report concludes that recent data and analyses have reduced the
uncertainties associated with the risk estimates. BEIR V developed models in which the excess
relative risk was expressed as a function of age at exposure, time after exposure, and sex for each
of several cancer categories. The models were based on the assumption that the relative risks are
comparabl e between the atomic bomb survivors and the U.S. popul ation.

The models and risk coefficientsin BEIR VII are derived through review of the most current
information on the biological mechanisms of radiation tumorigenesis as well as analyses of
relevant epidemiologic data that includes the Japanese atomic bomb survivors, medically-
exposed persons and large-scale occupational radiation studies. The BEIR VII Committee
concluded that the balance of evidence tends to support a ssmple proportionate relationship at
low doses between radiation dose and risk. This conclusion essentially affirms the Linear-No-
Threshold model that has long been the basis for the regulation and control of occupational and
environmental radiation exposure in the United States.

The National Council on Radiation Protection and Measurements (NCRP 1993), based on the
radiation risk estimates provided in BEIR V and the International Commission on Radiological
Protection (ICRP 1991), estimates the total detriment resulting from low dose' or low dose rate
exposure to ionizing radiation to be 0.00076 per rem for the working population and 0.00083 per
rem for the general population. The total detriment includes fatal and nonfatal cancers aswell as
severe hereditary (genetic) effects. The mgor contribution to the total detriment isfrom fatal
cancer, estimated to be 0.0006 per rem for both radiation workers and the general population.
For comparison, the BEIR VII Committee preferred estimates of lifetime attributable risk of
mortality for all solid cancers and leukemia are 0.00048 for males and 0.00066 for females. The
breakdowns of the risk estimators for both workers and the general population are given in
Table C-2. Nonfatal cancers and genetic effects are less probable consequences of radiation
exposure.

! Low dose is defined as the dose level where DNA repair can occur in a few hours after irradiation-induced damage.
Currently, a dose level of about 0.2 grays (20 rad), or a dose rate of 0.1 milligrays (0.01 rad) per minuteis considered low
enough to allow the DNA to repair itself in a short period (EPA 1994).
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Table C—2 Nominal Health Risk Estimators Associated with Exposureto 1 Rem of
| onizing Radiation

Exposed | ndividual Fatal Cancer *° Nonfatal Cancer ° Genetic Disorders® Total
Worker 0.0006 0.00008 0.00008 0.00076
Public 0.0006 0.0001 0.00013 0.00083

& For fatal cancer, the health effect coefficient is the same as the probability coefficient. When applied to an individual, the
units are the lifetime probability of a cancer fatality per rem of radiation dose. When applied to a population of
individuals, the units are the excess number of fatal cancers per person-rem of radiation dose. These factors are from
DOE 2003.

® | determining a means of assessing health effects from radiation exposure, the International Commission on Radiological
Protection has developed a weighting method for nonfatal cancers and genetic effects. These factors are from NCRP 1993.

¢ For high individual exposures (greater than or equal to 20 rem), the health factors are multiplied by afactor of 2.

Sources. NCRP 1993, DOE 2003.

The EPA, in coordination with other Federal agenciesinvolved in radiation protection, issued
Federal Radiation Guidance Report No. 13, Cancer Risk Coefficients for Environmental
Exposure to Radionuclides, in September 1999 (EPA 1999). This document is a compilation of
risk factors for doses from external gamma radiation and internal intakes of radionuclides.
Federal Radiation Guidance Report No. 13 isthe basis of the radionuclide risk coefficients used
in the EPA Health Effects Assessment Summary Tables (EPA 2001) and in computer dose
codes. The Interagency Steering Committee on Radiation Standards (ISCORS) issued atechnical
report entitled A Method for Estimating Radiation Risk from TEDE (ISCORS 2002). ISCORS
technical reports are guidance to Federal agenciesto assist them in preparing and reporting the
results of analyses and implementing radiation protection standards in a consistent and uniform
manner. Thisreport provides dose-to-risk conversion factors where doses are estimated using
total effective dose equivalent (TEDE). It is recommended for use by DOE personnel and
contractors when computing potential radiation risk from calculated radiation dose for
comparison purposes. However, for situations in which aradiation risk assessment is required
for making risk management decisions, the radionuclide-specific risk coefficientsin Federal
Guidance Report No. 13 should be used.

However, DOE and other agencies regularly conduct dose assessments using models and codes
that calculate radiation dose from exposure or intake using dose conversion factors and do not
compute risk directly. Inthose cases whereit is necessary or desirable to estimate risk for
comparative purposes (for example, comparing the risk associated with alternative actions), it is
common practice to simply multiply the calculated TEDE by arisk-to-dose factor. DOE
previously recommended a TEDE-to-fatal cancer risk factor of 0.0005 per rem for the public and
0.0004 per rem for working-age populations. The ISCORS recommends that agencies use a
conversion factor of 0.0006 fatal cancers per TEDE (rem) for mortality and 0.0008 cancers per
rem for morbidity when making qualitative or semi-quantitative estimates of risk from radiation
exposure to members of the general public? (ISCORS 2002).

The ISCORS report notes that the recommended risk coefficients used with TEDE dose
estimates generally produce conservative radiation risk estimates (they overestimate risk). For
the ingestion pathway of 11 radionuclides compared, risks would be overestimated compared to

2 gych estimates should not be stated with more than 1 significant digit.
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the Federal Radiation Guidance Report No. 13 values for about 8 radionuclides and significantly
overestimated (by up to afactor of 6) for 4 of these. The Office of Environmental Policy and
Guidance also compared the TEDE multiplying the conversion factor approach to Federal
Radiation Guidance Report No. 13 for the inhalation pathway and found a bias toward
overestimation of risk, although it was not as severe as for ingestion. For 16 radionuclides and
chemical states evaluated, 7 were overestimated (by more than afactor of 2) and 5 were
underestimated. The remainder agreed within about afactor of two. Generaly, these differences
were within the uncertainty of transport and uptake portions of dose or risk modeling and,
therefore, the approach recommended is fully acceptable for comparative assessments. That
notwithstanding, it is recommended that, wherever possible, the more rigorous approach with
Federal Radiation Guidance Report No. 13 cancer risk coefficients be used (DOE 2003).

Different methods of extrapolation to the low-dose region could yield higher or lower numerical
estimates of fatal cancers. Studies of human populations exposed to low doses are inadequate to
demonstrate the actual level of risk. Thereis scientific uncertainty about cancer risk in the low-
dose region below the range of epidemiologic observation, and the possibility of no risk cannot
be excluded (CIRRPC 1992).

C.1.2.1 Health Effect Risk Estimators Used in this SWEIS

Health impacts from radiation exposure, whether from external or internal sources, generaly are
identified as “somatic” (affecting the exposed individual) or “genetic” (affecting descendants of
the exposed individual). Radiation is more likely to produce somatic effects than genetic effects.
The somatic risks of most importance are induced cancers. Except for leukemia, which can have
an induction period (time between exposure to carcinogen and cancer diagnosis) of aslittle as

2 to 7 years, most cancers have an induction period of more than 20 years.

For auniform irradiation of the body, the incidence of cancer varies among organs and tissues,
the thyroid and skin demonstrate a greater sensitivity than other organs. Such cancers, however,
also produce relatively low mortality rates because they are relatively amenable to medical
treatment. Because fatal cancer isthe most probable serious effect of environmental and
occupational radiation exposures, estimates of cancer fatalities rather than cancer incidence are
presented in this new SWEIS. The numbers of fatal cancers can be used to compare the risks
among the various alternatives.

The fatal cancer estimators are used to calculate the statistical expectation of the effects of
exposing a population to radiation. For example, if 100,000 people were each exposed to a one-
time radiation dose of 100 millirem (0.1 rem), the collective dose would be 10,000 person-rem.
The exposed population would then be expected to experience six additional cancer fatalities
from the radiation (10,000 person-rem times 0.0006 lifetime probability of cancer fatalities per
person-rem = six cancer fatalities).

Calculations of the number of excess fatal cancers associated with radiation exposure do not
always yield whole numbers. These calculations may yield numbers less than one, especially in
environmental impact applications. For example, if a population of 100,000 were exposed to a
total dose of only 0.001 rem per person, the collective dose would be 100 person-rem

(100,000 persons times 0.001 rem = 100 person-rem). The corresponding estimated number
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of cancer fatalities would be 0.06 (100 person-rem times 0.0006 cancer fatalities per

person-rem = 0.06 cancer fatalities). The 0.06 meansthat thereis 1 chancein 16.6 that the
exposed population would experience one fatal cancer. In other words, the 0.06 cancer fatalities
is the expected number of deaths that would result if the same exposure situation were applied to
many different groups of 100,000 people. In most groups, no person would incur afatal cancer
from the 0.001 rem dose each member would have received. In asmall fraction of the groups,
one cancer fatality would result; in exceptionally few groups, two or more cancer fatalities would
occur. The average expected number of deaths over al the groups would be 0.06 cancer
fatalities (just asthe average of 0, 0, and 0, added to 1 is 1/4, or 0.25). The most likely outcome
IS no cancer fatalities.

C.1.2.2 Material of Interest at L os Alamos National L aboratory

LANL has alarge involvement in nuclear science and its applications. Therefore, there are many
types of radioactive materials and radiation sourcesin use at LANL. However, many of the uses
require only very small amounts of material. Note that all radioactive materials are considered in
this new SWEIS; but, there are three radionuclides that tend to dominate the human health effects
at LANL. Thisisdueto their particular radioactive and biological characteristics, the quantities
of material being used, or the potential for dispersion in an accident. These radionuclides are
plutonium, uranium, and tritium.

Plutonium is a manmade element that has several applications in weapons, nuclear reactors, and
space exploration. There are severa types of plutonium atoms, called isotopes, which are
distinguished by the different numbers of neutronsin their nucleus. (Note that isotopes of a
particular element all behave the same chemically.) In most cases, the isotopes of plutonium
decay by alpha particle emission with radioactive half-lives ranging from tens to thousands of
years. Dueto itslong half-life, once an isotope of plutonium is absorbed into the body, it tends
to stay for avery long time and deposits a lot of localized energy.

Uranium is a naturally-occurring radioactive element. The discovery that an atom of uranium
could be fissioned with neutrons was the starting point of the Nuclear Age. Uranium-235 is one
of several fissile materials that fission with the release of energy. Various applications require
the use of different isotopes of uranium. Because isotopes cannot be chemically separated,
processes have been developed to enrich uranium to various isotopic ratios. Natural uranium
consists mostly of uranium-238, with very small amounts of uranium-235 and -234. Enriched
uranium is enhanced in the isotope uranium-235 above its natural concentration of 0.72 percent.
Highly-enriched uranium has a greater than 20 percent concentration of uranium-235 or greater.
Depleted uranium results from the enrichment process, where most of the uranium-235 has been
removed.

Most uranium isotopes of interest here have very long haf-lives and are alpha emitters. Their
half-lives are much longer than plutonium isotopes, and as aresult, uranium is generally of lower
radiological concern than plutonium. However, its actual radiological concern varies with its
enrichment. Asaheavy metal, uranium also can be chemically toxic to the kidneys. Depending
upon the enrichment and chemical form, either chemical or radiological considerations dominate.
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Tritium is aradioactive isotope of hydrogen. It is generated at low levelsin the environment by
interactions of cosmic radiation with the upper atmosphere, but for practical applications, it is
normally produced in a nuclear reactor. The radioactive properties of tritium are very useful. By
mixing tritium with a chemical that emits light in the presence of radiation, a phosphor, a
continuous light source, is created. This can be applied to situations where adim light is needed
but where using batteries or electricity is not possible. Rifle sights and exit signs are common
applications. Tritium has a half-life of around 12 years and decays by emitting alow energy beta
particle that cannot penetrate the outer layer of human skin. The main hazard associated with
tritium isinternal exposure. Because tritium is an isotope of hydrogen, it can be incorporated
into the water molecule, forming tritiated water. In the environment, tritium is most often found
either in its elementary form asagas, or aswater. Tritiated water is a concern to the human body
because the body is composed mostly of water. Tritiated water will easily and rapidly enter the
body and irradiate it rather uniformly; however, it also is removed from the body rather quickly,
being easily displaced with regular water and with a biological half-life of about 12 days under
normal conditions.

C.1.3 Methods Used to Estimate Radiological | mpacts from Normal Operations

Dose assessments were performed at LANL for members of the genera public to determine the
incremental doses that would be associated with the alternatives addressed in this SWEIS. This
section provides supplemental information regarding those assessments. Incremental doses for
members of the public were calculated for the following types of receptors:

o Facility-Specific Maximally Exposed Individual (MEI)—The facility-specific MEI
represents alocation near afacility that is modeled as having the greatest dose to a
hypothetical public individual from all modeled emissions.

e« LANL Ste-Wide MEI—The LANL MEI represents the location of the single highest
modeled dose to a hypothetical public individual. The highest facility-specific MEI
becomesthe LANL MEI.

o Collective dose to the population within a 50-mile (80-kilometer) radius from LANL.
C.1.3.1 Key FacilitiesModeled

Several facilities at LANL release radioactive materials to the ambient air through stacks, vents,
or diffuse emissions. The facilities modeled for this SWEIS are listed in Table C-3. Those
facilities not modeled were eliminated from detailed analysis because they either have
historically low emission rates or would not be expected to operate during the period analyzed in
this SWEIS. In addition, all of the facilities modeled in the 1999 SAVEIS as non-Key Facilities
(High Pressure Tritium Facility [Technical Area(TA) 33] and Nuclear Safeguards Research
Facilities[TA-35]) no longer have facility emissions. The following are changes from the

1999 SWMEISto thelist of Key Facilities:

o Pgarito Site (TA-18) was removed from the LANL Key Facility list in both the Reduced
and Expanded Operations Alternatives of this SWEIS (see Section 3.1.3.9). Because the
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normal operational releases will still be applicable for the No Action Alternative at
Pajarito Site, a dose assessment was performed for this SWEIS.

e TA-21 (Tritium Facility) was removed from the LANL Key Facility list in the Expanded
Operations Alternative. The buildings will continue to have radioactive air emissions
until the decontamination, decommissioning, and demolition process has begun. Since
these air emissions will result in potential doses to the MEI and public, a dose assessment
was performed for TA-21 in this SWEIS.

The new LANL Key Facilities were reviewed for potential radiological air releases. It was
determined that no significant air emissions from these facilities would produce doses that could
affect the public. In addition, the radiological air emissions from the Radioactive Liquid Waste
Treatment Facility at TA-50 were considered in the 1999 SAVEISto be minima (DOE 1999a)
relative to other sources at LANL and therefore not modeled. It was anticipated that the
replacement Radioactive Liquid Waste Treatment Facility would also have minimal radiological
air emissions and therefore would not be modeled in this SWEIS (Appendix G).

Table C—3 Los Alamos National L aboratory Key Facilities

Technical Area Facility Name
TA-3-29 Chemistry and Metallurgy Research Building
TA-3-66 Sigma Complex
TA-3-102 Machine Shops
TA-11 High Explosives Processing
TA-15 and TA-36 High Explosives Testing (Firing Sites)
TA-16 Tritium Facility ®
TA-18 Pajarito Site®
TA-48 Radiochemistry Facility
TA-53 Los Alamos Neutron Science Center
TA-54 Waste Management Operations
TA-55 Plutonium Facility Complex
Non-Key (TA-21) Tritium Facility ®

& These facilities include the Weapons Engineering Tritium Facility (TA-16). The Tritium Science and Fabrication Facility
and the Tritium Systems Test Assembly (TA-21) continue to produce emissions while awaiting decommissioning and
decontamination and are under non-Key Facilities.

® A LANL Key Facility in the No Action Alternative, it will continue to produce emissions until the Solution High-Energy
Burst Assembly moves to another DOE site.

¢ Area G and the Decontamination and Volume Reduction System.

C.1.3.2 CAP-88 Model

The Clean Air Act Assessment Package — 1988 (CAP88-PC) Version 3.0 computer code was
used for this SWEIS to calcul ate population radiation doses from normal releases of
radioisotopes (EPA 2002). There were significant changes in dose cal cul ations between
(CAP88-PC) DOS Version 1.0 used in the 1999 SAVEISand Version 3.0 used here. These
included:

e Theincorporation of the new Federal Guidance Report No. 13 dose and risk factors;
e Theincorporation of options to choose different chemical forms for each radionuclide;
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e Theaddition of pathways, such as drinking water ingestion and external exposure from
multiple depths of soil contamination;

e Theahility to account for the effect of humidity; and

e Theaddition of more than 800 isotopes, consistent with those in Federal Guidance Report
No. 13.

C.1.3.3 Mode Input Parameters

The CAP-88 model requires many input parametersin order to perform dose calculations. Most
of these parameters are built into the model and require no input from the user. The user-defined
inputs are discussed below, along with how the data were derived.

Population Data

Potential doses to the local population from airborne radioactive emissions at each Key Facility
at LANL were estimated using a 50-mile (80-kilometer) radius centered on the facility whose
emissions were being analyzed. This methodology allowed for consistency with the accident
analysis resullts.

The Sector Population, Land Fraction, and Economic Estimation Program (SECPOP 2002,
NRC 2003) was used to create population distribution files that were then configured to work as
datainput filesfor CAP-88. The SECPOP2000 software can cal cul ate estimated population and
economic data about any point (specified by longitude and latitude) that lies within the
continental United States. SECPOP2000 used the latest (2000) census data. Population
estimates were made using block level census data.

In its population files, CAP-88 uses edgepoints for each sector, entered in the population filein
kilometers. The edgepoints used for CAP-88 were consistent with those used for the accident
analyses (1, 2, 3, 4, 5, 10, 20, 30, 40, 50 miles). Each CAP-88 population file was subsequently
analyzed for residents inappropriately listed as residing on LANL property. One block of

184 individuals was consistently listed on a LANL-only sector. Those 184 individuals were
manually moved to the adjoining sector to ensure no individuals were assessed as living on
LANL property.

Maximally Exposed Individual L ocations

The facility-specific MEI represents the location near a specific facility where a hypothetical
person receives the greatest dose. These locations do not represent actual residences or
individuals, but rather a hypothetical receptor (see Section 5.6, Human Health). Some points at
the LANL boundary do have residences close to them. Thisis especialy true for those TAs
located in the northern part of the LANL site, such as TA-3 and TA-53.

The facility-specific MEI locations remained the same in this SWEIS as those in the 1999
SWEIS. Dueto the expected changes in LANL boundaries near TA-21 and TA-54, the MEIs for
TA-21 and TA-54 were reviewed. Thereview of the TA-21 MEI location included the
conveyance of segments A-5-1, A-6, A-8, A-9, A-10, A-11, and A-15. Thereview of the TA-54
MEI location included the conveyance of segments A-19-1, A-19-2, A-19-3, B-1 and C-1, all
parcels near White Rock (LANL 2006). Since the highest dose for TA-54 in the 1999 SVEIS
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was located northeast of the site, at the boundary with San Ildefonso Pueblo, the conveyance of
land near White Rock, further away, did not affect the TA-54 MEI location.

For some Key Facilities there are areas nearby that are not populated by LANL workers (such
as, the Los Alamos County Landfill). These areas were not considered populated by public
receptors. Some modeled facilities share the same MEI location. TA-3-29 (Chemistry and
Metallurgy Research [CMR] Building) and TA-3-66 (Sigma Complex) share the same MEI
location, as do TA-48 (Radiochemistry Facility) and TA-55 (Plutonium Facility Complex).

M eteor ological Data

There are six towers and that gather meteorological data. Four of the towers are located on mesa
tops and are used with the CAP-88 model to estimate air dispersion of emitted nuclides. The
data used for each tower was the average of 9 years (January 1, 1995 through

December 31, 2003) of actual meteorological data. Using average meteorological dataover a
period of time better reflects conditions than data from any individual year. The tower nearest to
the modeled facility was used for data inpuit.

Tower Key Facilities
TA-6 TA-3, TA-16, TA-48, TA-55
TA-49 TA-11, TA-15, TA-36
TA-53 TA-21, TA-53

TA-54 TA-18, TA-54

The other meteorological data used in CAP-88 islisted below. Previous versions of CAP-88
used a default value of 8 grams per cubic meter for the Average Absolute Humidity. For this
SWEIS, avalue of 3.85 grams per cubic meter (LANL 2004a) was used. All other parameters
were confirmed from the 1999 SMVEIS

e Annual precipitation = 19 inches (48 centimeters) per year
e Annual ambient temperature = 48 degrees Fahrenheit (8.8 degrees Celsius)
e Height of lid (atmosphere mixing level) = 5,000 feet (1,525 meters)

e Average absolute humidity = 4 grams per cubic meter (3.85 grams per cubic meter
rounded up by CAP-88)

Stack Parameters

The height and diameter measurements of monitored stacks were taken from the 2003 LANL
Radionuclide Air Emissions Report (LANL 2004b). The same exit velocities for those stacks
were used as in the 1999 SWEIS. The parameters used for unmonitored stacks were obtained
from LANL (LANL 2006). Stack parameters are listed in Tables C—4 through C-15.

Agricultural Data

Radionuclides emitted to the air and subsequently ingested through food crops is one pathway of
exposure used by CAP-88. CAP-88 uses average agricultural productivity data for New Mexico
based on the address of LANL when determining the agricultural data. The EPA Food Source
Scenario used in CAP-88 was the rural setting.
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Table C—4 Radiological Air Emissions (curies per year) from Technical Area 3-29
(Chemistry and M etallur gy Resear ch Building) &

Radionuclide | No Action | Reduced Operations | Expanded Operations

Stack ES-14
Height (meters) = 15.9
Diameter (meters) = 1.07
Exit velocity (meters per second) = 6.8

Actinides® 0.00076 | Same as No Action Same as No Action

Stack ES-46 ©
Height (meters) = 16.5
Diameter (meters) = 1.88
Exit velocity (meters per second) = 1.9

Krypton-85 100 Same as No Action Same as No Action
Xenon-131m 45 Same as No Action Same as No Action
Xenon-133 1,500 Same as No Action Same as No Action

2 Dueto the start of the CMR Replacement project there will be no emissions from the CMR Building after approximately
2014. The actinide processes and resulting emissions will move to a new facility near TA-55 and the Wing 9 processes
would move to the Radiological Sciences Institute. The support for hydrodynamic testing and tritium separation activities
remained at TA-55.

® Actinides were not broken down by isotope and were represented by plutonium-239. Actinides are emitted from almost all
wings. The most conservative stack (ES-14) was chosen to model these emissions. The most conservative lung absorption
rate for plutonium-239 (moderate) was chosen.

¢ Fission products are emitted from Wing 9. The most conservative stack (ES-46) was chosen for modeling.

Note: To convert metersto feet, multiply by 3.2808.

Table C-5 Radiological Air Emissions (curies per year) from Technical Area 3-66
(Sigma Complex)

Radionuclide | No Action Reduced Operations | Expanded Operations

All Stacks?®
Height (meters) = 15.2
Diameter (meters) = 1.2
Exit velocity (meters per second) = 1

Uranium-234° 0.0000660 Same as No Action Same as No Action

Uranium-238 > ¢ 0.0018 Same as No Action Same as No Action

& Stacks are no longer monitored. Emissions now based on process knowledge and inventory. Depleted uraniumis
considered as uranium-238 and enriched uranium is considered as uranium-234.

® The most conservative lung absorption rate (slow) was chosen for all uranium and thorium isotopes. A moderate lung
absorption rate was used for protactinium.

¢ All uranium-238 is assumed to be in equilibrium with thorium-234 and protactinium-234m.

Note: To convert meters to feet, multiply by 3.2808.

Table C—6 Radiological Air Emissions (curiesper year) from Technical Area 3-102
(Machine Shops)

Radionuclide | No Action Reduced Operations | Expanded Operations

Stack ES-22
Height (meters) = 13.4
Diameter (meters) = 0.91
Exit velocity (meters per second) = 0.8

Uranium-238 2 | 0.00015 |  SameasNoAction Same as No Action

& Uranium-238 was used to model al uranium. Protactinium-234m and thorium-234 are in equilibrium with uranium-238.
The most conservative lung absorption rate (slow) was chosen for uranium and thorium. A moderate lung absorption rate
was used for protactinium.

Note: To convert metersto feet, multiply by 3.2808.
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Table C—7 Radiological Air Emissions (curiesper year) from Technical Area 11
(High Explosives Processing)

Radionuclide No Action | Reduced Operations ? | Expanded Operations
Area size (square meters) = 10,000 °
Uranium-234 ¢ 3.71x 107 2.97 x 107 3.71x 107
Uranium-235 % ¢ 1.89 x 10°® 1.51 x 10® 1.89 x 10°®
Uranium-238 & ° 9.96 x 107 7.97 x 107 9.96 x 107

 For Reduced Operations, a 20 percent reduction in operations was assumed to result in a 20 percent reduction in air
emissions.

® No stack emissions. Thisisan areasource.

¢ The most conservative lung absorption rate (slow) was chosen for all uranium and thorium. A moderate lung absorption
rate was used for protactinium.

4 Thorium-231 isin equilibrium with uranium-235.

¢ Thorium-234 and protactinium-234m are in equilibrium with uranium-238.

Note: To convert square meters to square feet, multiply by 10.764.

Table C—8 Radiological Air Emissions (curies per year) from Technical Area 15 and
Technical Area 36 (High Explosives Testing) ®

Radionuclide | No Action | Reduced Operations® | Expanded Operations
Areasize (square meters) = 100 ©
Uranium-234 0.0345 0.0276 0.0345
Uranium-235 ¢ 0.0015 0.0012 0.0015
Uranium-238 & 0.114 0.0912 0.114

& Depleted uranium was modeled as 27 percent uranium-234, 1 percent uranium-235, and 72 percent uranium-238 per curie
of release, per LANL guidance in Dose Assessment Using CAP88, RRES-MAQ-501, R6 (LANL 2003b).

® For Reduced Operations, a 20 percent reduction in operations was assumed to result in a 20 percent reduction in air
emissions. The reduction of experiments with special nuclear material at the Dual Axis Radiographic Hydrodynamic Test
Facility was assumed to have no effect on air emissions.

© No stack emissions. Thisis an area source.

4 Thorium-231 isin equilibrium with uranium-235.

¢ Thorium-234 and protactinium-234m are in equilibrium with uranium-238.

" The most conservative lung absorption rate (slow) was chosen for all uranium and thorium. A moderate lung absorption
rate was used for protactinium.

Note: To convert square meters to square feet, multiply by 10.764.

Table C-9 Radiological Air Emissions (curiesper year) from Technical Area 16
(Tritium Facility)

Radionuclide | No Action | Reduced Operations | Expanded Operations

Stack FE-04
Height (meters) = 18.3
Diameter (meters) = 0.46
Exit velocity (meters per second) = 19.3

Tritium (gas) 300 Same as No Action Same as No Action

Tritium (water vapor) 500 Same as No Action Same as No Action

Note: To convert metersto feet, multiply by 3.2808.
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Table C-10 Radiological Air Emissions (curies per year) from Technical Area 18
(Pajarito Site)

Radionuclide | No Action | Reduced Operations ® | Expanded Operations®
Area size (square meters) = 45,200 °
Argon-41 | 102 | Same as No Action | Same as No Action

& Under reduced and expanded operations, the Solution High-Energy Burst Assembly would move to another DOE site and
all nuclear materials would be removed from TA-18 in 2009 resulting in no radiological air emissions.

b No stack emissions. Thisisan area source from operations that activate argon atoms in the air surrounding the assembly.

Note: To convert square meters to square feet, multiply by 10.764.

Table C-11 Radiological Air Emissions (curies per year) from Technical Area 48
(Radiochemistry Facility)

Radionuclide ® | No Action Reduced Operations | Expanded Operations

Fan Exhaust FE-51/54 "
Height (meters) = 13.1
Diameter (meters) = 0.91
Exit velocity (meters per second) = 7.9

Plutonium-239 © 0.0000121 Same as No Action Same as No Action
Uranium-235 °© 0.000000484 Same as No Action Same as No Action
Mixed Fission Products ¢ 0.000154 Same as No Action Same as No Action

Fan Exhaust FE-63/64 ©
Height (meters) = 13.4
Diameter (meters) = 0.3
Exit velocity (meters per second) = 12.5

Arsenic-72f 0.000121 Same as No Action Same as No Action
Arsenic-73' 0.00255 Same as No Action Same as No Action
Arsenic-74f 0.00133 Same as No Action Same as No Action
Beryllium-7' 0.0000165 Same as No Action Same as No Action
Bromine-77 0.000935 Same as No Action Same as No Action
Germanium-68 " " 0.00897 Same as No Action Same as No Action
Rubidium-86 ¢ 0.000000308 Same as No Action Same as No Action
Selenium-75 9 0.000385 Same as No Action Same as No Action
Other Activation Products’ 0.00000558 Same as No Action Same as No Action

& All radionuclides at TA-48 were increased 10 percent (over 1999 SWEIS amounts or highest actual emission rate, whichever

was higher).

b Actinides are emitted through several unmonitored stacks at TA-48. The most conservative stack (Fan Exhaust FE-51/54
exits through stack 54) was chosen to model emissions from these stacks.
¢ The most conservative lung absorption rates (moderate for plutonium and slow for uranium) were chosen.

4 The Mixed Fission Products were not broken down by isotopes and were represented by strontium-90 and yttrium-90 in
equilibrium. The default lung absorption rate (moderate) was used.

¢ Activation products are emitted through several stacks at TA-48. The most conservative stack (Fan Exhaust FE-63/64 exits
through stack 7) was chosen to model emissions from these stacks.

' The lung absorption rate (moderate) was used.

9 The default lung absorption rate (fast) was used

_h Germanium-68 was assumed to be in equilibrium with gallium-68.

' The Other Activation Products are a mixed group of activation products represented by strontium-90 and yttrium-90 in
equilibrium. The default lung absorption rate (moderate) was used.

Note: To convert metersto feet, multiply by 3.2808.
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Table C-12 Radiological Air Emissions (curies per year) from Technical Area 53
(L os Alamos Neutron Science Center) *°

Radionuclide | No Action | Reduced Operations | Expanded Operations
Stack ES-2
Height (meters) = 13.1
Diameter (meters) = 0.91
Exit velocity (meters per second) = 7
Argon-41 453 0 453
Carbon-11 (dioxide) 18,400 0 18,400
Mercury-193 30.1 0 30.1
Nitrogen-13 2,860 0 2,860
Oxygen-15 3,820 0 3,820
Stack ES-3 ¢
Height (meters) = 33.5
Diameter (meters) = 0.91
Exit velocity (meters per second) = 12.5
Argon-41 431 0 431
Carbon-11° (dioxide) 4060 0 4,060
Nitrogen-13 200 0 200
Oxygen-15 50 0 50
Areasize (square meters) = 1,432 €

Argon-41 32 0 32
Carbon-11 (dioxide) 76.8 0 76.8

& Thetotal curies emitted changed from the 1999 SWEIS emission rates based on arevised curie per microamp-hour ratio.
Under the Reduced Operations Alternative, there would be no emissions due to the shutdown of all activity at LANSCE.

b Carbon-10 and oxygen-14 were not modeled. They both are very short-lived nuclides (less than 2 minutes) and have no
published dose conversion factor. They would have minimal health impacts.

¢ Emission projections for the Isotope Production Facility were modeled as being released from stack ES-3 in addition to
evacuations from experimenta areas A, B, and C and associated lines B and C tunnels. Expanded Operations include
emissions for up to 100 irradiated targets for medical isotope processing.

d Total carbon-11 from stack ES-3 and the I sotope Production Facility.

¢ These are fugitive sources created at the accelerator target cells that have migrated into room air and into the environment.

Note: To convert metersto feet, multiply by 3.2808.
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Table C-13 Radiological Air Emissions (curies per year) from Technical Area 54
(Waste M anagement Oper ations)

Radionuclide | No Action | Reduced Operations Expanded Operations
Areasize (square meters) = 5,000 %

Tritium (water vapor) 60.9 Same as No Action Same as No Action
Americium-241° 6.6 x 107 Same as No Action Same as No Action
Plutonium-238 4.80x 10°® Same as No Action Same as No Action
Plutonium-239 © 6.80x 107 Same as No Action Same as No Action
Uranium-234 ¢ 8.00 x 10°® Same as No Action Same as No Action
Uranium-235 ¢ 4.10x 107 Same as No Action Same as No Action
Uranium-238 ¢ 4.00 x 10°® Same as No Action Same as No Action

Stack 54-412 (DVRS)

Height (meters) = 10.7

Diameter (meters) = 0.69
Exit velocity (meters per second) = 16.6

Americium-241° 3.53x10° Same as No Action Same as No Action
Plutonium-238 ¢ 1.76 x 10° Same as No Action Same as No Action
Plutonium-239 © 7.78x 10°® Same as No Action Same as No Action

DV RS = Decontamination and VVolume Reduction System.

& These emissions are from an area source. They are conservatively based on a 5-year average plus two standard deviations of
nearby environmental concentration measurements.

® The default lung absorption rate (moderate) was used.

¢ The most conservative lung absorption rates (moderate for plutonium and slow for uranium) were chosen.

Note: To convert metersto feet, multiply by 3.2808; to convert square meters to square feet, multiply by 10.764.

Table C-14 Radiological Air Emissions (curies per year) from Technical Area 55
(Plutonium Facility Complex)

Radionuclide | No Action Reduced Operations | Expanded Operations?®

Stack ES-15
Height (meters) = 9.5
Diameter (meters) = 0.93
Exit velocity (meters per second) = 6.8

Plutonium-239 ° 0.0000025 | Same as No Action Same as No Action

Stack ES-16
Height (meters) = 9.5
Diameter (meters) = 0.94
Exit velocity (meters per second) = 10.8

Plutonium-239 0.000017 Same as No Action 0.000036
Tritium (gas) 250 Same as No Action Same as No Action
Tritium (water vapor) 750 Same as No Action Same as No Action

& Expanded operations include pit production (80 pits), pit surveillance (65 pits), actinide processing 1,764 pounds
(800 kilograms), and pit disassembly capacity (500 pits).

® No isotopic breakdown of particulates was available; therefore all particul ates were represented by plutonium-239. The
most conservative lung absorption rate (moderate) was chosen.

Note: To convert metersto feet, multiply by 3.2808.
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Table C-15 Radiological Air Emissions (curies per year) from Non-Key Facilities
(Technical Area 21)
Radionuclide | No Action | Reduced Operations | Expanded Operations

Stack ES-1 (TA-21 Tritium Science and Fabrication Facility)
Height (meters) = 22.9
Diameter (meters) = 1.22
Exit velocity (meters per second) = 10.3

Tritium (water vapor) ° | 50 | Same as No Action | Same as No Action

Stack ES-5 (TA-21 Tritium Systems Test Assembly)
Height (meters) = 29.9
Diameter (meters) = 0.79
Exit velocity (meters per second) = 7.8

Tritium (gas) 100 Same as No Action Same as No Action
Tritium (water vapor) © 400 Same as No Action Same as No Action

TA =technical area

& Under expanded operations, the decontamination and demolition of TA-21 would be completed by 2009 resulting in no
radiological air emissions from that point forward.

b Tritium emissions are based on LANL estimates of neutron target tube loading operations through the end of 2006 while
awaiting decontamination, decommissioning, and demolition. The more conservative water vapor form of tritium was used.

¢ Tritium emissions (water vapor) were increased from the 1999 SWEI S based on actual emission data (1999 through 2004)
and expected emission rate while awaiting decontamination, decommissioning, and demolition.

Note: To convert metersto feet, multiply by 3.2808.

a

Emissions Data

For this SWEIS, all actual emissions from 1999 through 2004 (LANL 2000, 2001, 2002a, 20033,
2004b, 2005a) were reviewed and analyzed to ensure that the projected emissions from the 1999
SWEISwere bounding. Based on the above review and additional datafrom LANL, some
changes were made to the projected air emissions. Specific changes can be found in the
appropriate Radiological Air Emissions Tables C—4 through C-15. In addition, each Key
Facility’s activities were reviewed for the three aternatives considered in this SWEIS (No
Action, Reduced Operations, and Expanded Operations). The projected releases are based on
those activities. A complete description of the alternatives can be found in Chapter 3.

Changesto CAP-88 Version 3.0 included the ability of the user to choose the specific chemical
form and type. The chemical form used in the assessments was based on each facility’ s process
knowledge. For example, the Los Alamos Neutron Science Center (LANSCE) produces a
variety of materials generated through the process of activation; consequently emissions occur as
gaseous mixed activation products. Other activation products occur in particulate and vapor
form.

Gaseous mixed activation product emissions included argon-41, carbon-11, nitrogen-13,
nitrogen-16, oxygen-14, and oxygen-15. Various radionuclides such as mercury-193,
mercury-197, germanium-68, and bromine-82 comprised the majority of the particul ate and
vapor form emissions (LANL 2004b). Tritium can be released in different forms at each facility
where present, either as tritium oxide (vapor), or as elemental tritium (gas). Area G at TA-54, for
instance, is aknown source of diffuse emissions of tritium vapor (LANL 2004b). These forms
are noted in Tables C—4 through C-15.
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At some Key Facilities, the emissions were model ed using the most conservative radioisotope.
For example, actinide emissions at the CMR Building include plutonium, uranium, thorium, and
americium isotopes. Of these isotopes, plutonium-239 was used for modeling purposes to
conservatively represent all of the actinides released. By using plutonium-239, the estimated
dose for members of the public presented in this SWEIS are higher than what would be
experienced if the actual actinides were used in the model calculations.

Some Key Facility projected emissions included radionuclides that are not in the dose conversion
factor database of CAP-88 Version 3.0. Impacts from these radionuclides would be minimal due
to their extremely short half-lives and small inventory amounts. All of those radionuclides
omitted from the dose assessment have half-lives of less than 2 minutes. Chlorine-39, whose
portion of the LANSCE air emissions was negligible (less than 0.01 percent per year), was also
omitted from the dose assessment.

C.1.3.4 Resultsof Analyses

The sequence of analyses performed to generate the radiological impact estimates from normal
operations include selection of normal operational modes, estimation of source terms, estimation
of environmental transport and uptake of radionuclides, calculation of radiation doses to exposed
individuals, and estimation of health effects. There are uncertainties associated with each of
these steps. Uncertainties exist in the way the physical systems being analyzed are represented
by the computational models and in the data required to exercise the models (due to
measurement, sampling, or natural variability).

Thisanalysisis designed to ensure—through judicious selection of release scenarios, models,
and parameters—that the results represent the potential risks. Thisis accomplished by making
conservative assumptionsin the calculations at each step. The models, parameters, and release
scenarios used in the calculations are selected in such away that most intermediate results and,
consequently, the final estimates of impacts, are greater than would be expected. Asaresult,
even though the range of uncertainty in a quantity might be large, the value calculated for any
one modeled dose would be close to one of the extremes in the range of possible values, so the
chance of the actual dose being greater than the calculated value would be low. The goal of the
radiological assessment for normal operationsin this SWEIS isto produce results that are
conservative in order to capture any uncertainties in normal operations.

Maximally Exposed Individual

The facility-specific MEI represents alocation near afacility that is modeled as having the
greatest dose to a hypothetical public individual from all modeled emissions. This location was
determined for each Key Facility and was cal cul ated based on meteorological datafor the site
and the type and amount of radiological air emissions from the Key Facility. For the purposes of
thisanalysis, the very conservative assumption was made that the MEI is a person who staysin
the same location 24 hours aday, 365 days ayear. Furthermore, it was assumed that this person
is not shielded from the emissions by clothing or shelter (for example, a building, auto, home,
etc.).
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The doses were then calculated at each facility-specific MEI location from all other modeled
facilities; thus, the facility-specific MEI represents the estimated dose to an individual near the
specified facility from all modeled facilities. Table C—16 summarizes the dose to each facility
MEI from emissions from all modeled facilities. Tables C—17 through C-19 compare the
facility-specific MEI for each of the three alternatives considered in this SWEIS. Each facility-
specific MEI was totaled and the facility-specific MEI with the highest total dose was designated
the LANL site-wide MEI for that alternative. Therefore any facility-specific MEI dose would be
less than the LANL site-wide MEI for that alternative.

LANL site-wide MEI dose impacts (see Tables C-17 through C-19) include the change in
location of the actinide processes at CMR Building to the new CMR Replacement Facility near
TA-55. These impacts on the doses were determined by cal culating the net dose (removal of the
dose from operations at the CMR Building and the addition of the dose from operations at CMR
Replacement Facility). These impacts to the MEI were minimal. Under the No Action and
Expanded Operations Alternatives, operational controls at LANSCE would limit the amount of
radiological air emissions. It is assumed that there is adose limit of 7.5 millirem to the MEI from
LANSCE emissions. This dose limit, when added to the doses from operations at all other Key
Facilitieswould result in a LANL Site-Wide MEI dose of 7.8 millirem for the Expanded
Operations Alternative. The regulatory limit of 10 millirem per year (40 Code of Federal
Regulations [CFR] 61.92) to a member of the public would therefore not be exceeded under any
of the SWEIS alternatives. The highest estimated dose to the MEI from normal LANL
operations, 8.2 millirem per year, would be under the Expanded Operations Alternative (see
Section 5.6, Human Health Impacts)

Table C-16 Summary of Facility-Specific Maximally Exposed Individual Dose
(millirem per year) ®°

No Action Reduced Operations | Expanded Operations

Alternative Alternative Alternative
Chemistry and Metallurgy Research Building and Sigma 0.46 0.18 0.46
Complex °
Machine Shops 0.37 0.12 0.37
High Explosives Processing 0.38 0.12 0.38
High Explosives Testing 29 0.79 29
Tritium Facility 0.32 0.10 0.32
Pajarito Site ® 2.9 0.79 2.9
Radiochemistry Facility and Plutonium Facility Complex © 0.78 0.24 0.78
Los Alamos Neutron Science Center ' 14 0.25 14
Waste Management Operations 12 0.34 12
Non-Key Facility (TA-21) ¢ 19 0.30 19

TA =technical area

& Doses are from al modeled facilities.

b Under the No Action Alternative and the Expanded Operations Alternative, the LANL Site-Wide MEI would be located near
LANSCE. Under the Reduced Operations Alternative, the LANL Site-Wide MEI would be located near the Firing Sites at
TA-36.

¢ CMR Building and Sigma Complex had the same MEI location.

4 Under the Reduced and Expanded Operations Alternatives, Pajarito Site would not be operational after 2009, thereby
eliminating the need for a designated facility-specific MEI dose.

¢ Radiochemistry Facility and Plutonium Facility Complex had the same MEI location.

' Asamitigating measure, operational controls at LANSCE would limit their portion of the MEI dose to 7.5 millirem resulting
in lower doses.

9 Tritium Facility (TA-21) would not be contributing to the dose after 2009 due to decontamination and demolition.
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TableC-17 Maximall

Exposed Individual Dose for the No Action Alternative (millirem per year)

Non-Key
CMR/ Machine TA-15/ TA-48/ (TA-21)
Source Sigma MEI Shop MEI TA-11 MEI TA-36 MEI TA-16 MEI TA-18 MEI | TA-55MEI TA-53 MEI TA-54 MEI MEI
CMR 0.0639 0.0435 0.00540 0.0158 0.00513 0.0111 0.0549 0.0113 0.00609 0.0158
Sigma Complex 0.0262 0.0114 0.00206 0.00598 0.00135 0.00411 0.0243 0.00412 0.00225 0.00598
Machine Shops 0.00225 0.00225 0.000165 0.000450 0.000165 0.000315 0.00165 0.000315 0.000180 0.000450
High Explosives 0.00000118 | 0.00000127 0.0000212 0.00000230 0.00000736 | 0.00000212 | 0.00000281 | 0.00000134 0.00000109 | 0.00000142
Processing
High Explosives 0.0866 0.0551 0.102 0.899 0.0716 0.809 0.131 0.247 0.304 0.292
Testing
Tritium Facility 0.00522 0.00491 0.0184 0.00447 0.0243 0.00455 0.00478 0.00362 0.00375 0.00393
Pajarito Site 0.000551 0.000520 0.000683 0.00796 0.000530 0.0979 0.000898 0.00704 0.0194 0.00326
Radiochemistry 0.000192 0.000161 0.0000778 0.000496 0.0000703 0.000304 0.00194 0.000289 0.000151 0.000350
Facility
LANSCE 0.268 0.240 0.241 1.88 0.209 1.97 0.515 13.3% 0.809 157
Waste M anagement 0.00107 0.00106 0.00107 0.00116 0.00106 0.00121 0.00107 0.00117 0.0520 0.00110
Operation
Plutonium Facility 0.00715 0.00663 0.00530 0.0240 0.00496 0.0145 0.0399 0.0117 0.00856 0.0153
Complex
Non-Key (TA-21) 0.00266 0.00252 0.00242 0.00705 0.00209 0.00478 0.00374 0.0115 0.00277 0.0223
Total 0.46 0.37 0.38 2.85 0.32 2.92 0.78 1355° 121 1.93

CMR = Chemistry and Metallurgy Research Building, MEI = maximally exposed individual, TA = technical area, LANSCE = Los Alamos Neutron Science Center.

& Asamitigating measure, operational controls at LANSCE would limit their portion of the MEI doseto 7.5 resulting in a LANL Site-Wide MEI dose of 7.8 millirem.

b After approximately 2014, actinide emissions will move from CMR to the CMR Replacement Facility near TA-55. The resulting dose will have minimal impact (an additional
0.0023 millirem) on the LANL MEI dose.
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Table C-18 Maximally Exposed I ndividual Dose for the Reduced Oper ations Alter native (millirem per year

Non-Key
CMR/ Machine TA-15/ TA-48/ (TA-21)
Source Sigma MEI Shop MEI TA-11 MEI | TA-36 MEI | TA-16 MEI | TA-18 MEI | TA-55MEI | TA-53 MEI | TA-54 MEI MEI

CMR 0.0639 0.0435 0.00540 0.0158 0.00513 0.0111 0.0549 0.0113 0.00609 0.0158
Sigma Complex 0.0262 0.0114 0.00206 0.00598 0.00135 0.00411 0.0243 0.00412 0.00225 0.00598
Machine Shops 0.00225 0.00225 0.000165 0.000450 0.000165 0.000315 0.00165 0.000315 0.000180 0.000450
High Explosives Processing | 0.000000947 [ 0.00000102 | 0.0000169 | 0.00000184 | 0.00000589 | 0.00000169 | 0.00000225 | 0.00000107 | 0.000000872 | 0.00000114
High Explosives Testing 0.0693 0.0441 0.0816 0.720 0.0573 0.648 0.105 0.198 0.243 0.234
Tritium Facility 0.00522 0.00491 0.0184 0.00447 0.0243 0.00455 0.00478 0.00362 0.00375 0.00393
Pgjarito Site® 0.000551 0.000520 0.000683 0.00796 0.000530 0.0979 0.000898 0.00704 0.0194 0.00326
Radiochemistry Facility 0.000192 0.000161 0.0000778 0.000496 0.0000703 0.000304 0.00194 0.000289 0.000151 0.000350
LANSCE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Waste Management
Operation 0.00107 0.00106 0.00107 0.00116 0.00107 0.00121 0.00107 0.00117 0.0520 0.00110
Plutonium Facility Complex 0.00715 0.00663 0.00530 0.0240 0.00496 0.0145 0.0399 0.0117 0.00856 0.0153
Non-Key (TA-21) 0.00266 0.00252 0.00242 0.00705 0.00209 0.00478 0.00374 0.0115 0.00277 0.0223
Total (millirem per year) 0.18 0.12 0.12 0.787" 0.10 0.786 0.24 0.25 0.34 0.30

CMR = Chemistry and Metallurgy Research Building, MEI = maximally exposed individual, TA = technical area, LANSCE = Los Alamos Neutron Science Center.

& Pgjarito Site would not be operational after 2009 under this alternative and will not be producing emissions. These values are applicable for the first few years.

b After approximately 2014, actinide emissions will move from CMR to the CMR Replacement Facility near TA-55. The resulting dose will have minimal impact (an additional
0.018 millirem) on the LANL MEI dose at TA-36.
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Table C-19

Maximally Exposed Individual Dose for the Expanded Oper ations Alter native (millirem per year)

Non-Key
CMR/ Machine TA-15/ TA-48/ (TA-21)
Source Sigma MEI Shop MEI TA-11 MEI | TA-36 MEI | TA-16 MEI | TA-18 MEI | TA-55MEI | TA-53 MEI | TA-54 MEI MEI

CMR 0.0639 0.0435 0.00540 0.0158 0.00513 0.0111 0.0549 0.0113 0.00609 0.0158
Sigma Complex 0.0262 0.0114 0.00206 0.00598 0.00135 0.00411 0.0243 0.00412 0.00225 0.00598
Machine Shops 0.00225 0.00225 0.000165 0.000450 0.000165 0.000315 0.00165 0.000315 0.000180 0.000450
High Explosives Processing 0.00000118 | 0.00000127 | 0.0000212 | 0.00000230 | 0.00000736 | 0.00000212 | 0.00000281 | 0.00000134 | 0.00000109 | 0.00000142
High Explosives Testing 0.0866 0.0551 0.102 0.899 0.0716 0.809 0.131 0.247 0.304 0.292
Tritium Facility 0.00522 0.00491 0.0184 0.00447 0.0243 0.00455 0.00478 0.00362 0.00375 0.00393
Pajarito Site ® 0.000551 0.000520 0.000683 0.00796 0.000530 0.0979 0.000898 0.00704 0.0194 0.00326
Radiochemistry Facility 0.000192 0.000161 0.0000778 0.000496 0.0000703 0.000304 0.00194 0.000289 0.000151 0.000350
LANSCE 0.268 0.240 0.241 1.88 0.209 1.97 0.515 13.3° 0.809 157
Waste M anagement
Operation 0.00107 0.00106 0.00107 0.00116 0.00106 0.00121 0.00107 0.00117 0.0520 0.00110
Plutonium Facility Complex 0.00729 0.00675 0.00538 0.0248 0.00503 0.0149 0.0412 0.0120 0.00874 0.0157
Non-Key (TA-21) 2 0.00266 0.00252 0.00242 0.00705 0.00209 0.00478 0.00374 0.0115 0.00277 0.0223
Total (millirem per year) 0.46 0.37 0.38 2.85 0.32 2.92 0.78 13.55°¢ 121 1.93

CMR = Chemistry and Metallurgy Research Building, MEI = maximally exposed individual, TA = technical area, LANSCE = Los Alamos Neutron Science Center.
2 TA-18 and TA-21 are expected to be decommissioned, decontaminated and demolished by 2009 under this alternative and will not be producing emissions at that time. These values
are applicable for the first few years.
b Asamitigating measure, operational controls at LANSCE would limit their portion of the MEI dose to 7.5 resulting in a LANL Site-Wide MEI dose of 7.8 millirem.
¢ After approximately 2014, actinide emissions will move from CMR to the CMR Replacement Facility near TA-55. The resulting dose will have minimal impact (an additional
0.0023 millirem) on the LANL MEI dose.
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Collective Population Dose

The collective dose to the population living within a 50-mile (80-kilometer) radius from normal
operations at LANL was calculated based on emissions from all modeled facilities. The
population doses from emissions at each Key Facility were compared and then totaled in

Table C-20. The majority of the population dose comes from emissions at the Firing Sites and
the LANSCE in both the No Action and the Expanded Operations alternatives. Under the
Reduced Operations Alternative, the LANSCE would not be operating and therefore would
produce no emissions contributing to a population dose.

Table C-20 Coallective Population Dose Summary (person-rem per year)

No Action Reduced Operations | Expanded Operations
Alternative Alternative Alternative
Source Estimated Dose Estimated Dose Estimated Dose

Chemistry and Metallurgy Research Building 2 0.43 0.43 0.43
Sigma Complex 0.16 0.16 0.16
Machine Shops 0.01 0.01 0.01
High Explosives Processing 0.00005 0.00004 0.00005
High Explosives Testing 6.4 5.2 6.4
Tritium Facility 0.09 0.09 0.09
Pgjarito Site 0.23 0.23° 0.23"
Radiochemistry Fecility 0.01 0.01 0.01
Los Alamos Neutron Science Center 22 0.00 22
Waste Management Operations 0.04 0.04 0.04
Plutonium Facility Complex 0.19 0.19 0.20
Non-Key Facility (TA-21) 0.09 0.09 0.09°
Total Dose (person-rem per year) 30 6.4 30

TA =technical area.

& Dueto the start of the CMR Replacement project there will be no emissions from the CMR Building after approximately
2014. The actinide processes and resulting emissions will move to anew facility near TA-55 and the wing 9 processes would
move to the Radiological Sciences Institute. There is ano population dose impact from this move.

b TA-18 and TA-21 are expected to be decommissioned, decontaminated and demolished by 2009 under these alternatives and
would not be producing emissions at that time. These values are applicable for the first few years.

C.l4

Impactsto Offsite Resident, Recreational User and Special Pathways Receptors

from Radionuclides and Chemical Contaminantsin the Environment

C.1.4.1 Methodology

Earlier investigation of exposure pathways in the vicinity of LANL (DOE 1999a) concluded that
ingestion of foodstuffs and water and incidental ingestion of soil and sediment were of primary
interest. Several other contact exposure pathways (including dermal absorption of contaminants
from clays used in pottery, bathing or ceremonial use of springs, and smoking of native
vegetation) were examined at that time and not found to be significant contributors to risk.
Recent environmental surveillance results and other reports on conditions following the 2000
Cerro Grande fire indicate that diet, land use and cultural practices remain largely unchanged
from conditions noted in the 1999 SWEIS analysis, and that ingestion continues to be the only
significant pathway, besides inhalation, by which people in the region adjacent to LANL might
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be exposed to radioactive and other contaminants resulting from operations at the Site. Risks
from radionuclides and chemicals in the environment were therefore evaluated for three receptors
and ingestion exposure scenarios. The specific receptors and the rationale for the selection of
ingestion exposure parameters for this analysis are as follows:

Offsite Resident. This receptor represents the resident of Los Alamos County whose
living habits and diet tend to produce higher than average exposures to radioactive
materials and chemicals in the local environment. The resident was assumed to use water
from the Los Alamos County water supply and to have a garden at their home that
produced the fruit and vegetables that they consumed. The resident was aso assumed to
consume local game animals, game fish, honey and pinyon nuts, as well as beef and milk
produced on local farms and ranches. Accordingly, the pathways considered for this
resident include ingestion of the groundwater and the above-listed foods, plus inadvertent
ingestion of sediments and soil. The assumption that the Offsite Resident consumes all
components of the diet and that all the foodstuffs are produced locally (that is no dilution
by store-bought or processed foods from outside the areq) tends to raise the intake of
contaminants well above that of the average person living near LANL. In fact, at the 95™
percentile consumer (high intake) rates published by the EPA for each foodstuff, a diet
consisting of locally-raised beef, milk, fruits and vegetables plus local big game animals
and fish fairly approximates a* subsistence” diet (over 4 pounds [8.8 kilograms] of fruits
and vegetables, 1.2 pounds [2.6 kilograms] of meat and fish, and 1.7 pints [0.8 liters] of
milk per day), particularly when combined with the additional foods described under
“Special Pathways’.

Recreational User of Wildlands. The recreational user represents a hypothetical
outdoor enthusiast who regularly uses the canyons on and near LANL for recreation (as a
hiker, rockhound, photographer, etc.). This receptor was assumed to make an average of
two visits per month to the canyons, spending 8 hours per visit. This receptor was
assumed to be exposed to environmental contaminants by consumption of surface water,
soils and sediments at concentrations typical of the canyons. It is reasonable to assume
that the Recreational User isalocal resident and that in the extreme case, exposures
received in the course of outdoor recreation might be in addition to those depicted by the
Offsite Resident and Specia Pathways.

Special Pathways — Subsistence Consumption of Fish and Wildlife. Section 44 of
Executive Order 12898 directs Federal agencies “whenever practical and appropriate, to
collect and analyze information on the consumption patterns of populations who
principally rely on fish and/or wildlife for subsistence and that Federal governments
communicate to the public the risks of these consumption patterns.” Therefore, special
exposure and diet pathways were evaluated to assess the potential impacts to Native
American, Hispanic and other residents whose traditional living habits and diets could
cause larger exposures to environmental contaminants than those experienced by the
hypothetical Offsite Resident. The foodstuffs and pathways of specific interest for this
group are ingestion of game animals, including consumption of some organ meats not
assumed for the “resident” receptor, ingestion of game fish and other fish taken from
local waters, and ingestion of native vegetation through use of herbal teas. In general,
these intakes can be assumed to be in addition to the meat, milk, produce, water and
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sediment consumption reflected in the “offsite resident” pathway assumption.
Consumption of all components of the Offsite Resident diet at the high intake rates, plus
three additional components (bottom feeder fish, herbal teas, organ meats), will
approximate a complete subsistence diet for someone living in vicinity of LANL.

Concentrations of radionuclides and chemicalsin environmental mediareported in LANL
Environmental Surveillance reports for 2001 through 2004 (LANL 2002b, 2004d, 2004c, 2005b)
were used in the dose and risk analysis except where noted in the table (see Tables C—22 through
C-38). For each environmental medium, the mean and 95 percent upper confidence limit of the
reported values were calculated. Data from locations near the LANL boundary, identified in the
reports as “ perimeter” |ocations, were used to calculate dose and risk to the Offsite Resident
receptor. For the Specia Pathways receptor, data from bottom feeder fish taken at locations
downstream from LANL were used to represent the maximum impact of LANL emissions and
runoff. Datafrom the limited number of published LANL analysisresults for elk heart and liver
and Navgjo Tea (Cota) were used to complete the intake for the Specia Pathways receptor. For
the Recreational User receptor, soil, sediment and surface water analysis results for onsite
locations accessible to the public were used.

Because of the small number of samples reported for some media (all items are not necessarily
sampled every year) calendar year 1999 and 2000 results for foodstuffs were also considered,
thereby increasing the number of data points used to develop the 95™ percentile upper confidence
limit values and reducing uncertainty. Uncertainties associated with measured contaminant
concentrations in environmental media may be quite large, and the 95 percent upper confidence
limit values were used when calculating dose to hypothetical individuals to help ensure that the
dose and risk estimates were conservative. For radionuclides, additional conservatism was
introduced by cal culating the 95 percent upper confidence limit values using only those reported
values that were greater than zero. Thiswas performed for several reasons. First, the same
method was used in devel oping the 95 percent upper confidence limit values for calculating
ingestion doses in the 1999 SAVEIS. By using the same approach, the results of the current
analysis can be compared directly with the 1999 results for each pathway component. Second,
concentrations of the radionuclides of interest in environmental media are typically quite low
(near the threshold of detection) and when corrected for counting background, negative
concentrations of some radionuclides were reported. Setting the negative valuesto zero or to the
limit of detection for a particular radionuclide is complicated by the fact that analytical methods,
detection limits and data reporting format may vary from year to year. Finally, the ingestion
pathway doses are quite small even when they are biased upwards by eliminating the zero and
negative sample results. When calculating 95 percent upper confidence limit values for
nonradioactive contaminants, asimilar conservatism was introduced by using a value equal to
the lower limit of detection for all samples reported as being below the detection limit.

Based on review of LANL environmental surveillance data and the results of ingestion pathway
exposure calculations published in the 1999 SWEIS it was determined that consumption of
water, soil, sediment, fish and produce will account for essentially all of ingestion exposure to
nonradioactive contaminants. Accordingly, only those five pathway components were analyzed
for contribution to nonradiological risk. Table C—21 summarizes the ingestion exposure
pathway components that were evaluated for each receptor.

C-28



Appendix C — Evaluation of Human Health Impacts from Normal Operations

Table C-21 Ingestion Exposure Pathway Components Evaluated for Offsite Resident,
Recreational User, and Special Pathways Receptors

Exposure Pathway Component Offsite Resident * Recreational User ° Special Pathways ©
Produce v 4 v
Meat (free-range beef)
Milk
Fish (game)
Elk
Deer

Honey

Pinyon nuts

Groundwater
Sail

Sediment
Surface water
Soil ¢

Sediment ¢

Fish (non-game)
Elk (heart, liver)
Indian Tea (Cota) v

& A hypothetical person who is conservatively assumed to have intake of various foodstuffs, water, soil and sediments with
concentrations of contaminants at the 95 percentile upper confidence limit for each contaminant.

b Assumed to visit the canyons on and near LANL 24 times per year, 8 hours per visit.

¢ Assumed to have traditional Native American or Hispanic lifestyles and diet.

9 Soil and sediments from on-site locations.
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The consumption rate of each component of the ingestion pathway was assumed to equal the
average adult daily intake published in the EPA Exposure Factors Handbook (EPA 1997) except
where noted in the table (see Tables C—22 through C-38). If the handbook did not provide
consumption rates applicable to the foodstuffs in question, estimates used in the 1999 SMVEIS
ingestion pathway analyses were used. The average adult daily intake of each foodstuff is
defined as the 50™ percentile. The “high” daily consumer is defined as the 95™ percentile
consumer. In other words, 95 percent of the population eats at a rate less than the high daily
consumption rate. These rates and doses are typically 2-3 times higher than for the average case.
The doses for both intake rates are reported in the notes following the dose cal cul ation tables for
the various components of the ingestions pathway. For chemicals, the health hazard index and
cancer risk were calculated using the most current Reference Doses and Slope Factors published
by the Environmental Protection Agency Region 6 (EPA 2004).

C.1.4.2 Estimates of Ingestion Pathway Radiation Dose and Risk

The results of the radiation dose calculations for each of the receptors and components of the
ingestion pathway are summarized in Tables C-22 through C—-38. Except where noted, all
intake rates are in grams dry weight per year. Thetotal dose from all pathway componentsis
presented in Table C-39.
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Table C—22 Dose from the Consumption of Produce

Exposure Pathway: Produce | ngestion

Intake Concentration Dose Conversion Factor Dose
(grams per year) Nuclide (picocuries per gram) (rem per picocurie) (rem per year)
32,200 Americium-241 0.000858 450 x 10° 0.000124
32,200 Cesium-137 0.0175 5.00 x 10°® 0.0000282
32,200 Plutonium-238 0.00128 3.80 x 10°® 0.000156
32,200 Plutonium-239, 0.000430 4.30 x 10° 0.0000595
Plutonium-240
32,200 Strontium-90 0.129 1.30 x 107 0.000541
32,200 Tritium 1.04 6.30 x 10 2.11x10°
32,200 Uranium 0.0167 2.60 x 107 0.000140
Total - - 0.00105

Notes: Average annual intakes are 4.5 grams per kilogram-day for vegetables + 3.7 grams per kilogram-day for fruits (8.2 grams
per kilogram-day) a dry to wet weight ratio of 0.15. 71.8-kilogram adult (365 days per year) = 32,200 grams dry weight per
year. The 1999 SWVEISreported 0.00162 rem per year (average intake) from combined fruit and vegetable consumption. High
intakeis 25.5 grams wet weight per kilogram-day (DOE 19998). Thus, dose at high intake is (25.5/8.2) x 0.00105 or 0.00327
rem per year. To convert grams to ounces, multiply by 0.035274.

Table C—23 Dose from the Consumption of Free Range Beef

Exposure Pathway: Meat | ngestion

Intake Concentration Dose Conversion Factor Dose
(grams per year) Nuclide (picocuries per gram) (rem per picocurie) (rem per year)
14,900 Americium-241 0.000301 450 x 10° 0.0000202
14,900 Cesium-137 0.0560 5.00 x 10°® 0.0000417
14,900 Plutonium-238 0.000230 3.80 x 10° 0.0000130
14,900 Plutonium-239, 0.000218 4.30 x 10° 0.0000140
Plutonium-240
14,900 Strontium-90 0.0843 1.30 x 107 0.000163
14,900 Tritium 0.00 6.30 x 10 0.00
14,900 Uranium 0.00105 2.60 x 107 4.07 x 10°®
Total - - 0.000256

Notes: Average annual intakeis 2.1 grams per kilogram-day x 0.27 dry to wet ratio (LANL data used in 1999 SWEIS) x

71.8 kilogram adult x 365 days per year = 14,900 grams dry weight per year. Concentration values are from 1999 LANL
Environmental Surveillance Report, Table 6-14 (mean plus 2 sigma). The 1999 SWEI S reported 0.00027 rem per year from this
source and pathway. High intakeis 5.1 grams per kilogram-day (DOE 1999a). Thus, dose at high intake is (5.1/2.1) x 0.000256
or 0.000622 rem per year.
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Table C—24 Dose from the Consumption of Milk

Exposure Pathway: Milk Ingestion

Intake Concentrations Dose Conversion Factor Dose
(liters per year) Nuclide (picocuries per liter) (rem per picocurie) (rem per year)
110 Americium-241 0.0785 4.50 x 10°® 0.0000388
110 Cesium-137 25.8 5.00 x 108 0.000142
110 Plutonium-238 0.00710 3.80x 10°® 2.97 x 10°®
110 Plutonium-239, 0.0856 4.30 x 10°® 0.0000405
Plutonium-240
110 Strontium-90 3.76 1.30x 107 0.0000538
110 Tritium 450 6.30 x 101 3.12x10°
110 Uranium 0.120 2.60 x 107 3.43x10°
Total - - 0.000284

Notes: Average annual intake is 0.3 liters per day x 365 days per year 110 liters per year. Uranium total is 0.065 (U-234) +
0.013 (U-235) + 0.042 (U-238) = 0.120 picocuries per liter. The 1999 SWEIS reported 0.0000733 rem per year (0.000195 for
high intake) from this source and pathway. Worst case intake is 0.8 liters per day (DOE 1999a). Thus, dose at high intake is
(0.8/0.3) x 0.000284 or 0.000757 rem per year. To convert litersto gallons, multiply by 0.26418.

Table C-25 Dose from the Consumption of Fish

Exposure Pathway: Fish Ingestion

Intake Concentration Dose Conversion Factor Dose
(grams per year) Nuclide (picocuries per gram) (rem per picocurie) (rem per year)
1,880 Americium-241 0.000764 450 x 10°® 6.46 x 10°®
1,880 Cesium-137 0.0226 5.00 x 10°® 2.13x10°
1,880 Plutonium-238 0.000517 3.80x 10°® 3.69x 10°®
1,880 Plutonium-239, 0.000315 430 % 10° 2.55 x 10°®
Plutonium-240
1,880 Strontium-90 0.0462 1.30 x 10”7 0.0000113
1,880 Tritium 0.669 6.30 x 10 7.92 x 10°®
1,880 Uranium 0.00678 2.60 x 107 3.31x10°
Total - - 0.0000295

Note: Average annual intakeis 20.1 grams per day (5.15 grams per day dry weight x 365 days = 1,880 grams per year). Worst
case intake is 53 grams per day (13.6 grams per day dry weight). Thus, dose at high intakeis (53/20.1) x 0.0000295 or
0.0000778 rem per year. The 1999 SWEIS reported 0.0000542 rem per year (average intake) from this source and pathway

(DOE 19993).

Uranium concentration of 9.55 nanograms per gram dry weight (0.00955 micrograms per gram dry weight) equates to

0.00678 picocuries per gram. Applying the reported 0.23 picocuries per milliliter tritium concentration value to the water
fraction (1-0.256) yields: 0.744/0.256 or 2.91 grams water per gram dry weight x 0.23 picocuries per milliliter x 1 milliliter per
gram water = 0.669 picocuries tritium per gram dry weight. To convert grams to ounces, multiply by 0.035274.
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Table C—26 Dose from the Consumption of Elk

Exposure Pathway: EIk Ingestion

Intake Concentration Dose Conversion Factor Dose
(grams per year) Nuclide (picocuries per gram) (rem per picocurie) (rem per year)
2,420 Americium-241 0.000221 4.50 x 10 2.40 x 10°®
2,420 Cesium-137 0.0208 5.00 x 10°® 252 x10°
2,420 Plutonium-238 0.0000518 3.80 x 10° 4.76 x 107
2,420 Plutonium-239, 0.000210 4.30 x 10° 2.18x 10°®
Plutonium-240
2,420 Strontium-90 0.0315 1.30 x 107 9.92 x 10°®
2,420 Tritium 1.00 6.30 x 10 1.52 x 107
2,420 Uranium 0.00570 2.60 x 107 359 x 10°®
Total - - 0.0000212

Notes: Average annual intake is 26 grams per day (from 1999 SWEIS Table D.3.3-29) times 0.255 dry to wet ratio (LANL data
used in 1999 SAVEIS) times 365 days per year = 2,420 grams per year. Uranium concentration of 8.04 nanograms per gram dry
weight. (0.00804 micrograms per gram) equates to 0.00570 picocuries per gram. The 1999 SWEI S reported 0.0000773 rem per
year (average intake) from this source and pathway. Worst case intake is 63 grams per day (DOE 1999a). Thus, dose at high
intake is 63/26 x 0.0000212 or 0.0000514 rem per year. To convert grams to ounces, multiply by 0.035274.

Table C—27 Dose from the Consumption of Deer

Exposure Pathway: Deer |ngestion

Intake Concentration Dose Conversion Factor Dose
(grams per year) Nuclide (picocuries per gram) (rem per picocurie) (rem per year)
2,370 Americium-241 0.000150 4.50 x 10 1.60 x 10°®
2,370 Cesium-137 0.0351 5.00 x 10°® 4.16 x 10°
2,370 Plutonium-238 0.000132 3.80x 10°® 1.19 x 10°®
2,370 Plutonium-239, 0.000297 4.30 x 10° 3.03x10°
Plutonium-240
2,370 Strontium-90 0.0386 1.30 x 107 0.0000119
2,370 Tritium 4.86 6.30 x 10t 7.26 x 107
2,370 Uranium 0.00162 2.60 x 107 9.98 x 107
Total - - 0.0000236

Notes: Average annual intake is 26 grams per day % 0.25 dry to wet ratio (LANL data used in 1999 SAVEIS) times 365 days per
year = 2,370 grams per year (dry weight). High intakeis 63 grams per day. Thus, dose at high intake is 63/26 x 0.0000236 or
0.0000572 rem per year. Uranium concentration of 2.28 nanograms per gram dry weight (0.00228 micrograms per gram)
equates to 0.00162 picocuries per gram. Tritium concentration on a dry weight basis equals picocuries per milliliter of

water x milliliters of water per gram dry weight. If the dry to wet ratio is 0.25, 0.75 grams water (0.75 milliliter) is present for
each 0.25 grams dry weight. Tritium concentration is 1.62 picocuries per milliliter x 0.75 milliliters/0.25 grams or

4.86 picocuries per gram dry weight. The 1999 SWEI S reported 0.0000181 rem per year (average intake) from this source and
pathway (DOE 1999a). To convert gramsto ounces, multiply by 0.035274.
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Table C—28 Dose from the Consumption of Honey

Exposure Pathway: Honey Ingestion

Intake Concentration Dose Conversion Factor Dose
(milliliters per year) Nuclide (picocuries per milliliter) (rem per picocurie) (rem per year)
989 Americium-241 0.000599 450 x 10°® 2.67 x 10
989 Cesium-137 0.0177 5.00 x 108 8.73x 107
989 Plutonium-238 0.0000294 3.80x 108 1.10x 107
989 Plutonium-239, 0.0000728 430 x 10°® 3.10x 107
Plutonium-240
989 Strontium-90 0.00406 1.30 x 107 5.22 x 107
989 Tritium 2.07 6.30 x 101 1.29 x 107
989 Uranium 0.00712 2.60 x 107 1.83x 10
Total - - 6.44 x 108

Notes: Average intake is 3.84 grams per day. At a specific gravity of 1.4171 (18 percent water, 20 degrees centigrade) this
equatesto 2.71 milliliters per day or 989 milliliters per year. Worst case intakeis 13.7 grams per day or 3,528 milliliters per

year. Thus, dose at high intake is 13.7/3.84 x 6.44 x 10°° or 0.0000230 rem per year. Uranium value is 0.00356 (uranium-234)
plus 0.000394 (uranium-235) plus 0.00317 (uranium-238) = 0.00712 picocuries per milliliter. The 1999 SWEIS (DOE 1999a)

reported 7.37 x 107 rem per year from this source and pathway (average intake) but addressed only tritium and did not include
the contributions from the other nuclides reported here. To convert grams to ounces, multiply by 0.035274.

Table C—29 Dose from the Consumption of Pifion Nuts

Exposure Pathway: Pinyon Nut I ngestion

Intake Concentration Dose Conversion Factor Dose
(grams per year) Nuclide (picocuries per gram) (rem per picocurie) (rem per year)
1,410 Beryllium-7 0.140 110 x 10°%° 2.17 x 10
1,410 Americium-241 0.00 450 x 10° 0.00
1,410 Cesium-137 0.0200 5.00 x 10 1.41x10°
1,410 Plutonium-238 0.0170 3.80x 10°® 0.0000911
1,410 Plutonium-239, 0.0130 430 % 10° 0.0000788
Plutonium-240
1,410 Strontium-90 0.230 1.30 x 10”7 0.0000422
1,410 Tritium 0.364 6.30 x 10™ 3.23x10°®
1,410 Uranium 0.0568 2.60x 107 0.0000208
Total - - 0.000234

Notes: Calculated using concentrations from 1999 SWEIS Table D.3.3-50 corrected for dry to wet ratio of 0.94 versus 0.06
(from Nutrition Facts, accessed at http://www.nutritiondata.com/facts-001-02s02f2.html). Average Intake of 1,500 grams per
year corresponds to 1,410 grams per year dry weight. Tritium concentration is (0.06/0.94) (1 milliliter per gram water)

(5.7 picocuries per milliliter) = 0.364 picocuries per gram. The 1999 SWEISreported 0.0000155 rem per year for from this
source and pathway (DOE 1999a). No high intake was found. Thus, dose at high intake equals dose at average intake. To
convert grams to ounces, multiply by 0.035274.
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Table C-30 Dosefrom the Consumption of Groundwater

Exposure Pathway: Groundwater | ngestion

Intake Concentration Dose Conversion Factor Dose
(liters per year) Nuclide (picocuries per liter) (rem per picocurie) (rem per year)
551 Americium-241 0.0551 450 x 10° 0.000137
551 Cesium-137 6.49 5.00 x 10°® 0.000179
551 Plutonium-238 0.0127 3.80x 10° 0.0000267
551 Plutonium-239, 0.0244 4.30 x 10° 0.0000577
Plutonium-240
551 Strontium-90 0.101 1.30x 107 7.26 x 10°
551 Tritium 311 6.30 x 10 1.08 x 10°
551 Uranium 0.866 2.60 x 107 0.000124
Total - - 0.000542

Notes: Average intakeis 1.51 liters per day (551 liters per year). High intake is 2.44 liters per day. Thus, dose at worst case
intake is (2.44/1.51) x 0.000542 or 0.000876 rem per year. Calculated using groundwater composite data (95 percent upper
confidence limit) for 2001-2004 for “Water Supply Wells’ (see Appendix F). (1999 SWEIS[DOE 19994 reported

0.00234 rem per year for off-site Los Alamos County resident from this source and pathway). To convert grams to ounces,

multiply by 0.035274.
Table C-31 Dose from the Consumption of Soil
Exposure Pathway: Soil Ingestion
Intake Concentration Dose Conversion Factor Dose
(grams per year) Nuclide (picocuries per gram) (rem per picocurie) (rem per year)
36.5 Americium-241 0.0126 4.50 x 10°® 2.07 x 10°®
36.5 Cesium-137 0.346 5.00 x 10°® 6.31x 107
36.5 Plutonium-238 0.00358 3.80x 10°® 4.96 x 107
36.5 Plutonium-239, 0.0671 430 % 10° 0.0000105
Plutonium-240
36.5 Strontium-90 0.177 1.30 x 107 8.39 x 107
36.5 Tritium 1.04 6.30 x 10 2.39x 10°
36.5 Uranium 2.39 2.60 x 107 0.0000227
Total - - 0.0000372

Notes: Averageintakeis 36.5 grams per year. Worst case intake is 146 grams per year. Thus, dose at worst case intakeis
(146/36.5) x 0.0000372 or 0.000149 rem per year. Calculated using 2001-2004 composite data (95 percent upper confidence

limit) for perimeter stations (see Appendix F). (1999 SWEIS[DOE 19994] reported 0.000313 rem per year for off-site resident

from this source and pathway). To convert grams to ounces, multiply by 0.035274.
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Table C-32 Dose from the Consumption of Sediment

Exposure Pathway: Sediment | ngestion

Intake Concentration Dose Conversion Factor Dose
grams per year uclide picocuries per gram rem per picocurie) rem per year
( ) Nuclid (pi [ ) ( i i€) ( )

36.5 Americium-241 0.365 450 x 10°® 0.0000600
36.5 Cesium-137 0.327 5.00 x 108 5.97 x 107
36.5 Plutonium-238 0.220 3.80x 108 3.05x 10°
36.5 Plutonium-239, 0.947 4.30 x 10°® 0.000149
Plutonium-240
36.5 Strontium-90 0.244 1.30 x 107 1.16 x 10°®
36.5 Tritium 127 6.30 x 101 2.92 x 107
36.5 Uranium 1.77 2.60 x 107 0.0000168
Total - - 0.000258

Notes: Average intakeis 36.5 grams per year. Worst case intake is 146 grams per year. Thus, dose at worst caseintake is
(146/36.5) x 0.000258 or 0.00103 rem per year. Calculated using 2001-2004 composite data (95 percent upper confidence
limit) for perimeter stations (see Appendix F). (1999 SWEIS[DOE 19994 reported 0.00262 rem per year for off-site resident
from this source and pathway). To convert grams to ounces, multiply by 0.035274.

Table C-33 Doseto the Recreational User Receptor from the Consumption of
Surface Water

Exposure Pathway: Surface Water I ngestion (Recreational User)

Intake Concentration Dose Conversion Factor Dose
(liters per year) Nuclide (picocuries per liter) (rem per picocurie) (rem per year)
5.34 Americium-241 17.7 450 x 10°® 0.000426
5.34 Cesium-137 13.9 5.00 x 10°® 3.72x10°
5.34 Plutonium-238 20.4 3.80x 10° 0.000415
5.34 Plutonium-239, 14.6 4.30 x 10°® 0.000336
Plutonium-240
5.34 Strontium-90 3.97 1.30 x 107 2.75x 10°®
5.34 Tritium 380 6.30 x 101 1.28 x 107
5.34 Uranium 16.6 2.60 x 107 0.0000230
Total - - 0.00121

Notes: Average intakeis 5.34 liters per year. High intakeis 8.64 liters per year. Thus, dose at high intakeis

(8.64/5.34) x 0.00121 or 0.00195 rem per year. Calculated using surface water onsite stations 2001-2004 composite data

(95 percent upper confidence limit). (1999 SWEIS [DOE 19994] reported 0.000740 rem per year for “resident recreational user”
from this source and pathway). To convert grams to ounces, multiply by 0.035274.
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Table C—34 Doseto the Recreational User Receptor from the Consumption of Soil

Exposure Pathway: Soil Ingestion (Recreational User)

Intake Concentration Dose Conversion Factor Dose
(grams per year) Nuclide (picocuries per gram) (rem per picocurie) (rem per year)
1.07 Americium-241 0.0176 4.50 x 10°® 8.49 x 10°®
1.07 Cesium-137 0.365 5.00 x 10°® 1.95 x 10°®
1.07 Plutonium-238 0.00236 3.80x 10°® 9.60 x 10°°
1.07 Plutonium-239, 0.0669 430 % 10° 3.08 x 107
Plutonium-240
1.07 Strontium-90 0.154 1.30 x 107 214 x 108
1.07 Tritium 1.14 6.30 x 101 7.71x 101
1.07 Uranium 2.34 2.60 x 107 6.51x 107
Total - - 1.09 x 10°®

Notes: Average intakeis 1.07 grams per year. High intake is 4.27 grams per year. Thus, dose at high intakeis

(4.27/1.07) x 1.09 x 10°® or 4.37 x 10 rem per year. Calculated using 2001-2004 composite data (95 percent upper confidence
limit) for onsite stations (see Appendix F). (1999 SWEIS[DOE 1999a] reported 0.0000125 rem per year “resident recreational
user” from this source and pathway).

Table C—35 Doseto the Recreational User Receptor from the Consumption of Sediment

Exposure Pathway: Sediment | ngestion (Recreational User)

Intake Concentration Dose Conversion Factor Dose
(grams per year) Nuclide (picocuries per gram) (rem per picocurie) (rem per year)
1.07 Americium-241 0.696 450 x 10° 3.35x 10°®
1.07 Cesium-137 1.48 5.00 x 10°® 7.89 x 10°®
1.07 Plutonium-238 0.422 3.80x 10°® 1.72 x 10°®
1.07 Plutonium-239, 0.692 430 % 10° 3.18x 10°®
Plutonium-240
1.07 Strontium-90 0.286 1.30 x 107 3.98 x 10°®
1.07 Tritium 352 6.30 x 10 2.37 x 10°®
1.07 Uranium 1.86 2.60 x 107 5.17 x 107
Total - - 8.91x 10°®

Notes: Average intakeis 1.07 grams per year. High intake is4.27 grams per year. Thus, dose at high intakeis (4.27/1.07) x
8.91 x 10°® or 0.0000356 rem per year. Calculated using 2001-2004 composite data (95 percent upper confidence limit) for
onsite stations (see Appendix F). (1999 SWEIS [DOE 19994 reported 0.000176 rem per year for “resident recrestional user”
from this source and pathway).
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Table C—36 Dose to the Special Pathways Receptor from the Consumption of Fish

Exposure Pathway: Fish Ingestion (Subsistence Consumption)

Dose Conversion
Intake Concentration Factor (rem per Dose
(grams per year) Nuclide (picocuries per gram) picocurie) (rem per year)

6,540 Americium-241 0.000482 450 x 10°® 0.0000142

6,540 Cesium-137 0.00866 5.00 x 10°® 2.83x10°®

6,540 Plutonium-238 0.000653 3.80x 10 0.0000162

6,540 Plutonium-239, 0.000210 4.30 x 10°® 5.90 x 10°®

Plutonium-240

6,540 Strontium-90 0.0450 1.30x 107 0.0000382

6,540 Tritium 1.16 6.30 x 101 4.78 x 107

6,540 Uranium 0.0184 2.60 x 107 0.0000313
Total - - 0.000109

Notes: Calculated using average intake of 70 grams per day (17.92 grams per day dry weight). Worst case intakeis 170 grams
per day (43.52 grams per day dry weight.). Thus, dose at high intake is (170/70) x 0.000109 or 0.000265 rem per year.

The 1999 SWEI S reported 0.000189 rem per year (average intake) from this source and pathway.
Uranium concentration of 24.5 nanograms per gram dry weight. (0.0245 micrograms per gram) equates to 0.0174 picocuries
per gram. Applying the reported 0.40 picocuries per milliliter tritium concentration value to the water fraction (1-0.256)
yields: 0.744 grams water per 0.256 grams dry weight x 0.40 picocuries per milliliter x 1 milliliter per gram water =

1.163 picocuries per gram dry weight.

Table C-37 Doseto the Special Pathways Receptor from the

Consumption of Elk Heart and Liver

Exposure Pathway: Elk Ingestion (Native American/Traditional)

Intake Concentration Dose Conversion Factor Dose
(grams per year) Nuclide (picocuries per gram) (rem per picocurie) (rem per year)
436 Americium-241 0.00 4.50 x 10 0.00
436 Cesium-137 0.0679 5.00 x 10°® 1.48 x 10°®
436 Plutonium-238 0.00 3.80x 10°® 0.00
436 Plutonium-239, 0.000655 4.30 x 10° 1.23 x 10°®
Plutonium-240
436 Strontium-90 0.00650 1.30 x 107 3.68x 107
436 Tritium 0.00 6.30 x 10 0.00
436 Uranium 0.0347 2.60 x 107 3.93x 10°
Heart Total - - 7.01x 108
763 Americium-241 0.00 4.50 x 10 0.00
763 Cesium-137 0.596 5.00 x 10°® 0.0000227
763 Plutonium-238 0.0000750 3.80x 10°® 2.17 x 107
763 Plutonium-239, 0.0000950 4.30 x 10° 3.12x 107
Plutonium-240
763 Strontium-90 0.00820 1.30 x 107 8.13x 107
763 Tritium 0.00 6.30 x 10" 0.00
763 Uranium 0.0160 2.60 x 107 3.17x10°
Liver Total - - 0.0000273
Heart + Liver Total - - 0.0000343

Notes: This represents consumption of heart and liver in addition to the meat consumption calculated for the resident. Average
heart intake is based on 3.2 pounds per year for an individual x 454 grams per pound x 0.30 (wet to dry ratio — LANL data
used in 1999 SMVEIS). Average liver intake is based on 5.6 pounds per year for an individual x 454 grams per pound x 0.30
(wet to dry ratio — LANL data used in 1999 SWEIS). The 1999 SWEIS (DOE 1999a) reported 0.0000343 rem per year from
this source and pathway (no new data was found — same data and consumption rates were used here as for 1999 SWVEIS).
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Table C-38 Doseto the Special Pathways Receptor from the Consumption of

Indian Tea (Cota)

Exposure Pathway: Indian Tea (Cota) | ngestion (Subsistence Consumption)

Intake Concentration Dose Conversion Factor Dose
(liters per year) Nuclide (picocuries per liter) (rem per picocurie) (rem per year)
213 Americium-241 0.0362 450 x 10° 0.0000347
213 Cesium-137 21.2 5.00 x 10°® 0.000226
213 Plutonium-238 0.0250 3.80 x 10°® 0.0000202
213 Plutonium-239, 0.0302 4.30 x 10° 0.0000277
Plutonium-240
213 Strontium-90 0.642 1.30 x 107 0.0000178
213 Tritium 117 6.30 x 10 1.58 x 10°®
213 Uranium 0.780 2.60 x 107 0.0000432
Total - - 0.000371

Notes: Averageintake is 0.58 liters per day (213 liters per year). High intake is2.03 liters per day (741 liters per year). Thus,
dose at high intake is (2.03/0.58) x 0.000371 or 0.00130 rem per year. The 1999 SWEIS (DOE 1999a) reported 0.000749 rem
per year (average intake) from this source and pathway.

Table C-39 Summary of Ingestion Pathway Doses for Offsite Resident, Recreational User,
and Special Pathways Receptors

Dose to Receptor (rem per year)

Exposure Pathway Offsite Resident Recreational User Special Pathways
Produce 0.00105 0.00105 0.00105
Meat (free-range beef) 0.000256 0.000256 0.000256
Milk 0.000284 0.000284 0.000284
Fish (game) 0.0000294 0.0000294 0.0000294
Elk 0.0000212 0.0000212 0.0000212
Deer 0.0000236 0.0000236 0.0000236
Honey 6.44 x 10°® 6.44 x 10°® 6.44 x 10°®
Pifion nuts 0.000234 0.000234 0.000234
Groundwater 0.000542 0.000542 0.000542
Soil 0.0000372 0.0000372 0.0000372
Sediment 0.000258 0.000258 0.000258
Surface water - 0.00121 0.00121
Sail - 1.09 x 10°® 1.09 x 10°®
Sediment - 8.91 x 10° 8.91 x 10°
Fish (non-game) - - 0.000109
Elk (heart, liver) - - 0.0000343
Indian Tea (Cota) - - 0.000371

Totals 0.00274 0.00396 0.00448
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The Offsite Resident receptor was estimated to receive a dose of about 0.00274 rem, or about
2.7 millirem, per year from the ingestion exposures reported here. Eliminating all zero and
negative values when calculating the 95 percent upper confidence limit concentration from the
reported environmental surveillance results adds a degree of conservatism. It isalso quite
unlikely that any given individual would derive all their diet from local sources, as was assumed
in this consumption model. Additional exposures to a person whose diet and activities reflect
those of the Recreational User and Special Pathways receptors would bring their total doses to
about 4.0 and 4.5 millirem per year, respectively. Using arisk estimator value of 0.0006 lifetime
probability of fatal cancer per person-rem, 4.5 millirem (0.0045 rem) per year would equate to a
probability of fatal cancer of 2.7 x 10°°, or just under 3 in one million chance of developing a
fatal cancer from the ingestion pathway. The high consumption rates for all components of the
ingestion pathway are detailed in their respective tables (C-22 through C-38). The total dosesto
each receptor as aresult of the potential consumption at these higher rates would be increased by
less than afactor of three. Using the high consumption rates, the lifetime probability of
developing afatal cancer would be about 4.3 x 10°® for the Offsite Resident total dose of

0.0072 rem, 5.5 x 10°® for the Recreational User total dose of 0.0091 rem, and 6.4 x 10° for the
Specia Pathways receptor total dose of 0.0107 rem per year of exposure.

For perspective, the ingestion pathway doses of 2.7 to 10.7 millirem per year calculated here for
the Offsite Resident and other receptors should be viewed against the dose of about 425 millirem
(dose ranges from 350 to 500 millirem) per year that the average Los Alamos resident receives
from al background radiation sources (see Section C.1.1.3). That average includes about

240 millirem from radioactive material that has entered the body by inhalation or ingestion. The
largest fraction of the internal dose (about 200 millirem, on average) is due to the short-lived
decay products of naturally-occurring radon gas. It is aso important to compare these ingestion
pathway doses to the more significant pathway, the inhalation pathway dose, where the bulk of
the radiological air emissions and resulting dose come from LANSCE and the High Explosives
Testing Key Facility (see Chapter 5, Section 5.6, Human Health).

As shown in Table C-39, the highest estimated ingestion pathway dose to any offsite resident is
about 4.5 millirem per year from radionuclides in the environment resulting from past LANL
operations, global fallout, and naturally-occurring geologic sources. If this particular offsite
resident were a so to receive the maximum impact from projected future radionuclide LANL
emissions to the atmosphere (see Tables C-18 and C-19), that particular resident might receive a
total annual dose from past and future site operations ranging from about 5.3 millirem

(4.5 millirem plus the dose to the MEI of 0.79 millirem) for the Reduced Operations Alternative
to about 12.3 millirem (4.5 millirem plus the dose to the MEI of 7.8 millirem) for the Expanded
Operations Alternative. The fatal cancer risk associated with these doses ranges from about 3 in
one millionto 7 in one million. To place these doses in perspective, that same individual would
be expected to receive an annual dose from background sources of about 360 millirem and
another 50 millirem as aresult of medical and dental procedures. In addition, these are
conservatively calculated doses, since no one person would actually consume at such alarge
concentration from each pathway component. These large concentrations are found at scattered
locations around LANL.

C-39



Draft Ste-Wide EISfor Continued Operation of Los Alamos National Laboratory, Los Alamos, New Mexico

The doses calculated here are generally lower than those reported in the 1999 SAVEISfor the same
ingestion pathway components. Only 5 of the 17 pathway component doses are greater than
those reported in the 1999 SWEIS. The dose from honey consumption is greater than that
reported in the 1999 SWEI S because the 1999 dose cal culation considered only the dose from
tritium, whereas this cal culation includes the dose from tritium and all other radionuclides
reported in the LANL environmental surveillance datafor honey. The dose from pinyon nut
consumption reported here is higher because this cal culation makes use of a higher dry to wet
weight ratio than was assumed in the 1999 SAVEIS calculation. The doses from consumption of
surface water (Recreational User), milk and deer are also higher, but not remarkably so. The
calculated dose from consumption of elk heart and liver is unchanged from the 1999 SAVEIS
because no more current radionuclide concentration data were found. The lower doses calcul ated
here for the other 12 pathway components are due to lower average radionuclide concentrations
in environmental media reported during the 2001 through 2004 period as compared to the 1991
through 1996 data used in the 1999 SWEIS calculations.

C.2 Impactson Human Health from Nonradioactive Contaminantsin the Environment

Many nonradioactive substances (chemical elements, compounds and mixtures) found in the
environment are potentially harmful to human health. Some substances, small amounts of which
are beneficial or necessary for good health, may be harmful in larger amounts or higher
concentrations (examples: iron, selenium, zinc). Even at very low concentrations or levels of
intake, exposure to some substances may cause long-term health effects or increase the likelihood
of developing certain diseases, particularly when the exposure continues over along period of
time (that is, chronic exposure). The health impact (harmful effect) of taking any substance into
the body depends on the toxicity of the material (a measure of the amount needed to produce a
given harmful effect) and the dose or intake (the amount or rate at which the substance taken into
the body). For many substances, humans have the capacity to metabolize, excrete or otherwise
detoxify small quantities or small chronic intakes without showing ill effects. However,
substances that accumulate in the body over time may cause harm that becomes evident only
after many years of exposure.

Humans may be exposed to toxic substancesin their environment by several different route, of
which ingestion, inhalation and skin contact are usually most important. At concentrations
typically found in the general living environment, acute health effects (those having a rapid onset
and following a short, severe course of symptoms) are seldom observed. However, elevated
levels of some contaminantsin air, water, soil and other environmental media have been linked
statistically to the occurrence rate (or frequency) of specific health problemsin populations
exposed to those media. The health effects from exposure to carcinogenic substances are
evaluated using risk factors from the EPA’s Integrated Risk Information System database

(EPA 2005). Therisk factor for a substance is an estimate of the upper-bound lifetime
probability, per unit oral intake or concentration in the air, of an individual developing cancer
from exposure to the substance. The potential for noncancer health effects from exposure to a
toxic substance is evauated by dividing the estimated average daily intake of that substance by
its Oral Reference Dose value (RfD) to obtain ahazard index. The Oral Reference Doseis an
estimate of the average daily oral intake that is believed to pose no appreciable risk of harmful
health effects (EPA 2005). If the hazard index thus calculated is greater than 1, the individual is
considered to be at some risk of adverse health effects as aresult of exposure to the substance.
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C.21 MethodsUsed to Estimate Risksfrom Ingestion of Nonradioactive Contaminants

Environmental media and foodstuffs collected on and near LANL are regularly analyzed for
various nonradioactive contaminants. Measured concentrations of contaminants in food, water,
soil and sediment are used here to cal culate the health risk to residents and special pathways
receptors from the ingestion of those materials. The same dietary intake assumptions used to
calculate radiation dose and risk were used to estimate health risk from arange of nonradioactive
contaminants, some of which occur naturally in the LANL environment and othersthat are a
result of past LANL operations, natural processes, or human activitiesin the region.

Naturally-occurring contaminants with possible health implications for residents include metals
derived from local soil and rock that are consumed in groundwater, surface water, soil, sediment
and various foodstuffs. As part of this group, arsenic and beryllium are known to be present in
concentrations that represent a significant increment of ingestion risk. Contaminants known to
have been released to the environment from site operations include nitrates and perchlorate, as
well as various high explosives and organics. These materials are present in groundwater and
surface water on and near LANL, and therefore represent a potential direct impact on the health
of the current population from past LANL operations. Finally, residues from environmentally
persistent pesticides used in the surrounding forests and agricultural land can be detected in
various media, as can organic contaminants of natural (such as wildland fires) or undetermined
origin. These substances and others have been monitored, either regularly or episodically, as part
of the LANL Environmental Surveillance program.

Groundwater I ngestion

For purposes of estimating human health impacts to the public, only contaminants that could be
ingested by the postul ated receptors are included in the impact calculations. For the groundwater
component of the ingestion pathway, only analysis results from the water supply wells were used
to calculate the 95 percent upper confidence limit concentration.

Groundwater at LANL occurs as aregional aquifer at depths ranging from 600 to 1,200 feet

(180 to 370 meters) and as perched groundwater of limited thickness and horizontal extent, either
in canyon alluvium or at intermediate depths of afew hundred feet. All water produced by the
Los Alamos County water supply system comes from the regional aquifer and meets Federal and
State drinking water standards. No drinking water is supplied from the alluvial and intermediate
groundwater sources. Water supply wells are present in Guaje Canyon, Pueblo Canyon, upper
Los Alamos Canyon, Mortandad Canyon, Pgarito Canyon, and White Rock Canyon.

Liquid effluent disposal is the primary means by which LANL contaminants have had an effect,
albeit limited, on the regional aquifer. Liquid effluent disposal at LANL has significantly
degraded the quality of alluvial groundwater in some canyons. Because flow through the
underlying approximately 900-foot-thick (270-meter-thick) zone of unsaturated rock is slow, the
impact of effluent disposal is seen to alesser degree in intermediate-depth perched groundwater
and isonly seen in afew wellsthat draw from the regional aquifer. In general, groundwater
quality would improve as outfalls are eliminated, the volume of liquid dischargesis reduced, and
the water quality (concentrations of contaminants) of the discharges is improved.
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During the last decade, the EPA has recognized the potential for perchlorate toxicity at
concentrations in the parts per billion range. No EPA regulatory limit exists for perchloratein
drinking water, though several states have set limits in the range of 10 to 20 parts per billion.
EPA Region VI has established alevel of 3.7 parts per billion.

LANL and the New Mexico Environment Department DOE Oversight Bureau have found
perchlorate in most groundwater samples analyzed from across northern New Mexico at
concentrations below 1 part per billion. At LANL, perchlorate was the byproduct of the
perchloric acid used in nuclear chemistry research. Water samples from most LANL locations
show low perchlorate concentrations, but samples taken downstream from inactive perchlorate
release sites show distinctly higher values.

Asindicated by the LANL Environmental Surveillance program (LANL 2005b), the presence of
high metal values (compared with regulatory standards) in groundwater samplesisfelt to be due
to ubiquitous well-sampling-related issues rather than to contamination resulting from LANL
operations. Well drilling fluids, the metal in well casings, fittings and pump housings, dissolved
surface minerals from the aquifer’ s rock framework, and alterations to aquifer water chemistry
due to the presence of awell all may contribute to increases of some meta values.

Arsenic was detected in measurable amounts in some water supply wells. Asnoted in

Appendix D of the 1999 SWVEISthe primary sources of arsenic in food and water sourcesin the
LANL area are naturally-occurring soil and basalt. The concentrations of arsenic in groundwater
supply wells are not significantly different between Los Alamos and San Ildefonso. The main use
of arsenicin the U.S. isin pesticide formulation, and LANL does not use large amounts of
arsenic in any of its research and development or processing activities.

Some supply wells have shown elevated levels of nitrate. The LANL Environmental
Surveillance program results (LANL 2005b) indicate that a possible source for these
contaminants is effluent from alocal sewage treatment plant. Also some past effluent discharges
from the Radioactive Liquid Waste Treatment Facility contained high levels of nitrates

(LANL 2004d).

The LANL Environmental Surveillance program anayzed samples from selected springs and
wells for organic constituents. Samples were analyzed for some or all of the following types of
organics: volatile organic compounds, semi-volatile organic compounds, polychlorinated
biphenyls, pesticides, diesel-range organics, and high-explosives (HMX, RDX, TNT). Certain
organic compounds used in analytical |aboratories are frequently detected in samples, probably as
aresult of contamination introduced by the laboratory process. These compounds include
acetone, methylene chloride, 2-butanone, and bis (2-ethylhexyl)phthalate. Since there was no
definitive evidence that these compounds were introduced as part of the laboratory process, they
were conservatively retained as part of the group of organics considered as contributing to risk
from ingestion of groundwater.

Volatile and semi-volatile organic compounds were not found in any of the water supply wellsin
significant concentrations and were therefore not included in the group of compounds
contributing to risk from groundwater consumption.
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High-explosive compounds were also not found in statistically significant quantitiesin the water
supply wells. However, they have been found in other regional agquifer wells and are a known
contaminant in surface waters and sediments. As aresult any sample results containing high-
explosive compounds reported for supply wells were conservatively retained for consideration.

In August 2004, the LANL Environmental Surveillance program identified several positive
pesticide results, notably resultsfor 4,4-DDT and 4,4-DDE, in LANL samples. These results
were supported by neither previous data nor process knowledge at the sample locations.
Subsequent examination of the data revealed that some glassware used in the process was only
rinsed, with no further cleaning, between uses. This finding meant that pesticide contamination
could be transferred from one sample to another during the sample preparation. As aresult, all
pesticide results for 2004 are considered unusable (LANL 2005b).

Table C—40 shows the contribution to health risk to the Offsite Resident receptor from ingestion
of trace metals, nitrates, perchlorate and organic compounds in groundwater. See Section C.2 for
additional information.

Surface Water and Sediment | ngestion

LANL personnel monitor surface water and stream sediments in northern New Mexico and
southern Colorado to evaluate the potential environmental effects of LANL operations. LANL
personnel analyze samples for radionuclides, high explosives, metals, a wide range of organic
compounds, and (for surface water) general chemistry.

Watercourses that drain from LANL property are dry for most of the year. No perennial surface
water extends completely across LANL in any canyon. The canyons consist of over 85 miles
(240 kilometers) of watercourses |ocated within LANL and Los Alamos Canyon upstream of the
site. Of the 85 (140 kilometers) miles of watercourse, approximately 2 miles (3.2 kilometers) are
naturally perennial, and approximately 3 miles (4.8 kilometers) are perennial waters created by
effluent. The remaining 80 or more miles (130 kilometers) of watercourse dry out for varying
lengths of time. The driest segments may flow in response only to local precipitation or
snowmelt. Although most of the watercourses are dry throughout the year, occasional floods can
redistribute sediment in a streambed to locations far downstream from where arelease or spill
OCCUrs.

The overall quality of most surface water in the Los Alamos areais very good, with very low
levels of dissolved solutes. Of the more than 100 analytes tested in sediment and surface water
within LANL, most are at concentrations far below regulatory standards or risk-based advisory
levels. However, nearly every major watershed shows indications of some effect from LANL
operations, often for just afew anaytes.
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Table C40 Hazard Index and Cancer Risk to the Offsite Resident Receptor from the I ngestion of
Nonradioactive Contaminantsin Groundwater

Groundwater Consumption: 1.51 Litersper Day Average, 2.44 Liters per Day High Intake
Oral
Slope
Average High Factor Average High
95% UCL Chronic Chronic Oral RfD (per Case Intake Average
Concentration | Daily Intake | Daily I ntake (mg/kg- mg/kg- Hazard Hazard Case High Intake
Analytes po/L (mg/kg-day) | (mg/kg-day) day) day Index I ndex Cancer Risk | Cancer Risk
Silver 1.08 0.0000227 0.0000367 0.005 0.00454 0.00735
Aluminum 176 0.0037 0.00599 1.00 0.0037 0.00599
Arsenic 13 0.00027 0.000443 0.0003 15 0.912 1.48 0.00041 0.000664
Boron 1,350 0.0283 0.0459 0.2 0.142 0.229
Barium 182 0.00383 0.0062 0.07 0.0547 0.0886
Beryllium 0.229 4.80x 10°® 7.77x 10°® 0.002 4.3 0.0024 0.0039 0.0000206 0.0000334
Cadmium 0.164 343x10° | 556x10° 0.0005 0.0018 0.00687 0.0111 6.18 x 10° 1.00x 10®
Perchlorate 2.88 0.00006 0.0000987 0.0001 0.604 0.978
Cobalt 2.95 0.0000619 0.0001 0.02 0.00309 0.00501
Chromium 8.48 0.000178 0.00029 15 0.000119 0.000192
Copper 22.9 0.000481 0.00079 0.037 0.013 0.021
Mercury 0.248 521x10° | 843x10° 0.0003 0.0174 0.0281
Manganese 12.6 0.000265 0.000429 0.047 0.00564 0.00912
Molybdenum 333 0.0007 0.00113 0.005 0.14 0.227
Nickel 4.45 0.0000935 0.00015 0.02 0.00468 0.00757
Nitrate 1,910 0.0402 0.065 1.6 0.0251 0.0406
Lead 521 0.00011 0.000177 0.0014 0.0781 0.126
Antimony 0.419 8.79x 10 0.0000142 0.0004 0.022 0.0356
Selenium 6.55 0.00014 0.000223 0.005 0.0275 0.0446
Tin 5.46 0.00012 0.000186 0.6 0.000191 0.00031
Strontium 835 0.0175 0.0284 0.6 0.0292 0.0473
Thallium 0.318 6.68 x 10°® 0.0000108 0.00008 0.0835 0.135
Uranium 0.875 0.0000184 0.0000298 0.0006 0.0306 0.0496
Vanadium 3.65 0.00077 0.00124 0.001 0.766 124
Zinc 189 0.00397 0.00643 0.3 0.0132 0.0214
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Oral
Slope
Average High Factor Average High
95% UCL Chronic Chronic Oral RfD (per Case Intake Average
Concentration | Daily Intake | Daily I ntake (mg/kg- mg/kg- Hazard Hazard Case High Intake
Analytes po/L (mg/kg-day) | (mg/kg-day) day) day I ndex Index Cancer Risk | Cancer Risk
Acetone 10.6 0.00022 0.00036 0.9 0.000246 0.00399
Bis(2ethylehexyl)pathallate 159 0.0000334 0.0000541 0.02 0.014 0.00167 0.0027 4.67x107 7.57x 107
Butanone(2) 0.36 7.56 x 108 0.0000122 0.6 0.0000126 0.0000204
Chloromethane 1.22 0.0000256 0.0000415 0.026 0.0063 0.000985 0.0016 1.61x 107 2.61x 107
Heptaclor epoxide 0.01 210x 107 | 3.40x107 | 0.0000130 9.1 0.0162 0.0262 1.91x 10° 3.09x 10°®
Methylene chloride 3.7 0.0000777 0.000126 0.06 0.0075 0.0013 0.0021 5.83x 107 9.44 % 107
RDX 0.25 525x10° | 8.50x10° 0.003 0.11 0.00175 0.00283 5.78x 107 9.35x 107
Styrene 0.78 0.0000164 0.0000265 0.2 0.0000819 0.000133
Tetrachloroethene 0.92 0.0000193 0.0000313 0.06 0.2 0.000322 0.000521 3.86x 10° 6.26 x 10°
Tetryl 0.04 8.40 x107 1.36 x 10 0.004 0.000210 0.000340

kg = kilogram, L = liter, mg = milligram, g = microgram, RDx = hexahydro-1, 3, 5-trinitro-1, 3, 5-triazine, RfD = Reference Dose, UCL = upper confidence limit.
Notes: Chronic Intake (mg/kg-day) = Water Concentration (pg/L) x Consumption rate (L/day) x 1 x 10° (mg/ug) x 1/71.8 kg (Body Weight). Shaded cellsin Slope

Factor and Cancer Risk columnsindicate no known human chemical cancer risk.
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Although many of the above-background results in sediment and surface water are from the
major liquid effluent discharges, other possible sources include isolated spills, former
photographic-processing facilities, highway runoff, and residual ash from the Cerro Grande fire.
At monitoring locations below other industrial or residential areas, particularly in the Los
Alamos and Pueblo canyon watersheds, above-background contaminant levels reflect
contributions from non-LANL sources, such as urban runoff.

Guaje Canyon isamajor tributary in the Los Alamos Canyon watershed that heads, in the Sierra
delos Valesand lies north of LANL. The canyon has not received any effluent from LANL
activities. Concentrations of metals, organics, and radionuclides in Guge Canyon base flow and
sediments were below regulatory limits or screening levels. Active channel sediments contained
background ranges of metals and radionuclides.

Los Alamos Canyon, including Bayo, Acid, Pueblo, and DP Canyons has alarge drainage that
headsin the Sierrade los Vales. Land in the Los Alamos Canyon watershed has been
continuously used since the mid-1940s, with operations conducted at sometimein all of the
subdrainages. Each of the canyons draining the watershed also receives urban runoff from the
Los Alamos town site.

Nonradiological contaminants detected at significant concentrationsin the Los Alamos Canyon
watershed include polychlorinated biphenyls, benzo(a)pyrene, mercury, copper, lead, and zinc.
Analysis detected benzo(a)pyrene in sediment samples from Acid Canyon above Pueblo, the
environmental surveillance program concluded that the major source of benzo(a)pyrenein the
drainage was urban runoff, rather than a LANL-related source (LANL 2005b).

Mercury was detected in Los Alamos Canyon above DP Canyon. LANL sources of mercury and
polychlorinated biphenyls are known to exist in the drainage system, and erosion control features
have been installed near the sources to minimize downstream movement. Elevated
concentrations of copper, lead, and zinc were detected in DP Canyon above LANL facilities and
are likely derived from urban runoff sources, rather than LANL operations.

Sandia Canyon begins on the Pajarito Plateau within TA-3 and has atotal drainage area of about
5.5 square miles. Thisrelatively small drainage extends eastward across the central part of
LANL and crosses San Ildefonso Pueblo land before joining the Rio Grande. Effluent discharges
primarily from power plant blowdown support perennia flow conditions along a 2-mile reach.
The upper portion of the canyon contains some of the highest polychlorinated biphenyl
concentrations of any watercourse within LANL boundaries. Downstream sediment
concentrations of polychlorinated biphenyls decline quickly and are near background ranges at
the LANL downstream boundary. Along an approximately two-mile segment are found above-
background concentrations of chromium, copper, mercury, and zinc in surface water and
sediments. Measurements in 2004 also found concentrations of dissolved copper and lead above
regulatory standards.

Mortandad Canyon begins on the Pgjarito Plateau near the main complex at TA-3. The canyon
crosses San lldefonso Pueblo land before joining the Rio Grande. Analysis detected dissolved
copper concentrations and benzo(a)pyrene above screening levels, potential sources are many and
include road runoff, ash from the Cerro Grande fire, and industrial sources.
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Pajarito Canyon begins on the flanks of the Sierrade los Vales on U.S. Forest Service lands.
The canyon crosses the south-central part of LANL before entering Los Alamos County landsin
White Rock. Dissolved copper concentrations greater than the regulatory standards were
detected in channels throughout the Pgjarito Canyon watershed. Review of sediment data from
the drainage does not indicate a LANL source for the copper. 1n 2004 a sediment sample from
Pajarito Canyon contained many metals and radionuclides at concentrations two to five times
above background levels (LANL 2005b). Concentrations of organic compounds in sediments
from Pajarito Canyon are far below EPA residential soil screening levels, with the exception of
benzo(a)pyrene. Low levels of polychlorinated biphenyls were detected in sediments.
Polychlorinated biphenyls were not detected in stormwater runoff samples.

Water Canyon heads on the flanks of the Sierrade los Valles on U.S. Forest Service land and
extends across LANL to the Rio Grande. Water Canyon and its tributary Cafion de Valle pass
through the southern portion of LANL where explosives development and testing has been
conducted in the past and continues to take place. Elevated concentrations of barium, HMX, and
RDX have been measured in sediment and surface water.

Tables C—41 and C—42 show the contribution to health risk to the Recreational User receptor
from ingestion of metals, nitrates, perchlorate and organic compounds in surface water and
sediment. Table C—43 shows the health risk to the Offsite Resident receptor from ingestion of
contaminants in sediment that may be transported offsite by streams and seasonal runoff.

Soil Ingestion

In the past, soils within and around LANL were analyzed for 22 light, heavy, and nonmetal trace
elements (occur at less than 1,000 micrograms per gram in soil) and 3 light and heavy abundant
elements (occur at greater than 1,000 micrograms per gram in soil). Most of these elements, with
the exception of barium, beryllium, mercury and lead were either below the limits of detection or
within the regional statistical reporting limits. Therefore, recent analyses only address the four
metals that were consistently detected above the limit of detection in past years (barium,
beryllium, mercury, and lead). In general, very few individual sites from either perimeter or on-
site areas had barium, beryllium, mercury, or lead concentrations above the regional statistical
reporting limits and these concentrations were far below the screening action levels.

Comparing the means of these elements in soils collected from perimeter and on-site areas with
those from regional areas, shows that the concentrations of beryllium, mercury, and lead in soils
collected from on-site areas were significantly higher than concentrations from regional soils.
Although beryllium, mercury, and lead concentrations in soils from on-site areas were
statistically higher than regional soils, the differences were very small.

Tables C—44 and C—45 shows the contribution to health risk to the Offsite Resident and the
Recreational User receptors from the ingestion of trace metalsin surface soil.
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Surface Water Consumption: 5.34 Liters

Nonradioactive Contaminantsin Surface Water

er Year Average, 8.64 Litersper Year High Intake

Table C41 Hazard Index and Cancer Risk to the Recreational User Receptor from the Ingestion of

High Oral
Chronic Slope
Average Daily Factor Average
95% UCL Chronic I ntake (per Case High Intake Average
Concentration | Daily Intake (mg/kg- Oral RfD mg/kg- Hazard Hazard Case Cancer High Intake
Analytes (ng/L) (mg/kg-day) day) (mg/kg-day) day I ndex I ndex Risk Cancer Risk
Silver 5.19 1.06x10% | 1.71x10° 0.005 0.000212 0.0003
Aluminum 129,000 0.0263 0.0426 1.00 0.0263 0.0426
Arsenic 2.89 5.89x10°% | 953x10° 0.0003 1.50 0.0196 0.0318 8.84x 10°® 0.0000143
Boron 231 0.0000471 | 0.0000762 0.2 0.000236 0.0004
Barium 3,270 0.000666 0.00108 0.07 0.00952 0.0154
Beryllium 13.4 272x10% | 441x10° 0.002 4.30 0.00136 0.0022 0.0000117 0.0000189
Cadmium 10.4 211x10° | 3.42x10° 0.0005 0.0018 0.00423 0.00684 3.80x 10° 6.15x 10°
Perchlorate 16.8 3.42x10°% | 553x10° 0.0001 0.0342 0.0553
Cobalt 54.2 0.0000111 | 0.0000179 0.02 0.000553 0.00089
Chromium 117 0.0000238 | 0.0000385 15 0.0000159 | 0.0000257
Copper 115 0.0000234 | 0.0000378 0.037 0.000632 0.00102
Mercury 0.389 7.94x10% | 1.28x107 0.0003 0.000265 0.000428
Manganese 11,200 0.0029 0.00371 0.047 0.0488 0.0789
Molybdenum 235 480x10° | 7.76x10° 0.005 0.000959 0.00155
Nickel 73.8 0.0000151 | 0.0000243 0.02 0.000753 0.00122
Nitrate 21,200 0.0043 0.007 1.60 0.0027 0.00437
Lead 191 0.0000390 | 0.0000631 0.0014 0.0278 0.045
Antimony 72 0.0000147 | 0.0000238 0.0004 0.0367 0.0594
Selenium 9.36 1.91x10° | 3.09x10° 0.005 0.000382 0.0006
Tin 8.98 1.83x10% | 2.96x10° 0.6 3.05x10° | 4.94x10°
Strontium 711 0.000145 0.0002 0.6 0.000242 0.0004
Thallium 9.20 1.88x10° | 3.04x10° 0.00008 0.0235 0.0379
Uranium 79.3 0.0000162 | 0.0000262 0.0006 0.0270 0.0436
Vanadium 150 0.0000306 | 0.0000496 0.001 0.0306 0.0496
Zinc 862 0.000176 0.000284 0.3 0.00586 0.000948
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High Oral
Chronic Slope
Average Daily Factor Average
95% UCL Chronic Intake (per Case High Intake Average
Concentration | Daily Intake (mg/kg- Oral RfD mg/kg- Hazard Hazard Case Cancer High Intake
Analytes (ng/L) (mg/kg-day) day) (mg/kg-day) day I ndex I ndex Risk Cancer Risk
Acetone 78.3 0.000016 0.0000258 0.9 0.0000177 0.0000287
AROCLOR 1260 0.5 1.02x107 | 1.65x 107 2.00 2.04x107 3.30x 107
Benzo(a)pyrene 3.85 7.85x107 | 1.27x10° 7.30 5.73x 10 9.27 x 10°®
Bis(2ethylehexyl)pathallate 10.9 2.23%x10% | 361x10° 0.02 0.014 0.000111 0.00018 3.12x10°% 5.05x 108
HMX 150 0.0000307 0.0000496 0.05 0.000613 0.000992
RDX 7.78 159x10% | 257x10° 0.003 0.11 0.000529 0.000856 1.75% 107 2.82x 107
Trinitrotoluene 0.35 7.14x10% | 1.16x 107 0.0005 0.03 0.000143 0.000231 2.14x10° 3.47 x 10°

HMx = octahydro-1, 3, 5, 7-tetranitro-3, 5, 7-tetrazocine, kg = kilogram, L = liter, mg = milligram, g = microgram, RfD = Reference Dose, UCL = upper confidence limit.
Notes: Chronic Intake (mg/kg-day) = Water Concentration (ug/L) x Consumption rate (L/day) x 1 x 10° (mg/ug) x 1/71.8 kg (Body Weight). Shaded cellsin Slope Factor
and Cancer Risk columns indicate no known human chemical cancer risk.

Table C42 Hazard Index and Cancer Risk to the Recreational User Receptor from the Ingestion of
Nonradioactive Contaminantsin Sediment

Sediment Consumption: 1.07 g per Year Average, 4.27 g per Year High Intake

Oral
Slope
Average High Factor
95% UCL Chronic Chronic Oral RfD (per Average High Intake
Concentration Daily Intake | Daily Intake (ma/kg- mg/kg- Case Hazard Hazard Average Case | High Intake
Analytes Ho/g (mg/kg-day) | (mg/kg-day) day) day I ndex I ndex Cancer Risk Cancer Risk
Silver 1.95 7.97 x 108 3.18 x 107 0.005 0.0000159 0.0000636
Aluminum 16,400 0.00067 0.00268 1 0.00067 0.00268
Arsenic 3.75 1.53x 107 6.11x 107 0.0003 15 0.00059 0.00204 2.29%x 107 9.16 x 10”7
Boron 5.9 241107 9.61x 107 0.2 1.20x 10°® 4.81x10°
Barium 244 9.95x 10 0.0000398 0.07 0.000142 0.000568
Beryllium 11 4.49x 10° 1.79% 107 0.002 43 0.0000225 0.0000897 1.93x107 7.72x 107
Cadmium 0.841 343x 108 1.37x 107 0.0005 0.0018 0.0000686 0.00274 6.17 x 101 2.47 x 10
Cobalt 5.37 2.19x 107 8.75x 107 0.02 0.0000110 0.0000438
Chromium 30.7 1.25% 10°® 5.01 x 10°® 15 8.35x 107 3.34x10°
Copper 19.4 7.92x 107 3.16 x 10°® 0.037 0.0000214 0.0000855
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Oral
Slope
Average High Factor
95% UCL Chronic Chronic Oral RfD (per Average High Intake
Concentration Daily Intake | Daily Intake (mg/kg- mg/kg- Case Hazard Hazard Average Case | High Intake
Analytes Ho/g (mg/kg-day) | (mg/kg-day) day) day I ndex I ndex Cancer Risk Cancer Risk

Mercury 0.103 4.21x10° 1.68x 108 0.0003 0.0000140 0.0000561

Manganese 824 0.0000336 0.000134 0.047 0.000715 0.00286

Molybdenum 1.88 7.69x 108 3.07x 107 0.005 0.0000154 0.0000614

Nickel 10.8 4.41 %107 1.76 x 10° 0.02 0.0000221 0.0000882

Lead 24.9 1.02x 10 4.06 x 10°® 0.00140 0.000726 0.0029

Antimony 0.197 8.04 x 10° 3.21x10% 0.0004 0.0000201 0.0000803

Selenium 3.80 1.55x 107 6.20x 107 0.005 0.0000310 0.000124

Tin 8.89 3.63x107 1.45x 10° 0.6 6.04x 107 2.41 x10°®

Strontium 51.9 2.12x10° 8.45x 10°® 0.6 3.53x10° 0.0000141

Thallium 0.232 9.48 x 10° 3.79x10% | 8.00x10° 0.000118 0.000473

Vanadium 23.9 9.77x 107 3.90x 10 0.001 0.000977 0.0039

Zinc 148 6.04x 10° 0.0000241 0.3 0.0000201 0.0000804

AROCLOR 1260 165 6.72x 10°® 0.0000268 2.00 0.0000134 0.0000537
Benzo(a)anthracene 1,010 0.0000413 0.000165 0.73 0.0000302 0.000121
Benzo(a)pyrene 741 0.0000303 0.000121 7.3 0.000221 0.000882
Benzo(b)fluroanthene 982 0.0000401 0.000160 0.73 0.0000293 0.000117
Bis(2-ethyhexyl)phthalate 2,310 0.0000945 0.000377 0.02 0.014 0.00472 0.0189 1.32x 10° 5.28 x 10°®
HMX 1,100 0.0000448 0.000179 0.05 0.000896 0.00358

RDX 1,130 0.0000460 0.000184 0.003 0.11 0.0153 0.0612 5.06 x 10°® 0.0000202
Trinitrotoluene 199 8.14x 10°® 0.0000325 0.0005 0.03 0.0163 0.065 244 %107 9.75x 107

g = grams, HMx = octahydro-1, 3, 5, 7-tetranitro-3, 5, 7-tetrazocine, kg = kilogram, L = liter, mg = milligram, ug = microgram, RDx = hexahydro-1, 3, 5-trinitro-1, 3, 5-triazine,
RfD = Reference Dose, UCL = upper confidence limit.
Notes: Chronic Intake (mg/kg-day) = Sediment Concentration (lg/g) x Consumption rate (g/day) x 1 x 10 (mg/ug) x 1/71.8 kg (Body Weight). Shaded cellsin Slope Factor
and Cancer Risk columns indicate no known human chemical cancer risk.
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Table C43 Hazard Index and Cancer Risk to the Offsite Resident Receptor from the I ngestion of
Nonradioactive Contaminantsin Sediment

Sediment Consumption: 36.5 g per Year Average, 146 g per Year High Intake

High
Average Average High Average I ntgke
95% UCL Chronic High Daily Oral RfD | Oral Slope Case I ntake Case Case
Concentration | Daily Intake I ntake (mg/kg- Factor (per Hazard Hazard Cancer Cancer
Analytes no/g (mg/kg-day) (mg/kg-day) day) mg/kg-day I ndex I ndex Risk Risk
Silver 0.921 1.28 x 10°® 5.13x 10°® 0.005 0.000256 0.00103
Aluminum 40,000 0.0556 0.223 1 0.056 0.223
Arsenic 6.28 8.73x 10 0.0000350 0.0003 15 0.0291 0.117 0.0000131 | 0.0000525
Boron 15.3 0.0000212 0.0000851 0.2 0.000106 | 0.000426
Barium 371 0.0005 0.00207 0.07 0.00737 0.0295
Beryllium 2.00 2.78x10° 0.0000111 0.002 43 0.00139 0.0056 0.0000119 | 0.0000478
Cadmium 1.08 1.50x 10 6.03x 10°® 0.0005 0.0018 0.00301 0.0121 2.71x10° | 1.08x 108
Cobalt 115 0.0000160 0.0000643 0.02 0.000802 0.00321
Chromium 24.7 0.0000343 0.000138 15 0.0000229 | 0.0000917
Copper 26.0 0.0000361 0.000145 0.037 0.000976 0.00391
Mercury 0.143 1.99 x 107 7.96x 107 0.0003 0.000662 0.00265
Manganese 1,370 0.0019 0.00761 0.047 0.0404 0.162
Molybdenum 0.809 1.13x 10° 451 % 10°® 0.005 0.000225 | 0.000902
Nickel 22.8 0.0000316 0.000127 0.02 0.00158 0.00634
Lead 26.8 0.0000372 0.000149 0.0014 0.0266 0.106
Antimony 0.14 1.94x 107 7.79% 107 0.0004 0.000486 0.00195
Selenium 1.55 2.15x 10 8.63x 10°® 0.005 0.000431 0.00173
Tin 2.74 3.81x10° 0.0000153 0.6 6.35x 10° | 0.0000254
Strontium 212 0.000294 0.00118 0.6 0.000490 0.00196
Thallium 0.400 5.57 x 107 2.23x10° 0.00008 0.00696 0.0279
Vanadium 51.1 0.000071 0.000285 0.001 0.071 0.285
Zinc 96.6 0.000134 0.000538 0.3 0.000447 0.00179
AROCLOR 1260 12.0 0.0000167 0.0000668 2.00 0.0000334 | 0.000134
Bis(2-ethyhexyl)phthalate 198 0.000275 0.0011 0.02 0.014 0.00138 0.055 3.85x 10° | 0.0000154

g = grams, kg = kilogram, L = liter, mg = milligram, pug = microgram, RfD = Reference Dose, UCL = upper confidence limit.
Notes: Chronic Intake (mg/kg-day) = Sediment Concentration (ug/g) x Consumption rate (g/day) x 1 x 10° (mg/ug) x 1/71.8 kg (Body Weight). Shaded cellsin Slope Factor and
Cancer Risk columns indicate no known human chemical cancer risk.
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Table C—44 Hazard Index and Cancer Risk to the Offsite Resident Receptor from the I ngestion of

Nonr adioactive Contaminantsin Soil

Soil Consumption: 36.5 g per Year Average, 146 g per Year High Intake
Average
95% UCL Chronic Daily | High Chronic Oral Slope Average
Concentration I ntake (mg/kg- Daily I ntake Oral RfD Factor (per | Average Case High Intake | Case Cancer High Intake

Analytes uo/g day) (mg/kg-day) (mg/kg-day) mg/kg-day | Hazard Index | Hazard Index Risk Cancer Risk
Barium 164 0.000229 0.001 0.07 0.00327 0.0131
Beryllium 0.924 1.28 x 10° 5.15x 10 0.002 4.3 0.000642 0.00257 5.52 x 108 0.0000221
Mercury 0.0222 3.08x10% 1.24 x 107 0.0003 0.000103 0.000412
Lead 235 0.0000326 0.000131 0.0014 0.0233 0.0934
Selenium 0.13 1.81x 107 7.24x 107 0.005 0.0000361 0.000145

g = grams, kg = kilogram, L = liter, mg = milligram, pg = microgram, RfD = Reference Dose, UCL = upper confidence limit.
Notes: Chronic Intake (mg/kg-day) = Soil Concentration (g/g) x Consumption rate (g/day) x 1 x 10 (mg/ug) x 1/71.8 kg (Body Weight)

Cancer Risk columns indicate no known human chemical cancer risk.

Table C45 Hazard Index and Cancer Risk to the Recreational User Receptor from the Ingestion of

Nonradioactive Contaminantsin Soil

Soil Consumption: 1.07 g per Year Average, 4.27 g per Year High Intake

. Shaded céllsin Slope Factor and

Average
95% UCL Chronic Daily | High Chronic Oral Slope Average Average
Concentration Intake (mg/kg- Daily Intake Oral RfD Factor (per | Case Hazard High Intake Case High Intake

Analytes Ho/g day) (mg/kg-day) (mg/kg-day) mg/kg-day I ndex Hazard Index | Cancer Risk Cancer Risk
Barium 184 7.52x10°® 0.0000301 0.07 0.000107 0.000429
Beryllium 0.932 3.80x 10°® 1.52x 107 0.002 43 0.0000190 0.0000760 1.64x 107 6.53x 107
Mercury 0.0242 9.87 x 101° 3.94x%10° 0.0003 3.29% 10°® 0.0000131
Lead 18.3 7.48x 107 2.99% 10 0.0014 0.000534 0.00213

g = grams, kg = kilogram, L = liter, mg = milligram, pg = microgram, RfD = Reference Dose, UCL = upper confidence limit.
Notes: Chronic Intake (mg/kg-day) = Soil Concentration (ug/g) x Consumption rate (g/day) x 1 x 10 (mg/ug) x 1/71.8 kg (Body Weight)

Cancer Risk columns indicate no known human chemical cancer risk.

. Shaded cellsin Slope Factor and
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Appendix C — Evaluation of Human Health Impacts from Normal Operations

Produce and Fish Ingestion

A wide variety of wild and domestic edible vegetable, fruit, grain, and animal products are
harvested in the area surrounding LANL. Ingestion of foodstuffs constitutes an important
pathway by which nonradioactive contaminants can be transferred to humans. Therefore,
foodstuff samples are routinely collected (fruits, vegetables, grains, fish, milk, eggs, honey,
herbal teas, mushrooms, pifion nuts, domestic animals, and large and small game animals) from
the surrounding area and communities to determine the impacts of LANL operations on the
human food chain.

The metal elements analyzed in food were either those that have been consistently detected above
the limit of detection in past years, have a history of use at LANL, and have been detected in
significantly higher concentrationsin soils. Of the five metals analyzed in produce collected
from perimeter and on-site areas, only three (barium, lead, and selenium) were found above their
limits of detection; beryllium and mercury were below the limits of detection. Of the three
elements that were above the limit of detection, all were within regional statistical reporting
limits. Asagroup, the levels of all the metal elements analyzed in produce from all perimeter
and on-site areas were not significantly higher than in produce collected from regiona areas. Of
special noteis that beryllium and lead, which were significantly higher in soils collected in
perimeter and on-site areas, were not significantly higher in produce collected from perimeter or
on-site areas than in produce collected from around the region.

Monitoring results reported in 2002 (LANL 2004d) show trace elementsin produce collected
before and after the Cerro Grande fire. From almost al sites, only selenium was present in
higher concentrations in produce collected after the Cerro Grande fire than in produce collected
before thefire. It ishard to say that selenium concentrations in produce collected from these
sites increased because of the Cerro Grande fire because (1) no other trace elements were
elevated after the fire, and (2) selenium in soil samples collected from these same sitesin 2000
and 2002 were not significantly higher than selenium concentrationsin soils collected in 1999.

The 2003 environmental surveillance report presents the results of a special study on perchlorates
found in vegetables and irrigation waters (LANL 2004c). Perchlorates are use at LANL in
explosive and actinide research and were released into the environment as treated and untreated
effluent discharges. They are highly soluble, mobile, and long-lived, and they have migrated
from shallow depths to deeper groundwater levelswithin LANL lands. Perchlorates are readily
taken up by plants, and the major source of water for home garden irrigation in the Los Alamos
vicinity is from deep groundwater sources. Perchloratesinhibit thyroid function but thereisno
current Federal standard for protection of human health. Therefore, a special study was
conducted to evaluate the possible existence of perchloratesin locally grown foods. Results
showed no perchlorate concentrations in any of the vegetable samples or water samples above the
minimum reporting level or the minimum detection level.
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The 2004 environmental surveillance report (LANL 2005b) discussed the results of a special
monitoring study to identify polychlorinated biphenylsin the Rio Grande. Polychlorinated
biphenyls are extensively distributed worldwide and ubiquitous in the environment. Concern has
existed for years that LANL has released polychlorinated biphenyls into the environment that
may have reached the Rio Grande. From 1997 to 2002, studies were conducted on
polychlorinated biphenyls in fish taken from the Rio Grande and from Cochiti and Abiquiu
reservoirs. One of the goals of the studies was to determine whether LANL has contributed to
the polychlorinated biphenyl burdens. Results showed only a small amount of similarity between
the type of aroclorsindicated in the Rio Grande below LANL and aroclors known to exist at
LANL. Also it was concluded that, for the particular time period studied, LANL was not likely
contributing polychlorinated biphenyls to the Rio Grande as indicated by the statistically similar
total polychlorinated biphenyls concentrations between the two stations above LANL and the
station immediately below LANL. This same conclusion has been made in reports on the
previous fish studies.

Fish normally collected each year include two types: predators and bottom feeders. In any given
year, predator fish may include the following: northern pike (Esox lucius), largemouth bass
(Micropterus salmoides), smallmouth bass (Micropterus dolomieui), white crappie (Pomoxis
annularis), brown trout (Salmo trutta), white bass (Morone chrysops), and walleye (Stizostedion
vitreum). Similarly, bottom feeding fish may include the following: white sucker (Catostomus
commersoni), channel catfish (Ictalurus punctatus), carp (Cyprinus carpio), and carp sucker
(Carpiodes carpio). Bottom feeding fish are better indicators of environmental contamination
than the predator game fish because the bottom feeding fish forage on the bottom where
contaminants readily bind to sediments.

In general, most of the trace elementsin both predator and bottom-feeding fish collected
upstream and downstream of LANL were below the limit of detection. Concentrations of the
elements that were above the limit of detection (barium, mercury, and selenium) were within
historical regional background concentrations and statistically similar to fish from other bodies of
water in the region. Mercury concentrations, amajor problem in New Mexico fisheries, were
statistically significant in most fish collected. The levels of mercury in predator and bottom
feeding fish muscle (fillets) collected were still below the U.S. Food and Drug Administration’s
ingestion limit.

Tables C—46 and C—47 show the contributions to health risk to the Offsite Resident from the
ingestion of trace metals in produce and predator fish. Table C—48 shows the contribution to
health risk to the Special Pathways receptor from ingestion of trace metals in non-predator
(bottom feeding) fish.
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Table C—46 Hazard Index and Cancer Risk to the Offsite Resident Receptor from the I ngestion of
Nonradioactive Contaminantsin Produce

Produce Consumption: 8.2 g/kg-day Average, 25.5 g/kg-day High Intake
Average
95% UCL Average Chronic | High Chronic Oral Slope Case High Intake Average
Concentration Daily I ntake Daily I ntake Oral RfD Factor (per Hazard Hazard Case Cancer High Intake

Analytes Ho/g Wet Wit (mg/kg-day) (mg/kg-day) (mg/kg-day) mg/kg-day I ndex I ndex Risk Cancer Risk
Barium 4.48 0.0367 0.114 0.07 0.525 1.63
Beryllium 0.03 0.000246 0.000765 0.002 4.3 0.123 0.383 0.00106 0.00329
Mercury 0.0117 0.0000957 0.000297 0.0003 0.319 0.992
Lead 0.658 0.00540 0.0168 0.00140 3.86 12
Selenium 0.103 0.000844 0.00263 0.005 0.169 0.525
g = grams, kg = kilogram, L = liter, mg = milligram, pug = microgram, RfD = Reference Dose, UCL = upper confidence limit.

Notes: Chronic Intake (mg/kg-day) = Produce Concentration (pg/g) x Consumption rate (g/day) x 1 x 10° (mg/ug) x 1/71.8 kg (Body Weight). Shaded cellsin Slope Factor
and Cancer Risk columnsindicate no known human chemical cancer risk.

Table C47 Hazard Index and Cancer Risk to the Offsite Resident Receptor from the I ngestion of
Nonradioactive Contaminantsin Fish

Fish Consumption: 20.1 g/day Average, 53 g/day High Intake
95% UCL Average Chronic | High Chronic Oral Slope Average High Intake Average
Concentration Daily I ntake Daily I ntake Oral RfD Factor (per Case Hazard Hazard Case Cancer High Intake

Analytes Ho/g (mg/kg-day) (mg/kg-day) (mg/kg-day) mg/kg-day Index Index Risk Cancer Risk
Silver 142 0.000399 0.00105 0.005 0.0797 0.21
Arsenic 05 0.00014 0.000369 0.0003 15 0.467 35 0.00021 0.00158
Barium 0.536 0.00015 0.000396 0.07 0.00215 0.00565
Beryllium 0.264 0.0000738 0.000195 0.002 4.3 0.0369 0.0973 0.000317 0.000837
Cadmium 0.25 0.0000700 0.000185 0.0005 0.0018 0.14 0.369 1.26 x 107 3.32x 107
Chromium 0.5 0.00014 0.000369 15 0.0000933 0.00246
Mercury 0.6 0.000168 0.000443 0.00003 0.56 1.48
Nickel 1 0.00028 0.000738 0.02 0.014 0.0369
Lead 0.15 0.0000420 0.000111 0.001 0.03 0.0791
Antimony 0.4 0.000112 0.000295 0.0004 0.28 0.738
Selenium 1.10 0.000309 0.000814 0.005 0.0617 0.163
g = grams, kg = kilogram, L = liter, mg = milligram, jug = microgram, RfD = Reference Dose, UCL = upper confidence limit.

Notes: Chronic Intake (mg/kg-day) = Fish Concentration (g/g wet weight) x Consumption rate (g/day) x 1 x 10 (mg/pg) x 1/71.8 kg (Body Weight). Shaded cellsin Slope
Factor and Cancer Risk columns indicate no known human chemical cancer risk.
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Table C48 Hazard Index and Cancer Risk to the Special Pathways Receptor from the I ngestion of

Nonr adioactive Contaminantsin Fish

Fish Consumption: 70 g per Day Average, 170 g per Day High Intake

Average
95% UCL Average Chronic | High Chronic Oral Slope Case High Intake Average
Concentration Daily I ntake Daily I ntake Oral RfD Factor (per Hazard Hazard Case High Intake

Analytes Ho/g (mg/kg-day) (mg/kg-day) (mg/kg-day) mg/kg-day I ndex I ndex Cancer Risk Cancer Risk
Silver 0.5 0.000488 0.00119 0.005 0.0975 0.237
Arsenic 0.526 0.000513 0.00125 0.0003 150 171 4.16 0.000770 0.00187
Barium 1.20 0.00117 0.00285 0.07 0.0168 0.0407
Beryllium 0.264 0.000257 0.0006 0.002 4.30 0.129 0.312 0.0011 0.00269
Cadmium 0.25 0.000244 0.000593 0.0005 0.0018 0.488 1.19 4.39x 107 1.07 x 10°®
Chromium 05 0.000488 0.00119 15 0.000325 0.000790
Mercury 0.398 0.000388 0.000944 0.003 1.29 3.15
Nickel 1.00 0.000975 0.00237 0.02 0.0488 0.119
Lead 0.168 0.000163 0.000397 0.0014 0.117 0.284
Antimony 0.4 0.00039 0.000948 0.0004 0.975 2.37
Selenium 0.866 0.000844 0.00205 0.005 0.169 0.41

g = grams, kg = kilogram, L = liter, mg = milligram, pug = microgram, RfD = Reference Dose, UCL = upper confidence limit.
Notes: Chronic Intake (mg/kg-day) = Fish Concentration (ug/g wet weight) x Consumption rate (g/day) x 1 x 10 (mg/pg) x 1/71.8 kg (Body Weight). Shaded cellsin Slope
Factor and Cancer Risk columns indicate no known human chemical cancer risk.
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Appendix C — Evaluation of Human Health Impacts from Normal Operations

C.3 Impactson Human Health from Biological Agents
C.3.1 Introduction

The research capacity of LANL deals with a multitude of world-class scientific topics that are
focused on advancing environmental and biomedical knowledge, and supporting not only the
DOE mission but also the national bio-defense mission. The current biological research shows a
range of topics to include, but are not limited to, genomic (or genetic) and proteomic (that is, the
study of the proteins generated by the genes of a particular cell) science, measurement science
and diagnostics, molecular synthesis, structural biology, cell biology, computational biology, and
environmental microbiology. All of these divisions are focused on understanding the interaction
between humans, the microbia world and the environment. Thistask is accomplished by the
detailed study of microorganisms and their characteristics via the technology found in each of the
groups mentioned above. Microorganisms are found naturally in the environment; they are living
things that have, or can develop, the ability to act or function independently. There are different
categories of microorganisms; these include bacteria, viruses, and fungi. Bacteriaare single
celled organisms that can multiply rapidly and can live anywhere in the environment. Only a
very small percentage of these can cause infection and mild to severe disease in humans.
Bacteria are also capable of producing toxins that can be harmful to humans, animals and plants.
A virusisan acellular organism (that is, asingle particle) that are dependent on the host cell’s
metabolic functions to multiply. Most but not all viruses can infect humans. Fungi are plant-like
organisms that lack chlorophyll, with a small number of these organisms capable of causing
disease in humans.

C.3.2 Principlesof Biosafety

All laboratories within the U.S., including LANL, follow a specific set of guidelinesfor all
laboratory practices issued by the Centers for Disease Control and Prevention and the National
Institutes of Health. These guidelines are safety protocols that provide a baseline for all
laboratory work.

The term “containment” is used in describing safe methods for managing infectious materialsin
the laboratory environment where they are being handled or maintained. The purpose of
containment is to reduce or eliminate exposure of laboratory workers, other persons, and the
outside environment to potentially hazardous agents (Richmond and McKinney 1999).

Primary containment, the protection of personnel and the immediate |aboratory environment
from exposure to infectious agents, is provided by both good microbiological technique and the
use of appropriate safety equipment. Secondary containment, the protection of the environment
external to the laboratory from exposure to infectious materials, is provided by a combination of
facility design and operational practices. Therefore, the three elements of containment include
laboratory practice and technique, safety equipment, and facility design. The risk assessment of
the work to be performed with a specific agent will determine the appropriate combination of
these elements (Richmond and McKinney 1999).
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C.3.21 Safety Equipment (Primary Barriers)

Safety equipment includes biological safety cabinets, enclosed containers, and other engineering
controls designed to remove or minimize exposures to hazardous biological materials. The
biological safety cabinet is the principal device used to provide containment of infectious
splashes or aerosols generated by many microbiological procedures. Three types of biological
safety cabinets (Class|, I, 111) are used in microbiological laboratories. Open-fronted Class | and
Class |l biological safety cabinets are primary barriers that offer significant levels of protection to
laboratory personnel and to the environment when used with good microbiological techniques.
The Class |1 biological safety cabinet also provides protection from external contamination of the
materials (for example, cell cultures, microbiological stocks) being manipulated inside the
cabinet. The gas-tight Class |11 biological safety cabinet provides the highest attainable level of
protection to personnel and the environment. Safety equipment also may include items for
personal protection, such as gloves, coats, gowns, shoe covers, boots, respirators, face shields,
safety glasses, or goggles. Personal protective equipment is often used in combination with
biological safety cabinets and other devices that contain the agents, animals, or materials being
handled (Richmond and McKinney 1999).

C.3.2.2 Facility Design and Construction (Secondary Barriers)

The design and construction of the facility contributes to the laboratory workers' protection,
provides a barrier to protect persons outside the laboratory, and protects persons or animalsin the
community from infectious agents that may be accidentally released from the laboratory.
Laboratory management is responsible for providing facilities commensurate with the

laboratory’ s function and the recommended biosafety level for the agents being manipul ated.

The recommended secondary barrier(s) will depend on the risk of transmission of specific agents.
For example, the exposure risks for most |aboratory work in Biosafety Level 1 and 2 facilities
will be direct contact with the agents, or inadvertent contact exposures through contaminated
work environments. Secondary barriersin these laboratories may include separation of the
laboratory work area from public access, availability of a decontamination facility, and
handwashing facilities. When the risk of infection by exposure to an infectious aerosol is present,
higher levels of primary containment and multiple secondary barriers may become necessary to
prevent infectious agents from escaping into the environment. Such design features include
specialized ventilation systems to ensure directional airflow, air trestment systems to
decontaminate or remove agents from exhaust air, controlled access zones, airlocks as |aboratory
entrances, or separate buildings or modules to isolate the laboratory. Design engineers for
laboratories may refer to specific ventilation recommendations as found in the Applications
Handbook for Heating, Ventilation, and Air-Conditioning published by the American Society of
Heating, Refrigerating, and Air-Conditioning Engineers (Richmond and McKinney 1999).

C.3.23 Waste

Biological waste being removed from alaboratory is disinfected with a 10 percent Clorox
solution or by autoclaving (a process using temperature and pressure to produce steam)
regardless of the safety level. These processes when implemented correctly ensure that all waste
is decontaminated before it leaves the confinement of the facility (Richmond and
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McKinney 1999). Normal laboratory waste is handled in an appropriate manner in accordance
with the type of waste being discarded viathe LANL safety plan.

C.3.2.4 Biological Release

LANL operates Biosafety Level 1 and 2 (see discussion of Biosafety Levelsin Section C.3.3)
facilities as discussed in Section 3.1.3.11 of this SWEIS. Biosafety Level 2 facilities use an
extensive set of procedures, safety equipment, and containment facilities that prevent any
releases of Biosafety Level 2 agents that would affect workers or the public. Biosafety Level 1
material at LANL, if released into the environment, pose little to no risk to the workers, public,
or environment in general because thisbiological material is not known to consistently cause
disease and is not contagious. Laboratory personnel are still subject to non-biological hazards
that are associated with all workplaces and subject to Occupational Safety and Health
Administration regulations.

C.3.3 Biosafety Levels

There are four biosafety levels that consist of combinations of |aboratory practices and
techniques, safety equipment, and laboratory facilities. Each combination is specifically
appropriate for the operations performed, the documented or suspected routes of transmission of
the infectious agents, and the laboratory function or activity. The recommended biosafety level(s)
for [specific] organisms represent those conditions under which the agent ordinarily can be safely
handled. When specific information is available to suggest that the human body’ s ability to resist
the type, strength and rate of infection, antibiotic resistance patterns, vaccine and treatment
availability, or other factors are significantly altered, more (or less) stringent practices may be
specified (Richmond and McKinney 1999).

C.3.3.1 Biosafety Level 1

Biosafety Level 1 practices, safety equipment, and facility design and construction are
appropriate for undergraduate and secondary educational training and teaching laboratories, and
for other laboratories in which work is performed with defined and characterized strains of viable
microorganisms not known to consistently cause disease in healthy adult humans. Bacillus
subtilis, Naegleria gruberi, infectious canine hepatitis virus, and exempt organisms under the
National Institutes of Health Recombinant DNA Guidelines are representative of microorganisms
meeting these criteria. Vaccine strains that have undergone multiple in vivo (that is, within a
living organism) passages should not be considered infectious simply because they are vaccine
strains. Biosafety Level 1 represents abasic level of containment that relies on standard
microbiological practices with no special primary or secondary barriers recommended, other than
asink for handwashing (Richmond and McKinney 1999).

C.3.3.2 Biosafety Level 2

Biosafety Level 2 practices, equipment, and facility design and construction are applicableto
clinical, diagnostic, teaching, and other laboratories in which work is performed with the broad
spectrum of naturally occurring moderate-risk agents that are present in the community and
associated with human disease of varying severity. With good microbiological techniques, these
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agents can be used safely in activities conducted on the open bench, provided the potential for
producing splashes or aerosolsislow. Hepatitis B virus, HIV, the salmonellae, and Toxoplasma
Spp. (a parasite that spreads from animals to humans) are representative of microorganisms
assigned to this containment level. Biosafety Level 2 is appropriate when work is performed with
any human-derived blood, body fluids, tissues, or primary human cell lines where the presence of
an infectious agent may be unknown. (Laboratory personnel working with human-derived
materials should refer to the Occupational Safety and Health Administration Bloodborne
Pathogen Standard for specific required precautions.) Primary hazards to personnel working with
these agents relate to accidental skin absorption or mucous membrane exposures, or ingestion of
infectious materials. Extreme caution should be taken with contaminated needles or sharp
instruments. Even though organisms routinely manipulated at Biosafety Level 2 are not known
to be transmissible by the aerosol route, procedures with aerosol or high splash potential that may
increase the risk of such personnel exposure must be conducted in primary containment
equipment, or in devices such as abiological safety cabinet. Other primary barriers should be
used as appropriate, such as splash shields, face protection, gowns, and gloves. Secondary
barriers such as handwashing sinks and waste decontamination facilities must be available to
reduce potential environmental contamination (Richmond and McKinney 1999).

C.3.3.3 Biosafety Level 3

Biosafety Level 3 practices, safety equipment, and facility design and construction are applicable
to clinical, diagnostic, teaching, research, or production facilities in which work is performed
with indigenous or exotic agents with a potential for respiratory transmission, and which may
cause serious and potentially lethal infection. Mycobacterium tuberculosis, St. Louis encephalitis
virus, and Coxiellaburnetii are representative of the microorganisms assigned to this level.
Primary hazards to personnel working with these agents relate to autoinoculation (that is,
inocul ation with a vaccine made from microorganisms obtained from the recipient’ s own body),
ingestion, and exposure to infectious aerosols. At Biosafety Level 3, more emphasisis placed on
primary and secondary barriers to protect personnel in contiguous areas, the community, and the
environment from exposure to potentially infectious aerosols. For example, all laboratory

mani pulations should be performed in abiological safety cabinet or other enclosed equipment,
such as a gas-tight aerosol generation chamber. Secondary barriers for thislevel include
controlled access to the laboratory and ventilation requirements that minimize the release of
infectious aerosols from the laboratory (Richmond and McKinney 1999). The Biosafety Level 3
work being proposed for LANL is being addressed in a separate environmental impact statement
and not addressed in this SWEIS.

C.3.3.4 Biosafety Level 4

Biosafety Level 4 practices, safety equipment, and facility design and construction are applicable
for work with dangerous and exotic agents that pose a high individual risk of life-threatening
disease, which may be transmitted via the aerosol route and for which there is no available
vaccine or therapy. Agents with similar genetics to Biosafety Level 4 agents aso should be
handled at thislevel. When sufficient data are obtained, work with these agents may continue at
thislevel or at alower level. Viruses such as Marburg or Congo-Crimean hemorrhagic fever are
manipulated at Biosafety Level 4 (Richmond and McKinney 1999). No Biosafety Level 4 work
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is currently performed or proposed to be performed at LANL. Table C—49 delineates
containment design practices and levels of biological agents for each Biosafety Level Facility.

Table C49 Containment Design Practices and L evels of Biological Agentsfor Each
Biosafety L evel Facility

agents which pose
high risk of life-
threatening disease
from aerosol-
transmitted lab
infections; or related
agents with
unknown risk of
transmission

plus:
- Clothing change before
entering
- Shower on exit
- All material
decontaminated on exit
from facility

procedures conducted in
Class 11 biological safety
cabinetsor Class| or Il
biologica safety cabinetsin
combination with full-body,
air-supplied, positive
pressure personnel suit

Biosafety Safety Equipment Facilities
Leve Agents Practices (Primary Barriers) (Secondary Barriers)
1 Not known to Standard Microbiological None required Open bench top sink
consistently cause Practices required
disease in healthy
adults
2 Associated with Biosafety Level 1 practices | Primary barriers=Class| or | Biosafety Level 1 plus:
human disease, plus: Il biological safety cabinets - Autoclave (astrong,
hazard = - Limited access or other physical pressurized, steam-
percutaneous injury - Biohazard warning signs | containment devices used for heated vessel, used
(that is, injury - “Sharps’ precautions all manipulations of agents for sterilization)
obtained through the | _ Biosafety manual that cause splashes or
skin or skin defining any needed aerosols of infectious
puncture), ingestion, waste decontamination materials; personal
mucous membrane or medical surveillance protective equipment:
exposure policies laboratory coats; gloves, face
protection as needed
3 Indigenous or exotic | Biosafety Level 2 practices | Primary barriers= Class| or | Biosafety Level 2 plus:
agents with potential | plus: Il biological safety cabinets - Physical separation
for aerosol - Controlled access or other physical from access corridors
transmission; disease | - Decontamination of all containment devicesused for | - Sglf-closing, double-
may have serious or waste all open manipulations of door access
lethal consequences | . pecontamination of lab | @9eNts; personal protective - Exhausted air not
clothing before equipment: protective lab recirculated
laundering clothing; gloves; respiratory - Negative airflow into
- Basdline serum protection as needed laboratory
4 Dangerous or exctic | Biosafety Level 3 practices | Primary barriers= Al Biosafety Level 3 plus:

- Separate building or
isolated zone

- Dedicated supply and
exhaust, vacuum, and
decontamination
systems

- Other requirements
outlined in
Section C.3.3.3

Source: HHS Publication 1999.

C.3.4 Detection

Unlike chemical or radiological hazards, biological organisms cannot be recognized
instantaneously due to the complexity of differentiating normal background organisms from
potentially deadly organisms. Therefore the scientific community has been working diligently to
develop methods and assays that will allow for the collection and identification of an organism
within any sample within an acceptable time. The detection of a biological agent starts with
being able to collect samples from surfaces, air, water, soil or bodily fluids that contain the
potentially harmful organism. The next step in detection is identifying the presence of a harmful
organism and itsidentification. These assays must be capable of utilizing specificity, time and
accuracy to identify the unknown agent, with the more specific assays taking alonger period of
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time. The methods that are most commonly used are Polymerase Chain Reaction, Enzyme-
Linked Immunosorbent Assay, and Culturing. Polymerase Chain Reaction is amethod in which
specific DNA sequences are amplified to identify the presence or absence of a given organism.
Enzyme-Linked Immunosorbent Assay is a method that determines the presence of antibodiesto
aforeign substance. Culturing, the gold standard method for many reference laboratories, is a
method in which a given sampleis spread on a nutrient culture plate containing the appropriate
mediafor the organism of interest and allowed to grow for agiven length of time at a given
temperature. This method allows investigators to identify al living organisms within a sample,
unlike the previous methods that cannot distinguish between living or dead organisms. All of
these methods together are being developed to be able to protect the public from a biological
attack.

C.35 Select Biological Agents

Select agents are specifically regulated pathogens and toxins as defined in Title 42 CFR Part 73,
including pathogens and toxins regulated by both the U.S. Department of Health and Human
Servicesand U.S. Department of Agriculture (specifically overlapping agents or toxins). These
agents are select agents because they have been or could be used by a nation state or terrorist
group to attack the U.S. in the form of biological warfare; therefore they are arisk to national
security. These select agents are of a concern because:

e “They can be easily or moderately disseminated or transmitted from person to person;

o They result in high mortality rates, moderate morbidity rates and have the potential for a
major public health impact;

e  They might cause public panic and social disruption;
e They require special action for public health preparedness,

o  They require specific enhancements of the Center for Disease Control and Prevention’s
diagnostic capacity and enhanced disease surveillance;

e Their ease of production and dissemination
e  They can be engineered for mass dissemination in the future”
C.3.6 Transmission

These different types of agents are also categorized by route of infection or transmission, that is
passed via an animal (zoonotic), a host — mosquito (vector-borne), or ahuman. A “zoonotic
disease is a disease caused by infectious agents that can be transmitted between (or are shared by)
animals and humans” (Olsen 2000). These categories of agents can also be described by whether
or not they just cause infection in the person that had contact with that organism (infectious) or if
it the infection can be passed from person to person (contagious).
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C.4 Key Differences Between Biological, Radiological, and Chemical Agents

Although each is always present in our environment and can be both beneficial and detrimental
to human health, there are several important distinctions between biological, radiological, and
chemical agents, which are delineated below:

Biological organisms have the capability to survive and replicate within agiven
environment, whereas both radiological and chemical agents will decay or remain
constant over time.

Detection time for chemicals and ionizing radiation is faster than for biological materials
(minutes versus hours).

Only biological materials are capable of contagious spread from person to person.

There are levels of radiation and concentrations of chemicals below which thereis no
discernible health effects, but even at minute concentrations certain biological agents may
cause health effects ranging from mild illness (morbidity) to fatal illness (mortality).

All chemical agents and some biological agents can be neutralized by the use of other
chemicals, but radiation cannot be neutralized, it can only be shielded or contained.
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APPENDIX D
EVALUATION OF HUMAN HEALTH IMPACTSFROM FACILITY
ACCIDENTS

D.1 Introduction

This appendix provides additional information and details to support the facility accident impacts
presented in Chapter 5. It includes, in Section D.2, an evaluation of the present applicability of
the methodol ogy and accident data that was reported in the Ste-Wide Environmental Impact
Satement for Continued Operation of Los Alamos National Laboratory, Los Alamos, New
Mexico (1999 SWMVEIS) (DOE 1999a) for the purpose of informing the reader of differencesin
analysis between that document and the current site-wide environmental impact statement
(SWEIS) for continued operation of Los Alamos National Laboratory (LANL). Thisisfollowed
in Section D.3 with adiscussion of the postulated radiological and chemical accident scenarios
and their estimated impacts to workers and the public. Section D.4 discusses site-wide seismic
impacts. Wildfiresin the LANL vicinity, and their potential for causing the release of hazardous
radiological and chemical materialsis a subject of public concern. A wildfire accident scenario
was analyzed and its potential impacts to workers and the public are discussed in Section D.5.
The impact discussions through Section D.5 center on the general population and specific
bounding individuals (the noninvolved worker and the maximally exposed individual).

Section D.6 discusses the impacts to the worker directly involved in the operation being
analyzed, that is, the involved worker. Section D.7 considers impacts on individuals at arbitrary
distances up to 3,281 yards (3,000 meters) from each hypothesized accident source. Two
computer codes were used to analyze the postulated accidents and to estimate their impacts:

(1) MACCSfor radiological releases; and (2) ALOHA for chemical releases. These codes are
described in Sections D.8 and D.9, respectively.

It is not possible to predict whether intentional attacks would occur at LANL or at other critical
facilities, or the nature of the types of attacks that might be made. Nevertheless, the National
Nuclear Security Administration (NNSA) reevaluated scenarios involving malevolent, terrorist,
or intentionally destructive acts at LANL in an effort to assess potentia vulnerabilities and
identify improvements to security procedures and response measures in the aftermath of the
attacks of September 11, 2001. Security at NNSA and the U.S. Department of Energy (DOE)
facilitiesisacritical priority for the Department, and it continues to identify and implement
measures designed to defend against and deter attacks at its facilities. Substantive details of
terrorist attack scenarios and security countermeasures are not released to the public, since
disclosure of thisinformation could be exploited by terrorists to plan attacks.

D.2 Dataand Analysis Changesfrom the 1999 SWEIS

Accident scenarios are generally chosen for analysis in an environmental impact statement to
demonstrate the range of possible initiating events and impacts. Accidents resulting in severe
(often bounding) consequences and risks are typically presented aswell. In the case of the
current SWEIS, scenarios from the 1999 SAVEISwere considered. Changes to LANL operations
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since 1999, or the availability of new information that could change the scenariosin the

1999 SMVEISwere incorporated. Then, new operations that have been initiated since 1999 (or
that are planned to be initiated) were considered. Scenarios for these changed or new operations
were chosen to demonstrate the range of possible accidents, as well as to describe bounding risks.

The differences between the 1999 SWEIS and this SWEIS are provided in Table D-1. Most of
the differences are the result of updated environmental (such as population and meteorol ogy) and
facility operations (facilities added, deleted or material at risk [MAR] changes) information.
Additional aspects of the overall study that pertain to other environmental resource areas are
addressed elsewhere in this SWEIS to the extent that they are relevant.

The first column of Table D—1 refersto an accident topic or issue discovered during the review
of documented information. Designations such as RAD-01, CHEM-01 and SITE-01 refer to
specific accidents that were postulated and analyzed in the 1999 SAVEIS. The relevant facilities
are also identified in the column where applicable. The second column contains a qualitative
description to reflect the change, if any, in scenarios since the 1999 SAMEISwas issued. The third
column is an evaluation of the current information on the listed topic or issue. Theinformation
contained in Table D—1 had a dominant role in directing the course of the facility accident
analyses performed for this SWEIS.

DOE identifies LANL as the highest Priority | site, which is subject to 24-month internal
emergency management appraisals. DOE maintains a system of Orders, programs, guidance, and
training that form the basis for maintaining, updating, and testing LANL site security to preclude
and mitigate any postulated terrorist actions.

Much of the background data, such as meteorology or plume characteristics, and itsuse in the
present analysis, are described in Table D—2. Asindicated in the table, an offsite population
distribution based on the 2000 census was determined for each LANL Technical Area (TA); this
distribution was then applied to any releases from that area. Populations were considered to a
distance of 50 miles (80 kilometers) from the TA.

D.3 Radiological and Chemical Accidents

This section provides information and data that supports the radiological and chemical impacts of
facility accidents for each alternative presented in Chapter 5. It includes the accident frequency
of occurrence and impacts, scenarios, materia at risk, source terms and factors used in the
calculation of source terms.

These scenarios represent potential accidents at individual facilities. External events,
earthquakes or wildfires, which could impact multiple facilities, are considered in Sections D.4
and D.5, respectively.
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Table D—1 Evaluation of Accident Data from the 1999 SWEIS

Topic/l ssue

Scenario Notes

Evaluation

Offsite population

Modeling Methodol ogy

Meteorological Data

None

Offsite population has increased in magnitude by 20 to 30 percent.

Dose-to-L CF factor hasincreased by 20 percent (public) and 50 percent (worker). Other SWEIS modeling parameters that

were not specified in the 1999 SWEIS can affect MEI and popul ation doses.

Post-1999 SWEIS meteorological datais available through 2003. Sensitivity analysis using more recent data shows
increases in population dose of up to 20 percent. Chemical accident impacts would also increase.

RAD-01 Increased source term Reanalyzed based on scenario changes including increased source term from BIO. Now noted as RANT Outdoor
TA-54, RANT Container Storage Area Fire.

RAD-02 New CMR scenario The CMRR EIS (DOE 2003a) was published after the 1999 SWEIS. The maximum risk no action accident from that
TA-3,CMR document was selected to represent CMR. The scenario is called CMR HEPA Filter Fire.

RAD-03 No longer operating Not analyzed because this TA-18 mission is being relocated to the Nevada Test Site. MAR that was formerly at TA-18
TA-18, GODIVA IV has been moved to the TA-55 SST Facility and is considered as part of the site-wide seismic scenarios.

RAD-04 Nonnuclear Not analyzed, now a nonnuclear facility.

TA-15, DARHT

RAD-05 MAR moved to WETF | Replaced with Fireat WETF. Remaining MAR analyzed as part of site-wide selsmic scenarios.

TA-21, TSFF

RAD-06 Radiological facility Not analyzed. Facility is no longer anuclear facility and thus would not impact offsite receptors.

TA-50-37, RAMROD

RAD-07 MAR decreased Now called WCRR Outdoor Storage Area Fire. New MAR from 2003 BIO, asrelated in 2004 Information Document
TA-50-69, WCRR (LANL 2004).

RAD-08 New transuranic waste Replaced with Waste Storage Dome Fire. Major risk accident from DOE 2003b.

TA-54, TWISP storage scenario

RAD-09 New waste storage Replaced with Onsite Transuranic Waste Fire Accident. Major risk accident from DOE 2003b.

TA-54, TWISP domes scenario

RAD-10 No change Now called Plutonium Facility Storage Container Release.

TA-55-4, Plutonium Facility

RAD-11 Nonnuclear Not analyzed, now a nonnuclear facility.

TA-15, DARHT

RAD-12 Radiological facility Not analyzed. Facility isno longer anuclear facility and thus would not impact offsite receptors. Remaining MAR
TA-16-411 analyzed as part of Site-wide Wildfire.

RAD-13 No longer operating Replaced with scenario for only operating reactor, SHEBA Hydrogen Detonation. Scenario is major risk SHEBA accident

TA-18, Pgjarito Site, Kiva#3

scenario from the TA-18 Relocation EIS (DOE 20028). MAR that was formerly at TA-18 has been moved to the TA-55
SST Facility and is considered as part of the site-wide seismic scenarios.

RAD-14
TA-55-4, Plutonium Facility

No change

Now called Plutonium Facility lon Column Rupture.

RAD-15 TA-3-29 CMR

New CMR scenario

See RADO02. Wing Fire now considered as part of Radiological Sciences Institute.
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Topic/l ssue Scenario Notes Evaluation

RAD-16 New CMR scenario See RADO2.

TA-3-29, CMR

SITE-01 (Rad) Change in source term Renamed Seismic 1. CMR source term replaced based on DOE 2003a. TA-18 source term changed based on DOE

Site-wide Earthquake and components 20023, plus movement of material from TA-18 to TA-55 (see Seismic 02). RAMROD deleted because it is no longer a
nuclear facility. Decrease in TA-21 source term. Changein scenario and increasein RANT source term. No release from
Waste storage domes during this event (DOE 2003b). DV RS glovebox processing campaignh added (DOE 2004b).
Nominally PC-2.

SITE-02 (Rad) Change in source term Renamed Seismic 2. Seismic 1 changes (above) carry to this scenario. Increasein WETF source term, TWISP (now

Site-wide Earthquake and components Domes) scenario revised; source term increase based on al domes per DOE 2003b. Plutonium Facility releases based on
2002 BIO. Added SST Facility (material moved from TA-18 and awaiting shipment to the Nevada Test Site). Nominally
PC-3.

SITE-03 (Rad) Deleted No significant scenarios beyond those of Seismic 2. Surface rupture not considered in source document (DOE 2003a).

Site-wide Earthquake

SITE-04 (Rad) Change in source term Renamed Wildfire. TA-21 source terms decreased. Sigma Complex, Radiochemistry Laboratory, waste storage domes

Site-wide Wildfire and components added.

CHEM-01 Deleted Accident is no longer applicable since MAR has been moved offsite (LANL 2004).

TA-00-1109

CHEM-02 Deleted Chlorine no longer stored for water treatment (LANL 2004).

TA-3-476

CHEM-03 Deleted Chlorine no longer stored for water treatment (LANL 2004).

TA-3-476

CHEM-04 No change Now labeled 75 liters selenium hexafluoride from waste cylinder storage at TA-54-216 (LANL 2004).

TA-54-216

CHEM-05 No change Now labeled 300 pounds sulfur dioxide from waste cylinder storage at TA-54-216 (LANL 2004).

TA-54-216

CHEM-06 No change Now labeled 150 pounds of chlorine gas released outside of Plutonium Facility (LANL 2004).

TA-55-4

Helium at TA-55-41 New Added to represent possible asphyxiant release accident.

SITE-01 (Chem) Change in source term Renamed Seismic 1. Chlorine at TA-00 and TA-3 deleted, no longer at site. Phosgene and formal dehyde sources

Site-wide Earthquake and components decreased.

SITE-02 (Chem) Change in source term Renamed Seismic 2. Seismic 1 changes carry over to this scenario. All else (TA-55 sources) unchanged from 1999

Site-wide Earthquake and components SWEIS

SITE-03 (Chem) Same scenario as Seismic 2. SITE-03 was combined with SITE-02 to create Seismic 2.

Site-wide Earthquake

SITE-04 (Chem) Change in source term Renamed Wildfire. Hydrogen cyanide from Sigma Complex added.

Site-wide Wildfire and components

TA-54, DVRS New DVRS glovebox processing campaign scenarios are added (DOE 2004b).
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Topic/l ssue Scenario Notes Evaluation

Sealed Sources at CMR New Sealed source MAR at CMR added.

MDA G New Scenario (explosion) that could potentially affect offsite receptors chosen (see Appendix I).

Aircraft Crash New 1999 SWEIS aircraft crash scenarios either MAR moved (see RAD-05), not operating (see RAD-06), or more bounding,
non-aircraft crash scenario chosen for analysis (see RAD-08 and RAD-16). Aircraft crash scenario analyzed in
Appendix J (Human Health Impacts section) of this SWEIS for Sealed Sourcesin Waste Storage Domes at TA-54,

Area G. Highest risk sealed source scenario (Sealed Sources at CMR) brought forward to this appendix (see Sealed
Sources at CMR above).

CMRR Bounded by CMR DOE 2003a considered accidents from both CMR (no action) and the replacement facility, CMRR (preferred action). The
results (Tables C-3 and C-5 of that document) show that CMRR accident risks are bounded by those of CMR. Therefore,
the latter is analyzed here.

WORK-01 thru -05 Not included Involved worker accident consequences were addressed qualitatively in the 1999 SWEIS. Designations Work-01 thru -05

dropped and replaced with discussion in Section D.6.

Criticality Scenario

Involved worker issue

Considered in 1999 SWEIS for TA-18 (facility not operating in the alternatives for this SWEIS) and qualitatively for
involved workers (WORK-03). SHEBA (TA-18) criticality considered in DOE 2002a and risks to the public and non-
involved worker shown (Table C-5 of that document) to be inconsequential and bounded by the SHEBA Hydrogen
Detonation scenario analyzed in this SWEIS. Criticality scenario impacts are short range and affect involved workers
only. Involved worker impacts are discussed in Section D.6.

Detonation of High
Explosives Scenario

Involved worker issue

Considered qualitatively in 1999 SWEIS for involved workers (WORK-01). No potential for associated radionuclide or
toxic chemical release consequences to public. High explosive detonation scenario impacts are short range and affect
involved workers only. Involved worker impacts are discussed in Section D.6.

LCF = latent cancer fatality, MEl = maximally exposed individual, TA = technical area, RANT = Radioactive Assay and Nondestructive Test, BIO = basis of interim operation,

CMR = Chemistry and Metallurgy Research Building, HEPA = high-efficiency particulate air, GODIV A = fast burst reactor formerly operating in TA-18, MAR = materia at risk,
SST = Safe Secure Transport, DARHT = Dual-Axis Radiographic Hydrodynamic Test, TSFF = Tritium Science and Fabrication Facility, WETF = Weapons Engineering Tritium
Facility, RAMROD = Radioactive Materials Research, Operations, and Demonstration, WCRR = Waste Characterization, Reduction, and Repackaging Facility, TWISP = Transuranic
Waste |nspectable Storage Project, SHEBA = Solution High-Energy Burst Assembly, DV RS = Decontamination and V olume Reduction System, PC = performance category,

MDA = material disposa area, CMRR = Chemistry and Metallurgy Research Replacement.
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Table D2 General Analysis Assumptions I ndependent of Scenario

Parameter

General Population

MEI, Workers

Comments

MACCS2

Version 1.13.1

Population

SECPOP2000 (NRC 2003) 2000
census. General population distribution
centered at accident source facility.

Noninvolved worker at
100 meters from source.

Facility locations from LANL 2006. MEI and
noninvolved worker using “peak dose at adistance’
MACCS2 resullts.

Population Ring Boundaries 1,2,3,4,5, 10, 20, 30, 40, 50 miles Not applicable Genera population to 50 miles.
Inhalation and external exposure from plume Yes Yes
Inhalation and external exposure from Yes No MEI and noninvolved worker are short-term exposures.
deposition and resuspension
Breathing rate 0.000347 cubic meters per second 0.000347 cubic meters per DOE 1992.
second
Exposure from agricultural pathway, except No No, due to short exposure Plutonium and uranium chief inhalation risks.

tritiated water, strontium-90 and cesium-137

time.

Exposure from agricultural pathway, tritiated
water, strontium-90, and cesium-137

Yes, HTO estimated using CAP88.
Derived factor.

No, due to short exposure
time.

Ratio of ingestion to inhalation as determined from unit
release of HTO using CAP88 (EPA 2005). No worker or
individual ingestion pathway.

Evacuation No No Assume no protective actions taken.

Relocation No No Assume no protective actions taken.

Cloud shielding factor 0.75 1 General population from Chanin and Y oung 1997.

Protection factor for inhalation 0.41 1 Genera population from Chanin and Y oung 1997.

Skin protection factor 0.41 1 Genera population from Chanin and Y oung 1997.

Ground shielding factor 0.33 1 General population from Chanin and Young 1997. No
deposition for workers.

Groundshine weathering coefficients 05,05 05,05 Chanin and Young 1997. Not applicable to workers.

Groundshine weathering coefficient half-lives

1.6 x 107, 2.8 x 10° seconds

1.6 x 107, 2.8 x 10° seconds

Chanin and Young 1997. Not applicable to workers.

Resuspension concentration coefficient

10°, 107, 10°° per meter

102,102, 10 per meter

Genera population from Chanin and Young 1997. No
resuspension for workers.

Resuspension concentration coefficient half-
lives

1.6 x 107, 1.6 x 108, 1.6 x 10° seconds

1.6 x 107, 1.6 x 108, 1.6 x 10°
seconds

0.5, 5, and 50 years respectively
(Chanin and Young 1997). Not applicable to workers.

Wet deposition Yes No No wet deposition for workers. No wet deposition of
noble gases (Chanin and Y oung 1997).

Dry deposition Yes No No dry deposition for workers (conservative). No dry
deposition of noble gases (Chanin and Y oung 1997).

Washout coefficient 0.000095, 0.8 0.000095, 0.8 Chanin and Y oung 1997. Not applicable to workers and

MEI.
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Parameter

General Population

MEI, Workers

Comments

Deposition velocity

.01, .005, .001 meters per second

.01, .005, .001 meters per
second

Unfiltered particulates, tritiated water, filtered
particul ates, respectively. Not applicable to workers and
MEI.

Long-term exposure period (resuspension)

317 years (1 x10%° sec)

317 years (1 x10™ sec)

Maximum allowed by MACCS2. Not applicable to
workers and MEI.

Sigmary, Sigma-z (dispersion parameters)

Tadmor-Gur Tables

Tadmor-Gur Tables

Chanin and Y oung 1997.

Surface roughness length correction

1.27

1.66

Corresponds to z0=10 centimeters (rural) for general
population and z0=38 centimeters (DOE 2004b) for
workers.

Plume meander time base

600 seconds

600 seconds

Chanin and Y oung 1997.

xpfacl

0.2

0.01

Plume meander exponential factor for time less than
break point (1 hour). General population from

DOE 1992, workers set to .01 (minimum value allowed
by MACCS), so no plume meander for 1 hour
(conservative).

xpfac2

0.25

0.25

Chanin and Y oung 1997; plume meander exponential
factor for times greater than 1 hour.

Plume segment reference time

Plume segment reference at |eading edge of plume (for
dispersion, deposition, decay calculations).

TA releases for which TA-6 MET Tower data
are used

[3], 6,8, 9, [16], 22, 35, 40, 43, 48,

[50], 52, [55], 59, 60, 61, 63, 64, 66, 69

[3], 6, 8,9, [16], 22, 35, 40,
43,48, [50], 52, [55], 59, 60,
61, 63, 64, 66, 69

Closest MET Tower to TAs. All TAswith workers
listed; TAswith accident releasesin 1999 SWEIS
indicated with brackets| ].

TA releases for which TA-49 MET Tower data
are used

11, [15], 33, 36, 39, 49

11, [15], 33, 36, 39, 49

Closest MET Tower to TAs. All TAswith workers
listed; TAswith accident releasesin 1999 SWEIS
indicated with brackets| ].

TA releases for which TA-53 MET Tower data
are used

0,[21], 46, 51, 53

0,[21], 46, 51, 53

Closest MET Tower to TAs. All TAswith workers
listed; TAswith accident releasesin 1999 SWEIS
indicated with brackets| ].

TA releases for which TA-54 MET Tower data | [18], [54] [18], [54] Closest MET Tower to TAs. All TAswith workers

are used listed; TAswith accident releasesin 1999 SWEIS
indicated with brackets| ].

Meteorological dataset 2003 2003 Overall year of maximum worker and genera population

dose for the years 1995 through 2003 for unit ground
level release of plutonium-239. All TA MET datafor
2003 within 11 percent of maximum year (1995 through
2003) except TA-46 (16 percent).

Atmospheric mixing height

350, 550, 500, 380; 1,500, 3,400,
4,000, 2,200 meters

350, 550, 500, 380; 1,500,
3,400, 4,000, 2,200 meters

Morning-winter, spring, summer, fall; afternoon-winter,
spring, summer, fall (Holzworth 1972).
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Parameter

General Population

MEI, Workers

Comments

metcod

Stratified random samples for each day of the year (see
nsmpls).

nsmpls

24

24

24 MET samples per day (sample each hour).

Boundary conditions used in last ring

Yes

No

General population boundary conditions (rainfall)
conservatively chosen so that releases are accounted for
within modeled area. Sensitivity shows that not
including boundary conditions (open boundary) resultsin
decrease of 12 percent in median population dose and no
change in extreme population dose for TA-6.

Model boundary mixing height

1,600 meters

1,600 meters

Average of seasonal mixing heights asgivenin MET
files.

Model boundary stability class and wind speed

D-2.2 meters per second

D-2.2 meters per second

50 percent MET conditions (see average MET conditions
below). Not applicable to workers.

Model boundary rain fal rate

23 millimeters per hour

0 millimeters per hour

Maximum hourly rate from all 2003 MET files (noted at
TA-53 and 54), conservative. Not applicable to workers.

Dose conversion factors FGR 11,12 FGR 11,12 Increase tritiated water inhalation by 50 percent to
account for skin absorption (EPA 1988, EPA 1993).

Presented dose results TEDE-mean TEDE-mean

Hedlth risk 0.0006 0.0006 Fatal cancers per rem (total effective dose equivalent)
(DOE 2003c).

ALOHA Version 5.3.1.

Ground roughness length

38 centimeters

38 centimeters

DOE 2004b. ALOHA will default to vertical dispersion
parameter (Sigma-z) values consistent with urban
environment for the indicated roughness length, z0, of 38
centimeters. For z0 less than 20 centimeters, ALOHA
defaultsto arural environment. Distances of interest
expected to be closeto release. General population uses
same parameters as workers.

Meteorological measurement height 10 meters 10 meters Consistent with MACCS MET datafiles.

Humidity 50 percent 50 percent DOE 2004c. Within range for LANL (LANL 2006).

Median MET conditions D-2.2 D-2.2 Stability class and wind speed in meters per second. 50
percent x/q at 2,000 meters, typical distance of interest.
Minimum median wind speed from any MET Tower for
2003 (noted at TA-6). Other areas range up to D-2.8.

Median MET conditions (Wildfire) D-3.5 D-3.5 Stability class and wind speed in meters per second. 50

percent x/q at 2,000 meters, typical distance of interest.
Minimum median wind speed from any MET Tower for
cumulative period 2000 through 2003 (noted at TA-49)
for months of April through June. Other areas range up
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Parameter General Population MEI, Workers Comments
to D-4.0 (for TA-53).

Date and time, median MET conditions June22-1p.m. June22-1p.m. DOE 2004c¢ (summer, midday). Consistent with hours of
average MET conditions from 2003 TA-6 MET tower
data.

Air temperature, median MET conditions 81 degrees Fahrenheit 81 degrees Fahrenheit LANL 2006.

Cloud cover, median MET conditions 10 tenths 10 tenths Complete cloud cover; chosen to be consistent with other
median meteorological conditions and stability class D.

Inversion height (mixing height), median MET | 4,000 4,000 Meters. Summer afternoon mixing height (see

conditions

"Atmospheric Mixing Height," above), consistent with
date and time.

Presented effects

Distance to ERPG-2 and 3

Distance to ERPG-2 and 3

DOE 2004c.

MEI = maximally exposed individual, HTO = tritiated water, TA =technica area, FGR = Federal Guidance Report, TEDE = total effective dose equivalent, ERPG = Emergency

Response Planning Guideline.

Note: To convert metersto feet, multiply by 3.28; from miles to kilometers, multiply by 1.609.
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D.3.1 Radiological and Chemical Scenariosand Source Terms

The accident scenarios and source terms used to cal cul ate the radiological and chemical accident
impacts are shown in Table D-3.

The evolution of choosing these scenariosis described in Table D—1. As described there, most of
these scenarios evolved from those analyzed in the 1999 SMVEIS

The Decontamination and V olume Reduction System (DVRS) is a new operation that was not
considered in the 1999 SWEIS. The impacts from an operational spill at DVRS are presented to
depict the consequences of arelatively high probability operational accident. The forklift
collision and spill due to building fire scenario isincluded because it represents high
consequence and high risk (relative to other DV RS scenarios) impacts to the general public and
workers.

Storage of sealed sources represents a potential source of radionuclides not included in the earlier
1999 SMVEIS. These radionuclides (for example cobalt-60 and cesium-137) represent external
gamma radiation dose risks, unlike those in most other scenarios (for example tritium, uranium,
and transuranics) which represent chiefly internal doserisks. A scenario that results in the largest
risk from these sources, seismic event and fire at Chemistry and Metallurgy Research Building
(CMR) impacting sealed sources, isincluded. The doses to individuals very close to the source
(for example the noninvolved worker) include a component from direct (external) exposure to
exposed source material. Appendix Jfurther describes the calculation of direct exposure to
sealed sources in an accident and includes additional sealed source scenarios.

Material Disposal Area (MDA) cleanup was not an action considered in the 1999 SAVEIS
Appendix | of the current SWEIS describes proposed actions for MDAS, and contains estimated
impacts to offsite and worker receptors from severe accidents (relative to other MDA scenarios)
at MDA G (maximum inventory MDA) and MDA B (close proximity to offsite receptors). The
consequences and risks from the greater of the two are included in the Expanded Operations
Alternative in this section.

D.3.2 Radiological Accident Impacts

Estimated facility accident impacts are represented in terms of consequences and risks. All
consequences assume that the accident has occurred and, therefore, the probability or frequency
of the accident occurring is not taken into account. Therisk of an accident does reflect the
probability or frequency of occurrence and is calculated by multiplying the accident’ s frequency
of occurrence by the accident’ s consequences. Dose consequences are estimated for the
maximally exposed individual (MEI) (reported in rem) located at the nearest site boundary, a
noninvolved worker (reported in rem) located 328 feet (100 meters) from the accident, and the
offsite population (reported in person-rem) out to a distance of 50 miles (80 kilometers). Impacts
at locations of public access closer than the nearest site boundary are also discussed.

D-10
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Table D-3 Facility Accident Source Term Data

Airborne Plume
MAR Airborne Release Leak |Source Term| Release Heat | Release
(curiesor Damage| Release |Respirable Rate Path (unitsof | Duration | (mega- | Height
Accident Phase Nuclide grams) MAR Ratio | Fraction | Fractions| (per hour) | Factor MAR) (minutes) | watts) [ (meters) | Wake?
Identifier: RADOL1. Scenario: RANT Outdoor Container Storage Area Fire (TA-54-38).
Combustible
Spilled and expelled| Plutonium ® grams 9,700 0.001 0.3 - 291 - - 0 No
Burning Equivalent 9,690 0.01 _ 96.9 _ _ No
Contained in drum 10,600 0.0005 1 - 5.29 - - No
(burning)
Noncombustible
Spilled and expelled|  Plutonium grams 17,500 0.001 0.1 - 175 - - No
Burning Equivalent 17,500 0.006 0.01 _ 105 _ _ No
Contained in drum 19,100 0 0 - 0 - - 0 No
(burning)
Total
Spilled and expelled|  Plutonium grams - - - - - - 4.66 1 0 0 No
Burning (high heat) |  EQuivalent _ _ _ _ _ _ 51.6 60 12 0 No
Burning - - - - - - 51.6 60 0.1 No
(smoldering)
Resuspension 27,000 1 - 1 0.00004 1 259 1,440 0 0 No
Identifier: WETF. Scenario: WETF Fire (TA-16-205).
Fire Tritiated Water | grams 1,000 1 1 - 1,000 60 0 23 Yes
Fire Plutonium-238 5.00 1 0.0005 - 0.0025 60 0 23 Yes
Suspension Plutonium-238 5.00 1 - 0.00004 0.0048 1,440 0 Yes
Identifier: RADQ7. Scenario: WCRR Outdoor Storage Area Fire (TA-50-69).
Fire (high heat) Plutonium curies 500 0.35 0.0005 - 0.0875 60 1 0 No
Fire (smoldering) Equivalent 500 035 | 0.0005 — 0.0875 60 0.1 0 No
Resuspension 1,000 0.35 - 1 0.00004 0.336 1,440 0 0 No
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Airborne Plume
MAR Airborne Release Leak |Source Term| Release Heat Release
(curiesor Damage| Release |Respirable Rate Path (unitsof | Duration | (mega- | Height
Accident Phase Nuclide grams) MAR Ratio | Fraction | Fractions| (per hour) | Factor MAR) (minutes) | watts) [ (meters) | Wake?
Identifier: DOMEF Scenario: Waste Storage Dome Fire (TA-54).
Combustible
Burning expelled in Plutonium curies 3,380 0.123 0.01 1 - 1 4.15 60 0 0 No
lid loss Equivalent
Burning (in drums) 3,380 0.877 0.0005 1 - 1 1.48 60 0 0 No
Noncombustible
Burning Plutonium curies 9,210 1 0.006 0.01 - 1 0.553 60 0 0 No
Equivalent
Total
Burning Plutonium curies - - - - - - 6.18 60 0 0 No
Equivalent
Impact release 12,600 0.123 0.001 1 - 1 155 1 0 0 No
Identifier: DOMET Scenario: Onsite Transuranic Waste Fire Accident (TA-54).
Initial (expelled) Plutonium curies 1,100 1 0.001 0.3 - 1 0.33 1 0 No
Uncontained burn Equivalent 1,100 1 0.01 1 - 05 5.49 60 153 No
(high heat)
Uncontained burn 1,100 1 0.01 1 - 0.5 5.49 60 0.1 0 No
(smoldering)
Suspension 1,090 1 - 1 0.00004 1 1.04 1,440 0 0 No
Identifier: RAD10. Scenario: Plutonium Facility Storage Container Release (TA-55-4).
Container drop Weapons Grade | grams 4,500 1 0.002 0.3 - 2.70 30 0 0 Yes
i b
Resuspension Plutonium 4,500 1 - 1 0.00004 432 1,440 0 0 Yes
Identifier: RAD14. Scenario: Plutonium Facility lon Column Rupture (TA-55-4).
Solution flashing Weapons Grade | grams 246 1 0.01 0.6 - 1 1.48 10 0 9.14 Yes
(nitrate) Plutonium
Resin bed burning 1,000 0.1 0.01 0.9 - 1 0.9 10 0 9.14 Yes
(oxide)
Suspension of nitrate 244 1 - 1 0.0000004 0.00234 1,440 9.14 Yes
Suspension of oxide 999 0.1 - 0.9 0.00004 0.0863 1,440 9.14 Yes
Total
Initial relesse Weapons Grade| grams - - - - - - 2.38 10 0 9.14 Yes
Suspension Plutonium - _ — — _ _ 0.0887 1,440 0 914 | VYes
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Airborne Plume
MAR Airborne Release Leak |Source Term| Release Heat Release
(curiesor Damage| Release |Respirable Rate Path (unitsof | Duration | (mega- | Height
Accident Phase Nuclide grams) MAR Ratio | Fraction | Fractions| (per hour) | Factor MAR) (minutes) | watts) [ (meters) | Wake?
Identifier: DVRS01. Scenario: DVRS Operational Spill (TA-54).
Plutonium curies 1,100 1 0.001 0.3 - 1 0.33 10 0 0 Yes
Equivalent
Identifier: DVRS05. Scenario: DVRS Building Fire and Spill Due to Forklift Collision (TA-54).
Plutonium curies 1,100 1 0.01 1 - 1 11.0 120 0.1 0 Yes
Equivalent
Identifier: SHEBA. Scenario: SHEBA Hydrogen Detonation (TA-18-168) No Action Only.
Metal Plutonium grams 9,020 1 0.0005 0.5 - 1 2.25 - - - No
Ceramic Equivaent 924 1 0.005 0.4 - 1 1.85 - - - No
Liquid 9.00 1 0.00005 0.8 - 1 0.00036 - - - No
Powder 0.06 1 0.005 0.4 - 1 0.00012 - - - No
Gas 0.00 1 1.00 1 - 1 0 - - - No
Total
High Heat Plutonium grams - - - - - - 2.05 60 21 15 No
Smoldering Equivalent — _ — — _ _ 2.05 60 0.1 0 No
Identifier: CMRO02. Scenario: CMR HEPA Filter Fire (TA-3-29).
Fire (high heat) Plutonium curies 0.613 1 0.4 1 - 0.5 0.123 26.7 1.696 15 Yes
Fire (smoldering) Equivalent 0613 1 04 1 _ 05 0123 26.7 0.1 15 Yes
Identifier: SEAL2CF. Scenario: Fire Impacting Sealed Source, Wing 9 at CMR Building. Expanded Operations Only.
Impact Cobalt-60 curies | 3,420,000 0.05 0.001 0.3 - 1 51.3 30 204 0 No
Strontium-90 580,000 0.05 0.001 0.3 - 1 8.70 30 204 0 No
Cesium-137 23,500,000 | 0.05 0.001 0.3 - 1 353 30 204 0 No
Iridium-192 26,400,000 | 0.05 0.001 0.3 - 1 396 30 204 0 No
Radium-226 87,400 0.05 0.001 0.3 - 1 131 30 204 0 No
Curium-244 2,850 0.05 0.001 0.3 - 1 0.0428 30 204 0 No
Caifornium-252 6,100 0.05 0.001 0.3 - 1 0.0915 30 204 0 No
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Airborne Plume
MAR Airborne Release Leak |Source Term| Release Heat Release
(curiesor Damage| Release |Respirable Rate Path (unitsof | Duration | (mega- | Height
Accident Phase Nuclide grams) MAR Ratio | Fraction | Fractions| (per hour) | Factor MAR) (minutes) | watts) [ (meters) | Wake?
Fire (high heat) Cobalt-60 curies | 3,420,000 0.05 0.006 0.01 - 0.5 5.13 30 2.04 0 No
Strontium-90 580,000 0.05 0.006 0.01 - 0.5 0.870 30 2.04 0 No
Cesium-137 23,500,000 | 0.05 0.006 0.01 - 0.5 35.2 30 2.04 0 No
Iridium-192 26,400,000 | 0.05 0.006 0.01 - 0.5 39.6 30 2.04 0 No
Radium-226 87,400 0.05 0.006 0.01 - 0.5 0.131 30 2.04 0 No
Curium-244 2,850 0.05 0.006 0.01 - 0.5 0.00427 30 2.04 0 No
Californium-252 6,100 0.05 0.006 0.01 - 0.5 0.00915 30 2.04 0 No
Subtotal (impact Cobalt-60 curies - - - - - - 56.4 30 204 0 No
plushigh heat fire) [ girontium-00 - - - - - - 9.57 30 2.04 0 No
Cesium-137 - - - - - - 388 30 2.04 0 No
Iridium-192 - - - - - - 436 30 2.04 0 No
Radium-226 - - - - - - 1.44 30 2.04 0 No
Curium-244 - - - - - - 0.0470 30 2.04 0 No
Californium-252 - - - - - - 0.101 30 204 0 No
Fire (smoldering) Cobalt-60 curies | 3,420,000 0.05 0.006 0.01 - 0.5 5.13 60 0.1 0 No
Strontium-90 580,000 0.05 0.006 0.01 - 0.5 0.870 60 0.1 0 No
Cesium-137 23,500,000 | 0.05 0.006 0.01 - 0.5 35.2 60 0.1 0 No
Iridium-192 26,400,000 | 0.05 0.006 0.01 - 0.5 39.6 60 0.1 0 No
Radium-226 87,400 0.05 0.006 0.01 - 0.5 0.131 60 0.1 0 No
Curium-244 2,850 0.05 0.006 0.01 - 0.5 0.00427 60 0.1 0 No
Californium-252 6,100 0.05 0.006 0.01 - 0.5 0.00915 60 0.1 0 No

09N MON ‘SOWR|y SO ‘AIoTe.Joge ] [eUOITeN SOWR |y SO JO uoiieedO panunuod J04S |3 opI-a1s yeld



ST-d

Airborne Plume
MAR Airborne Release Leak |Source Term| Release Heat Release
(curiesor Damage| Release |Respirable Rate Path (unitsof | Duration | (mega- | Height
Accident Phase Nuclide grams) MAR Ratio | Fraction | Fractions| (per hour) | Factor MAR) (minutes) | watts) [ (meters) | Wake?
Identifier: MDAGEXP. Scenario: Explosion at a Pit at MDA G Expanded Operations Only
Explosion Americium-241 | curies 352 0.02°¢ 0.005 0.3 - 1 0.0104 1 0 0 No
Gadolinium-148| curies 0.466 1 0.005 0.3 - 1 0.000699 1 0 0 No
Thorium-230 curies 2.67 1 0.005 0.3 - 1 0.00401 1 0 0 No
Actinium-227 curies 0.0430 1 0.005 0.3 - 1 0.0000645 1 0 0 No
Plutonium-238 | curies 591 0.88°¢ 0.005 0.3 - 1 0.780 1 0 0 No
Plutonium-239 | curies 319 0.96 ¢ 0.005 0.3 - 1 0.459 1 0 0 No
Plutonium-240 | curies 74.7 1 0.005 0.3 - 1 0.112 1 0 0 No
Plutonium-241 | curies 219 1 0.005 0.3 - 1 0.329 1 0 0 No
Uranium-233 curies 1.03 0 0.005 0.3 - 1 0 1 0 0 No
Uranium-234 curies 0.392 1 0.005 0.3 - 1 0.000588 1 0 0 No
Uranium-238 curies 1.72 1 0.005 0.3 - 1 0.00258 1 0 0 No
Suspension Americium-241 | curies 352 0.02°¢ — 1 0.000004 1 0.000659 1,440 0 0 No
Gadolinium-148| curies 0.464 1 - 1 0.000004 1 0.0000445 1,440 0 0 No
Thorium-230 curies 2.66 1 - 1 0.000004 1 0.0002550 1,440 0 0 No
Actinium-227 curies 0.0428 1 - 1 0.000004 1 0.00000411 | 1,440 0 0 No
Plutonium-238 | curies 588 0.88°¢ - 1 0.000004 1 0.0497 1,440 0 0 No
Plutonium-239 | curies 318 0.96 ¢ - 1 0.000004 1 0.0292 1,440 0 0 No
Plutonium-240 | curies 74.3 1 - 1 0.000004 1 0.00714 1,440 0 0 No
Plutonium-241 | curies 218 1 - 1 0.000004 1 0.0209 1,440 0 0 No
Uranium-233 curies 1.03 0° - 1 0.000004 1 0 1,440 0 0 No
Uranium-234 curies 0.390 1 - 1 0.000004 1 0.0000374 1,440 0 0 No
Uranium-238 curies 171 1 - 1 0.000004 1 0.000164 1,440 0 0 No

MAR = material at risk, RANT = radioassay and nondestructive testing, TA = technical area, WETF = Weapons Engineering Tritium Facility, WCRR = Waste Characterization,

Reduction, and Repackaging Facility, DV RS = Decontamination and V olume Reduction System, SHEBA = Solution High-Energy Burst Assembly, CMR = Chemistry and Metallurgy
Research Building, HEPA = high-efficiency particulate air filter, MDA = material disposal area.

& Plutonium Equivalent means the activity of plutonium-239 with the same radiological consequences.
® \Weapons Grade Plutonium means a mix of plutonium isotopes representative of plutonium used in a nuclear weapon.
¢ Damage ratios less than 1 indicate that all or part of the inventory isin awaste form such as concrete that would not rel ease respirable particles in this accident scenario.
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Consequences are also expressed in terms of the likelihood of alatent cancer fatality (LCF) for
the MEI and noninvolved worker and in terms of the number of additional LCFs for the offsite
population. A conversion factor, 0.0006 LCFs (or number of LCFs) per rem (or person-rem), is
used to convert rem (or person-rem) to the likelihood of an LCF (or number of LCFs); this factor
isdoubled for doses to an individual in excess of 20 rem.

D.3.2.1 No Action Alternative

The estimated consequences and annual risks of postulated accidents for the No Action
Alternative are shown in Tables D—4 through D—6. The maximum consequences and risks from
facility accidents are chiefly aresult of TA-54 operations (Radioactive Assay and Nondestructive
Test [RANT], waste storage domes, DVRS).

The nearest public access to the CMR Building, Diamond Drive, approximately 170 feet

(50 meters) from the CMR Building, is closer than the nearest site boundary to this facility.
Doses were calculated for an individual at Diamond Drive during the duration of the high-
efficiency particulate air (HEPA) filter fireat CMR. The same assumptions used to calculate
dose to the MEI were applied to thisindividual. The dose at Diamond Drive would be 8.1 rem,
more than 10 times the value indicated in Table D—4. The consequences and risks at this
boundary location would also be 10 times the value indicated in Tables D-5 and D—6 for this
scenario.

D.3.2.2 Reduced Operations Alter native

Accident impacts from the Reduced Operations Alternative are similar to those from the No
Action Alternative, as given in Tables D—4 through D—6. Solution High-Energy Burst Assembly
(SHEBA) operations at LANL would cease. Inspection of the tables shows that SHEBA
operations are a small component of the facility impacts at LANL; its elimination would not
significantly alter the overall risk profile from individual facility operations. All other impactsin
the No Action Alternative tables are equally applicable for this alternative.

D.3.23 Expanded Operations Alternative

Accident impacts from the Expanded Operations Alternative, shown in Tables D—7 through
D-9, would be generally greater than those from the No Action Alternative. SHEBA operations
at LANL would cease under the Expanded Operations Alternative; its relatively small impacts,
have been eliminated from the tables. Additional or replacement risks from accident impacts
would result from expanded waste management activities. Transuranic waste management at
DV RS and the waste storage domes would be moved offsite or to a new facility, the Transuranic
Waste Consolidation Facility, located in TA-50 or TA-63. The impacts to the public from this
new facility would be less than those of the existing facilities because of the new location and
because |ess material would be stored, the rest being moved offsite. Tables D—7 through D-9
reflect the present DV RS and waste storage domes operations because they would be active for
most of the time period of interest and would bound the impacts of the new facility. Accident
impacts for the new facility are described in Appendix H.
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Table D4 Radiological Accident Offsite Population Consequencesfor the No Action Alternative

MEI Population to 50 Miles (80 kilometers)
Accident Scenario Dose (rem) Latent Cancer Fatality® | Dose (person-rem) Latent Cancer Fatalities® ®
RANT Outdoor Container Storage Area Fire (TA-54-38) 715 0.0858 3,970 2(2.38)
WETF Fire (TA-16-205) 591 0.00355 187 0(0.112)
WCRR Outdoor Storage Area Fire (TA-50-69) 1.10 0.000660 265 0(0.159)
Waste Storage Dome Fire (TA-54) 419 0.503 4,230 3(2.54)
Onsite Transuranic Waste Fire Accident (TA-54) 186 0.223 5,720 3(3.43)
Plutonium Facility Storage Container Release (TA-55-4) 2.50 0.00150 372 0(0.223)
Plutonium Facility lon Column Rupture (TA-55-4) 1.28 0.000768 131 0 (0.0786)
DVRS Operational Spill (TA-54) 19.6 0.0118 185 0(0.111)
DV RS Building Fire and Spill Due to Forklift Collision (TA-54) 321 0.385 6,140 4 (3.68)
SHEBA Hydrogen Detonation (TA-18-168) 0.877 0.000526 69 0(0.0414)
CMR HEPA Filter Fire (TA-3-29) 0.770 0.000464 200 0(0.12)

MEI = maximally exposed individual, rem = roentgen equivalent man, RANT = Radioactive Assay and Nondestructive Test, TA = technical area, WETF = Weapons Engineering Tritium
Facility, WCRR = Waste Characterization, Reduction, and Repackaging Facility, DVRS = Decontamination and VV olume Reduction System, SHEBA = Solution High-Energy Burst
Assembly, CMR = Chemistry and Metalurgy Research Building, HEPA = high-efficiency particulate air filter.

& Increased risk of an LCF to an individual, assuming the accident occurs.

® | ncreased number of LCFs for the offsite population, assuming the accident occurs; value in parentheses is the calculated result.
¢ Offsite population size out to a 50-mile (80-kilometer) radius is approximately 297,000 (TA-3-29), 404,900 (TA-16-205), 334,100 (TA-18-168), 271,600 (TA-21-155, and TA-21-
209), 302,000 (TA-50-69), 343,100 (TA-54-38, DVRS, Domes), 301,900 (TA-55-4).
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Table D-5 Radiological Accident Onsite Worker Consequencesfor the No Action Alternative

Noninvolved Worker at 110 Yards (100 meters)
Accident Scenario Dose (rem) Latent Cancer Fatalities?®

RANT Outdoor Container Storage Area Fire (TA-54-38) 532 0.638
WETF Fire (TA-16-205) 8.92 0.00535
WCRR Outdoor Storage Area Fire (TA-50-69) 4.7 0.0536
Waste Storage Dome Fire (TA-54) 1,950 2.34°b
Onsite Transuranic Waste Fire Accident (TA-54) 761 0.913
Plutonium Facility Storage Container Release (TA-55-4) 35.8 0.0430
Plutonium Facility on Column Rupture (TA-55-4) 9.09 0.00545
DVRS Operational Spill (TA-54) 51.4 0.0617
DV RS Building Fire and Spill Due to Forklift Collision (TA-54) 888 1.07°
SHEBA Hydrogen Detonation (TA-18-168) 154 0.00924
CMR HEPA Filter Fire (TA-3-29) 5.38 0.00323

rem = roentgen equivalent man, RANT = Radioactive Assay and Nondestructive Test, TA = technical area, WETF = Weapons Engineering Tritium Facility, WCRR = Waste

Characterization, Reduction, and Repackaging Facility, DVRS = Decontamination and V olume Reduction System, SHEBA = Solution High-Energy Burst Assembly,

CMR = Chemistry and Metallurgy Research Building, HEPA = high-efficiency particulate air filter.

& Increased risk of an LCF to an individual, assuming the accident occurs.

® Based on a dose-risk-conversion factor of 0.0006 LCF per rem, the indicated dose yields a LCF value greater than 1.00 as shown. This meansthat it is likely that an individual
exposed to the indicated dose would contract afatal latent cancer in their lifetime. For calculation purposes, the actua value is shown here; however, since the exposed recipient is
an individual, the equivalent tablesin Chapter 5, Section 5.12 show an LCF of 1.00.
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Table D6 Radiological Accident Offsite Population and Worker Risksfor the No Action Alternative

Onsite Worker Offsite Population
Noninvolved Worker at Population to 50 Miles
Accident Scenario Frequency (per year) 110 Yards (100 meters) MEI 2 (80 kilometers) * ¢
RANT Outdoor Container Storage Area Fire (TA-54-38) 0.01 0.00638 0.000858 0.0238
WETF Fire (TA-16-205) 1.1x10° 5.96 x 108 3.95x 10°® 1.25 x 10°
WCRR Outdoor Storage Area Fire (TA-50-69) 0.0003 0.0000161 1.98 x 107 0.0000477
Waste Storage Dome Fire (TA-54) 0.001 0.001 0.000503 0.00254
Onsite Transuranic Waste Fire Accident (TA-54) 0.001 0.000913 0.000223 0.00343
Plutonium Facility Storage Container Release (TA-55-4) 10° 43x10% 1.50 x 10°° 2.23%x 107
Plutonium Facility lon Column Rupture (TA-55-4) 10°® 5.45 x 10°° 7.68 x 10%° 7.86 x 10°®
DVRS Operational Spill (TA-54) 0.02 0.00123 0.000235 0.00222
DVRS Building Fire and Spill Due to Forklift Collision (TA-54) 0.001 0.001 0.000385 0.00368
SHEBA Hydrogen Detonation (TA-18-168) 0.0054 0.0000499 2.84x10° 0.000224
CMR HEPA Filter Fire (TA-3-29) 0.01 0.0000323 4.64 % 10° 0.00120

MEI = maximally exposed individual, RANT = Radioactive Assay and Nondestructive Test, TA = technical area, WETF = Weapons Engineering Tritium Facility, WCRR = Waste
Characterization, Reduction, and Repackaging Facility, DVRS = Decontamination and V olume Reduction System, SHEBA = Solution High-Energy Burst Assembly,

CMR = Chemistry and Metallurgy Research Building, HEPA = high-efficiency particulate air filter.

& Increased risk of an LCF to an individua per year.

® | ncreased number of LCFsin the offsite population per year; value in parentheses is the calculated result.
¢ Offsite population size out to a 50-mile (80-kilometer) radius is approximately 297,000 (TA-3-29), 404,900 (TA-16-205), 334,100 (TA-18-168), 271,600 (TA-21-155, -209),
302,000 (TA-50-69), 343,100 (TA-54-38, DVRS, Domes), 301,900 (TA-55-4).
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Table D—7 Radiological Accident Offsite Population Consequences for the Expanded Operations Alternative

MEI Population to 50 Miles (80 kilometers)
Dose
Accident Scenario Dose (rem) Latent Cancer Fatality (person-rem) Latent Cancer Fatalities® ©
RANT Outdoor Container Storage Area Fire (TA-54-38) 715 0.0858 3,970 2.38
WETF Fire (TA-16-205) 5.91 0.00355 187 0.112
WCRR Outdoor Storage Area Fire (TA-50-69) 1.10 0.000660 265 0.159
Waste Storage Dome Fire (TA-54) 419 0.503 4,230 254
Onsite Transuranic Waste Fire Accident (TA-54) 186 0.223 5,720 343
Plutonium Facility Storage Container Release (TA-55-4) 2.50 0.00150 372 0.223
Plutonium Facility lon Column Rupture (TA-55-4) 1.28 0.000768 131 0.0786
DVRS Operational Spill (TA-54) 19.6 0.0118 185 0.111
Explosionin aPit at MDA G 55.2 0.0662 766 0.460
DVRS Building Fire and Spill Due to Forklift Collision (TA-54) 321 0.385 6,140 3.68
Fireat CMR Involving Sealed Sources (TA-3-29) 0.0987 0.0000592 11,600 6.96
CMR HEPA Filter Fire (TA-3-29) 0.774 0.000464 200 0.12

MEI = maximally exposed individual, rem = roentgen equivalent man, RANT = Radioactive Assay and Nondestructive Test, TA = technica area, WETF = Weapons Engineering

Tritium Facility, WCRR = Waste Characterization, Reduction, and Repackaging Facility, DV RS = Decontamination and V olume Reduction System, MDA = material disposal area,

CMR = Chemistry and Metallurgy Research Building, HEPA = high-efficiency particulate air filter.

2 Increased risk of an LCF to an individual, assuming the accident occurs.

® Increased number of LCFs for the offsite population, assuming the accident occurs; value in parenthesesiis the calculated result.

¢ Offsite population size out to a 50-mile (80-kilometer) radius is approximately 297,000 (TA-3-29), 404,900 (TA-16-205), 271,600 (TA-21-155, -209), 302,000 (TA-50-69), 343,100
(TA-54-38, DVRS, Domes), 301,900 (TA-55-4).
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Table D-8 Radiological Accident Onsite Worker Consequences for the Expanded Operations Alternative

Noninvolved Worker at 110 Yards (100 meters)
Accident Scenario Dose (rem) Latent Cancer Fatalities ®

RANT Outdoor Container Storage Area Fire (TA-54-38) 532 0.638
WETF Fire (TA-16-205) 8.92 0.00535
WCRR Outdoor Storage Area Fire (TA-50-69) 4.7 0.0536
Waste Storage Dome Fire (TA-54) 1,950 2.34P
Onsite Transuranic Waste Fire Accident (TA-54) 761 0.913
Plutonium Facility Storage Container Release (TA-55-4) 35.8 0.0430
Plutonium Facility on Column Rupture (TA-55-4) 9.09 0.00545
DVRS Operational Spill (TA-54) 51.4 0.0617
Explosionin aPit at MDA G 405 0.486
DVRS Building Fire and Spill Due to Forklift Collision (TA-54) 888 1.07°
Fireat CMR Involving Sealed Sources (TA-3-29) 121 0.000727
CMR HEPA Filter Fire (TA-3-) 5.38 0.00323

rem = roentgen equivalent man, RANT = Radioactive Assay and Nondestructive Test, TA = technica area, WETF = Weapons Engineering Tritium Facility, WCRR = Waste

Characterization, Reduction, and Repackaging Facility, DVRS = Decontamination and V olume Reduction System, MDA = material disposal area, CMR = Chemistry and

Metallurgy Research Building, HEPA = high-efficiency particulate air filter.

2 Increased risk of an LCF, assuming the accident occurs.

® Based on adose-risk-conversion factor of 0.0006 LCF per rem, the indicated dose yields an LCF value greater than 1.00 as shown. This meansthat it is likely that an individual
exposed to the indicated dose would contract afatal latent cancer in their lifetime. For calculation purposes, the actual value is shown here; however, since the exposed recipient
isan individual, the equivalent tables in Chapter 5, Section 5.12 show an LCF of 1.00.
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Table D-9 Radiological Accident Offsite Population and Worker Risksfor the Expanded Operations Alternative

Onsite Worker Offsite Population
Frequency (per Noninvolved Worker at Maximally Exposed Population to 50 Miles
Accident Scenario year) 110 Yards (100 meters) Individual (80 kilometers) >
RANT Outdoor Container Storage Area Fire (TA-54-38) 0.01 0.00638 0.000858 0.0238
WETF Fire (TA-16-205) 1.1x10° 5.96 x 10°® 3.95x 10°® 1.25 x 10°®
WCRR Outdoor Storage Area Fire (TA-50-69) 0.0003 0.0000161 1.98 x 107 0.0000477
Waste Storage Dome Fire (TA-54) 0.001 0.001 0.000503 0.00254
Onsite Transuranic Waste Fire Accident (TA-54) 0.001 0.000913 0.000223 0.00343
Plutonium Facility Storage Container Release (TA-55-4) 10°® 4.30% 108 1.50 x 10°® 2.23x 107
Plutonium Facility lon Column Rupture (TA-55-4) 10°® 5.45 x 10°° 7.68 x 10°1° 7.86 x 10°®
DV RS Operational Spill (TA-54) 0.02 0.00123 0.000235 0.00222
Explosion in aPit & MDA G 0.01 0.00486 0.000662 0.00460
DVRS Building Fire and Spill Due to Forklift Collision (TA-54) 0.001 0.001 0.000385 0.00368
Fireat CMR Involving Sealed Sources (TA-3-29) 0.00024 1.74x 107 1.42 x 10°® 0.00167
CMR HEPA Filter Fire (TA-3-29) 0.01 0.0000323 4.64 x 10° 0.00120

RANT = Radioactive Assay and Nondestructive Test, TA = technical area, WETF = Weapons Engineering Tritium Facility, WCRR = Waste Characterization, Reduction, and
Repackaging Facility, DVRS = Decontamination and V olume Reduction System, MDA = Materia Disposal Area, CMR = Chemistry and Metallurgy Research Building,

HEPA = high-efficiency particulate air filter.
& Increased risk of an LCF to an individua per year.

® |ncreased number of LCFs for the offsite population per year; value in parenthesesis the calculated result.
¢ Offsite population size out to a 50-mile (80-kilometer) radius is approximately 297,000 (TA-3-29), 404,900 (TA-16-205), 334,100 (TA-18-168), 271,600 (TA-21-155, -209),
302,000 (TA-50-69), 343,100 (TA-54-38, DVRS, Domes), 301,900 (TA-55-4).
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Appendix D — Evaluation of Human Health Impacts from Facility Accidents

MDA cleanup is a component of the Expanded Operations Alternative. A number of scenarios
were considered for this activity, and an explosion during cleanup operations that breaches the
MDA enclosure and bypasses the HEPA filtration was chosen for analysis. MDA G, because of
itsrelatively large inventory, was found to bound the accident impacts from MDA cleanup. The
consequences and risks from this scenario are included in Tables D—7 through Table D-9. As
with the No Action Alternative, TA-54 operations generally dominate the accident risks from
Expanded Operations. Cleanup of MDA G, although not bounding, adds a component to this
risk. Appendix | includes more details about MDA cleanup accident impacts.

Another component of the Expanded Operations Alternative (and not of the No Action
Alternative) isthe onsite storage of sealed sources. The important exposure pathways are
different for some of the radionuclides that might be released from the sealed sources.
Previoudly, sources received for management at LANL consisted chiefly of apha emitters such
as americium and plutonium, which are chiefly internal risks with dose to the body delivered
over an extended time period. The nuclides associated with other sealed sources now being
considered for management at LANL can be strong gamma emitters and thus may result in
significant prompt external aswell asinternal exposure in the event of an accident.

A number of different radionuclides could be present in the sealed sources, as shownin

Table D-3. The MARs shown there represent the maximum allowable inventory of each of the
nuclides, were only that nuclide present. Each of the nuclides was separately analyzed and it was
found that cobalt-60 would lead to the maximum exposure to the individuals closest to the
release, such as the noninvolved worker, from exposure to source material aswell as plume
exposure; transuranics such as californium-252 would lead to the maximum exposure to
individuals further from the release, such asthe MEI at CMR, from plume exposure; and cesium-
137 would lead to the maximum exposure to the general public from ground exposure from
deposited material, internal exposure from ingestion of foodstuffs, and exposure to the release
plume. The dose to an individua outside at Diamond Drive during the hypothetical fireat CMR
involving sealed sources scenario would be 4.32 rem, 42 percent of which would be from
external exposure to gamma radiation. Such a dose would result in an increased chance of afatal
cancer during the lifetime of the individual of 0.0026, or approximately 1 chance in 385.

The accident analysis for sealed sources conservatively assumes that the maximum allowable
limit of one single radioisotope is present instead of a more realistic expected mix of several
radlioisotopes at lower activity levels. This assumption provides a bounding consequence in the
event of a postulated accident that releases sealed source inventory or exposes gamma or neutron
emitters so that direct radiation affects the dose to individuals close to the source. The analysis
also assumes that the shipping containers that contain the source and the building within which
the containers are stored both fail, resulting in external exposure and release of these
radionuclides. Appendix J, Section J.3.3.2, contains further discussion of Sealed Source accident
scenarios and risks.

D.3.3 Chemical Accident Impacts

This section provides information and data that supports the impacts of facility accidents
presented in Chapter 5. It includes the estimated accident frequency of occurrence, scenarios,
and materials released.
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The chemicals of concern at LANL facilities and potential impacts under the No Action Reduced
and Expanded Operations Alternatives are shown in Table D—10. These have been selected
from a complete set of chemicals used onsite based on their quantities, chemical properties, and
human health effects. The tables show the impact of each postulated chemical release and the
applicable concentration guidelines. Thefirst guideline isthe concentration of a substancein air
generally regarded as requiring action to prevent or mitigate exposures. The second guidelineis
the concentration above which severe irreversible health effects or fatality may occur.
Emergency Response Planning Guideline (ERPG) -2 and -3 values published by the American
Industrial Hygiene Association (AIHA 2005) are used in this analysis to represent those levels of
impact, consistent with DOE emergency management hazards assessment and planning practices
(DOE 2005a, DOE 1997).) ERPG-2 and ERPG-3 are defined in terms of the expected health

impacts from a 1-hour exposure, as follows:

ERPG-2: The maximum concentration in air below which it is believed nearly all
individuals could be exposed for up to one hour without experiencing or developing
irreversible or other serious health effects or symptoms that could impair their abilities
to take protective action.

ERPG-3: The maximum concentration in air below which it is believed nearly all
individuals could be exposed for up to one hour without experiencing or developing life-
threatening health effects.

Table D-10 Chemical Accident | mpacts

ERPG-2° ERPG-3° Concentration
Distance Distanceto [ Noninvolved
Frequency Quantity to Value Value Worker at MEI at Site
Chemical (per year) Released Value | (meters) Value (meters) 100 Meters Boundary

Sdlenium hexafluoride 0.0041 75 liters 0.6 ppm°| 2,800 5ppm € 880 143 ppm 12 ppm

from waste cylinder (20 gallons) at 491 meters

storage at TA-54-216

Sulfur dioxide from 0.00051 300 pounds 3 ppm 1,650 15 ppm 690 312 ppm 27.2 ppm

waste cylinder storage (236 kilograms) at 491 meters

at TA-54-216

Chlorine gas released 0.063 150 pounds 3 ppm 1,080 20 ppm 380 165 ppm 3.38 ppm

outside of Plutonium (68 kilograms) at 1,016 meters

Facility (TA-55-4)

Helium at TA-55-41 0.063 9,230,000 cubic | 280,000 197 500,000 139 greater than | 10,300 ppm at
feet (261,366 ppm © ppm ° ERPG-3 1,048 meters
cubic meters)

(at STP)

ERPG = Emergency Response Planning Guideline, MEI = maximally exposed individual, TA = technical area, ppm = parts per million,

STP = standard temperature and pressure, TEEL = Temporary Emergency Exposure Limits.

& ERPG-2 is the maximum airborne concentration below which nearly all individuals could be exposed for up to 1 hour without experiencing
or developing irreversible or other serious health effects or symptoms that could impair their ability to take protective action (DOE 20044).

P ERPG-3 is the maximum airborne concentration below which nearly all individuals could be exposed for up to 1 hour without experiencing
or developing life-threatening health effects (DOE 20043).

¢ The TEEL valueis used. ERPGs have not been issued for this substance.

! Beginning with the recent issuance of DOE Order 151.1C (November 2005) Acute Exposure Guideline Levels published by the
U.S. Environmental Protection Agency (EPA) are specified as the chemical impact criteria of first choice, and incorporation of
those values into hazards assessments and emergency plans is beginning throughout DOE. Acute Exposure Guideline Levels
are defined in terms of several different exposure times ranging from 10 minutes to 8 hours. In general, the Acute Exposure

Guideline Levels-2 and -3 values for a 60-minute exposure are about the same as the ERPGs used in this analysis.
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ERPGs are used throughout industry and government to assess chemical hazards and plan for
emergencies. However, ERPGs have been issued for fewer than 120 chemicals as of 2005. To
provide its sites and facilities with impact criteriafor other chemicals, DOE commissions the
development of alternative values, termed Temporary Emergency Exposure Limits (TEELS). As
of late 2005, TEEL values have been issued for nearly 3,000 chemicals (DOE 2005b). The
TEEL levels of TEEL-2 and TEEL-3 are defined in the same words as the corresponding ERPGs,
but without reference to any duration of exposure. When no ERPGs have been published for a
substance, the TEEL-2 and -3 values are used in this analysis to represent the ERPG-2 and
ERPG-3 levels of health impact.

D.3.3.1 No Action Alternative

The chemicals of concern at LANL facilities under the No Action Alternative are shown in
Table D-10. Selenium hexafluoride, sulfur dioxide, and chlorine are all toxic gases which can,
at elevated levels, cause respiratory dysfunction, among other health effects. Heliumisan
asphyxiant that can cause health effects by displacing breathable oxygen.

Table D-10 shows the concentrations of each chemical, if released, at specified distances. The
inventory of each chemical is assumed to be released from a break in aline over a 10-minute
interval. The cause of the break could be mechanical failure, corrosion, mechanical impact, or
natural phenomena. The noninvolved worker, if directly downwind from the release and unable
to take evasive action, would be exposed to levelsin excess of ERPG-3 for these releases. Under
the same circumstances, the MEI located at the LANL and San Ildefonso Pueblo boundary would
be exposed to selenium hexafluoride and sulfur dioxide in excess of ERPG-3 levels.

D.3.3.2 Reduced Operations Alter native

The chemicals of concern that could be released in afacility accident are the same for the
Reduced Operations Alternative as for the No Action Alternative. None of the chemicals
identified for the latter are eliminated in this dternative. The information in Table D-10, then, is
applicable to the Reduced Operations Alternative.

D.3.3.3 Expanded Operations Alternative

The chemicals of concern that could be released in afacility accident for the No Action
Alternative apply equally to the Expanded Operations Alternative. In addition, MDA cleanup is
a component of the Expanded Operations Alternative for which the potential for accidental
releases of toxic chemicals exists. A fire during excavation which breaches the MDA enclosure
and bypasses the HEPA filtration was chosen as a severe scenario. Thereisagreat dea of
uncertainty as to how much and which chemicals were disposed of in the MDAS, the MDA
closest to the public (and thus with the potential for the greatest impact on the public), MDA-B,
was chosen to bound the chemical accident impacts for MDA cleanup. Two chemicals, sulfur
dioxide (a gas) and beryllium (assumed in powder form), were chosen, based on their restrictive
ERPG values, to bound the impacts of an extensive list of possible chemicals disposed of in the
MDAs. Table D—11 showsthat both of these chemicals, if present in MDA-B at the quantities
assumed, would dissipate to below ERPG-3 levels very close to the release. Appendix | includes
more details about MDA cleanup chemical accident impacts.
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Table D-11 Chemical Accident Impactsfor the Expanded Operations Alter native

ERPG-22 ERPG-3° Concentration
) Distance Distance | Noninvolved
. Frequency Quantity to Value toValue | Worker at | MEI at Site
Chemical (per year) Released Value | (meters)| Value | (meters) | 100 Meters | Boundary
Selenium 0.0041 75 liters 0.6ppm° | 2,800 [ 5ppm® 880 143 ppm 12 ppm
hexafluoride from (20 gallons) at 491 meters
waste cylinder
storage at
TA-54-216
Sulfur dioxide 0.00051 300 pounds 3 ppm 1,650 15 ppm 690 312 ppm 27.2 ppm
from waste (160 kilograms) at 491 meters
cylinder storage at
TA-54-216
Chlorine gas 0.063 150 pounds 3 ppm 1,080 20 ppm 380 165 ppm 3.38 ppm
released outside of (68 kilograms) at 1,016
Plutonium Facility meters
(TA-55-4)
Helium at 0.063 9,230,000 cubic | 280,000 197 500,000 139 >ERPG-3 | 10,300 ppm
TA-55-41 feet (261,366 ppm ¢ ppm a
cubic meters) 1,048 meters
(at STP)
Sulfur dioxideat | Unknown 1 pound 3 ppm 83 15 ppm 34 2.1ppm 9.2 ppm at
MDA B (0.45 kilogram) 45 meters
Beryllium powder | Unknown 22 pounds .025 23 0.1 9 0.0025 0.0088
a MDA B (10 kilograms) mg/cu m mg/cum mg/cum mg/cu m at
45 meters

ERPG = Emergency Response Planning Guideline, MEI = maximally exposed individual, TA = technical area, ppm = parts per

million, STP = standard temperature and pressure, MDA = material disposal area, mg/cu m = milligrams per cubic meter.

& ERPG-2 is the maximum airborne concentration below which nearly all individuals could be exposed for up to 1 hour without
experiencing or developing irreversible or other serious health effects or symptoms that could impair their ability to take
protective action (DOE 20044).

P ERPG-3 is the maximum airborne concentration below which nearly all individuals could be exposed for up to 1 hour without
experiencing or developing life-threatening health effects (DOE 20044).

¢ The TEEL vaueisused. ERPGs have not been issued for this substance.

4 This quantity represents the total material at risk. A fraction (6 x 10°®) of this solid would be released as respirable particlesin
the hypothesized scenario.

D.4 Sitewide Seismic Impacts

Two site-wide seismic events, denoted as Seismic 1 and Seismic 2, were postulated to estimate
the effects of potential radiological and chemical releases. Seismic 1 isnominally represented by
a Performance Category-2 (PC-2) earthquake. Such an event is characterized by areturn period
of 1,000 years (annual probability of exceedance of 1 x 10°®), with a peak horizontal ground
acceleration of 0.22 g (gravitational acceleration).? Seismic 2 is nominally represented by a PC-3
earthquake, with a return period of 2,000 years (annual probability of exceedance of 5 x 10™) and
apeak horizontal ground acceleration of 0.31 g (Cuesta 2004). Were such a site-wide seismic
event to occur, simultaneous radiological and chemical releases from multiple locations could
result. The evolution for choosing these scenariosis described in Table D-1. Most of these
scenarios evolved from those analyzed in the 1999 SAVEIS. Revisionsto the seismic releasesin

2 A g, standing for the acceleration due to gravity of 32 feet per second per second (9.8 meters per second per second) isa
standard measure of ground movement associated with seismic events.
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that earlier document (called Site releases there) were based on information available subsequent
to the writing of the 1999 SWEIS New information was reviewed and significant scenarios
added as appropriate. An exampleisthe addition of the Safe Secure Transport Facility (TA-55-
355). That facility houses material that was at TA-18 at the time of the 1999 SAVEIS. The
current document considers the new location and storage design, while deleting the TA-18
buildings that are no longer operating.

The health effects calculated for these two postul ated seismic events should be considered within
the context of nonradiological human health impacts expected. These seismic events would
cause widespread failures of nonnuclear LANL structures and structures outside of LANL. A
much larger number of fatalities and injuries from structure collapse would be expected for these
seismic events.

D41 Source Term Data

Table D-12 shows the source term data used in the calculation of impacts to workers and the
public that could result from a site-wide earthquake. A singletableis presented for the two
earthquake scenarios (Seismic 1 and 2); the scenario corresponding to each releaseis indicated
under the facility name.

D.4.2 NoAction Alternative I mpacts
D.4.21 Site-wide Seismic 1 —Radiological | mpacts

Site-wide Seismic 1 is associated with seismic events up to approximately PC-2 in severity.
Tables D-13 and D—14 show the potential consequences (dose and probability of an LCF)
should such an earthquake occur under the No Action Alternative. Table D—15 shows the health
risk (frequency multiplied by the LCF consequence) per year of operation. The largest risk from
this event is from potential CMR rel eases.

If a Seismic 1 event were to occur, al of the releases shown in Table D-15 could emanate
simultaneously. Accordingly, the sum of the health risk from each facility to the general
population isindicated at the bottom of that table. This sum can be thought of as the overall
health risk to the general population from a Seismic 1 event. The overall risk isseen to be
approximately 0.005 per year, that is, a mean of one cancer fatality in the entire general
population (out to 50 miles [80 kilometers] from each release) every 200 years of LANL
operation.

Risksto individuals, on the other hand, cannot be summed because a single individual would not
likely be exposed to multiple facility releases. Instead, only releases upwind from the
individual’ s location would result in exposure. Table D-15, therefore, indicates the maximum
health risk to the MEI from arelease at any facility.
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Table D-12 Site-wide Earthquake Source Term Data

Airborne Source Plume
MAR Airborne Release Leak Term Release Heat Release
(curiesor Damage| Release |Respirable Rate Path | (in unitsof | Duration | (mega- | Height
Accident Phase Nuclide grams) MAR Ratio | Fraction | Fractions| (per hour) | Factor MAR) (minutes) | watts) | (meters) | Wake?
Seismic
Identifier: CMRO08. Facility Name: TA-3-29 (CMR Building) Seismic 1 and 2
Initial Plutonium curies 1,240 1 0.01 0.5 - 6.19 10 0 0 No
Suspension Equivalent 1,230 1 0 1 0.000004 0.118 1,440 0 0 No
Identifier: SITO2. Facility Name: TA-16-205 (WETF) Seismic 2
Tritium release Tritiated Water | grams | 1000 | 1 | 100 1 - 1 1,000 10 0 0 No
Identifier: SITO8 Facility Name: TA-18-168 (SHEBA) Seismic 1 and 2
Metal Plutonium grams 9,020 1 0.00 - 1 0 10 0 0 No
Ceramic Equivalent 924 1 | 0.00006 - 1 0.0554 10 0 0 No
Liquid 9.00 1 0.0002 0.8 - 1 0.00144 10 0 0 No
Powder 0.06 1 0.002 0.3 - 1 0.000036 10 0 0 No
Gas 0 1 1.00 1 - 1 0 10 0 0 No
Total
Initial Plutonium grams - - - - - - 0.0569 10 0 0 No
Suspension Equivalent 0.0599 1 0.00 1 0.000004 1 |0.00000575| 1,440 No
Identifier: SIT09. Facility Name: TA-21-155 (TSTA) Seismic 1 and 2
Tritium release | Tritisted Water | grams [ 0.1 1 | 100 1 - 1 o1 | 10 0 0 No
Identifier: SIT10. Facility Name: TA-21-209 (TSFF) Seismic 1 and 2
Tritium release | Tritiated Water | grams | 0.88 1 | 100 1 - 1 088 | 10 0 0 No
Identifier: SIT11. Facility Name: TA-50-1 (RLWTF) Seismic 1 and 2
Initial Plutonium-238 | grams - - - - - - 0.000058 10 0 0 No
Plutonium-239 - - - - - - 0.27 10 0 0 No
Americium-241 - - - - - - 0.005 10 0 0 No
Suspension Plutonium-238 - - - - - - 0.00013 1,440 0 0 No
Plutonium-239 - - - - - - 5.85 1,440 0 0 No
Americium-241 - — - - — - 0.11 1,440 0 0 No
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Airborne Source Plume
MAR Airborne Release Leak Term Release Heat Release
(curiesor Damage| Release |Respirable Rate Path | (in unitsof | Duration | (mega- | Height
Accident Phase Nuclide grams) MAR Ratio | Fraction | Fractions| (per hour) | Factor MAR) (minutes) | watts) | (meters) | Wake?
Identifier: SIT13. Facility Name: TA-50-69 (WCRR) Seismic 2
Initial Plutonium curies - - - - - - 0.39 10 No
Suspension Equivalent _ _ _ _ _ _ 0.037 1,440 No
Identifier: SIT14. Facility Name: TA-54-38 (RANT) Seismic 1 and 2
Initial Plutonium curies 1,860 1 0.001 - 1.86 10 No
Suspension Equivalent 1,860 1 _ 0.000004 0.178 1,440 0 0 No
Identifier: SIT15. Facility Name: TA-55-4 (Plutonium Facility) Seismic 2
Initial Plutonium-238 | grams - - - - - - 0.0129 10 0 0 Yes
Plutonium-239 - - - - - - 4.84 10 0 0 Yes
Plutonium-240 - - - - - - 0.323 10 0 0 Yes
Plutonium-241 - - - - - - 0.0251 10 0 0 Yes
Plutonium-242 - - - - - - 0.179 10 0 0 Yes
Americium-241 - - - - - - 0.0038 10 0 0 Yes
Highly-enriched - - - - - - 0.241 10 0 0 Yes
Uranium
Identifier: SIT19. Facility Name: TA-55-355 (SST) Seismic 2
Freefdl spill Plutonium-239 | grams 50,000 0.093 0.002 0.3 - 2.80 10 Yes
Powder impacted 50,000 0.047 0.01 0.2 - 4.67 10 Yes
by object
Identifier: DOMEP. Facility Name: Waste storage domes (for population ?) Seismic 2
Combustibles o]
Drums Plutonium curies 25,800 0.333 0.001 0.3 2.58 10 No
Overpacks Equivalent 11,300 | 0167 | 0.001 0.3 0.566 10 No
Suspension 10,500 1 - 1 0.000004 1.01 1,440 N
Noncombustibles
Drums Plutonium curies 70,400 0.333 | 0.000849 0.3 5.98 10 No
Overpacks Equivalent 30,900 | 0.167 | 0.000762 | 03 118 10 No
Suspension 23,800 1 - 1 0.000004 2.29 1,440 0 0 No
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Airborne Source Plume
MAR Airborne Release Leak Term Release Heat Release
(curiesor Damage| Release |Respirable Rate Path | (in unitsof | Duration | (mega- | Height
Accident Phase Nuclide grams) MAR Ratio | Fraction | Fractions| (per hour) | Factor MAR) (minutes) | watts) | (meters) | Wake?
Total
Initial Plutonium curies - - - - - - 10.3 10 No
Suspension Equivalent _ _ _ _ _ _ 3.30 1,440 0 0 No
Identifier: DOMEM Facility Name: Waste storage domes (for MEI and Noninvolved Worker ? Seismic 2
Combustibles 0 0 No
Drums Plutonium curies 15,900 0.333 0.001 0.3 - 1.59 10 0 0 No
Overpacks Equivalent 6960 | 0.167 | 0001 0.3 _ 0.348 10 0 0 No
Suspension 6,440 1 - 1 0.000004 0.619 1,440 0 0 No
Noncombustibles
Drums Plutonium curies 44,100 0.333 | 0.000849 0.3 - 3.75 10 0 0 No
Overpacks Equivalent 19,400 | 0.167 | 0.000762 0.3 - 0.737 10 No
Suspension 14,900 1 - 1 0.000004 143 1,440 No
Total
Initial Plutonium curies - - - - - - 6.42 10 No
Suspension Equivalent _ _ _ _ _ _ 2.05 1,440 No
Identifier: SIT16. Facility Name: TA-55-185 Seismic 1 and 2
Initial Plutonium grams 48,900 0.00021 - 10.3 10 No
Suspension Equivalent 48,900 _ 0.000004 4.69 1,440 No
Identifier: DVRS08. Facility Name: DVRS (PC-2) Seismic 1
PC-2 Seismic Event Plutonium curies 900 1 0.001 0.1 - 1 0.09 1,440 0 0 No
Equivalent
Identifier: DVRS12. Facility Name: DVRS (PC-3) Seismic 2
PC-3 Seismic Event Plutonium curies 1,100 1 0.001 1 - 1 1.10 1,440 0 0 No
Equivaent

MAR = material at risk, TA = technical area, CMR = Chemistry and Metallurgy Research Building, WETF = Weapons Engineering Tritium Facility, SHEBA = Solution High-

Energy Burst Assembly, TSTA = Tritium Systems Test Assembly, TSFF = Tritium Science and Fabrication Facility, RLWTF = Radioactive Liquid Waste Treatment Facility,
WCRR = Waste Characterization, Reduction, and Repackaging Facility, RANT = radioassay and nondestructive testing, SST = safe secure trailer, MEI = maximally exposed

individual, DV RS = Decontamination and V olume Reduction System, PC = performance category.
& Separate analyses were performed for the population and for the MEI and noninvolved worker because releases from all of the doses would affect the population whereas an
individual would be affected by only a subset of doses that are close to each other.
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Appendix D — Evaluation of Human Health Impacts from Facility Accidents

Table D-13 Site-wide Seismic 1 Radiological Accident Offsite Population Consequences
for the No Action Alternative

Population to 50 Miles
MEI (80 kilometers)
Latent Cancer Dose Latent Cancer
Facility Impacted by Seismic 1 Event Dose (rem) Fatality ® (person-rem) Fatalities™°
TA-3-29 (CMR) 62.0 0.0744 6,080 3.65
TA-18-168 (SHEBA) 0.0301 0.0000181 0.770 0.000462
TA-21-155 (TSTA) 0.00146 8.76 x 107 0.0492 0.0000295
TA-21-209 (TSFF) 0.0125 7.50 x 10°® 0.433 0.000260
TA-50-1 (RLWTF) 3.02 0.00181 515 0.309
TA-54-38 (RANT) 64.2 0.0770 1,120 0.672
TA-55-185 (Storage Shed) 5.98 0.00359 589 0.353
TA-54-412 DV RS (PC-2 Seismic) 2.76 0.00166 49.1 0.0295
Max 64.2 Max 0.0770 Sum 8,354 Sum 5.01

MEI = maximally exposed individual, rem = roentgen equivalent man, TA = technical area, CMR = Chemistry and

Metallurgy Research Building, SHEBA = Solution High-Energy Burst Assembly, TSTA =Tritium Systems Test Assembly,

TSFF = Tritium Science and Fabrication Facility, RLWTF = Radioactive Liquid Waste Treatment Facility,

RANT = Radioactive Assay and Nondestructive Test, DVRS = Decontamination and Volume Reduction System,

PC = performance category.

 Increased risk of an LCF to an individual, assuming the accident occurs.

b | ncreased number of LCFs for the offsite population, assuming the accident occurs; value in parentheses is the cal culated
result.

¢ Offsite population size out to a 50-mile (80-kilometer) radius is approximately 297,000 (TA-3-29), 334,100 (TA-18-168),
271,600 (TA-21-155, -209), 302,000 (TA-50-1), 343,100 (TA-54-38, DVRS).

Table D-14 Site-wide Seismic 1 Radiological Accident Onsite Worker Consequences for
the No Action Alternative

Noninvolved Worker at 110 Yards (100 meters)
Facility Impacted by Seismic 1 Event Dose (rem) Latent Cancer Fatality

TA-3-29 (CMR) 1,940 2.33°
TA-18-168 (SHEBA) 1.06 0.000636
TA-21-155 (TSTA) 0.0111 6.66 x 10°°
TA-21-209 (TSFF) 0.0974 0.0000584
TA-50-1 (RLWTF) 121 0.145
TA-54-38 (RANT) 576 0.691
TA-55-185 (Storage Shed) 239 0.287
TA-54-412 DVRS (PC-2 Seismic) 10.1 0.00606

rem = roentgen equivalent man, TA = technical area, CMR = Chemistry and Metallurgy Research Building,

SHEBA = Solution High-Energy Burst Assembly, TSTA =Tritium Systems Test Assembly, TSFF = Tritium Science and

Fabrication Facility, RLWTF = Radioactive Liquid Waste Treatment Facility, RANT = Radioactive Assay and Nondestructive

Test, DVRS = Decontamination and V olume Reduction System, PC = performance category.

 Increased risk of an LCF to an individual, assuming the accident occurs.

® Based on a dose-risk-conversion factor of 0.0006 LCF per rem, the indicated dose yields an LCF value greater than 1.00 as
shown. Thismeansthat it islikely that an individual exposed to the indicated dose would contract afatal latent cancer in
their lifetime. For calculation purposes, the actual value is shown here; however, since the exposed recipient is an
individual, the equivalent tablesin Chapter 5, Section 5.12 show an LCF of 1.00.

D-31



Draft Ste-Wide EISfor Continued Operation of Los Alamos National Laboratory, Los Alamos, New Mexico

Table D-15 Site-wide Seismic 1 Radiological Accident Offsite Population and Worker
Risksfor the No Action Alternative

Onsite Worker Offsite Population
Population to
Facility I mpacted by Seismic 1 Frequency Noninvolved Worker at 50 Miles
Event (per year) 110 Yards (100 meters) @ MEI 2 (80 kilometers) ® ¢
TA-3-29 (CMR) 0.001 0.001 0.0000744 0.00365
TA-18-168 (SHEBA) 0.001 6.36 x 107 1.81 x 10°® 4.62 x 107
TA-21-155 (TSTA) 0.001 6.66 x 10° 8.76 x 100 2.95x% 108
TA-21-209 (TSFF) 0.001 5.84 x 10°® 7.50 x 10°° 2.60 x 107
TA-50-1 (RLWTF) 0.001 0.000145 1.81x 10°® 0.000309
TA-54-38 (RANT) 0.001 0.000691 0.0000770 0.000672
TA-55-185 (Storage Shed) 0.001 0.000287 359 x 10°® 0.000353
TA-54-412 DVRS (PC-2 Seismic) 0.001 6.06 x 10°® 1.66 x 10°® 0.0000295
Max 0.001 Max 0.0000770 Sum 0.00501

MEI = maximally exposed individual, TA = technical area, CMR = Chemistry and Metallurgy Research Building,

SHEBA = Solution High-Energy Burst Assembly, TSTA =Tritium Systems Test Assembly, TSFF = Tritium Science and

Fabrication Facility, RLWTF = Radioactive Liquid Waste Treatment Facility, RANT = Radioactive Assay and Nondestructive

Test, DVRS = Decontamination and V olume Reduction System, PC = performance category.

 Increased risk of an LCF to an individua per year.

® |ncreased number of LCFs for the offsite population per year; value in parenthesesis the calcul ated result.

¢ Offsite population size out to a 50-mile (80-kilometer) radius is approximately 297,000 (TA-3-29), 334,100 (TA-18-168),
271,600 (TA-21-155, -209), 302,000 (TA-50-1), 343,100 (TA-54-38, DVRS).

Thereis potentia for an individual at publicly accessible Diamond Drive, approximately

55 yards (50 meters) from CMR, to receive an exposure from that facility in excess of the MEI
exposure. MACCS2 dispersion calculations, the underlying basis for this result, are generally
considered to be conservatively high within 330 feet (100 meters) of arelease. The calculated
dose at Diamond Drive is 6,400 rem, 100 times the CMR MEI doseindicated in Table D-13. If
an individual were at the Diamond Drive location for the duration of the CMR release, he would
likely contract afatal cancer during hislifetime.

D.4.22 Site-wide Seismic 2—Radiological | mpacts

Site-wide Seismic 2 is associated with events up to approximately PC-3 in severity.

Tables D-16 and D—17 show the potential consequences (dose and probability of an LCF)
should such an earthquake occur for the No Action Alternative. Table D—18 shows the health
risk (frequency multiplied by the LCF consequence) per year of operation. All of the releases
from the Seismic 1 event would, of course, be released during this event aswell. The waste
storage domes would be among the facilities from which there would be no releases during a
Seismic 1 event but which would have releases in the event of thislarger Seismic 2 event. This
facility and CMR represent the major sources of risk for this event. The overall health risk to the
general population from this event is seen to be approximately 0.005 per year, that is, a mean of
one LCF in the entire general population (out to 50 miles [80 kilometers] from each rel ease)
every 200 years of LANL operation. Therefore, the risk from a Seismic 1 or 2 event is roughly
equivalent.
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Table D-16 Site-wide Seismic 2 Radiological Accident Offsite Population Consequences
for the No Action Alternative

MEI Population to 50 Miles (80 kilometers)
Latent Cancer Latent Cancer
Facility Impacted by Seismic 2 Event Dose (rem) Fatality ® Dose (person-rem) Fatality ® ¢
TA-3-29 (CMR) 62.0 0.0744 6,080 3.65
TA-16-205 (WETF) 6.43 0.00386 159 0.0952
TA-18-168 (SHEBA) 0.0301 0.0000181 0.770 0.000462
TA-21-155 (TSTA) 0.00146 8.76 x 107 0.0492 0.0000295
TA-21-209 (TSFF) 0.0125 7.50 x 10°® 0.433 0.000260
TA-50-1 (RLWTF) 3.02 0.00181 515 0.309
TA-50-69 (WCRR) 2.84 0.00170 237 0.142
TA-54-38 (RANT) 64.2 0.0770 1,120 0.672
TA-55-4 (Plutonium Facility) 421 0.00253 403 0.242
TA-55-185 (Storage Shed) 5.98 0.00359 589 0.353
TA-54-412 DVRS (PC-3 Seismic) 33.7 0.0404 601 0.361
Waste storage domes (TA-54) 462 0.554 7,430 4.46
TA-55-355 (SST) 3.94 0.00236 294 0.176
Max 462 0.554 Sum 17,429 10.46

MEI = maximally exposed individual, rem = roentgen equivalent man, TA = technical area, CMR = Chemistry and Metallurgy

Research Building, WETF = Weapons Engineering Tritium Facility, SHEBA = Solution High-Energy Burst Assembly,

TSTA = Tritium Systems Test Assembly, TSFF = Tritium Science and Fabrication Facility, RLWTF = Radioactive Liquid

Waste Treatment Facility, WCRR = Waste Characterization, Reduction, and Repackaging Facility, RANT = Radioactive Assay

and Nondestructive Test, DV RS = Decontamination and V olume Reduction System, PC = performance category, SST = safe

secure trailer.

 Increased risk of an LCF to an individua per year.

® |ncreased number of LCFs for the offsite population per year; value in parenthesesis the calculated result.

¢ Offsite population size out to a 50-mile (80-kilometer) radius is approximately 297,000 (TA-3-29), 404,900 (TA-16-205),
334,100 (TA-18-168), 271,600 (TA-21-155, -209), 302,000 (TA-50-1, -69), 343,100 (TA-54-38, DVRS, Domes), 301,900
(TA-55-4, -185, -355).

The consequence to an individual at publicly accessible Diamond Drive from a Seismic 2 release
from CMR could exceed that from the nearest site boundary. This consequence isthe same as
for the Seismic 1 event; the effects of the CMR release are discussed in detail under that heading.

D.4.23 Sitewide Seismic 1 —Chemical Impacts

The facilities and chemicals of concern under site-wide Seismic 1 conditions are shown in
Table D-19. There are numerous chemicalsin small quantities onsite that could be released
under these conditions. The listed chemicals have been selected from a complete set of chemicals
used onsite based on their larger quantities, chemical properties, and human health effects.

Table D-19 shows the ERPG concentration values for which concentrations in excess of these
could have harmful health or life-threatening implications as defined in the table' s footnotes.
Hydrogen cyanide, phosgene, and formaldehyde are toxic gases which can, at elevated levels,
cause respiratory or cardiovascular (in the case of hydrogen cyanide) dysfunction. The
hypothetical MEI could be exposed to formaldehyde concentrations in excess of ERPG-3 values
in the event of such an earthquake, depending on the meteorological conditions at thetime. This
high exposure is aresult of the proximity of TA-43-1 to the site border with the Los Alamos
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townsite. The noninvolved worker could be exposed to phosgene or formaldehyde in excess of
ERPG-3 valuesif located directly downwind of the releases and unable to take evasive action.

Table D-17 Site-wide Seismic 2 Radiological Accident Onsite Worker Consequences for
the No Action Alternative

Noninvolved Worker at 110 Yards (100 meters)

Facility | mpacted by Seismic 2 Event Dose (rem) LCE @
TA-3-29 (CMR) 1,940 2.33°
TA-16-205 (WETF) 5.86 0.00352
TA-18-168 (SHEBA) 1.06 0.000636
TA-21-155 (TSTA) 0.0111 6.66 x 10°®
TA-21-209 (TSFF) 0.0974 0.0000584
TA-50-1 (RLWTF) 121 0.145
TA-50-69 (WCRR) 129 0.155
TA-54-38 (RANT) 576 0.691
TA-55-4 (Plutonium Facility) 47.9 0.0575
TA-55-185 (Storage Shed) 239 0.287
DVRS (PC-3 Seismic) 123 0.148
Waste storage domes (TA-54) 2,150 2.58°
TA-55-355 (SST) 129 0.155

rem = roentgen equivalent man, LCF = latent cancer fatality, TA = technical area, CMR = Chemistry and Metallurgy Research

Building, WETF = Weapons Engineering Tritium Facility, SHEBA = Solution High-Energy Burst Assembly,

TSTA = Tritium Systems Test Assembly, TSFF = Tritium Science and Fabrication Facility, RLWTF = Radioactive Liquid

Waste Treatment Facility, WCRR = Waste Characterization, Reduction, and Repackaging Facility, RANT = Radioactive

Assay and Nondestructive Test, DVRS = Decontamination and V olume Reduction System, SST = safe secure trailer.

& Increased risk of an LCF to an individual, assuming the accident occurs.

® Based on a dose-risk-conversion factor of 0.0006 LCF per rem, the indicated dose yields an LCF value greater than 1.00 as
shown. Thismeansthat it islikely that an individual exposed to the indicated dose would contract afatal latent cancer in
their lifetime. For calculation purposes, the actual value is shown here; however, since the exposed recipient is an
individual, the equivalent tables in Chapter 5, Section 5.12 show an LCF of 1.00.

Table D-19 shows the concentration of each chemical, if it were released, at specified distances.
The estimated frequency of this seismic event is shown in the table.

D.4.24 Site-wide Seismic 2—Chemical Impacts

The facilities and chemicals of concern under site-wide Seismic 2 conditions are shown in
Table D-20. There are numerous chemicalsin small quantities onsite that could be released
under these conditions. The listed chemicals have been selected from a complete set of
chemicals used onsite based on their larger quantities, chemical properties, and human health
effects. The table shows the ERPG concentration values for which concentrations in excess
could have harmful health or life-threatening implications, as defined in the table’ s footnotes.

D-34



Appendix D — Evaluation of Human Health Impacts from Facility Accidents

Table D-18 Site-wide Seismic 2 Radiological Accident Offsite Population and Worker
Risksfor the No Action Alternative

Onsite Worker Offsite Population
Facility Impacted by Seismic2 | Frequency | Noninvolved Worker at Population to 50 Miles
Event (per year) | 110 Yards (100 meters) 2 MEI 2 (80 kilometers) ®
TA-3-29 (CMR) 0.0005 0.0005 0.0000372 0.00182
TA-16-205 (WETF) 0.0005 1.76 x 10°® 1.93 x 10 0.0000476
TA-18-168 (SHEBA) 0.0005 3.18x 107 9.03x 10° 2.31x 107
TA-21-155 (TSTA) 0.0005 3.33x10° 438 x 1010 1.48 x 108
TA-21-209 (TSFF) 0.0005 2.92 x 108 3.75x10° 1.30 x 107
TA-50-1 (RLWTF) 0.0005 0.0000726 9.06 x 107 0.000155
TA-50-69 (WCRR) 0.0005 0.0000774 8.52 x 107 0.0000711
TA-54-38 (RANT) 0.0005 0.000346 0.0000385 0.000336
TA-55-4 (Plutonium Facility) 0.0005 0.0000287 1.26 x 10° 0.000121
TA-55-185 (Storage Shed) 0.0005 0.000143 1.79 x 10° 0.000177
DVRS (PC-3 Seismic) 0.0005 0.0000738 0.0000202 0.000180
Waste storage domes (TA-54) 0.0005 0.0005 0.000277 0.00223
TA-55-355 (SST) 0.0005 0.0000774 1.18 x 10°® 0.0000882
Max 0.0005 Max 0.000277 Sum 0.00523

MEI = maximally exposed individual, TA = technical area, CMR = Chemistry and Metallurgy Research Building, WETF =

Weapons Engineering Tritium Facility, SHEBA = Solution High-Energy Burst Assembly, TSTA =Tritium Systems Test

Assembly, TSFF = Tritium Science and Fabrication Facility, RLWTF = Radioactive Liquid Waste Treatment Facility, WCRR

= Waste Characterization, Reduction, and Repackaging Facility, RANT = Radioactive Assay and Nondestructive Test,

DV RS = Decontamination and V olume Reduction System, PC = performance category, SST = safe secure trailer.

 Increased risk of an LCF to an individua per year.

® |ncreased number of LCFs for the offsite population per year; value in parenthesesis the calculated result.

¢ Offsite population size out to a 50-mile (80-kilometer) radius is approximately 297,000 (TA-3-29), 404,900 (TA-16-205),
334,100 (TA-18-168), 271,600 (TA-21-155, -209), 302,000 (TA-50-1, -69), 343,100 (TA-54-38, DVRS, Domes), 301,900
(TA-55-4, -185, -355).

Table D-19 Chemical Accident Impacts Under Seismic 1 Conditions

ERPG-2? ERPG-3"° Concentration
. Distance to Distance | Noninvolved
_ Frequency Quantity Value toValue | Workerat | MEI at Site
Chemical (per year) Released Value | (meters) | Value | (meters) | 100 Meters Boundary
Hydrogen Cyanide at 0.001 13.5 pounds 10 140 25 ppm 86 18.6 ppm 0.252 ppm
TA-3-66 (6 kilograms) ppm at 924 meters
(Sigma Complex)
Phosgene at TA-9-21 0.001 1 pound 0.2 280 1 ppm 120 1.38 ppm 0.0252 ppm at
(0.45 kilogram) ppm 823 meters
Formaldehyde at 0.001 14.1 liters 10 180 25 ppm 110 31.3 ppm Exceeds
TA-43-1 (3.7 galons) ppm ERPG-3 at
(Bioscience Facilities) 12 meters

ERPG = Emergency Response Planning Guideline, MEI = maximally exposed individual, TA = technica area, ppm = parts per million.

& ERPG-2 is the maximum airborne concentration below which nearly all individuals could be exposed for up to 1 hour without
experiencing or developing irreversible or other serious health effects or symptoms that could impair their ability to take protective
action (DOE 2004a).

® ERPG-3 is the maximum airborne concentration below which nearly all individuals could be exposed for up to 1 hour without
experiencing or developing life-threatening health effects (DOE 2004a).

Note: To convert meters to feet, multiply by 3.28.
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Table D-20 Chemical Accident Impacts Under Seismic 2 Conditions

ERPG-2? ERPG-3° Concentration
) Distanceto Distance | Noninvolved
_ Frequency Quantity Value toValue | Worker at | MEI at Site

Chemical (per year) Released Value (meters) Value | (meters) | 100 Meters | Boundary
Hydrogen cyanide at 0.0005 13.5 pounds 10 ppm 140 25 86 18.6 ppm 0.252 ppm
TA-3-66 (Sigma (6 kilograms) ppm at 924 meters
Complex)
Phosgene at 0.0005 1 pound 0.2 280 1 120 1.38 ppm | 0.0252 ppm at
TA-9-21 (0.45 kilogram) ppm ppm 823 meters
Formaldehyde at 0.0005 14.1 liters 10 ppm 180 25 110 31.3 ppm Exceeds
TA 43-1 (Bioscience (3.7 galons) ppm ERPG-3
Facilities) at 12 meters
Chlorine gas 0.0005 150 pounds 3 ppm 1,080 20 380 165 ppm 3.38 ppm at
released outside (68 kilograms) ppm 1,016 meters
of TA-55-41
Plutonium Facility
Nitric acid spill at 0.0005 6,100 gallons 6 49 78 6.6 1.61 ppm 0.0189 ppm
TA-55-4 (Plutonium (23,090 liters) ppm ppm at 1,016
Facility) meters
Hydrochloric 0.0005 5,200 gallons 20 185 150 64.5 65.9 ppm 0.652 ppm
acid spill at (19,684 liters) ppm ppm at 1,117
TA-55-249 meters
Beryllium at 0.0005 110 pounds 0.025 282 0.1 116 0.126 ppm 0.00427
TA-3-141 (49 kilograms) | milligrams milligrams milligrams per
(Beryllium (powder) © per cubic per cubic cubic meter at
Technology Facility) meters meters 880 meters

ERPG = Emergency Response Planning Guideline, MEI = maximally exposed individual, TA = technica area, ppm = parts per million.

& ERPG-2 is the maximum airborne concentration below which nearly all individuals could be exposed for up to 1 hour without
experiencing or developing irreversible or other serious health effects or symptoms that could impair their abilities to take protective
action (DOE 2004a).

® ERPG-3 is the maximum airborne concentration below which nearly all individuals could be exposed for up to 1 hour without
experiencing or developing life-threatening health effects (DOE 2004a).

¢ This quantity represents the total material at risk. A fraction (0.0006) of this solid would be released for the hypothesized scenario.

Note: To convert meters to feet, multiply by 3.28.

The Seismic 1 chemical releases would be repeated here. In addition, because of the increased
severity of this event, beryllium, chlorine, nitric acid, and hydrochloric acid could be released in
sufficient quantities to create plausible health effects near the release site. Exposure to beryllium
can result in acute lung damage; elevated levels of chlorine and acids can cause respiratory
dysfunction. The beryllium powder release could result from Beryllium Technology Facility
structural failurein a Seismic 2 earthquake, with subsequent container breaching. Chlorine could
be released as aresult of line or tank failures. The integrity of the nitric and hydrochloric acid
tanks could be compromised. It isassumed that their entire contents spill and are contained
within the seismically qualified berms surrounding each tank. Release from these acid pools
would then be by evaporation.

Table D-20 shows the concentration of each chemical, if it were released, at specified distances.
The estimated frequency of this seismic event is shown in the table. The hydrogen cyanide,
phosgene, and formal dehyde releases from the Seismic 1 event would also be released with this
more severe Seismic 2 event; distances and environmental concentration levels would be
unchanged from the former event. None of the additional releases would result in MEI exposure
in excess of ERPG-3 levels. A noninvolved worker, if directly downwind from the release and
unable to take evasive action, could be exposed to beryllium or chlorine in excess of ERPG-3
levels. The additional releases (except beryllium) are from TA-55, and its distance from the site
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boundary, together with the quantities potentially released, would prevent ERPG-3 exposure to
the public. Theinventory of beryllium kept at TA-3-141 islimited to minimize accident impacts.

D.43 Reduced Operations Alter native Impacts

The site-wide seismic radiological accident impacts from the Reduced Operations

Alternative would be similar to those from the No Action Alternative, as given in Tables D-13
through D-18. SHEBA operations at LANL would cease under this alternative. Inspection of
the tables shows that SHEBA operations are a small component of the site-wide seismic accident
impacts at LANL; its elimination would not significantly alter the overall siterisk profile from
such an event. All other impacts in the tables are equally applicable for this alternative.

The chemicals of concern that could be released in a site-wide Selsmic event are the same for the
Reduced Operations Alternative as for the No Action Alternative. None of the chemicals
identified for the latter are eliminated in this alternative. The information in Tables D—19 and
D-20, then, is applicable to the Reduced Operations Alternative.

D.44 Expanded Operations Alternative Impacts
D.44.1 Site-wide Seismic 1—Radiological I mpacts

The Seismic 1 accident impacts from the Expanded Operations Alternative would be similar to
those from the No Action Alternative. SHEBA operations at LANL would cease under the
Expanded Operations Alternative. Itsimpacts are relatively small; deleting SHEBA impacts
would not change the overall Seismic 1 risk profile of this alternative. Replacement risks from
accident impacts would result from expanded waste management activities. Transuranic waste
managed at DV RS would be moved offsite or to a new facility, the Transuranic Waste
Consolidation Facility (TWCF), located in TA-50 or TA-63. The impacts from this new facility
would be less than those of the existing facility because of the new location. The entriesin
Tables D-13 through D-15 reflect present DV RS operations because it would be active for most
of the time period of interest. The accident impacts from DV RS bound the impacts of its
replacement facility. Accident impacts for the new facility are described in Appendix H.

D.44.2 Sitewide Seismic 2— Radiological | mpacts

The Seismic 2 accident impacts from the Expanded Operations Alternative would be similar to
those from the No Action Alternative. SHEBA operations at LANL would cease under the
Expanded Operations Alternative. Itsimpacts are relatively small; deleting its impacts would not
change the overall Seismic 2 risk profile of this alternative. Replacement risks from accident
impacts would result from expanded waste management activities. Transuranic waste managed
at DVRS and the waste storage domes would be moved offsite or to a new facility, TWCF,
located in TA-50 or TA-63. The impacts from this new facility would be less than those of the
existing facility because of the new location and because less material would be stored, the rest
being moved offsite. The entriesin Tables D—16 through D—18 reflect present DVRS and the
waste storage domes operations because they would be active for most of the time period of
interest and because their accident impacts bound the impacts of the new facility. The TWCF
accident impacts are described in Appendix H.
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D.4.4.3 Sitewide Seismic 1 —Chemical Impacts

The chemicals of concern that could be released in asite-wide Seismic 1 event are the same for
the Expanded Operations Alternative as for the No Action Alternative. No additional chemicals
were identified in this aternative that would have impacts exceeding those for the No Action
Alternative. The information in Table D-19, then, is applicable to the Expanded Operations
Alternative.

D.4.4.4 Site-wide Seismic 2— Chemical Impacts

The chemicals of concern that could be released in asite-wide Seismic 2 event are the same for
the Expanded Operations Alternative as for the No Action Alternative. No additional chemicals
were identified in this aternative that would have impacts exceeding those for the No Action
Alternative. The information in Table D20, then, is applicable to the Expanded Operations
Alternative.

D.5 Wildfire Accidents

This section discusses the potential for awildfire at LANL (LANL 2004) that could cause the
release of hazardous radioactive and chemical materials, affecting the health and safety of LANL
workers and the public. The discussion and analysisin Chapter 5, Sections 5.1 through 5.4 is
largely extracted from LANL (LANL 2004).

D.5.1 Background

Wildfires were evaluated in the 1999 SMVEIS and were studied further following the Cerro
Grande Firein May 2000. The following sections provide background information on the
potential for LANL wildfires since the 1999 SWEISwas prepared.

D.5.1.1 Consuming Combustible Structuresand Vegetation

A theoretical wildfire resulting in the exposure of humans to airborne radiation was one of
several operationa site-wide accident scenarios analyzed and reported in the 1999 SAVEIS. The
health impact of the wildfire accident was 0.34 LCFs, resulting from an estimated population
dose of 675 person-rem. The dose to the MEI member of the public was less than 25 rem, and
the estimated frequency of occurrence was approximately once every 10 years. While the
estimated radiological dose consequence of awildfire accident was small, the high frequency of
occurrence resulted in arisk (the product of the frequency and consequence) that was surpassed
by only one other postulated accident in the 1999 SWEIS,

The wildfire accident analysis assumed multiple source releases, including radiological
inventories from buildings, suspended soils with environmental (very low) levels of
contamination, and ash from burned vegetation (this ash also had very low levels of
contamination). Since the analysisin 1999, radiological inventoriesin buildings have changed,
the vulnerability of buildings to ignition by wildfire has changed as aresult of tree thinning, more
accurate and more comprehensive data have been compiled on concentrations of radionuclidesin
vegetation, vegetation fuel loads have changed, and the frequency of occurrence has possibly
changed.
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The LANL site and surrounding vicinity are generally forested areas with high fuel loading
(Balice, Oswald, and Martin 1999; Balice et a. 2000). Wildfires are frequent occurrences on
nearby U.S. Forest Service land, with obvious potential for encroaching on the LANL site, as
demonstrated by recent events (Balice, Oswald, and Martin 1999, Balice et a. 2000). Recently,
an analysis was completed to help determine areas of concern at LANL for continued wildfire
risk that includes consideration of the extensive environmental changes since 1999. Based on the
results of this analysis, areas of concern were determined; these areas are consistent with those
found in another recent wildfire risk analysis (Balice et a. 2005). A particular scenario, a
wildfireinitiated to the southwest of LANL near the border of the Bandelier National Monument
and the Dome Wilderness Areawas postulated. While there is a potentia for initiation of a
wildfire at many locations within and near the LANL site, thislocation was considered to have
the potential for the most widespread environmental impact to LANL because there is continuous
fuel from these offsite locations to the southwest corner of LANL.

D.5.1.2 Recent Widespread Environmental Changes

Since completion of the 1999 SVEISwildfire analysis, the Cerro Grande Fire occurred adjacent
to and on the LANL site. On May 4, 2000, the National Park Service initiated a prescribed burn
on the flanks of Cerro Grande Peak within the boundary of Bandelier National Monument. The
intended burn was a meadow of about 300 acres (120 hectares), located 3.5 miles

(5.6 kilometers) west of TA-16, near the southwest corner of LANL. The prescribed burn was
begun in the evening, but, by 1 p.m. the following day, the burn was declared awildfire.

LANL’s meteorol ogical data showed above—average temperatures and low humidity for the first
10 days of the wildfire, with wind speeds averaging 6 to 17 miles per hour (10 to 27 kilometers
per hour) and gusting from 27 to 54 miles per hour (44 to 87 kilometers per hour). Generaly,
winds tended to be from the southwest to west during this period. By day 5 of the wildfire,

May 8, spot fires began to occur on LANL lands. By May 10, the fire moved into the Los Alamos
townsite and was proceeding north and east across the TA-16 mesatop. The fire was moving
eastward down Water Canyon, Cafion de Valle, Pgjarito Canyon, and Cafiada del Buey by

May 11. Eventually the fire extended northward on LANL lands to Sandia Canyon and eastward
down Mortandad Canyon into San Ildefonso Pueblo lands. The residential areas of Los Alamos
and White Rock werein the fire’' s path, and more than 18,000 residents were evacuated. By the
end of the day on May 10, the fire had burned 18,000 acres (7,280 hectares), destroyed

235 homes, and damaged many other structures. The fire also spread toward LANL, and
although fires moved onto LANL land, all major structures were secured and no rel eases of
radiation occurred. The wildfire was declared fully contained on June 6, having burned nearly
43,000 acres (17,400 hectares) of land extending to Santa Clara Canyon on Santa Clara Pueblo
lands to the north of the townsite. LANL had approximately 6,757 acres (2,734 hectares) of
low-burn severity; 844 acres (342 hectares) of moderate-burn severity; and 50 acres (20 hectares)
of high-burn severity (Balice, Bennett, and Wright 2004).3

The Cerro Grande Fire of 2000 had an enormous adverse impact on forests on and around LANL.
Immediately there were concerns about increased erosion and flooding and the potential impacts
on contaminated soil and sediment. Seventy-seven contaminant potential release sites and two

% The sum of these areas is approximately equal to 7,700 acres as cited elsewhere in this SVEIS
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nuclear facilities at LANL that contain hazardous and radioactively contaminated soils and
materials are located within floodplain areas. Without DOE action, these potential release sites
and nuclear facilities could potentially release contaminants and material s downstream during
rainfall events. Numerous cultural resource sites and traditional cultural properties are located in
canyons or along drainage areas, and were at an increased risk of flood damage.

LANL conducted assessments and implemented on-the-ground rehabilitation efforts. Under the
DOE Specia Environmental Assessment (DOE 2000), LANL was to conduct mitigation
measures and monitor the condition of the burned areaannualy. Inall, LANL treated over

1,800 acres (728 hectares) with techniques similar to those used by the Burned Area Emergency
Rehabilitation team. The project was successful, increasing vegetative cover on the severely
burned units from around O percent to amost 45 percent. Most of the straw wattles that were
installed held sediment onsite and allowed vegetation to grow. The LANL contractor developed
best management practices for all potential release sites that were potentially impacted by the fire
to eliminate contaminant transport.

The drought that began in 2000 in the southwestern United States, although not unprecedented,
has been one of the most severein 50 years (Breshears et al. 2005). Precipitation for this region
was 25 percent below average during 2000 and 2001, and 65 percent below average through the
summer months. The combined effects of prolonged drought and severe outbreak of bark beetles
(Ips confusus) resulted in tens of millions of dead trees over thousands of square milesin
Arizona, New Mexico, Colorado, and Utah (McHugh, Kolb, and Wilson 2003). Highest
mortality levels are seen in ponderosa pine (Pinus ponderosa), douglas-fir (Pseudotsuga
menziesii) and pifion (Pinus edulis) pine trees. Many areas in pifion-juniper habitat have had the
entire stand of pifion die, leaving only juniper (Juniperus monosperma). Bark beetlesin western
North America have been documented to cause large areas of high mortality that have been
linked to both drought and firein the region (USDA 2002). The Pajarito Plateau, where LANL is
located, had an average 85 percent tree mortality for trees over 5 feet (1.5 meters) tall from 2002
to 2003. Thismortality left amosaic of live and dead trees.

In order to decrease the risk from catastrophic environmental fire, LANL has undertaken atree-
thinning project that was begun in January 2002. The goal of this project was to reduce the threat
of wildfireto forested areas and structures on LANL property and to enhance and maintain
wildlife habitat and tree species diversity by ensuring vertical and horizontal heterogeneity of age
class and structure throughout the forest, and to promote forest health. Tree thinning has been
completed on 7,283 acres (2,947 hectares) and includes both ponderosa pine and pifion—uniper
habitats (LANL 2005). Tree thinning and environmenta changes were incorporated into the
wildfirerisk analysis of this SWEIS.

D.5.1.3 Wildfire Occurrence
D.5.1.3.1 General Approach
The following analysis of the risk of wildfireinitiation and spread was taken from LANL 2004.

This analysis was largely based on data and results produced during earlier studies and field
monitoring activities. A dataset of lightning strike locations and intensities was used to represent
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wildfireignitions. Polygons (multi-sided geometric shapes) of previously modeled fires were
used to evaluate the relative potential for fires to burn within the study area. Fuels dataand an
existing land cover map were used to characterize the fuels and fire hazards in the study region.

It was assumed that lightning, modeled fires, and fuels characterizations represent ignitions, fire
spread, and flammability, respectively. These are all important components of wildfirerisk. The
three intermediate results were weighted and combined in the geographical information system
(GIS) software to create a preliminary relative risk rating for each cell in the study region. All
analyses were completed using ArcView 3.2a GIS software. Cell (aterm used in ArcView for a
specific bounded surface area) resolution was set at 49 feet by 49 feet (15 meters by 15 meters).

D.5.1.3.2 Region of Interest

The study region was based on an area used for previous analyses of wildfire behavior (Balice et
al. 2000). Thisincluded most of LANL and all of its areas west of TA-18. To the west, north,
and south, the region of interest extends to the crest of the Sierrade los Valles and the eastern
portion of the Valles Caldera National Preserve, the northern extent of the Los Alamos townsite,
and Frijoles Canyon, respectively. The typical vegetation in this area consists of pifion-juniper
woodlands, ponderosa pine forests, mixed conifer forests, aspen forests and grasslands.
Occasional barren areas, shrub lands and spruce-fir forests can also be found in the study region.
Numerous developed areas, including the Los Alamos townsite and TAsat LANL, are aso
interspersed throughout the study region.

D.5.1.3.3 Lightning Strike Densities and I ntensities

Lightning strikes that were less than 100,000 ampsin intensity were removed from the dataset.
Lightning strikes that were located outside of atest region were also removed from the dataset.
The 131 remaining lightning strike locations and their relative intensities were analyzed in
ArcView. From these point locations, amap of densities by relative strike intensities was created
and scaled from 0 to 1, with 1 representing the greatest combined strike density and intensity.
The cell-based output of scaled values represents the relative tendencies that fires would be
ignited within the polygons.

D.5.1.34 Modeled Fire Polygons

To assess the potential for firesto burn within each ArcView cell, wildfires were simulated from
each lightning strike location using scenarios that reflected conditionsin the Los Alamos region
for the 1999 time period (57 lightning strikes) and the 2002 time period (49 lightning strikes),
respectively. FARSITE was used as the modeling software (USDA 1998). FARSITE had
previously been parameterized with locally collected data representing the fuels and fire hazards
of the Los Alamosregion. The parameterized fire behavior modeling system had also been
validated against the burn histories of known fires.

The databases representing the 1999 time period were derived from vegetation and fuels
conditions that were present in the Los Alamos region before the Cerro Grande Fire, before the
initiation of major thinning and fire hazard reduction activities, and before the initiation of
drought induced mortality. All other conditions for fire behavior simulations were assumed to be
those which existed immediately before or during the Cerro Grande Fire. The databases
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representing the 2002 time period incorporated changes that resulted from the Cerro Grande Fire,
large-scale forest thinning activities, and tree mortality.

Each simulation produced a polygon representing the potential area burned by awildfire. These
multiple theme layers or polygons were then superimposed in the GIS and the total number of
fire polygons that occurred in each cell was summed. For both the 1999 time period and the
2002 time period, the greatest number of simulated firesin any given cell was 11. Cell values
were then scaled from 0 to 1 based on these values, with 1 representing those cells where

11 simulated fires occurred. The final scaled values represent the relative tendency of afireto
burn through a cell under the conditions of the simulation. Those cells with more fires were
assumed to be at greater risk of afire actually burning through that cell.

D.5.1.35 Fud Conditions

The fuel model concept, canopy heights, and percent canopy cover were used to model the fuel
conditions at each ArcView cell. Valuesfor these parameters were established from previous
field sampling that had been conducted throughout the Los Alamos region from 1997 through
2004. The fuel models were ranked by their relative ability to support more intense fires.
Similarly, 100 feet (30 meters) was assumed to be the maximum canopy height, and all other
canopy heights were ranked proportionally to this maximum value and scaled from0to 1. For
canopy cover, 100 percent cover was set as the maximum possible and the actual percent canopy
cover values were rated proportionately between 0 and 1.

Previously developed land cover classification systems for assignment of fuel model, canopy
heights, and percent canopy cover values to each land cover class were used. Thiswas
performed for conditions that were typical of the 1999 and 2002 time period. These scaled class
assignments were applied to ArcView versions of land cover maps that had been devel oped
before and after the Cerro Grande Fire.

D.5.1.3.6 Wildfire Model Development

The five data layers of lightning, modeled fires, and fuel conditions (3 layers) for each time
period were mathematically combined in the GIS to assess spatial trends of fire risk across the
study region. Equal weight was given to each of these three major risk groups, according to the
following relationship:

{ Density of lightning strikes by their relative intensity + relative number of simulated fires +
[relative canopy height + relative percent canopy cover + relative fuel model]/3} /3.

Finally, the values for these calculated fire risks were scaled from O to 1. The analysiswas
repeated for conditions that existed in approximately 1999. This was before the Cerro Grande
Fire, before extensive thinning was initiated, before rehabilitation treatments were applied to the
forests of the region, and before the onset of major mortality events. Then the process was
repeated for the 2002 conditions, after the Cerro Grande Fire, after the thinning of approximately
7,000 additional acres (2,800 hectares), and after the onset of tree mortality.
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D.5.1.3.7 Wildfire Modd Results

Results indicate that the risk of wildfires within the study region is not homogeneous through
space and time. With regard to time, the relative wildfire risks are seen to decrease from the
1999 time period (see Figure D-1) to the 2002 time period (see Figure D-2). The greatest
decrease in the wildfire risk appears to have taken place in the mountainous regions on the
western boundary of LANL and further to the west, and in the mesa and canyon regions of the
western and central portions of LANL.

Spatial variations in wildfire risk for the 2002 time period show a general decreasein risk from
the mountainous regions in the west to the lower elevations in the eastern portion of the study
region. A general ranking of the specific areasfor their relative risk is also possible.

First, the greatest fire risk occurs along the Pgjarito Ridge from Highway 501 to the Pgjarito Ski
Area.

Second, the next greatest fire risk occurs in the southwest corner of LANL, adjacent to the Back
Gate.

Third, the intervening areas along Highway 501 and the western boundary of LANL are also
relatively high in firerisks.

Fourth, portions of the mesa-canyon areas between TA-40 and TA-21 are relatively highin fire
risks. Thisisparticularly true for the north-facing slopes of the canyons, although some of the
other topographic positionsin this area resulted in lower levels of fire risks.

Fifth, the remaining portions of LANL and itsimmediate surroundings are relatively less at risk
from wildfires,

D.5.2 Current WildfireHazard Conditions

This section discusses the current wildfire hazard conditions and likelihood, reflecting changes
that have occurred since the late 1990s. The analysisistaken from LANL 2004a.

D.5.21 Changestothe Fuelsand Fire Hazard Conditionsin the Past 5 Years

Current fuels and fire hazard conditions in the Los Alamos region are not the same as those that
existed in the late 1990s. Thisisreflected in the most credible wildfire scenario that would be
expected in the present time period, which is considerably different from what would have been
expected before 2000. In the wildfire scenario that was reported in the 1999 SVEIS

(DOE 1999a), fuels were heavy and continuous throughout most of the mixed conifer forests of
the Sierrade los Valles, and extended eastward to the ponderosa pine forests on most of the
western portions of LANL property. As ponderosa pine forests transitioned to pifion-juniper
woodlands toward the eastern half of LANL, the canopy heights and the total fuel loads were
reduced somewhat, but maintained the continuous nature of their over story cover. These heavy
and continuous fuels, especially in the mountai nous environments, coupled with the southwest-
to-northeast wind patterns that are typically prevalent during the fire season, suggested a genera
wildfire scenario that was validated by the Dome Fire and by the Cerro Grande Fire.
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In the general wildfire scenario of the 1990s, fire would be ignited by lightning or by humansin
the mountains during high to extreme fire danger levels. A small fire of this type would burn
lightly for aday or two until the combination of temperature, humidity, and wind worsen to the
point that the fire extends from the ground surface through the fuel ladders into the forest over
story. At thistime, the winds would carry the fire through the tree crowns from the mountainsin
anortheasterly direction toward LANL. The fire would continue to spread across LANL for up
to 10 days. During thistime, all unprotected buildings and facilitiesin its path would be
destroyed. Suppression of the fire would be impossible until the weather conditions moderated
sufficiently to allow for the application of effective suppression measures.

Since the writing of the 1999 SWEIS several aspects of the wildfire conditionsin the Los
Alamos region have changed significantly. However, some aspects of the wildfire conditions in
the region have not changed. For example, ignition sources have not changed since the

1999 SAVEIS During both time periods, fires would most likely be ignited by lightning or by
humans. Moreover, ignitions would typically occur most prevalently in the mountainous
environments to the west of LANL. Topographic conditions in the Los Alamos region have also
not changed since the 1999 SAVEIS. The mountainous environments to the west of LANL, and
the canyon-mesa environments at LANL present difficulties in management and suppression of
fires, and create safety and management issues related to transportation and movements across
these topographic barriers. The patchwork of land management agenciesin the Los Alamos
region has aso not changed since the 1999 SAVEIS. This creates unique problems to wildfire
hazard management that can only be resolved through strong interactions and collaborations
among the individual agencies.

Some aspects of weather have changed since the 1999 SWEIS and some have not. The severe
wildfire weather conditions tend to occur from mid-April to early July, and these have not been
altered since 1999. Similarly, thereis still asignificantly strong tendency for intense winds to
occur during this time period, and the direction of these winds tends to be from the southwest to
the northeast. Moreover, the density of lightning strikes is high during the latter portions of the
wildfire season, and this has not been altered since the writing of the 1999 SVEIS. What has
changed with respect to wesather conditions since the time of the 1999 SMVEISis that the climate
has grown significantly hotter and drier. Thisissimilar to the 1950s drought in that the
precipitation levels have been somewhat similar. However, thisisin contrast to that drought in
that recent temperatures have been significantly higher (Breshears et a. 2005).

The levels of fuelsin the Los Alamos region are the aspects of wildfire hazards that have been
extensively changed since the 1999 SWEIS. Firgt, the Cerro Grande Fire greatly reduced the fuels
in more than 42,000 acres (17,000 hectares) of forested landscape at LANL and to the west of
LANL. Thisisespecially truein the severely burned areas where reestablishment of fuels has
been limited to regrowth from sprouting shrubs and from seeded grasses. In contrast, regrowth
of vegetation in the lightly burned and moderately burned sections of the Cerro Grande Fire have
resulted in very little net change in the levels of fuelsin these areas. Moreover, reseeding with
grasses in the severely burned areas of the Cerro Grande Fire, along with other rehabilitation
techniques, has resulted in major changes to the post-fire fuel conditions. Immediately after the
fire, severely burned forests were essentially unburnable. However, with the establishment of
seeded grasses and with the addition of dead trees that have fallen to the ground, many of these
areas can now support asurfacefire.
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In addition to past fires, fire hazard reduction activities in forests and adjacent to facilities at
LANL have altered the fuel structures. Before 1997, the forests and woodlands at LANL were
essentially unmanaged and severely overstocked with trees and shrubs. The result was a situation
that was dangerously high in fuels and fire hazards throughout most of the forests and woodlands
at LANL. Between 1997 and 1999, approximately 800 acres (324 hectares) of ponderosa pine
forest on the western perimeter of LANL and near critical facilities were thinned from below.
These fire hazard reduction activities increased dramatically after the Cerro Grande Fire.
Between 2001 and 2003, approximately 6,000 acres (2,428 hectares) of ponderosa pine forests
and pifion-juniper woodlands were thinned. These fire hazard reduction activities focused on
creating defensible space around critical buildings and facilities, underneath power lines and
along transportation corridors, and in the surrounding forests and woodlands.

D.5.2.2 Potential Wildfire Scenarios

The results of the risk of wildfire analysis that incorporates altered fuel conditions that have
occurred in the past few years suggest the heightened likelihood of some general wildfire
scenarios to occur, relative to other scenarios at LANL. Wildfires that occur today would still be
ignited by lightning or by humans. These fires would tend to be ignited in the mountainous
regions to the west of LANL, but fires could also be started on LANL. High winds during the
fire season, from mid-April to early July, would still tend to carry actively burning wildfires from
the southwest to the northeast. This general scenario is consistent with another recent wildfire
risk analysisfor LANL (Balice et a. 2005). Early suppression of wildfiresisimportant to the
successful protection of buildings and facilities. Once these fires enter the canopy of forests, they
aredifficult to control until weathers conditions moderate.

The major impact of fire hazard reduction activitiesin recent yearsat LANL is that fires would
tend to remain on the ground surface, and would also tend more readily to drop from the canopies
back to the ground surface. This, in combination with the creation of defensible space adjacent
to LANL facilities, would facilitate management and suppression with the result that buildings
and facilities would be easier to protect.

With the greatest modeled risk from wildfires occurring along the Pgjarito Ridge and along the
margins of the Frijoles Canyon, the risk to LANL would still largely arise from the west and the
southwest. Thus, TA-16, TA-28, TA-58, TA-62, and TA-69 would be at the greatest risk from
wildfires. With the second greatest risk from wildfires occurring along the western borders of
LANL, TA-8 and TA-9, and portions of TA-16 would be at risk from wildfires arising in this
area. Secondarily, TA-3, TA-6, TA-11, TA-14, TA-22, TA-37, TA-40, and TA-59 would also be
at risk from fires arising along the western boundary at LANL. In all of these cases, fires would
enter the canyon environments on LANL property. Thiswould create difficulties for control and
management, with an increase in danger to adjacent buildings and facilities.

Fires that originate from within the boundaries of LANL would likely be ignited at firing sites at
central locations of the site. These would primarily impact TA-14, TA-15, TA-40, and TA-67.
Numerous canyons dissect this area, and this would add to the difficulties of suppressing these
fires as they spread across adjacent mesas from canyon to canyon. In addition, the canyon
environments contain conditions, including topographic barriers, heavy fuel loads on north-
facing aspects, and modified canyon wind patterns, that would complicate the direction of
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wildfire spread. The result isthat fires would tend to spread readily in down-canyon and up-
canyon directions, as well as traveling across mesas or via airborne embers to adjacent canyons.

D.5.23 Frequency of Wildfires

The probability component of the risk equation reported in the 1999 SMVEIS only considered the
advancement of alarge wildfire to the LANL boundary, and then assumed that the fire
necessarily continued on a path through LANL, reaching and igniting LANL buildings and
causing aradiological release.

The frequency of alarge fire encroaching on LANL (1 in 10 years) was estimated in 1999 as the
joint probability of ignition in the adjacent forests, high to extreme fire danger, failureto
promptly extinguish the fire, and fire-favorable weather. The frequency estimate for ignition in
the adjacent forests was based on a 21-year period (1976 to 1996) and probably has not changed
appreciably in the years that have passed since. Fireignitions have continued to occur in
adjacent forests. Periods of high to extreme fire danger have continued to occur frequently during
the summer months, and fire-favorable conditions have continued aswell. The estimated
likelihood of afire reaching a LANL boundary did not include the likelihood of afire advancing
across LANL to encroach on buildings containing (appreciable amounts of ) radiological
materials, the likelihood of buildings igniting, and the likelihood of arelease occurring once
buildings are assumed to ignite. The likelihood of afire encroaching on a building containing
radioactive material is dependent on, among other factors, fuel load and continuity of fuel leading
up to the space surrounding the buildings. The likelihood of anuclear facility igniting is
dependent on the joint probability of fuel load indices for fuel adjacent to buildings, slope on
which the adjacent fuel loads exist, and the combustibility of buildings. Thisfactor was
quantified in 1999 and has been updated recently. The likelihood of arelease would be related to
the damage ratio (likelihood that the material at risk was actually impacted by the accident) and
the leak path factor (likelihood that confinement, if any, is breached). While the probability of a
large fire encroaching on LANL remains moderate to high, depending on location, probably still
on the order of once per 10 years (0.1 per year), the probability of a LANL facility containing an
appreciable radiological inventory being ignited by awildfire and releasing some or al of the
inventory has been reduced somewhat by the “defensible space” thinning and by the reductionsin
fuel by the Cerro Grande Fire.

Since the probability estimate for the 1999 SMVEIS stopped at the LANL boundary, thereis no
value for the probability of the fire advancing across LANL to nuclear facilities, igniting
buildings, and causing arelease. Without this value, an assessment of how this probability might
have changed cannot be made. Gonzales, Ladino, and Valerio (2004) conservatively estimated
that there is a 50 percent chance that the three factors just mentioned occur, and combined this
probability value (0.5) with the assumed probability for awildfire reaching the LANL boundary
(0.1). Thisresulted in a conservative estimate of the probability for arelease to occur resulting
from awildfire and resulting in radiological exposures of 0.05 per year. Thistranslatesto a 5-in-
100-year chance of occurrence, which is equal to once in 20 years. This estimate is in agreement
with the draft Documented Safety Analysisfor Area G. The fact that the Cerro Grande Fire did
not result in theignition of aLANL nuclear facility is evidence that thinning works and
preventative maintenance will keep key facilities safer from wildfire than in the past.
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D.5.24 Conditionsthat Favor Wildfire

In view of the present density and structure of fuel surrounding and within LANL, aswell asthe
occurrence of five magjor firesin the past 50 yearsit is evident that thereis the potential for
wildfire occurrence at LANL. Some protection is afforded LANL by the fire scars of the
previous Dome and La Mesa Fires, but there is ample fuel continuity remaining to bring an
offsite wildfire to the southwest and western boundary of LANL. The current analysis takes into
effect the environmental changes and fuel reduction mitigation that have taken place due to the
Cerro Grande Fire.

The probability of high to extreme fire danger is determined by the frequency of meteorol ogical
conditions of low precipitation for 2 to 3 weeks preceding; low relative humidity for

3 consecutive days; and high temperatures. When the high to extreme fire danger existsin New
Mexico in May through July, there are certain to be multiple ignition sources (from lightning and
human causes). There is a high frequency of lightning and lightning-caused fires in the Jemez
Mountains that were used in the analysis of firerisk. The frequency of alarge fire encroaching
on LANL is estimated as the joint probability of ignition in the adjacent forests, high to extreme
fire danger, failure to promptly extinguish the fire, and a 3-day spell of southwesterly to westerly
wind over 11 miles per hour (5 meters per second), low humidity, and no precipitation.

D.5.25 Determiningthe Joint Probability of Occurrence of Weather and Fire Danger
Conditions

The probability of occurrence of the weather and fire conditions needed for awildfire were
determined using wind data and fire danger data for April through June of 1980 through 1998.
During these months, fire risk and frequency are greatest. Note that site-wide fires also are
possible, but less probable, in other months besides April through June; thus, the annual
frequency of fire—favorable wesather is somewhat greater than quantified for April through June.

In general, wind direction at any location varies and does not persist in asingle direction for a
few days. LANL isno exception. At LANL, persistent daytime winds are interrupted for afew
hours when nighttime drainage winds occur. However, granting short interludes of drainage flow,
there are many instances in which a dominant direction, such as southwesterly, westerly,
northerly, can exist for 3 days without precipitation.

For determining fire-favorable weather frequency, 15-minute average wind data from the lower
level of the TA-6 and TA-59 meteorological towers was used. For each day in April through
June of 1980 through 1998, an average afternoon wind was calculated from the 15-minute datain
order to eliminate local diurnal changes in wind speed and direction that are common to the area.
Average afternoon wind speeds of greater than 10 miles per hour (4.5 meters per second) are
chosen to represent strong winds. While this threshold may seem low for a strong wind, wind
gusts of over 30 miles per hour (13 meters per second) and sometimes over 40 miles per hour

(18 meters per second) are seen on most days when the afternoon average wind is above 10 miles
(16 kilometers) per hour. The wind direction thresholds are set at 180 degrees (southerly,
meaning from the south) through 292.5 degrees (west-northwesterly). Three-day periods from the
same dataset were then examined to determine if the precipitation, wind speed, and wind
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direction fell above (or within) set thresholds. All 3-day periods falling within the set limits were
then extracted.

The results show that it is not uncommon to see a 3-day period exhibiting the selected
characteristicsin a given year, and that when such a 3-day period appears, it is likely that more
than one such period will occur within that year. Specifically, the resulting statistics show that of
the 19 years examined, 5 of them displayed at |east one 3-day period within the limits, or one
every 4 years. Of these 5 years, 4 had an average of 3.6, 3-day periods. (An instance of 5 daysin
arow is counted as three, 3-day periods.) This comesto 15.4 instancesin 19 springs.

In summary, fire-favorable weather conditions occur on the order of once per year; theignition
sources are prevalent; and fire fighting is hampered by limited accessibility. Therefore, analysis
concludes that a major fire moving up to the edge of LANL isnot only credible but likely,
probably on the order of 0.10 per year. This frequency is the same for al aternatives.

D.5.3 General Wildfire Scenario
D.5.3.1 Description

The SWEIS wildlife scenario used in 1999 predicted a path and outcome very similar to the
Cerro Grande Fire. Due to the extent and size of the Cerro Grande Fire and subsequent fire
mitigation actions completed since the 1999 SWEIS a new fire risk analysis was completed in
order to incorporate the environmental changes and lessons learned from the Cerro Grande Fire.

The scenario fire begins midday in the late April through June timeframe, at atime of high or
extreme fire danger, and is not extinguished in the first hour. Theinitial locationisin an area
populated with heavy ponderosa pine fuels that are found between roughly 6,500 and 8,200 feet
(1,980 and 2,500 meters) elevation. Asthe fire grows, local jurisdictions respond to the fire, but
are not effective due to characteristics such as remoteness, travel time, lack of road access, and
fire behavior. Resources from more distant jurisdictions are aerted, but cannot arrive in a short
time because of distance, limited roads, and opposing evacuation traffic. It proves impossible to
put out the fire with the available resources and existing forest access before it enters LANL.
Unlike the Water Canyon Fire (greater than 3,000 acres [1,214 hectares] in June 1954), LaMesa
Fire (15,300 acres [6,191 hectares] in June 1977), Dome Fire (16,500 acres [6,677 hectares]
April 25to May 5, 1996), Oso Fire (greater than 5,000 acres [2,023 hectares] in June 1998), but
very much like the Cerro Grande Firein May 2000 (43,000 acres [17,401 hectares]), the weather
does not change in time to prevent the fire from sweeping across the western part of LANL and
into the townsite.

This specific analysis assumes a common meteorological situation that favorsthefire. In this
scenario, the fire begins about 10 am., reaches asize of 1,000 acres (400 hectares) in 3 hours,
and becomes a well-developed crown fire on a broad fire front containing 6,000 acres

(2,400 hectares) on the second day. Likethe LaMesaFire, at timesit advances at arate of

0.5 miles (0.7 kilometers) per hour. It starts spot fires 0.5 to 1.25 miles (0.8 to 2.0 kilometers) in
advance, aided by prevailing southwest winds of 20 miles per hour (9 meters per second) and low
daytime humidity. It easily jumps canyons and existing fuel break lines around LANL and the
townsite, similar to the Cerro Grande Fire.
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The daytime convection column reaches to 20,000 to 25,000 feet (6,000 to 7,600 meters). Inthe
Oso Fire, the fire burned as actively at night as in the day, with flame heights on the order of

100 feet (30 meters). In this scenario, in order to have a conservative (low height) plumerise, at
night the temperature drops and the relative humidity increases. The nighttime plumeriseisthen
about 2,000 feet (600 meters). The fire regainsitsintensity at 10:00 a.m. each day. Following fire
passage, the smoldering remains of vegetation and structures emit smoke and contaminants at the
surface level.

The fire reaches State Road 4 and State Road 501, the southwest edge of LANL, at noon on the
second day. Protective actions are already underway by LANL, such as relocating some
radionuclides and barricading some windows, and releasing nonessential personnel following
existing emergency plans. The fuel break along these roads proves inadequate. At this point, the
fire has progressed in areas where access is limited, hampering fire suppression activities due to
concern for the safety of the firefighters. A control lineis established at Pgjarito Road and
resources are concentrated there. Consequently, Pgjarito Road is closed and not available for
public evacuation. The fire burns forest to the west of and within LANL, but its eastern extent
within LANL is constrained by pifion-juniper woodlands and defined by fuel continuity and
density.

From the completed specific analysis for fuel loads and prediction of firerisks, it is estimated the
TAsmost at risk include TA-8, TA-16, TA-28, TA-58, TA-62, and TA-69. Thisdiffers dlightly
from TA-15, TA-37, and TA-66 that were used in the previous wildfire scenario. Following the
continuous fuel lines and steered somewhat by southwesterly winds, the fire enters and crosses
Pajarito Canyon and Twomile Canyon, and by 1 am. of the third day burns up to the Pgjarito
Road control line just west of TA-66.

Although it would be expected that the control line would contain most fires, in this conservative
accident scenario, an adverse meteorological situation exists where the wind picks up to 54 mph
(24 meters per second) asit did in the Cerro Grande Fire, causing the fire to cross State

Road 501. On the LANL site, the fire is assumed to consume all combustible structuresin its
path that are evaluated as having moderate or higher risk from wildfire under the LANL Building
Appraisal Program. The fire also exposes the surface of contaminated earth previously protected
by vegetation in the firing sites and canyons. This text separately discusses the exposures from
fire burning the soil cover and suspending the underlying soil and the exposures from burning
structures. Exposures from the latter are calculated individually, thus enabling the assessment of
fires of lesser extent than the site-widefire.

This accident analysis does not consider offsite damage directly caused by the flames and smoke
from LANL fires, and does not address the direct effects of the fire on the townsite. It is
recognized that there is continuous fuel joining the National Forest and the residential areas, and
that firesin the canyons at LANL also could propagate into the townsite.

D.5.3.2 Dispersion Meteorology, Thermal Energy, and Soil Resuspension Following the
Fire

The wildfire radiological release exposure analysis was performed using the same computer code
used on the other radiological release scenarios described in this appendix, MACCS2. That code
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was exercised stochastically, sampling each hour of an annual meteorol ogical dataset and using
that hour astheinitial conditions for plume transport. The reported doses are the mean values of
each of thesetrials. Because the wildfire can occur most frequently in the period of April
through June, the meteorology for those months was extracted from arecent 4-year dataset
(2000 through 2003) of hourly meteorology to form a synthetic annual dataset consisting of April
through June 2000 through 2003 (with meteorology from July 1, 2003, filling out the final day of
the set). The MACCS2 wildfire analysis used this synthetic meteorology dataset.

The wildfire chemical release exposure analysis was performed using ALOHA, the same code
used in the other chemical release scenarios described in this appendix. That code uses
deterministic meteorology, such as a single wind speed and stability class, to cal culate downwind
dispersion. Table D-2 shows that stability class D and 7.8 mph (3.5 meters per second) wind
speed represent median dispersion conditions for the synthetic dataset used in the MACCS2
analysis.

Exposures were calculated at 330 feet (100 meters) and the nearest public access to arelease.
These exposure locations are consistent with those chosen for the other scenarios included in this
appendix. Inthe event of awildfire scenario such as that considered here, the location of the
public and onsite personnel such as firefighters might not correspond to those associated with the
other scenarios considered. Chemical exposure at an additional location, 3,300 feet

(1,000 meters) from each release, is therefore included. Radiological exposures at additional
downwind distances, including 3,300 feet (1,000 meters), from each release are given in

Section D.7.

The thermal energy of the contaminant plumesis a strong determinant of plume exposure. The
greater the energy, the greater the plume buoyancy, and the less impact on receptors along the
ground. As described in the previous subsection, the daytime plume rise could reach up to
25,000 feet (7,600 meters), while the nighttime plume rise is conservatively assumed to be only
2,000 feet (600 meters). MACCS2 was run with the meteorological dataset described above and
aplume heat input of 20 megawatts was found to result in a plume rise of approximately

2,000 feet (600 meters). That heat input was used for the fire phase of al radiological releases.
ALOHA conservatively assumes no heat input and, therefore, no buoyant rise due to heat is
included in the chemical exposure calculations.

Following the fire release, a 24-hour wind suspension release period is assumed. It isthought
that after the fire has passed, mitigation may not occur for thistime period. An airborne release
rate, 4 x 10°° (4 parts per million) per hour, is chosen that reflects that the contamination
remaining at the source will likely be covered with fire debris.

D.5.3.3 Exposuresfrom Burning Vegetation and Suspended Soil

Suspended ash from vegetation and suspended soil contributed about 7 percent (approximately
50 person-rem) of the total population radiological dose reported in the 1999 SVEIS.
Concentrations of radionuclides in vegetation at LANL were largely unavailable when that
SWEIS analysis was performed in the late 1990s. Given plant and soil uptake coefficients for
some radionuclides in the published literature, concentrations of radionuclidesin plants were
largely based on concentrationsin soil. Since the 1999 SVEIS, data have been compiled on
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concentrations of radionuclidesin vegetation at LANL. Comparing data used in the 1999 SVEIS
with more recent data on concentrations of radionuclides in plants, perspective can be gained on
the change in vegetation as a radiation source term for wildfire. One concentration used in the
1999 SWEISwas 320 micrograms (g) uranium per gram (g) of dry vegetation, which was from a
sample collected in 1975 where uranium concentrations in surface soils were 20 to 3,500 times
background levels. This compares to maximum concentrations of 0.65 ng/g-dry in the bark of
shrubs that were rooted in transuranic waste material, 0.073* ng/g-dry in under story vegetation
collected at one of 12 LANL Environmental Surveillance Program onsite locationsin 1998,
0.066° ug/g-dry in over story vegetation at one of the same 12 locations and same year,
0.05%ug/g-dry in pine needles from TA-16 in 1985, 0.72° ug/g-dry in over story vegetation at the
Dual-Axis Radiographic Hydrodynamic Test (DARHT) Facility in 2002; and 1.5° ug/g-dry in
pifion tree bark at afiring sitein 2001 (Gonzales et a. 2003). Other than total uranium, the

1999 SWEI S does not identify the concentrations used in source term calculations. Ignoring the
other radionuclides, and based on the comparison of the total uranium concentration assumed in
the earlier SWEIS with other, more recent data on concentrations of total uranium in plants, the
source term from vegetation used in the 1999 SAVEISis still bounding of any that would be
calculated using more recent concentration data. The predicted MEI dose from vegetation and
soil in asite-wide fire remains less than one millirem. Although the Cerro Grande Fire burned
only about 7,500 acres (3,040 hectares) of forest within LANL, the estimated inhalation dose to a
maximally exposed individual based on measurements of 0.2 millirem (LANL 2001) supports the
hypothesis that vegetation (and soil) contributes very little radiation dose.

The effect of the existing radioisotope concentration in the soil in and around LANL on the
calculated radiological consequences of a postulated wildfire was evaluated. Environmental
surveillance data from the top 2 inches of soil measured in the 2001 through 2004 time period
was used. These measurements were made for the following radioisotopes: tritium,
strontium-90, cesium-137, uranium-234, uranium-235, uranium-238, plutonium-238,
plutonium-239, plutonium-240, and americium-241. Assuming awildfire occurred that burned
the same 43,000 acres (17,400 hectares) as the Cerro Grande Fire and that the mean radioisotope
soil concentration was the same as the mean measured for the onsite LANL aress, the airborne
respirable source term was cal culated to be approximately 10 curies of tritium and 0.2 curies of
uranium and transuranic radioisotopes. Thetotal released respirable source term for all the
buildings affected by the postulated wildfire accident in Appendix D is approximately 1.45 x 10°
curies of tritium and 100 curies of uranium and transuranic radioisotopes. Therefore, the
conservatively calculated soil-released source term from a Cerro Grande size fireis afactor of
about 500 to 100,000 times smaller than the source term released by buildings affected by the
fire. Thismuch smaller magnitude of source term, coupled with the fact that it would be released
over avery large distributed area, shows that the radiological effect of releasing radioisotopes in
the soil during alarge fireat LANL isinsignificant as compared to the radiological consequence
of thefire's effects on certain buildings at LANL.

4 Computed using ash/dry weight ratio of 0.1 from Fresquez and Ferenbaugh (1999).

® Computed using ash/dry weight ratio of 0.08 from Fresquez and Ferenbaugh (1999).

6 Computed by converting radioisotopic data to uranium mass data and using ash/dry weight ratio of 0.029 for bark from
Gonzales et al. (2003).
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D.54 Methodology
D.5.4.1 Evaluation of Building Fires

The 1999 SMEIS analyzed potentia individual and population radiological and chemical
exposures from buildings burning as aresult of wildfire initiation. Each building was first
screened for its vulnerability to wildfire. Building vulnerabilities were updated in 2004 for this
analysis. The building vulnerabilities at TA-54 and the Weapons Engineering Tritium Facility
(WETF) in TA-16 were validated in the field in order to incorporate the many fuel load
mitigations that occurred in the recent past. Those buildings that were evaluated as vulnerable
were then screened for chemical and radiological inventories that were updated in May 2004.

Criteria and Processfor Deter mining Building Vulner ability to Wildfire

The evaluation of vulnerability to wildfireis on the basis of building construction, materials and
exposure, slope, and the quantity and structure of external fuel as described below. The total wild
land fire vulnerability of over 500 buildings is frequently updated by the LANL Fire Protection
Group. The vulnerability isthe product of the structure hazard times the sum of the fuel hazard
and slope hazard, as defined below.

Structure Hazard

The structure hazard rating considers the combustibility of the exterior structure:

e Underground -0
e Noncombustible exterior (windowless) — 1
e Noncombustible exterior (window exposures) — 2

e Combustible exterior — 3

Fud Hazard

The fuel hazard is the product of two components, fuel loading and distance factor. Fuel loading
istaken as O for short grass and asphalt, and for other conditions is determined by the fuel model
type, as described in Aids to Determining Fuel Models For Estimating Fire Behavior

(Anderson 1982).

The distance factor (DF) expresses the distance of the fuel from the structure:

o« DF-0-distanceis greater than 4 times the height of the fuel.
o« DF-1-distanceis greater than 2 times the height of the fuel.
e DF-2-distanceisthe height of the fuel.

e DF-3-distanceislessthan one-half the height of the fuel.
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Sope Hazard

Exposing slopes are rated as follows:

Slope Hazard Slope
5 Mild (O to 5 percent)
10 Moderate (6 to 20 percent)
15 Steep (21 to 40 percent)
20 Extreme (41 percent and
greater)

Thetotal vulnerability isthen calculated as the product of the structure hazard times the sum of
the fuel hazard and slope hazard. This number is converted to a word description as follows:

Numerical Rating Vulnerability
Oto5 None
6t0 49 Very Low
50to 79 Low
80to0 149 Moderate
150 to 259 High
260 and above Extreme

Note that this method does not estimate the probability that a wildfire will consume the building.
Rather, it quantifies the relative vulnerability of a building to wildfire on the basis of the
conditions immediately surrounding a building and the construction type for each building.
Table D-21 lists the buildings that have a Moderate or higher risk. Other buildings have no
significant amounts of MAR and were not evaluated for this accident analysis.

Since 1999 when the results of this vulnerability assessment were first reported, areduction in
vulnerability from 51 to 21 buildings classified as Moderate or higher has been achieved, largely
asthe result of clearing or thinning the forested areas (defensible space) immediately adjacent to
the buildings. More importantly, buildings of concern that are located in the wildfire high-risk
area, such as WETF in TA-16, have been downgraded to Low vulnerability.

The 1999 SMEIS analysis assumed that buildings with a Moderate, High, or Extreme wildfire
vulnerability burned and released their entire content of radiological inventories. A reduction in
the wildfire vulnerability of key buildings through reductions in the fuel load around the building
could substantially reduce the likelihood of the building igniting and could a so reduce the
release of radiological materials by lowering the intensity of the fire. Since 1999, however, the
wildfire vulnerability of two (Buildings 229 and 230) formerly high risk waste storage domes at
TA-54 has been lowered to Moderate. The WETF wildfire vulnerability has been reduced from
Moderate to Very Low.
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Table D-21 Evaluation of Vulnerability of L os Alamos National L aboratory Buildings

to Wildfire
Technical Area Building Wildfire Risk Nuclear Facility Hazards Construction Type?®
03 0016 and 0208 Moderate No Radiological 2
03 0040 Moderate No Radiological 2
03 0066 and 0451 High No Radiological, Chemica 2
03 0169 Moderate No Radiological
08 0023 High No Radiological 2
21 0155 Moderate No Radiologica
21 0209 Extreme No Radiological, Chemical 2
36 0001 Moderate No Radiological
41 0001 and 0004 Moderate No Radiologica
43 0001 Extreme No Radiological, Chemical 2
54 0033 High Yes Radiologica
54 0048 Moderate Yes Radiological
54 0049 Moderate Yes Radiological
54 0153 Moderate Yes Radiologica 3
54 0215 Moderate No Radiologica 3
54 0224 Moderate No Radiologica 3
54 0226 Moderate Yes Radiologica 3
54 0229 Moderate Yes Radiologica 3
54 0230 Moderate Yes Radiologica 3
54 0231 Moderate Yes Radiologica 3
54 0232 Moderate Yes Radiologica 3

& Construction type: 2 = noncombustible exterior with window exposures, 3 = combustible exterior.

Current sources of information were consulted for data on the relative quantities of radiological
material at risk of potentially being impacted and released in an accident situation. By definition,
only “Hazard Category 1 and 2" nuclear facilities can have offsite impacts from their radiological
material inventories when considered on an individual basis. However, since site-wide accidents
can involve releases from severa facilities, Hazard Category 3 nuclear facilities and nonnuclear
(radiological) facilities were aso considered. Nuclear facilities that are rated Extreme, High or
Moderate vulnerability from Table D—21 and that were within relatively high wildfire risk areas,
were selected for quantitative contaminant risk assessment. Two additional facilitiesin TA-16,
Building 205 (WETF) and Building 411 (Device Assembly) were aso included, because, even
though individual facilities may have low vulnerability, TA-16 is among the TAs at greatest risk
from awildfire.

D.5.4.2 Public Exposurefrom Burning Buildings

The individual exposures assume no sheltering inside buildings or vehicles and that no protective
actions are taken by the individual at those locations. Although Area G isnot in the direct path of
thefire, it borders a canyon and could be susceptible to a canyon fire even in the absence of a
site-wide fire. The results of the 1999 SWEISfound that Area G contributed 75 percent of the
total population exposure. Therefore, it was again included in the wildfire analysis.
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D.5.4.3 Effectsof Hazardous Chemicals

Vulnerable buildings and the outdoors in the fire path were screened for their chemical
inventories and updated for 2004. Six of the 12 facilitiesincluded in the 1999 SWEIS eliminated
their chemical inventories. Only TA-3-66 increased itsinventory from 11.5 pounds

(5.2 kilograms) of hydrogen cyanide to 13.5 pounds (6.1 kilograms) of hydrogen cyanide. For
fire-vulnerable facilities, the earthquake scenario chemical results are acceptabl e representations
of the site-wide fire because the entire inventories are assumed to be released.

D.5.4.4 Onsite Workersand Offsite Population

In the event of awildfire approaching from the south, LANL would begin evacuation of the
southern area of LANL as soon as it was determined that the fire posed a threat, and would
proceed north with the evacuation. Personnel deemed essential to shutdown operations would
remain until such actions were completed. Some emergency response personnel and security
personnel would remain at all timesin some areas. In 1999 there were 10,200 LANL employees
(including contractors), of which approximately 4,000 lived outside of Los Alamos County and
6,200 within Los Alamos County. The 1999 SWEI Sreported that the Main Hill Road (State
Route 502) could evacuate 800 cars per hour, and the combination of the East Jemez and Pgjarito
Roads could evacuate another 800 cars per hour.

In the Cerro Grande Fire, it was decided that if the fire jumped Los Alamos Canyon, the entire
town of Los Alamos would have to be evacuated. Shortly after noon on May 10, the fire jumped
Los Alamos Canyon, which was the last natural barrier before the townsite, and, at 1:15 p.m., the
County emergency personnel broadcast the directive for all of the people of Los Alamos to
evacuate their homesimmediately. Although some projections had indicated that it would take
up to 12 hoursto get al 12,000 Los Alamos residents down the mountain using the single road
(State Route 502), the entire town evacuated in 4 hours, directed by the small police force. On
May 10, 2000, the fire burned over 15,500 acres (62,700 hectares) in 9 hours—in other words,
the Cerro Grande Fire consumed in 9 hours the same amount of acreage that the 1996 Dome Fire
consumed in 9 days. By late afternoon, the wind-whipped 200-foot (60-meter) wall of flame
reached the western edge of town; and, by 6 p.m. the first reports of loss of houses camein to the
Emergency Operations Center.

In the aftermath of the Cerro Grande Fire, there was considerable interest in describing the
potential radiological impacts of the fire itself and of the radionuclides of LANL origin that may
have been dispersed during the fire. Radiological dose calculations performed based on air
monitoring data were collected by the LANL AIRNET system during the Cerro Grande Fire. The
dose calculated was the committed effective dose equivalent, which is the dose received during
the 50 years following the inhalation of radionuclides. The inhalation dose to a maximally
exposed individual in Los Alamos was 0.2 millirem (LANL 2001). A dose of similar magnitude
was conservatively calculated for Rio Grande water use, chiefly from assumed irrigation during
peak runoff from a storm event (LANL 2002). These doses can be considered in the context of
exposure to naturally occurring radioactivity in the LANL area of at least 400 millirem per year
(see Section 4.6.1.2 of this SWEIS).
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All workersin threatened areas would be evacuated prior to arrival of the fire front. Aircraft
crashes with fatalities have occurred while dropping slurry on wildfires. Firefighters on the
ground are at risk if they enter an area without an alternate escape route, and there have been
historical fatalities from such events. However, because life safety is given first priority over
protection of property at LANL, it isnot likely that there would be worker fatalities. Some
firefighters and other emergency personnel could have significant but transient effects from
smoke inhal ation.

D.5.5 Wildfire Accident Impacts Analysis

There are no significant impact differences among the wildfire risks for the three alternatives,

No Action, Reduced Operations, and Expanded Operations. Therefore, only asingle set of
wildfire impacts are presented. The radiological impact section, D.5.5.2, includes a discussion of
the alternatives.

D.5.5.1 Facility Source Terms

A wildfire accident scenario was postulated for evaluation of impacts to onsite workers and the
offsite population. Details of this scenario are given in the preceding sections. Table D—22
shows the LANL buildings that could be affected by the wildfire, inventory of hazardous
radiological materials, source term factors, and the estimated source terms.

D.5.5.2 Radiological Impacts

The estimated consequences for the public and workers as aresult of awildfire are shown in
Tables D-23 and D—24 for each listed facility. The values shown assume that awildfire has
occurred and therefore do no reflect any credit for the probability of awildfire occurrence. The
estimated annual risks for the wildfire scenario are shown in Table D-25. The values shownin
that table take credit for the probability of awildfire's occurrence. Therisk from awildfireis
seen to be dominated by the TA-54 waste storage domes. The second largest risk (although
significantly less than the domes) is also from TA-54, DVRS.
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Table D—22 Wildfire Accident Source Term Data

Airborne Source Release
MAR Airborne Release Leak Term Duration Heat Release
(curiesor Damage| Release |Respirable Rate Path | (inunitsof | (DeltaT) | (mega- | Height
Accident Phase Nuclide grams) MAR Ratio | Fraction | Fractions| (per hour) | Factor MAR) |(minimum)| watts) |[(meters) |Wake?
Identifier: WILDFO1. Facility Name: TA-3-66/451 (Sigma Complex).
Fire Depleted grams | 11,500,000 1 0.04 0.17 - 78,200 60 20 No
Suspension Uranium 11,000,000| 1 - 1 0.00004 10,600 1,440 0.1 No
Identifier: WILDFO2. Facility Name: TA-16-205 (WETF).
Fire Tritited Water | grams | 1000 [ 1 | 1 1 - 1 | 1000 60 20 0 No
Identifier: WILDFO5. Facility Name: TA-48-1 (Radiochemistry Laboratory).
Fire Plutonium grams 7.56 1 0.001 - 0.00756 60 20 No
Suspension Equivalent 7.55 1 _ 0.00004 000725 | 1,440 0.1 No
Identifier: DOMEP-Population. Facility Name: TA-54 Waste storage domes (all domes).
Combustibles
Burning Expelled in|]  Plutonium curies 37,100 0.333 0.001 1 - 1 124 60 - 0 No
Lid Loss Equivalent
Burning (in drums) 37,100 0.667 0.0005 1 - 1 124 60 - 0 No
Noncombustibles
Burning Plutonium curies 101,000 1 0.006 0.01 - 1 6.08 60 - 0 No
Equivalent
Total
Burning (high-heat) Plutonium curies - - - - - - 711 60 20 No
Burning Equivalent _ _ _ _ _ _ 711 60 0.1 No
(smoldering)
Impact Release 138,000 0.33 0.001 - 457 1 0 0 No
Suspension 138,000 0.33 - 0.000004 43.6 1,440 0 No
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Airborne Source Release
MAR Airborne Release Leak Term Duration Heat Release
(curiesor Damage| Release |Respirable Rate Path | (inunitsof | (DeltaT) | (mega- | Height
Accident Phase Nuclide grams) MAR Ratio | Fraction | Fractions| (per hour) | Factor MAR) |(minimum)| watts) |[(meters) |Wake?
Identifier: DOMEM-MEI. Facility Name: TA-54 waste storage domes (six western domes).
Combustibles
Burning Expelled in|  Plutonium curies 22,800 0.333 0.01 1 - 1 76.1 60 - 0 No
Lid Loss Equivalent
Burning (in drums) 22,800 0.667 0.0005 1 - 1 7.61 60 - 0 No
Noncombustibles
Burning Plutonium curies 63,500 1 0.006 0.01 - 1 3.81 60 - 0 No
Equivalent
Total
Burning (high-heat) Plutonium curies - - - - - - 43.8 60 20 No
Burning Equivalent _ _ _ _ _ _ 43.8 60 0.1 No
(smoldering)
Impact Release 86,300 0.33 0.001 - 285 1 No
Suspension 86,100 0.33 - 0.00004 27.2 1,440 No
Identifier: WILDFO08. Facility Name: TA-16-411 (Device Assembly).
Fire Uranium-238 grams 4,000 1 0.0005 - 2.00 60 20 No
Suspension 4,000 1 - 0.00004 3.84 1,440 0.1 No
Identifier: WDVRS06. Facility Name: TA-54-412 (DVRS).
Ejected (from drums) Plutonium curies 1,100 0.333 0.001 0.3 - 0.11 60 20 No
Burning (ejected Equivalent 366 1 0.01 1 - 3.66 60 20 No
meaterial)
Burning (in drums) 1,100 0.667 0.0005 1 - 1 0.367 60 20 0 No
Total
Fire Plutonium curies - - - - - - 4.14 60 20 0 No
Suspension Equivalent 363 1 - 1 0.00004 1 0.348 1,440 0.1 0 No
Identifier: WILDF10. New Name: TA-8-23 (Radiography).
Fire Plutonium curies - - - - - - 0.0026 60 20 0 No
Equivaent

MAR = material at risk, TA = technical area; WETF = Weapons Engineering Tritium Facility, MEI = maximally exposed individual, DV RS = Decontamination and VVolume

Reduction System.
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Table D-23 Radiological Accident Offsite Population Consequencesfor a
Wildfire Accident

MEI Population to 50 Miles (80 kilometers)
Latent Cancer Dose Latent Cancer
Facility Impacted by Wildfire Dose (rem) Fatality ® (person-rem) Fatalities™ ¢
TA-03-66/451 (Sigma Complex) 0.00389 2.33x10° 4.75 0 (0.00285)
TA-16-205 (WETF) 0.0605 0.0000363 112 0(0.0673)
TA-48-1 (Radiochemistry Laboratory) 0.00107 6.42 x 107 0.436 0 (0.000262)
TA-54 (Waste storage domes) 1,930 2.32¢ 91,300 55 (54.8)
TA-16-411 (Device Assembly) 1.48 x 10°® 8.88 x10™° 0.000174 0(1.04 x 107)
TA-54-412 (DVRS) 491 0.00295 1,160 0 (0.696)
TA-8-23 (Radiography) 0.000332 1.99 x 107 0.562 0 (0.000337)

MEI = maximally exposed individual, rem = roentgen equivalent man, TA = technical area, WETF = Weapons Engineering
Trltlum Facility, DVRS = Decontamination and V olume Reduction System.
& Increased risk of an LCF to an individual, assuming the accident occurs.

b

result.

TA-48-1; 343,069 for Waste Storage Domes and DVRS; and 349,780 for TA-8-23.

Increased number of LCFs for the offsite population, assuming the accident occurs; value in parentheses is the calculated
Offsite population size is approximately 297,030 for TA-03-66/451; 404,913 for TA-16-205 and TA-16-411; 299,508 for

Based on a dose-risk-conversion factor of 0.0006 L CF per rem, the indicated dose yields an LCF value greater than 1.00 as

shown. Thismeansthat it islikely that an individual exposed to the indicated dose would contract afatal latent cancer in
their lifetime. For calculation purposes, the actual value is shown here; however, since the exposed recipient is an individual,
the equivalent tablesin Chapter 5, Section 5.12 show an LCF of 1.00.

Table D-24 Radiological Accident Onsite Worker Consequences for a Wildfire Accident

Noninvolved Worker at 110 Yards
(110 meters)
Accident Dose (rem) Latent Cancer Fatality

TA-03-66/451 (Sigma Complex) 0.0759 0.0000455
TA-16-205 (WETF) 0.333 0.000200
TA-48-1 (Radiochemistry Laboratory) 0.0155 9.30 x 10°®
TA-54 (Waste storage domes) 8,730 105°
TA-16-411 (Device Assembly) 0.0000173 1.04 x 10°®
TA-54-412 (DVRS) 16.4 0.00984
TA-8-23 (Radiography) 0.00191 1.15 x 10°®

rem = roentgen equivalent man, TA = technical area, WETF = Weapons Engineering Tritium Facility,
DV RS = Decontamination and Volume Reduction System.
& Increased risk of an LCF to an individual, assuming the accident occurs.
® Based on adose-risk-conversion factor of 0.0006 LCF per rem, the indicated dose yields an LCF value greater than 1.00 as
shown. Thismeansthat it islikely that an individual exposed to the indicated dose would contract afatal latent cancer in
their lifetime. For calculation purposes, the actual value is shown here; however, since the exposed recipient isan
individual, the equivalent tables in Chapter 5, Section 5.12 show an LCF of 1.00.

Note: To convert meters to feet, multiply by 3.28.
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Table D-25 Radiological Accident Offsite Population and Worker Risksfor a
Wildfire Accident

Onsite Worker Offsite Population
Frequency | Noninvolved Worker at Population to 50 Miles
Accident (per year) | 110 Yards (100 meters) ® MEI 2 (80 kilometers) >

TA-03-66/451 (Sigma Complex) 0.05 2.28x 10°® 1.17 x 107 0 (0.000143)
TA-16-205 (WETF) 0.05 9.99 x 10°® 1.82 x 10° 0 (0.00336)
TA-48-1 (Radiochemistry Laboratory) 0.05 4.65x 107 3.21x10% 0(1.31 x 10%)
TA-54 (Waste storage domes) 0.05 0.05 0.116 3(2.74)
TA-16-411 (Device Assembly) 0.05 5.19 x 10°%° 4.44 x 10 0(5.22 x 10
TA-54 (DVRS) 0.05 0.000492 0.000147 0(0.0348)
TA-8-23 (Radiography) 0.05 573 x 10°® 9.96 x 10°° 0 (1.69 x 10°%)

MEI = maximally exposed individual, TA = technical area, WETF = Weapons Engineering Tritium Facility,

DV RS = Decontamination and Volume Reduction System.

& Increased risk of an LCF to an individua per year.

® |ncreased number of LCFs for the offsite population per year; value in parenthesesiis the calculated result.

¢ Offsite population size is approximately 297,030 for TA-03-66/451; 404,913 for TA-16-205 and TA-16-411; 299,508 for
TA-48-1; 343,069 for Waste Storage Domes and DVRS; and 349,780 for TA-8-23.

Inventories at TA-48-1 (Radiochemistry Laboratory) and TA-8-23 (Radiography Facility) were
assumed to be at the building limits. Radiological source material would be at these locations
only during material testing. The impacts and risks presented in this section conservatively
assume the presence of this materia at the allowable limits,

The health risksin Table D—25 (and consequences in D-23 and D—24) are given for individual
building releases; it is unlikely that awildfire would impact al of these facilities. For the case of
awildfireimpacting all of these facilities, the overall health risk to the general population,
dominated by waste storage domes and DV RS releases, is 2.78 per year, that is, a mean of

14 cancer fatalitiesin the entire general population (out to 50 miles [80 kilometers] from each
release) every 5 years of LANL operation. Thisrisk can be contrasted with the more than

2,500 normally occurring cancer fatalities to this same population over 5 years (see Section 4.6.1,
Public Health in the LANL Vicinity). Risksto individuals, on the other hand, cannot be
summed, because asingle individual would not be exposed to multiple facility releases. Instead,
only releases upwind from the individual’ s location would result in exposure. The maximum
health risk to the MEI from any facility’ s release for exposure at the nearest Pueblo boundary to
the waste storage domes is 0.116 probability (almost 12 chancesin 100) of an LCF per year of
operation. It ishighly unlikely that an individual would remain at this location during the entire
wildfire event and, therefore, thisrisk is thought to be very conservative.

Each of the building releases was ascribed the same frequency of occurrence, 0.05.
Section D.5.2 describes the potential of awildfire affecting the various onsite technical areas.
TA-54 isconsidered at alow (but not 0) risk of wildfire impacts relative to the other areas.

Tables D-23, D—24 and D-25 are strictly applicable to the No Action alternative. The Reduced
Action Alternative would include a 20 percent reduction in high explosives processing and,
likely, areduction in risk from the Device Assembly Building. However, the consequences and
risk from that facility are insignificant; adecrease in its risk would not affect the overall wildfire
risk.
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Replacement risks from wildfire accident impacts would result from implementation of the
Expanded Operations Alternative. Transuranic waste storage at DV RS and waste storage domes
in TA-54 would be moved to a new facility, TWCF, located in TA-50 or TA-63. The impacts
from this new facility would be less than those of the existing facilities because of the new
location and because less material would be stored, the rest being moved offsite. The entriesin
Tables D—23 through D-25 reflect present DV RS and waste storage domes operations because
they would be active for part of the time period of interest and because their accident impacts
bound the impacts of the new facility. TWCF accident impacts are described in Appendix H.

D.55.3 Chemical

The chemicals of concern at LANL facilities under the No Action Alternative, Reduced
Operations, and Expanded Operations Alternatives are shown in Table D—26. These have been
selected from a compl ete set of chemicals used onsite based on their quantities, chemical
properties, and human health effects. The table shows the ERPG concentration values for which
concentrations in excess of those could have harmful health or life-threatening implications as
defined in the table’ s footnote.

Table D-26 Chemical Accident Impactsunder Wildfire Conditions
ERPG-2? ERPG-3° Concentration
) Distance | Noninvolved | MEI at | Nearest Site
Quantity Distance to Worker at 1,000 Boundary
_ Frequency [ Released | value | toValue | Value | Value | 100 Meters | Meters | (12 m TA-43)
Chemical (per year) | (pounds) | (ppm) | (meters) | (ppm) | (meters) (ppm) (ppm) | (924 m TA-3)
Formaldehyde 0.05 14.1 liters 10 141 25 89 19.7 0.23 Exceeds
at TA-43-1 (3.7 gallons) ERPG-3
Hydrogen 0.05 13.5 pounds 10 110 25 70 11.6 0.14 0.16 ppm
Cyanide at (6 kilograms)
TA-3-66

ERPG = Emergency Response Planning Guideline, ppm = parts per million, MEI = maximally exposed individual, m = meters,

TA =technical area

& ERPG-2 is the maximum airborne concentration below which nearly all individuals could be exposed for up to 1 hour without
experiencing or developing irreversible or other serious health effects or symptoms that could impair their ability to teke
protective action (DOE 2004a).

® ERPG-3 is the maximum airborne concentration below which nearly all individuals could be exposed for up to 1 hour without
experiencing or developing life-threatening health effects (DOE 20044).

Note: To convert meters to feet, multiply by 3.28.

Table D-26 shows the concentrations of each chemical, if it were released, at specified distances.
The distances to the ERPG-2 and ERPG-3 levels of concern are 154 yards (141 meters) and

97 yards (89 meters), respectively for aformaldehyde release. The distances to the ERPG-2 and
ERPG-3 levels of concern are 120 yards (110 meters) and 77 yards (70 meters) respectively for a
hydrogen cyanide release. Depending on the magnitude of the release and plume characteristics,
workers and members of the public could be exposed to harmful concentrations of each chemical
within these distances from the point of release. Table D—26 aso shows the estimated
concentration of each chemical at a distance of about 110 yards (100 meters) from the release
point where a representative noninvolved worker is assumed to be located. The seriousness of
the exposure of a noninvolved worker at this distance is determined by comparing the
concentration at that distance to the ERPG-2 and ERPG-3 levels of concern. Table D—26 also
shows the estimated concentration at the nearest site boundary located at a distance of 13 yards
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(12 meters) and 1,010 yards (924 meters) for TA-43 and TA-3 respectively, from the release
point. The accident evaluation assumes a hypothetical member of the public islocated at this site
boundary. Asin the case of the noninvolved worker, the seriousness of the exposure of a member
of the public located at the nearest site boundary is determined by comparing the concentration at
that distance to the ERPG-2 and ERPG-3 levels of concern. If concentration levels exceeding
ERPG-2 and ERPG-3 were estimated to occur at distances beyond the site boundary, a segment
of the offsite population could be exposed to harmful levels of the released chemical. The
direction traveled by the chemical plume would depend upon meteorological conditions at the
time of the accident.

D.554 Additional Environmental Effects

Firewater. Firewater (water used in fighting building fires) at nonnuclear facilitiesis captured by
outdoor containment and temporary dikes erected for fire fighting. Firewater at nuclear facilities
is captured by the drain system and is sent to TA-50 for processing. Conceivably, some
radioactively contaminated water from the nuclear facilities could reach the outdoor
environment, but would be of such small volume that it would not leave the building environs. If
there were afire at TA-50, most of the firewater would wash off down the roads. If fire trucks
had to spray water, some of that water would go to the adjacent canyon. Resultant contaminated
soil would be eroded, pending the return of vegetative cover. Aswith other contaminated soils,
the environmental and human health threat from the new contamination would be assessed and
mitigated.

L oss of Protective Cover. The charred plant remains following a severe wildfire are the only
immediate visual consegquences. The consegquences of awildfire are diverse, continuing through
time and space, and frequently having significant changes in geomorphology and biological
communities and processes. LANL is perhaps unique in potential consequences, because in
addition to arich presence of biological communities and cultural remains and resources, there
exists soil-bearing legacy contaminants from historical operations.

Trees, grass, and herbaceous cover, and forest litter are important features in stabilizing soils by:
(2) reducing the velocity and impact of faling raindrops; (2) reducing the velocity of runoff,
thereby encouraging infiltration and discouraging its transport by water and wind; and

(3) reducing runoff quantities. Loss of vegetative cover will create a setting that can have
pronounced effects on flow dynamics, soil erosion, and sediment deposition. These changes aso
can have significant ramifications for plant and animal communities and cultural resources.

Runoff, Soil Erosion, and Sedimentation. It has been well established through studies around
the world that runoff and sediment yields can dramatically increase following wildfires.
Accompanying these physical changes are changes in the composition or quality of runoff water.
At Los Alamos, these changes may be severe due to the steepness of the burned terrain and the
high severity of the burn, creating water-shedding hydrophobic soils. These higher runoff
guantities would be discharged into the Rio Grande where they would contribute to the overall
floodwater storage of Cochiti Lake. Modified hydrologic conditions likely would cause some
water courses that have only rarely had sufficient flows to reach the Rio Grande to increase their
frequency of discharge.
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Commensurate with higher runoff quantities and velocities would be an increase in soil erosion.
Sheetflow would begin transporting soil suspended by rainfall droplet impact. Both rills and
gullies would form on sloping ground surfaces with the first significant rainfall event. Higher
channel volumes and velocities would promote both downward and lateral scouring of channels
in the steeper portions of the watershed and sediment deposition in the lower portions. (These
conditions depend on quantity of runoff discharges and resulting changesin channel hydraulics.)
Headcutting would increase throughout the channel system. Delta formation would increase at
the confluence of water courses tributaries to the Rio Grande, and added sediment would
contribute to the depletion of the sediment reserve of Cochiti Lake.

The gradual establishment of ground cover would correspondingly retard soil erosion and a more
stabilized hydrologic regime would return. Due to extensive rehabilitation after the Cerro
Grande Fire, runoff, soil erosion, and sedimentation were minimized. To understand the possible
impact to downstream water bodies, runoff events after the fire were monitored and sampled by
the Laboratory. An extensive network of automated samplers and stream gages served as the
cornerstone of this effort. Due to a general lack of intense “monsoon” type rainfall during the
summer of 2000, severe runoff passing across LANL was limited to a single event on June 28.
Record peak discharges were recorded for several drainages leading onto LANL during that
event. For example, in Water Canyon above NM Highway 501, the estimated peak of 840 cubic
feet (23,800 liters) per second dwarfed the prefire maximum of 0.3 cubic feet (8.5 liters) per
second. Concentrations of most metals dissolved in stormwater are below the Environmental
Protection Agency or New Mexico drinking water standards; however, afew (for example,
aluminum, barium, manganese) are above the standards in many samples. Dissolved manganese
concentrations increased by about 50 times above prefire levels; barium by 20. Concentrations
of radionuclides dissolved in stormwater are slightly elevated or comparable to prefire levels.

Effectson Legacy Contaminants. Active erosion processes have moved some contaminants
bound to sediment from the watershed into the Rio Grande, mainly as suspended sediment and
bedload sediment. Conversely, many of the remaining legacy contaminants at LANL are present
in situ, have not been transported far from their origin, or remain onsite. Water transportisa
major mechanism for the transport of contaminants both in the dissolved and suspended sediment
phases. Because vegetation acts to hold soil and reduce erosion, its loss (however short term)
may significantly increase the potential for erosion and the transportation of contaminants. Some
water courses have only rarely had sufficient flow to reach the Rio Grande, and because of this
they have become “ discharge sinks” for some contaminants. Increases in runoff amounts and
frequency would increase the potential to remove and transport contaminants from the ground
surface, and subsurface, and stream channels on LANL into the Rio Grande, and downstream to
Cochiti Lake.

Effects on Biological Systems. Although fireisanatural part of biological systems,
anthropogenic influences such as grazing, logging, and fire suppression have produced
conditions that have pronounced adverse effects on forest ecosystems. Natural high-frequency,
low-intensity fire regimes have been replaced with low-frequency, high-intensity fires that
consume a higher percentage of vegetation. Asreflected in other nearby areas that have
experienced severe wildfires in the past (Water Canyon, La Mesa, Dome, and Oso Complex
Fires), awildfire at LANL would result in a period of disequilibrium with areversion to early
seral development and a corresponding change in animal use (Allen 1996). Fire debris, fallen
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trees, and needle cast would gradually begin to check erosion and develop soil conditions that
would promote the establishment of grasses and herbaceous vegetation that would in turn further
reduce erosion. This gradual reestablishment of ground cover would begin the dynamic process
of seral progression toward awooded or forested plant community.

A loss of forest or woodland habitat would result in atemporary loss of habitat for a broad
spectrum of animals. As vegetation is reestablished, an atered community of animal species
would follow, its composition changing with the evolution of the plant community. The pattern
of burned vegetation would play a significant role in renewed wildlife use. Early plant
communities of grasses and herbaceous growth can have a high biomass and species diversity, as
exhibited by nearby areas affected by recent wildfires. This expansion of grass and herbaceous
growth could provide additional forage for the large elk population in and around LANL and
contribute to existing management concerns.

Impacts on threatened and endangered species (such as the Mexican spotted owl, Strix
occidentalis lucida) would depend on several factors, such as the burn pattern, the time of day
the burn occurs, the type of fire, topography, and if nesting is occurring. Threatened and
endangered species have remained or returned to nearby areas that have experienced recent
burns. Individual response to fire a'so would vary. Perhaps the most significant impact to
threatened and endangered species precipitated by awildfire could be the general disturbance
caused by the firefighting effort itself (such as, fire fighting crews, aircraft, and vehicular traffic).

As discussed previously, increased runoff discharges would result in acommensurate increase in
channel scouring, enlargement, and headcutting. This process, and any accompanying
sedimentation, would have the potential to degrade or remove the limited riparian vegetation on
LANL. Wetlands associated with water courses also would be affected, and perhaps several
would be removed for a period of time because of changesin channel morphology. With the
degradation of riparian vegetation and wetlands would be an associated reduction or |oss of
habitat for avariety of invertebrates, small and large mammals, amphibians, reptiles, and a
diversity of birds.

Effects on Cultural Resources. LANL islocated in aregion of abundant and culturally
significant prehistoric and historic resources, including traditional cultural properties. As stated,
fireisanormal feature of the landscape and has played and continues to play a natural role in the
culture of regional communities. Because of anthropogenic influences, the character of recent
fireswill be different from historic fires and will affect resources differently. Also, the need to
protect property and life from wildfire will necessitate measures that can affect cultural
resources.

As discussed, high intensity fires can burn an appreciable amount of ground cover and accelerate
erosion. Surface erosion can physically disturb surface features and confuse and distort the
contextual integrity of the site. More pronounced erosion in the form of gully formation and
lateral bank cutting can permanently remove site features. Also, a high intensity fire can scorch
organic remains located near the ground surface, decreasing their interpretive value. Historical
structures can suffer through direct incineration. Damage to these resources also can occur as a
consequence of vehicular traffic and mechanical disturbance (such as, bulldozers and fire trucks)
and other soil disturbing activities connected with the firefighting effort.
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Traditional cultural properties present on and adjacent to LANL include ceremonial and
archaeological sites, natural features, ethnobotanical sites, artisan material sites, and subsistence
features. These resources are an integral part of the landscape and amost certainly are and have
been affected by natural fires. Because of the altered character of fires, these resources may be
affected to a greater extent. Depending on the characteristics of these properties, they could either
be permanently or temporarily affected by awildfire and its subsequent ancillary effects, such as
erosion.

D.5.6 Mitigation

After the 1999 SWEISwas completed, actions were initiated to reduce the wildfire risk to major
facilities with significant radiological inventories. Specifically, considerations were given to
reducing therisk to low or very low for the following facilities:

e TA-3Building 66/451, Sigma Complex

TA-54 (Area G) Pads

TA-21 Building 209, Tritium Science and Fabrication Facility

TA-21 Building 155, Tritium Storage and Test Assembly
e TA-16 Building 205/205A, Weapons Engineering Tritium Facility

The planning, evaluation, and beginning of fire mitigation (described in DOE 1999b) that was
completed prior to the Cerro Grande Fire undoubtedly contributed to minimizing the impacts to
facilities and, possibly, human lives. There aso is an ongoing, interagency, collaborative
program to reduce the threat of catastrophic wildfire from occurring at LANL and the townsite by
thinning and removing vegetation at the perimeter and in the surrounding Santa Fe National
Forest and Bandelier National Monument. This will reduce the frequency and intensity of
wildfires that could impact LANL.

D.6 Involved Worker Hazards

Facility workers generally fall into two groups: 1) noninvolved worker and 2) involved worker.
Noninvolved workers have assigned duties on the site at alocation beyond the general vicinity of
an accident. The impacts of postulated accidents to the noninvolved worker are evaluated in this
appendix and are presented in Chapter 5. Involved workers actively participate or support the
operation of the facility directly involved with the Proposed Action. The analysisto determine
involved worker risks are usually presented qualitatively due to the dynamics and potential
worker proximity. In general, involved workers are protected by design safety features and
operational procedures. Involved workers who are at the greatest risk of seriousinjury or fatality
are those that are located in the immediate vicinity of where an accident takes place. Factors
such asthe time of the accident, an individual’ s distance from the accident and effects of
shielding mechanisms are highly variable. Given the severity of some accidents, involved
worker fatalities could be expected. The number of fatalities could range from zero to the
maximum number of workers involved within the facility. For example, an accident involving
spills and exposure to contamination could lead to an individual receiving a measurable dose, but
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not leading to a fatality, whereas in a severe earthquake accident, the involved workers are likely
to be hurt and killed by the collapse of the building before they could be evacuated.

No attempt is made in this SWEIS to evaluate the involved worker effects of such accidents for
the following reasons. Thereislimited information on the circumstances that cause such
accidents and the hazardous conditions they involve are difficult to characterize in a manner that
would differentiate between alternatives and provide meaningful information for decisionmakers.

M odeling methods such as those used for radiological and chemical accidents exposures are not
accurate at close distances. Quantitative or qualitative representation of such accidents would
introduce data uncertainties that would complicate the decisionmaking process.

The analyses performed by authors of this SWEIS carefully considered provisions of National
Environmental Policy (NEPA) Act, Council on Environmental Quality Guidelines and DOE
NEPA Guidelines on acceptable procedures for estimating environmental impacts under
conditions of data uncertainties and limited information. These provisions include the use of the
“dliding scale approach” (DOE 2002b), which gives the analyst an opportunity to take into
account specified key factors for determining an appropriate level of technical analysisfor
estimating impacts.

According to DOE NEPA Guidelines, the key factorsto consider in applying asliding scale
approach to accident analyses include:

o  Probability that accidents will occur
e  Severity of the potential accident consequences
o Context of the proposed action and alternatives

o Degree of uncertainty regarding the analyses (for example, whether sufficient engineering
design information is available to support detailed analysis) and

e Level of technical controversy regarding the potential impacts
More recent DOE guidance was also used for the preparation of this SWEIS (DOE 2004e).
D.7 Maximally Exposed I ndividual-Type Doses ver sus Distance

Sections D.3, D.4 and D.5 describe various facility and site-wide accident scenarios. These
sections show the estimated exposure to the accident releases, were such accidents to occur.
Exposure to radiological releasesis described by dose, measured in rem, to an individual.
Exposure to a population is generalized by summing the dose to each individual of that
population; the population dose is thus measured in person-rem.

Exposures of the hypothetical noninvolved worker and MEI have been given in the previous
sections. These are conservative representations of the exposure to any single individua from
the plume that could emanate as aresult of the occurrence of an accident. They are mean values,
and thus include components of exposure to all of the meteorological conditions that could be
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experienced throughout the year. A number of assumptions are employed in the calculation of
these exposures to individuals (see Table D—2) which result in conservatively large doses.

Foremost, is the assumption that the individua is always downwind of the plume. That is, the
direction from the release to the individual is not taken into account (although the distance is);
such adose is sometimes called a sector independent representation of the exposure to the
individual. Inreality, were there to be an accident resulting in arelease, the probability of the
plume blowing toward a particular individual would be small. A second conservative
assumption is that the individual lies directly in the path of the plume centerline, meaning the
portion of the plume in which the release concentration is greatest. Again, even if the wind was
blowing from the release in the general direction of the individual, the probability that the
individual would be exposed directly to the plume centerlineis small. Other conservative
assumptions governing the calculation of exposure to the individual include his remaining at the
nearest site boundary to the release (MEI) or 100 meters downwind from the release
(noninvolved worker) for the duration of the event, no protection (that is remaining outside
directly in the path of the plume), no deposition (thereby maximizing the inhalable plume
concentration), no plume meander (that is, the individual is exposed to the plume centerline for
the entire event), and use of an annual MET dataset (2003) which maximizes downwind plume
concentrations.

The downwind location of the noninvolved worker, 100 meters from the hypothesized release,
does not vary among scenarios. The downwind location at which each MEI exposureis
calculated, that is, at the nearest site boundary to a hypothesized release, is specific to each
scenario and release location. Although the scenarios and exposure locations correspond to the
actions analyzed in this SWEIS, MEI-type doses at other locations could be of present or future
interest. An example could be associated with the site-wide wildfire event. In awildfire event,
the location of the public and onsite personnel such as firefighters may not correspond to those
associated with the other accident scenarios. Another example could be interest in the MEI dose
at an onsite publicly accessible location, such asaroad. These datawould also be useful if
NNSA were considering changing public accessibility to portions of the site or if the site
boundaries were to change.

Table D-27 gives the MEI-type doses at various downwind distances for the accident scenarios
considered in this SWEIS. The scenarios are grouped by their section in this and other
appendices. Some of the action-specific scenarios, for example, MDA G explosion scenario, are
reported both in this appendix and in the appendix discussing the action.
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Table D-27 Maximally Exposed Individual-T

pe Doses ver sus Downwind Distance by Accident Scenario

) Noninvolved Dose (rem) at Downwind Distance (in meters) of:
MEI Location Worker Dose
(Downwind MEI (rem) at
Distance, in Dose 100 meters
Accident Scenario I dentifier meters) (rem) downwind 250 500 750 1,000 1,500 2,000 3,000
Facility Accidents (Section D.3)
RANT Outdoor Container RADO1 Pueblo Boundary 715 532 135 55 32.8 22.6 132 8.83 4.99
Storage Area Fire (TA-54-38) (402)
WETF Fire (TA-16-205) WETFF W. Jemez Rd (393) 5.91 8.92 7.3 5.08 3.66 2.75 1.73 1.13 0.628
WCRR Outdoor Storage Area RADO7 Trailer Park (1161) 11 4.7 10.8 3.79 2.08 137 0.767 0.479 0.256
Fire (TA-50-69)
Waste Storage Dome Fire DOMEF Pueblo Boundary 419 1,950 461 157 83.6 53.8 29 18.1 9.33
(TA-54) (267)
Onsite Transuranic Waste DOMET Pueblo Boundary 186 761 202 86.6 52.2 36.1 21.2 141 7.98
Accident (TA-54) (267)
Plutonium Facility Storage RAD10 Royal Crest Trailer 25 35.8 145 6.47 3.84 2.56 1.44 0.915 0.494
Container Release (TA-55-4) Park (1016)
Plutonium Facility lon Column RAD14 Royal Crest Trailer 1.28 9.09 5.42 2.89 1.84 131 0.777 0.494 0.267
Rupture (TA-55-4) Park (1016)
DVRS Operationa Spill DVRS01 Site Boundary 19.6 514 17.4 6.83 3.81 2.52 1.39 0.877 0.457
(TA-54) (227)
DVRS Building Fire and Spill DVRS05 Site Boundary 321 888 285 113 64.3 43 24.2 15.7 8.39
Due to Forklift Collision (227)
(TA-54)
SHEBA Hydrogen Detonation SHEBA Pueblo Boundary 0.877 154 4.35 1.93 1.2 0.854 0.521 0.357 0.205
(976)
CMR HEPA Filter Fire CMRO02 Town Site 0.774 5.38 2.72 1.46 0.967 0.712 0.45 0.303 0.177
(TA-3-29) Boundary (924)
Fire Impacting Sealed Sources, SEAL2CF Town Site 0.0987 1.21° 0.276 0.129 0.106 0.0958 0.0796 0.0645 0.0440
CMR, Wing 9 (TA-3-29) Boundary (924)
Explosionin aPit at MDA G MDAGEXP | Pueblo Boundary 55.2 405 95.8 32.6 17.3 11.2 6.01 3.74 1.92
(355)
Site Wide Seismic Event (Section D.4)
TA-3-29 (CMR) Seismic1 & 2 CMRO08 Town Site 62.0 1940 470 161 85.6 55.1 29.6 17.8 9.11
Boundary (924)
TA-16-205 (WETF) Seismic 2 SIT02 W. Jemez Rd (393) 6.43 5.86 8.02 5.41 3.77 2.78 17 11 0.598
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) Noninvolved Dose (rem) at Downwind Distance (in meters) of:
MEI Location Worker Dose
(Downwind MEI (rem) at
Distance, in Dose 100 meters
Accident Scenario I dentifier meters) (rem) downwind 250 500 750 1,000 1,500 2,000 3,000
TA-18-168 (SHEBA) Seismic 2 SITO8 Pueblo Boundary 0.0301 1.06 0.25 0.0852 0.0452 0.0291 0.0157 0.00975 0.00502
(976)
TA-21-155 (TSTA) Seismic 1 SIT09 State Route 502 0.00146 0.0111 .00259 | .000877 | .000464 | .000298 .00016 | .0000949 | .0000477
&2 (357)
TA-21-209 (TSFF) Seismic 1 SIT10 State Route 502 0.0125 0.0974 0.0228 | 0.00771 | 0.00408 | 0.00262 | 0.00140 | 0.000835 | 0.000420
&2 (363)
TA-50-1 (RLWTF) Seismic 1 SIT11 Royal Crest Trailer 3.02 121 29 9.94 5.29 341 1.79 1.09 0.565
&2 Park (1082)
TA-50-69 (WCRR) Seismic 2 SIT13 Royal Crest Trailer 2.84 129 30.8 105 5.56 3.58 192 1.16 0.591
Park (1161)
TA-54-38 (RANT) Seismic 1 SIT14 Pueblo Boundary 64.2 576 136 46.4 24.7 15.9 8.55 5.32 2.74
&2 (402)
TA-55-4 (Plutonium Facility) SIT15 Royal Crest Trailer 4.21 47.9 21.4 10.1 6.2 4.31 251 1.58 0.847
Seismic 2 Park (1016)
TA-55-185 (Storage Shed) SIT16 Royal Crest Trailer 5.98 239 56.9 19.4 10.3 6.63 3.55 214 1.10
Seismic1& 2 Park (1068)
TA-55-355 (SST Facility) SIT19 Royal Crest Trailer 3.94 129 334 11.7 6.26 4.05 2.18 1.32 0.674
Seismic 2 Park (1048)
DVRS (PC-2 Seismic) DVRS08 Site Boundary 2.76 10.1 2.39 0.821 0.438 0.283 0.153 0.0956 0.0495
Seismic 1 NNE (227)
DVRS (PC-3 Seismic) DVRS12 Site Boundary 33.7 123 29.3 10 5.35 3.45 1.87 117 0.605
Seismic 2 NNE (227)
TA-54 Waste Storage Domes DOMEM Pueblo Boundary 462 2150 509 173 9.1 59.3 31.9 199 10.2
Seismic 2 (267)
Site Wide Wildfire Event (Section D.5)
TA-03-66/451 (Sigma WILDFO1 Town Site 0.00389 0.0759 .0202 .00831 .00497 .00358 .00251 .00218 .00204
Complex) Boundary (924)
TA-16-205 (WETF) WILDF02 | W. Jemez Rd (393) | 0.0605 0.333 0.103 0.0503 0.0354 0.0337 0.0401 0.0479 0.0536
TA-48-1 (Radiochemistry Lab) WILDF05 | Royal Crest Trailer | 0.00107 0.0155 .00405 .00161 .000939 | .000642 | .000377 | .000254 .000154
Park (677)
TA-54 (Waste Storage Domes) DOMEM Pueblo Boundary 1,930 8,730 2,120 760 422 280 158 102 56.1

(267)
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Noninvolved

Dose (rem) at Downwind Distance (in meters) of:

MEI Location Worker Dose
(Downwind MEI (rem) at
Distance, in Dose 100 meters
Accident Scenario I dentifier meters) (rem) downwind 250 500 750 1,000 1,500 2,000 3,000
TA-16-411 (Device Assembly) | WILDFO8 SiteBoundary  [1.48x 10°| 0.0000173 |4.53x 10°|1.80 x 10°|1.05 x 10°(7.12x 107|4.12x 107|2.72x 107| 1.56 x 107
South of Facility
(576)
TA-54 (DVRS) WDV RS06 NNE of facility 491 16.4 4.36 1.84 112 0.855 0.723 0.748 0.771
(227)
TA-8-23 (Radiography) WILDF10 WSW Boundary .000332 .00191 .000592 | .000289 | .000203 | .000194 .00023 .000275 .000308
(412)
Radiological SciencesInstitute Accidents (Section G.3)
Hot Cell Fire Involving MRSC11 | Royd Crest Trailer 6.31 325 16.8 9.44 712 6.13 5.06 4.24 3.07
Plutonium-238 in General Park (941)
Purpose Heat Source Modules
Seismic Induced Building MRSC16 | Royd Crest Trailer 29.6 152 79 44.3 334 28.7 237 199 14.4
Collapse and Fire Involving Park (941)
Plutonium-238 in General
Purpose Heat Source Modules
Seismic Induced Building MRSC15 | Royd Crest Trailer 194 171 82.1 40.9 25.6 181 10.8 6.87 3.74
Collapse with No Fire Involving Park (941)
Plutonium-238 in General
Purpose Heat Source Modules
Spill of Plutonium-238 Residue | MRSC13 | Royal Crest Trailer | 0.00662 0.0448 0.0236 0.0128 | 0.00848 0.0062 0.00385 | 0.00252 0.00141
from 2-Liter Bottles Outside of Park (941)
Hot Cell
Hot Cell Plutonium-238 Spill MRSC14 | Royal Crest Trailer 212 14.3 7.56 411 271 1.98 1.23 0.808 0.452
with No Confinement Park (941)
Main Vault Fire MRSC17 Royal Crest Trailer 12.8 65.9 34.1 19.1 14.4 12.4 10.3 8.59 6.22
Park (941)
Material Disposal Area Remediation Accidents (Section 1.5)
Explosion at MDA G MDAGEXP | Pueblo Boundary 55.2 405 95.8 32.6 17.3 11.2 6.01 3.74 1.92
(355)
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) Noninvolved Dose (rem) at Downwind Distance (in meters) of:
MEI Location Worker Dose
(Downwind MEI (rem) at
Distance, in Dose 100 meters
Accident Scenario I dentifier meters) (rem) downwind 250 500 750 1,000 1,500 2,000 3,000
Fireat MDA B MDABFIR | Nearest Boundary 1.26 0.280 0.0656 0.0223 0.0118 0.00759 | 0.00406 | 0.00242 0.00122
(45)

Sealed Sour ces Accidents (Section J.3)
Aircraft Crash at TA-54, AreaG | SEALICM Site Boundary 0.0843 0.517% 0.0910 0.0401 0.0244 0.0170 0.00996 | 0.00656 0.00363

NNE (267)
Severe Earthquake and Fire at SEAL2CF Town Site 0.0987 1.21° 0.276 0.129 0.106 0.0958 0.0796 0.0645 0.0440
CMR Boundary (924)
Severe Earthquake and Fire at SEAL3CF | Royal Crest Trailer | 0.0980 1.21° 0.276 0.129 0.106 0.0958 0.0796 0.0645 0.0440
TA-48 Park (941)
RH-Transuranic Waste M anagement Facilities Accidents (Section H.4)
Explosion at MDA G GS205EX Pueblo Boundary 0.31 2.27 0.538 0.183 0.0973 0.0626 0.0337 0.021 0.0108
RH-Transuranic Shaft 205 (355)
Explosion at MDA G GS206EX Pueblo Boundary 0.74 5.43 1.29 0.438 0.233 0.15 0.0806 0.0502 0.0258
RH-Transuranic Shaft 206 (355)
Seismic Event Affecting RH- DOMSEIS | Trailer Park (1,437) | 0.0371 2.33 0.555 0.19 0.101 0.0649 0.0345 0.0209 0.0107
Transuranic in TWCF
Seismic Event Affecting DOMES Trailer Park 28.8 1820 432 147 78.2 50.3 26.9 16.2 8.32
Transuranic Relocated from (1,437m)

Area G Waste Domesto TWCF

MEI = maximally exposed individual, rem = roentgen equivalent man, RANT = radioassay and nondestructive testing, TA = technical area, WETF = Weapons Engineering Tritium
Facility, WCRR = Waste Characterization, Reduction, and Repackaging, DV RS = Decontamination and V olume Reduction System; SHEBA = Solution High-Energy Burst Assembly,
CMR = Chemistry and Metallurgy Research Building, HEPA = high-efficiency particulate air (filter), MDA = material disposal area, TSTA = tritium systems test assembly,

TSFF = Tritium Science and Fabrication Facility, RLWTF = Radioactive Liquid Waste Treatment Facility, WCRR = Waste Characterization, Reduction, and Repackaging Facility,
SST = safe secure trailer, RH = remote-handled, PC = performance category, TWCF = Transuranic Waste Consolidation Facility.
@ Doses include component from external exposure to source.
Note: To convert metersto feet, multiply by 3.2808.
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Appendix D — Evaluation of Human Health Impacts from Facility Accidents

D.8 MACCS2 Code Description

The MACCS2 computer code is used to estimate the radiological doses and health effects that
could result from postulated accidental releases of radioactive materials to the atmosphere. The
specification of the release characteristics designated a “ source term,” can consist of up to four
Gaussian plumes that are often referred to simply as “plumes.”

The radioactive materials rel eased are modeled as being dispersed in the atmosphere while being
transported by the prevailing wind. During transport, particulate material can be modeled as
being deposited on the ground. The extent of this deposition can depend on precipitation. |If
contamination levels exceed a user-specified criterion, mitigating actions can be triggered to limit
radiation exposures.

Atmospheric conditions during an accident scenario’ s release and subsequent plume transport are
taken from the annual sequential hourly meteorological datafile. Scenario initiation is assumed
to occur equally likely during any hour contained in the file' s dataset, with plume transport
governed by the succeeding hours. The model was applied by calculating the exposure to each
receptor for accident initiation during each hour of the 8,760 hour-dataset. The mean results of
these samples, which therefore includes contributions from all meteorological conditions, is
presented in this SWEIS.

There are two aspects of the code's structure basic to understanding its calculations: (1) the
calculations are divided into modules and phases; and (2) the region surrounding the facility is
divided into a polar-coordinate grid. These concepts are described in the following sections.

MACCS2 is divided into three primary modules: ATMOS, EARLY, and CHRONC. Three
phases are defined as the emergency, intermediate, and long-term phases. The relationship
among the code’ s three modules and the three phases of exposure are summarized below.

The ATMOS module performs al of the calculations pertaining to atmospheric transport,
dispersion, and deposition, as well as the radioactive decay that occurs before release and while
the material isin the atmosphere. It uses a Gaussian plume model with Pasquill-Gifford
dispersion parameters. The phenomena treated include building wake effects, buoyant plume
rise, plume dispersion during transport, wet and dry deposition, and radioactive decay and in-
growth. The results of the calculations are stored for subsequent use by EARLY and CHRONC.
In addition to the air and ground concentrations, ATMOS stores information on wind direction,
arrival and departure times, and plume dimensions.

It is noted that dispersion calculations such as used in MACCS2 are generally recognized to be
less applicable within 100 meters of a release than to further downwind distances (DOE 2004d);
such close-in results frequently over predict the atmospheric concentrations because they do not
take into account the initial momentum of the release nor the initial size of therelease. The
impacts of structures and other obstacles on plume dispersion are aso not accounted for.
Although most of the results presented in this SWEIS are for distances at |east 100 meters
downwind from a hypothesized rel ease source, a couple (MEls from CMR and MDA B) are not.
The latter results should be interpreted in the above light.
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The EARLY module models the period immediately following aradioactive release. This period
iscommonly referred to as the emergency phase. The emergency phase begins at each successive
downwind distance point when the first plume of the release arrives. The duration of the
emergency phaseis specified by the user, and it can range between 1 and 7 days. The exposure
pathways considered during this period are direct external exposure to radioactive material in the
plume (cloud shine); exposure from inhalation of radionuclides in the cloud (cloud inhal ation);
exposure to radioactive material deposited on the ground (ground shine); inhalation of
resuspended material (resuspension inhalation); and skin dose from material deposited on the
skin. Mitigating actions that can be specified for the emergency phase include evacuation,
sheltering, and dose-dependent rel ocation.

The CHRONC module performs al of the calculations pertaining to the intermediate and
long-term phases. CHRONC calculates the individual health effects that result from both direct
exposures to contaminated ground and from inhalation of resuspended materials.

The intermediate phase begins at each successive downwind distance point upon conclusion of
the emergency phase. The user can configure the calculations with an intermediate phase that
has a duration as short as 0 or aslong as 1 year. In the zero-duration case, thereis essentially no
intermediate phase, and a long-term phase begins immediately upon conclusion of the emergency
phase.

Intermediate models are implemented on the assumption that the radioactive plume has passed
and the only exposure sources (ground shine and resuspension inhalation) are from
ground-deposited material.

The mitigating action model for the intermediate phase is very ssimple. If the intermediate phase
dose criterion is satisfied, the resident population is assumed present and subject to radiation
exposure from ground shine and resuspension for the entire intermediate phase. If the
intermediate phase exposure exceeds the dose criterion, then the population is assumed rel ocated
to uncontaminated areas for the entire intermediate phase.

The long-term phase begins at each successive downwind distance point upon conclusion of the
intermediate phase. The exposure pathways considered during this period are ground shine and
resuspension inhalation.

The exposure pathways considered are those resulting from ground-deposited material. A
number of protective measures, such as decontamination, temporary interdiction, and
condemnation, can be modeled in the long-term phase to reduce doses to user-specified levels.
The decisions on mitigating action in the long-term phase are based on two sets of independent
actions:. (1) decisions relating to whether land at a specific location and time is suitable for
human habitation (habitability), and (2) decisions relating to whether land at a specific location
and timeis suitable for agricultural production (ability to farm). For the current SWEIS, no
mitigation or special protective measures were assumed for the exposure calculations.

All of the calculations of MACCS2 are stored based on a polar-coordinate spatial grid with a
treatment that differs somewhat between calculations of the emergency phase and cal culations of
the intermediate and long-term phases. The region potentially affected by arelease is represented
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with a(r, ®) grid system centered on the location of the release. Downwind distanceis
represented by the radius“r”. The angle, “®”, isthe angular offset from the north, going
clockwise.

The user specifies the number of radial divisions aswell as their endpoint distances. The angular
divisions used to define the spatial grid are fixed in the code. They correspond to the 16 points
of the compass, each being 22.5 degrees wide. The 16 points of the compass are used in the
United States to express wind direction. The compass sectors are referred to as the coarse grid.

Since emergency phase cal culations use dose-response models for early fatalities and early
injuries that can be highly nonlinear, these cal cul ations are performed on afiner grid basis than
the calculations of the intermediate and long-term phases. For this reason, the calculations of the
emergency phase are performed with the 16 compass sectors divided into 3, 5, or 7 equal, angular
subdivisions. The subdivided compass sectors are referred to as the fine grid.

Lifetime doses are the conventional measure of detriment used for radiological protection. These
are 50-year dose commitments to aweighted sum of tissue doses defined by the International
Commission on Radiological Protection (ICRP) and referred to as “effective dose equivalent.”
Lifetime doses may be used to calculate the stochastic health effect risk resulting from exposure
to radiation. The calculated lifetime dose was used in cancer risk calculations.

D.9 ALOHA CodeDescription

Consequences of accidental chemical releases were determined using the ALOHA computer code
(EPA 2004). ALOHA isan EPA and National Oceanic and Atmospheric Administration-
sponsored computer code that has been widely used in support of chemical accident responses
and also in support of safety and NEPA documentation for DOE facilities. The ALOHA codeis
adeterministic representation of atmospheric releases of toxic and hazardous chemicals. The
code can predict the rate at which chemical vapors escape (such as from puddies or leaking

tanks) into the atmosphere; a specified direct release rate is also an option.

ALOHA performs calculations for chemical source terms and resulting downwind
concentrations. Source term cal cul ations determine the rate at which the chemical material is
released to the atmosphere, release duration, and the physical form of the chemical upon release.
Theterm “cloud” is used in this document to refer to the volume that encompasses the chemical
emission. In general, the released chemical may be agas, avapor, or an aerosol. The aerosol
release may consist of either solid (fume, dust) or liquid (fog, mist, spray) particles that are
suspended in agas or vapor medium. Liquid particles are aso referred to as droplets. The analyst
specifies the chemical and then characterizes the initial boundary conditions of the chemical with
respect to the environment through the source configuration input. The ALOHA code alows for
the source to be defined in one of four ways (direct source, puddle source, tank source, or pipe
source) in order to model various accident scenarios. The source configuration input is used to
either specify the chemical source term or to provide ALOHA with the necessary information and
data to calculate transient chemical release rates and physical state of the chemical upon release.
ALOHA calculates time-dependent release rates for up to 150 time steps (DOE 2004c). ALOHA
then averages the release rates from the individual time steps over one to five averaging periods,
each lasting at least 1 minute (DOE 2004c). The five averaging periods are selected to most
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accurately portray the peak emissions. The five average release rates are inputs to the ALOHA
algorithms for atmospheric transport and dispersion (DOE 2004c). ALOHA tracks the evolution
of the mean concentration field of the five separate chemical clouds and calcul ates the
concentration at a given time and location through superimposition. ALOHA limits releases to

1 hour.

Evolution of the mean concentration field of the chemical cloud is calculated through algorithms
that model turbulent flow phenomena of the atmosphere. The prevailing wind flows and
associated atmospheric turbulence serve to transport, disperse, and dilute the chemical cloud that
initially forms at the source. For an instantaneous release or release of short duration, the
chemical cloud will travel downwind as a puff. In contrast, a plume will form for a sustained or
continuous release.

The wind velocity is avector term defined by a direction and magnitude (that is, wind speed).
The wind direction and wind speed determine where the puff or plume will go and how long it
will take to reach a given downwind location. For sustained or continuous releases, the wind
speed has the additional effect of stretching out the plume and establishing theinitial dilution of
the plume; it determines the relative proportion of ambient air that initially mixes with the
chemical source emission. Atmospheric turbulence causes the puff or plume to increasingly mix
with ambient air and grow (disperse) in the lateral and vertical direction asit travels downwind.
Longitudina expansion also occurs for a puff. These dispersion effects further enhance the
dilution of the puff or plume. The two sources of atmospheric turbulence are mechanical
turbulence and buoyant turbulence. Mechanical turbulence is generated from shear forces that
result when adjacent parcels of air move at different velocities (either at different speeds or
directions). Fixed objects on the ground, such as trees or buildings, increase the ground
roughness and enhance mechanical turbulence in proportion to their size. Buoyant turbulence
arises from vertical convection and is greatly enhanced by the formation of thermal updrafts that
are generated from solar heating of the ground.

The ALOHA code considers two classes of atmospheric transport and dispersion based upon the
assumed interaction of the released cloud with the atmospheric wind flow:

o For airborne releases in which the initial chemical cloud density is less than or equal to
that of the ambient air, ALOHA treats the released chemical as neutrally buoyant. A
neutrally buoyant chemical cloud that is released to the atmosphere does not alter the
atmospheric wind flow, and therefore, the term passive is used to describe the
phenomenological characteristics associated with its atmospheric transport and
dispersion. As a passive contaminant, the released chemical follows the bulk movements
and behavior of the atmospheric wind flow.

o Conversdly, if the density of theinitial chemical cloud is greater than that of the ambient
air, then the possibility exists for either neutrally buoyant or dense-gas type of
atmospheric transport and dispersion. In dense-gas atmospheric transport and dispersion,
the dense-gas cloud resists the influences of the hydraulic pressure field associated with
the atmospheric wind, and the cloud alters the atmospheric wind field in its vicinity.
Dense-gas releases can potentially occur with gases that have a density greater than air
due to either a high molecular weight or being sufficiently cooled. A chemical cloud with
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sufficient aerosol content can also result in the bulk cloud density being greater than that
of the ambient air. Dense-gas releases undergo what has been described in the literature
as “gravitational slumping.”

Gravitational slumping is characterized by significantly greater lateral (crosswind) spreading and
reduced vertical spreading as compared to the spreading that occurs with a neutrally buoyant
release.

In addition to the source term and downwind concentration calculations, ALOHA allows for the
specification of concentration limits for the purpose of consequence assessment (such as,
assessment of human health risks from contaminant plume exposure). ALOHA refersto these
concentration limits as level-of-concern (LOC) concentrations. Safety analysis work uses the
ERPGs and TEELs for assessing human health effects for both facility workers and the general
public. While ERPGs and TEELSs are not explicitly a part of the ALOHA chemical database,
ALOHA allows the user to input any value, including an ERPG or TEEL value, asthe LOC
concentration. The LOC value is superimposed on the ALOHA generated plot of downwind
concentration as a function of time to facilitate comparison. In addition, ALOHA will generate a
footprint that shows the area (in terms of longitudinal and lateral boundaries) where the ground-
level concentration reached or exceeded the LOC during puff or plume passage (the footprint is
most useful for emergency response applications).

The ALOHA code uses a constant set of meteorological conditions (such aswind speed and
stability class) to determine the downwind atmospheric concentrations. The sequential

meteorol ogical datasets used for the radiological accident analyses were reordered from high to
low dispersion by applying a Gaussian dispersion model (such asthat used by ALOHA) to a
representative downwind distance. The median set of hourly conditions for each site (that is,
mean wind speed and mean stability) was used for the analysis; thisis roughly equivalent to the
conditions corresponding to the mean radiological dose estimates of MACCS2.

ALOHA contains physical and toxicological properties for the chemical spillsincluded in the
SWEIS and for approximately 1,000 additional chemicals. The physical properties were used to
determine which of the dispersion models and accompanying parameters were applied. The
toxicological properties were used to determine the levels of concern. Atmospheric
concentrations at which health effects are of concern (that is ERPG-2 or ERPG-3 levels) are used
to define the footprint of concern. Because the meteorological conditions specified do not
account for wind direction (that is, it is not known a priori in which direction the wind would be
blowing in the event of an accident), the areas of concern can be defined by a circle of radius
equivalent to the downwind distance at which the concentration decreases to levels less than the
level of concern. In addition, the concentration at 328 feet (100 meters) (potential exposure to a
noninvolved worker) and at the nearest public access, typically the site boundary distance,
(exposure to the maximally exposed individual) are calculated and presented.
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APPENDIX E
CURRENT UNDERSTANDING OF THE GROUNDWATER REGIME AT
LOSALAMOSNATIONAL LABORATORY

E.1 Introduction

The purpose of this appendix isto serve as a summary of the current understanding of
groundwater flow at the Los Alamos National Laboratory (LANL) and the conceptual models
that have been devel oped for the purpose of humerical modeling of groundwater flow and
contaminant transport. This appendix presents the components by which researchers develop
their concepts of the geohydrologic system at LANL.

A comprehensive study of the geology, hydrologic processes, and site characteristics of an area
must be understood in order to formulate a conceptual model of a groundwater flow system.
Geologic information must be used in conjunction with the hydrologic datain order to define
hydrostratigraphic units. A geologic unit can be used as a model layer or several units can be
combined into model layersif their hydrologic characteristics are similar. Knowledge of the
geology is required to define the areal extent of the units. Inferences about the flow system’s
hydraulic behavior and transport characteristics are drawn from information about geologic
structures, lithologic properties, and groundwater geochemistry.

The setting occupied by LANL is geologically and hydrologically complex. Before recent
drilling activities were implemented, conceptual models and numerical simulations of regional
groundwater flow that had been devel oped were based on sparse data (K eating, Robinson, and
Vesselinov 2005). The knowledge base of recharge, discharge, and how water borne
contaminants interact with and move through rock fractures and rock matrix in the vadose zone
into perched water zones and the regional aquifer below LANL isgrowing. In 2005, LANL was
regularly sampling 74 surface monitoring stations and 137 groundwater monitoring locations
based on agreements with the New Mexico Environment Department and the U.S.
Environmental Protection Agency and these activities have resulted in modification of the
conceptual models (Newman and Robinson 2005). As aresult of further agreements, LANL will
be expanding data collection activities, along with further analysis of existing data. This
understanding of the hydrologic and chemical components at the site will aid in the devel opment
of sound conceptual models of flow and transport through the fractures and the matrix of the
vadose zone into the saturated zone. It is anticipated that the new data, coupled with
improvement in numerical flow and transport models and improved calcul ational techniques,
will enable better prediction of flow and transport of groundwater in the LANL region and more
accurately define the ultimate impacts on the regiona groundwater resources below LANL.

This appendix provides a framework for understanding the geohydrology and how numerical
models have been developed. In 2005, a series of reports of investigations in the Vadose Zone
Journal developed conceptual models and discussed flow and transport through the vadose zone
to perched groundwater bodies and the regional aquifer below LANL. Some of the reports from
this series are discussed. The descriptions are brief with references provided.
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E.2 Regional Setting

Los Alamos National Laboratory and the adjacent communities of Los Alamos and White Rock
are located on the Pgjarito Plateau (Figure E—1 and Chapter 4, Figure 4-9). The plateau isan
accumulation of east-sloping volcanic material that lies over the western part of the Espariola
Basin and extends from the Sierra de los Valles on the eastern rim of the Jemez Mountains to
White Rock Canyon and the Espariola Valley west of the Rio Grande. The plateau covers an area
of about 240 square miles (620 square kilometers) of which about 90 square miles (230 square
kilometers) isin the central part of the plateau and includes the area covered by LANL (Broxton
and Vaniman 2005) (Figure E-1). The plateau is drained by easterly flowing ephemeral and
intermittent streams that have formed deeply incised canyons separated by elongated mesas. The
mesas range in elevation from west to east from 7,700 feet (2,350 meters) on the slopes of the
Sierradelos Vallesto 6,200 feet (1,900 meters) at their ends overlooking the Espariola Valley
(Broxton and Vaniman 2005).
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The drainage of the high slopes of the Jemez region (Sierra de |os Valles) extends across the tuff
outcrops of the laboratory area. The precipitation potential of the north central part of New
Mexico is strongly atitude dependent. Rainfall and snowmelt in the higher elevationsis about
18 inches (46 centimeters) and 14 inches (36 centimeters) in the semiarid lower slopes of the area
(Broxton and Vaniman 2005). Flow across the Pajarito Plateau from the higher elevations to the
Rio Grande has resulted in the mesa and canyon landscape of the area. The steeply cut canyons
slope eastward from the Jemez Mountains toward the Rio Grande and are the cumulative result
of the alternating humid and arid climatic cycles of the past 2.8 million years (Pleistocene glacial
and inter-glacial). The canyon bottoms are covered with arelatively thin layer of alluvium. The
mesa tops display little soil formation and are sparsely vegetated with water efficient plants.
Devitrification of the tuffs on the surface of the plateau has generated a nutrient poor soil having
smectitic clays asits principa argillaceous component. The mesa surfaces are generally quite
flat and receive no runoff from the higher elevations. Soil moisture infiltration and runoff is
controlled by plant growth and downward transport of precipitation that falls on the mesa
surfaces.

E.3 Structural Setting

The tectonic episodes that occurred in southern Colorado and north-central New Mexico from
late Campanian time (approximately 75 million years ago) of the Cretaceous through Eocene
time (35 million years ago) resulted in the formation of the Rocky Mountains (Cather 2004). The
mountain building (termed the Laramide orogeny) was caused by compression of the earth’s
crust and formed two large basins separated by an uplifted areain north and central New Mexico
extending into southern Colorado. The structures formed were the San Juan Basin to the west
and the Raton Basin to the east separated by the San Luis Uplift. The southern part of the San
Luis Uplift in the LANL vicinity has been called the Pgjarito Uplift (Cather 2004). The Pajarito
Uplift is bounded by the Picuris-Pecos fault zone in the Sangre de Cristo Mountains to the east
and the Pgjarito fault zone to the west (Broxton and Vaniman 2005).

At the end of Eocene time, about 35 million years ago, three large scale processes began and
continued until the late Pleistocene: 1) wide-spread volcanism, 2) extension of the crust (rifting)
from Colorado through New Mexico to west Texas, 3) and extensive erosion of the High Plains
east of arift zone that is delineated by the Rio Grande, from which the zone' s name is derived,
and the Colorado Plateau west of the Rio Grande rift (Smith 2004). The Pajarito Uplift and other
uplifts began to undergo extensional inversion (lowering) along the rift zone. In northern New
Mexico, the Rio Grande Rift formed a series of semi-coaxial, elongate, oppositely tilted grabens
that became narrow, sediment-filled basins (Smith 2004, Broxton and Vaniman 2005,

LANL 2005a) (Figure E-2). The basins along the axis of therift are flanked by a series of
discontinuous mountains (Smith 2004). The Espanola Basin is flanked by the Nacimiento
Mountains and the Jemez Mountains to the west and the Sangre de Cristo Mountains to the east.
The western margin of the basin is obscured by Jemez volcanics and the margin may be further
west at the Laramide Nacimiento Uplift (Smith 2004).

Basins along the Rio Grande Rift are bounded by normal faulting that occurs along the margins
and within the basins. The Espariola Basin is a west-tilting half graben bounded on the west edge
by north trending faults called the Pgjarito fault zone (Figure E-2); on the north by northeast
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trending transverse faults of the Embudo fault zone; and on the south by northwest trending
transverse faults called the Bajada fault zone (LANL 2005a). Gravity evidence which has been
examined indicates that deep within the Espariola Basin are three buried grabens associated with
the Pgjarito and Embudo fault zones (Smith 2004, Broxton and Vanimin 2005). One graben
forms the north-trending Los Alamos sub-basin and is near Los Alamos. It is bounded by the
Pajarito fault zone on the west and by the buried faults that lie east of the southern projections of
Rendija Canyon and Guaje Mountain (Smith 2004, Broxton and Vaniman 2005).
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The Pgjarito fault zone forms a 400-foot (120-meter) high escarpment on the western margin of
the plateau that looks like a monocline but examination along the strike reveals a simple normal
fault, several small normal faults, and faulted and unfaulted monoclines (Broxton and
Vaniman 2005).

Other major fault zonesin the LANL areainclude the north-trending Rendija Canyon fault that is
down-to-the-west, and the north-trending Guaje Mountain fault that is also down-to-the-west
(Broxton and Vaniman 2005). The faults are parallel in the northern part of the plateau.
Additional faults are buried beneath or within the Bandelier Tuffs under the Pajarito Plateau.
Faulting also occurs in the older Santa Fe Group rocks on the eastern side of the Espariola Basin.

E.4 Volcanic Setting
Jemez Volcanic Field

The Jemez Mountains were formed by rift-related volcanism along the Jemez lineament

(Figur e E=3) where the Colorado Plateau abuts the Espariola Basin. The lineament is afeature
that may be a reactivated zone of ancient crustal weakness that trends northeast from eastern
Arizonathrough the Jemez Mountains into southeastern Colorado (Goff and Gardner 2004,
Broxton and Vaniman 2005). The volcanic zone that forms the Jemez Mountains overlaps the
Colorado Plateau and western Espariola Basin (Broxton and Vaniman 2005). The region around
the Valles Calderain the Jemez Mountains west of the Pgjarito Plateau is the source of most of
the volcano-derived material that forms the Pgjarito Plateau (Broxton and Vaniman 2005).
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For the past 14 million years, the structural province of this region has been extensively affected
by tectonic forces. Volcanic activity and subsidence due to rifting were contemporaneous. The
early Espariola Basin was the depositional site of aluvium derived from the Colorado Plateau
and later from the Jemez Mountain volcanic field (to the west) and the Sangre de Cristo
Mountains (to the east). The volcaniclastics from the Jemez Mountain volcanic field and the
Precambrian basement rocks to the east and north formed large alluvial fans that intertongued
forming avertical intergradation of wedge shaped layers (Goff and Gardner 2004; Smith 2004;
and Broxton and Vanimin 2005).

The Jemez Mountain volcanic field is divided into three groups. The oldest groups are the Keres
Group in the south and the Polvadera Group in the north. These are succeeded by the Tewa
Group in the central part and on the flanks of the Jemez Mountain volcanic field (Goff and
Gardner 2004). Thisis not to imply that some of the volcanic eruptions that formed these three
groups did not occur at the same time. Eruptionsin different areas can overlap intime. The
Lobato Basalt of the Polvadera Group was somewhat synchronous with the Keres Group basalts
(Broxton and Vaniman 2005). LANL is conducting detailed examination of basalt and rhyolite
outcrops and drill-hole data from beneath the Pgjarito Plateau. The new data have provided
insight into the ages of the rocks and the data are being used to determine if the rocks can be
correlated throughout the volcanic field.

Knowledge gained from the study of the rock materials present in the LANL areaisimportant for
understanding hydrologic and chemical properties when developing conceptual models of
groundwater flow and transport. A summary of the units present in the region, approximate ages
and a short description isgiven in Table E-1. Further descriptions and relationships of these
units with the aluvial units under the Pajarito Plateau are provided in Section E.5 on the
Stratigraphic Framework of the Pgjarito Plateau.

Inthe LANL area, on the east side of the Rio Grande, isthe Cgjadel Rio Basalt Plateau

(Figure E-1). Itisan exposed part of the Cerros del Rio volcanic field that extends westward

7 miles (11 kilometers) undernesth the Pajarito Plateau where it is covered by Bandelier Tuff
(Goff and Gardner 2004; Broxton and Vaniman 2005). These volcanics are dissected by the Rio
Grande forming the steep-sided White Rock Canyon.

Caldera formation and subsequent collapse during the Late Pliocene to Late Pleistocene led to
forming the Jemez Mountains, and resulted in significant chemical evolution of the magma, ash,
and tuff forming phases. The Bandelier Tuff Formation consists of ashfalls, pumiceous beds, and
flow tuffs and ranges up to tens of feet thick in the plateau area and is spread widely east and
south of the main caldera. These tuffaceous deposits of the Bandelier Tuff, the Otowi, Cerro
Toledo interval, and Tshirege, define the geomorphology of the plateau and control the
development of the terrain of canyons and mesas at LANL.




Appendix E — Current Understanding of the Groundwater Regime at Los Alamos National Laboratory

Table E-1 Summary of Jemez Mountain Volcanic Field Names, Rock Types,
and Rock Ages

Group Name | Unit Name Description
Middle Miocene Units
Polvadera Group Lobato Basalt Multiple flows and cinder deposits coeval with
(Oldest unitinnorth | (14 to 7.6 million years ago) ChamisaMesaBasalt. Primarily olivine; dikes
part of LANL. intruded Santa Fe Formation; interbedded with Santa
Contemporaneous Fe Formation.
with parts of the
Keres Group.)
Keres Group (Oldest | ChamisaMesaBasalt (13 to 9 million Thin flows of basdltic lavas and cinder deposits that

unit in south part of
LANL.
Contemporaneous

years ago)

overlie rhyolitic tuff; forms mesa tops to the south and
northeast of the LANL. May be oldest unit in the
Jemez Mountain volcanic field.

with parts of the
Polvadera Group.)

Canovas Canyon Rhyolite (12.4 to 8.8
million years ago)

Domes, plugs, and pyroclasts (tuff, ash); weathered;
intrudes Paliza Canyon Formation; rhyolite and basalt.

Paliza Canyon Formation
(10.6 to 7.1 million years ago)

Thick flows, domes, and pyroclasts; basalt, andesite
and dacite composition.

Peralta Member
(6 to 7.1 million years ago)

Thick tuffaceous deposits

Bearhead Rhyolite
(6 to 7.1 million years ago)

Domes, intrusions, and pyroclasts; high silicarhyolites,
plugs, domes, and tuffs.

Cochiti Formation.
(< 13 to < 6 million years ago)

Volcaniclastic rocks derived from Keres group rocks
and interfingers with Santa Fe Group, Canovas Canyon
Rhyolite, and Paliza Canyon Formation.

Late Mioceneto L ate Pliocene Units

Polvadera
Group

Tschicoma Formation
(5 to 3 million years ago)

Large overlapping domes and flows of dacite,
rhyodacite, and andesite.

Late Plioceneto L ate Pleistocene Units

Tewa Group

Bandelier Tuff

Pumice fall covered by ash-flow--High silica Rhyolite tuff; exposures at Pgjarito Plateau in canyons;
forms Pgjarito Plateau east of and Jemez Plateau west of the Jemez Mountain Volcanic Zone.

Otowi Member (1.61 million years ago)

Guaje Pumice--Eruption formed the Toledo caldera
which was destroyed, less welded than Tshirege
Member; basal pumice fal overlain by ash-flow tuffs

Cerro Toledo Interval

Cerro Toledo Rhyolite, Rhyolite domes

Tshirege Member (1.22 million years ago)

Tsankawi Pumice--Eruption formed the Valles Caldera
that subsequently collapsed; basal pumice fal overlain
by ash-flow tuffs

Peripheral Lavas

Basalts of the Cerrosdel Rio (2.8to< 1
million years ago)

Basalt lavas and dikes, not clear how relates to Otowi
(Goff and Gardner 2004)

Source: Summarized from Broxton and Vaniman 2005 and Goff and Gardner 2004.

E.5 Stratigraphic Framework of the Pajarito Plateau

This section describes the stratigraphy of the Pgjarito Plateau and shows how the volcanics
described above fit in the sequence of deposition (Figure E—4). As mentioned above,
volcaniclastics and sediments derived from the vol caniclastics from the Jemez Mountain
volcanic field to the west of the Pgjarito Plateau and sediment from the Precambrian basement
rocks to the east and north formed alluvial fans that intertongued forming a vertical
intergradation of wedge-shaped layers.
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Figure E—4 Pajarito Plateau Stratigraphy and Hydrogeologic Units
E.51 SantaFeGroup

The basins along the Rio Grande Rift average several tens of mileslong and are filled with
sediments that reach depths of afew tens of thousands of feet. This thick accumulation of
sediments in the Espariola Basin was derived from Precambrian rocks exposed in the highlands
north and east of the basin. The basin sediments in north-central New Mexico were first
collectively termed the Santa Fe Formation but the formation was | ater elevated to a group name
and subdivided into several formations. The Tesuque Formation is subdivided into, in ascending
order, the Bishop's Lodge, Nambe, Skull Ridge, Pojoaque, Chama-El Rito, and Ojo Caliente
Members, and the Chamita Formation. The Puye Formation was added and the Ojo Caliente was
elevated to a formation (Broxton and Vaniman 2005). The age of the Tesuque ranges from about
30.45 to 8.48 million years ago. The name Tesuque Formation has been used for the youngest
formation of the Santa Fe Group in the Espariola Basin because it was felt that some of the
members and formation designations could not be mapped properly because they were not
defined over alarge enough area (Smith 2004). Inter-fingered into these sediments are

vol caniclastic sediments from the Jemez volcanic field (Broxton and Vaniman 2005).

Most of the rocks that were pre-Espariola Basin were stripped away in the Pgjarito Plateau
vicinity. Denudation of Paleozoic and Mesozoic rocks may have been due to erosion of the
Pajarito Uplift (Cather 2004; Smith 2004) resulting in the absence of pre-Eocene rocks.
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Mesozoic units may be present under the Pgjarito Plateau but, at this time there is no supporting
evidence (Broxton and Vaniman 2005). There are no exposures of the Santa Fe Group within the
LANL boundaries but on the eastern margins of the Pagjarito Plateau and north of LANL there
are exposures in deep canyons such as Rendija Canyon and lower Los Alamos Canyon

(Figure E-5). East of the Pgjarito fault the Santa Fe Group may be 6,650 feet (2,000 meters)
thick but much thinner (less than 1,640 feet [500 meters]) west of the fault as indicated by
examination of outcrops and drill-hole data (Goff and Gardner 2004, Broxton and

Vaniman 2005). Because of the thickness of the Santa Fe Group, not much is known about units
that are of hydrologic significance that are older than the Tesuque in the LANL region. Most of
what is known about the Tesuque Formation’s lithologic and hydrologic propertiesis from drill-
holes.

Outcrop of the Puye Formation, Rendija Canyon Outcrop of the Santa Fe Group, Lower Los Alamos Canyon
(North of LANL). (East of LANL).

Qutcrop of the Santa Fe Group, near Espaniola. Source: LANL 2005b.

Figure E-5 Deep Canyon Exposures

New drill-hole data and exposures of rocks near the Rio Grande provide much of what is known
about the stratigraphy, lithology, and ages of the Santa Fe Group in the LANL area. A recent
attempt to address controversies dealing with stratigraphy and mechanisms that formed the
Espariola Basin is reported in a synthesis of work performed up to the present (Smith 2004).
Units believed to be of significance in the Pgjarito Plateau area, in ascending order, are the
Tesuque Formation, older fanglomerate deposits of the Jemez Mountain volcanic field, Totavi
Lentil and older river deposits, pumice-rich volcaniclastic rocks, and the Puye Formation
(Broxton and Vaniman 2005).
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Tesuque Formation

The Miocene Tesuque Formation has been characterized from data taken from partially
penetrating water production wells for local communities west of the Rio Grande on the eastern
edge of the Pgjarito Plateau and from exposures east of the Rio Grande. The Tesugue Formation
below the plateau is derived from arkosic sediments from the Precambrian and sedimentary rocks
of the Sangre de Christo Range to the East, and from Tertiary volcanic materia to the north. The
partly lithified fluvial sediments are thin-bedded (less than 10 feet, [3 meters]), massive to

planar, cross-bedded, light pink to buff sandstones (Smith 2004; Broxton and V animan 2005).
West of Espariola the Tesugque Formation is interbedded with Lobato Basalt (Smith 2004). The
Tesuque Formation dips to the west-northwest at about 11 degrees on the east side of the plateau
(Broxton and Vaniman 2005).

Miocene Basalts

There are two groups of Miocene basalts underneath the east edge of the Pgjarito Plateau. One
group is 10.9 to 13.1 million years old near Guaje Canyon north of LANL and the other is 8.4 to
9.3 million years old and extends from Bayo Canyon on the north end of the eastern part of the
plateau to almost the southern end of LANL.

Older Fanglomer ate

This unit of the Santa Fe Group is important because high yield municipal water supply wells
with low drawdown are developed in these rocks. Recent data indicate that the ol der
fanglomerates are widespread below the Pajarito Plateau (Broxton and Vaniman 2005). The unit
is made up of volcanic detritus from the Keres Group and possibly from the Tschicoma
Formation of the Polvadera Group. Datafor the Otowi-4 well show that the older fanglomerate
isathick (1,650 feet [5S00 meters]) unit made up of dark, lithic sandstone with gravel and cobbles
(Broxton and Vaniman 2005). An interpretive cross-section was developed using well data that
indicate the older fanglomerate interfingers with the upper Tesuque Formation (Broxton and
Vaniman 2005). Thisis consistent with datafrom Guaje Canyon wells that suggest that the
fanglomerate may have accumulated as the Los Alamos sub-basin subsided (Broxton and
Vaniman 2005).

Totavi Lentil and Older River Deposits

The Totavi Lentil (Figure E-6) is made up of poorly consolidated and well rounded sands,
gravels, and cobbles formed by the ancestral Rio Grande (Broxton and Vaniman 2005; Goff and
Gardner 2004) and is used as a marker bed for supply wells beneath the Pgjarito Plateau. The
deposits at some locations are conformable with the Puye Formation and are used by some
workers to delineate the base of the Puye Formation (Broxton and Vaniman 2005). The Totavi
Lentil is highly variable in thickness and ranges from 50 feet (15 meters) to more than 323 feet
(98 meters). New well data show arangein thickness of 30 to 100 feet (10 to 30 meters) but data
from Well H-19 at the western limit of the Totavi Lentil indicate that the unit is only 10 feet

(3 meters) thick.
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v > >

Figure E-6 Outcrop of Tot'av_i’. Lentil Alohg SR 304

New well data show that the unit is coeval with severa stratigraphic units and late Miocene river
gravels and put the age of through-going rivers, that is, riversthat are regional in nature with
origins outside of the study area, at about 6.96 million years (Broxton and V animan 2005).

Pumice-Rich Volcaniclastic Rocks

The pumice-rich volcaniclastic rocks have well-bedded horizons of light-colored, reworked
tephra-rich sedimentary deposits and subordinate primary ash- and pumice-fall deposits. The
rocks consist mainly of tuffaceous sandstones with afew beds of gravels made of reworked lava
(Broxton and Vaniman 2005). The deposits of pumice-rich volcaniclastic rocks become thinner
eastward over the Pgjarito Plateau and are made up of subangular to rounded lapilli (30 percent)
and ash and lithic sands (70 to 90 percent). Samples of material from the saturated zone taken
from wellsin and near the Otowi Well Field (R-5, R-8, R-9, R-12) at the northeastern edge of
LANL had diagenetically atered volcanic glass replaced by smectite, but in other areas the lapilli
are still vitric with only some surface oxidation and minor clay development (Broxton and
Vaniman 2005). The source rocks may be from the Keres Group vol canism.

Tschicoma For mation

The Tschicoma Formation consists of thick dacite and low-silicarhyolite lava flows erupted from
major peaks of the Sierrade los Valles highlands north and east of Valles Caldera and west of
Los Alamos (Broxton and Vaniman 2005). The formation interfingers with the deposits of the
Puye Formation, becomes thinner eastward across the Pajarito Plateau, and is absent at the
eastern end of the plateau (Goff and Gardner 2004, Broxton and Vaniman 2005). The Tschicoma
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Formation is lenticular resulting in variable thickness (up to 2,500 feet [ 762 meters] in the Sierra
delos Valles) where present (Broxton and VVaniman 2005).

Puye Formation

The Puye Formation is alarge complex of aluvia fans made up of volcanic material and
alluvium. It iswell exposed north of the Pagjarito Plateau; unconformably overlies the Santa Fe
Group; and isintersected by most deep wells on the Pajarito Plateau (Goff and Gardner 2004,
Broxton and VVaniman 2005). The formation’s source rocks are the domes and flows of the
Sierrade los Valles and, consequently, the formation overlaps and postdates the Tschicoma
Formation (Broxton and VVaniman 2005). The unit has two facies: fanglomerate and lacustrine.
The fanglomerate is a widespread intertonguing mixture of stream flow, sheet flow, debris flow,
block and ash fall, pumice fall, and ignimbrite deposits and may be up to 1,100 feet (330 meters)
thick (Goff and Gardner 2004). The lacustrine facies include lake and riverine depositsin the
upper part of the Puye and consists of fine sand, silt and clay and may be up to 30 feet (9 meters)
thick. The lacustrine deposits are discontinuously exposed along Los Alamos Canyon (Broxton
and Vaniman 2005).

Basaltic Rocks of the Cerros Del Rio Volcanic Field

These thick sequences of stacked lava unconformably overlie the Tesuque Formation and
intertongue with the upper Puye under the Pajarito Plateau. Basalt outcrops occur east of the
river and in Frijole Canyon and in White Rock Canyon (Broxton and VVaniman 2005). The
features are typical of basalt flows, that is, thereis aflow base of vesicular basalt with scoriaand
clinkers, a collonade structure, a complex overlapping fractured zone, and a flow top with
clinkers and scoria. Cooling rates of the basalts influenced the different zones of materials. The
lower part of the interior units cooled more slowly than the upper part and formed columnar
structures separated by vertical fractures. As cooling rates increased upward, the upper part
developed into an array of web-like random fractures. The interflows consist of clastics, ash, and
sedimentary deposits. The flows are generally 200 to 300 feet (61 to 183 meters) thick and reach
amaximum of 983 feet (300 meters). There are some maar deposits formed when molten basalt
encounters water (Broxton and Vaniman 2005).

E.5.2 Upper Pliocene and Quaternary Units
Bandelier Tuff

The Bandelier Tuff comprises the surface and near surface materialsin the LANL area. Itisan
extensive, wedge shaped pyroclastic unit that gets thinner as it extends eastward from Sierrade
los Vallestoward the eastern edge of the Pgjarito Plateau and was deposited during a recent
eruptive phase of the Jemez volcanic complex (1.6 to 1.2 million years ago) (Goff and

Gardner 2004; Broxton and Vaniman 2005). The Bandelier Tuff is made up of two similar units,
the Otowi Member (the oldest) and the Tschirege Member. The two members are divided into
subunits, abasal pumice layer overlain by multiple tuff layers, and their characteristics are based
mostly on thermal and depositional features. The two members are separated by a layer of
tephras and volcaniclastics and make up the Cerro Toledo interval (Birdsell et a. 2005, Goff and
Gardner 2004, Broxton and V animan 2005).
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Otowi Member of the Bandedlier Tuff

The Otowi Member (equivalent to the Qbo hydrologic unit discussed in Section E.6.3) is exposed
in Los Alamos Canyon, the deeper canyons to the north at the edge of the Pajarito Plateau, and

in the deeper canyons at the edge of the Jemez Plateau west of the Jemez Mountains (Goff and
Gardner 2004; Birdsell et a. 2005; Broxton and Vaniman 2005). The basal layer of the

Otowi Member, the Guaje Pumice (equivalent to the Qbog hydrologic unit discussed in

Section E.6.3), isa pumice layer, ranges in thickness from about 7 to 50 feet (2 to 15 meters)
(Birdsell et al. 2005), and averages about 30 feet (9 meters) (Broxton and Vaniman 2005). The
pumice, a distinctive marker bed, is overlain by a series of poorly welded rhyolitic ash-flow units
that collectively form an extensive, homogeneous rock unit. The Otowi Member is wedge-
shaped and thins eastward away from its source, the caldera, over the central part of the plateau.
The Otowi Member on the western part of the Pajarito Plateau has two thick zones ranging from
350 to 400 feet (100 to 125 meters) separated by an elongated zone ranging from less than 100 to
300 feet (30 to 90 meters). Thethin zoneis overlain with athick deposit of Cerro Toledo
sediments (equivalent to the Qct hydrologic unit discussed in Section E.6.3). Erosion removed a
large amount of the Otowi Member in some parts of the plateau leading to a suggestion that the
thin zone isindicative of an east-trending drainage incised into the surface of the member
(Broxton and Vaniman 2005).

Cerro Toledo Interval

The Otowi and Tshirege Members of the Bandelier Tuff are separated by a stratified sequence of
volcaniclastics informally named the Cerro Toledo interval (Goff and Gardner 2004, Broxton and
Vaniman 2005). The unit is exposed in Los Alamos Canyon and the deeper canyons to the north
at the edge of the Pgjarito Plateau. The Cerro Toledo is variable in thickness ranging from 3 to
390 feet (1 to 120 meters) (Broxton and Vaniman 2005) and is composed of rhyolites that are
representative of the Toledo caldera before it collapsed (Goff and Gardner 2004). Dacite and
andesite detritus from the Tschicoma Formation are intertongued with reworked Otowi deposits
and Cerro Toledo interval rhyolites (Goff and Gardner 2004, Broxton and Vaniman 2005).

Tschirege Member of the Bandelier Tuff

The Tschirege Member is the most distinctive and widely exposed unit on the Pgjarito Plateau. It
is somewhat more resistant to weathering and erosion in the western part of the plateau because
the tuffs are strongly welded forming steep, narrow canyons that become wider down gradient
where the tuff is not as strongly welded (Goff and Gardner 2004, Broxton and Vaniman 2005,
Birdsell et al. 2005). Like the Otowi, the Tschirege Member has a basal pumice layer, the
Tsankawi Pumice, that unconformably overlies the Cerro Toledo sediments (Goff and

Gardner 2004; Broxton and Vaniman 2005). The pumice layer is much thinner than the Guaje
Pumice and ranges in thickness from 20 to 30 inches (50 to 75 centimeters). The Tsankawi
Pumice is overlain by acompound cooling sequence of four welded ash-flows (Goff and
Gardner 2004). The thickness of the four units ranges from 200 feet (61 meters) in the north-
central part of LANL to 600 feet (183 meters) at the southern edge of LANL (Broxton and
Vaniman 2005). The degree of welding in the Tschirege increases westward on the plateau as
one approaches the calderawhich is the source of the tuff (Broxton and VVaniman 2005). The
high temperatures were maintained longer due to the thicker deposits thus increasing welding.
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Cooling jointsin the Otowi tuffs and poorly welded portions of the Tschirege are mostly lacking
(Birdsell et a. 2005).

The four mappable cooling units of the Tschirege tuffs have been subdivided into subunits based
on distinctive lithologic characteristics because the units occupy a “significant portion of the
vadose zone” (Broxton and Vaniman 2005). The unit names are also used for the hydrologic
units discussed in Section E.6.3. Briefly, from the oldest to the youngest, the designations for the
units are:

Qbt 1g. Thisunit isa porous, non-welded tuff with no devitrification or vapor phase
ateration of the glass (g). The unit has aresistant caprock that protects the soft tuffs
underneath forming steep cliffs.

Qbt 1v. Thisunit isunwelded, porous, crystalline tuff that has undergone vapor-phase (v)
crystallization of pumice and glass shards. The lower part (Qbt 1vc) is a collonade tuff with
columnar cooling joints. The tuff alternates between cliff forming and slope forming units.

Qbt 2. Thisunit isaseries of surge beds, forming brownish vertical cliffs. The unit
conformably overlies Qbt 1v in some parts of LANL. The unit is dense and porosity islower
than the other units. Welding increases upward.

Qbt 3. Thisunit isanonwelded to partly welded, vapor-phase tuff that forms the cap rock
of mesas. It grades upward from a soft basal unit that is a purple-gray, porous,
unconsolidated, crystal-rich, nonwelded tuff; then to a partly welded, white cliff-forming tuff
that becomes moderately to densely welded in the western part of LANL. Qb 3t, a subunit of
Qbt 3, ismoderately to densely welded ash-flow tuff in the far-western part of LANL and is
transitional to Qbt 4.

Qbt 4. Thisunitisacomplex unit in the western part of LANL made up of nonwelded to
partly welded ash-flow tuffs with pumice and surge deposits in the lower part of the unit to
densely welded ash-flow tuffs that form caprocks. The unit has mostly undergone
devitrification and vapor phase alteration but locally there are thin rhyolitic, vitric ash-flow
tuff deposits.

Alluvium

Alluvium of Holocene and Pleistocene age occurs on the canyon floors at LANL. Continuous
alluvial deposits of Pleistocene age occur at the foot of the eastern slopes of Sierrade los Valles
and on the Pgjarito Plateau on top of the Bandelier Tuff (Broxton and Vaniman 2005). The
alluvium on the floors of small canyons that head (begin) on the Bandelier Tuff consists of
Bandelier Tuff detritus. Canyons that have headwaters farther west in the Sierrade los Valles
have detritus from the Bandelier and the Tschicoma Formations. The alluvium consists of
unconsolidated fluvial sands and gravels and forms stratified, lenticular shaped deposits along
the canyon floors and at the mouths of canyons. The alluvium deposits intertongue with the
colluvium which may have blocks of material up to 10 feet (3 meters) in cross-section at the
bases of the walls of the canyons. The deposits are cross-cut by the ephemeral or intermittent
streams forming complex deposits on the canyon floors and at the mouths of the canyons. The
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aluvial deposits vary in thickness within the canyons and from canyon to canyon. Thickness of
the alluvium in Pueblo Canyon ranges from 11 feet (3.4 meters) on the west side of the plateau
to about 18 feet (5.5 meters) at the confluence with Los Alamos Canyon (Broxton and
Vaniman 2005; Robinson et al. 2005) and at Mortandad Canyon the range isfrom 1 to 2 feet
(0.310 0.6 meters) at its headwaters to 100 feet (30 meters) at the eastern margin of LANL.

E.6 Hydrogeology

E.6.1 Comparison of the Bedrock Geologic Framework with the Hydrologic Framework
Cross-sections that represent subsurface geology are the result of the integration of:

e  Structural geologic observations consisting mostly of the elevations of contacts between
rock bodies of different character measured in wells,

o  Stratigraphic descriptions of the character and thickness of individual rock bodies from
wells and the study of outcrops, and

e Down-hole geophysical studies.

The observations from wells defines the fundamental data necessary to accurately construct
cross-sections. The cross-sections, structural contour maps and interpreted character of the rocks
around LANL serve as the framework for flow and transport models (Figure E—4). Cross-
sections drawn from west to east across the Pajarito Plateau are presented in Figures E—7 and
E-8. Figure E-7 isaong the Los Alamos Canyon and Figure E-8 is along the Pgjarito Canyon.

The comparison shows how the geologic units differ from the hydrologic units. The geologic
units are combined because they possess similar hydrologic properties which allows for modeling
efficiency. Thisdoes not imply that the hydrologic units are homogeneous regions of unvarying
properties. Large local internal variations in hydrologic properties have been noted and are due
to rock texture, composition, and structure. The basis for definition of hydrologic unitsis that
the gross character of a unit can be modeled relatively consistently. The following discussion
presents a comparison of the geologic framework to the hydrologic framework (Broxton and
Vaniman 2005).

E.6.2 Groundwater Occurrence

There are three modes of groundwater occurrence in the Pgjarito Plateau: (1) perched alluvial
groundwater in canyon bottoms; (2) zones of intermediate-depth perched groundwater whose
location is controlled by availability of recharge and by subsurface changes in permeability; and
(3) the regional aquifer beneath the Pgjarito Plateau (Broxton and Vaniman 2005). In wet
canyons, stream runoff percolates through the alluvium until downward flow isimpeded by less
permeable layers, maintaining shallow bodies of perched groundwater within the alluvium.
Contaminant distributions in the groundwater under the Pajarito Plateau suggest that the three
systems may be in communication under certain conditions (Robinson, McLin, and
Viswanathan 2005). The hydrogeology of the Pgjarito Plateau istypical of the semi-arid,
sediment-filled basins along the Rio Grande Rift in that the basins receive recharge from
mountain ranges along the margins (Broxton and Vaniman 2005). This section discusses
aluvial, perched, and regional groundwater.
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The geology of the regional aguifer was discussed above. Knowledge of the origin and
depositional history of the rocks at LANL coupled with groundwater sampling and aquifer testing
helps to determine the hydraulic properties of the regional aquifer. Single well tests of small
volumes of rock have been conducted by withdrawing water from or injecting water into awell
and measuring the rate of recovery of the original water surface. Multiple-well tests of large
volumes of rock involve pumping awell and then making observations of the effects the
pumping has on nearby wells completed in the same interval as the pumped well. Extensive
downhole geophysical studies are also a part of the deep-well program. Studies of rock
properties and geochemical information with hydrologic testing results provide a basis for
evaluating travel times and transport in the vadose zone (K eating, Robinson, and

Vesselinov 2005). Summaries of these properties obtained from well tests, sampling programs,
and analyses have been reported previously (Keating, Robinson, and Vesselinov 2005; Robinson,
McLin, and Viswanathan 2005; Birdsell et al. 2005). Potentiometric maps, hydraulic gradients,
and permeability data for the regional aquifer have also been discussed (K eating, Robinson, and
Vesselinov 2005).

E.6.2.1 Alluvial Groundwater

Alluvia groundwater in the LANL area primarily occursin canyons that originate in the Sierrade
los Vallesor in the Pgjarito Plateau watersheds. Groundwater in the canyonsis supported by
seasonal runoff from the mountains, by episodic precipitation events on the plateau, and by
discharge from LANL outfalls. Liquid waste water from LANL released to the outfalls above the
canyons was responsible for contamination of aluvial groundwater in the past. The waste water
also plays a part in the hydrogeology of the canyons.

As mentioned above in the stratigraphy section, the canyon floors are covered with alluvium of
variable thickness and consist of fluvial sands, gravels, and cobbles. The alluvium is derived
from the mountains to the west and from rocks that have been incised by the ephemeral and
intermittent streams that formed the canyons. The alluvium isintermingled laterally with
colluvium from the canyon walls. Groundwater in the canyons occurs above permeability
barriers at the base of the alluvium above the Bandelier Tuff or above well sorted tight sequences
of canyon floor alluvium. Seasonal variation in the amount of snow-melt or storm runoff affects
the saturated thickness and lateral extent of aluvial groundwater.

E.6.2.2 Deep Perched Groundwater

The extent and nature of deep perched water beneath Pgjarito Plateau has been investigated to
determine if the alluvia systems on the plateau are in communication with the deep perched
water or the regional aquifer and to determine if thereis a potential for contaminantsto travel to
the regional groundwater (Robinson, Broxton, and Vaniman 2005). At the time of the
investigation, 33 perched water zones had been identified in 29 wells. The study defined perched
water “as a hydrologic condition in the rock or sediment above the regional aquifer in which the
rock pores are completely saturated with water.” Perched water may occur because of capillary
barriers, or by low permeability barriers coupled with structures in the stratigraphic section. For
example, faults may intersect hydraulically conductive zones with low permeability materials and
block flow paths. Another cause may be when a saturated zone becomes unsaturated due to a
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decline in water level and water is trapped in a zone of high permeability and cannot move to the
new level.

The perched zones at LANL do not have enough water to warrant putting in municipal water-
supply wells but the perched groundwater zones are important for four reasons: 1) the water is
protected under State law; 2) transport rates through the unsaturated rocks are affected by the
chemistry of the perched zones; 3) the zones restrict vertical movement of groundwater or may
indicate the presence of fast-paths; 4) and, the zones can be used for monitoring movement of
groundwater toward the regional aquifer (Robinson, Broxton, and Vaniman 2005). The deep,
perched zones get water from surface and aluvial groundwater usually associated with the large
canyons that head in the Sierra de los Valles; deep, perched water below the smaller canyons on
the plateau can also be recharged by liquid effluent from LANL. The deep, perched water zones
have a saturated thickness ranging from 100 to 400 feet (30 to 120 meters) (Robinson, Broxton,
and Vaniman 2005).

Perched water bodies are important elements of the hydrogeol ogy of the site for several reasons.
There is aprobability that the zones can intercept contaminants that are being transported
downward through the vadose zone. The perched water can be a permanent or long-term
residence for contaminants because the chemical makeup of the rocks may result in adsorption.
Perched water can also serve as a place where dilution occurs lowering the concentration of
contaminants. Thereisapossibility that perched zones may be intersected by streamsin the
lower parts of the canyons resulting in lateral flow under the influence of gravity out of the
canyon wallsinto the alluvial aquifer and subsequently to the Rio Grande.

E.6.2.3 Regional Groundwater

The regiona aguifer below LANL isvery deep (up to 1,200 feet [360 meters]) and is separated
from the surface by athick vadose zone with some perched water zones (K eating, Robinson, and
Vesselinov 2005). Depth to water of the regional aquifer on the eastern part of the plateau near
the rim of White Rock Canyon is about 614 feet (200 meters) about 210 feet (65 meters) above
the level of the Rio Grande (Broxton and Vaniman 2005). It has been reported that awell drilled
in the lower Los Alamos Canyon near the Rio Grande flowed to the surface when installed in the
regional aquifer indicating confined or semi-confined conditions and that there are seeps and
springs in White Rock Canyon (Broxton and Vaniman 2005).

Sedimentary bedrock units at the top of regional saturation zones below the Pgjarito Plateau at
LANL are the Puye Formation (Tpf), pumiceous deposits (Tpp), older fanglomerate (Tf), and
Tesuque Formation (Ts). The volcanic rocks in which groundwater occurs are the Cerros del Rio
basalts (Th4), the Tschicoma Formation (Tt), and Miocene basalt (Tb2) (Broxton and

Vaniman 2005). Groundwater recharge to the regional aguifer under the Pgjarito Plateau comes
from underflow from the Sierrade los Valles and from drainages across the plateau (Kwicklis et
al. 2005). The stratigraphy of the rocksis discussed in Section E.5. The most productive wells
on the plateau occur in the central part of the plateau within the basin fill deposits consisting of
the Puye Formation, the pumiceous deposits, the Totavi Lentil, the older fanglomerates, and the
Tesuque Formation. The wells have screens up to 1,600 feet (500 meters) long spanning these
units (Broxton and Vaniman 2005). The Tesuque is the primary productive unit in the eastern
part of the plateau, in Gugje Canyon, and in the lower Los Alamos Canyon.
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E.6.3 Hydrogeologic Units
Basal Confining Units

The rock units that occur below the regional aquifer are considered to be all the units below the
Tesuque Formation including Precambrian igneous and metamorphic rocks, Paleozoic and
Mesozoic sedimentary rocks, and mid to upper Tertiary terrestrial sediments.

Santa Fe Group Rocks

Hydrologic unit Tsis generally considered to be equivalent to the Tesuque Formation. The
lithology of the unit is silty to sandy with some basalt and flow breccias (Tbl). The basalts are
about 11 to 13 million years old and have intercalated sedimentary units. Water-supply wellsin
the lower Los Alamos Canyon completed in this unit yield about 600 gallons per minute

(2,200 liters per minute) and in the western part of LANL area, where the Tsis coarser, supply
wellsyield about 1,000 gallons per minute (3,800 liters per minute). Flow in the volcaniclastics
and altered basalts is associated with fractures; the interflow breccias are plugged with secondary
minerals (Broxton and Vaniman 2005).

Older Fanglomerate

This hydrogeologic unit (Tf) isathick sequence of gravel and cobble beds and interbedded
sandstones. It has been identified as the most productive zone (1,000 gallons per minute

[ 3,800 liters per minute]) inthe LANL area. The Tf isvertically heterogeneous and anisotropic
because of the bedding but may be strongly isotropic in the lateral direction. Reinterpretation of
earlier well logs puts the contact with the Ts at the transition zone where coarse grain gravels and
cobbles overlay sands and silts (Broxton and Vaniman 2005). Basalts (8.4 to 9.3 million years
old) and intercalated sedimentary rocks in the Tf are designated as Th2. Hydrologic unit Tk is
intertongued with the Tf and is made up of Keres Group volcanic rocks.

Hydrologic unit Tpt represents the Totavi Lentil and older river deposits that make up a poorly
consolidated conglomerate. Data from one water production well completed in thisinterval
show that 18 percent of the water produced comes from only 2.5 percent of the screened interval
(Broxton and Vaniman 2005). The hydrologic unit Tpp below the Tpt is awell-stratified
heterogeneous, pumice-rich volcaniclastic rock. It isfine grained and more porous than the more
coarsely grained overlying and underlying hydrologic units. The unit is anisotropic because,
vertically, the alternating fine grained bedding is less hydraulically conductive than in the lateral
direction. These pumice rich rocks also have alower bulk density than Tpt and Tf (Broxton and
Vaniman 2005; Birdsell et a. 2005).

Beneath the pumice deposits is the hydrologic unit Tpf that is similar to but predates the
lacustrine deposits of the Puye Formation (Birdsell et al. 2005). The lacustrine deposits are
equivaent which may indicate that the rocks are contemporaneous (Broxton and

Vaniman 2005). The Tpf isadeposit of coalesced alluvia fans and consists of much coarser
material than the Tpp. But like the Tpp, it is heterogeneous and anisotropic. Verticaly,
heterogeneity is due to layering and laterally due to cross cutting and variable grain size
characteristic of fluvial depositsin an alluvia fan environment. It has been hypothesized that the
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hydraulic conductivity in the vertical direction is less than the hydraulic conductivity in the
horizontal direction parallel to the bedding planes (Broxton and Vaniman 2005).

Basaltic Rocks of the Cerrosded Rio Volcanic Field

The heterogeneous hydrologic unit Th4 basalts are intercalated with subordinate amounts of
upper Puye Formation and constitute the top of the regional aquifer at the southeast corner of
LANL (Birdsell et a. 2005; Broxton and Vaniman 2005). As noted above, these basalts are
exposed on the east side of the Rio Grande. Inthe LANL region, the basalts are located under
the central and eastern part of the Pgjarito Plateau. Connected porosity of the highly brecciated
clinker and scoria zones and sediments at the tops and bottoms of the stacked lavas may extend
for hundreds of yards or may be limited in some areas where the voids are filled with clay
minerals (Birdsell et a. 2005; Broxton and Vaniman 2005). The dense lavaflow interiors are
impermeable with flow of gases and liquid water restricted to fractures. Flow in the scoriated
breccia zones s lateral along the beds and mostly vertical in the interflow zones.

Banddlier Tuff

The stratigraphic divisions presented in Table E-1 were retained for the hydrologic units because
the rock properties for the stratigraphic subunits are laterally ubiquitous and traceable throughout
the plateau (Broxton and Vaniman 2005). This section presents the hydrologic units of the
Bandelier Tuff with descriptions from oldest to youngest (Broxton and V animan 2005,

Birdsell et al. 2005, Springer 2005).

Ash-flow tuffs and fall deposits, the Guaje Pumice Bed, of the Otowi Member are hydrologic
units Qbo and Qbog, respectively. Qbo is uniform with respect to vertical density and density-
porosity profilesin the central and eastern parts of the plateau but is more variable in the west
where changes are more abrupt (Broxton and Vaniman 2005). The ash-flow tuffs of the Otowi
do not have pervasive cooling joints as is found in the welded tuffsin the upper Bandelier
(Birdsell et al. 2005). The Guaje Pumice Bed at the base of the Otowi Member is designated
hydrologic unit Qbog. It iswell-sorted and stratified and has less matrix ash than the other
Bandelier units and is an excellent marker bed between the Bandelier Tuff and the units below it.

The stratified volcaniclastic deposits of the Cerro Toledo Interval are designated as hydrologic
unit Qct. Because the unit consists of rocks that are variable in grain-size, sorting, and bedding
thickness, a strong vertical anisotropy exists above Qct within the Bandelier (Broxton and
Vaniman 2005). These characteristics provide afavorable setting for perched groundwater.

The upper Tshirege Member isacomplex hydrologic unit of welded ash-flow tuffs separated by
poorly welded tuffs and a basal unit of pumice fall deposits. The welded tuffs have joints and
fractures caused by cooling and tectonic processes that die out in the nonwelded layers

(Birdsell et al. 2005). The basal hydrologic unit Qbt t is equivalent to the Tsankawi Pumice Bed
(Broxton and Vaniman 2005). Unit Qbt t is overlain by hydrologic subunits Qbt 1g, and Qbt 1v.
Qbt t and Qbt 1g are the only ash and pumice fallsin the Tshirege that are made up of similar,
unaltered volcanic glass.

E-21



Draft Ste-Wide EISfor Continued Operation of Los Alamos National Laboratory, Los Alamos, New Mexico

Volcanic glass above Qbt 1g in hydrologic unit Qbt 1v has undergone post-depositional
devitrification and vapor-phase crystallization. These processes may affect grain-size and
decrease effective porosity by creating poorly connected pore spaces (Broxton and

Vaniman 2005). Unit Qbt 1vc isindurated and poorly welded with a system of well developed
columnar joints. Unit Qbt 1vu is generally nonwelded to partly welded but lacks extensive
jointing (Broxton and Vaniman 2005, Birdsell et a. 2005).

Hydrologic unit Qbt 2 is separated from the altered beds of unit Qbt v by athin pyroclastic surge
bed in the eastern part of the Pgjarito Plateau but in other parts of the plateau, Qbt 1v grades into
Qbt 2. In the western part of the plateau, density and density-porosity profiles indicate that the
Qbt 2 has a cooling break present at its center. The break is not present in the eastern part of the
plateau. Upper Qbt 2 is strongly welded becoming less welded down-section and has higher bulk
densities than other Tshirege units.

Hydrologic unit Qbt 3 is strongly welded in the western part of the plateau becoming less
welded eastward. The strongly welded interior of Qbt 3 has a high bulk density and low density
porosity. Hydrologic unit Qbt 4 is a nonwelded to strongly welded unit and is present only in the
western Pgjarito Plateau.

E.7 Conceptual Models

Potential contamination of the regional agquifer below LANL is of maor concern. Itisthe
responsibility of LANL to determine if past contaminant rel eases pose a threat to human health.
Flow and transport mechanisms through the vadose zone are being examined. This section
discusses recent papers in the Vadose Zone Journa published on August 16, 2005. The papers
collectively describe the work that has been completed or contemplated for the purpose of

devel oping conceptual models of the hydrogeology and numerical models of groundwater flow
and transport under the Pgjarito Plateau in general and under LANL in particular. The journal
articles present a summary of extensive observational data of deep perched water on the plateau
and a discussion of the controls on the distribution of deep perched water and how perched zones
may develop (Robinson et al. 2005). Thereis adescription and numerical model of the regional
aquifer below the Pagjarito Plateau that is used for determining fluxes and transport (Keating,
Robinson, and Vesselinov 2005). Thereisareport on net infiltration on the plateau which is of
major concern when modeling groundwater flow under LANL and streamflow on the plateau
(Kwickliset al. 2005). A comprehensive discussion of a statistical analysis of hydrologic
propertiesis presented (Springer 2005). Severa articles discuss the roles of matrix and fracture
flow within the Bandelier Tuffs and basalts (Robinson, Broxton, and V animan 2005,

Levitt et a. 2005, Stauffer and Stone 2005). Thereis aso a summary paper that describes the
hydrogeol ogic setting and site history of LANL (Newman and Robinson 2005).

Conceptual models constantly change as knowledge about hydrol ogic processes and events that
control groundwater movement increases for a particular site. The following section includes a
discussion of the conceptual models, numerical model development, modeling results, and
conclusions. The papers are presented in order of the hydrostratigraphy of the region: the vadose
zone; the deep, perched zones; and, the regional aquifer.
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E.7.1 Geochemical Conceptual Model

This section is a discussion of the geochemistry of the groundwater in the LANL region as
presented in Los Alamos National Laboratory’ s Hydrogeologic Sudies of the Pajarito Plateau:
A Synthesis of Hydrogeol ogic Workplan Activities (1998-2004) (Hydrogeologic Synthesis
Report) (2005b). First, the Hydrogeologic Synthesis Report discusses a geostatistical
methodology of reducing the data from many sources outside the area that might have been
contaminated and devel ops a groundwater chemistry baseline. Second, it presents conceptual
models of each reach of canyon drainage that is thought to be unique in its natural and artificial
flow and its contaminant transport history. Third, aternative models of contaminant transport to
the perched water bodies and the regiona groundwater are presented to relate the contaminant
concentrations, recharge, and transport processes to probable sources, predominantly the canyon
bottom alluvial aquifers. And last, it presents a discussion of conceptual models of the
hydrogeol ogy and geochemistry of the canyon springs.

The discussion of the components of geochemical conceptual models was broken into seven
parts in the Hydrogeol ogic Synthesis Report. The components are:

e Natural geochemical composition of groundwater,

e Residence time of contaminant ionsin the perched alluvia aguifer and the rocks of the
vadose zone,

e Reactive minerals controlling groundwater composition and solute mobility,
e Adsorption and precipitation reactions,
e Redox conditions,
e  Chemical speciation, and
o Colloids.
Natural Composition of Groundwater

Groundwater sampling to establish a baseline (background) of the chemistry of groundwater in
the LANL areawas conducted from 1997 to 2000. The composition of natural groundwater in
the LANL arearanges from cal cium-sodium bicarbonate water at the Sierrade los Vallesto
sodium-calcium bicarbonate water east and northeast of the LANL. Sodium bicarbonate
groundwater occurs in deep wellsin the lower Los Alamos Canyon and along the Rio Grande
and in springs in White Rock Canyon (LANL 2005b). This characterization of the natural
groundwater permits the discrimination of natural components in the groundwater from
manmade contaminants. Figur e E-9 shows the average concentrations of solutes including
specific conductance, major cations and anions, silica, tritium and several trace elements
including uranium and barium from six sampling rounds.
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Residencetime

Residence time refers to the distribution of the ages of groundwater in the various groundwater
environments under the Pgjarito Plateau. Determining the residence time helps determine
transport rates through the rocks. The residence time of natural major ions and trace elementsin
natural groundwater under the Pajarito Plateau increases from west to east and with depth in all
modes of groundwater occurrence. Tritium measurements of groundwater from within the Sierra
delos Valles fractured volcanic rocks indicate that groundwater is less that 60 years old,
whereas, groundwater in the discharge area at White Rock Canyon ranges from 3,000 to

10,000 years old (LANL 2005b). Carbon-14 dates of regional groundwater in the LANL area
indicate that a component of the groundwater is several tens of thousands of years old becoming
older from west to east. The presence of tritium though indicates that younger water is mixing
with the older water. Future studies are planned to determine the fractions of young and old water
(LANL 2005b).

Reactive minerals

Groundwater reacts with the mineralsin rocks through which it passes or in which it is stored.
These reactions control basic chemical conditions such as pH and influence mineral

precipitation, dissolution and sorption of ions from groundwater by minerals. These are
important controls on the evolution of groundwater as it migrates and on mobility of contaminant
ions.

In the natural groundwater, sodium, calcium and bicarbonate are the most abundant major ion
solutes. Slicais the second most abundant due to the interaction of volcanic glass with the
groundwater. Average concentrations of natural arsenic and fluoride were highest in Cerros del
Rio basalt. Average concentrations of dissolved natural barium, boron, bromide, strontium, and
uranium in the regional aguifer were highest at La Mesita Spring. Silica-rich rocks such asthe
Bandelier Tuffs contain more natural uranium than the basalts which are silica-poor. Uranium in
trace minerals such as zircon may exceed 1,000 parts per million but zircon is highly refractory
and has alow agueous solubility (10 to 15.4 molar at pH 7) and, consequently, does not dissolve
readily in the natural groundwaters at LANL. Some uranium is associated with volcanic glassin
the Bandelier Tuff. In comparison with zircon, volcanic glass has a higher agqueous solubility
(10to 27.1 molar at pH 7) but has alow concentration of uranium. Therefore, even though the
leachability is higher for volcanic glass, the concentration of uranium in perched water in the
Bandelier Tuff islow (LANL 2005b).

Dissolved organic carbon is a component of groundwater derived from leaching of solid organic
matter from forests and grasslands. At LANL organic matter is found in the perched water in the
intermediate zones and in the regional aquifer and is typically less than 2 milligrams of carbon
per liter. Higher concentrations are found in aluvia groundwater, soil, and surface water

(20 milligrams of carbon per liter) (LANL 2005b). Ash from the Cerro Grande fire in May of
2000 increased the amount of leachable carbon in the LANL area. The increased concentration of
total organic carbon can be used as atracer for tracking recharge. Perched zones in the Cellos del
Rio basalt in Los Alamos Canyon have exceeded 300 milligrams of carbon per liter.
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Calcite, smectite, hydrous ferric oxide, manganese hydroxide and zeolites are highly adsorptive
for trace elements including chromium, lead, strontium, and thorium. As groundwater flows
through the intermediate perched zones, soluble silica glass that is present reacts with the
groundwater and forms clay minerals including kaolinite and smectite. Smectite increases
adsorption capacity of aquifer material under circumneutral (6.5 to 7.5) pH conditions. These
interactions are only partially known in the specific groundwater environments beneath the
Pajarito Plateau but knowledge is expanding as new programs are being incorporated.

Adsor ption and Precipitation

Adsorption and precipitation are the principal mechanisms that retard the transport of
contaminants and keep them in residence in the vadose zone. These reactions are well
documented for most of the contaminant ions present under the Pajarito Plateau. The specific
groundwater environment in terms of pH and parallel mineral reactions are important controls on
sorption and precipitation reactions. Definition of those relationshipsis an interactive process
that is underway in the areas of specific concern at LANL (LANL 2005b). Geochemical
processes increase concentrations (measured as total dissolve solids) of trace el ements downward
from the alluvia aquifer to perched water to the regional aquifer aswell as from west to east due
to residence time and rock and water interactions such as adsorption-desorption (LANL 2005b).
Relatively fresh water in the form of precipitation recharges the groundwater at the Sierrade los
Valles and reacts with the rocks as it moves along flow paths becoming more mineralized
toward its discharge points. Notice in Figure E-9 that tritium decays along the flow path from
west to east and that the concentration decreases within the non-contaminated intermediate
perched water and the regional aquifer.

Redox Conditions

Redox condition refers to whether the local groundwater conditions are oxidizing or reducing.
Thisinfluences mineral stability and sorption reactions and is another aspect of groundwater
chemistry that controls contaminant mobility. As mentioned above, uranium is a naturally
occurring trace element found in groundwater below the Pgjarito Plateau. It is also processed at
LANL and isdiscussed at length in the Hydrogeologic Synthesis Report (LANL 2005b). As
stated above, some other natural components of groundwater are calcium, bicarbonate and silica
compounds. The Hydrogeologic Synthesis Report (LANL 2005b) concludes that temperature,
pH, redox potential, and dissolved activities of the ions mentioned influence precipitation and
dissolution of uranium compounds. These conclusions were based on geochemical calculations
and oxidizing conditions of natural groundwater benesth the Pgjarito Plateau. The Hydrogeologic
Synthesis Report (LANL 2005b) also concluded that although it is useful to perform saturation
index calculations to evaluate mineral equilibrium, most of the deep groundwaters are not in
equilibrium with respect to the uranium compounds. Based on the results of the calculations they
presented, adsorption processes appear to control dissolved concentrations of uraniumin
groundwater.
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Chemical Speciation

lons can exist as various stable isotopes and as parts of stable compounds (some organic) in
groundwater. The form in which each contaminant ion exists influences its entry into
precipitating minerals or sorption, and thus influences its mobility (LANL 2005b).

Colloids

Therole of colloids in transport of contaminants at LANL islargely unknown and
uninvestigated.

E.7.1.1 Contaminant Distributions

Anthropogenic contaminants in the groundwater in the LANL are generally from liquid effluent
disposal into canyons or from surface impoundments on the mesa tops and rarely from solid
waste disposal. These effluents have degraded shallow perched water in some canyons

(LANL 2005b). Canyons that have received radioactive effluent are Mortandad Canyon, Pueblo
Canyon from its tributary Acid Canyon, and Los Alamos Canyon from its tributary DP Canyon.
Effluents from high explosive processing and experiments contributed effluent to Water Canyon
and itstributary Carion de Valle. Los Alamos County and LANL have operated sanitary
treatment plants over the years (Figure E-10).

Effluent releases have impacted alluvial groundwater and in afew cases perched groundwater at
depths of afew hundred feet. Little contamination reaches the deep regional groundwater
because it is separated from the perched water by hundreds of feet of dry rock. LANL
contaminants are found in groundwater below the alluvial aquifers in some canyons or below
mesa tops where large retention ponds were located or where there were large quantity discharges
to the surface (LANL 2005b). The Hydrogeologic Synthesis Report (LANL 2005b) contains a
summary of monitoring data by watershed and groundwater zone.

Observation of contaminant data, knowledge of geochemistry, and knowledge of the history of
releases of contaminants provides a method of determining the rates and modes of groundwater
flow through the subsurface to the regional aquifer. Non-reactive chemicals and compounds like
tritium, perchlorate, and nitrate are used to determine how groundwater moves through the rocks.
Some compounds or constituents (uranium, strontium-90, barium, some high explosive
compounds, and solvents) are slowed by adsorption, precipitation-dissolution, oxidation-
reduction, or radioactive decay and some constituents (americium-241, plutonium) are strongly
absorbed onto sediment and are nearly immobile (LANL 2005b).

Alluvia groundwater does not extend beyond LANL boundaries and has a short residence time.
Tritium studies have shown that there is arapid turnover of aluvial groundwater volumein the
alluvia aguifersin the canyons and contaminants do not accumulate. Because effluent limits
were adopted in 2001, LANL has improved effluent quality and the once high values of tritium
contamination are not present today. Since that time, tritium activity is barely detectable in
Pueblo Canyon, DP Canyon, and Los Alamos Canyon, and below the maximum contaminant
level in Mortandad Canyon.
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Figure E-10 Major Liquid Release Sourcesthat have Potentially Affected
Groundwater at L os Alamos National Laboratory. Most of these are now inactive.

As mentioned above, perched groundwater is separated from alluvial groundwater by several
hundred feet of dry rock and, even though recharge occurs slowly, contaminantsin aluvial
groundwater may reach the intermediate perched groundwater. Contaminant concentration data
from the perched water zones below Mortandad Canyon indicate alluvial groundwater isthe
source of recharge to the intermediate groundwater by a process of infiltration (LANL 2005b).

The regiona aquifer is separated from the intermediate perched groundwater by hundreds of feet
dry rock. Recharge to the regional aquifer also occurs over along time and, again, contaminants
are usually found below alluvia groundwater from canyon bottoms or below mesa-tops where
large amounts of effluents were discharged to the surface. Tritium concentrations are much lower
than values found in aluvial or intermediate groundwater due to dilution or to radioactive decay
(LANL 2005b). Some high values are found in conjunction with effluent discharge near the
recharge sources shown in Figure E-10, at a past tritium disposal site (R-22 near Material
Disposal Area G), and at a spring that had a value of 45 picocuries per liter that may be dueto a
component of surface water because it is similar to rainfall and Rio Grande data.

Four alternative models are presented in the Hydrogeol ogic Synthesis Report (LANL 2005b).
The models are described and examined for strength and weaknesses of the possible
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interpretations of available data. Thereis also a discussion of how the alternative models would
change the current conceptual model and how the alternatives could be tested.

E.7.2 Geohydrologic Conceptual M odel

A conceptual model of the geohydrologic system at LANL is being used for most numerical
simulations by LANL workers and others (Robinson et a. 2005; Robinson, McLin, and
Viswanathan 2005; Robinson, Broxton, and Vaniman 2005; Birdsell et a. 2005; Stauffer and
Stone 2005; LANL 1995). The conceptual model was developed and supported with field data.
This section describes the components of the conceptual model and how they fit in the
conceptual model.

Topography and Surface Water Setting. Deep canyons that begin in the Sierrade los Valles
have large catchment areas, frequent surface flow, and perched aluvia groundwater

(Birdsell et a. 2005). The wet canyons receive discharge from outfalls and wastewater treatment
(anthropogenic water) and from infiltration of water from precipitation and shallow groundwater
flow in the aluvium. Dry canyons originate on the plateau and have small catchment areas,
infrequent flows, and no saturated alluvium in their floors. The dry canyons may display
characteristics of the wet canyons if they receive anthropogenic water. In contrast to the wet
canyons, there islittle infiltration from these canyons. Mountain fronts receive more infiltration
and this givesrise to localized perched water. Mountain front groundwater also flows laterally
through fractures to nearby canyon walls forming springs. As evidence for this conceptual model
component, there are water budget studies (Kwicklis et a. 2005); moisture profile measurements
and model simulations;, major ion, stable-isotope, and contaminant concentration studies; and
tracer tests in perched water for the mountain front case.

Anthropogenic Impacts. A second conceptual model component examines how anthropogenic
activities significantly modified canyons and the intervening mesas of the Pgjarito Plateau
(Birdsell et al. 2005). Asphalt pavements have reduced evapotranspiration and built up sub-
surface moisture underneath. Also, asphalt may focus runoff or may crack and cause infiltration
where it may not have normally occurred. Effluent discharges to canyonsfrom LANL or Los
Alamos County sources have increased surface and groundwater flows which have increased the
infiltration rate to the vadose zone. In support of this component, water content measurements,
contaminant transport measurements, and numerical simulations of paved areas and canyons
influenced by LANL facilities are cited.

Flow and Transport Mechanisms. A third conceptual model component examines matrix and
fracture flow transport mechanisms through the vadose zone to the regional aquifer (Robinson,
McLin, and Viswanathan 2005; Birdsell et al. 2005; Springer 2005). Two principle
hydrostratigraphic units with respect to vadose zone flow are the Bandelier Tuff and the Cerros
del Rio basalts. Water movement in tuffs and basalts was examined. In poorly welded and
fractured areas of the Bandelier Tuff, water moves into the fractures and is quickly absorbed into
the high permeability matrix with aresult that fractures play only a minor role in groundwater
movement (Robinson, McLin, and Viswanathan 2005).

It was stated above that at the Sierra de los Valles mountain front, above the Pajarito fault zone
west of LANL, the Bandelier tuffs are more densely welded than they are eastward under LANL
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toward the Rio Grande. Wellbore injection testing shows that water moves primarily in fractures
of densely welded tuffs and basalts and is not absorbed as readily into the low permesability rocks
asitisin the fractures of poorly welded tuff (Robinson, McLin, and Viswanathan 2005;
Birdsell et al. 2005). Typically, groundwater flow through basalts is controlled by cooling
structures. Groundwater flow is vertical through the interior basalts where slow cooling occurred
and columnar structures were formed with pronounced vertical fractures. FigureE-1lisa
photograph of the Cerros del Rio basalts below the Bandelier Tuff Otowi Member. Note the
vertically fractured, dense interior columnar section and the more porous horizontal breccia zone.
Groundwater flow is horizontal through these rapidly cooled breccias that make up the tops and
bottoms of the basalt-flows. Groundwater flow is also horizontal in the interflow sediments.
Perched water occurs in these porous brecciated zones underlying a highly fractured basalt that
overlies amassive un-fractured flow interior (Birdsell et al. 2005). This conceptual model is
supported by cited reports of water content measurements, major ion measurements, contaminant
transport measurements and numerical simulations, field measurements at instrumented sites,
and fluid injection tests (Birdsell et a. 2005).

Fractured
Zone

Breccia

Source: LANL 2005b.

Figure E-11 Outcrop of Cerrosde Rio Basalt at White Rock Overlook
(East of Los Alamos National L aboratory)
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Vadose Zone Travel Times. Travel timesin the vadose zone at LANL vary from several years
to several decades. Travel timeis shortest in fractured basalts, decades long where there are
significant thicknesses of Bandelier Tuff, and in excess of thousands of yearsin dry canyons
(Birdsell et al. 2005). The conceptual model was supported by numerical modeling of wet
canyons (Robinson et al. 2005, as discussed in Section E.8.1) contaminant profiles in vadose
zone boreholes, chloride and isotope profiles, and groundwater surveillance reports.

These conceptual model components provide a basis for numerical simulations of groundwater
flow and transport through the vadose zone at LANL. Summaries of numerical modeling
research at LANL are provided below.

E.8 Numerical Modeling Studies

This section describes numerical modeling activities by LANL workers. The numerical
simulations mainly incorporate the conceptual model developed by Birdsell et a. (2005) as
presented in the previous section.

E.8.1 A VadoseZoneFlow and Transport Model for L os Alamos Canyon, L os Alamos,
New Mexico (Robinson et al. 2005)

Purpose: The purpose of this effort was to develop alarge scale numerical model for the purpose
of advancing understanding of vadose zone flow and the transport of contaminants to the

regional aquifer. Thisrequired applying a conceptual model to knowledge of the
hydrostratigraphy, hydrologic conditions and field measurements. Primarily, the purpose was to
develop anumerical simulation of flow, but the transport of tritium, in the form of tritiated water,
beneath Los Alamos Canyon was also modeled. Tritiated water isagood tracer and acted as a
constraint on the numerical model (Robinson et al. 2005).

Conceptual Flow Model: The hydrologic system was characterized as an equivalent continuum
model, that is, the model captured the characteristics of both the fractures and the matrix. The
fractures are predicted to be dry until the capillary pressure of the matrix isalow vaue
(saturated), fracture flow begins, and liquid permeability rises. The equivalent continuum model
then behaves like a single continuum model (Robinson et al. 2005).

The infiltration rates used for the canyons and mesa tops were based on the Birdsell et al. (2005)
conceptual model outlined above for wet canyons. Infiltration rates used in the simulation were
calculated from previous studies using the rates from direct drainage from the alluvium to the
vadose zone aong the floor of Los Alamos Canyon (Birdsell et al. 2005). The highest rate
(42.4 inches [1,076 millimeters] per year) occurs in the upper reaches of the canyon near the
Guaje Fault zone where it is probably highly fractured due to faulting.

The source of contaminants used for this model was the Omega West reactor site which was used
from 1943 to 1994 to house various reactors. Tritium was one of various radionuclides released
into the canyon from a cooling water system leak discovered in 1993 which may have started in
late 1969 or early 1970 (Robinson et al. 2005). It isused as atracer because of its chemical state
asawater molecule, it is not readily sorbed, and does not precipitate out of solution or have
complicated speciation processes.
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Model Development: Information from 20 geological units was integrated into computational
grids using athree-dimensional framework. Site-specific datafrom LANL’s program of site
characterization and their comprehensive drilling program, coupled with previous numerical
modeling activities was used for the framework. The accepted stratigraphic designation
described previously was used (Broxton and Vaniman 2005). Los Alamos Canyon cuts deep into
the Bandelier Tuff with the result that the Tshirege Member is not very thick at the canyon head
and absent at the lower reach of the canyon. The Otowi Member is the first unit encountered
below the canyon alluvium in much of the model domain. In the lower reach of the canyon the
Cerros del Rio basalts (Tb4) are below the alluvium.

Numerical Grids: The numerical model incorporated both two- and three-dimensional finite
element grids. The model used was the Finite Element Heat and Mass (FEHM) code. This code
was used because it was used in previous numerical modeling efforts at LANL for saturated and
unsaturated flow and the code solved the equations needed for two phase flow of air and water
(Robinson et a. 2005; Birdsell et al. 2005). A two dimensional grid was used for scoping and
sensitivity analysis because it has a smaller number of nodes and elements and is computationally
efficient.

Results: Model results suggest that the non- and partially-welded Bandelier Tuffs dampen
episodic infiltration events; that is, the steady-state model shows that if infiltration occurs al at
once or is averaged over ayear, the result yields asimilar water content profile. Transients
caused by anthropogenic activities over adecade or longer significantly affect predicted water
content. Tritium transport modeling indicates that most of the contaminants released reside in
the vadose zone or in the case of tritium has decayed. The model aso suggests that where the
tuffs are absent, such as the lower Los Alamos Canyon near the confluence with Pueblo Canyon,
thereisarisk of contaminants getting to the regional groundwater.

E.8.2 Hydrologic Behavior of Unsaturated, Fractured Tuff: Inter pretation and
Modeling of a Wellbore I njection Test (Robinson, McLin, and Viswanathan 2005)

Purpose: This study interprets and models a reported injection test in the Tshirege Member of
the Bandelier Tuff and examines different conceptual models. Four conceptual models were
developed for flow and transport in fractured tuffs utilizing data from an early injection test in
the Tshirege Member of the Bandelier Tuff.

Model Development: The first conceptual model tested was a single continuum model where
fractures play no rolein flow and transport. A second conceptual model was an equivalent
continuum model that captures characteristics of both fractures and matrix. The third conceptual
model was adual permeability model where an assumption is made that the fractures and matrix
represent two separate but coupled continua. The fourth conceptual model was a discrete
fracture model that represents the fractures with distinct hydrologic properties within a model
domain that includes the rock matrix. A numerical simulation was then run for each conceptual
model. For kilometer scale simulations, basalts are considered by some workers as a
homogeneous continuum with a high permeability and low porosity (Stauffer and Stone 2005).

The same numerical grid, boundary conditions, and hydrologic properties were used for al the
numerical simulations of the conceptual models except for the discrete fracture model. For the
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discrete fracture model, idealized cal culations were performed to develop a mechanistic
explanation of how the hydrologic behavior of the tuffs changes when water isinjected into adry
fracture.

Results: The study results suggest that flow and transport in the tuffsis through the matrix rather
than fractures. Thisisthe result of high matrix permeability of the tuff. The matrix dominated
flow decreases travel velocities and increases retardation by sorption. Sorption isincreased
because more water comes in contact with the rock by absorbtion into the rock rather than just
being in contact with the walls of afracture. Rocks with rather high capillary suction properties
would be expected to result in more lateral movement and spreading of a plume.

E.8.3 Development and Application of Numerical Modelsto Estimate Fluxes through the
Regional Aquifer beneath the Pajarito Plateau (Keating, Robinson, and
Vesselinov 2005)

Purpose: This study integrates new site-wide datainto a model of the regional aquifer beneath
the plateau and provides new insight into large scale aquifer properties. Thisaquifer isthe
primary source for water for Santa Fe, Espariola, Los Alamos, various pueblos, and LANL.
There is a concern about water levels dropping because in 2002 there was a decrease in baseflow
to the Rio Grande. Thereisalso aconcern that water quality is decreasing because of
contamination from LANL sources. This study provides a comprehensive literature review for
the aquifer and supplements it with interpretations of new data. This Appendix synopsis of the
study includes other supporting citations.

Recharge and Discharge: This study (Keating, Robinson, and Vesselinov 2005) discusses and
cites various concepts of recharge to the regional aquifer. Early workers thought recharge occurs
at various places: Sierrade los Valles, along stream channels on the western edge of the Pgjarito
Plateau, and in Valles Caldera. Water chemistry did not support these concepts. It was then
proposed by various workers that recharge areas were either from the Sangre de Cristo
Mountains to the east or from the north and east and not from the west. Water balance and
chloride mass-balance analyses indicate that basin recharge does occur in the mountains at the
margins of the basins. Findings based on stable isotope ratios suggest that recharge to
groundwater under Pgjarito Plateau isfrom Sierrade los Valles and very little isfrom Valles
Caldera (LANL 2005a). Some recharge is also from streamflow infiltration along arroyos and
canyons on the plateau and some recharge, although volumetrically small compared to mountain
recharge, is from the surface of the mesas. This study (Keating, Robinson, and Vesselinov 2005)
reports that tritium data indicate that water below LANL isrelatively young and points out that
thisis attributable to fast-path flow through the vadose zone. Tritium studies in groundwater
discharging from springs within the Sierra de los Valles indicate that the water is about 60 years
old. However, groundwater from springs in White Rock Canyon has no tritium and probably
ranges in age somewhere between 3,000 to 10,000 years (LANL 2005a).

Discharge of groundwater from under the plateau is assumed by many workers to be to the Rio
Grande at White Rock Canyon and may occur as lateral flow, upward flow, or flow from

springs. It is pointed out that one hypothesisis that springs may be from draining perched
aquifers. Another hypothesisisthat discharge of groundwater from the regional aquifer may also
be southeasterly to the lower Albuquerque Basin but a structural high at the boundary of the
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Espariola Basin and the Albuquerque Basin may be impeding flow. Thiswould cause interflow
upward to the surface. This hypothesis has not been resolved because no studies have been
conducted in the lower part of the Esparnola Basin (Keating, Robinson, and Vesselinov 2005).

Aquifer Properties. The hydrostratigraphic units were described above. It is apparent that the
units are complex because of the tectonic, volcanic, and sedimentary processes that occurred in
the LANL region. Santa Fe Group and Puye Formation rocks are made up of intertonguing
alluvial fans separated by layers of volcaniclastics, lava deposits, breccia zones, and other
materials, resulting in vertically anisotropic conditions. Thisis supported by short term well tests
where permeability data are derived from production wells with large screened intervals. The
well test results show permeability perpendicular to bedding planesis less than permeability
parallel to bedding planes (Keating, Robinson, and Vesselinov 2005). Anisotropy may also be
the result of the numerous north-south faults in the basin interfering with spatial continuity of
low or high permeability rocks. For instance, alayer may look asif it has good permeability but
when tested on alarge scale it may appear to have a poor hydraulic connection to other parts of
the same unit because it isinterrupted by alow permeability fault zone.

Several conceptual models have been devel oped about the regional aquifer. The complex
geologic structures and data from well tests have several interpretations. Earlier workers
postulated the Santa Fe Group is under water table conditions near the Sierrade los Valles
becoming confined eastward. Specific storage dataindicate that parts of the aquifer exhibit
“|leakey-confined” conditions because of semi-confining layers of rocks. Another conceptual
model proposes that the anisotropic condition of the aquifer interferes with vertical movement of
groundwater making it appear to be confined during short term pumping tests. A third
conceptual model isthat alaterally extensive low permeability layer confines the lower part of
the aquifer and is overlain by groundwater under water table conditions.

Model Development: Three numerical models were integrated: a three-dimensional
hydrostratigraphic framework model, a three-dimensional numerical flow and transport model
(based on the Finite Element Heat and Mass Transfer Model discussed above), and a model of
recharge based on precipitation data. The model incorporates no-flow boundaries at the Santa
ClaraRiver to the north, the Valles Caderato the west, the Rio Frijoles to the south, and the Rio
Grandeto the east. The upper boundary represents the top of the saturated zone which has a
constant thickness throughout the simulation. The eastern edge of the upper boundary of the
model is the Rio Grande and has a specified head. The Buckman well field is atransient flux
(sink) to simulate production.

Results: Groundwater flow in the numerical model was to the south/southeast and generally fits
the conceptual models of flow. Calculated heads near wells R-9, R-12, R-22 and R-16 were not
matched well with actual heads. The model showed that transport cal culations would benefit
from arefinement of the hydrostratigraphic framework. It was felt that alow permesability layer
separating the upper aquifer from the lower aguifer would allow a closer match of the calculated
heads and fluxes with actual data. Calculated total recharge to the aquifer was within the range
of early estimates and does occur to the west. The simple recharge model demonstrated that
production water is coming from storage from the deeper zones in the aquifer rather than the
shallow zones that receive water from local recharge. Parameter uncertainty impacts the ability
to make predictions of fluxes and velocities through individual units down gradient from LANL.
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Estimated pore-water velocities varied from 3.3 feet per year (1 meter per year) to 415 feet per
year (125 meters per year) in the deep Miocene basalt unit Th2. This makes predictions of lateral
contaminant movement difficult were the basalts are present and brings up the possibility that
contaminants may have traveled a significant distance laterally (Keating, Robinson, and
Vesselinov 2005). Uncertainties about porosity and permeability also lead to model uncertainty.

E.8.4 Observationsand Modeling of Deep Perched Water beneath the Pajarito Plateau
(Robinson, Broxton, and Vaniman 2005)

Purpose: The purpose of this study was to perform numerical simulations using vadose zone
flow models of two deep perched water zones. One zone isrelatively stagnant and the other
more dynamic.

Conceptual Model: The conceptual model is also presented in Section E.7.2. Much has been
learned about perched water in spite of some difficulties encountered. Small perched bodies are
not easily identified because of the drilling techniques required. The lateral extent of deep
perched water bodies is also difficult to determine because of the cost of drilling wells.
Identification of perched water systems is mostly from observation of saturation in open
boreholes using video logs, water measurements, electric logs, neutron logs, wells, and
piezometers. Thirty-three occurrences of deep perched water across the Pgjarito Plateau are
reported (Robinson, Broxton, and Vaniman 2005). The depth to perched water ranges from
118 to 894 feet (36 to 272 meters). The principle occurrence of perched groundwater isin the
large wet canyons (Los Alamos and Pueblo Canyons), the smaller watersheds (Sandia and
Mortandad Canyons) and Carion de Valle. Perched water isfound in the Puye Fanglomerates,
Cerros del Rio Basalts, and in the Bandelier Tuffs (Robinson, Broxton, and VVaniman 2005).
Perched water is less common under the dry mesas.

Some deep perched water contains mobile (nonsorbing) anthropogenic chemicals but no direct
measurements have been made to determine how the chemicals reached the perched water. Two
conceptual models that are at present untestable are presented to explain the process. alow
velocity, stagnant water resting in a depression above the perching horizon and a high velocity,
laterally migrating fluid that travels on top of the perching horizon (Robinson, Broxton, and
Vaniman 2005). Perching horizonsin the low-velocity model slow the downward percolation of
water but seem to become dry when penetrated by a borehole and not recharged. In the high-
velocity model, water percolates into a deep perched zone and then moves laterally to where the
zone pinches out or reaches another vertical, permeable pathway and then moves downward.
Thisisrepeated until it can no longer move downward or it reaches the regional aquifer. These
two scenarios can occur together. Deep perched water does not appear to extend far below the
dry mesas (Robinson, Broxton, and Vaniman 2005)

Model Development: A model that considers perching horizons as interfaces between
hydrostratigraphic units was developed. It uses an interface reduction factor method to account
for perched water. When mean values for hydraulic conductivity are used in a model, the water
will move through the unsaturated zone and will not perch or move laterally. The derivation of
an equation called the permeability reduction factor was added to the Finite Element Heat and
Mass Transfer code. The reduction factor allows the user to enter amultiplier that will reduce
the permeability at the interface of two hydrostratigraphic units and allow an increase of
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saturation. A two dimensional model was then run using permeability reduction factors for
simulating the perched zone. Models without the low-permeability barrier were run for
comparison.

Results: The results were compared to information from wells LADP-3 and LAOI(A)-1.1 that
penetrate the Gugje Pumice Bed-Puye Formation interface. The Guaje Mountain fault zone was
used as the high infiltration zone. The base case had no permeability reduction factor but showed
adlight increase in saturation at the Guaje Pumice Bed but no perching occurred. When the
reduction factor was used perching occurred and increased as the factor was lowered. Particle
tracking showed that as the reduction factor was decreased migration of contaminants moved
laterally. Some contaminants moved through the interface.

Perched water zones in the Pgjarito Plateau and Y ucca Mountain, Nevada are being extensively
studied and have some similarities. Both places have the low permeability zones required for
perching to occur. The low permeability zone at Y ucca Mountain is an extensive |ow-
permeability zone of zeolites. At Pgjarito Plateau, the low permeability zones are limited in area
and are associated with stratified sedimentary units and dense basalts.

Fluid velocity in the perched zones is unknown and hydrologic testing, tracer tests or
groundwater dating methods are required to determine the age of the groundwater.
Anthropogenic chemicals found in perched zones in some wet canyons allow for some estimates
on travel times that may be only on the order of decades.
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APPENDIX F
ENVIRONMENTAL SAMPLE DATA

F.1 Environmental Monitoring Selection

Los Alamos National Laboratory (LANL) staff conducts an ongoing environmental monitoring
program that encompasses locations within LANL, along the perimeter of LANL, and throughout
the region of non-LANL land in the adjoining counties. This program provides an extensive set
of measurements of radiological and hazardous chemical substancesin the air, surface water or
storm water runoff, groundwater, sediment, and soil.

For radiological monitoring, periodic samples are obtained and measured for awide range of
radioisotopes, as well as gross alpha, beta, and gamma radiation. Monitored radioisotopes are
americium-241, cesium-137, cobalt-60, neptunium-237, plutonium-238, plutonium-239,
plutonium-240, potassium-40, radium-226, radium-228, sodium-22, strontium-90, tritium,
uranium-234, uranium-235, uranium-236, and uranium-238. Soil samples include only the first
11 radioisotopes because the radiological content of the soil collected within and around LANL
have been very low and, for the most part, have not increased over time. Soilswill now be
sampled once every 3 years. Additional radioisotopes were measured in 2004 data. Tritiumis
measured in both solid and liquid samples because of its high affinity for the liquid state as
tritiated water. Most of these radioisotopes have relatively long half-lives (greater than 10 years,
except for cobalt-60, radium-228, and sodium-22), can have significant health impactsin
sufficient quantities, and are representative of many of the radioisotopes that are handled,
managed, and stored at LANL. They also congtitute the entire range of high-energy emitters of
alpha, beta, gamma, and neutron radiation.

During the time period of 2001 through 2004, radiological samples were obtained from 15 onsite
canyons, as well as sites along the boundary of LANL with non-LANL land. Further
measurements were made of samples around the surrounding counties. These samples were used
to measure radioactivity levels, and the data was subjected to statistical analysis. The datawas
subdivided into three principal regions of interest: onsite, perimeter, and regional.

F.2 Evaluation of Los Alamos National L aboratory Environmental Sampling Data

Numerous studies and analyses have been performed on the effects of the Cerro Grande Fire at
LANL. One areaof major interest is the redistribution of radioisotopes present in the
environment in and around LANL due to thiswildfire. The current measured distribution of
radioisotopes in the environment was used to cal cul ate doses to special receptors reported in
Appendix C of this Site-Wide Environmental Impact Statement (SWEIS). The current
radioisotope distribution in soil, surface water or storm water runoff, sediment, and groundwater
were also used in calculating worker and public doses from a postulated wildfire accident in
Appendix D.

Since environmental measurements of radioisotopes in and around LANL now exist for the time
period of 2001 through 2004, and the same data was developed for the Ste-Wide Environmental
Impact Satement for Continued Operation of Los Alamos National Laboratory, Los Alamos,
New Mexico (1999 SVEIS) for the years 1991 through 1996, a graphical presentation was
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prepared to compare the distribution for each radioisotope and for each of the four environmental
media (groundwater, sediment, soil, and surface water or storm water runoff). Only those
radioisotopes that were measured in both sets of data were presented graphically. Figures F-1
through F—23 present the mean measured concentration of a specific radioisotope at a specific
location in or near LANL. One symbol represents the 2001 through 2004 data, while a different
symbol represents the 1991 through 1996 data, resulting in a* scatter plot” for each radioisotope
and medium. The use of this type of plot allows the observer to make general observations
regarding any trend.

The data in these figures was based on measurements at |ocations within the site, around the
perimeter, and in the area surrounding LANL. Each mean measured concentration data point
was calculated from annual measurements at one of the various locations. The radioisotopes of
interest that were plotted are americium-241, cesium-137, plutonium-238, plutonium-239 and
plutonium-240, strontium-90, and tritium. These isotopes are representative of relatively long
half-life nuclides with potentially significant health hazards that may have been released by
LANL facilities. For soil environmental data, only the mean for the composite regional,
perimeter, and onsite stations is presented since that is the only data available for both time
periods. In addition, strontium-90 datais not available for soil data from both time periods.
Each soil graph also presents the LANL human health risk based Screening Action Level (SAL)
(LANL 2001) that LANL uses as a criterion for acceptable soil radioisotope mass concentration
level except for tritium, which is defined as a volumetric concentration value. The SAL isan
indicator as to whether further study or environmental remediation isrequired. These LANL
SALsfor soil werefirst developed in 2001 and are based on the U.S. Environmental Protection
Agency (EPA) guidance of alimit of 15 millirem per year for residential, commercial,
recreational, and industrial use of theland. The SAL calculation includes inhal ation, ingestion,
and external exposure pathways. The radionuclide SALs was calculated for a 1,000-year
timeframe with no loss by erosion or leaching (LANL 2001).

The grouping of the data has changed over the years. To allow visual comparison in graphs, the
data for 1991 through 1996 are related to 2001 through 2004 data as shown in Table F-1.
Figures F-1 through F-6 are graphs for groundwater for each measured isotope as shown in
Table F-1.

Table F-1 Groundwater Data Set Comparison

L ocation Number

1991 through 1996 Data

2001 through 2004 Data

1

Alluvial Groundwater

Canyon Alluvial Groundwater Systems

Intermediate Perched

2 Spring from Basalt Puebl o/L osAlamos/Sandia Canyon Area Perched Systemin
Conglomerates and Basalt

3 Main Aquifer Regiona Aquifer Springs

4 Test Wells Test Wells

5 Springs Other Springs

6 Springs from Volcanics Perched Groundwater System in Volcanics

7 San lldefonso San |ldefonso Pueblo

8

Intermediate Perched Groundwater Systems
Pueblo/L os Alamos/Sandia Canyon Area Perched Systemin
Conglomerates and Basalt

9 Not measured Regiona Aquifer Wells Hydrogeol ogic Characterization Wells
10 Not measured Water Supply Wells
11 Not measured Santa Fe Water Supply Wells
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Figures F—7 through F-12 are sediment graphs for each measured isotope. The data points are
in the order shown in Table F—2. In 2001 through 2004 data, sediment measurements were
provided for Fence and Indio Canyons (two data points on the far right side of the graph) for
some isotopes which were not considered in the 1991 through 1996 data.

Table F—2 Sediment Data Set Comparison

Location Number

1991 through 1996 Data

2001 through 2004 Data

1 Regional Canyons Regional Canyons
2 Perimeter Canyons Perimeter Canyons
3 Onsite Canyons Onsite Canyons
4 Gauje Canyon Gauje Canyon
5 Bayo Canyon Bayo Canyon
6 Pueblo Canyon Pueblo Canyon
7 Los Alamos Canyon Los Alamos Canyon
8 Sandia Canyon Sandia Canyon
9 Mortandad Canyon Mortandad Canyon
10 Cafiada del Buey Canyon Cafiada del Buey Canyon
11 Pajarito Canyon Pajarito Canyon
12 Potrillo Canyon Potrillo Canyon
13 Water Canyon Water Canyon
14 Ancho Canyon Ancho Canyon
15 Chaguehui Canyon Chaguehui Canyon
16 Frijoles Canyon Frijoles Canyon
17 Not measured Fence Canyon
18 Not measured Indio Canyon
100.03
{ Los Alamos National Laboratory ScreeningActionLevel _ __ __ __ __ __________|
4@ 2001-2004 Data
10.03 [J 1991-1996 Data [}
£ 2
S 4
i 1.0 4 N
g = .
8
=
S
§ 0.13 ¢ L
a ] % L N = °
ol @ * 9 ® s eTe, ¢
] 0 ]
]
0.001

3 4 5 6 7 8

9

10

11

12

13 14 15 16 17 18

Figure F—7 Americium-241 Measured Mean Concentration Value in Sediment
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Figure F-9 Plutonium-238 M easured Mean Concentration Valuein Sediment
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FigureF-12 Tritium Measured Mean Concentration Valuein Sediment

Figures F-13 through F-18 are storm water runoff graphs for each measured isotope. Data
points are in the canyon order provided in Table F-3. The 1991 through 1996 data includes
Cafiada del Buey and Chaquehui Canyons, unlike 2001 through 2004 data. Americium-241 data
isnot available for Ancho and Frijoles Canyons for the 2001 through 2004 data. Cesium-137
datais not available for Chaguehui Canyon for 1991 through 1996 and Ancho Canyon for 2001
through 2004 data. Plutonium-239 and plutonium-240 data are not available for Frijoles Canyon
for 2001 through 2004 data. Strontium-90 datais not available for Gugje Canyon for 1991
through 1996 and Ancho Canyon for 2001 through 2004 data. Tritium datais not available for
Ancho Canyon for 2001 through 2004.

Table F-3 Storm Water Data Set Comparison

Location Number

1991 through 1996 Data

2001 through 2004 Data

1

Regional Canyons

Regional Canyons

2 Perimeter Canyons Perimeter Canyons
3 Onsite Canyons Onsite Canyons
4 Gauje Canyon Gauje Canyon

5 Los Alamos Canyon Los Alamos Canyon
6 Pajarito Canyon Pajarito Canyon
7 Water Canyon Water Canyon

8 Mortandad Canyon Mortandad Canyon
9 Ancho Canyon Ancho Canyon
10 Frijoles Canyon Frijoles Canyon
11 Sandia Canyon Sandia Canyon
12 Pueblo Canyon Pueblo Canyon
13 Cafiada del Buey Canyon Not measured
14 Chaguehui Canyon Not measured
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Figure F-13 Americium-241 Measured Mean Concentration Value for Storm Water Runoff
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Figure F-14 Cesium-137 Measured Mean Concentration Valuefor Storm Water Runoff
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Figure F-15 Plutonium-238 M easured Mean Concentration Valuefor Storm Water Runoff
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Figure F-16 Plutonium-239 and Plutonium-240 Measured Mean Concentration Value for
Storm Water Runoff
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Figure F-17 Strontium-90 Measured Mean Concentration Value for Storm Water Runoff
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FigureF-18 Tritium Measured Mean Concentration Valuefor Storm Water Runoff
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Figures F-19 through F-23 show graphs for soils for each measured isotope. The datais
grouped into the three principle regions of interest of Regional, Perimeter, and Onsite.
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Figure F—20 Cesium-137 Measured Mean Concentration Value for Soils
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Figure F—23 Tritium Measured Mean Concentration Valuefor Soils

Groundwater data shows a more marked shift in the transuranics toward higher concentrationsin
the 1991 through 1996 data than in the runoff or sediment data (see Table F—4). Unlike runoff
and sediment, groundwater is much more slowly diluted or replenished, especially in the LANL
climate region. Groundwater is also a potential source of drinking water for residences that use
wells. In general, both transuranics and lighter radioisotopes had a higher concentration in
groundwater for the 1991 through 1996 data than for the 2001 through 2004 data. No
measurements exceeded applicable (tritium and strontium-90) EPA limits for drinking water.

In qualitatively evaluating the graphical presentation of measured radioisotope concentrationsin
and around LANL between the 1991 through 1996 time period and the 2001 through 2004 time
period, only general observations can be made. More specific conclusions would require much
more extensive statistical analysis and measurement methodology analysis and would only
quantify resultsin a statistical framework, which might not convey any more information to the
reader. Table F-5 presents the assessment of the differences between the two data sets for
sediment.

As previoudly stated, qualitative interpretation of the data presented graphically for LANL
sediment radioisotope concentration is limited by the extent of this evaluation. However, some
general conclusions can be drawn (see Table F-5). Transuranic isotope concentrations al have
increased from 1991 through 1996 to 2001 through 2004, while lower atomic weight

radioi sotopes have decreased between these same two time periods. Since sediments are subject
to the actions of water over time, it is reasonable to assume that the lighter weight radioisotopes
(strontium-90, cesium-137, and tritium) would have been preferentially carried with the
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Table F4 Comparison of Measured 2001 through 2004 Radioisotope Groundwater Data
to 1991 through 1996 Data

Radioisotope

Noticeably Significant
Larger Concentration
Timeframe

Qualitative Trend Comments

Americium-241

Equivalent

Other than one data point, both the 1991 through 1996 data and the 2001
through 2004 data was concentrated over one order of magnitude (0.01 to
0.1 picocuries per liter). The largest data point of about 3 picocuries per liter
was from 1991 through 1996, and was much higher than the largest 2001
through 2004 data point of 0.5 picocuries per liter. Most of the 2001 through
2004 datais dightly lower than or equal to 1991 through 1996 data points.

Plutonium-239,
Plutonium-240

Equivalent

Both sets of data showed a small spread over the same two orders of
magnitude, but most 1991 through 1996 data points were dightly larger than
the comparable 2001 through 2004 data.

Plutonium-238

Equivalent

Both data sets are closely clustered over the same two orders of magnitude.
The highest 2001 through 2004 data point is about 3 picocuries per liter,
whereas the largest 1991 through 1996 data point is about 0.8 picocuries per
liter.

Cesium-137

1991 through 1996

All 2001 through 2004 data points were significantly lower than 1991 through
1996 by as much as afactor of 10 to 100.

Strontium-90

1991 through 1996

Some (five out of eight data points) of the 2001 through 2004 data was lower
than the 1991 through 1996 data by factors of 2 to 20.

Tritium

1991 through 1996

Most of the 2001 through 2004 datais afactor of 2 to 10 times smaller than
the comparable 1991 through 1996 data points. It should be noted that the
largest mean value for the 1991 through 1996 data and for the 2001 through
2004 datais smaller than the EPA drinking water limit of 20,000 picocuries
per liter.

EPA = U.S. Environmental Protection Agency.

Table F-5 Comparison of Measured 2001 through 2004 Radioisotope Sediment Data to

1991 through 1996 Data

Noticeably Significant
Larger Concentration
Radioisotope Timeframe Qualitative Trend Comments

Americium-241 | Equivalent Three 2001 through 2004 data points are about afactor of 10 larger than 1991
through 1996 data. All other data points are close to each other. All datais
below the LANL SAL.

Plutonium-239, | Equivaent Both sets of data showed a similar large spread over four orders of magnitude

Plutonium-240 from 0.001 to 10 picocuries per gram, with all data below the LANL SAL.

Plutonium-238 Equivalent Again, both sets of data exhibit asimilar large spread over four orders of
magnitude, but some 2001 through 2004 data points were greater than their
1991 through 1996 data set counterpart.

Cesium-137 1991 through 1996 Some 2001 through 2004 data points were lower than 1991 through 1996 by
as much as afactor of 5. However, many data points from 2001 through 2004
were in the same range as the preponderance of 1991 through 1996 data
points. All dataisbelow the LANL SAL.

Strontium-90 1991 through 1996 This data from both time periods was clustered over only two orders of
magnitude from 0.01 to 1 picocurie per gram. Most of the 2001 through 2004
data was lower than the 1991 through 1996 data, but by factors of two to three.

One data point from 2001 through 2004 was greater than the 1991 through
1996 data points.

Tritium 1991 through 1996 The two sets of data are distinctly separate and tightly confined to a narrow
band. All the 2001 through 2004 datais a factor of 5 to 1,000 times smaller
than the comparable 1991 through 1996 data points.

SAL = Screening Action Level.
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rainwater and surface runoff water, whereas a greater fraction of the heavier transuranics would
have stayed in the sediment due to their higher density. It isalso important to note that tritium is
highly soluble, as tritiated water, with rain and surface water. If there were no dramatic change
in emissions of these measured radioisotopes from 1991 through 1996 to 2001 through 2004, the
sediment data indicates that any radioactive material movement involving this sediment due to
the Cerro Grande Fire was acted upon by natural forces of rain and surface water that
significantly depleted sediment content of lighter weight and more soluble radioisotopes.

The transuranic radioisotopes exist in alarger concentration in the 2001 through 2004 data than
in the 1991 through 1996 data, while the opposite istrue for all lighter radioisotopes such as
tritium, strontium-90, and cesium-137 (see Table F-6). Asin the case of sediment, the lighter
radioisotopes would be transported farther by runoff than the heavier transuranic radioisotopes
since the Cerro Grande Fire. Another natural behavior consideration isthe fact that the 12.2 year
half-life of tritium will have resulted in the decay of a significant fraction of tritium between
1991 through 1996 and 2001 through 2004, which represents a time period of anywhere from
5to 13 years.

Table F6 Comparison of Measured 2001 through 2004 Radioisotope Storm Water Runoff
or Surface Water Data to 1991 through 1996 Data

Noticeably Significant
Larger Concentration
Radioisotope Timeframe Qualitative Trend Comments

Americium-241 2001 through 2004 The 2001 through 2004 data was spread out over four orders of magnitude,
whereas the 1991 through 1996 data was spread out over three orders of
magnitude from 0.001 to 1 picocurie per liter. Most of the 2001 through
2004 datais 2 to 50 times higher than 1991 through 1996 data points.
However, four of the twelve 2001 through 2004 data points were at the
same or lower values as the 1991 through 1996 data.

Plutonium-239, 2001 through 2004 Both sets of data showed alarge spread over three orders of magnitude, but
Plutonium-240 the 1991 through 1996 datais spread over the range of 0.001 to

10 picocuries per liter, whereas the 2001 through 2004 dataiis spread over
the range of 0.1 to 100 picocuries per liter. The 2001 through 2004 datais
3 to 100 times greater than the 1991 through 1996 data.

Plutonium-238 2001 through 2004 Again, both sets of data exhibit alarge spread over three to four orders of
magnitude, but most 2001 through 2004 data points were factors of 3 to
100 greater than their 1991 through 1996 data set counterpart.

Cesium-137 1991 through 1996 Most, but not all, 2001 through 2004 data points were significantly lower
than 1991 through 1996 by as much as afactor of 10. Only two out of the
11 data points from 2001 through 2004 were in the same range or higher
than the 1991 through 1996 data points.

Strontium-90 1991 through 1996 Most (10 out of 11 data points) of the 2001 through 2004 data was | ower
than the 1991 through 1996 data by factors of 2 to 100. No 2001 through
2004 data exceeded 10 picocuries per liter, but seven 1991 through 1996
data points were between 10 and 200 picocuries per liter.

Tritium 1991 through 1996 All the 2001 through 2004 datais afactor of 2 to 10 times smaller than the
comparable 1991 through 1996 data points. It should be noted that the
largest mean value of less than 8,000 picocuries per liter for the 1991
through 1996 data and of about 1,000 picocuries per liter for the 2001
through 2004 data is much lower than the EPA drinking water limit of
20,000 picocuries per liter.

EPA = U.S. Environmental Protection Agency.
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Unlike the previous sediment, surface runoff water, and groundwater data, the soil data shows
that the 2001 through 2004 measurements are at a higher concentration for most radioisotopes
than the 1991 through 1996 data (see Table F—7). The redistribution due to the Cerro Grande
Fire of these radioisotopes, formerly present in vegetation and trees, to the soil isapossible
explanation. A review of actual radiological emissions from LANL facilities’ stacks from 1999
through 2004 does not show any significant increase in emissions of these radioisotopes.

Table F—7 Comparison of Measured 2001 through 2004 Radioisotope Soil Data to
1991 through 1996 Data

Radioisotope
(average worldwide soil

Noticeably Significant
Larger Concentration

concentration) Timeframe Qualitative Trend Comments

Americium-241 Equivalent All measurement values are more than afactor of 1,000 below the LANL

(0.01 picocuries per SAL, and regional station dataiis equivalent to average worldwide

gram) concentrations.

Plutonium-239, Equivalent All measurement values are more than a factor of 100 below the LANL

Plutonium-240 (0.01 to SAL. All measurements are at or below worldwide average levels.

0.1 picocuries per gram)

Plutonium-238 1991 through 1996 2001 through 2004 datais |lower than the comparable 1991 through 1996

(0.01t0 0.1 picocuries data at perimeter and onsite stations. Datais afactor of about 10,000

per gram) lower than the LANL SAL. Dataisat or below worldwide average
concentrations.

Cesium-137 Equivalent Both data sets are almost identical with the 1991 through 1996 data

(0.4 picocuries per gram) dlightly (10 percent to 50 percent) higher. All datais afactor of 10
below the SAL and at or about the worldwide measured level.

Tritium 2001 through 2004 The 2001 through 2004 datais significantly higher for the onsite and

perimeter stations by as much as afactor of two as compared to the 1991
through 1996 data.

SAL = Screening Action Level.

Sources: ANL 2005a, 2005b, 2005c, 2005d, 2005e.

Table F-8 presents several key parameters for radioisotopes measured by LANL including
typical background concentrations, EPA drinking water limits, relative solubility, and soil
adhesion characteristics.

Table F-8 Key Parameters of Radioisotopes Measured at the
L os Alamos National L aboratory Environment

Background Concentration Water Soil Adhesion Characteristics
Radioisotope (EPA Drinking Water Limit) Solubility (LANL soil is generally sandy-loam)
Americium-241 | 0.01 picocuries per gram soil Very insoluble | Ratio of sandy soil to water adhesion equals 1,900.

Ratio of loam/clay to water adhesion is greater
than 1,900.

Plutonium-238,
Plutonium-239,
Plutonium-240

0.01 to 0.1 picocuries per gram soil

Very insoluble

Radio of sediment/soil to water adhesion equals
2,000.

water (20,000 picocuries per liter)

Cesium-137 0.1to 1 picocuries per gram soil Soluble Ratio of sandy soil to water adhesion equals 280.
(average 0.4) Ratio of clay/loam soil to water adhesion equals
2,000 to 4,000.
Strontium-90 0.1 picocuries per gram soil Soluble Ratio of sandy soil to water adhesion equals 15.
(36 picocuries per liter) Ratio of clay soil to water adhesion equals 110.
Tritium 10 to 30 picocuries per liter surface | Very soluble | No adhesion to soil; chemically identical to water.

EPA = U.S. Environmental Protection Agency.
Sources. ANL 20053, 2005b, 2005c, 2005d, 2005e.
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Severa genera and qualitative conclusions can be drawn by examination of the graphically
presented environmental surveillance data on radioisotopesin and around the LANL site.

Most radioisotopes measured in and around LANL exist in concentrations equivalent to
worldwide averages based on non-LANL atmospheric rel eases,

The 2001 through 2004 data for soil shows a plutonium-238 concentration about
100 times greater than the 1991 through 1996 data and 10 to 100 times greater than
worldwide averages;

Tritium in surface water or storm water runoff at LANL from all the datais 10 to
100 times greater than the worldwide average;

All 2001 through 2004 soil datais much lower (by orders of magnitude) than the relevant
LANL SAL;

All 2001 through 2004 tritium data for surface water and storm water runoff and
groundwater is 10 to 100 times lower than the EPA drinking water limit;

The largest difference in data between 1991 through 1996 and 2001 through 2004 is that
the 2001 through 2004 sediment tritium concentration datais 1,000 to 100,000 times
smaller than the 1991 through 1996 data;

In general, transuranic concentration increased after 2000 in sediment and surface water
or storm water runoff, while lighter radioisotope (strontium-90, cesium-137, and tritium)
concentrations decreased in sediments and surface water or storm water runoff after 2000;

All monitored radioisotope concentrations decreased after 2000 in groundwater;

Most soil radioisotope concentrations increased after 2000 (possibly attributable to the
redistribution of radioisotopes in biologic material that burned during the Cerro Grande
Fire); and

Changes from 1991 through 1996 to 2001 through 2004 in radioisotope concentration in
surface water or storm water runoff and sediment coincide with the radioisotopes that are
much more soluble in water.

The aforementioned observations are based on a qualitative assessment of plots of mean
measured radioisotope concentration data. Differencesin measurement technique or accuracy
between the 1991 through 1996 data and the 2001 through 2004 data are not accounted for, nor
aredifferencesin LANL stack emissions from 1991 through 2004 incorporated. This evaluation
has not accounted for other radioisotopes or hazardous chemicals. Spatial variations in measured
concentrations are not included in this assessment.

F.3 Environmental Sample Data

Groundwater, sediment, and storm water runoff data was measured by individual canyons. Soil
data was grouped under the three regions of interest. The measured values of radioisotope and
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radioactivity that are presented were derived from environmental surveillance measurements.
Groundwater, sediment, storm water runoff, and soil values were used to calculate “ Detected,”
“Analyzed,” “Minimum,” “Maximum,” “Mean,” “ Standard Deviation,” and “95 percent Upper
Confidence Limit (UCL) values.”

Measurement datais identified as either analyzed or detected. The analyzed valueis the total
number of samples that were taken of an isotope. For each isotope, if its measured value plus
two times the standard deviation is greater than the minimum detectable activity, it was reported
as adetected value. The minimum value is the least measured value resultant for an isotope.
The maximum value is the greatest measured value result for an isotope. The mean valueisthe
average of the detected samplesfor an isotope. The standard deviation value is a statistical
measure of the amount by which each sample deviates from the mean. The 95 percent UCL
valueisastatistical representation of the concentration of a specific measured radioisotope or
radioactivity that is equal to or greater than 95 percent of all the expected measured values
assuming a normal distribution.

The measurement of each parameter involves obtaining a known sample volume or mass,
transporting it to the laboratory, and subjecting the sample to the detection of a specific type and
energy of radiation, which is detected and counted by instrumentation for a set period of time.
Each radioisotope has a unique set of radiation emission energies, which identifiesit just like
fingerprints identify each human individual. The raw measurement data was evaluated in
accordance with the following guidance:

e An“Anayzed’ sample (in the following tables) is considered “ Detected” if the measured
value plus two standard deviations exceeds the instrument’ s minimum detectable activity;

e A minimum of two datavalues are required to calculate and present a mean, minimum,
and maximum value;

e A minimum of three data values are required to calculate and present a standard deviation
and 95 percent UCL value; and

e The 95 percent UCL or upper confidence limit is calculated by first calculating the mean
and standard deviation on the mean of the measured or detected data and then adding two
standard deviations to the mean value.

Measured concentrations are in terms of picocuries per liter (pCi/L), picocuries per gram (pCi/g),
micrograms per gram (pg/g) or micrograms per liter (ug/L) depending on whether the mediais
solid or liquid and whether the measured parameter isin terms of radioactivity or mass.

The number of detectable LANL groundwater, sediment, surface water or storm water runoff,
and soil data samples from 2001 through 2004 is shown in Table F-9. The statistical anaysis of
samples measured for these regionsis presented in Tables F-10 through F-22 for groundwater,
sediment, surface water or storm water runoff, and soil.
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Table F9 Number of Detectable Radiological Data Samples at L os Alamos National
Laboratory

Number of Detectable Samples (2001 through 2004)

Surface Water or
Radioisotope Storm Water Runoff Groundwater Sediment Soil
Americium-241 226 254 379 76
Cesium-137 106 118 389 76
Plutonium-238 153 172 267 76
Plutonium-239, Plutonium-240 200 168 354 76
Strontium-90 208 303 353 76
Tritium 99 159 204 76
Uranium-234 269 477 402 51
Uranium-235, Uranium-236 205 317 401 51
Uranium-238 272 458 402 51
Table F-10 Radiochemical Statistical Analysis of Groundwater —
Canyon Alluvial Groundwater Systems?
2001 through 2004
Standard 95 Percent
Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Americium-241 pCi/L 64 89 0.00 0.478 0.441 3.98 0.586
Cesium-137 pCi/L 22 87 0.00 3.23 181 16.5 3.99
Cobalt-60 pCi/L 18 2.06 2.33 - 2.60 -
Neptunium-237 pCi/L 18 6.62 10.5 3.48 134 14.4
Plutonium-238 pCi/L 40 88 0.00 0.489 0.469 219 0.634
Plutonium-239, pCi/L 46 88 0.00 0.240 0.181 1.78 0.293
Plutonium-240
Potassium-40 pCi/L 14 18 134 50.4 447 154 73.8
Radium-226 pCi/L 17 18 0.137 0.481 0.311 135 0.629
Sodium-22 pCi/L 5 18 3.05 4.06 1.00 5.33 494
Strontium-90 pCi/L 72 86 0.0999 18.3 5.22 81.6 19.5
Tritium pCi/L 44 71 84.2 2259 308 8770 2350
Uranium-234 pCi/L 79 89 0.0138 0.499 0.245 3.24 0.553
Uranium-235, pCi/L 52 89 0.00 0.0587 0.0199 0.212 0.0641
Uranium-236
Uranium-238 pCi/L 75 89 0.00 0.220 0.0696 0.913 0.236
Uranium (calculated) | pg/L 86 89 0.00 0.613 0.192 2.82 0.653
Uranium (measured) | po/L 24 24 0.02 0.314 0.321 1.16 0.442
Gross Alpha pCi/L 53 87 0.512 2.87 0.921 19.3 3.12
Gross Beta pCi/L 79 85 1.93 52.8 16.6 262 56.5
Gross Gamma pCi/L 21 56 63.1 133 28.0 430 145
Acid/Pueblo Canyons®
Americium-241 pCi/L 5 10 0.0168 0.0283 0.0103 0.0398 0.0373
Cesium-137 pCi/L 2 9 0.577 0.635 - 0.693 -
Cobalt-60 pCi/L 0 1 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 0.00 - - 0.00 -
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Plutonium-238 pCi/L 10 0.00395 0.00868 - 0.0134 -
Plutonium-239, pCi/L 8 10 0.0298 0.0941 0.0512 0.157 0.130
Plutonium-240
Potassium-40 pCi/L - 15.3 - - -
Radium-226 pCi/L 2 0.253 0.484 - 0.714 -
Sodium-22 pCi/L 0.00 - - 0.00 -
Strontium-90 pCi/L 10 10 0.275 0.811 0.389 142 1.05
Tritium pCi/L 0 7 0.00 - - 0.00 -
Uranium-234 pCi/L 10 10 0.0531 0.190 0.135 0.407 0.274
Uranium-235, pCi/L 2 10 0.0133 0.0298 - 0.0463 -
Uranium-236
Uranium-238 pCi/L 10 10 0.0202 0.116 0.0858 0.278 0.169
Uranium (calculated) | pg/L 10 10 0.0613 0.350 0.256 0.830 0.508
Uranium (measured) po/L 5 5 0.109 0.116 0.00614 0.123 0.121
Gross Alpha pCi/L 6 10 0.978 1.30 0.450 297 1.66
Gross Beta pCi/L 10 10 49 12.4 5.35 18.7 15.7
Gross Gamma pCi/L 4 7 63.1 97.8 30.2 156 127
DP/L os Alamos Canyons®
Americium-241 pCi/L 28 44 0.00 0.0295 0.00888 0.273 0.0328
Cesium-137 pCi/L 10 43 0.00 2.74 1.90 4.90 3.92
Cobalt-60 pCi/L 7 - 2.06 - - -
Neptunium-237 pCi/L 7 6.62 10.0 - 134 -
Plutonium-238 pCi/L 18 44 0.00 0.115 0.172 0.313 0.194
Plutonium-239, pCi/L 19 44 0.00 0.0209 0.0110 0.103 0.0259
Plutonium-240
Potassium-40 pCi/L 7 18.3 75.6 60.0 154 124
Radium-226 pCi/L 7 0.137 0.308 0.120 0.496 0.396
Sodium-22 pCi/L 7 0.00 - - 0.00 -
Strontium-90 pCi/L 38 43 0.0999 14.9 3.23 52.1 15.9
Tritium pCi/L 21 33 84.2 176 46.5 399 196
Uranium-234 pCi/L 38 44 0.0174 0.142 0.0482 0.749 0.157
Uranium-235, pCi/L 23 44 0.00717 0.0379 0.0281 0.118 0.0494
Uranium-236
Uranium-238 pCi/L 34 0.00939 0.0843 0.0571 0.243 0.103
Uranium (caculated) | pg/L 43 44 0.01 0.239 0.0800 111 0.263
Uranium (measured) | pg/L 14 14 0.02 0.189 0.140 0.484 0.262
Gross Alpha pCi/L 20 42 0.512 135 0.503 3.08 157
Gross Beta pCi/L 38 42 3.19 36.1 8.78 97.4 38.9
Gross Gamma pCi/L 10 24 64.0 148 72.8 430 193
Mortandad Canyon °
Americium-241 pCi/L 22 23 0.132 0.858 0.673 3.98 114
Cesium-137 pCi/L 7 22 0.800 5.44 3.58 16.5 8.10
Cobalt-60 pCi/L 8 0.00 - - 0.00 -
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Appendix F — Environmental Sample Data

2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Neptunium-237 pCi/L 1 8 - 114 - - -
Plutonium-238 pCi/L 13 22 0.0101 0.708 0.650 2.19 1.06
Plutonium-239, pCi/L 13 22 0.0104 0.478 0.431 1.78 0.713
Plutonium-240
Potassium-40 pCi/L 134 31.2 12.1 45.0 40.9
Radium-226 pCi/L 0.242 0.708 0.405 1.35 1.03
Sodium-22 pCi/L 3.05 4.06 1.00 5.33 4,94
Strontium-90 pCi/L 20 23 147 34.9 7.70 81.6 38.3
Tritium pCi/L 21 22 2480 4768 911 8770 5158
Uranium-234 pCi/L 22 23 0.421 114 0.368 3.24 1.29
Uranium-235, pCi/L 22 23 0.0249 0.0762 0.0160 0.212 0.0829
Uranium-236
Uranium-238 pCi/L 22 23 0.161 0.436 0.117 0.913 0.485
Uranium (calculated) | pg/L 23 23 1.68x 10° 1.28 0.274 2.82 1.39
Uranium (measured) po/L 5 5 0.691 0.862 0.222 1.16 1.06
Gross Alpha pCi/L 16 21 0.777 4.29 2.03 124 5.29
Gross Beta pCi/L 20 21 10.7 117 17.6 262 125
Gross Gamma pCi/L 6 20 79.4 101 189 150 116
Cafiada del Buey®
Americium-241 pCi/L 2 4 0.00247 0.0158 - 0.0291 -
Cesium-137 pCi/L 2 4 3.49 3.75 - 4.01 -
Cobalt-60 pCi/L 0 0 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 0 0.00 - - 0.00 -
Plutonium-238 pCi/L 1 4 - 0.00200 - - -
Plutonium-239, pCi/L 1 4 - 0.00636 - - -
Plutonium-240
Potassium-40 pCi/L 0 0 0.00 - - 0.00 -
Radium-226 pCi/L 0 0 0.00 - - 0.00 -
Sodium-22 pCi/L 0 0 0.00 - - 0.00 -
Strontium-90 pCi/L 0 3 0.00 - - 0.00 -
Tritium pCi/L 0 4 0.00 - - 0.00 -
Uranium-234 pCi/L 3 4 0.101 0.153 0.0700 0.202 0.232
Uranium-235, pCi/L 2 4 0.0124 0.0231 - 0.0337 -
Uranium-236
Uranium-238 pCi/L 3 4 0.0381 0.105 0.0786 0.161 0.194
Uranium (calculated) | pg/L 3 4 0.129 0.319 0.227 0.480 0.576
Uranium (measured) po/L 0 0 0.00 - - 0.00 -
Gross Alpha pCi/L 5 6 0.674 6.89 6.53 19.3 12.6
Gross Beta pCi/L 3 4 3.26 8.66 7.64 214 17.3
Gross Gamma pCi/L 0 3 0.00 - - 0.00 -
Pajarito Canyon ®
Americium-241 pCi/L 7 8 0.00548 0.0370 0.0198 0.0576 0.0516
Cesium-137 pCi/L 9 - 0.382 - - -
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2001 through 2004
Standard 95 Percent
Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Cobalt-60 pCi/L 1 2 - 2.60 - - -
Neptunium-237 pCi/L 0 2 0.00 - - 0.00 -
Plutonium-238 pCi/L 6 8 0.00 0.00397 0.00972 0.0238 0.0117
Plutonium-239, pCi/L 5 8 0.00488 0.0104 0.00568 0.0198 0.0154
Plutonium-240
Potassium-40 pCi/L 1 2 - 49.9 - - -
Radium-226 pCi/L 2 2 0.360 0.407 - 0.454 -
Sodium-22 pCi/L 0 2 0.00 - - 0.00 -
Strontium-90 pCi/L 4 7 0.197 0.292 0.102 0.393 0.392
Tritium pCi/L 2 5 145 146 - 146 -
Uranium-234 pCi/L 6 8 0.0138 0.245 0.243 1.08 0.440
Uranium-235, pCi/L 3 8 0.00 0.0449 0.0390 0.0694 0.0890
Uranium-236
Uranium-238 pCi/L 6 8 0.00 0.199 0.161 0.869 0.328
Uranium (ca cul ated) pa/L 7 8 0.00 0.522 0.379 2.62 0.803
Uranium (measured) po/L 0 0 0.00 - - 0.00 -
Gross Alpha pCi/L 6 8 0.592 0.830 0.336 1.83 1.10
Gross Beta pCi/L 8 8 1.93 6.01 0.202 129 6.15
Gross Gamma pCi/L 1 2 - 78.0 - - -

UCL = upper confidence limit, pCi/L = picocuries per liter, ug/L = micrograms per liter.
& Main heading asindicated in Table F-1.
b |talicized subheadings are individual areas contributing to main heading.
Sources: LANL 2002, 2004a, 2004b, 2005.

Table F-11 Radiochemical Statistical Analysis of Groundwater —
Pueblo/L os Alamos/Sandia Canyon Area Perched System In Conglomer ates and Basalt ?

2001 through 2004

Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum | UCL
Americium-241 pCi/L 5 13 0.0144 0.0255 0.00723 0.0338 0.0318
Cesium-137 pCi/L 3 14 0.847 195 1.36 291 3.49
Cobalt-60 pCi/L 0 0.00 - - 0.00 -
Neptunium-237 pCi/L 1 - 10.3 - - -
Plutonium-238 pCi/L 1 13 - 0.00250 - - -
Plutonium-239, pCi/L 2 13 0.0416 0.0434 - 0.0451 -
Plutonium-240
Potassium-40 pCi/L 8 4.34 25.8 19.3 56.6 39.2
Radium-226 pCi/L 7 0.154 0.848 0.454 131 118
Sodium-22 pCi/L 1 - 2.89 - - -
Strontium-90 pCi/L 5 15 0.154 0.365 0.215 0.611 0.554
Tritium pCi/L 2 13 70 83.3 - 96.5 -
Uranium-234 pCi/L 10 14 0.0757 0.464 0.237 0.673 0.611
Uranium-235, pCi/L 5 14 0.0159 0.0501 0.0428 0.113 0.0875
Uranium-236
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Appendix F — Environmental Sample Data

2001 through 2004

Standard 95 Percent
Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum | UCL
Uranium-238 pCi/L 10 14 0.0319 0.298 0.149 0.425 0.391
Uranium (caculated) | pg/L 14 14 0.0231 0.726 0.458 131 0.966
Uranium (measured) po/L 3 0.02 0.883 0.748 134 173
Gross Alpha pCi/L 7 14 0.628 1.29 0.820 251 1.90
Gross Beta pCi/L 13 14 0.796 8.71 5.28 15.7 11.6
Gross Gamma pCi/L 2 12 82.8 88.1 93.3
UCL = upper confidence limit, pCi/L = picocuries per liter, ug/L = micrograms per liter.
& Main heading as indicated in Table F—1.
b |talicized subheadings are individual areas contributing to main heading.
Sources: LANL 2002, 20043, 2004b, 2005.
Table F-12 Radiochemical Statistical Analysis of Groundwater —
Regional Aquifer Springs?
2001 through 2004
Standard 95 Percent
Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Americium-241 pCi/L 18 70 0.0112 0.0202 0.00413 0.03%4 0.0221
Cesium-137 pCi/L 8 71 121 221 0.888 3.98 2.82
Cobalt-60 pCi/L 3 20 0.353 1.82 161 355 3.65
Neptunium-237 pCi/L 2 21 104 19.3 - 28.2 -
Plutonium-238 pCi/L 11 69 0 0.0353 0.0214 0.074 0.0480
Plutonium-239, pCi/L 5 69 0.00529 0.0141 0.00615 0.0205 0.0195
Plutonium-240
Potassium-40 pCi/L 14 20 6.03 30.8 14.1 54.8 38.1
Radium-226 pCi/L 13 22 0.212 0.484 0.297 1.20 0.645
Sodium-22 pCi/L 0 20 0.00 - - 0.00 -
Strontium-90 pCi/L 20 67 0.0557 0.163 0.0296 0.300 0.176
Tritium pCi/L 22 85 54.8 163 144 588 223
Uranium-234 pCi/L 62 68 0.0441 1.09 0.636 5.84 1.25
Uranium-235, pCi/L 37 67 0.00870 0.0787 0.0348 0.552 0.0899
Uranium-236
Uranium-238 pCi/L 62 68 0.0190 0.594 0.432 3.77 0.701
Uranium (calculated) | pg/L 66 67 0.00791 1.90 0.850 11.3 211
Uranium (measured) | pg/L 43 43 0.0200 6.09 7.90 19.6 8.45
Gross Alpha pCi/L 36 69 0.625 341 142 11.5 3.87
Gross Beta pCi/L 57 68 0.649 3.08 1.07 17.0 3.35
Gross Gamma pCi/L 20 58 50.4 187 78.2 1420 221
White Rock Canyon Group | °
Americium-241 pCi/L 8 26 0.0112 0.0195 0.00642 0.0354 0.0240
Cesium-137 pCi/L 2 26 1.22 2.55 - 3.88 -
Cobalt-60 pCi/L 0 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 0.00 - - 0.00 -
Plutonium-238 pCi/L 5 27 0 0.0180 0.0314 0.0740 0.0456
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Plutonium-239, pCi/L 2 27 0.00965 0.0116 - 0.0135 -
Plutonium-240
Potassium-40 pCi/L 1 - 53.7 - - -
Radium-226 pCi/L 1 - 0.602 - - -
Sodium-22 pCi/L 0 0.00 - - 0.00 -
Strontium-90 pCi/L 9 25 0.0557 0.156 0.0449 0.300 0.185
Tritium pCi/L 8 34 166 293 179 588 417
Uranium-234 pCi/L 25 26 0.0600 0.506 0.183 114 0.578
Uranium-235, pCi/L 13 26 0.00870 0.0429 0.0451 0.255 0.0674
Uranium-236
Uranium-238 pCi/L 24 26 0.0356 0.223 0.145 0.617 0.281
Uranium (calculated) | pg/L 25 26 0.0592 0.775 0.377 191 0.922
Uranium (measured) | pg/L 24 24 0.02 1.48 0.571 2.27 171
Gross Alpha pCi/L 14 25 0.625 1.09 0.191 1.66 1.19
Gross Beta pCi/L 22 25 0.845 3.84 2.45 17.0 4.86
Gross Gamma pCi/L 6 17 85.9 155 63.5 232 206
White Rock Canyon Group |1 °
Americium-241 pCi/L 4 15 0.0131 0.0208 0.00693 0.0316 0.0276
Cesium-137 pCi/L 1 16 - 3.05 - - -
Cobalt-60 pCi/L 1 5 - 1.56 - - -
Neptunium-237 pCi/L 1 5 - 10.4 - - -
Plutonium-238 pCi/L 1 14 - 0.00803 - - -
Plutonium-239, pCi/L 0 14 0.00 - - 0.00 -
Plutonium-240
Potassium-40 pCi/L 3 6.03 26.2 24.6 53.7 54.1
Radium-226 pCi/L 4 0.276 0.622 0.408 1.20 1.02
Sodium-22 pCi/L 0 0.00 - - 0.00 -
Strontium-90 pCi/L 4 14 0.121 0.179 0.0134 0.201 0.192
Tritium pCi/L 6 20 167 282 97.7 407 360
Uranium-234 pCi/L 12 14 0.0441 0.323105 0.0457 0.993 0.349
Uranium-235, pCi/L 6 14 0.0156 0.0287 0.00337 0.0485 0.0314
Uranium-236
Uranium-238 pCi/L 12 14 0.0399 0.163 0.0433 0.477 0.187
Uranium (caculated) | pg/L 14 14 0.00791 0.444 0.113 144 0.503
Uranium (measured) | pg/L 6 6 0.02 0.5115 0.616 161 1.00
Gross Alpha pCi/L 4 16 0.738 1.08 0.413 1.37 1.48
Gross Beta pCi/L 11 15 0.649 2.18 0.940 3.84 2.74
Gross Gamma pCi/L 3 14 76.9 96.7 21.6 112 121
White Rock Canyon Group |11
Americium-241 pCi/L 3 11 0.0170 0.0188 0.00255 0.0239 0.0217
Cesium-137 pCi/L 0 11 0.00 - - 0.00 -
Cobalt-60 pCi/L 1 3 - 3.55 - - -
Neptunium-237 pCi/L 0 3 0.00 - - 0.00 -
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Appendix F — Environmental Sample Data

2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Plutonium-238 pCi/L 2 10 0.00530 0.0309 - 0.0564 -
Plutonium-239, pCi/L 2 10 0.00529 0.00754 - 0.00978 -
Plutonium-240
Potassium-40 pCi/L 3 3 17.9 29.3 10.3 38.1 41.0
Radium-226 pCi/L 3 3 0.233 0.356 0.114 0.458 0.485
Sodium-22 pCi/L 0 3 0.00 - - 0.00 -
Strontium-90 pCi/L 2 9 0.169 0.203 - 0.236 -
Tritium pCi/L 3 12 64.9 133 85.4 229 230
Uranium-234 pCi/L 9 10 0.0818 1.67 0.880 5.69 2.25
Uranium-235, pCi/L 7 10 0.0173 0.130 0.134 0.552 0.229
Uranium-236
Uranium-238 pCi/L 9 10 0.0495 0.947 0.607 354 134
Uranium (calculated) | pg/L 10 10 0.0413 241 1.06 10.8 3.07
Uranium (messured) pg/L 1 1 - 0.156 - - -
Gross Alpha pCi/L 8 10 0.651 2.80 2.09 9.07 4.25
Gross Beta pCi/L 7 10 1.26 2.60 0.762 4.05 3.16
Gross Gamma pCi/L 3 9 66.2 71.0 6.72 835 78.6
White Rock Canyon Group IV
Americium-241 pCi/L 2 10 0.019 0.0213 - 0.0236 -
Cesium-137 pCi/L 3 10 121 1.47 0.251 171 1.76
Cobalt-60 pCi/L 0 2 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 0.00 - - 0.00 -
Plutonium-238 pCi/L 1 10 - 0.00538 - - -
Plutonium-239, pCi/L 0 10 0.00 - - 0.00 -
Plutonium-240
Potassium-40 pCi/L 2 19.9 26.0 - 321 -
Radium-226 pCi/L 2 0.212 0.247 - 0.282 -
Sodium-22 pCi/L 0 0.00 - - 0.00 -
Strontium-90 pCi/L 5 10 0.0562 0.152 0.0495 0.186 0.195
Tritium pCi/L 4 12 54.8 64.6 1.04 81.8 65.6
Uranium-234 pCi/L 8 10 0.4 3.36 2.86 5.84 5.35
Uranium-235, pCi/L 7 9 0.0452 0.143 0.0844 0.257 0.205
Uranium-236
Uranium-238 pCi/L 10 0.019 159 154 3.77 2.60
Uranium (calculated) | pg/L 9 0.00981 6.54 3.36 11.3 8.73
Uranium (measured) | pg/L 12 12 17.2 18.6 0.786 19.6 19.0
Gross Alpha pCi/L 8 10 117 8.54 4.36 115 116
Gross Beta pCi/L 8 10 155 4.48 2.57 7.40 6.26
Gross Gamma pCi/L 5 10 50.4 235 252 1420 456

UCL = upper confidence limit, pCi/L = picocuries per liter, ug/L = micrograms per liter.

& Main heading asindicated in Table F-1.
b Subheadings are individual areas contributing to main heading.
Sources: LANL 2002, 2004a, 2004b, 2005.
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Table F-13 Radiochemical Statistical Analysis of Groundwater — Test Wells?®

2001 through 2004

Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Americium-241 pCi/L 16 40 0.00329 0.0278 0.00805 0.0664 0.0317
Cesium-137 pCi/L 12 46 0.132 312 2.00 16.3 4.25
Cobalt-60 pCi/L 0 11 0.00 - - 0.00 -
Neptunium-237 pCi/L 5 12 9.45 14.9 5.89 21.2 20.1
Plutonium-238 pCi/L 12 39 0.00 0.00891 0.00525 0.0149 0.0119
Plutonium-239, pCi/L 8 39 0.00477 0.0169 0.00896 0.0272 0.0231
Plutonium-240
Potassium-40 pCi/L 10 11 191 26.1 17.8 57.2 37.1
Radium-226 pCi/L 12 0.173 0.434 0.276 0.904 0.625
Sodium-22 pCi/L 1 11 - 2.06 - - -
Strontium-90 pCi/L 22 57 0.00350 0.115 0.0726 0.238 0.145
Tritium pCi/L 16 40 0 137 81.2 303 176
Uranium-234 pCi/L 33 39 0.0352 0.516 0.109 201 0.553
Uranium-235, pCi/L 12 39 0.00576 0.0502 0.0309 0.18 0.0677
Uranium-236
Uranium-238 pCi/L 32 39 0.00843 0.215 0.130 1.02 0.260
Uranium (calculated) | pg/L 39 39 0.0114 0.647 0.0733 321 0.670
Uranium (measured) | pg/L 11 11 0.0200 0.656 0.953 3.46 1.22
Gross Alpha pCi/L 15 38 0.173 1.28 0.524 3.08 155
Gross Beta pCi/L 34 38 0.708 2.13 0.281 4.22 222
Gross Gamma pCi/L 9 30 52.3 935 51.0 271 127
Pueblo Canyon (includes Acid Canyons) °
Americium-241 pCi/L 4 7 0.0146 0.0259 0.00988 0.0398 0.0356
Cesium-137 pCi/L 2 9 0.971 1.50 - 2.03 -
Cobalt-60 pCi/L 0 2 0.00 - - 0.00 -
Neptunium-237 pCi/L 1 2 - 211 - - -
Plutonium-238 pCi/L 3 7 0.00 0.00861 0.00749 0.0139 0.0171
Plutonium-239, pCi/L 1 7 - 0.00477 - - -
Plutonium-240
Potassium-40 pCi/L 2 2 191 13.7 - 254 -
Radium-226 pCi/L 2 0.176 0.298 - 0.42 -
Sodium-22 pCi/L 0 0.00 - - 0.00 -
Strontium-90 pCi/L 7 14 0.0170 0.0542 0.0229 0.0960 0.0712
Tritium pCi/L 6 53.4 157 35.3 208 185
Uranium-234 pCi/L 6 0.0352 1.66 0.457 2.01 2.02
Uranium-235, pCi/L 5 7 0.00576 0.0814 0.0726 0.18 0.145
Uranium-236
Uranium-238 pCi/L 6 7 0.00843 0.758 0.471 1.02 114
Uranium (calculated) | po/L 7 7 0.0176 2.28 0.792 321 2.87
Uranium (measured) pg/L 1 1 - 3.46 - - -
Gross Alpha pCi/L 5 8 0.429 225 0.954 3.08 3.09
Gross Beta pCi/L 8 8 22 331 0.700 422 3.79
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Appendix F — Environmental Sample Data

2001 through 2004

Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Gross Gamma | pCi/L 3 6 61.4 120 82.9 271 214
Upper Los Alamos Canyon (includes DP Canyon)
Americium-241 pCi/L 4 9 0.00954 0.0151 0.00859 0.0279 0.0235
Cesium-137 pCi/L 5 12 0.132 4.36 491 16.3 8.66
Cobalt-60 pCi/L 0 3 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 3 0.00 - - 0.00 -
Plutonium-238 pCi/L 3 9 0.00 0.00701 0.00749 0.0149 0.0155
Plutonium-239, pCi/L 2 9 0.0124 0.0198 - 0.0272 -
Plutonium-240
Potassium-40 pCi/L 2 10.6 21.1 - 315 -
Radium-226 pCi/L 1 - 0.173 - - -
Sodium-22 pCi/L 1 - 2.06 - - -
Strontium-90 pCi/L 4 12 0.0571 0.0865 0.0373 0.168 0.123
Tritium pCi/L 1 - 531 - - -
Uranium-234 pCi/L 7 0.0492 0.235 0.210 0.444 0.390
Uranium-235, pCi/L 0 0.00 - - 0.00 -
Uranium-236
Uranium-238 pCi/L 7 0.0195 0.0651 0.0771 0.180 0.122
Uranium (caculated) | pg/L 9 0.0410 0.283 0.247 0.550 0.444
Uranium (measured) pg/L 1 - 0.629 - - -
Gross Alpha pCi/L 2 10 0.381 0.578 - 0.774 -
Gross Beta pCi/L 9 10 0.708 2.06 0.610 3.12 2.46
Gross Gamma pCi/L 3 5 55.0 59.7 6.70 67.4 67.3
Mortandad Canyon °
Americium-241 pCi/L 1 4 - 0.00880 - - -
Cesium-137 pCi/L 2 8 2.16 2.23 - 2.30 -
Cobalt-60 pCi/L 0 2 0.00 - - 0.00 -
Neptunium-237 pCi/L 2 2 9.62 15.4 - 21.2 -
Plutonium-238 pCi/L 1 4 0.00 - - 0.00 -
Plutonium-239, pCi/L 0 4 0.00 - - 0.00 -
Plutonium-240
Potassium-40 pCi/L 2 2 28.8 31.2 - 33.6 -
Radium-226 pCi/L 1 - 0.268 - - -
Sodium-22 pCi/L 0 0.00 - - 0.00 -
Strontium-90 pCi/L 3 11 0.00370 0.132 0.119 0.238 0.266
Tritium pCi/L 2 7 0.00 40.5 - 80.9 -
Uranium-234 pCi/L 4 0.264 0.377 0.0422 0.412 0.418
Uranium-235, pCi/L 2 4 0.0382 0.0438 - 0.0493 -
Uranium-236
Uranium-238 pCi/L 4 4 0.0226 0.125 0.0886 0.194 0.212
Uranium (caculated) | pg/L 4 4 0.390 0.486 0.0832 0.600 0.567
Uranium (measured) | pg/L 3 3 0.520 0.542 0.0206 0.561 0.565
Gross Alpha pCi/L 3 4 0.960 1.08 0.132 122 1.23
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2001 through 2004

Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Gross Beta pCi/L 3 4 2.36 2.70 0.445 3.01 3.20
Gross Gamma pCi/L 0 5 0.00 - - 0.00 -
Ancho Canyon °
Americium-241 pCi/L 7 20 0.00329 0.0286 0.0106 0.0664 0.0364
Cesium-137 pCi/L 3 17 19 4.52 3.59 7.06 8.58
Cobalt-60 pCi/L 0 0.00 - - 0.00 -
Neptunium-237 pCi/L 2 5 9.45 11.3 - 131 -
Plutonium-238 pCi/L 5 19 0.00 0.00555 0.00545 0.00940 0.0103
Plutonium-239, pCi/L 5 19 0.00515 0.0158 0.00990 0.0272 0.0245
Plutonium-240
Potassium-40 pCi/L 4 11.3 323 24.3 57.2 56.1
Radium-226 pCi/L 4 6 0.22 0.610 0.286 0.904 0.890
Sodium-22 pCi/L 0 4 0.00 - - 0.00 -
Strontium-90 pCi/L 8 20 0.00350 0.111 0.0797 0.233 0.166
Tritium pCi/L 7 18 0.00 154 148 303 263
Uranium-234 pCi/L 16 19 0.0855 0.251 0.0616 0.457 0.281
Uranium-235, pCi/L 5 19 0.0265 0.0421 0.00838 0.0543 0.0495
Uranium-236
Uranium-238 pCi/L 15 19 0.0205 0.0858 0.0442 0.176 0.108
Uranium (cal cul ated) pg/L 19 19 0.0114 0.311 0.131 0.670 0.370
Uranium (measured) pa/L 6 0.0200 0.251 0.199 0.547 0.410
Gross Alpha pCi/L 16 0.173 0.727 0.521 1.32 1.18
Gross Beta pCi/L 14 16 0.800 1.49 0.355 2.34 167
Gross Gamma pCi/L 3 14 52.3 83.7 219 99.2 108

UCL = upper confidence limit, pCi/L = picocurie per liter, pg/L = microgram per liter.
& Main heading asindicated in Table F-1.
b |talicized subheadings are individual areas contributing to main heading.
Sources: LANL 2002, 2004a, 2004b, 2005.

Table F-14 Radiochemical Statistical Analysis of Groundwater — Other Springs?®

2001 through 2004

Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum | UCL
Americium-241 pCi/L 6 13 0.0168 0.0328 0.0199 0.0908 0.0487
Cesium-137 pCi/L 2 13 0.0435 1.07 - 2.09 -
Cobalt-60 pCi/L 0 0.00 - - 0.00 -
Neptunium-237 pCi/L 1 - 127 - - -
Plutonium-238 pCi/L 2 13 0.0131 0.0155 - 0.0179 -
Plutonium-239, pCi/L 4 13 0.00477 0.0164 0.0134 0.0259 0.0296
Plutonium-240
Potassium-40 pCi/L 1 - 41.4 - - -
Radium-226 pCi/L 2 0.118 0.144 - 0.170 -
Sodium-22 pCi/L 0 0.00 - - 0.00 -
Strontium-90 pCi/L 5 10 0.198 45.6 40.1 115 80.7

F-30




Appendix F — Environmental Sample Data

2001 through 2004

Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum | UCL
Tritium pCi/L 2 12 455 286 - 455 -
Uranium-234 pCi/L 12 13 0.378 0.957 0.280 1.16 112
Uranium-235, pCi/L 11 13 0.0107 0.0472 0.0221 0.14 0.0602
Uranium-236
Uranium-238 pCi/L 12 13 0.0279 0.446 0.180 0.540 0.548
Uranium (calculated) | pg/L 13 13 0.0662 1.09 0.131 213 1.16
Uranium (measured) pg/L 1 1 - 0.119 - - -
Gross Alpha pCi/L 10 13 1.02 1.93 0.347 3.88 214
Gross Beta pCi/L 11 13 2.40 420 41.9 228 66.7
Gross Gamma pCi/L 0 8 0.00 - - 0.00 -
Upper Los Alamos Canyon (includes DP Canyon)
Americium-241 pCi/L 3 3 0.0250 0.0590 0.0450 0.0908 0.110
Cesium-137 pCi/L 1 3 - 0.0435 - - -
Cobalt-60 pCi/L 0 0 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 0 0.00 - - 0.00 -
Plutonium-238 pCi/L 2 3 0.0131 0.0155 - 0.0179 -
Plutonium-239, pCi/L 3 3 0.00716 0.0169 0.0127 0.0259 0.0313
Plutonium-240
Potassium-40 pCi/L 0 0 0.00 - - 0.00 -
Radium-226 pCi/L 0 0 0.00 - - 0.00 -
Sodium-22 pCi/L 0 0 0.00 - - 0.00 -
Strontium-90 pCi/L 3 3 60.5 87.3 37.8 115 130
Tritium pCi/L 1 2 - 455 - - -
Uranium-234 pCi/L 3 3 0.378 0.411 0.0113 0.428 0.424
Uranium-235, pCi/L 3 3 0.0107 0.0172 0.000636 0.0245 0.0179
Uranium-236
Uranium-238 pCi/L 3 3 0.0279 0.0568 0.0404 0.0854 0.103
Uranium (calculated) | pg/L 3 3 0.0900 0.176 0.122 0.262 0.314
Uranium (messured) pg/L 1 1 - 0.119 - - -
Gross Alpha pCi/L 2 3 243 3.16 - 3.88 -
Gross Beta pCi/L 3 3 123 172 69.3 228 250
Gross Gamma pCi/L 0 1 0.00 - - 0.00 -

UCL = upper confidence limit, pCi/L = picocuries per liter, ug/L = micrograms per liter.
& Main heading asindicated in Table F-1.

b |talicized subheadings are individual areas contributing to main heading.

Sources: LANL 2002, 2004a, 2004b, 2005.
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Table F-15 Radiochemical Statistical Analysis of Groundwater —
Per ched Groundwater System in Volcanics?

2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum | UCL
Americium-241 pCi/L 15 a7 0.00530 0.0211 0.00478 0.0340 0.0235
Cesium-137 pCi/L 8 47 0.575 217 1.92 6.4 3.50
Cobalt-60 pCi/L 0 12 0.00 - - 0.00 -
Neptunium-237 pCi/L 2 12 5.79 7.45 - 9.11 -
Plutonium-238 pCi/L 18 63 0.00 0.0104 0.0108 0.0180 0.0154
Plutonium-239, pCi/L 17 63 0.00 0.0143 0.00794 0.0206 0.0181
Plutonium-240
Potassium-40 pCi/L 10 12 9.37 31.6 154 59.4 41.2
Radium-226 pCi/L 11 0.14 0.336 - 0.532 -
Sodium-22 pCi/L 12 2.77 3.82 - 4.86 -
Strontium-90 pCi/L 25 61 0.0506 0.262 0.112 1.69 0.306
Tritium pCi/L 3 46 52.8 75.4 8.80 85.5 85.3
Uranium-234 pCi/L 36 42 0.0218 4.78 122 13.0 5.17
Uranium-235, pCi/L 31 45 0.0109 0.237 0.0953 0.707 0.271
Uranium-236
Uranium-238 pCi/L 36 45 0.0224 2.64 0.814 8.23 291
Uranium (calculated) | pg/L 40 42 0.0172 7.12 0.916 24.8 7.41
Uranium (measured) | pg/L 15 15 0.0200 243 4.40 15.3 4.66
Gross Alpha pCi/L 30 45 0.324 6.78 3.60 19.7 8.06
Gross Beta pCi/L 35 45 1.05 5.26 2.36 426 6.04
Gross Gamma pCi/L 8 36 60.7 135 439 281 165
Water Canyon (includes Canyon del Valle, Potrillo, and Fence Canyons) °
Americium-241 pCi/L 4 8 0.0127 0.0194 0.00312 0.0220 0.0225
Cesium-137 pCi/L 1 8 - 4.25 - - -
Cobalt-60 pCi/L 0 2 0.00 - - 0.00 -
Neptunium-237 pCi/L 1 2 - 5.79 - - -
Plutonium-238 pCi/L 2 8 0.00689 0.0124 - 0.0180 -
Plutonium-239, pCi/L 3 8 0.0138 0.0181 0.00357 0.0206 0.0221
Plutonium-240
Potassium-40 pCi/L 2 2 22.7 38.3 - 53.9 -
Radium-226 pCi/L 0 2 0.00 - - 0.00 -
Sodium-22 pCi/L 0 2 0.00 - - 0.00 -
Strontium-90 pCi/L 5 9 0.134 0.198 0.0740 0.392 0.263
Tritium pCi/L 0 9 0.00 - - 0.00 -
Uranium-234 pCi/L 5 6 0.0314 0.105 0.0690 0.255 0.165
Uranium-235, pCi/L 4 8 0.0109 0.0206 0.00336 0.0293 0.0239
Uranium-236
Uranium-238 pCi/L 6 8 0.0224 0.0566 0.0449 0.166 0.0925
Uranium (calculated) | pg/L 6 6 0.0235 0.148 0.152 0.497 0.270
Uranium (measured) | pg/L 11 11 0.0200 0.418 0.300 0.727 0.595
Gross Alpha pCi/L 3 8 0.849 141 0.774 1.96 2.29
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Appendix F — Environmental Sample Data

2001 through 2004
Standard 95 Percent
Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum UCL
Gross Beta pCi/L 7 8 1.05 7.01 9.88 42.6 14.3
Gross Gamma pCi/L 1 6 - 101 - - -
San Ildefonso Pueblo ®
Americium-241 pCi/L 11 39 0.00530 0.0219 0.00875 0.0340 0.0271
Cesium-137 pCi/L 39 0.575 2.26 2.09 6.40 3.81
Cobalt-60 pCi/L 0 10 0.00 - - 0.00 -
Neptunium-237 pCi/L 1 10 - 911 - - -
Plutonium-238 pCi/L 16 55 0.00 0.00249 0.00350 0.00992 0.00420
Plutonium-239, pCi/L 14 55 0.00 0.0104 0.00931 0.0170 0.0153
Plutonium-240
Potassium-40 pCi/L 10 9.37 30.0 14.8 59.4 40.2
Radium-226 pCi/L 9 0.140 0.336 - 0.532 -
Sodium-22 pCi/L 10 2.77 3.82 - 4.86 -
Strontium-90 pCi/L 20 52 0.0506 0.247 0.121 1.69 0.300
Tritium pCi/L 3 37 52.8 75.4 8.80 85.5 85.3
Uranium-234 pCi/L 31 36 0.0218 5.43 0.809 13.0 571
Uranium-235, pCi/L 27 37 0.0207 0.259 0.0797 0.707 0.289
Uranium-236
Uranium-238 pCi/L 30 37 0.0882 3.10 0.643 8.23 3.33
Uranium (calculated) | pg/L 34 36 0.0172 8.44 178 24.8 9.04
Uranium (measured) po/L 4 4 1.03 7.98 5.83 15.3 13.7
Gross Alpha pCi/L 27 37 0.324 7.38 3.72 19.7 8.78
Gross Beta pCi/L 28 37 147 4.59 1.63 16.2 5.19
Gross Gamma pCi/L 7 30 60.7 142 47.7 281 177

UCL = upper confidence limit, pCi/L = picocuries per liter, ug/L = micrograms per liter.

& Main heading asindicated in Table F-1.

b |talicized subheadings are individual areas contributing to main heading.

Sources: LANL 2002, 2004a, 2004b, 2005.

Table F-16 Radiochemical Statistical Analysis of Groundwater — I nter mediate Per ched
Groundwater Systems Pueblo/L os Alamos/Sandia Canyon Area Perched Systemsin
Conglomerates and Basalt ?

2001 through 2004

Standard 95 Percent
Measured Radiochemical Detected | Analyzed [ Minimum Mean Deviation | Maximum uCL

Americium-241 pCi/L 3 6 0.0154 0.0197 0.00696 0.0277 0.0275
Cesium-137 pCi/L 1 5 - 6.58 - -
Cobalt-60 pCi/L 0 1 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 1 0.00 - - 0.00 -
Plutonium-238 pCi/L 2 6 0.00 0.00705 - 0.0141 -
Plutonium-239, pCi/L 2 7 0.0333 0.0359 - 0.0385 -
Plutonium-240

Potassium-40 pCi/L 1 - 69.8 - - -
Radium-226 pCi/L 0.230 0.498 - 0.765 -
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum UCL
Sodium-22 pCi/L 0 1 0.00 - - 0.00 -
Strontium-90 pCi/L 2 6 0.0929 0.178 - 0.263 -
Tritium pCi/L 2 9 78.7 594 - 1110 -
Uranium-234 pCi/L 5 5 0.0463 0.921 0.553 1.56 141
Uranium-235, pCi/L 4 5 0.0193 0.0962 0.0509 0.153 0.146
Uranium-236
Uranium-238 pCi/L 4 5 0.0342 0.720 0.275 101 0.990
Uranium (calculated) | pg/L 5 5 0.00 184 1.09 3.08 2.79
Uranium (measured) | pg/L 3 3 0.0200 1.98 1.69 297 3.89
Gross Alpha pCi/L 2 5 2.30 2.75 - 3.20 -
Gross Beta pCi/L 4 5 1.45 8.98 1.85 126 10.8
Gross Gamma pCi/L 2 3 79.0 94.0 - 109 -

UCL = upper confidence limit, pCi/L = picocuries per liter, ug/L = micrograms per liter.
& Main heading asindicated in Table F-1.
Sources: LANL 2002, 2004a, 2004b, 2005.

Table F-17 Radiochemical Statistical Analysis of Groundwater — Regional Aquifer Wells
Hydr ogeologic Char acterization Wells®

2001 through 2004

Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum | UCL
Americium-241 pCi/L 17 93 0.0116 0.0271 0.0107 0.0392 0.0322
Cesium-137 pCi/L 12 97 0.251 3.82 1.29 7.39 4.55
Cobalt-60 pCi/L 6 38 0.304 3.17 2.20 6.48 4.93
Neptunium-237 pCi/L 6 38 8.16 154 9.62 30.1 231
Plutonium-238 pCi/L 3 94 0.00560 0.0103 0.00219 0.0118 0.0127
Plutonium-239, pCi/L 5 94 0.0112 0.125 0.123 0.601 0.234
Plutonium-240
Potassium-40 pCi/L 29 38 3.25 404 29.9 105 51.3
Radium-226 pCi/L 27 36 0.137 0.311 0.161 0.752 0.372
Sodium-22 pCi/L 2 38 1.87 5.715 - 9.56 -
Strontium-90 pCi/L 31 92 0.0776 0.155 0.0195 0.282 0.162
Tritium pCi/L 21 64 63.4 158 22.0 523 167
Uranium-234 pCi/L 57 92 0.00870 0.315 0.106 113 0.342
Uranium-235, pCi/L 42 93 0.0158 0.0401 0.00590 0.164 0.0419
Uranium-236
Uranium-238 pCi/L 54 93 0.0102 0.178 0.0358 0.630 0.188
Uranium (caculated) | pg/L 79 92 0.00603 0.380 0.0979 1.92 0.401
Uranium (measured) | pg/L 35 35 0.02 0.481 0.638 2.03 0.692
Gross Alpha pCi/L 34 91 0.268 175 0.836 135 2.03
Gross Beta pCi/L 56 91 0.504 3.80 1.05 23.9 4.07
Gross Gamma pCi/L 34 101 45.6 144 85.9 879 172
Upper Los Alamos Canyon (includes DP Canyon)
Americium-241 pCi/L 5 26 0.0185 0.0248 0.00690 0.0359 0.0309
Cesium-137 pCi/L 6 29 0.251 3.87 2.55 7.39 5.91
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2001 through 2004

Standard 95 Percent

Measured Radiochemical Detected | Analyzed [ Minimum Mean Deviation | Maximum | UCL
Cobalt-60 pCi/L 2 11 5 5.74 - 6.48 -
Neptunium-237 pCi/L 1 11 - 251 - - -
Plutonium-238 pCi/L 3 24 0.00560 0.0103 0.00219 0.0118 0.0127
Plutonium-239, pCi/L 2 24 0.0112 0.0311 - 0.051 -
Plutonium-240
Potassium-40 pCi/L 9 11 6.41 234 11.7 429 31.0
Radium-226 pCi/L 7 10 0.143 0.314 0.120 0.543 0.403
Sodium-22 pCi/L 1 11 - 9.56 - - -
Strontium-90 pCi/L 9 25 0.091 0.155 0.0449 0.278 0.184
Tritium pCi/L 12 17 63.4 169 18.2 348 179
Uranium-234 pCi/L 16 24 0.0359 0.245 0.153 113 0.320
Uranium-235, pCi/L 14 25 0.016 0.0373 0.0148 0.124 0.0451
Uranium-236
Uranium-238 pCi/L 16 25 0.024 0.144 0.0889 0.52 0.188
Uranium (caculated) | pg/L 20 24 0.0186 0.351 0.190 1.58 0.434
Uranium (measured) po/L 7 7 0.02 0.461 0.623 18 0.923
Gross Alpha pCi/L 13 27 0.268 195 1.48 135 2.76
Gross Beta pCi/L 19 27 1.08 431 1.77 23.9 511
Gross Gamma pCi/L 6 29 45.6 117 39.2 243 148
Sandia Canyon °
Americium-241 pCi/L 2 23 0.0211 0.0232 - 0.0253 -
Cesium-137 pCi/L 1 21 - 4.83 - - -
Cobalt-60 pCi/L 2 10 2.40 2.40 - 2.40 -
Neptunium-237 pCi/L 5 10 8.16 134 9.35 30.1 21.6
Plutonium-238 pCi/L 0 23 0 0 0.00 - -
Plutonium-239, pCi/L 0 23 0 0 0.00 - -
Plutonium-240
Potassium-40 pCi/L 8 10 11 56.5 34.0 105 80.1
Radium-226 pCi/L 8 10 0.137 0.329 0.196 0.745 0.465
Sodium-22 pCi/L 0 10 0.00 - - 0.00 -
Strontium-90 pCi/L 9 23 0.0776 0.140 0.0446 0.247 0.169
Tritium pCi/L 4 18 110 111 0 112 -
Uranium-234 pCi/L 12 23 0.0156 0.545 0.206 1.07 0.662
Uranium-235, pCi/L 9 23 0.0167 0.0549 0.0140 0.164 0.0641
Uranium-236
Uranium-238 pCi/L 11 23 0.0215 0.307 0.0382 0.63 0.330
Uranium (caculated) | pg/L 17 23 0.00603 0.654 0.154 1.92 0.728
Uranium (measured) | pg/L 8 8 0.0410 0.531 0.665 164 0.991
Gross Alpha pCi/L 8 21 0.614 1.26 0.350 2.49 1.50
Gross Beta pCi/L 13 21 132 251 0.1911 3.98 261
Gross Gamma pCi/L 10 23 46.3 102.4 47.2 220 132
Pajarito Canyon (includes Twomile and Threemile Canyons) °
Americium-241 pCi/L 10 36 0.0116 0.0263 0.0112 0.0392 0.0333
Cesium-137 pCi/L 5 39 124 3.06 164 7.29 4.50
Cobalt-60 pCi/L 2 12 0.304 1.37 - 244 -

F-35




Draft Ste-Wide EISfor Continued Operation of Los Alamos National Laboratory, Los Alamos, New Mexico

2001 through 2004

Standard 95 Percent

Measured Radiochemical Detected | Analyzed [ Minimum Mean Deviation | Maximum | UCL
Neptunium-237 pCi/L 0 12 0.00 - - 0.00 -
Plutonium-238 pCi/L 0 37 0.00 - - 0.00 -
Plutonium-239, pCi/L 2 37 0.0254 0.0258 - 0.0261 -
Plutonium-240
Potassium-40 pCi/L 10 12 3.25 24 32.7 103 62.7
Radium-226 pCi/L 9 11 0.149 0.329 0.185 0.752 0.450
Sodium-22 pCi/L 1 12 - 1.87 - - -
Strontium-90 pCi/L 8 35 0.0988 0.175 0.0417 0.282 0.204
Tritium pCi/L 3 21 67.7 187 153 523 360
Uranium-234 pCi/L 21 37 0.00870 0.302 0.0891 0.911 0.340
Uranium-235, pCi/L 15 37 0.0158 0.0332 0.00333 0.0834 0.0349
Uranium-236
Uranium-238 pCi/L 19 37 0.0102 0.175 0.00464 0.547 0.177
Uranium (caculated) | pg/L 34 37 0.0101 0.309 0.102 1.64 0.343
Uranium (measured) | pg/L 16 16 0.0200 0.493 0.746 2.03 0.858
Gross Alpha pCi/L 11 35 1.08 195 0.657 4.99 234
Gross Beta pCi/L 18 35 1.18 4.70 0.884 10.3 511
Gross Gamma pCi/L 15 40 70.5 164 98.7 879 214
Mortandad Canyon (includes Ten Site Canyon and Cafiada del Buey) °
Americium-241 pCi/L 0 7 0.00 - - 0.00 -
Cesium-137 pCi/L 0 7 0.00 - - 0.00 -
Cobalt-60 pCi/L 0 4 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 4 0.00 - - 0.00 -
Plutonium-238 pCi/L 0 9 0.00 - - 0.00 -
Plutonium-239, pCi/L 1 9 - 0.601 - - -
Plutonium-240
Potassium-40 pCi/L 2 4 145 42,6 - 70.6 -
Radium-226 pCi/L 3 4 0.162 0.206 0.0573 0.271 0.271
Sodium-22 pCi/L 0 4 0.00 - - 0.00 -
Strontium-90 pCi/L 5 8 0.0788 0.158 0.0384 0.232 0.192
Tritium pCi/L 2 7 88.4 105 - 122 -
Uranium-234 pCi/L 7 7 0.241 0.264 0.00401 0.299 0.267
Uranium-235, pCi/L 4 7 0.0281 0.0437 0.00318 0.0637 0.0468
Uranium-236
Uranium-238 pCi/L 7 7 0.103 0.135 0.0222 0.165 0.151
Uranium (caculated) | pg/L 7 7 0.320 0.416 0.0644 0.500 0.464
Uranium (measured) | pg/L 4 4 0.315 0.366 0.066 0.463 0.431
Gross Alpha pCi/L 1 7 - 0.647 - - -
Gross Beta pCi/L 5 7 0.504 115 0.205 1.58 1.32
Gross Gamma pCi/L 3 8 55.5 95.8 35.4 122 136

UCL = upper confidence limit, pCi/L = picocuries per liter, ug/L = micrograms per liter.
& Main heading asindicated in Table F-1.
b |talicized subheadings are individual areas contributing to main heading.
Sources: LANL 2002, 2004a, 2004b, 2005.
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Appendix F — Environmental Sample Data

Table F-18 Radiochemical Statistical Analysis of Groundwater —Water Supply Wells?

2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Americium-241 pCi/L 16 51 0.00331 0.0383 0.0344 0.157 0.0551
Cesium-137 pCi/L 53 0.322 3.38 4.20 15.2 6.49
Cobalt-60 pCi/L 13 - 1.76 - - -
Neptunium-237 pCi/L 4 13 2.02 10.6 5.94 15.6 16.4
Plutonium-238 pCi/L 12 47 0.00401 0.0119 0.00144 0.0187 0.0127
Plutonium-239, pCi/L 12 47 0.00 0.0167 0.0136 0.0308 0.0244
Plutonium-240
Potassium-40 pCi/L 10 13 0.470 234 145 40.0 324
Radium-226 pCi/L 9 13 0.123 0.25 0.114 0.479 0.324
Sodium-22 pCi/L 0 13 0.00 - - 0.00 -
Strontium-90 pCi/L 50 172 0.0353 0.0935 0.0283 0.272 0.101
Tritium pCi/L 11 59 60.8 204 180 874 311
Uranium-234 pCi/L 46 47 0.213 0.532 0.113 125 0.564
Uranium-235, pCi/L 32 47 0.00490 0.0495 0.0204 0.142 0.0566
Uranium-236
Uranium-238 pCi/L 46 47 0.0173 0.211 0.119 0.561 0.245
Uranium (caculated) | pg/L 47 47 0.0248 0.841 0.0937 1.78 0.868
Uranium (measured) po/L 0 0 0.00 - - 0.00 -
Gross Alpha pCi/L 29 62 0.528 118 0.134 233 1.23
Gross Beta pCi/L 55 62 132 3.56 0.758 8.06 3.76
Gross Gamma pCi/L 12 34 484 115 385 355 136
Pueblo Canyon (includes Acid Canyons) °
Americium-241 pCi/L 3 9 0.0221 0.0738 0.0667 0.121 0.149
Cesium-137 pCi/L 0 9 0.00 - - 0.00 -
Cobalt-60 pCi/L 0 2 0.00 - - 0.00 -
Neptunium-237 pCi/L 1 2 - 2.02 - - -
Plutonium-238 pCi/L 3 8 0.0124 0.0157 0.00302 0.0183 0.0192
Plutonium-239, pCi/L 4 8 0.00220 0.0109 0.00653 0.0155 0.0173
Plutonium-240
Potassium-40 pCi/L 2 2 3.30 171 - 30.8 -
Radium-226 pCi/L 1 - 0.123 - - -
Sodium-22 pCi/L 0 0.00 - - 0.00 -
Strontium-90 pCi/L 7 30 0.0597 0.0746 0.00793 0.104 0.0805
Tritium pCi/L 2 9 60.8 79.7 - 98.5 -
Uranium-234 pCi/L 8 8 0.516 0.813 0.182 1.04 0.940
Uranium-235, pCi/L 4 0.0947 0.127 0.0167 0.142 0.144
Uranium-236
Uranium-238 pCi/L 8 8 0.0284 0.303 0.234 0.503 0.465
Uranium (calculated) | po/L 8 8 0.740 131 0.201 1.56 1.45
Uranium (measured) po/L 0 0 0.00 - - 0.00 -
Gross Alpha pCi/L 8 10 0.691 1.46 0.529 2.05 1.83
Gross Beta pCi/L 10 10 2.46 3.64 0.903 6.10 4.20
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Gross Gamma pCi/L 1 4 - 116 - - -
Sandia Canyon °
Americium-241 pCi/L 3 8 0.00331 0.0226 0.0208 0.0373 0.0461
Cesium-137 pCi/L 1 10 - 0.322 - - -
Cobalt-60 pCi/L 1 2 - 1.76 - - -
Neptunium-237 pCi/L 1 2 - 11.8 - - -
Plutonium-238 pCi/L 2 7 0.0101 0.0104 - 0.0106 -
Plutonium-239, pCi/L 3 7 0.00 0.00775 0.0110 0.0159 0.0202
Plutonium-240
Potassium-40 pCi/L 1 2 - 10.1 - - -
Radium-226 pCi/L 1 - 0.234 - - -
Sodium-22 pCi/L 0 0.00 - - 0.00 -
Strontium-90 pCi/L 9 30 0.0495 0.106 0.0521 0.178 0.140
Tritium pCi/L 1 11 - 96.4 - - -
Uranium-234 pCi/L 7 0.595 0.923 0.128 1.25 1.02
Uranium-235, pCi/L 5 0.0474 0.0747 0.0201 0.125 0.0923
Uranium-236
Uranium-238 pCi/L 7 0.0391 0.281 0.203 0.561 0.431
Uranium (calculated) | po/L 7 0.896 1.28 0.123 1.78 1.37
Uranium (measured) po/L 0 0.00 - - 0.00 -
Gross Alpha pCi/L 6 11 0.696 171 0.580 233 217
Gross Beta pCi/L 9 11 247 5.14 159 8.06 6.18
Gross Gamma pCi/L 3 5 81.7 167 731 355 249
Pajarito Canyon (includes Twomile and Threemile Canyons) °
Americium-241 pCi/L 3 3 0.0157 0.0314 0.00824 0.0588 0.0407
Cesium-137 pCi/L 1 3 - 153 - - -
Cobalt-60 pCi/L 0 0 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 0 0.00 - - 0.00 -
Plutonium-238 pCi/L 1 2 - 0.00950 - - -
Plutonium-239, pCi/L 1 2 - 0.00279 - - -
Plutonium-240
Potassium-40 pCi/L 0 0 0.00 - - 0.00 -
Radium-226 pCi/L 0 0 0.00 - - 0.00 -
Sodium-22 pCi/L 0 0 0.00 - - 0.00 -
Strontium-90 pCi/L 5 14 0.0729 0.0997 0.00750 0.110 0.106
Tritium pCi/L 0 0.00 - - 0.00 -
Uranium-234 pCi/L 2 0.222 0.240 - 0.257 -
Uranium-235, pCi/L 1 2 - 0.0183 - - -
Uranium-236
Uranium-238 pCi/L 2 2 0.0173 0.0583 - 0.0992 -
Uranium (calculated) | po/L 2 2 0.304 0.312 - 0.320 -
Uranium (measured) po/L 0 0 0.00 - - 0.00 -
Gross Alpha pCi/L 1 3 - 1.03 - - -
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Gross Beta pCi/L 2 3 244 3.00 - 3.55 -
Gross Gamma pCi/L 0 1 0.00 - - 0.00 -
Mortandad Canyon (includes Ten Site Canyon and Cafiada del Buey) °
Americium-241 pCi/L 2 6 0.0120 0.0845 - 0.157 -
Cesium-137 pCi/L 3 6 0.0205 5.76 8.24 15.2 15.1
Cobalt-60 pCi/L 0 1 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 1 0.00 - - 0.00 -
Plutonium-238 pCi/L 1 5 - 0.0168 - - -
Plutonium-239, pCi/L 0 5 0.00 - - 0.00 -
Plutonium-240
Potassium-40 pCi/L 0 1 0.00 - - 0.00 -
Radium-226 pCi/L 1 - 0.23 - - -
Sodium-22 pCi/L 0 0.00 - - 0.00 -
Strontium-90 pCi/L 5 18 0.0849 0.159 0.0622 0.224 0.214
Tritium pCi/L 0 7 0.00 - - 0.00 -
Uranium-234 pCi/L 5 0.213 0.302 0.0833 0.387 0.375
Uranium-235, pCi/L 3 0.0347 0.0390 0.000530 0.0440 0.0396
Uranium-236
Uranium-238 pCi/L 5 5 0.0188 0.110 0.0799 0.169 0.180
Uranium (caculated) | pg/L 5 5 0.370 0.461 0.0533 0.521 0.507
Uranium (measured) po/L 0 0 0.00 - - 0.00 -
Gross Alpha pCi/L 1 6 - 0.665 - - -
Gross Beta pCi/L 6 6 1.90 3.39 141 6.03 4.52
Gross Gamma pCi/L 1 3 - 90.5 - - -
Guaje Canyon (includes Barrancas and Rendija Canyons) °
Americium-241 pCi/L 5 24 0.00609 0.0180 0.000486 0.0317 0.0184
Cesium-137 pCi/L 2 24 161 2.79 - 3.97 -
Cobalt-60 pCi/L 0 0.00 - - 0.00 -
Neptunium-237 pCi/L 1 - 13.0 - - -
Plutonium-238 pCi/L 5 24 0.00401 0.0131 0.00794 0.0187 0.0200
Plutonium-239, pCi/L 4 24 0.00 0.0168 0.0197 0.0308 0.0362
Plutonium-240
Potassium-40 pCi/L 6 0.470 26.4 15.1 40.0 385
Radium-226 pCi/L 6 0.139 0.277 0.128 0.479 0.380
Sodium-22 pCi/L 0.00 - - 0.00 -
Strontium-90 pCi/L 23 78 0.0353 0.0913 0.0301 0.272 0.104
Tritium pCi/L 8 25 67.8 257 255 874 434
Uranium-234 pCi/L 23 24 0.254 0.396 0.0110 0.594 0.401
Uranium-235, pCi/L 18 24 0.0049 0.0381 0.0105 0.0684 0.0430
Uranium-236
Uranium-238 pCi/L 23 24 0.0194 0.179 0.102 0.346 0.221
Uranium (caculated) | pg/L 24 24 0.0248 0.661 0.0737 1.05 0.690
Uranium (measured) po/L 0 0 0.00 - - 0.00 -
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation | Maximum [ UCL
Gross Alpha pCi/L 13 31 0.528 0.827 0.286 1.48 0.983
Gross Beta pCi/L 27 31 1.32 2.93 0.671 6.25 3.18
Gross Gamma pCi/L 6 20 48.4 90.7 221 123 108
UCL = upper confidence limit, pCi/L = picocuries per liter, ug/L = micrograms per liter.
& Main heading asindicated in Table F-1.
b |talicized subheadings are individual areas contributing to main heading.
Sources: LANL 2002, 2004a, 2004b, 2005.

Table F-19 Radiochemical Statistical Analysis of Groundwater —
Santa Fe Water Supply Wells?®
2001 through 2004
Standard 95 Percent
Measured Radiochemical Detected [ Analyzed [ Minimum | Mean | Deviation [Maximum| UCL

Americium-241 pCi/L 1 15 - 0.0111 - - -
Cesium-137 pCi/L 13 25 0.0182 3.44 3.81 6.60 551
Cobalt-60 pCi/L 2 3 141 1.64 - 1.87 -
Neptunium-237 pCi/L 2 3 9.84 10.3 - 10.8 -
Plutonium-238 pCi/L 1 15 - 0.00420 - - -
Plutonium-239, pCi/L 2 15 0.00 0.00455 - 0.00910 -
Plutonium-240
Potassium-40 pCi/L 2 3 15.9 25.6 - 35.3 -
Radium-226 pCi/L 5 0.557 1.70 1.02 251 2.86
Sodium-22 pCi/L 3 - 1.59 - - -
Strontium-90 pCi/L 10 32 0.0809 0.147 0.0468 0.226 0.176
Tritium pCi/L 4 14 0.125 54.3 47.0 84.1 100
Uranium-234 pCi/L 43 44 0.00475 22.6 20.4 97.2 28.7
Uranium-235, Uranium-236 pCi/L 34 37 0.00288 1.58 141 7.79 2.05
Uranium-238 pCi/L 21 23 2.03 24.6 19.8 84.8 331
Uranium (cal cul ated) pg/L 21 22 1.49x 10° 70.3 53.0 255 93.0
Uranium (measured) po/L 0 0 0.00 - - 0.00 -
Gross Alpha pCi/L 13 14 9.98 38.3 38.7 192 59.3
Gross Beta pCi/L 13 14 0.167 11.0 6.01 515 14.3
Gross Gamma pCi/L 0 13 0.00 - - 0.00 -

UCL = upper confidence limit, pCi/L = picocuries per liter, ug/L = micrograms per liter.

& Main heading asindicated in Table F-1.

Source: LANL 2005.
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Table F20 Radiochemical Statistical Analysis of Sediment from 2001 thr ough 2004

2001 through 2004
Standard 95 Percent
Measured Radiochemical Detected | Analyzed | Minimum | Mean | Deviation | Maximum ucCL
REGIONAL STATIONS
Americium-241 pCilg 65 76 0.000800 | 0.0137 0.00404 0.116 0.0147
Cesium-137 pCi/g 72 73 0.0154 0.196 0.0966 1.09 0.219
Cobalt-60 pCi/L 0 10 0.00 - - 0.00 -
Neptunium-237 pCi/L 10 10 0.0961 0.571 0.344 1.09 0.784
Plutonium-238 pCilg 41 77 0.00 0.00689 | 0.00399 0.118 0.00812
Plutonium-239, Plutonium-240 | pCi/g 51 77 0.0011 0.0309 0.0181 0.450 0.0358
Potassium-40 pCi/L 10 10 13.8 19.0 4.36 29.8 21.7
Sodium-22 pCi/L 0 10 0.00 - - 0.00 -
Strontium-90 pCilg 52 78 0.00410 0.0967 0.0269 0.247 0.104
Tritium pCi/L 5 6 284 161 176 465 315
Tritium pCilg 21 35 0.00360 15.3 30.1 80.6 28.2
Uranium-234 pCi/g 76 76 0.282 0.821 0.0580 1.74 0.834
Uranium-235, Uranium-236 pCilg 73 76 0.00780 0.0742 0.0130 0.174 0.0772
Uranium-238 pCi/g 76 76 0.295 0.810 0.0829 1.65 0.829
Uranium (cal cul ated) pg/g 52 52 0.100 1.69 1.25 4.48 2.03
Gross Alpha pCi/g 75 75 4.23 13.2 1.30 30.9 135
Gross Beta pCilg 75 75 12.2 239 0.647 36.7 24.0
Gross Gamma pCi/g 31 31 4.04 8.30 1.25 25.8 8.74
PERIMETER STATIONS
Americium-241 pCi/g 110 137 0.00160 0.275 0.484 12.2 0.365
Cesium-137 pCi/g 132 139 0.00370 0.302 0.148 111 0.327
Cobalt-60 pCi/L 2 34 0.0240 0.0366 - 0.0492 -
Neptunium-237 pCi/L 34 34 0.0910 0.514 0.288 112 0.611
Plutonium-238 pCi/g 66 136 0.00120 0.151 0.286 5.96 0.220
Plutonium-239, Plutonium-240 | pCi/g 106 136 0.00120 0.808 0.731 9.86 0.947
Potassium-40 pCi/L 34 34 13.7 23.7 5.09 329 255
Sodium-22 pCi/L 3 34 0.0236 0.0329 0.00838 0.0398 0.0424
Strontium-90 pCilg 99 139 0.000800 0.210 0.173 3.24 0.244
Tritium pCi/L 2 8 85.6 441 - 797 -
Tritium pCil/g 46 126 0.00250 80.6 161 2300 127
Uranium-234 pCi/g 135 135 0.0498 0.858 0.0646 2.67 0.869
Uranium-235, Uranium-236 pCilg 124 135 0.00220 0.0649 0.0130 0.338 0.0672
Uranium-238 pCi/g 135 135 0.0558 0.823 0.0537 214 0.832
Uranium (cal cul ated) Ho/g 103 103 0.0900 1.76 1.32 6.42 2.01
Gross Alpha pCilg 138 138 2.00 11.8 1.55 33.7 12.1
Gross Beta pCi/g 138 138 15.2 29.7 1.87 63.3 30.0
Gross Gamma pCi/g 66 66 1.40 8.66 0.854 15.7 8.87
ONSITE STATIONS

Americium-241 pCilg 281 318 0.00160 0.678 0.153 13.7 0.696
Cesium-137 pCi/g 304 309 0.00460 141 0.552 28.6 1.48
Cobalt-60 pCi/L 9 81 0.0210 0.0579 0.0423 0.137 0.0855
Neptunium-237 pCi/L 81 81 0.157 0.699 0.304 1.70 0.765
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum | Mean | Deviation | Maximum uCL
Plutonium-238 pCi/g 219 315 0.00 0.408 0.108 115 0.422
Plutonium-239, Plutonium-240 | pCi/g 274 315 0.00140 0.680 0.0995 134 0.692
Potassium-40 pCi/L 81 81 18.1 279 2.98 34.8 28.6
Sodium-22 pCi/L 9 81 0.0204 0.0271 0.00711 0.0430 0.0318
Strontium-90 pCilg 250 313 0.00250 0.269 0.139 3.24 0.286
Tritium pCi/L 28 30 54.7 1618 2148 9500 2413
Tritium pCil/g 187 275 0.000100 274 547 9930 352
Uranium-234 pCi/g 313 313 0.0420 0.867 0.0813 2.37 0.876
Uranium-235, Uranium-236 pCilg 308 313 0.00310 0.0716 0.0323 0.414 0.0752
Uranium-238 pCi/g 313 313 0.0373 0.897 0.0886 2.49 0.906
Uranium (cal cul ated) Holg 228 228 0.110 2.03 152 7.51 2.23
Gross Alpha pCilg 307 307 0.447 16.0 2.20 59.3 16.2
Gross Beta pCi/g 308 308 6.64 36.6 243 74.3 36.8
Gross Gamma pCi/g 141 141 101 12.3 1.46 145 12.6

CANYONS

Guaje Canyon 2
Americium-241 pCi/g 10 13 0.00620 0.0166 0.00706 0.0391 0.0210
Cesium-137 pCilg 13 14 0.0133 0.314 0.243 0.883 0.446
Cobalt-60 pCi/L 0 5 0.00 - - 0.00 -
Neptunium-237 pCi/L 5 5 0.354 0.748 0.329 112 1.04
Plutonium-238 pCilg 9 13 0.00150 | 0.00807 | 0.00363 0.0206 0.0104
Plutonium-239, Plutonium-240 | pCi/g 9 13 0.00140 0.0169 0.0111 0.0361 0.0242
Potassium-40 pCi/L 5 5 243 273 3.36 311 30.2
Sodium-22 pCi/L 0 4 0.00 - - 0.00 -
Strontium-90 pCi/g 10 14 0.0476 0.163 0.0475 0.396 0.192
Tritium pCi/L 1 1 - 797 - - -
Tritium pCilg 3 7 0.0136 26.9 38.0 53.7 69.8
Uranium-234 pCilg 13 13 0.563 115 0.301 2.01 1.32
Uranium-235, Uranium-236 pCi/g 12 13 0.0472 0.112 0.0520 0.338 0.141
Uranium-238 pCilg 13 13 0.623 115 0.238 1.75 1.28
Uranium (cal cul ated) Ho/g 10 10 0.230 2.20 1.65 3.80 3.22
Gross Alpha pCi/g 13 13 6.24 14.7 2.88 23 16.3
Gross Beta pCi/g 13 13 241 314 344 37.7 33.2
Gross Gamma pCi/g 6 6 8.90 11.0 1.70 15.7 12.3
Bayo Canyon #
Americium-241 pCi/g 7 10 0.0047 0.0151 0.0124 0.0490 0.0242
Cesium-137 pCilg 8 10 0.0119 0.0436 0.00626 0.0895 0.0479
Cobalt-60 pCi/L 0 3 0.00 - - 0.00 -
Neptunium-237 pCi/L 3 3 0.383 0.466 0.0722 0.514 0.548
Plutonium-238 pCi/g 1 10 - 0.00520 - - -
Plutonium-239, Plutonium-240 | pCi/g 4 10 0.00120 | 0.00787 | 0.00665 0.0145 0.0144
Potassium-40 pCi/L 3 3 245 26.0 2.00 28.3 28.3
Sodium-22 pCi/L 1 3 - 0.0242 - - -
Strontium-90 pCi/g 6 9 0.000800 | 0.0540 0.0462 0.170 0.0910
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum | Mean | Deviation | Maximum uCL
Tritium pCi/L 1 1 - 510 - - -
Tritium pCil/g 4 7 0.00250 46.4 80.2 139 125
Uranium-234 pCi/g 10 10 0.625 0.918 0.256 133 1.08
Uranium-235, Uranium-236 pCilg 10 10 0.0312 0.0695 0.0319 0.118 0.0892
Uranium-238 pCi/g 10 10 0.597 0.924 0.252 141 1.08
Uranium (cal cul ated) Ho/g 8 8 0.220 2.27 181 4.23 3.52
Gross Alpha pCi/g 9 9 5.78 10.2 3.30 16.8 124
Gross Beta pCi/g 9 9 23.0 29.7 4.87 36.5 329
Gross Gamma pCi/g 6 6 7.80 104 0.556 13.6 10.8
Pueblo Canyon ®
Americium-241 pCilg 29 30 0.00430 0.0975 0.0428 0.405 0.113
Cesium-137 pCi/g 30 32 0.0473 0.441 0.368 211 0.573
Cobalt-60 pCi/L 0 8 0.00 - - 0.00 -
Neptunium-237 pCi/L 8 8 0.261 0.686 0.260 1.06 0.866
Plutonium-238 pCi/g 17 30 0.00250 0.0117 0.00465 0.0321 0.0139
Plutonium-239, Plutonium-240 | pCi/g 30 30 0.00740 201 1.06 7.96 2.39
Potassium-40 pCi/L 8 8 26 28.8 1.67 311 29.9
Sodium-22 pCi/L 0 8 0.00 - - 0.00 -
Strontium-90 pCilg 25 29 0.0209 0.145 0.0478 0.386 0.163
Tritium pCi/L 0 0 0.00 - - 0.00 -
Tritium pCi/g 14 29 0.00570 71.6 143 544 146
Uranium-234 pCi/g 30 30 0.343 1.03 0.255 2.32 112
Uranium-235, Uranium-236 pCilg 30 30 0.0118 0.0785 0.0204 0.149 0.0858
Uranium-238 pCi/g 30 30 0.391 0.948 0.0885 2.03 0.980
Uranium (cal cul ated) Ho/g 23 23 0.13 1.93 1.39 4.46 2.50
Gross Alpha pCi/g 31 31 3.13 145 3.42 28.1 15.7
Gross Beta pCi/g 31 31 235 321 3.15 43 33.2
Gross Gamma pCi/g 16 16 7.46 10.2 0.00606 12.6 10.2
Los Alamos Canyon (includes Bayo, Acid, Pueblo, DP Canyons)
Americium-241 pCilg 44 51 0.00530 0.0870 0.0171 0.376 0.0920
Cesium-137 pCi/g 49 49 0.0225 0.506 0.182 1.96 0.557
Cobalt-60 pCi/L 0 12 0.00 - - 0.00 -
Neptunium-237 pCi/L 12 12 0.321 0.677 0.203 1.15 0.792
Plutonium-238 pCi/g 33 51 0.00 0.0124 0.00408 0.0532 0.0138
Plutonium-239, Plutonium-240 pCi/g 49 51 0.00410 0.200 0.0877 1.26 0.224
Potassium-40 pCi/L 12 12 23.6 26.9 2.28 30.5 28.2
Sodium-22 pCi/L 0 12 0.00 - - 0.00 -
Strontium-90 pCilg 40 52 0.0123 0.424 0.348 3.24 0.532
Tritium pCi/L 0 2 0.00 - - 0.00 -
Tritium pCi/g 40 49 0.00160 171 341 3030 276
Uranium-234 pCi/g 50 50 0.334 0.804 0.105 1.39 0.833
Uranium-235, Uranium-236 pCilg 49 50 0.00310 0.0524 0.0140 0.106 0.0563
Uranium-238 pCi/g 50 50 0.338 0.771 0.100 1.48 0.799
Uranium (cal cul ated) Ho/g 38 38 0.160 1.56 112 4.29 1.92
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum | Mean | Deviation | Maximum uCL
Gross Alpha pCi/g 51 51 4.05 11.9 2.45 29.9 12.6
Gross Beta pCi/g 51 51 16.9 33.8 4.06 495 34.9
Gross Gamma pCi/g 24 24 5.00 8.70 0.0784 144 8.74
Sandia Canyon °
Americium-241 pCilg 21 27 0.00160 0.0140 0.00552 0.0217 0.0164
Cesium-137 pCi/g 21 26 0.00370 0.0472 0.0168 0.139 0.0544
Cobalt-60 pCi/L 2 7 0.024 0.0273 - 0.0305 -
Neptunium-237 pCi/L 0.223 0.700 0.487 17 1.06
Plutonium-238 pCi/g 16 27 0.00150 0.0125 0.00708 0.0435 0.0160
Plutonium-239, Plutonium-240 | pCi/g 19 27 0.00200 0.0148 0.00285 0.0429 0.0161
Potassium-40 pCi/L 235 28.1 4.01 34.8 311
Sodium-22 pCi/L 1 7 - 0.0227 - — -
Strontium-90 pCilg 13 24 0.00390 0.0663 0.0276 0.157 0.0813
Tritium pCi/L 3 4 55.7 99.9 40.8 136 146
Tritium pCi/g 12 23 0.00510 241 432 1270 514
Uranium-234 pCi/g 27 27 0.0498 0.818 0.404 2.37 0.971
Uranium-235, Uranium-236 pCi/g 25 27 0.0120 0.0747 0.0441 0.246 0.0920
Uranium-238 pCi/g 27 27 0.0558 0.790 0411 2.49 0.945
Uranium (cal cul ated) Ho/g 19 19 0.14 2.16 1.70 7.51 2.92
Gross Alpha pCi/g 24 24 0.447 111 3.14 23.0 12.4
Gross Beta pCi/g 24 24 6.64 324 4.57 52.9 34.2
Gross Gamma pCi/g 16 16 6.57 9.14 0.162 158 9.22
Mortandad Canyon (includes Ten Site Canyon, Cafiada del Buey) °
Americium-241 pCi/g 68 75 0.00350 2.08 1.50 13.7 243
Cesium-137 pCi/g 72 74 0.00470 4.34 3.50 28.6 5.15
Cobalt-60 pCi/L 6 20 0.0229 0.0740 0.0438 0.137 0.109
Neptunium-237 pCi/L 20 20 0.162 0.621 0.315 157 0.759
Plutonium-238 pCi/g 60 75 0.00150 1.08 0.715 11.5 1.26
Plutonium-239, Plutonium-240 | pCi/g 63 75 0.00140 1.85 1.30 9.86 2.18
Potassium-40 pCi/L 20 20 22.1 28.85 2.80 33.8 30.1
Sodium-22 pCi/L 5 20 0.0204 0.0265 0.00480 0.0324 0.0307
Strontium-90 pCilg 62 73 0.00430 0.460 0.341 2.64 0.545
Tritium pCi/L 7 7 226 1631 1208 3030 2526
Tritium pCil/g 35 64 0.00110 376 751 9930 624
Uranium-234 pCi/g 75 75 0.287 0.855 0.130 191 0.884
Uranium-235, Uranium-236 pCilg 74 75 0.0033 0.0754 0.0493 0.414 0.0867
Uranium-238 pCi/g 75 75 0.247 0.863 0.136 2.16 0.8%4
Uranium (cal cul ated) Ho/g 54 54 0.130 1.95 154 6.51 2.36
Gross Alpha pCi/g 72 72 2.64 20.6 3.89 59.3 215
Gross Beta pCi/g 72 72 214 43.7 3.07 74.3 44.4
Gross Gamma pCi/g 34 34 5.76 20.9 4.86 145 225
Cafada del Buey Canyon ©
Americium-241 pCilg 6 7 0.0062 0.0159 0.00449 0.0261 0.0195
Cesium-137 pCi/g 8 8 0.017 0.118 0.0760 0.293 0.171
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum | Mean | Deviation | Maximum UCL
Cobalt-60 pCi/L 0 2 0.00 - - 0.00 -
Neptunium-237 pCi/L 2 2 0.393 0.636 - 0.879 -
Plutonium-238 pCi/g 5 7 0.00 0.0580 0.0720 0.140 0.121
Plutonium-239, Plutonium-240 | pCi/g 7 7 0.0019 0.0219 0.0105 0.0502 0.0297
Potassium-40 pCi/L 2 2 285 30.0 - 315 -
Sodium-22 pCi/L 0 2 0.00 - - 0.00 -
Strontium-90 pCilg 7 8 0.0203 0.0500 0.0240 0.0960 0.0678
Tritium pCi/L 1 1 - 1010 - - -
Tritium pCi/g 6 6 0.0001 236 471 943 613
Uranium-234 pCi/g 7 7 0.787 101 0.0940 1.39 1.08
Uranium-235, Uranium-236 pCi/g 7 7 0.0273 0.0757 0.0498 0.154 0.113
Uranium-238 pCi/g 7 7 0.748 0.968 0.131 1.44 1.07
Uranium (cal cul ated) Ho/g 5 5 0.27 2.23 1.72 4.35 3.73
Gross Alpha pCi/g 8 8 133 17.6 251 233 19.3
Gross Beta pCi/g 8 8 158 34.6 4.12 48.3 375
Gross Gamma pCi/g 3 3 8.56 941 1.20 10.6 10.8
Pajarito Canyon (includes Twomile, Threemile Canyons)
Americium-241 pCilg 77 81 0.00220 0.133 0.116 3.08 0.159
Cesium-137 pCi/g 81 82 0.00460 0.413 0.143 4.43 0.444
Cobalt-60 pCi/L 1 20 - 0.0492 - - -
Neptunium-237 pCi/L 20 20 0.252 0.706 0.351 1.59 0.859
Plutonium-238 pCi/g 65 81 0.00160 0.113 0.0593 131 0.128
Plutonium-239, Plutonium-240 | pCi/g 74 81 0.00170 0.260 0.134 381 0.290
Potassium-40 pCi/L 20 20 21.1 28.1 3.40 334 29.6
Sodium-22 pCi/L 1 20 - 0.0430 - - -
Strontium-90 pCilg 66 82 0.00860 0.162 0.0811 1.14 0.182
Tritium pCi/L 14 15 54.7 2276 2726 9500 3704
Tritium pCil/g 48 64 0.00340 376 751 9930 588
Uranium-234 pCi/g 81 81 0.310 0.930 0.0921 1.69 0.950
Uranium-235, Uranium-236 pCilg 79 81 0.00220 0.0727 0.0319 0.189 0.0797
Uranium-238 pCi/g 81 81 0.221 0.938 0.0923 1.86 0.958
Uranium (cal cul ated) Ho/g 58 58 0.130 211 161 5.53 252
Gross Alpha pCi/g 81 81 2.37 16.3 152 34.4 16.7
Gross Beta pCi/g 81 81 17.9 37.6 248 52.6 38.1
Gross Gamma pCi/g 28 28 5.13 105 0.327 181 10.7
Potrilllo Canyon ©
Americium-241 pCilg 4 6 0.00510 0.0113 0.00422 0.0143 0.0154
Cesium-137 pCilg 6 6 0.0795 0.133 0.0559 0.207 0.178
Cobalt-60 pCi/L 0 2 0.00 - - 0.00 -
Neptunium-237 pCi/L 2 2 0.541 0.648 - 0.755 -
Plutonium-238 pCi/g 2 6 0.00120 | 0.00255 - 0.00390 -
Plutonium-239, Plutonium-240 | pCi/g 3 6 0.00330 0.0126 0.0128 0.0272 0.0271
Potassium-40 pCi/L 2 2 28.3 29.2 - 30.1 -
Sodium-22 pCi/L 0 2 0.00 - - 0.00 -
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum | Mean | Deviation | Maximum uCL
Strontium-90 pCilg 3 5 0.0226 0.0819 0.0515 0.116 0.140
Tritium pCi/L 0 0 0.00 - - 0.00 -
Tritium pCi/g 2 5 0.196 0.424 - 0.651 -
Uranium-234 pCi/g 6 6 0.364 0.763 0.295 1.09 0.999
Uranium-235, Uranium-236 pCi/g 6 6 0.0329 0.0666 0.0374 0.140 0.0965
Uranium-238 pCi/g 6 6 0.419 0.792 0.276 1.10 1.01
Uranium (cal cul ated) Ho/g 5 5 0.33 144 117 272 247
Gross Alpha pCilg 5 5 11.9 11.4 5.50 16.3 16.2
Gross Beta pCi/g 6 6 18.2 318 11.9 45.2 414
Gross Gamma pCi/g 3 3 1.48 6.66 251 8.43 9.49
Water Canyon (includes Cafion de Valle, Potrillo, Fence, Indio Canyons) °
Americium-241 pCilg 77 88 0.00160 0.0380 0.0196 0.239 0.0424
Cesium-137 pCi/g 85 85 0.00700 0.275 0.0529 114 0.286
Cobalt-60 pCi/L 1 21 - 0.021 - - -
Neptunium-237 pCi/L 21 21 0.091 0.707 0.306 133 0.837
Plutonium-238 pCi/g 47 86 0.00 0.0106 0.00977 0.166 0.0134
Plutonium-239, Plutonium-240 | pCi/g 74 86 0.00170 0.0740 0.0324 0.721 0.0814
Potassium-40 pCi/L 21 21 18.1 26.0 3.39 329 27.5
Sodium-22 pCi/L 3 21 0.0216 0.0323 0.00950 0.0398 0.0430
Strontium-90 pCilg 72 87 0.00560 0.109 0.0290 0.375 0.116
Tritium pCi/L 2 3 825 95.75 - 109 -
Tritium pCi/g 53 88 0.000300 82.1 163 541 126
Uranium-234 pCi/g 86 86 0.351 0.786 0.0655 1.59 0.800
Uranium-235, Uranium-236 pCilg 84 86 0.00450 0.0619 0.0194 0.170 0.0660
Uranium-238 pCi/g 86 86 0.288 0.874 0.107 2.01 0.896
Uranium (cal cul ated) Ho/g 64 64 011 201 1.49 6.04 2.37
Gross Alpha pCi/g 88 88 291 134 254 26.9 13.9
Gross Beta pCi/g 88 88 8.22 321 2.88 50.5 32.7
Gross Gamma pCi/g 39 39 5.91 8.85 0.266 12.0 8.94
Ancho Canyon °
Americium-241 pCilg 12 18 0.00400 0.0123 0.00359 0.0230 0.0143
Cesium-137 pCi/g 16 16 0.0126 0.113 0.0543 0.327 0.140
Cobalt-60 pCi/L 0 3 0.00 - - 0.00 -
Neptunium-237 pCi/L 3 3 0.157 0.356 0.188 0.53 0.568
Plutonium-238 pCi/g 9 18 0.00120 0.00451 | 0.00233 | 0.00560 0.00603
Plutonium-239, Plutonium-240 | pCi/g 13 18 0.00350 0.0164 0.0106 0.0946 0.0221
Potassium-40 pCi/L 3 3 254 27.1 2.39 29.8 29.8
Sodium-22 pCi/L 0 3 0.00 - - 0.00 -
Strontium-90 pCilg 13 19 0.00510 0.110 0.0457 0.346 0.134
Tritium pCi/L 1 2 - 85.6 - - -
Tritium pCi/g 10 15 0.000200 163 325 1610 365
Uranium-234 pCi/g 17 17 0.281 0.659 0.150 1.27 0.731
Uranium-235, Uranium-236 pCi/g 16 17 0.00800 0.0496 0.0168 0.0876 0.0578
Uranium-238 pCi/g 17 17 0.225 0.717 0.197 1.60 0.811
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum | Mean | Deviation | Maximum UCL
Uranium (cal cul ated) Ho/g 12 12 0.09 1.49 1.07 3.78 2.10
Gross Alpha pCi/g 16 16 1.70 8.82 2.96 14.0 10.3
Gross Beta pCi/g 16 16 124 27.6 5.90 38.3 305
Gross Gamma pCi/g 9 9 1.40 7.04 0.0392 9.94 7.07
Chaguehui Canyon #
Americium-241 pCilg 3 3 0.00260 0.00937 0.00587 0.0130 0.0160
Cesium-137 pCi/g 3 3 0.182 0.373 0.323 0.746 0.739
Cobalt-60 pCi/L 0 1 0.00 - - 0.00 -
Neptunium-237 pCi/L 1 1 - 0.956 - - -
Plutonium-238 pCi/g 2 3 0.00280 0.00580 - 0.00880 -
Plutonium-239, Plutonium-240 | pCi/g 2 3 0.0161 0.0178 - 0.0195 -
Potassium-40 pCi/L 1 1 - 13.7 - - -
Sodium-22 pCi/L 0 1 0.00 - - 0.00 -
Strontium-90 pCilg 2 3 0.199 0.236 - 0.272 -
Tritium pCi/L 0 0 0.00 - - 0.00 -
Tritium pCi/g 1 3 - 2300 - - -
Uranium-234 pCi/g 3 3 113 1.72 0.831 2.67 2.66
Uranium-235, Uranium-236 pCi/g 3 3 0.0578 0.0855 0.0430 0.135 0.134
Uranium-238 pCi/g 3 3 1.09 1.50 0.509 2.07 2.08
Uranium (cal cul ated) Ho/g 3 3 0.34 3.27 294 6.21 6.59
Gross Alpha pCi/g 3 3 138 21.3 6.58 26.1 28.7
Gross Beta pCi/g 3 3 28.6 34.8 7.34 42.9 43.1
Gross Gamma pCi/g 1 1 - 9.11 - - -
Frijoles Canyon ®
Americium-241 pCilg 14 18 0.00380 3.06 6.09 0.0511 6.25
Cesium-137 pCi/g 18 18 0.0566 1.18 1.72 11.1 1.97
Cobalt-60 pCi/L 0 2 0.00 - - 0.00 -
Neptunium-237 pCi/L 2 2 0.312 0.601 - 0.889 -
Plutonium-238 pCi/g 6 17 0.00190 1.50 297 5.96 3.88
Plutonium-239, Plutonium-240 pCi/g 15 17 0.00190 2.48 4.92 9.86 497
Potassium-40 pCi/L 2 17.6 234 - 29.2 -
Sodium-22 pCi/L 2 - 0.0236 - - -
Strontium-90 pCi/g 14 17 0.00730 0.885 157 3.24 171
Tritium pCi/L 0 1 0.00 - - 0.00 -
Tritium pCi/g 4 16 0.0314 96.4 166 484 259
Uranium-234 pCi/g 17 17 0.376 1.09 0.332 2.10 124
Uranium-235, Uranium-236 pCi/g 16 17 0.0121 0.0713 0.0228 0.130 0.0825
Uranium-238 pCi/g 17 17 0.430 1.08 0.297 214 122
Uranium (cal cul ated) Ho/g 12 12 0.180 2.25 1.99 6.42 3.38
Gross Alpha pCi/g 18 18 9.44 151 1.42 217 15.7
Gross Beta pCi/g 18 18 184 31.6 5.91 44.2 344
Gross Gamma pCi/g 9 9 1.46 9.48 271 13.2 11.2
Fence Canyon °©
Americium-241 | pCilg | 6 7 0.00620 0.0153 0.00706 0.0323 0.0209
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum | Mean | Deviation | Maximum uCL
Cesium-137 pCi/g 7 7 0.0613 0.250 0.217 0.574 0.410
Cobalt-60 pCi/L 1 3 - 0.0256 - - -
Neptunium-237 pCi/L 3 3 0.600 0.767 0.255 1.06 1.06
Plutonium-238 pCi/g 3 7 0.00320 | 0.00367 | 0.000723 | 0.00450 0.00449
Plutonium-239, Plutonium-240 | pCi/g 4 7 0.00700 0.0185 0.0108 0.0303 0.0291
Potassium-40 pCi/L 3 3 26.3 26.8 0.462 27.1 274
Sodium-22 pCi/L 0 3 0.00 - - 0.00 -
Strontium-90 pCi/g 4 7 0.0124 0.0969 0.0671 0.185 0.163
Tritium pCi/L 0 0 0.00 - - 0.00 -
Tritium pCi/g 2 5 0.0610 2.58 - 5.10 -
Uranium-234 pCi/g 7 7 0.683 0.974 0.0701 112 1.03
Uranium-235, Uranium-236 pCi/g 7 7 0.0553 0.0864 0.0452 0.199 0.120
Uranium-238 pCi/g 7 7 0.743 101 0.0576 1.27 1.05
Uranium (cal cul ated) Ho/g 6 6 0.320 214 157 3.80 3.40
Gross Alpha pCi/g 7 7 4.86 18.1 9.97 28.1 255
Gross Beta pCi/g 7 7 20.7 323 8.98 42.8 39.0
Gross Gamma pCi/g 3 3 101 8.75 3.74 114 13.0
Indio Canyon ©
Americium-241 pCilg 2 4 0.0107 0.0188 - 0.0268 -
Cesium-137 pCi/g 4 4 0.0911 0.167 0.0596 0.235 0.225
Cobalt-60 pCi/L 0 1 0.00 - - 0.00 -
Neptunium-237 pCi/L 1 1 - 0.277 - - -
Plutonium-238 pCi/g 1 4 - 0.00230 - - -
Plutonium-239, Plutonium-240 | pCi/g 4 4 0.00240 0.0159 0.0107 0.0253 0.0263
Potassium-40 pCi/L 1 1 - 25.2 - - -
Sodium-22 pCi/L 0 1 0.00 - - 0.00 -
Strontium-90 pCilg 4 5 0.00250 0.0850 0.0894 0.180 0.173
Tritium pCi/L 0 0 0.00 - - 0.00 -
Tritium pCi/g 2 3 0.0870 0.215 - 0.342 -
Uranium-234 pCi/g 4 4 0.517 0.867 0.317 1.22 1.18
Uranium-235, Uranium-236 pCi/g 4 4 0.0358 0.0732 0.0552 0.155 0.127
Uranium-238 pCi/g 4 4 0.501 0.909 0.347 127 125
Uranium (cal cul ated) Ho/g 3 3 0.240 1.86 1.83 3.84 3.93
Gross Alpha pCi/g 4 4 3.76 11.8 7.90 18.7 19.6
Gross Beta pCi/g 4 4 185 32.6 10.6 43.2 43.0
Gross Gamma pCilg 2 2 7.21 8.56 - 9.90 -

UCL = upper confidence limit, pCi/L = picocuries per liter, pCi/g = picocuries per gram, ug/g = micrograms per gram.

& Perimeter Stations.

b Both Onsite and Perimeter Stations.

¢ Onsite Stations.

Sources: LANL 2002, 2004a, 2004b, 2005.
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Appendix F — Environmental Sample Data

Table F-21 Radiochemical Statistical Analysis of Surface Water or Storm Water Runoff

2001 through 2004
Standard 95 Percent
Measured Radiochemical Detected | Analyzed | Minimum | Mean | Deviation [Maximum| UCL
REGIONAL STATIONS
Americium-241 pCi/L 6 21 0.00270 | 0.0433 0.0455 0.116 0.0797
Cesium-137 pCi/L 4 18 0.54 2.70 1.43 3.75 4.10
Cobalt-60 pCi/L 0 6 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 6 0.00 - - 0.00 -
Plutonium-238 pCi/L 7 22 0.002 0.0165 0.0182 0.0489 0.0300
Plutonium-239, Plutonium-240 pCi/L 5 22 0.0567 0.528 0.368 1.00 0.851
Potassium-40 pCi/L 4 34.4 63 27.5 90.2 90.0
Radium-226 pCi/L 3 0.245 1.77 2.55 4.72 4.66
Radium-228 pCi/L 0 0.00 - - 0.00 -
Sodium-22 pCi/L 1 6 - 251 - - -
Strontium-90 pCi/L 11 21 0.132 0.265 0.188 0.694 0.376
Tritium pCi/L 4 17 74.8 126 231 199 149
Uranium-234 pCi/L 23 23 0.529 104 15.9 108 16.9
Uranium-235, Uranium-236 pCi/L 22 23 0.0250 0.902 1.45 9.55 151
Uranium-238 pCi/L 23 23 0.285 10.3 16.7 111 17.2
Uranium (cal cul ated) pg/L 13 13 0 3.04 2.78 125 4,56
Uranium (measured) pg/L 0 0 0.00 - - 0.00 -
Gross Alpha pCi/L 21 21 2.3 225 30.7 235 35.7
Gross Beta pCi/L 21 21 1.38 41.9 59.1 298 67.1
Gross Gamma pCi/L 6 16 77.8 244 224 499 423
PERIMETER STATIONS

Americium-241 pCi/L 59 97 0.00 0.569 0.654 8.46 0.735
Cesium-137 pCi/L 33 80 0.00 5.94 195 15.8 6.60
Cobalt-60 pCi/L 3 16 0.517 1.60 0.978 242 271
Neptunium-237 pCi/L 6 16 2.67 9.33 591 18.1 14.1
Plutonium-238 pCi/L 42 95 0.00 0.383 0.506 3.57 0.535
Plutonium-239, Plutonium-240 pCi/L 51 96 0.00 1.94 220 39.4 254
Potassium-40 pCi/L 13 16 15.6 76.3 67.6 229 113
Radium-226 pCi/L 4 0.161 0.385 0.196 0.6 0.577
Radium-228 pCi/L 0 0.00 - - 0.00 -
Sodium-22 pCi/L 2 16 1.87 3.00 - 413 -
Strontium-90 pCi/L 71 85 0.0622 461 358 26.8 5.44
Tritium pCi/L 20 55 58.3 127 23.2 268 138
Uranium-234 pCi/L 83 90 0.0379 194 15.1 354 22.7
Uranium-235, Uranium-236 pCi/L 66 89 0.00 1.26 0.903 15.2 1.48
Uranium-238 pCi/L 81 89 0.0194 17.9 14.1 334 21.0
Uranium (cal cul ated) Hg/L 100 101 0.00 1.1 10.2 137 13.1
Uranium (measured) pa/L 25 25 0.0300 3.16 9.79 48.3 6.99
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum | Mean | Deviation [Maximum| UCL
Gross Alpha pCi/L 68 86 0.506 282 168 3070 322
Gross Beta pCi/L 79 85 0.636 412 245 5370 466
Gross Gamma pCi/L 17 51 66.0 211 173 1110 293

ONSITE STATIONS
Americium-241 pCi/L 245 330 0.00 14.6 253 583 17.7
Cesium-137 pCi/L 118 295 0.00 12.8 6.48 929.1 13.9
Cobalt-60 pCi/L 13 92 1.96 4.14 2.76 11.3 5.64
Neptunium-237 pCi/L 21 91 1.98 10.1 5.90 24.8 12.6
Plutonium-238 pCi/L 205 319 0.00 16.2 309 685 20.4
Plutonium-239, Plutonium-240 pCi/L 216 319 0.00 121 19.1 608 14.6
Potassium-40 pCi/L 88 90 1.26 77.4 106 709 99.7
Radium-226 pCi/L 10 13 0.123 0.306 0.144 0.566 0.395
Radium-228 pCi/L 4 6 0.481 0.757 0.291 1.06 1.04
Sodium-22 pCi/L 3 92 1.87 3.18 1.23 4.32 458
Strontium-90 pCi/L 216 296 0.0516 3.79 1.32 71.9 3.97
Tritium pCi/L 135 236 50.9 354 155 12900 380
Uranium-234 pCi/L 273 297 0.0132 7.60 2.63 149 7.91
Uranium-235, Uranium-236 pCi/L 204 305 0.00 0.673 0.280 7.28 0.712
Uranium-238 pCi/L 280 307 0.0150 7.70 2.24 147 7.97
Uranium (cal cul ated) Ho/L 404 412 0.00 7.22 5.36 190 7.74
Uranium (measured) Hg/L 225 225 0.0300 451 12.7 934 6.17
Gross Alpha pCi/L 235 292 0.193 150 29.0 1800 154
Gross Beta pCi/L 272 286 0.809 171 76.7 3160 181
Gross Gamma pCi/L 42 106 55.2 186 92.5 1990 214
CANYONS

Guaje Canyon °
Americium-241 pCi/L 19 29 0.0180 0.437 0.226 152 0.539
Cesium-137 pCi/L 18 27 0 8.11 2.77 15.8 9.39
Cobalt-60 pCi/L 0 1 0.00 - - 0.00 -
Neptunium-237 pCi/L 0 1 0.00 - - 0.00 -
Plutonium-238 pCi/L 9 29 0.0650 0.243 0.204 0.699 0.377
Plutonium-239, Plutonium-240 pCi/L 17 29 0.0121 155 1.36 3.93 2.20
Potassium-40 pCi/L 1 1 - 259 - - -
Radium-226 pCi/L 2 2 0.486 0.543 - 0.6 -
Radium-228 pCi/L 0 0 0.00 - - 0.00 -
Sodium-22 pCi/L 0 1 0.00 - - 0.00 -
Strontium-90 pCi/L 27 28 0.212 10.2 2.69 26.8 11.2
Tritium pCi/L 6 14 84.3 151 24.2 268 171
Uranium-234 pCi/L 30 31 0.0390 35.3 28.3 354 454
Uranium-235, Uranium-236 pCi/L 26 30 0.00 1.95 1.43 15.2 2.50
Uranium-238 pCi/L 28 30 0.0334 32.3 25.8 334 419
Uranium (calcul ated) pg/L 26 26 0.113 16.6 18.2 137 23.6
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Appendix F — Environmental Sample Data

2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed [ Minimum [ Mean | Deviation [ Maximum UCL
Uranium (measured) po/L 0 0 0.00 - - 0.00 -
Gross Alpha pCi/L 24 28 0.900 430 420 3070 598
Gross Beta pCi/L 27 27 2.29 542 617 5370 775
Gross Gamma pCi/L 7 17 85.2 334 205 1110 486
Los Alamos Canyon (includes Bayo, Acid, Pueblo, DP Canyons) ©
Americium-241 pCi/L 72 87 0.00 118 1.08 16.1 143
Cesium-137 pCi/L 39 81 0.00 6.16 4.46 32.7 7.56
Cobalt-60 pCi/L 3 30 2.70 3.12 0.556 3.74 3.74
Neptunium-237 pCi/L 10 30 341 8.48 3.63 133 10.7
Plutonium-238 pCi/L 57 84 0.00 0.175 0.0917 1.40 0.199
Plutonium-239, Plutonium-240 pCi/L 66 84 0.0100 3.82 2.88 85.3 451
Potassium-40 pCi/L 30 30 3.27 67.8 61.0 248 89.6
Radium-226 pCi/L 0.277 0.410 - 0.542 -
Radium-228 pCi/L - 0.481 - - -
Sodium-22 pCi/L 30 - 3.35 - - -
Strontium-90 pCi/L 66 80 0.0946 522 531 50.1 6.50
Tritium pCi/L 37 65 50.9 140 64.9 546 161
Uranium-234 pCi/L 73 81 0.0590 7.58 6.65 149 9.11
Uranium-235, Uranium-236 pCi/L 66 81 0.00820 0.557 0.430 7.28 0.660
Uranium-238 pCi/L 72 81 0.0220 7.46 6.85 147 9.04
Uranium (cal cul ated) pg/L 129 130 0.0200 8.68 5.64 102 9.65
Uranium (measured) po/L 66 66 0.0300 271 4.43 21.6 3.78
Gross Alpha pCi/L 69 81 0.575 122 146 1800 157
Gross Beta pCi/L 76 81 158 171 210 3010 218
Gross Gamma pCi/L 3 12 96.3 132 30.8 151 167
Pajarito Canyon (includes Twomile, Threemile Canyons) ©
Americium-241 pCi/L 85 134 0.0073 0.646 0.595 10.1 0.773
Cesium-137 pCi/L 40 113 121 6.46 353 46.8 7.56
Cobalt-60 pCi/L 7 37 0.764 5.64 4.09 10.7 8.67
Neptunium-237 pCi/L 11 36 2.67 10.1 6.01 24.8 13.7
Plutonium-238 pCi/L 81 131 0.00 0.160 0.147 0.985 0.192
Plutonium-239, Plutonium-240 pCi/L 79 131 0.00480 1.20 115 7.65 145
Potassium-40 pCi/L 34 36 5.49 82.0 120.1 709 122
Radium-226 pCi/L 5 8 0.14 0.312 0.160 0.566 0.453
Radium-228 pCi/L 4 4 0.537 1.67 1.10 2.83 2.76
Sodium-22 pCi/L 3 37 1.87 3.22 124 4.32 4.63
Strontium-90 pCi/L 86 120 0.0516 2.69 225 71.9 3.17
Tritium pCi/L 54 84 62.9 261 46.5 1980 274
Uranium-234 pCi/L 107 119 0.0132 9.01 5.23 67.8 10.0
Uranium-235, Uranium-236 pCi/L 73 125 0.00 0.868 0.549 6.41 0.994
Uranium-238 pCi/L 118 126 0.0210 8.82 4.30 83.3 9.60
Uranium (cal cul ated) pag/L 133 134 0.00 8.39 10.8 249 10.2
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2001 through 2004

Standard 95 Percent

Measured Radiochemical Detected | Analyzed [ Minimum [ Mean | Deviation [ Maximum UCL
Uranium (measured) po/L 87 87 0.0300 7.83 29.2 238 14.0
Gross Alpha pCi/L 91 115 0.315 145 96.1 1630 165
Gross Beta pCi/L 105 110 0.809 174 139 3160 201
Gross Gamma pCi/L 23 a4 55.0 139 62.4 430 165
Water Canyon (includes Carion de Valle, Patrillo, Fence, Indio Canyons) ©
Americium-241 pCi/L 44 53 0.00 0.117 0.0821 1.18 0.141
Cesium-137 pCi/L 20 46 0.00 5.55 275 15.0 6.76
Cobalt-60 pCi/L 1.86 192 - 1.98 -
Neptunium-237 pCi/L 0.00 - - 0.00 -
Plutonium-238 pCi/L 30 50 0.00 0.101 0.0579 0.549 0.122
Plutonium-239, Plutonium-240 pCi/L 36 50 0.00 0.362 0.308 3.15 0.463
Potassium-40 pCi/L 9 1.26 163 197 511 292
Radium-226 pCi/L 1 - 0.245 - - -
Radium-228 pCi/L - 1.06 - - -
Sodium-22 pCi/L 0.00 - - 0.00 -
Strontium-90 pCi/L 41 46 0.140 2.80 1.94 16.9 3.39
Tritium pCi/L 10 31 106 157 18.9 231 168
Uranium-234 pCi/L 43 48 0.0486 16.2 8.42 79.0 18.8
Uranium-235, Uranium-236 pCi/L 34 48 0.00900 1.09 0.537 4.86 127
Uranium-238 pCi/L 43 48 0.0194 19.8 13.2 82.1 23.8
Uranium (cal cul ated) po/L 62 64 0.00 18.3 211 190 23.6
Uranium (measured) pa/L 46 46 0.0250 13.0 259 93.4 20.5
Gross Alpha pCi/L 40 46 0.463 179 94.2 1660 209
Gross Beta pCi/L 43 46 1.26 283 156 2990 330
Gross Gamma pCi/L 6 17 93.1 135 321 170 161.1
Mortandad Canyon (includes Ten Site Canyon, Cafiada del Buey) ?
Americium-241 pCi/L 54 67 0.00930 32.3 55.1 583 47.0
Cesium-137 pCi/L 21 53 0.22 28.0 26.8 99.1 39.4
Cobalt-60 pCi/L 14 0.517 1.79 - 3.07 -
Neptunium-237 pCi/L 5 14 1.98 10.1 7.38 18.1 16.6
Plutonium-238 pCi/L 44 62 0.00 39.1 72.4 685 60.5
Plutonium-239, Plutonium-240 pCi/L 43 63 0.00 27.0 49.8 608 419
Potassium-40 pCi/L 13 14 493 779 68.9 229 115
Radium-226 pCi/L - 0.123 - - -
Radium-228 pCi/L 0 0.00 - - 0.00 -
Sodium-22 pCi/L 2 14 1.87 3.00 - 4.13 -
Strontium-90 pCi/L 29 55 0.169 115 0.640 4.25 1.38
Tritium pCi/L 27 47 73.4 1134 875 12900 1464
Uranium-234 pCi/L 48 52 0.0227 3.38 4.89 55.0 4.76
Uranium-235, Uranium-236 pCi/L 35 54 0.00 0.324 0.488 4.60 0.486
Uranium-238 pCi/L 51 55 0.0150 3.19 4.49 67.2 4.42
Uranium (cal cul ated) Mo/l 63 67 0.0180 411 4.01 45.8 5.10
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2001 through 2004

Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum | Mean | Deviation [Maximum| UCL
Uranium (measured) pa/L 36 36 0.0790 3.37 8.34 48.3 6.10
Gross Alpha pCi/L 39 52 0.193 148 143 979 193
Gross Beta pCi/L 47 51 1.60 109 106 1400 140
Gross Gamma pCi/L 10 23 90.1 334 280 1990 507
Ancho Canyon ?
Americium-241 pCi/L 1 3 - 0.0166 - - -
Cesium-137 pCi/L 1 2 - 293 - - -
Cobalt-60 pCi/L 1 1 - 242 - - -
Neptunium-237 pCi/L 1 1 - 139 - - -
Plutonium-238 pCi/L 1 3 - 0.0127 - - -
Plutonium-239, Plutonium-240 pCi/L 0 3 0.00 - - 0.00 -
Potassium-40 pCi/L 1 1 - 432 - - -
Radium-226 pCi/L 0 1 0.00 - - 0.00 -
Radium-228 pCi/L 0 0 0.00 - - 0.00 -
Sodium-22 pCi/L 0 1 0.00 - - 0.00 -
Strontium-90 pCi/L 0 2 0.00 - - 0.00 -
Tritium pCi/L 0 3 0.00 - - 0.00 -
Uranium-234 pCi/L 3 3 0.0610 0.113 0.0465 0.146 0.166
Uranium-235, Uranium-236 pCi/L 0 3 0.00 - - 0.00 -
Uranium-238 pCi/L 3 3 0.0366 0.0498 | 0.00283 0.067 0.0530
Uranium (ca cul ated) pg/L 4 4 0.0900 12.6 18.2 335 30.4
Uranium (measured) po/L 0 0 0.00 - - 0.00 -
Gross Alpha pCi/L 1 3 - 1.19 - - -
Gross Beta pCi/L 1 3 - 217 - - -
Gross Gamma pCi/L 1 2 - 78.3 - - -
Frijoles Canyon 2
Americium-241 pCi/L 1 8 - 0.0260 - - -
Cesium-137 pCi/L 0 7 0.00 - - 0.00 -
Cobalt-60 pCi/L 0 3 0.00 - - 0.00 -
Neptunium-237 pCi/L 1 3 - 9.02 - - -
Plutonium-238 pCi/L 1 8 - 0.00260 - - -
Plutonium-239, Plutonium-240 pCi/L 0 8 0.00 - - 0.00 -
Potassium-40 pCi/L 1 3 - 15.6 - - -
Radium-226 pCi/L 1 3 - 0.161 - - -
Radium-228 pCi/L 0 0 0.00 - - 0.00 -
Sodium-22 pCi/L 0 3 0.00 - - 0.00 -
Strontium-90 pCi/L 4 8 0.0622 0.726 0.939 3.63 1.65
Tritium pCi/L 3 9 58.3 76.8 16.0 87.3 94.9
Uranium-234 pCi/L 6 7 0.0379 0.102 0.0540 0.204 0.145
Uranium-235, Uranium-236 pCi/L 2 7 0.0456 0.0512 - 0.0568 -
Uranium-238 pCi/L 6 7 0.0272 0.0398 | 0.00223 0.0502 0.0416
Uranium (cal cul ated) pa/L 4 4 0.0829 0.137 0.0404 0.170 0.176
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2001 through 2004
Standard 95 Percent

Measured Radiochemical Detected | Analyzed [ Minimum [ Mean | Deviation [ Maximum UCL
Uranium (measured) po/L 0 0 0.00 - - 0.00 -
Gross Alpha pCi/L 4 8 0.548 1.597 0.0877 2,77 1.68
Gross Beta pCi/L 7 8 0.636 233 0.756 4.25 2.89
Gross Gamma pCi/L 2 7 66.0 79.3 92.6
Sandia Canyon 2
Americium-241 pCi/L 14 28 0.00950 0.0420 0.0159 0.111 0.0503
Cesium-137 pCi/L 6 29 1.82 3.85 2.40 9.61 5.77
Cobalt-60 pCi/L 2 11 1.96 3.80 5.63 5.63 116
Neptunium-237 pCi/L 2 11 5.82 13.96 22.1 22.1 44.6
Plutonium-238 pCi/L 12 29 0.00 0.0466 0.0189 0.0972 0.0572
Plutonium-239, Plutonium-240 pCi/L 8 29 0.0197 0.0861 0.0381 0.331 0.112
Potassium-40 pCi/L 11 11 7.59 47.3 87.1 87.1 98.8
Radium-226 pCi/L 1 2 - 0.176 - - -
Radium-228 pCi/L 0 0 0.00 - - 0.00 -
Sodium-22 pCi/L 0 11 0.00 - - 0.00 -
Strontium-90 pCi/L 14 27 0.0900 0.208 0.0922 0.792 0.256
Tritium pCi/L 16 30 54.4 108 17.8 203 117
Uranium-234 pCi/L 28 29 0.0220 1.65 1.25 13.0 211
Uranium-235, Uranium-236 pCi/L 17 29 0.0187 0.149 0.141 1.56 0.216
Uranium-238 pCi/L 24 29 0.0447 1.74 1.34 14.8 2.28
Uranium (cal cul ated) Ho/L 56 56 0.0180 1.86 1.39 17.7 223
Uranium (measured) po/L 39 39 0.040 0.998 4 4 2.25
Gross Alpha pCi/L 21 27 0.428 53.4 74.7 877 85.4
Gross Beta pCi/L 27 27 341 34.1 21.7 212 42.2
Gross Gamma pCi/L 4 20 83.6 165 68.0 343 232
Pueblo Canyon 2
Americium-241 pCi/L 19 31 0.0171 0.653 0.486 4.46 0.871
Cesium-137 pCi/L 10 29 1.70 5.52 1.96 10.9 6.73
Cobalt-60 pCi/L 3 14 241 5.43 5.08 11.3 11.2
Neptunium-237 pCi/L 2 14 3.61 7.705 - 11.8 -
Plutonium-238 pCi/L 18 30 0 0.0788 0.0822 0.443 0.117
Plutonium-239, Plutonium-240 pCi/L 23 30 0.0088 6.98 6.59 88.7 9.68
Potassium-40 pCi/L 13 13 16.5 60.5 30.9 108 77.3
Radium-226 pCi/L 2 3 0.276 0.307 - 0.338 -
Radium-228 pCi/L 0 0 0.00 - - 0.00 -
Sodium-22 pCi/L 0 14 0.00 - - 0.00 -
Strontium-90 pCi/L 26 28 0.224 1.83 121 11.6 2.30
Tritium pCi/L 9 21 75 132 4.14 219 135
Uranium-234 pCi/L 26 29 0.0381 5.59 4.95 50.8 7.49
Uranium-235, Uranium-236 pCi/L 22 29 0.0246 0.447 0.379 2.96 0.605
Uranium-238 pCi/L 26 29 0.0658 5.61 4.97 50.4 7.52
Uranium (cal cul ated) Mo/l 38 39 0.00426 6.61 181 42.9 7.18
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2001 through 2004

Standard 95 Percent
Measured Radiochemical Detected | Analyzed [ Minimum [ Mean | Deviation [ Maximum UCL
Uranium (mesasured) Hg/L 27 27 0.03 2.24 3.66 115 3.62
Gross Alpha pCi/L 23 28 0.61 111 4.12 533 113
Gross Beta pCi/L 27 28 154 170 10.2 914 174
Gross Gamma pCi/L 7 18 73.2 192.1 165.9 820 315

UCL = upper confidence limit, pCi/L = picocuries per liter, ug/L = micrograms per liter.

& Onsite Stations.
b Perimeter Stations.

¢ Both Onsite and Perimeter Stations.
Sources. LANL 2002, 2004a, 2004b, 2005.

Table F—22 Radiochemical Statistical Analysis of Soil Composite from 2001 through 2003

2001 through 2003
Standard 95 Percent
Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation [Maximum| UCL
REGIONAL STATIONS
Americium-241 pCil/g 10 10 0.00 0.00410 0.00202 0.00930 | 0.00535
Cesium-137 pCil/g 10 10 0.0600 0.257 0.105 0.650 0.322
Plutonium-238 pCilg 5 5 0.00 0.00190 0.00185 0.00420 | 0.00352
Plutonium-239, 240 pCilg 10 10 0.00100 0.00978 0.00550 0.0290 0.0132
Strontium-90 pCi/g 10 10 0.0500 0.156 0.0406 0.260 0.181
Tritium pCi/g 10 10 0.00 0.273 0.237 0.940 0.419
Uranium-234 pCi/g 7 7 0.550 0.729 0.154 1.20 0.843
Uranium-235 pCil/g 7 7 0.0330 0.0562 0.000766 0.0770 0.0568
Uranium-238 pCi/g 7 7 0.590 0.740 0.0949 1.20 0.811
Uranium (calculated) | pg/L 6 6 1.70 2.20 0.240 2.70 2.39
Gross Alpha pCi/g 6 6 3.70 4.48 0.778 6.10 511
Gross Beta pCi/g 6 6 3.70 4.55 0.497 5.01 4.95
Gross Gamma pCi/g 6 6 6.00 7.33 0.471 8.00 7.71
PERIMETER STATIONS
Americium-241 pCilg 29 29 0.00100 0.0116 0.00278 0.0580 0.0126
Cesium-137 pCi/g 30 30 0.0900 0.337 0.0231 0.840 0.346
Plutonium-238 pCi/g 24 24 0.00 0.00298 0.00149 0.0110 0.00358
Plutonium-239, 240 pCi/g 30 30 0.00800 0.0591 0.0225 0.530 0.0671
Strontium-90 pCilg 29 29 0.0100 0.174 0.00813 0.450 0.177
Tritium pCi/g 25 25 0.0100 0.822 0.551 3.00 1.04
Uranium-234 pCi/g 20 20 0.600 112 0.0226 2.25 1.13
Uranium-235 pCi/g 20 20 0.0330 0.0813 0.0175 0.188 0.0890
Uranium-238 pCi/g 20 20 0.540 112 0.107 2.32 117
Uranium (calculated) | pg/L 20 20 2.10 3.93 0.463 9.30 4.14
Gross Alpha pCi/g 20 20 1.93 5.41 0.268 7.90 5.53
Gross Beta pCi/g 20 20 2.38 491 0.601 7.70 5.17
Gross Gamma pCi/g 20 20 9.00 11.3 0.283 20.0 114
ONSITE STATIONS

Americium-241 pCi/g 36 36 0.00200 0.0150 0.00801 0.200 0.0176
Cesium-137 pCil/g 36 36 0.0300 0.345 0.0606 0.900 0.365
Plutonium-238 pCilg 32 32 0.00 0.00230 0.000176 0.00600 | 0.00236
Plutonium-239, 240 pCilg 36 36 0.00200 0.0563 0.0324 0.800 0.0669
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2001 through 2003
Standard 95 Percent

Measured Radiochemical Detected | Analyzed | Minimum Mean Deviation |Maximum| UCL
Strontium-90 pCi/g 34 34 0.00 0.142 0.0379 0.380 0.154
Tritium pCi/L 36 36 0.100 0.907 0.724 4.00 114
Uranium-234 pCi/g 24 24 0.750 1.08 0.0430 1.80 1.10
Uranium-235 pCi/g 24 24 0.0440 0.0691 0.00271 0.152 0.0702
Uranium-238 pCi/g 24 24 0.770 115 0.0348 1.87 117
Uranium (calculated) | pg/L 24 24 2.41 351 0.175 6.00 3.58
Gross Alpha pCi/g 24 24 3.59 554 0.346 8.10 5.68
Gross Beta pCi/g 24 24 2.90 4.70 0.0884 8.10 4.74
Gross Gamma pCi/g 24 24 10.0 116 0.589 14.0 11.8

UCL = upper confidence limit, pCi/g = picocuries per gram, pCi/L = picocuries per liter, pug/L = micrograms per liter.
Sources: LANL 2002, 2004a, 2004b, 2005.

Table F-23 presents EPA and EPA equivalent maximum contaminant levels (Title 40 of the
Code of Federal Regulations, Part 141 [40 CFR 141]) for comparison between the groundwater,
surface water or storm water runoff concentrations presented in the above tables. Maximum
contaminant levels only apply to drinking water systems.

Table F—23 Benchmark Concentrationsfor Analyzed Radionuclidesfor Groundwater,
Surface Water or Storm Water Runoff 2

Constituent Benchmark Concentration
Americium-241 picocuries per liter 15°
Cesium-137 picocuries per liter 93°
Cobalt-60 picocuries per liter 173°¢
Neptunium-237 picocuries per liter 15°
Plutonium-238 picocuries per liter 15°
Plutonium-239 picocuries per liter 15°
Plutonium-240 picocuries per liter 15°
Potassium-40 picocuries per liter 251°
Radium-226, Radium-228 picocuries per liter 5P
Sodium-22 picocuries per liter 407 ¢
Strontium-90 picocuries per liter 8P
Tritium picocuries per liter 20000°
Uranium-234 micrograms per liter 30°
Uranium-235 micrograms per liter 30°
Uranium-236 micrograms per liter 30°
Uranium-238 micrograms per liter 30°
Uranium Total picocuries per liter 10¢
Gross Alpha picocuries per liter 15°
Gross Beta millirem per year 4°
Gross Gamma millirem per year 4°

& Similar values are available for soils and sediments, but this would require more detailed analysis of agricultural and
recreational use at a particular location.
b EPA maximum contaminant levels (40 CFR 141).
¢ EPA maximum contaminant levels equivalent. Published value calculated to yield an annual dose equivalent of 4 millirem
per year to the total body using Federal Guidance Report 11 dose factors.
4 Calculated using sum of fractions rule and isotopic distribution for naturally occurring uranium.
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The LANL ongoing Environmental Monitoring Program also includes chemicals, which are
periodically measured at stations onsite, at the perimeter, and in the region around LANL.
Perchlorate is a chemical of particular interest and has a high propensity to enter the
groundwater. Perchlorate isachemical used in rocket solid propellant, fireworks, lubricating
oils, rubber manufacturing, paint production, aluminum refining, leather tanning, explosives,
match manufacturing, air bag inflators, fabrics, and dye fixers. It issoluble in water and has been
shown to disrupt thyroid function and influence thyroid tumor formation if ingested in sufficient
quantities. Thereisno Federa EPA maximum contaminant level or maximum contaminant level
goal for perchlorate in drinking water. However, the EPA has established a No Observed Effect
Level (NOEL) of 23 parts per billion or 23 micrograms per liter for perchlorate, based on a
NOEL of 0.0007 milligram or kilogram per day for a 154-pound (70-kilogram) adult consuming
0.53 gallons (2 liters) of water per day. The State of New Mexico has established an interim
groundwater screening level of 1 part per billion or 1 microgram per liter. Between 2002 and
2004, atotal of 204 detectable sample measurements were made of perchlorate in groundwater at
these stations. The statistical analysis of these measurements was collated and is presented in
Table F-24. Measured mean values of perchlorate at most LANL locations were below both the
EPA NOEL and New Mexico SAL. Only Mortandad and Pueblo Canyons exceeded the New
Mexico limit, and only Mortandad Canyon exceeded the EPA NOEL (USACHPPM 2006,

EPA 2006, NAS 2005).

Table F—24 Perchlorate Statistical Analysisof Groundwater from 2002 through 2004
(micrograms per liter)

Standard 95 Percent
Location Detected | Analyzed [ Minimum| Mean Deviation | Maximum UCL
2002
Upper Los Alamos Canyon (includes DP 22 22 0.958 1.36 0.194 1.45 144
Canyon)
Sandia Canyon 25 25 0.400 1.34 0.370 2.17 1.49
Pajarito Canyon (includes Twomile and 18 18 1.45 1.45 0.0 1.45 1.45
Threemile Canyons)
Mortandad Canyon (includes Ten Site 41 41 0.300 36.0 51.2 143 51.6
Canyon and Cafiada del Buey)
Pueblo Canyon (includes Acid Canyons) 24 24 0.801 144 0.501 3.00 1.65
Ancho Canyon 4 4 0.958 0.958 0.00 0.958 -
Guaje Canyon (includes Barrancas and 11 11 1.45 1.45 0.0 1.45 1.45
Rendija Canyons)
Water Canyon (includes Canyon del 14 14 1.45 1.45 0.0 1.45 1.45
Valle, Potrillo, and Fence Canyons)
White Rock Canyon 53 53 0.801 1.89 2.06 12.0 245
2003

Upper Los Alamos Canyon (includes DP 3 3 0.370 0.385 0.0127 0.393 0.399
Canyon)
Sandia Canyon 5 5 0.381 0.425 0.0446 0.500 0.464
Pajarito Canyon (includes Twomile and 2 2 0.293 0.295 - 0.296 -
Threemile Canyons)
Mortandad Canyon (includes Ten Site 38 38 0.301 26.1 33.2 148 36.6
Canyon and Cafiada del Buey)
Pueblo Canyon (includes Acid Canyons) 14 14 161 2.70 0.737 4.34 3.09
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Standard 95 Percent

Location Detected | Analyzed [ Minimum| Mean Deviation | Maximum UCL
Ancho Canyon 0 0 - - - - -
Guaje Canyon (includes Barrancas and 5 5 0.271 0.336 0.0433 0.377 0.374
Rendija Canyons)
Water Canyon (includes Canyon del 0 0 - - - - -
Valle, Potrillo, and Fence Canyons)
White Rock Canyon 17 17 0.232 0.423 0.132 0.661 0.485

2004
Upper Los Alamos Canyon (includes DP 29 29 0.0500 | 0.349 0.260 1.04 0.444
Canyon)
Sandia Canyon 15 15 0.0500 | 0.344 0.155 0.500 0.422
Pajarito Canyon (includes Twomile and 22 22 0.0500 | 0.289 0.241 1.09 0.390
Threemile Canyons)
Mortandad Canyon (includes Ten Site 48 48 0.200 30.1 31.6 99.1 39.1
Canyon and Cafiada del Buey)
Pueblo Canyon (includes Acid Canyons) 11 11 0.0969 2.06 1.00 2.97 2.66
Ancho Canyon 4 4 0.0500 | 0.173 0.0876 0.249 0.258
Guaje Canyon (includes Barrancas and 11 11 0.0500 | 0.323 0.103 0.434 0.384
Rendija Canyons)
Water Canyon (includes Canyon del 6 6 0.0500 | 0.436 0.299 0.645 0.676
Valle, Potrillo, and Fence Canyons)
White Rock Canyon 58 58 0.0500 | 0.347 0.198 0.854 0.398
2002 through 2004

Upper Los Alamos Canyon (includes DP 54 54 0.0500 | 0.698 0.574 1.45 0.851
Canyon)
Sandia Canyon 45 45 0.0500 | 0.704 0.556 217 0.867
Pgjarito Canyon (includes Twomile and 42 42 0.0500 | 0.678 0.669 1.45 0.880
Threemile Canyons)
Mortandad Canyon (includes Ten Site 127 127 0.200 30.7 4.95 148 31.6
Canyon and Cafiada del Buey)
Pueblo Canyon (includes Acid Canyon