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ACRONYMS AND ABBREVIATIONS

AIRS
ARCS
ARM
CART
CGRP
C-INC
CRP
CSSA
CST-11
DOE
EBS
EES-2
EES-6
EES-7
EES-9
EES-11
EES-12
EPA

ER

ESF

ESH
ESRI
FIRETEC
FTE
FWO-WFM
GIS
GISLab
HE
HIPPO
HRS-4
IGPP
InSAR
LANSCE
LANSCE-12
LIDAR
MCL
MDA G
MKAR
MOS
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Atmospheric Infra-Red Sounder

Atmospheric Radiation and Cloud Stations
Atmospheric Radiation Measurement

cloud and radiation testbed

Cerro Grande Rehabilitation Project

Isotope and Nuclear Chemistry Group
Containment Review Panel

Camp Stanley Storage Activity

Nuclear and Radiochemistry Group
Department of Energy

Engineered Barrier System

Atmospheric, Climate, and Environmental Dynamics Group
Hydrology, Geochemistry, and Geology Group
Geotechnical Engineering Research Group
Environmental Geology and Risk Analysis Group
Geophysics Group

Carlsbad Operations Group

Environmental Protection Agency (US)
environmental restoration

Exploratory Studies Facility

Environment, Safety, and Health Division
Environmental Systems Research Institute
full-physics wildfire behavior simulation
flux-transfer events

Facility & Waste Operations, Waste Facility Management Group
Geographic Information System

Geographic Information System Laboratory
high explosives

high-pressure preferred orientation

Health Physics Measurements Group

Institute of Geophysics and Planetary Physics
interferometric synthetic aperture radar

Los Alamos Neutron Science Center

Manuel Lujan Jr. Neutron Scattering Center
Light Detection and Ranging

maximum concentration level

Material Disposal Area G

Makanchi array

Monin-Obukhov Similarity

MST-8

MTI
NA
NASA
NIS-2

NTPO

NTS

PA

PIMS

POP

PRB
RRES-WQH

SAR
SDE
SNM
SODAR
SST
T-3
TA-11
TA-16
TA-60
TCLP
TCO
THC
TSM
TSPA
TWP
USGS
UV-Vis
WIPP
X-4
XAFS
XANES
XAS
X-DO

Materials Science and Technology Division, Structure/Property
Relations Group

multispectral thermal imaging

Office of Nonproliferation Policy (DOE)

National Aeronautic and Space Administration
Nonproliferation and International Security, Space and Remote
Sensing Sciences Group

National Petroleum Technology Office

Nevada Test Site

Performance Assessment

phosphate-induced metal stabilization

Parallel Ocean Program

permeable reactive barrier

Risk Reduction & Environmental Stewardship, Water Quality &
Hydrology Group

synthetic aperture radar

Software Development Environment

special nuclear materials

Sound, Distance, and Ranging

sea-surface temperature

Computational Fluid Dynamics Group (Theoretical Division)
Technical Area 11, Martin Canyon

Technical Area 16, Cafion de Valle and Martin Canyon
Technical Area 60, Sandia Canyon

toxicity characteristic leaching procedure

Test Coordination Office

thermohaline circulation

test site monitoring

Total System Performance Assessment

tropical western Pacific

US Geological Survey

ultraviolet-visible (absorption spectrum)

Waste Isolation Pilot Plant

Primary Design and Assessment Group, Applied Physics
x-ray absorption fine structure

x-ray absorption near-edge structure

x-ray absorption spectroscopy
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Advanced measurement systems trial systems. In addition, new work ed these measurements to map questions related to nonproliferation,
are currently being developed in water-vapor-flux mapping signifi- water-vapor flux with a spatial reso- environmental stewardship, and

and applied to various ecosystem, cantly improves our understanding lution of 50 m. This capability allows homeland security.

atmospheric, and soil systems. of atmospheric processes (Cooper et EES scientists to probe and character- Because mass and energy exchange
The measurements will provide sig- al., in press). ize the surface-atmosphere interface is an inherently spatial process, an

ability to map the scalar and flux of
water vapor addresses many assump-
tions made when researchers rely on
point sensors alone. It is now possi-
ble to verify atmospheric dispersion
models with direct intercomparisons
using LIDAR-generated data. The fol-
lowing two examples illustrate these
capabilities: We can evaluate how
different tree species use surface
water in riparian zones of the
Southwest, and we are beginning to
understand how mass is exchanged
between the Earth’s surface and the
atmosphere in urban nocturnal

nificant insights into the complex
interactions between these systems
and will enable improved manage-
ment of natural resources through a
more thorough understanding of fun-
damental processes.

Application of advanced measure-
ment systems promises to unravel
some of the intricate and complex
relationships that control the interac-
tions between ecosystems, the soils
that support the ecosystems, and the
atmosphere. Understanding these
diverse relationships provides
Los Alamos with the tools needed to
address national problems in energy, boundary layers.
environment, and national security. _ We also have made recent major

Recent developments in carbon Fig. 1. Mobile scanning raman LIDAR unit in the field. advances in addressing source areas

measurement (Cremers et al., 2001; for water vapor and have developed a
Ebinger et al., in press) and ecosys- We have used the unique mobile- over any location, day or night. In major assumption about turbulent
tem monitoring (Breshears and Allen, scanning Raman light detection and addition, mobile-scanning LIDAR mixing length, two areas in which our
2002) continue to provide fundamen- ranging (LIDAR) system for the past gives an unprecedented insight into previous lack of knowledge had limit-
tal understanding of interactions two decades to map 3-D water-vapor the transfer of mass and energy in ed our applications of LIDAR. In col-
between the carbon cycle and terres- fields in the atmosphere. We extend- varied environments, for resolving laboration with university researchers,
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EES has addressed the first unknown,
the source area, by developing a
method to characterize source areas
for water vapor and flux mapped by
LIDAR (Cooper et al., 2003).
Previously, all other source-term
analysis was done with models not
yet verified; now, we can use LIDAR to
estimate directly those contributions
of the source area. The second
unknown was addressed by directly
measuring turbulent mixing length for
the first time. These two advances
make flux mapping possible with
LIDAR-based sensors completely inde-
pendent of point-sensor technology.

|

References

Breshears, D.D., and C.D. Allen, “The
Importance of Rapid, Disturbance-
Induced Losses in Carbon
Management and Sequestration,”
Global Ecology and Biogeography
11, 1 (2002).

Cooper, D.I., W.E. Eichinger, J.
Archuleta, L. Hipps, J. Kao, and J.
Prueger, “LIDAR Derived Integral
Length Scales and the Monin-
Obukhov Length,” Bound. Layer
Meteo. (in press).

Cooper, D.I., W.E. Eichinger, J.
Archuleta, L. Hipps, J. Kao, M.Y.
Leclerc, C.M. Neale, and J. Prueger,
“Spatial Source-Area Analysis of
Three-Dimensional Moisture Fields
from Lidar, Eddy Covariance, and a
Footprint Model,” Agricultural and
Forest Meteorology 114, 213
(in press).

30 Los Alamos National Laboratory

Cremers, D.A., M.H. Ebinger, D.D.
Breshears, P.J. Unkefer, S.A.
Kammerdiener, M.]. Ferris, K.M.
Catlett, and J.R. Brown, “Measuring
Total Soil Carbon with Laser-
Induced Breakdown Spectroscopy
(LIBS),” J. Environmental Quality 30,
2202 (2001).

Ebinger, M.H., M.L. Forfleet, D.D.
Breshears, D.A. Cremers, M.J.
Ferris, P.J. Unkefer, M.S. Lamb, K.L.
Goddard, and C.W. Meyer,
“Extending the Applicability of
Laser-Induced Breakdown
Spectroscopy for Total Soil Carbon
Measurement,” Soil Sci. Soc. America
J. (in press).

Earth and Enviromental Sciences Division



Finding the Roles of Ocean Physical and Biogeochemical Processes in Global Climate Variation

Finding the Roles of Ocean Physical and Biogeochemical
Processes in Global Climate Variation

C. Aaron Lai EES-2 cal@lanl.gov, Rainer Bleck EES-2 bleck@lanl.gov, Shaoping Chu EES-2 spchu@lanl.gov, Scott Elliott EES-2 sme@lanl.gov

dream of human society and one
of the goals of the scientific

community is developing the capabil-
ity to make reasonably accurate fore-
casts of weather and short- and long-
term climate. Accurate forecasting
benefits public preparedness for haz-
ards and disasters caused by severe
weather. Applied to long-term plan-
ning, forecasts help us set appropri-
ate policies for energy exploration
and consumption, transportation sys-
tems, environmental pollution
prevention, and agricultural activi-
ties. From the perspective of national
defense, this capability benefits mili-
tary planning and exercise. However,
this capability can exist only if we
have a reasonably reliable and com-
plete hierarchy of climate observa-
tion, analysis, and forecast systems.

To maintain quality in forecasting
over a broad spectrum in space and
in time, systems must include and
represent, in reasonable detail and
with accuracy, the atmosphere, the
oceans, the land, the ecosystems, and
all physical, chemical, and biological
processes. At the present time, the
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Fig. 1. Simulated water transport of the Atlantic “conveyor belt” computed by
different climate models. Shown is the annual mean relative to the mean of years
1961-1990. Units arel 06 m’/s. The future-forcing scenario is 1S92a (gradual
doubling of CO, at the rate of 1% per year). The ECHAM4-OPYC model combination
showing no decline in conveyor belt strength involves an isopycnic coordinate

(OPYC) similar to the MICOM Model.

systems’ ocean component requires
much research attention because of
(1) the dominant role ocean water has
in the climate system as a result of
its larger heat capacity and greater
inertia in comparison with air; and
(2) the complexity of the oceans’
physical, chemical, and biological

processes, which are far more com-
plicated than the processes in the
atmosphere and far less understood.
The overall goal of this project is
to build a complete ocean modeling
system that includes physical and
biogeochemical processes. The cur-
rent objectives include (1) comparing

the effects of the choice of an isopyc-
nal coordinate on model simulations
of physical processes like currents
and thermohaline circulation; (2) ver-
ifying our capability to simulate
some fundamental biogeochemical
process components; and (3) enhanc-
ing our understanding of some global
climate variation mechanisms by ana-
lyzing ocean observational data.

In the development of ocean mod-
els that sustain and represent ther-
mohaline circulation (THC), our
isopycnal coordinate ocean model
and its hybrid-coordinate version
have provided advantages over
conventional Z-coordinate models.
This is important because THC is
the mechanism that transports heat
around the globe and modulates
atmospheric temperature and
regional climate (Fig. 1). Most
Z-coordinate models are predicting a
weakening in Atlantic overturning
after 2000.

Our effort to expand the biogeo-
chemical model component has put
us at the forefront of the scientific
community. Our model now includes
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the chemistry of nitrogen, iron, car-
bon, silicate, and sulfur cycles, and
an ecodynamics system for the
ocean’s top 200 meters. The model is
coupled to Los Alamos’ Parallel Ocean
Program (the Ocean General Circu-
lation Model). We have completed
several simulations including an iron
fertilization experiment for carbon
sequestration studies and a simula-
tion of chlorophyll distribution (phy-
toplankton abundance) in the tropical
Pacific during the onset of El Nifio
from December 1996 to December
1997. Figure 2 shows that the simula-
tion results match satellite observa-
tion images very well.

El Nifio is the dominant interannual
climate variation and has tremendous
impact on weather for most of the
globe. However, the scientific com-
munity still has not identified the
mechanism or trigger that shifts an
El Nino into the La Nifia phase (or
vice versa). We investigated the
relationship between the Antarctic
Circumpolar Current (and the associ-
ated atmospheric-ocean coupled
wave) and the variation in tropical
oceans. We found that so-called EIl
Nifio actually appears in all three
major oceans—Pacific, Atlantic, and
Indian. By filtering the global ocean
sea-surface temperature (SST) month-
ly data series of 1900-1994 with sev-
eral time windows, we identified the
SST perturbation along the Antarctic
Circumpolar Current to be one of the
possible triggers for the El Nifio
phase shift. =
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Fig. 2. Surface chlorophyll distribution in late 1996 (a La NiAa year), May 1997
(onset of a strong El Nifio), and late 1997 (full El Nifio conditions). Biological
activity is intense across the equatorial Pacific during La Nifia (December 1996).
The warm pool then shifts eastward, shutting off the supply of nutrient from the
deep ocean (mid-97). Plankton growth slows, and the chlorophyll peak gradually
recedes towards the east (December 1997). Plot of a multivariate El Nifio Southern
Oscillation index is superimposed for comparison.
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Los Alamos has been developing a
physics-based wildfire model,
FIRETEC, for the purpose of assisting
decision makers concerned with wild-
fires and controlled burns. FIRETEC
models the driving processes in a
wildfire by solving a coupled set of
partial differential equations that
describe the conservation of mass,
momentum, energy, species, and tur-
bulence. The philosophy behind the
development of FIRETEC is that a
physics-based model of this type will
be applicable to a variety of complex
wildfire situations that the empirical-
ly based wildfire models cannot rep-
resent. In addition, we envision using
FIRETEC to explain thresholds in
wildfire behavior and to help deter-
mine ideal fuel-thinning strategies of
the future (Fig. 1).

The ability to model complex wild-
fire situations and study fundamental
wildfire behavior meets a national
need for a better understanding of
wildfire behavior, including its
response under varying environ-
mental conditions. In addition to
developing a wildfire modeling
capability, the work leading to
FIRETEC has increased EES capabili-

ties in dispersion modeling and fine-
scale atmospheric modeling.

In recent months, we have focused
FIRETEC’s developments in two areas.
The first area of focus is the incorpo-
ration of US Forest Service data
pertaining to individual trees. These

Fig. 1. FIRETEC simulation of a fire
carried by the wind from a region
with no fuel (black area, represent-
ing a road or firebreak) across a
grassland into a forest canopy. The
trees in this forest canopy are rep-
resentative of trees near Flagstaff,
AZ. The understory density varia-
tion is correlated to the shade and
litter areas caused by the trees.

data are being used to create stands
of trees for use in fire simulations.
This is an important step because it

will allow us to examine specific thin-

ning strategies and the thresholds
that dictate a fire’s ability to become
a crown fire.

The second focus area is the gener-

ation of a framework that allows for
generalized rules regarding the grass
density variations to be tested. This
framework is important because our
ability to model realistic stands of
trees and the fires that occur on the

floor of a canopy depends on knowl-
edge of the ground fuels and their

distribution with respect to the trees.

FIRETEC is an exciting example of
science, part of which originated
within the weapons program, serving
society. Many aspects of wildfires

that can be studied with FIRETEC
cannot be studied with other opera-
tional models. =
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aterial Disposal Area G (MDA G)
Mis an active low-level radioactive
waste repository that has been in
operation since the 1950s.
Maintaining operations at this site is
vital to Los Alamos because closure
would have major negative impacts
on the Laboratory’s weapons program
as well as other R&D activities. DOE
requires a Performance Assessment
(PA) and periodic revisions to deter-
mine whether the site meets a speci-
fied set of risk criteria. The original
PA was approved, and the first revi-
sion review will occur in 2004. The PA
process requires update activities to
(1) reduce uncertainties for the major
risk pathways, and (2) address possi-
ble impacts of recent changes at the
site. The surface pathway was found
to be the highest risk driver. Thus,
the EES-2 Hydrology and Ecology
teams and collaborators have focused
on surface and near-surface processes
at MDA G. These efforts include
assessing the impacts of runoff and
gully erosion, wind erosion, changes

34 Los Alamos National Laboratory

in near-surface hydrology resulting
from asphalt paving, and postclosure
plant succession. In addition to
supporting Laboratory institutional
needs, recent work contributes to
improved understanding of the eco-
hydrology of semiarid environments.
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Erosion is a major concern at the
site because of the potential to
expose waste and transport contami-
nated materials to potential recep-
tors. Gully and wind erosion are of
particular concern. Activities to date

Earth and Enviromental Sciences Division

include the installation of Big Springs
Number Eight wind erosion samplers
and use of the SIBERIA code to model
gully erosion at the site.

Substantial asphalt paving is prob-
ably the largest change that has
taken place on the mesa top since the

Fig. 1. Pore-water stable isotope
values from asphalt boreholes (blue
diamonds) show a large hydrologic
shift compared to nonasphalt bore-
holes (green triangles and orange
squares). All of the asphalt borehole
data plot along the meteoric water
line and lack the large isotopic values
at the near surface that are char-
acteristic of evaporation (as
indicated in the figure).

original PA was performed.

This change affects not only the sur-
face hydrology but also the hydrolo-
gy under the asphalt by causing an
increase in water content, partly
because of a lack of normal surface

evaporation (Fig. 1). Through bore-
hole analysis of water content,
chloride, and stable isotopes (5'*0
and dD), we are continuing to make
significant improvements in our
understanding of the impacts of
asphalt at MDA G. Related ongoing
projects include evaluating potential
impacts of pifion and juniper growth
on cover performance and perco-
lation during the postinstitutional
control period, and HYDRUS (Simunek
et al., 1996) modeling of various
cover scenarios. HYDRUS is especially
useful for examining water balance
and flow problems for complex near-
surface environments and for evalu-
ating landfill cover performance. m
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ur important scientific progress
Othis year focuses on the begin-
ning of the 2002 El Nifio and its
effect on the Atmospheric Radiation
Measurement (ARM) Program sites in
the tropical western Pacific (TWP;
Fig. 1). The combination of this event
and supplemental remote-sensing
data from DOE’s multispectral ther-
mal imaging (MTI) satellite and the
more recent Atmospheric Infra-Red
Sounder (AIRS) component of the
NASA Aqua satellite are providing
insight into the climatically impor-
tant but poorly understood TWP
region. The effect of the 2002
El Nifio can be seen in the changes in
the predominant wind directions at
the island of Nauru. During 2000, the
wind direction was almost always
from the east. In 2002 during the
El Nifo, wind directions are almost
evenly distributed between east
and west.

During 2000, we combined MTI
images of cloud trails from Nauru
with numerical cloud modeling to
improve our understanding of the
sensitivity of boundary-layer clouds
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Fig. 1. Manus and Nauru sites in MTI satellite images and trends show the effect
of the 2002 El Nirio on vertically integrated water vapor and cloud liquid water.

in tropical regions to perturbation.
This model study showed that
mechanical turbulence generated by
the interception of the predominant

wind by this small (3-km-diam,
65-m-high) island can be enough to
generate a cloud trail under some cir-
cumstances. However, comparison of

nighttime to daytime images of the
Nauru cloud trail indicates that, in
most cases, convective turbulence
by daytime island heating is more
effective in forming the island cloud
(Fig. 2).

The ARM Program established a
cloud and radiation test bed (CART)
site in TWP in 1996, in order to
obtain data to better understand phe-
nomena that are important to global
climate change predictions. The first
TWP Atmospheric Radiation and
Cloud Station (ARCS) began opera-
tions in Papua New Guinea in October
1996. The second ARCS started col-
lecting data in November 1998. Two
years later, in April 2002, the third
ARCS began its operations in Darwin,
Northern Territory, Australia. The
ARM Program chose Darwin because
its climate regimes (i.e., dry continen-
tal, monsoon, and transitional peri-
ods) are of specific interest for stud-
ies of atmospheric radiation and
clouds. Darwin is also associated
with existing scientific programs of
the Australian Bureau of Meteorology
and the Commonwealth Scientific and
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Industrial Research Organization, a
rich research collaboration that is
beneficial to climate research. m

Fig. 2. Comparison of MTI satellite images and model results of clouds generated
by Nauru on a day (Dec. 13, 2000) on which a cloud trail was observed.
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he development of sensors to

detect atmospheric nuclear explo-
sions from space satisfies an impor-
tant national security need to moni-
tor and verify international test ban
treaties. Design and successful opera-
tion of these sensors requires a basic
understanding of the source and its
associated emissions, propagation of
the signals to the detector, and the
detailed nature of the natural and
anthropogenic background in which
the detectors must operate. The
Weapons Phenomenology Program at
Los Alamos is focused on the devel-
opment of models and computational
tools to simulate all aspects of the
treaty-monitoring problem from the
source to the sensor. The present
emphasis in EES-2 is on predicting
the optical and electromagnetic
pulses produced by a nuclear detona-
tion, but we have also worked on
various aspects of acoustic-wave
propagation, simulations of bolide-
atmosphere collisions, fireball
physics, lightning and ionospheric
physics, satellite-data analysis, satel-
lite-system analysis, urban pollution

analysis and modeling, and active
space experiments such as chemical

injections into the upper atmosphere.
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The Infrasound Team supports
DOE’s Ground-Based Nuclear
Explosion Monitoring Program by
using the low-frequency acoustic sig-
nals generated by atmospheric explo-
sions to detect and locate these
sources. This technique compliments
the US space-based optical and radio

frequency sensors, which are the
primary detection method for atmos-
pheric nuclear explosions.

Fig. 1. True color synthetic picture of
a sprite discharge. The image was
obtained from a fully electromagnetic
2-D cylindrically symmetric simulation
of a high-altitude discharge driven by
runaway air breakdown. The emissions
derive from electron-induced fluo-
rescence of nitrogen. Sprites are
routinely observed over large
mesoscale convective systems that
form over the midwestern United
States. The observed emissions extend
from 30 km to altitudes exceeding 80
km. The red emissions are eliminated
at low altitudes by quenching.

The infrasound data can provide
additional information on signals of
interest that may not trigger the
space sensors but still need to be
understood and identified. This
effort also includes the ability to reli-
ably calibrate infrasound sensors.

Another relatively new effort of the
team that is related to both efforts
described above is that of modeling
the optical emission of bolides and
the associated fragmentation process-
es occurring during entry into the
atmosphere. Comparisons between
bolide light emission and the corre-
sponding temporal emission from a
nuclear explosion are also being
explored. This effort is yielding an
improved understanding of the vari-
ability of bolide emission resulting
from the bulk porosity of the various
types of bolide materials. =
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n 1998, the New Mexico

Environment Department approved
the Laboratory’s Hydrogeologic Work
Plan, which describes activities to
characterize groundwater flow
beneath the 43-sq.-mi. area of the
Laboratory and to assess the impact
of Laboratory activities on ground-
water quality. The centerpiece of the
Hydrogeologic Work Plan is installa-
tion of up to 32 deep wells in the
regional aquifer and 51 shallow wells
in canyon-floor alluvium. The expect-
ed outcomes of the activities
described in the work plan are

Refined understanding of the
Laboratory’s hydrogeologic
framework, including recharge
areas, hydraulic interconnections,
flow paths, and flow rates, that
is synthesized by modeling
simulations.

Information sufficient either to
design and implement a detec-
tion-monitoring program that
meets applicable requirements or
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Fig. 1. EES Division scientists plan and execute a broad spectrum of hydrogeologic
investigations across the Pajarito Plateau in support of the Laboratory’s enviro-
nmental programs. The EPA data-quality objective process is used to focus
data-collection activities on key data needs.

to demonstrate that groundwater
monitoring requirements can

be waived.

Defined areas of existing or
potential groundwater contam-
ination, and the potential path-
ways of contaminant transport
from the surface to the regional
aquifer, with predictions of
directions and rates of movement
and of risk based on modeling
simulations.

This project addresses a variety of
state and federal environmental regu-
lations and is vital to the continued
operation of the Laboratory. EES
Division provides technical leader-
ship in geology, geochemistry,
hydrology, and flow and transport
modeling for this program. Our
investigations include collection of
stratigraphic, lithologic, and geo-
physical data; identification and char-
acterization of perched water zones;
collection of water quality and water-
level data; collection of moisture and



contaminant profiles through the
vadose zone; in situ hydraulic tests
in wells; and mineralogic and geo-
chemical studies of key hydrogeolog-
ic units (Fig. 1). In addition, ground-
water is collected from installed wells
on a quarterly basis to determine
spatial and temporal variations in
water quality (including contami-
nants) across the Laboratory. The
data collected support refinement of
the hydrogeologic conceptual model,
and they provide input and con-
straints for the site-wide geologic
model, geochemical models, and
numerical flow and transport models
(Fig. 2).

Our most significant finding to date
is that high-explosive (HE) contamina-
tion occurs in concentrations above
EPA health advisory limits in deep
groundwater below a portion of TA-16
located in the southwestern part of
the Laboratory. Equally important is
the discovery of Laboratory-derived
contaminants in deep perched
groundwater beneath Mortandad
Canyon. This groundwater contains
elevated tritium activities, nitrate con-
centrations above the US
Environmental Protection Agency
(EPA) primary standard for nitrate,
and perchlorate above the EPA draft
provisional risk-based level for per-
chlorate. The occurrence of deep
groundwater contamination at these
two sites indicates that nonsorbing
contaminants such as HE, tritium,
nitrate, and perchlorate in surface
water are capable of relatively rapid

transport through the vadose zone,
particularly down-gradient of
Laboratory sites releasing large vol-
umes of effluent into canyon systems.
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Fig. 2. Data from hydrogeologic investigations are used to develop conceptual
models for groundwater systems and to model contaminant transport as part of
risk assessments and site decisions. Shown are a pore-water nitrate profile from a
drillhole in Mortandad Canyon, and a conceptual model block diagram for high-
explosives transport at TA-16.
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We have been using light stable
isotopes to identify ecologic

processes relevant to issues of
natural attenuation of contaminants
as well as to carbon sequestration in
terrestrial, aquatic, and oceanic
environments. This research uses
EES Division capabilities in geo-
chemistry, ecology, and hydrology
and supports Laboratory missions
related to human health and environ-
mental security.

Natural Attenuation

We have used nitrogen isotopes to
identify the occurrence of microbial
denitrification in wetlands in Sandia
Canyon (Technical Area 60, also des-
ignated TA-60), Martin Canyon (TA-16
and TA-11), and Cafion de Valle (TA-
16). Denitrification is a process in
which microbes reduce nitrate to
nitrogen gas under oxygen-poor con-
ditions, resulting in the release of
nitrogen from sediments. The Sandia
Canyon wetland (Fig. 1) receives
treated sewage effluent from the
Laboratory. This effluent contains
nitrate that is highly enriched in the
heavy isotope of nitrogen, nitrogen-
15, with a 8°N of 32.4%.. The delta
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notation is the ratio of *’N/*N relative
to an international standard and
expressed as parts per thousand or
parts per mille. Cattail stems in the
wetland were measured for &°N.
Cattails near the head of the wetland
have values up to nearly 38%o, the

input sewage nitrate, and trends
towards higher &°N in more oxygen-
depleted sediments, indicate that
denitrification is an important natu-
ral attenuation process in this wet-
land (Fig. 2; Heikoop et al., 2002).
In Martin Canyon and Cafion de
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Fig. 1. Trends in cattail 8°N with distance, Sandia
Canyon wetland. Red diamonds are cattails from
the longitudinal access of the wetland, while black
crosses are cattails from the periphery. Photo

shows a Sandia Canyon wetland.

highest values that we are aware of
for plants. Denitrification is a frac-
tionating process in which the
residual nitrate available for plant
uptake is progressively enriched in
nitrogen-15. The high 3N values for
the cattails relative to the value of

Valle, the nitrogen-bearing contami-

nants are nitrate and high explosives

associated with the production of
barium nitrate, RDX, and HMX at
TA-16. Although the value of 3°N of

the explosives is unknown, we know

that the value must be close to 0%o

because nitric acid is used in their
production and typically has a value
near zero. Despite the input of iso-
topically light nitrogen, grasses and
cattails associated with wetlands and
springs have enriched values of up to
nearly 12%., again suggesting that
denitrification is an important natu-
ral attenuation process.

These studies are designed to
develop a quick, cost-effective tech-
nique to map the spatial variability in
processes that can naturally attenu-
ate contaminants without the need
for the application of expensive,
invasive cleanup technologies.

This research was funded as part of
a postdoctoral fellowship to

Jeffrey M. Heikoop and as part of the
Laboratory’s Environmental Restor-
ation Project.

Carbon Sequestration

As part of an IGPP-funded project,
we have been examining the isotopic
composition of the deep-sea coral
Primnoa resedaeformis (Fig. 3). This
coral has a skeleton made of both
calcite and a proteinaceous material
called gorgonin, arranged in annual
layers (Risk et al., 2002). The 3"°N and



5"C of the gorgonin fraction of the
skeleton reflects the isotopic compo-
sition of plankton that have sunk
from the surface and been consumed
by the coral (Fig. 4; Heikoop et al.,
2002). The 8°N and &"C of the plank-
ton reflect the productivity of plank-
ton in surface waters. Plankton pro-
ductivity is an important component
of the oceanic biological pump that
takes carbon dioxide from the atmos-
phere and sequesters it in the deep
ocean. We are using this signal to
measure the isotopic composition of
gorgonin layers in Primnoa back
through time, in order to reconstruct
the history of this biologic pump in
various areas of the oceans. At one
site near the boundary of the Pacific
and Southern oceans, for instance,
plankton productivity appears to
have decreased through time.

In the terrestrial realm, we have
recently begun a project to look at the
effects of drought on terrestrial car-
bon sequestration. Drought-related
mortality and reduced growth of pon-
derosa pines and pifion pines on the
Pajarito Plateau will affect the carbon
sequestration potential of these
forests. We are using carbon isotopes,
which reflect water availability to
plants, in tree rings to reconstruct
drought history and its impact on tree
growth in this region. m
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he Espafola Basin contains the

principal aquifer supplying drink-
ing water to a rapidly growing popu-
lation in northern New Mexico. The
development and analysis of the 3-D
numerical model of the Espafiola
Basin aquifer is an important aspect
of the Laboratory’s Groundwater
Protection and Environmental
Restoration programs. The project
addresses major issues related to
sustainability of groundwater
resources in the region and the
potential impact of previous and
current Laboratory activities on the
subsurface environment and on
groundwater quality and quantity.
Our regional groundwater study
recently attracted substantial interest
from local environmental groups,
legislators, stakeholders, and DOE
and Los Alamos management.

The unique capabilities at Los
Alamos that are brought to bear on
this project include integration of
large data sets (hydrologic, geologic,
geophysical, and geochemical)
through flow and transport modeling;
use of inverse methods to discrimi-
nate between alternative conceptual
models, particularly with respect to
hydrostratigraphy; application of
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nonlinear optimization methods to
explore uncertainty associated with
model predictions; coupling Site-
Scale and Basin-Scale models using
novel approaches; and application of
new methods to simulate dispersion
in the contaminant transport.
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potential contaminant transport in
the regional aquifer in a probabilistic
framework. Second, we are complet-
ing our capture zone analyses for
water supply wells in the vicinity of
Los Alamos, which includes robust
estimation of model uncertainties.
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Fig. 1. Basin Model computational domain showing local topography.

We have presented our results in
Laboratory reports, conference pro-
ceedings, and peer-reviewed journals.
Our current objectives are quite
varied. First, we are supporting a
risk-assessment project by evaluating

We are initiating a study of coupled
heat flow and geochemical processes
using the basin flow and transport
models. This study, which is continu-
ing, will be used to estimate possible
deterioration of existing water quality

Earth and Enviromental Sciences Division

problems in the region as a result of
heavy pumping. We are also support-
ing a new Laboratory-Directed
Research and Development project
that started in October 2002 by using
the basin model to interpret high-
precision, repeat-gravity measure-
ments to derive new insights into
aquifer storage and recharge rates.

Many of our modeling applications
are very computationally intensive.
A predominant portion of the model
simulations has been performed
implementing the existing multi-
processor supercomputers at
Los Alamos.

Our major accomplishments have
been related to capture zone analysis
of the Buckman wellfield and a new
horizontal collector well, both of
which supply Santa Fe with water.
The research demonstrated that the
capture zones extend on both sides
of the Rio Grande River and that
some of the pumped water flows in
the aquifer beneath Los Alamos.

We also estimated the groundwater
flowpaths, travel times, and dilution
factors from potential contaminant
sites to the wells. Further, we ana-
lyzed some aspects of the uncertain-
ty in these predictions. We assessed



the impact of uncertainties in the
aquifer recharge distribution and

in the geologic structure on the
capture zone and groundwater trans-
port predictions.

The research addresses fundamen-
tal R&D issues associated with using
numerical models for analysis and
interpretation of physical processes.
It relates directly to the Laboratory’s
mission to solve national problems in
energy, environment, infrastructure,
and health security. Our research is
highly relevant to at least two of the
Laboratory’s institutional goals. One
of our objectives is to develop pre-
dictive tools with an integrated
experimental and computational
approach. Our research directly sup-
ports the goal to establish a major
Los Alamos initiative in civilian sci-
ence and technology. Some of our
efforts also tie to a number of the
Strategic Research Directorate pro-
gram goals, such as (1) providing sci-
entific leadership and nucleating new
programs in energy and environment;
(2) in high-performance computing,
to lead in exploring and developing
new approaches to modeling simula-
tion, and calibration (inversion); and
(3) fostering and championing excel-
lence in basic and applied research.
The work on this project relates the
division’s Water Thrust to the
following key EES-6 capabilities:
hydrology, national security science
and technology, and computational
science and mathematics. m
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aboratory and field observations
Lindicate that plutonium and other
reactive radionuclides may migrate
faster in groundwater when colloids
are present than would be predicted
with simple groundwater solute-
transport models. Prediction of col-
loid-facilitated radionuclide transport
may be necessary for assessment of
contaminant boundaries in systems
for which radionuclides are already
in the groundwater and for the per-
formance assessment of potential
repositories for radioactive waste.
Therefore, a reactive transport model
is developed and parameterized
using results from controlled labora-
tory fracture-column experiments
and from field observations.

The computer model used in this
study builds upon capabilities devel-
oped in EES Division for assessment
of potential high-level radioactive
waste repositories. However, the
application is directed toward the
assessment of the migration of
radionuclides already in the subsur-
face at the Nevada Test Site (NTS) as
a result of previous underground
nuclear weapons testing. The capabil-
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ities developed in this project are
readily applicable to other groundwa-
ter solute-transport problems within
the division’s water thrust, particular-
ly as water quantity and water quality
issues become more coupled.

affect the colloid-facilitated transport
of plutonium in the fractures. The
model is then extended to the field
scale and is used to explain recent
field observations and to provide
capabilities for determining the loca-
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Fig. 1. Schematic of processes dffecting solute and colloid mobility in a fracture
matrix system. The processes include speciation, sorption to mobile colloids, sorp-
tion to immobile minerals, and diffusion between fracture and matrix.

In the laboratory component of this
study, silica, montmorillonite, and
clinoptilolite colloids are used in col-
umn experiments along with plutoni-
um and tritium. The goal of the
numerical model is to identify and
define the parameters for the physi-
cal and chemical processes that

Earth and Enviromental Sciences Division

tion of the maximum contaminant
boundary in ongoing studies.

Some key findings in this study are
(1) colloids appear to be necessary in
the explanation of plutonium,
cesium, europium, and americium
migration in NTS groundwater;

(2) kinetic reactions in which desorp-

tion rates are much slower than
sorption rates are necessary to
explain the transport in both lab

and field observations; and (3) des-
orption rates, although slow for some
colloids, are much greater in a flow-
ing fracture than in a laboratory
batch experiment. m



Colloid-Facilitated Radionuclide Transport

Fig. 2. Solute and colloid pathways in NTS groundwater. Sources at BENHAM and
TYBO are shown relative to ER-20-5 observation wells.
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Fig. 3. Model predictions and field observations of plutonium concentration in

well ER-20-5 #1 at the NTS. Different curves show results for various simulations in
the transport parameter sensitivity study. These simulations show little sensitivity
to retardation to fractures (Rf) but reasonable sensitivity to porosity (Por).
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ossil fuels represent an abundant
Fand cheap domestic resource for
energy, yet the increasing level of
atmospheric carbon dioxide (CO,),
which is by far the largest byproduct
of fossil-fuel combustion, is challeng-
ing their continued use. Responding
to this challenge, President Bush
announced in early 2002 a “new envi-
ronmental approach” to the use of
fossil fuels and set the goal of reduc-
ing the intensity of greenhouse gas
emissions (particularly CO,) while
sustaining economic growth.
Achieving this goal will require new
approaches to capturing CO, and
storing it permanently and safely.

To meet this challenge, EES
Division has been leveraging core

theoretical and experimental capabili-

ties to identify new approaches to
improve the efficiency of the carbon
fuel cycle while minimizing its envi-
ronmental impact. In collaboration
with other Los Alamos divisions, EES
has become a scientific leader and
innovator of new solutions to many
aspects of carbon control. These
solutions include energy conversion
with integral separation of CO, (for
example, the zero-emission coal

process), carbon monitoring and
analysis (use of laser-induced break-
down spectroscopy to analyze soil
carbon), and sequestration of CO,
(geochemical efforts to understand
the CO, mineralization process).

and geoengineering the subsurface to
contain high-pressure gases.

Several of the EES carbon research
efforts focus on exploiting our
geochemistry and geomaterial capa-
bilities to develop novel concepts
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Fig. 1. Experimental determination of CO, collection efficiency for various

aqueous sorbents.

These efforts tie directly to the
nation’s goals in energy and the envi-
ronment. Moreover, they support sci-
entific needs for the core Los Alamos
missions in defense by providing a
scientific challenge to stimulate new
approaches to prediction of complex
systems, monitoring and remote
sensing of gases, environmental fate
and transport of carbon compounds,
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related to the long-term storage of
CO, and the direct capture of CO,
from the atmosphere.

Air Extraction

Most efforts in CO, capture for
sequestration are focused on large
point sources such as power plants.
This focus neglects over half of the
CO, emissions that come from auto-

mobiles, home heating, and other
sources. Current approaches also
require extensive pipeline networks
and cannot address past CO, emis-
sions. Los Alamos recently proposed
a novel concept that addresses these
issues by removing CO, directly from
the air. The challenge is to concen-
trate CO, from about 370 ppm in
the air to a purified CO, stream.

Our efforts are focused on identi-
fying mechanisms that enable this
process to proceed rapidly, efficient-
ly, and inexpensively.

We have begun studying the CO,
collection efficiency of a variety of
different adsorbents (Fig. 1).
Atmospheric CO, concentrations were
measured both before and after the
adsorbent. We used infrared CO, sen-
sors to quantify the collection effi-
ciency. Our initial studies focused on
alkali and alkaline-earth hydroxide
solutions that react rapidly with CO,
in air. Gram-scale quantities of CO,
have been extracted from Los Alamos
air using calcium hydroxide solu-
tions, which have a high (>50%) col-
lection efficiency. Depending on the
fuel type, the theoretical energy
needed for CO, recovery from the



solid calcium carbonate is about one
quarter to one half of the energy pro-
duced by burning the fossil energy,
which indicates that this could be a
viable approach. The search for new
absorbents that would significantly
reduce the energy penalty is under-
way. Recent experiments with new
amine polymers are very encourag-
ing: very dilute polyethylinineimine
solutions demonstrate almost 100%
CO, uptake with a lower binding
energy and, hence, smaller energy
needs for recycling and recovery.

CO, Mineralization
Conversion of CO, to a solid is a
concept introduced by Los Alamos in
1995 as a means of safe, permanent

storage of large volumes of CO,.

The concept relies on exploiting a
natural carbon cycle in which magne-
sium silicates are converted to mag-
nesium carbonates and silica. The
challenge is to achieve industrially
meaningful amounts of conversion.
This requires speeding the natural
process by orders of magnitude while
using minimal external energy input.
Los Alamos research is focused on
understanding the geochemical
mechanisms and, therefore, identify-
ing novel routes to speed the reac-
tion while avoiding energy-intensive
processing. This work has relied on
combining high-pressure experimen-
tal facilities with our theoretical
geochemical capabilities including
reactive transport.

We have recently demonstrated
rapid dissolution (the first step in the
process) of serpentine in the pres-
ence of a variety of organic-acid
chelators. We are currently working
to understand the precipitation
process (the second step) to deter-
mine mechanisms for enhancing its
rate. Recent successes also include
exploiting our reactive-transport
codes for chemical reactions in geo-
logical systems, in order to develop a
model that can explain observations
in dynamic experimental studies of
olivine carbonation. This model will
be used to guide new experimental
studies and to determine if olivine
carbonation is theoretically possible
at industrially meaningful rates. m
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ecause of the complexity of the

Yucca Mountain system, model
predictions that are required for per-
formance assessment contain uncer-
tainty. The activities we perform are
intended to increase confidence that
the Site-Scale Saturated-Zone Flow
and Transport Model provides a rep-
resentation of saturated-zone (SZ)
flow and transport processes that is
sufficiently accurate to allow us to
properly evaluate the role of the SZ
as a component of the natural barrier
system. Additionally, we intend for
the activities to validate the appropri-
ateness of the use of the SZ site-scale
flow model to perform the SZ
abstractions for Total System
Performance Assessment (TSPA).

Our work relies on data that have
not been directly incorporated into
the calibration of the model in order
to establish a basis for evaluating
model reliability. As part of building
confidence in the model, we made
qualitative and quantitative compar-
isons between measurements not
used in the calibration and the
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Fig. 1. This figure illustrates
groundwater flow paths inferred
from geochemical data. The dark
flow path originates just beneath
the proposed repository.
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model’s predictions for those quanti-
ties. These activities may include but
are not limited to (1) the comparison
of system-properties measurements
such as hydraulic head or tracer con-
centrations (which were not used in
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the development or calibration of the
model) with model predictions; (2)
collection of new data for comparison
with model predictions; and (3) the
development of independent lines of
evidence for process descriptions

such as flow paths that were modeled
using geochemical data to test
against predictions.

Confidence-building activities
affect the flow model, the transport
model, and the abstraction of flow
and transport in support of TSPA.
These are described below.

Flow Model Validation

Use of Water-Level Data. Model
simulation predictions were made,
and predicted water-level data were
compared to measured data not used
in the calibration.

Thermal Modeling. Temperature
data from the Yucca Mountain area
are potential indicators of flow pat-
terns, particularly in terms of vertical
flow components. We completed a
quantitative comparison between
measured temperature and model
predictions. Predicted temperatures
were within 10 degrees of measured
temperatures in more than 90% of
the wells.

Hydrochemical Analyses. Like
temperature, groundwater hydro-



chemical and isotopic data provide a
means of tracing groundwater move-
ment. The evaluation involves (1) the
analysis of spatial patterns in the
data in map view and in three dimen-
sions; (2) the examination of scatter-
plots that show the relation between
relevant chemical and isotopic
species; (3) the creation of quantita-
tive mixing and reaction models with
hydrochemical software (PHREEQC) to
explain chemical and isotopic trends
identified in the graphical analyses;
(4) forward runs with the calibrated
SZ flow and transport model, to pre-
dict the concentrations of selected
nonreactive and reactive species at
measurement locations, for compari-
son with data. These analyses will
incorporate new groundwater chemi-
cal and isotopic data from Nye
County and other Yucca Mountain
Project activities as it becomes avail-
able. Figure 1 shows the model-gen-
erated path and the path inferred
from hydrochemistry. The trajecto-
ries of particles originating at the
potential repository can be compared
to Path 6 in the figure. Path 6 follows
Dune Wash before turning southwest-
ward near the intersection of Dune
Wash and Fortymile Wash. The figure
indicates that the general direction of
groundwater movement predicted by
the numerical models from the
potential repository area is in agree-
ment with the flow direction deter-
mined from the hydrochemical and
isotopic data.

Use of New Hydrogeological and
Boundary Fluxes Data. The incorpo-
ration of new data involves updating
the development of the flow model
by using a new hydrologic framework
model and new boundary fluxes,
extracted from the 2001 revision of
the USGS model. Flow paths and
travel times of the revised model are
compared to those of the validated
model within less than 10% of
each other.

Transport Model. This work pro-
vides a transport-process model to
validate abstraction models for per-
formance assessment. The model will
allow us to test various assumptions
and simplifications employed in the
performance assessment particle-
tracking model, and to incorporate
physical and chemical processes
more fully. The work for this model
includes the development, testing,
and quality assurance of the model
software, followed by analyses of
processes such as sorption, climate
change, and colloidal transport.
Improvements to the particle-tracking
model include a method of obtaining
in situ concentrations from particle-
tracking results.

Transport Properties. Confidence
building in the transport properties
includes (1) documentation of the
basis for the radionuclide Ky distribu-
tions used in TSPA, and (2) analyses
to determine whether radionuclide
Kq4 values are correlated between
different units and between the
unsaturated and saturated zones. =

Yucca Mountain Saturated-Zone Flow and Transport
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New challenges are a constant
stimulant for the Test
Coordination Office’s (TCO) Data
Management Team, which continues
to provide the Yucca Mountain Project
scientific community with prompt,
high-quality technical data services
while complying with demanding
procedures and requirements in a
nuclear culture. Accomplishments for
the past two years include providing
data-acquisition and data-manage-
ment services for numerous field
tests. These tests include large-scale
underground thermal conductivity
testing; a series of Rock Modulus Slot
tests; the Engineered Barrier series of
testing at DOE’s Atlas complex in
North Las Vegas; the Natural Con-
vection Test series, also in North Las
Vegas; the United States Geological
Survey (USGS) video camera network
in the cross drift; the Laser-Strain
Gage Test; and over 70 data loggers
operated underground by USGS and
Lawrence Berkeley National Labora-
tory. The team has also created and
developed a baseline for more than
20 software programs used for the
automated transfer of test data
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between the remote test location and
the TCO Data Management Facility in
Las Vegas.

In 1998, the TCO initiated a
continuing project to build a fiber-
optic-based local area network (Fig. 1)
to service the underground

Exploratory Studies Facility (ESF).

We have since expanded the network
to enable remote monitoring, control,
and automated downloads of over 80
data-loggers and several computer-
based data-acquisition systems.
Scientists who use the network con-
trol in real time can now monitor

most of the underground tests direct-
ly. Additionally, the automated data-
collection activities for the prominent
five-year-old Heated Drift Scale Test
(with over 6,000 data channels) con-
tinue at a high level of reliability and
accuracy. The team is currently

Fig. 1. One of the many
fiber-optic-based local
area network locations
used to provide real-time
interconnection of data
collection systems
underground in ESF.

designing and installing an
Environment, Safety, and Health
remote-monitoring system for several
underground radon detectors and
completing a network to provide
remote access to the remaining dozen
manually downloaded data-loggers

in ESF.

The many demanding procedures
and requirements of the project’s
nuclear culture require that we con-
trol and document all measuring and
testing equipment, software, and
data-management activities under a
rigid quality-assurance program in an
safety-conscious work environment.
u



Engineered Barrier Systems for the Yucca Mountain Project

Engineered Barrier Systems for the Yucca
Mountain Project

Hemendra Kalia EES-7 kalia@lanl.gov

ince 1998, the Yucca Mountain
SProject (YMP) has performed pilot-
scale tests to acquire data to evaluate
features and components of the
Engineered Barrier System (EBS).
The data acquired from these tests
have been used to develop and verify
process models and input for com-
puter models.

The EBS Test Facility is located in
North Las Vegas, NV, in the DOE com-
plex on Losee Road. The facility con-
sists of 20-ton overhead cranes; three
test assemblies of the following
dimensions: 40.2 m length x 1.37 m
diam., 11.1 m length x 1.37 m diam.,
and 18.57 m length x 2.44 m diam.; a
test chamber 4 m wide, 4 m long and
2.5 m high; and several surrogate
waste packages and drip shields.

The Test Coordination Office coor-
dinates the following tests:

Phase 1—Quarter-Scale Ambient
Inlet Air Ventilation Test. This test
was performed to evaluate the cool-
ing of emplacement drift from the
ventilation during preclosure and to
acquire data for the ANSYS computer
program used for the design of the

repository ventilation. In this test, we
used 25 surrogate quarter-scale 21
pressurized water reactor waste pack-
ages having diameters of 40.64 cm.
and lengths of 1.32 m. We performed
the tests at a linear thermal load of
0.18 kW/m and at 0.36 kW/m.

Four inlet air volumes with 0.5, 1.0,
2.0, and 3.0 cubic meters per second
were used for each of the two

power settings.

Phase 2—Quarter-Scale Condi-
tioned Inlet Air Ventilation Test.
The test was performed at linear line
power loading of 0.22 kW/m and 0.36

kW/m. We used two intake air vol-
umes, 0.5 and 1.0 cubic meter per
second, for this test. We maintained
the inlet air temperatures and rela-
tive humidity between 25°C-45°C and
between 10%-50%, respectively. The
calculated ventilation efficiencies,

Fig. 1. The Ventilation
Test Setup.

defined as the percentage of heat
removed from the waste packages by
the ventilating air, ranged from
80%-94%.

Acquired data from the tests was
used to compare the test results with
those computed using the ANSYS
computer model.

Natural Convection Tests. Two
tests were performed at geometric
scales of 44% and 25% in comparison
with the 5.5-m-diam emplacement
drifts. These tests were performed to
(1) evaluate the 3-D effects of distrib-
uted thermal load under postclosure
unventilated conditions; (2) to assess
the contribution of convection in
transferring heat; and (3) to investi-
gate the effect of scaling on heat-
transfer coefficients. We used seven
surrogate waste packages for these
tests. We accomplished visual obser-
vations of the convection currents
by injecting neutrally buoyant helium
bubbles. We measured convection
current velocities using an omni-
directional hot-wire anemometer.

We are using the acquired data as
input for the FLUENT and ANSYS
computer models.

Full-Scale Breached Drip-Shield
and Waste Package Test. This test
was performed to determine the flow
of drip water into breached waste
packages and the drip shield and to
develop a flow-process model. We
used a breach area of 0.072 m?
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(0.269 m x 0.269 m), consistent
with general corrosion patches used
by the total system performance
analysis for the YMP, for this full-

scale test.
Our cur.rent activities focus on _ Fig. 2. Installing the
coordinating Rock-Bolt pull tests in Convection Test.

the Exploratory Studies Facility at
ambient and elevated temperatures,
and also on coordinating a Quarter-
Scale Heat Dispersion Test for post-
closure thermal environment.

The data collected from the Scaled
EBS Testing Program has contributed
to evaluating the suitability of engi-
neered features and components to
enhance the performance of the pro-
posed repository in isolating high-
level radioactive waste. m

Fig. 3. The Breached Drift
Shield Test.
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ield testing, an important compo-
Fnent of Yucca Mountain Project
site research, is a way for scientists
to test their theories in situ at analog
sites in the Yucca Mountain area. Our
team coordinates all underground
field-testing activities within the
Exploratory Studies Facility (ESF) and

associated drifts, alcoves, and niches.

The 7.8-km- and 2.8-km-long tunnels
at the ESF include eight testing
alcoves, five test niches, and various
other locations within the drifts in
which scientists conduct research on
moisture monitoring, air permeabili-
ty, liquid permeability, percolation,
seepage, and rock mechanics. In
addition, one alcove is dedicated to
testing the changes that gas and
water composition, rock mineralogy,
rock mechanics, and hydrology expe-
rience during a long-term heating
cycle to temperatures expected dur-
ing repository operations.

Our emphasis in the past two years
has been concentrated primarily on
geomechanical testing, thermal test-

ing, and flow and seepage testing in
the lithophysal rock units that make
up over 75% of the planned repos-
itory. Our staff is on-site at all field
testing locations and is working
directly with construction, engineer-
ing, and scientific staff to solve prob-
lems, ensure compliance with
Integrated Safety Management princi-
ples and functions, and facilitate
underground activities to ensure that
the tests are conducted on schedule
and within budget.

Over the past two years, under-
ground testing has emphasized work
that will be used to directly support
the license application submission
planned for late 2004. This work
explicitly included the geotechnical
rock properties testing, comprised of
large-diameter core collection for lab
work and large in situ slot testing for
bulk modulus data (Fig. 1), conducted
in the lower lithophysal unit of the
repository horizon for which the data
will be used in drift stability and
ground-support analysis. Testing

work also included the start of the
four-year cooling phase of the Drift-
Scale Thermal Test to support the
coupled processes models, the com-
pletion of the mine-back portion of
the transport tests at Busted Butte to
support the unsaturated zone trans-
port models, and the continuation of
the underground cross-drift ambient
hydrologic testing program to
support the unsaturated zone flow

and seepage models. Underground
testing will continue as a perform-
ance confirmation program through-
out the licensing phase and then
throughout construction and waste
emplacement. =

Fig. 1. Operating a large saw in the
underground to cut slots in the rib in
support of the Geotechnical Rock-
Properties Testing Program.
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Los Alamos National Laboratory lies
at the active western boundary of
the Rio Grande rift, a major tectonic
feature of the North American conti-
nent. The seismic hazards (in particu-
lar, ground motion and surface rup-
ture) presented by the rift boundary
faults could have major impacts on
many of the Laboratory’s existing and
planned core mission-critical facili-
ties. Thus, by quantifying the general
and site-specific hazards, the
Laboratory’s Seismic Hazards
Program plays a crucial role in design
and planning for Los Alamos’ national
security efforts.

Our team of geologists brings a
unique mix of expertise spanning
structural geology, geomorphology,
petrology, volcanology, pedology,
and paleoseismology to bear on the
seismic hazards issues. Detailed site-
specific investigations of structural
geology are done for existing nuclear
facilities and the sites of future facili-
ties, for evaluation of potential seis-
mic surface rupture. For most critical
facilities, we are required to identify,
from natural exposures, faults with
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as little as 30 cm of vertical displace-
ment in the last one million years. To
achieve this, we have developed an

innovative method of field-data
acquisition and analysis referred to
as “high-precision geologic mapping.’

Fig. 1. Shaded relief map with detail of Rio Grande rift boundary faults (red) and
outline of Los Alamos National Laboratory (blue). (Inset) Seismic Hazards Team
geologists examine a fault exposed in a 5-m-deep paleoseismic trench.
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We have now applied our high-preci-
sion mapping technique to about
one-third of the Laboratory’s area, for
an unprecedented level of detail
regarding the structural interactions
between potentially active faults and
the nature of ruptures at fault tips.
Significantly, ruptures at fault tips
deviate from the predominant north-
ern trends of the major faults and
appear to pirate structural grains
inherited from a period early in local
rift development when the stress
field was oriented differently.
Additionally, detailed mapping com-
bined with results from paleoseismic
studies indicate that the major faults
that form the local rift boundary are,
in part, interdependent with three
surface-rupturing earthquakes in
the Holocene Epoch. These results
indicate the short-term slip rate on
these faults is about six times higher
than the long-term rates, and will be
used in recalculation of the proba-
bilistic hazard. =
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Disruptive events that could affect
the Nuclear Regulatory
Commission’s licensing of Yucca
Mountain as the nation’s high-level
radioactive waste repository include
the probability of rising magma dikes
penetrating the site and the effects of
a volcanic eruption above the reposi-
tory. Los Alamos volcanologists are
addressing the probability of an
eruption at the Yucca Mountain
Project site and the physical effects
of such an eruption.

Perry et al. (1998) determined that
the probability of the repository
being disrupted by dikes is 107 to
107 (intersections by dikes annually).
New project objectives include study
of the effects of rising magma inter-
secting the repository and of erup-
tion processes that would scatter
waste particles at the surface.

Modeling of magma that could
intrude the repository under pressure
is unique; parameters for these
models include calculated magma
properties and properties inferred
from magmas erupted in the past
near Yucca Mountain. The challenge
is to determine if eruptions into the
drifts would be explosive (pyroclas-

tic) or passive (lava flows), and also
to determine the corrosive effects
of volcanic gases on waste contain-
ers. An existing multifluid, multi-

be modeled. We can glean informa-
tion about eruption processes from
the nearby 75,000-year-old Lathrop
Wells cone. The eruption history is

Fig. 1. The Lathrop Wells volcano, viewed from the south. Los Alamos scientists are
studying this 75,000-year-old scoria cone as an analog “Yucca Mountain volcano.”
Analysis of the cone and its surrounding tephra fall blanket supplies information
needed to understand eruption processes and the depths of a conduit formation
that would affect an underlying repository.

phase computational code is being
qualified and will be used to analyze
such eruptions.

If a dike continues to rise above
the repository and erupts at the sur-
face, the percentage of waste parti-
cles in ash fall and lava flows must

determined through the study of the
cone and surrounding tephra
sequences. Changes in particle types
within tephra deposits provide an
eruption history for the Lathrop Wells
cone. Pyroclast characterization and
inferred history are largely based on

comparison with tephras from
observed eruptions (Heiken and
Wohletz, 1985).

To determine posteruption ash
redistribution by erosion, two meth-
ods of study are used: (1) analysis of
the percentage of ash per sediment
volume in samples collected along
the first-order channels north of the
Lathrop Wells cone; and (2) measure-
ments of bomb-pulse cesium-137 to
evaluate erosion and deposition
along the Fortymile Wash alluvial fan
and beyond the mouth of the fan.
Measurements at many sites across
the fan should permit the creation of
an erosion-and-accretion contour
map of the fan for the last 50 years
and an evaluation of exposure risk to
the public and the environment. =
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adionuclides and other contami-
Rnants have been discharged into
canyons at Los Alamos since World
War II as a result of various research
and processing activities. Once in the
environment, they largely adsorb
onto sediment particles, where they
are subject to redistribution by
floods, although some (e.g., tritium)
remain in an aqueous phase and
some (e.g., strontium-90) can be
associated with either solid or liquid
phases. Since 1995, EES Division
scientists in collaboration with other
divisions at Los Alamos, private com-
panies, and universities have devel-
oped and applied a science-based
approach for understanding the cur-
rent distribution of contaminants in
canyons at Los Alamos, the potential
risk to human health or ecosystems,
and the effects of future contaminant
redistribution. This work is, in turn,
used to guide remedial actions where
deemed appropriate.

Recent progress includes

Publishing a probabilistic model
for the fate of sediment and asso-
ciated pollutants in fluvial sys-
tems (Malmon et al., 2002). This
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model goes beyond traditional
approaches to sediment transport
that focus on in-channel process-
es and tackles the critical prob-
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Fig. 1. (a, b) Estimated cesium-137 fluxes (mCi/yr) into upper Los Alamos Canyon
study reach from DP Canyon and modeled cesium-137 fluxes out of the study
reach past Pueblo Canyon, 1950-2000. Flux is much higher and faster for fine
sediment (b) than for coarse sediment (a). (c, d) Modeled future fluxes of
cesium-137 at the confluence with Pueblo Canyon, showing relative importance
over time of new sediment from DP Canyon (red) and remobilization of sediment
currently present in Los Alamos Canyon (green). Model predictions are shown for
coarse sediment fraction (c) and fine sediment (d).
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on

to Los Alamos Canyon is shown
in Fig. 1, and indicates that 92%
of the cesium-137 that entered
the canyon from outfalls has
already left the site or decayed
radioactively, and that 50% of the
remaining cesium-137 will decay
before being transported off-site.
Evaluation of plutonium transport
in Pueblo Canyon. The upper
Pueblo Canyon watershed was se-
verely burned during the Cerro
Grande fire, resulting in an in-
crease in flood magnitude and
frequency, and resultant trans-
port of sediment and associated
contaminants. We are sampling
and analyzing storm water at a
series of stations and using that
data in combination with analyses
of associated flood deposits to
provide an improved understand-
ing of the dynamics of plutonium
transport in this system. m
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he Geographic Information

System Laboratory (GISLab) at Los
Alamos is dedicated to excellence in
Geographical Information System
(GIS) science and technology. GISLab’s
mission is threefold: (1) to provide
intellectual leadership concerning GIS
science and technology; (2) to con-
duct basic and applied GIS research;
and (3) to provide GIS services for
Laboratory projects and operations.
The GISLab staff consists of a team of
highly skilled, multidisciplinary scien-
tists and professionals knowledgeable
in GIS technology, environmental and
life sciences, geology, modeling,
information science, project manage-
ment, and emergency planning. The
team brings more than 60 combined
years of high-level GIS expertise to
Los Alamos’ most sophisticated GIS
capabilities—cutting-edge enterprise
GIS technologies for data warehousing
and delivery, 3-D modeling and visu-
alization, and rapid development and
support of custom GIS applications.

Major Projects

Cerro Grande Rehabilitation
Project (CGRP) GIS—A spatial data
clearinghouse for institutional and
fire-related datasets.

S e e e -

Environmental Restoration (ER)
GIS Project—Spatial information
management, analysis, and mapping
support; management of ER spatial
database.

Environmental Systems Re-
search Institute (ESRI) Partner-
ship—3-D GIS, Earth system model-
ing, and GIS tools.

Fig. 1. The CGRP GIS
provides Web-based
access to geospatial
data for the May 2000
Cerro Grande fire.

University of California at Santa
Barbara (UCSB) Cooperative Agre-
ement Project—"Influences of
topography and plant canopies on
surface climate variability” (with Jeff
Dozier, UCSB).

Other Projects—3-D modeling and
visualization of contaminant trans-
port; Laboratory floodplain mapping
and hydrological modeling, demogra-
phy, and air quality; Yucca Mountain
Project GIS support; Laboratory infra-
structure security.

GIS Services

GISLab offers a full suite of GIS serv-
ices and consultation in support of
Laboratory projects and operations,
including cartography (hard copy and
Internet), data service through
Software Development Environment
and Oracle, custom GIS applications,
global positioning system mapping,
spatial and numerical modeling,
Internet GIS, and consultation on spa-
tial information management and GIS
technology. By the end of 2002,
GISLab had produced more than
11,000 original maps and more than
31,000 map copies for customers
within and outside the Laboratory.
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Honors and Awards

GISLab and colleagues received the
ESRI Special Achievement in GIS
Award in recognition of work on the
CGRPGIS. =

For more information about GISLab
and the CGRP GIS see

http://gislab.lanl.gov and

http://cgrp-gis.lanl.gov. Request — e

Rapid Mapping
Tool

Tracking |~
System |~

Fig. 3. GIS-based models of evapotranspiration (left) and subsurface geology (right).

5 8 Los Alamos National Laboratory = Earth and Enviromental Sciences Division



Microhole Drilling and Instrumentation Technology

Microhole Drilling and Instrumentation Technology

James Albright EES-11 j_albright@lanl.gov, Don Dreesen EES-11 dreesen@lanl.gov

ES-11, with the support of

American industry and the DOE
Natural Gas and Oil Recovery
Partnership Program, has undertaken
an integrated program of develop-
ment to show that the cost of obtain-
ing subsurface information can be
substantially reduced through
microhole technologies specifically
developed to obtain that information.
Collectively termed “Microhole
Drilling and Instrumentation Tech-
nology,” the program objectives
include

Drilling shallow microholes using
currently available coiled-tubing
technology.

Evaluating the feasibility of
drilling deep microholes.
Miniaturization and testing of
bottomhole drilling assemblies.
Miniaturization of geophysical
well-logging tools.

Incorporating emerging
miniature-sensor technologies
into borehole seismic instrumen-
tation packages.

Microhole technology development
is based on the premise that because

of the historic advances in electron-
ics and sensors, conventional-

diameter wells are no longer neces-
sary for obtaining subsurface infor-

mation. Thus, the combination of
deep microholes having diameters at
their terminal depth ranging from 1/
to 2% inches, and logging tools hav-
ing a %-inch diameter will comprise a
very low-cost alternative to currently
available technology for exploration
and reservoir characterization.
Microhole technology has the poten-
tial to r