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PREFACE

This 1985 annual report from Pacific Northwest Laboratory {(PNL) to the Department of
Energy (DOF) describes research in environment, health, and safety conducted during fiscal
year 1985. The report again consists of five parts, each in a separate volume.

The five parts of the report are oriented to particular segments of our program, Parts 11to 4
report on research performed for the DOE Office of Health and Environmental Research in
the Office of Energy Research. Part 5 reports progress on all research performed for the
Assistant Secretary for Environment, Safety and Health. In some instances, the volumes
report on research funded by other DOE components or by other governmental entities
under interagency agreements. Each part consists of project reports authored by scientists
from several PNL research departments, reflecting the multidisciplinary nature of the re-
search effort.

The parts of the 1985 Annual Report are:

Part 1: Biomedical Sciences
Program Manager - ). F. Park D. L. Felton, Report Coordinator
and Editor

Part 2: Environmental Sciences
Program Manager - R. E. Wildung ~ C. M. Novich, Report Coordinator
and Editor

Part 3: Atmospheric Sciences
Program Manager - C. E. Elderkin ~ C. E. Elderkin, Report Coordinator
E. L. Owczarski, Editor

Part 4: Physical Sciences
Program Manager - 1. H. Toburen L. H. Toburen, Report Coordinator
], E. Danko, Editor

Part 5: Overview and Assessment
Program Manager - L. G. Faust L. G. Faust, Report Coordinator
R. W. Baalman, Editor

Activities of the scientists whose work is described in this annual report are broader in
scope than the articles indicate. PNL staff have responded to numerous requests from DOE
during the year for planning, for service on various task groups, and for special assistance.

Credit for this annual report goes to many scientists who performed the research and wrote
the individual project reports, to the program managers who directed the research and
coordinated the technical progress reports, to the editors who edited the individual project
reports and assembled the five parts, and to Ray Baaiman, editor in chief, who directed the
total effort.



A highlight this past year was the appointment of a Scientific Advisory Committee.
Honoring us by accepting our invitation to serve on the committee are:

Dr. Franklin . Badgley
Dr. Leo K. Bustad

Dr. Franklin Hutchinson

Dr. Albert W. Johnson
Dr. ). Newell Stannard
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FOREWORD

In May 1985, Dr. Burton E. Vaughan, who served as the Subprogram Manager for Ecological
Programs from 1973 to 1985, accepted a position as PNL Assistant Director for Research. Dr.
Vaughan's dedication to science over this period resulted in an exceptional environmental
program and a fundamental basis for continued growth and new initiatives. A team of PNL
scientists was subsequently formed to aid in future planning and guidance of the program.
The team and their areas of responsibility included:

L. E. Rogers Arid Land Sciences

]. A. Strand Marine Sciences

R. G. Riley Biogeochemical Phenomena in Indirect
Exposure Pathways

J. M. Zachara Subsurface Transport

J. M. Thomas Theoretical {(Quantitative) Ecology

An overall plan is being developed to focus PNL’s environmental research efforts on help-
ing to establish a basic understanding of key processes for predicting the long-term fate and
biological effects of fugitive chemicals and other stresses that result from energy develop-
ment.

Using remote sensing, biogeochemistry, hydrodynamics, and quantitative and systems ecol-
ogy, major new initiatives will focus on arid land ecosystems, subsurface transport, biotech-
nology, and the effects of stress at physiological and biochemical levels.

New emphasis is being placed on expanding university liaisons and technology transfer by
encouraging university staff and student use of the National Environmental Research Park at
Hanford, the Marine Research Laboratory at Sequim, the new Intermediate-Scale Subsur-
face Transport Facility, and other unique PNL facilities. These facilities provide the opportu-
nity to bridge the gap between the laboratory and field sciences. They have been
particularly valuable in studies to validate predictive models and to distinguish random
fluctuations caused by natural perturbations from long-term changes caused by technology
development.

The organization of the annual report this year reflects some of the initial planning effort
and focus on new initiatives. We welcome your comments and suggestions for improve-
ment.

Raymond E. Wildung
Subprogram Manager
Environmental Sciences
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Arid Land Sciences

The Hanford National Environmental Research Park (see “University Relations and Technology Transfer”)
provides a focus for environmental field studies of arid land ecosystems. During the first ten years, research
conducted under its auspices provided data needed to define the ways in which energy production and
development activities disturbed natural systems and to determine whether, and to what extent, energy-
related contaminants become incorporated, transported, or accumulated in biological pathways.

It is clear from this earlier work that the biological, hydrologic, and biogeochemical processes operating within
arid systemns interact and that those interactions are the primary facters influencing the type and extent of the
environmental response. For example, we know that plants can profoundly affect local energy and chemistry
budgets. Some effects are indirect, as when plants reflect sunlight and madify wind patterns, thus influencing
evaporation or temperature flux patterns. Other effects are more direct, as when plant roots extract chemicals
from the soil and make them available to consumer pathways or concentrate various chemicals near the soil

surface.

Recent analyses suggest that, at times, nearly all of the annual precipitation within an arid region may be
returned to the atmosphere by evapotranspiration. Evapotranspiration, therefore, may largely control the
amount of soil water and any leaching of minerals or chemical contaminants to the subsurface system. An
understanding of how the major processes interact is necessary before predictive capabilities and effective

management strategies can be developed.

DYNAMICS OF ARID LAND ECOSYSTEMS
L. E. Rogers

PNL s studying the effect of stress result-
ing from fire, on the water balance of bunch-
grass-dominated communities and comparing
water use between communities with and with-
out a shrub component, Comparisons of
changes in the soil water profile will be
used to determine the effect of the fire on
soil water accretion and depletion patterns,
Results of the research will be compared to
data sets from other arid ecosystems to iden-
tify commanalities and differences between a
cold and warm desert ecosystems,

Wildfire Influences Soil Water Dynamics

Plants play a major role in controlling the
water balance of arid ecosystems. Living
plants transpire water stored in the soil and
minimize evaporation by providing shade for
the soil surface. In addition, plant mate-
rial, both living and dead, enhances water
infiltration into the soil, thereby reducing
the amount of water that runs of f the sur-
face. Because s0il water dynamics are
intimately affected hy plant processes,
researchers hypothesize that any perturba-
tions of vegetation over large areas will
affect the water balance of that area. A

large wildfire on the Arid Lands Ecology
{ALEY Reserve in the summer of 1984 permitted
PNL to test this hypothesis.

In September and October of 1984, three study
plots were established, cone in each of the
following vegetation types: an area domi-
nated by sagebrush and bunchgrass, an area
dominated by bunchgrass that burned in 1981,
and an area dominated by bunchgrass that
burned in 1984, The study sites are within
100 meters of each other and are located
within the Ritzville s0il type, a deep, well-
drained silt-loam. Hydroprobe ports were
installed to monitor soil moisture, and port-
able meteornlogical stations were placed on
each site. 50311 moisture data were collected
every two weeks, meteorological data were
collected hourly, and leaf area and hiomass
of the vegetation by species were collected
at the time of peak standing crop.

Preliminary analysis of vegetation and soil
water data jndicate measurable differences in
soil moisture, biomass, and leaf area among
the three treatments, Total biomass and leaf
area were greatest on the unburned plot and
Towest on the most recently burned plot
{Table 1).

Sagebrush (Artemisia tridentata) had a leaf
area index of 0,2307 t (.0843 (ratio of leaf




TABLE 1. Estimates of leaf area and biomass for three
different study plots (mean 1 standard error).

) Leat 7Area Biuma%s
. Plot  (mleafim”ground) __ fgim)
Sagebrush-bunchgrass 0.33 + 0.7 3322 + 116.3
(Unburned}
Bunchgrass 0.18 + 0.02 521+ 7.8
{1981 burn)
Bunchgrass 0.13 + 0.02 413+ 59
{1984 burn)

area to ground area) and a biomass of

302,70 g/m2 + 112,20, Sagebrush was absent
from the burned plots. Bluebunch wheatgrass
{Agropyron spicatum) had the greatest biomass
and leaf area on the plot burned in 1984.
Intermediate values were recorded for the
plot burned in 1981. Sandberg's bluegrass
{Poa sandberyii) was greatest on the plot
burned in 1981, followed by the plot burned
in 1984, Phlox (Pnlox longifelia) and
fleahane (Erigeron filifolius) were greatest
on the 1981 burn and lowest on the 1984 burn
site.

During the fall of 1984, soil water content
was highest for the plot that burned in the
summer of 1984, The increased water content
on the 1984 burn plot may be attributed to
late summer rainfall that infiltrated the
501l and was not removed hy evapotranspira-
tion because the 1984 fire burned off the
above-ground plant parts. Both the sage-
brush-bunchgrass and the bunchgrass (1981
burn) plots had plants with green leaves
during the fall of 1984, suggesting active
transpiration. The sagebrush-bunchgrass plot
had the driest soil profile, suggesting that
these plants used water to a greater depth
than did the piants on the hunchgrass plots,

Recharge of moisture during the winter months
was similar for all three plots, There was
no evidence of surface runoff from any of the
plots at any time during the test period. By
early August 198%, the three plots showed
drying patterns reflecting their plant cover
status. The 1981 burn plot was driest in the
upper portion of the soil profile, and the
1984 burn plot was wettest in the lower
profile.

Results of this experiment demonstrate that
changes in Teaf area and biomass of a plant
commurity affect water storage within the
soil profile. The relationships between
these variables will be further investigated
and incorporated into models for predicting
the effects of perturbation on soil water
dynamics.

ECOLOGICAL STUBIES AT THE NATIONAL
ENVIRONMENTAL RESLARCH PARK

W. H. Rickard

At Han“ord, the National Environmental
Research Park represents a restricted access
land area of approximately 570 square miles,
It inc udes the watershed region bounded on
one side by Rattlesnake Hills, the Arid Land
Ecology Reserve (120 square miles), a sic-
nificant stretch of the Columbia River, &nc
pond Tccations on either side of the river,
Historically, the site has provided a major
focal goint for university research at PN,
and it has provided relatively undisturbec
habitats for short- and long-term studies on
semiarid ecosystems of the western lUnited
States,

Experipental and observational studies ars
conducted at the Environmental Park to
develop the scientific bases for 1) pre-
dicting impacts of energy development
activities on biological resources of the
site, axd 2) recommending appropriate man-
agement strategies for animal life that
affects efther the technological operations
at the site ar nearby communities. During
the past year, approximately 12 university
faculty and graduate students participated
in PNL's. ecological sciences program,

The Hanford Environmental Fark Serves as a
Focal Pouint for University Research

Graduate students are using the Hanford
Environmental Park to study resident wildlife
poputations of western Canada goose {Brants
canadensis moffitti), American elk (Cervus
elaphus}, coyote (€anis latrans), and Great
blue heron {Ardea herpdias). Studies were
also begun on plant populations of Lupinus
leucophyllous and L. sulfureus. These plants
are of importance because they are symbiotic
nitrogen fixers and provide protein-rich
forage foar herbivorous animals.
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University Relations and Technology Transfer

Activities that bring together Laboratory staff and members of universities and outside organizations are
aeffective in enhancing public awareness and use of the results of research conducted at PNL. Toward that
end, PNL continues a planned program of external interactions with local, state and federal governments;
industry; educational institutions; and the general public. Formal programs include activities to transfer
federally developed technologies to industries and to state and local governments.

UNIVERSITY INTERACTIONS

For many years PNL has maintained a program
of active collaboration with wvisiting re-
search scientists ande the university com-
munity. There is active collaboration under
way on every project conducted for the Office
of Energy Research. There are, however,
several primary traditional and new avenues
to achieving these important interactions,
The National Environmental Research Park and
its antecedent Arid Land Ecology program have
provided a doorway for university partici-
pants interested in environmental research at
the Hanford Site since 1968, Several hundred
faculty and students have participated in
research under this program, profiting by
their access to the facilities of PNL and
contributing to the many DOE research pro-
Jects in environmental sciences,

During the past decade, the program has spon-
sored over 70 master's theses and doctoral
dissertation studies by joint arrangement
with universities in 25 states. 1In FY 1985,
129 assignments allowed students and faculty
from all parts of the United States to par-
ticipate in research projects. It is note-
worthy that many individuals continue to
publish coliaboratively with PHL many years
after their initial contacts,

The National Environmental Research Park
program has always been planned cooperatively
with the Northwest Organization for Colleges
and Universities for Science (NORCUS) operat-
ing under the auspices of the Tri-Cities
University Center, and more recently with
PNL's Office of University Relations, Funds
from both the University/Laboratory Coopera-
tive Program, administered by HNORCUS, and
from PNL programmatic sources are used in
support of participants,
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Subsurface Transport Frogram

The PNL Subsurface Transport Program has
strong ties with the university community.
Highly gqualified university scientists are
functioning as technical advisors to the pro-
gram by reviewing research plans for labora-
tory and intermediate-scale experiments and
suggesting alternative and possibly more
fruitful approaches where necessary. Several
university research groups possessing unique
expertise are collaborators on the PNL pro-
gram as subcontractors to strengthen funda-
mental research in specific scientific areas
germane to subsurface transport, Collabora-
tive research is also under way with other
university scientists who are funded sepa-
rately by the DOE/OHER Subsurface Transport
Program. Joint research with the university
sector will undoubtedly expand as the PNL
program progresses from basic scientific
research in the laboratory to larger-scale
experiments in the intermediate-scale facil-
ity and the field. Currently, the collabo-
rative relationships exist with the following
universities: Purdue, Princeton, University
of Florida, California Institute of Tech-
nology, Stanford University, University of
Notre Dame, Massachusetts Institute of
Technology, Pennsylvania State University,
and University of Illinois.

Environmental Center

During the past year, Hanford-related eco-
logical studies have been coordinated with
other environmental studies through an
Environmental Center established under the
auspices of PNL's Assistant Director of
Research, This includes selected radia-
lagical, hydrological and biological proj-
ects, which will be reported on at the end of
the current fiscal year. An Environmental



Information Center and efforts related to
coordination of activities on the Arid Land
Ecolngy Reserve, and the larger areas of the
Hanford Site collectively referred to as the
National Environmental Research Park, com-
prise the current Center.

The Center affords opportunities to uni-
versity faculty and students for laboratory-
oriented research, field research, and
validatfon/verification studies. These
opportunities are funded through the NQRCUS/
PNL cooperative arrangements discussed above.
The Center provides a single point of access
to an extensive long-term and systematic data
collection covering: <¢limatolegy; micromete-
orology; radiological, hydrological, wildlife
and fisheries baselines; vegetatfve dynamics;
s0il characterizations; and other environ-
mental topics. For many of these examples,
the data bases extend to 30 years or more.

Other Interactions

PNL staff members hold affillfate appointments
at a number of universities and contribute
directly to these educational programs by
teaching at the Tri-Cities University Center
in Richland, Washington. Scientists and
engineers at PNL comprise more than {wo-
thirds of the teaching staff at this center.
In so doing, they serve as faculty members

of the University of Washington, Washington
State University, and Oregon State University,
the institutions that operate the center.

TECHNOLOGY TRANSFER

When appropriate, federally owned or origi-
nated technology is transferred to state and
local governments or to the private sector
for solution of key problems and commerciali-
zation. The transfer of technology encour-
ages the full use of DOE's investment in
research programs and staff development at
PNL. This year, technologies in all five
research areas were transferred to other
agencies or organizations. PNL staff members
consult with these clients on an ongoing
basis.

Arid Land Sciences

A device developed by PNL for measuring plant
stem diameter (U,S. Patent No. 4,549,355} is
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being Jused by EPA to detect and measure the
short-zerm physiological responses of various
economically important plant species to
ozone, The agricultural and forest indus-
tries have also expressed interest in using
the device for measuring water, nutrient, and
contaminant stress,

The "b-obarrier" technology developed by PHL
ts Vicensed to E. 1. du Pont de Nemours & Co.
{Inc.) and is being used by a sewer gaske:
manufacturer ta develep root-inhibiting gas-
kets fur sewer pipes. The sewer gasket
slowly releases a controlled amount of herbi-
cide, which prevents plant roots from pene-
trating into sewer lines. This technology is
estimated to save the industry an estimated
$20 billion in future damage.

Rockwell Hanford Operations, UNC Nuclear
Industries, Inc., and the NRC are using the
BIOPORT computer code developed by PNL to
estimate the quantities of radicactive mate-
rials that are vertically transported and
redistributed by plants and burrowing animals
in the vicinity of shallow-land waste burial
sites.

A phytoassay technique developed on DOE pro-
grams was adopted by EPA as part of its suite
of routine test protocols for assessing
toxicity of hazardous chemicals in soils.

Marine Sciences

Information from the marine chemistry program
on the distribution, sources, and fate of
contaminants in Puget Sound is being used by
EPA and local regulatory agencies to plan
cieanup strategies for the Puget Sound region.

Surface hydrologic and chemical modeling
capabilities are being used by the petroleum
industry to predict the fate of surface con-
taminants on the Pacific Coast. Japanese
utiliti=s are using the methodology to pre-
dict ths fate of radionuclides from the
nuclear industry,

Information on the interactions between envi-
ronment 1]l stress and disease is being used by
the Wastington Department of Fisheries to
help pradict the effects of disease on nat-
ural populations of animals and by the
National Marine Fisheries Service to prevent
diseases in valuable salmon resources.



Biogeochemical Phenomena in Indirect Exposure
Pathways

Models incorporating basic soil microbial
and plant metabalic pracesses elaborated in
laboratory studies are being used to formu-
late changes in dose-to-man estimates for
plutonium, neptunium, and technetium.,

OHER studies on organic watter degradation
have provided basic information necessary for
the Electric Power Research Institute to test
the concept of using microbiological degrada-
tion as a viable first-stage process for coal
liquefaction,

Research programs have provided the data
necessary to develop and test innovative in
situ biological decontamination methods,

The Defense Waste and Byproducts Management
Cffice of DOE has expressed interest in using
these methods as viable alternatives to con-
ventional clean-up practices,

Coupled geochemical-hydrologic models based
on fundamental principles and developed on
iterative laboratory-field studies were shown
to be a more desirable alternative to simple
assays proposed under RCRA for assessing the
composition of energy-derived waste leachates
over the long-term. This information is
being used by the petroleum (0il shale} and
utility (coal) industries in design and sit-
ing of waste-disposal facilities.

So1l microbiological studies have provided a
basis for development of yene probes to de-

tect genetically modified microorganisms in

the environment.

Geochemical models that incorporate aqueous
speciation have recently been incorporated by
EPA in proposed revisions of RCRA. They are
also being used by EPA and the Corps of
Engineers to identify chemical constituents
that are toxic to bicta. Results will be
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used to develop better enviromnental regu-
lations and treatment systems for protecting
our nation's recreational and commercial
resources,

The Department of Defense is using funda-
mental data generated by OHER projects to
evaluate the environmental fate and effects
of obscurants and other materials of impor-
tance to national security.

Subsurface Transport

Hydrologic and geochemical models developed
on OHER projects are being used by NRC and
industry to determine the performance of low-
level waste and hazardous waste disposal
sites,

Theoretical (Quantitative} Ecology

Research on sampling for contaminant patterns
resulted in technology which allowed EPA to
use honeyhees to quantitatively define the
source and dispersion of airborne heavy metals
over the Puget Sound region {7500 kmz}.

Results from O0b-sponsored research on survey
designs is being used by EPA to assess the
bialogical hazard of chemical waste sites,

Studies of double sampling have provided NRC
with a method whereby analytic costs can be

dramatically reduced when sampling low-level
radicactive waste sites,

Basic research on the "vital statistics" of
large-mammal populations has resulted in
models that allow game managers to make use
of limited data for important management
decisions.

Thepretical statistical simulations have
provided a method usable on a hand calculator
whereby the possibility of success for an
impact study can be completed a priori,
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