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This report summarizes the activities of the Environmental Measurements
Laboratory (EML) for the calendar year 1994 and it serves as an annual report
to the Director of the Office of Energy Research (ER), the Associate Director
and staff of the Office of Health and Environmental Research (OHER), the
manager and staff of the Chicago Feld Office, and our colleagues. Emphasized
are the progress and accomplishments of the year, rather than future plans or
expectations. The technical summaries are grouped according to the following
seven general program areas:

Environmental Radiation and Radioactivity

Radiation Transport and Dosimetry

Environmental Radon, Thoron, and Related Aerosols

Atmospheric and Surface Pollutant Studies Related to Global Climate
Change

Atmospheric Chemistry

Metrology, Consultation, and Emergency Response

Environmental Management

EML's mission is to address important scientific questions concerning human
health and environmental impacts. Through its multidisciplinary staff, EML
conducts experimental and theoretical research on radioactive and other energy-
related pollutants, and provides DOE and other federal agencies with the in-
house capability to respond effectively and efficiently with regard to quality
assurance activities, environmental issues and related national security issues.

The Laboratory, now in its 47th year, is a government-owned, government-
operated laboratory, programmatically under OHER in ER. The Laboratory
is administered by the Chicago Feld Office. At any given time there are typically
95-100 persons on board, including 89 FTEs (full-time equivalents), visiting
scientists, and students working under the stay-in-school program. Of the FTE
employees, 60 are scientific and 29 are professional and administrative support
staff. The scientific staff consists of specialists in organic/inorganic/geo/radio-
chemistry; radiation/aerosol physics; biology; ecology; meteorology; mathemat-
ics; computer science; and mechanical/electrical engineering.

Further details about EML's history, organization, facilities, programs, and
staff are contained in the EML brochure.

Listed at the end of the report are the Laboratory's seminar program, staff
activities, publications, publications in progress, and presentations.

Inquiries and/or comments on any of the activities reported herein are invited.
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1.1 OVERVIEW
Merrill Heit and Kevin M. Miller

The objective of the research performed in this
program s to provide fundamental data on natural
and anthropogenic radionuclides deposited on the
earth's surface, which can be used to characterize,
quantify and model environmental pathways, and
to evaluate the environmental and human health
impacts on regional and global scales. As part of
this program, a rapid response capability is
maintained to support Department of Energy
(DOE) activities in radiation emergencies that
arise within the U.S., and for assessing releases
that are international in scope. .

A significant component of the work per- -
formed includes the operation and maintenance

of EML’s global network (see Figure 1.1) com-
prised of over 115 sampling sites dispersed
throughout the world. The EML network is
continuously poised to instantly react to any new
introduction of radioactivity into the environment
anywhere on the globe due to the planned,
clandestine or accidental detonation of a nuclear

EML- 571

weapon a nuclear reactor accident (for example
the Chernobyl tragedy), a transportation accident
involving nuclear materials, or a space satellite
accident during launch or atmospheric re-entry.
involving a nuclear reactor or a radioactive
thermal generator.

Research related to the EML global network
has lead to the development of state-of-the-art
field radiation detection systems. These systems
can measure air filter samples in situ for trace
quantities of gamma-ray emitting radionuclides
released into the atmosphere and transmit the data
via satellite to a central location. Without these
systems, 'Be and other radionuclides with short
half-lives decay in samples collected at remote or
weathered-in stations before the samples can be
returned to the laboratory for analyses. The
deployment of these field radiation systems, called
remote atmospheric measurements systems
(RAMS), allow for the detection of these
radionuclides at remote locations throughout the
world. The resulting data are used to study the
factors that affect the global distribution and
temporal trends of natural and anthropogenic
radioactivity in the lower troposphere.

EML Annual Report'94 n 1
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Naturally occurring radioisotopes such as 'Be
and 21%Pb are also measured since they serve as
natural tracers of lateral transport, vertical mixing,
and wet scavenging processes, in the atmosphere.
The atmospheric distribution of these substances
therefore serves as a valuable test of the accuracy
of meteorological models developed for global
climate investigations. EML's global network
database constitutes a major portion of the
worldwide surface air database that is available
for this research. ‘

The use of EML's network data for atmos-
pheric model verification and related climate
issues is presented in the “Atmospheric and
Surface Pollutant Studies Related to Global
Climate Change” program area.

Another element of the Environmental Radia-
tion and Radioactivity research programis to fully
characterize background radiation fields in terms
of spatial and temporal variations and to then
assess increases due to human activities, particu-
larly those that relate to DOE operations in such
areas as energy development and site remediation.
To this end, studies are performed that refine the
state of knowledge on the source terms, transport,
and accumulation of radioactive species in the
environment.

Expertise is accrued in high precision measure- |

ments and instruments and techniques are devel-
oped with the aim of transferring this technology

to DOE laboratories and their contractors, to -

other government agencies, or to the private
sector. This includes developments in spectro-

metry, as well as total dose rate measuring.

instruments, such as pressurized ionization
chambers and thermoluminescence dosimeters.
Quality assessment projects that are international
in scope are performed in the area of environmen-
tal radiation dosimeters.

In response to DOE's need for improved
methods for site characterization in environmental

EML- 571

restoration and waste management, applications
of in situ techniques for determining radionuclide
concentrations in soil and the adaptation of
specialized detectors for this purpose are empha-
sized. The research reports in this section describe
such activities that were performed in 1994.
Other specific projects and applications are
contained in Section 6 of this report.

A related area of research is to use rare stable
and cosmogenically-produced isotopes as tracers
of environmental processes. Thermal ionization
mass spectrometry (TIMS) is used to measure
individual isotopes of plutonium, uranium, neptu-
nium and technetium to study their distribution
and cycling within different components of
ecosystems. Accelerator mass spectrometry
(AMS) is used to measure cosmogenically and
anthropogenically-produced radionuclides such
as 3CI and I that serve as time markers to
estimate the rates at which complex environmental
cycling occurs. The immediate goal of this
research is to provide information on the behavior
of subsurface waters at DOE production facilities
and above-ground redistribution of radioactive
contaminants at these sites. In each of these
activities, basic information on the dynamics of
the systeros under study are required to adequately
assess the environmental impacts of remediation
strategies. Currently, investigations are conducted
at the Idaho National Engineering Laboratory
(INEL) on plutonium isotopes in soils. -

The last component performed in this program
is carried out to increase our knowledge of the
pathways, magnitude, fluxes and inventories of
pollutants that have been atmospherically depos-
ited or released into diverse and/or ecologically
complex systems, such as the Alaskan and Russian
Arctic. Questions that need to be answered in this
research include:

1. When did the pollutants begin to increase and
at what rates?
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2. How much has been deposited over the long
term?

3. How do anthropogenic inputs of these sub-
stances compare with deposits from natural
sources?

Determining the origin, fate and future trends
of pollutant deposition are all components of this
research. An additional portion of our Arctic
research is part of a larger U.S. effort to determine
if radioactive waste management practices of the
former Soviet Union have potentially compro-
mised fisheries - resources in the Arctic Ocean or,
in any way, have led to radioactivity levels of
concern in this ecosystem. The program is under
the direction of the Office of Naval Research
(ONR), and will continue through at least mid-
1996.

Collaborative efforts with national and interna-
tional organizations are performed on a continuing
basis within this broad research area. EML is
represented on committees for the International
Commission on Radiation Units and Measure-
ments (ICRU) and the American National Stan-
dards Institute (ANSI). We serve as consultants
to the Nuclear Regulatory Commission (NRC)
on a contractual basis whereby EML is developing
the measurement and statistical testing methodo-
logy to support proposed decommissioning
criteria that is based on a concept of "indistin-
guishable from background” (see Section 6 of this
report for further information). EML has also
been monitoring the Tokamak Fusion Test
Reactor (TFIR) at the Princeton Plasma Physics
Laboratory to provide fundamental information
on the radiation environment around that facility
during high yield DT reactions. The Institute of
Electrical and Electronic Engineers, the Health
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Physics Society and the Harvard School of Public
Health rely on EML scientists for the organization
and teaching of short courses in radiation mea-
surements. EML continues to be represented on
special committees for the International Atomic
Energy Agency (IAEA) (see Section 6 of this
report), and we advise other government agencies
and contractors on an informal basis in areas of
mutual scientific interest.

Collaborative efforts are also carried out on
the behavior of subsurface waters at DOE produc-
tion facilities with scientists located at: the
Department of Physics, Purdue University, IN;
Nuclear Structure Research Laboratory, Univer-
sity of Rochester, NY; Los Alamos National
Laboratories, NM; Argonne National Laboratory,
IL; Pacific Northwest Laboratory, WA; U.S.
Geological Survey, ID; and the IsoTrace Labora-
tory, University of Toronto, Canada. Scientific
collaborationis also pursued with the Woods Hole
Oceanographic Institution, University of Toronto,
the U.S. Geological Survey, Oak Ridge National
Laboratory, Argonne National Laboratory and
Pacific Northwest Laboratory in the measurement
of radionuclide releases from the former Soviet
Union into Arctic seas. Research on pollutants
deposited onto Alaskan and Russian Tundra and

fresh water lakes has also been conducted with

scientists from the Far North Agricultural Re-
search Institute, Norilsk, Russia; the U.S. Envi-
ronmental Protection Agency; and the University
of Oregon. In addition, EML also participates in
the U.S. Interagency Arctic Policy Coordinating
Committee (IARPC), and the International Arctic
Monitoring Assessment Program (AMAP). Also,
EML continues to pursue joint field studies with
Russian scientists on environmental radiation
measurement methodology. ‘
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A Surface Air Stations

O Total Deposition Stations
% Remote Atmospheric Measurements Stations

Figure 1.1 EML's global sampling network.

1.2 GLOBAL RADIONUCLIDE
DEPOSITION STUDIES

Matthew Monetti, Karin M. Decker, -
Pamela Greenlaw, Sylvia Hulse,
Catherine S. Klusek, William Rivera and
Colin G. Sanderson

Since 1958, the intent of this program has
been to study the global transport and fate of
radionuclides released via atmospheric testing of
nuclear weapons through the study of a radiologi-
cally important fission product, *°Sr. Many
factors controlling the global distribution of *°Sr
were identified through the operation of this
program. Besides providing data useful for
determining the radiological consequences of this
global contamination, the fallout data is also
valuable for studies using anthropogenic radio-
nuclides as biogeochemical tracers of various
processes. It has now been over 14 years since
the last atmospheric test. During this period, *°Sr

was not detected in most of the samples analyzed.
An exception was for many of the samples
collected following the Chernobyl Accident in
April of 1986 (Monetti and Larsen, 1991). At
other times, detectable quantities of *°Sr in the
samples probably occurred due to resuspension
ofpreviously deposited material or minor localized
releases of radioactivity from nuclear facilities.

At the end of 1994, this program, formally
known as the EML Global Fallout Program, was
in the final stages of a significant change. The
new objective is to investigate the global deposi-.
tion of a suite of radionuclides using gamma
spectrometry instead of the previously focused
on single fission product, *%Sr. The radionuclides
of particular interest include: naturally-produced
isotopes, 'Be and ?'°Pb, and fission products,
137¢s, 957r and *Ce. It is expected that this
change will expand the usefulness of the program,
yet still maintain the original intent of the Global
Fallout Program.
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Gamma spectrometric measurements of fission
products will enable us to identify accidental or
intentional atmospheric releases of radioactivity.
If releases should occur, then additional informa-
tion can be obtained on the processes affecting
the global transport and fate of these radio-
nuclides. Follow-up studies could also be per-
formed with these samples since the gamma
analysis is nondestructive. The "Be and 2!%Pb data
are of special interest to researchers developing
global circulation models. The deposition of these
naturally-occurring radionuclides could be used
to verify global circulation models. The data
would also be available to calculate the source
term and inventories of 2!°Pb and "Be for re-
searchers interested in using these radionuclides
as biogeochemical tracers. Another advantage
to changing this program is that the results will
be better coupled to those found in SASP (see
Summary No. 1.3) because gamma emitting
radionuclides are measured in both programs.
Comparison between these two programs can be
used to study factors involved in the atmospheric
removal of these radionuclides.

By the end of 1994, deposition samples were
being collected at the 82 locations shown in Figure
1.1. There were no changes in the number or
locations of these sites from the previous year.
‘Monthly samples are collected at most of the sites
using either an ion-exchange column, a stainless-
steel pot or a polyethylene bucket. However,
samples from the Australian sites and six sites
managed by the United Kingdom’s Atomic Energy
Authority are collected on a quarterly basis.
Along with the analytical change in the program
there are also some changes in the processing of
the samples. Now, all of the monthly collections,
except for those collected at eight specific loca-
tions, will be composited into quarterly samples

EML- 571

at EML. The samples collected at these specific
sites will be analyzed as monthly samples in order
to obtain more detailed results of the radionuclide
(particularly the short-lived ones) deposition. The
samples will be analyzed by gamma spectrometry,
and then used for other studies or archived for
potential future use. A new database will be
started for the deposition of the gamma-emitting
radionuclides. If fission products are detected,
then an effort will be made to continue the
previous 37 year old °°Sr database. This can be
accomplished either through direct measurements
of 99Sr or by calculating *°Sr values based on
isotopic ratios following the release. The data will
be used to investigate temporal trends, total
deposition and the global distribution of these
radionuclides.

During 1994, additional studies were per-
formed to verify earlier results reported last year
which indicated the potential to use the sampling
devices to collect the gamma-emitters of interest.
The present results suggest that the samplers
already in use in the program would be reliable
for collecting the radionuclides of interest. The
210ph measurements may have high errors associ-
ated with them as a result of a high background
relative to the total sample activity. Future
modifications will attempt to address this situa-
tion. New procedures were developed during
1994 for the preparation of the samples for gamma
spectrometric analysis. Some of the previously
collected samples were processed and analyzed
using these procedures. The new procedures will
begin on a full scale early next year. Priority will
be given to the 1995 samples, and the previously
collected samples will be prepared and analyzed
as time permits. A report is now in progress to
present the results of *Sr in deposition during the
years 1987 through 1990.
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Reference

Monetti, M. A. and R. J. Larsen
“Worldwide Deposition of *°Sr Through 1986~
USDOE Report EML-533, April (1991)

1.3 THE SURFACE AIR SAMPLING
PROGRAM (SASP)

John Kada, Richard J. Larsen and
Colin G. Sanderson

SASP, initiated in 1957, is operated as a global
network of high volume aerosol samplers at 45
sites around the world. Historically, the objective
of this program has been to track on a global scale
the dispersion of nuclear debris from the detona-
tion of nuclear weapons. The program also has
provided the capability of monitoring releases of
radionuclides from other anthropogenic sources,
e.g., the 1986 accident at the Chernobyl nuclear
power reactor and the Tomsk-7 accident in 1993.

Measurement of naturally produced radio-
nuclides, such as ?'%Pb and "Be, in surface air has
become an important aspect of the SASP program
in recent years. 'Be is a cosmogenic isotope
produced predominantly in the upper troposphere
and stratosphere, while 21°Pb is produced from
decay of ?Rn emanating from continental soils.
Because their source terms are well known, the
dispersion of 2!°Pb and "Be through the atmo-
sphere serves to trace atmospheric transport and
aerosol scavenging processes. Modelers have
therefore incorporated 2'°Pb and "Be into chemi-
cal tracer transport components of their global
transport models. The observed distributions of
210ph and "Be serve as a test of atmospheric
transport and wet scavenging parameterizations
in these models.
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SASP provides the most extensive set of 21%Pb
and “Be measurements available to the modeling
community, and we plan to add aerosol sampling
sites in Africa, Asia and the Arctic in collaboration
with the Global Atmosphere Watch (GAW)
program of the United Nations and with other
agencies. We will also start measuring several
other naturally produced radionuclides, including
358, 32p, and ?'°Bi, which will provide additional
valuable tests of transport, scavenging, and
chemical parameterizations used in chemical tracer
transport models of GCMs.

Through SASP, EML also participates in the
study of the atmospheric cycles of stable chemical
species of biogeochemical interest. The University
of Miami (UOM) analyzes air filter samples from
SASP sites in remote regions as part of its re-
search on global aerosol chemistry. Special
emphasis is placed by UOM on analysis of sulfur
and nitrogen species that may impact on aerosol-
related climate processes. The 2°Pb and "Be
measurements provided by SASP have played a
role in the understanding of atmospheric cycles
of these stable chemical species as well. Because
the source regions of 2°Pb and "Be are well
known, correlation (or lack thereof) between the
stable chemical species measured by UOM and
219ph and "Be measured by SASP provides useful
supplemental information helpful for understand-
ing the atmospheric cycles of the stable chemical
species (see Summary Nos. 1.4 and 1.5). Areport
will be published summarizing SASP data for the
years 1990-1993 (Larsen et al., in press).

Reference

Larsen, R. J. Sanderson, C. G. and J. Kada

-"EML. Surface Air Sampling Program, 1990 -

1993 Data"
USDOE Report, in press
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1.4 MEASUREMENT OF *§
AT SASP SITES

John Kada

SASP surface air!%Pb and’Be concentration
data have proven valuable for testing transport
and aerosol scavenging components of global
chemical transport models. 2'%b and "Be are not
the only naturally produced radionuclides present
in the atmosphere. They are simply the most
readily measurable because both nuclides are
gamma emitters, and therefore they can be
measured by gamma spectroscopy. Several other
naturally produced radionuclides exist in the
atmosphere that could provide additional informa-
tion about atmospheric chemistry and transport,
and thus can provide data of value to chemical
transport modelers.

One such nuclide is *S (t1/2 = 87 d), a cosmo-
genic isotope produced by the spallation of
atmospheric nitrogen. The altitude and latitude
dependence of the atmospheric source term of *°S
and "Be are identical, with one atom of 3°S
produced per 55 atoms of "Be (Lal and Peters,
1967). While "Be exists in the atmosphere
attached to submicron aerosol, >°S is initially
produced in the form of 3580, gas, a fraction of
which then oxidizes to form 33SO, aerosol.
Simultaneous measurement of 3°S0,, *SO,, and
"Be in the atmosphere thus provides information
about the rates of chemical and physical processes
which transform and remove SO, from the
atmosphere, i.e. oxidation of SO, to SO,, washout
of SO, and SO,, and dry deposition of SO,
(Turekian and Tanaka, 1992).

The potential of **S to provide information
about the dry deposition rate of SO, is particularly
intriguing prospect. Because the factors influenc-
ing the dry deposition of SO, are so varied it has.
proven difficult to generalize results obtained from
field and theoretical studies into an unequivocal
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characterization of SO, dry deposition on regional
and seasonal scales (Erisman and Baldocchi,
1994). Yet such information is critical to develop-
ing accurate global chemical transport models of
the atmospheric sulfur cycle because dry deposi-
tion is thought to be a significant sink of atmo-
spheric SO,, removing it from the atmosphere
without forming climatically active SO, aerosol
(Langner et al,, 1992). Just as SASP surface air
2%} and “Be concentration data provides a test
of atmospheric transport and wet scavenging of
aerosol in global chemical tracer models, surface
air 30O, and **SO, concentration data can be
used to test parameterizations needed to accu-
rately model the atmospheric sulfur cycle.

During 1994 we began discussions with a
modeling group interested in incorporating S
into an global atmospheric sulfur cycle model.
Our goal in the upcoming year is to begin to
provide surface air *°S data in support of such an
effort. In the upcoming year we plan to begin a
regular measurement of SO, concentrations in
surface air at a subset of SASP sites representing
different sulfur chemical climatologies. The
measurements will be carried through an entire
year to look for seasonal trends. We also will
evaluate a multifilter cartridge method which
would allow dual measurement of *SO, and>’sQ,
at SASP sites using our standard high volume air
sampling equipment. (see Summary Nos. 1.3 and
1.5).

References

Erisman, J. W. and D. Baldocchi
“Modeling Dry Deposition of SO,”
Tellus, 46B, 159-171 (1994)

Lal, D. and B. Peters.

“Cosmic Ray Produced Radioactivity on the
Eal_th”

in: K. Sitte (Editor)
Encyclopedia of Physics, vol. 46/2,
pp- 551-612, Springer, New York (1967)
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Langner, J., et al.

“Anthropogenic Influence on the Distribution
of Tropospheric Sulphate Aerosol”

Nature, 359, 712-716 (1992

Turekian, K. and N. Tanaka

“The use of Atmospheric Cosmogenic *°S
and "Be in Determining Depositional Fluxes
of SO,”

Geophysical Research Letters, 19, 1767-1770
(1992)

1.5 THE REMOTE ATMQSPHERIC
MEASUREMENTS PROGRAM

(RAMP)

Colin G. Sanderson, Norman Latner,
S. Frederick Guggenheim,
Vincent C. Negro, Scott Worms,
Norman Chiu, Camille Marinetti,
Steven Minick and Richard J. Larsen

RAMP was initiated in 1987 as an extension
and modification of SASP (see Summary No. 1.3).
In addition to having the goals of SASP, RAMP
provides near real-time measurements of gamma-
ray emitting radionuclides from remote or
weathered-inregions around the world (Sanderson
et al., 1994). Thus, radioisotopes having short
half-lives, which normally would decay during the
period between collection and analysis at EML,
are easily measured. In addition, receiving data
on a near real-time basis provides EML with a
rapid response capability in the event of a nuclear
accident.

In a collaborative effort with EML, the
University of Miami also analyses selected RAMP
filters for sulfur and nitrogen species which play
an important role in aerosol chemistry and may
also impact on aerosol-related climate processes.
These studies continue to increase the understand-
ing of the atmospheric aerosol which may have
a significant impact on the cloud microphysics,
precipitation chemistry, and the radiation balance
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of the entire Antarctic Region and the Southern
Oceans.

To accomplish these objectives, RAMP sites
(see Figure 1.1) are equipped with remote atmo-
spheric measurements systems (RAMS) which
measure the gamma-ray activity in air filter
samples on site using either a sodium iodide
detector or a mechanically-cooled germanium
detector. The resulting spectra are: transmitted
to the ARGOS communication system flown
aboard the National Oceanic and Atmospheric
Administration (NOAA) satellites or high through-
put geostationary satellites, transferred to ground
stations, and automatically recovered via a
telephone link by EML's computer (see Figure
1.2). The spectra are then automatically recon-
structed and analyzed at EML, and the data are
available within 24 hours after field analysis. The
analysis system automatically checks data validity
and notifies responsible personnel of suspicious
analysis results via voice and e-mail, and it
maintains a complete current backup set of data
and software at all times.

New system designs and installations:

--- In October 1994, a sodiumiodide RAMS was
installed near Fairbanks, Alaska. This system
utilizes land telephone lines for two-way commu-
nications between the remote site and EML.
Personnel at EML can now perform the same
functions that site personnel perform.

--- A new, completely automatic RAMS was
designed, developed, constructed and tested at
EML (see Figure 1.3). Unattended operation of
EML's RAMS is now possible for 1 month, if daily
samples are collected, or up to 3 months, if
samples are collected on a 3-day cycle. With this
new system, the gamma-ray detector is an electri-
cally cooled high-purity germanium diode coupled
to a portable multichannel analyzer (MCA).
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Figure 1.2 A schematic of the RAMP system.

A notebook computer is used to control the MCA,
a "pick & place" robot system, and data flow.
Sealed lead acid gel-cell batteries, trickle chargers
and a transformer are used for continuous d.c.
current operation. The transmitted spectra and
onsite peak search analysis are reconstructed and
reviewed at EML.

Future RAMP research will focus on high
speed transmission of data for automatic collec-
tionand analysis. The use of INMARSAT-M
satellites for two-way communications will

EML-571

provide EML with the ability to control the
RAMS atremote locations and to recover gamma-
ray data -instantaneously on demand where land
telephones are either unavailable or unreliable.

Reference

Sanderson, C. G., N. Latner and R. J. Larsen
"Environmental Gamma-ray Spectroscopy
at Remote Sites with Satellite Data
Transmission”
Nucl. Instrum. & Methods in Phys., A339,
271-277 (1994) '

EML Annual Report'94 = 9




Environmental Measurements Laboratory

EML- 671

Figure 1.3 Automatic RAMPS system.

1.6 THE GLOBAL ATMOSPHERIC
WATCH: EML's ROLE IN
QUALITY ASSURANCE

Richard J. Larsen, Philip W. Krey and
Merrill Heit

EML has been designated as the Center of
Excellence for atmospheric radioactivity monitor-
ing in GAW's Quality Assurance/Science Activity
Center for the Americas (QA/SAC-Americas).
In this new role, EML will initially provide
direction to the GAW in the measurement of

naturally occurring radionuclides, specifically, "Be,
21%b and radon progeny. QC issues, such as filter
paper efficiency, gamma-ray spectrometric
analyses and volume determination will also be
addressed. Philip W. Krey, Acting EML Director,
is a member of the Principals’' Committee that will
oversee this QA effort for the GAW.

GAW was created in June 1989 to enhance
the World Meteorological Organization's (WMO)
environmental data-gathering programs that began
in the 1950s. The GAW integrates many existing
monitoring and research studies that are being
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conducted on chemical and physical properties
of the atmosphere. The GAW also focuses on
issues involving changes in the atmospheric
concentration of greenhouse gases, changes in the
ozone layer, long-range transport of pollutants,
radionuclides in the atmosphere, acidity and
toxicity of rain, as well as on the atmospheric
burden of aerosols. The QA/SAC-Americas will
play a leading role in defining data quality objec-
tives and QA standards for the GAW.

1.7 ENVIRONMENTAL RADIATION
MEASUREMENTS USING
PRESSURIZED IONIZATION
CHAMBERS

Peter Shebell, Kevin M. Miller, William Van
Steveninck, Vincent C. Negro and
Gladys A. Klemic

Routine monitoring of the penetrating compo-
nent of the environmental radiation field (gamma
plus cosmic) using pressurized ionization cham-
bers is continuing at our regional baseline station
in Chester, NJ. Additional monitoring is done at
Princeton, NJ. This study is part of a long-term
program whose goal is to document the natural
variations as well as any anthropogenic perturba-
tions in the natural background.

This year marked the first full year of monitor-
ing with the new ionization chamber system at our
Chester location. The system logged a total of
488,425 data points, yielding 92.9% coverage.
For 2 minutes of every hour the system is record-
ing an electrometer zero, therefore, the maximum
yield is 96.67%. The system was down a total of

13.66 days in 1994 due to maintenance and

equipment problems.

Improvements in the data storage and analysis
programincluded performance tests on the CMOS

memory cards, as well as safeguards against the
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accidental loss of data. Other work on the new
system included the determination of its angular
TESpOnse. .

The average dose rate in air at the Chester site
in 1994 was 120.5 nGy h™!. The maximum dose
rate (averaged over 1 minute) was 182.3 nGy h’!
recorded on 11/10/94 at 1:06. The minimum dose
rate was 65.53 nGy h recorded on 3/7/94 at
15:59. These variations are consistent with those
normally found at this location.

The Princeton location also logged its first full
year of monitoring. The systemrecorded 409,398
dose rate values for a yield of 78%. The system
was down 68.19 days in 1994 due to maintenance
and equipment problems. Failures in the CMOS
memory cards were the reason for the increase
in down time. In one continuous run, the system
successfully recorded 59,311 dose rate values, or
42.61 days of data. This represents the longest
unattended field exposure for an EML monitoring
ionization chamber system.

The average dose rate at the Princeton
location in 1994 was 59.74 nGy h'l. The maxi-
mum dose rate was 193.5 nGy h! recorded on
5/18/94 at 19:30. The minimum dose rate was
36.62 nGy h'l recorded on 2/16/94 at 16:25. This
site is at the property line of the Princeton Plasma
Physics Laboratory. The significant increase in
dose rate over the annual average is a result of
high-power deuterium-tritium experiments at the
TFTR (see Summary No. 2.2).

Analysis of our environmental radiation
monitoring database began this year, which
includes a statistical profile of the entire 18 years
of daily dose rate measurements. Similar profiles
of shorter-time periods to document monthly,
quarterly, yearly, as well as seasonal variations
will also be provided. The results of this analysis
will be presented at the Natural Radiation Envi-
ronment VI Symposium to be held in 1995.
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1. 8 COMMISSION OF EUROPEAN
_ COMMUNITIES (CEC)
INTERCALIBRATION EXPERIMENT

Gladyé Klemic, Peter Shebell and
Kevin M. Miller

EML was invited to represent the U. S. in an
internationalintercalibrationexperiment sponsored
by the CEC in June of 1994. The focus of the 2-
week project was the measurement of environ-
mental radiation, with a goal toward assuring
accurate monitoring of the global environment.
Such intercomparisons were initiated among
European countries in 1984; this was the first time
the U.S. has participated. Other countries partici-
pating were Czech Republic, Denmark, Germany,
Hungary, Poland, Spain, and the United Kingdom.
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EML used three instruments during the inter-
comparison: a high purity germanium detector
for gamma spectrometry, a small (portable)
pressurized ionization chamber for environmental
radiation, and EML's newly redesigned pressur-
ized ionization chamber that is used for monitor-
ing. Measurements began at the Physikalisch
Technische Bundesanstalt (PTB) in Braunschweig,
Germany, using a 6 MeV photon beam to irradiate
the detectors. This is the first time EML's instru-
ments were calibrated in such a high-energy field.
Additional measurements were performed at the
PTB's ultra low level calibration facility in a salt
mine 900 m below ground, where the background
radiation is about 100 times less than that at sea
level, on the order of 1 nGy h* (~ 0.1 ;R h').
This facility provided an opportunity to check
the linearity of instruments using five low level

B Y SN

Figure 1.4 Free field calibration of various instruments at the Risg
National Laboratory environmental testing station in Roskilde, Denmark.
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(~ 10 - 150 nGy h!) ¥’Cs calibration sources,
as well as to determine the inherent background
of the instruments.

The following week, measurements continued
at the Risg National Laboratory in Roskilde,
Denmark (see Figure 1.4). Free field calibrations
were performed outdoors using three different
sources (8%Co, 1*’Cs and %6Ra) for various energy
photons. Natural background radiation was also
measured at the field site. Shadow shield calibra-
tions were performed in a laboratory using the
137Cs source. Measurements of cosmic radiation
were performed on a wooden pier over the
Roskilde fjord, and also on a ship that cruised on
the fjord for several hours. The results from this
intercalibration will be included in a progress
report to the CEC, and will be submitted to a
peer-reviewed journal for publication in collabora-
tion with the other participants.

EML's participation in this project has lead
to other collaborations. The PTB scientists
accepted an invitation to visit EML and National
Institute of Standards and Technology (NIST) this
September to present a seminar on their facility,
and also to discuss the possibility of establishing
similar environmental calibration standards at
NIST. A representative from EML was invited
to sit in as a corresponding member on the newly
established working group on "Environmental
Radiation Monitoring" within the European
Radiation Dosimetry Group (EURADOS).

1.9 ENVIRONMENTAL
. THERMOLUMINESCENCE
DOSIMETRY

Gladys Klemic, Peter Shebell and
Kevin M. Miller

EML's thermoluminescence dosimetry (TLD)
program encompasses three complementary areas
of research directed toward environmental appli-
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cations of TLDs: (1) studies related to routine
monitoring; (2) planning and implementation of
international intercomparisons; and (3) contribu-
tions to the development of national standards.
In addition, other TLD research focuses on
investigations of the use of TLDs in mixed
radiation fields with potential applications in
personnel dosimetry (see Summary No. 1.9).

Routine Monitoring Research. To provide a

framework for testing new equipment and tech-

~ niques, EML maintains two outdoor monitoring

sites where TLDs are deployed next to continu-
ously monitoring pressurized ionization chambers
(see Summary 1.7). Methods and materials that
have been established through a 20 year residential
monitoring program are still used to provide an
integrated measurement of gamma- and cosmic-
ray natural background, while new phosphors and
analysis methods are being tested. Two new
readers now supplement the EML designed reader
that has been in use since 1974. An automated
hot gas reader is used for routine measurements
and large scale applications, including quality
control (QC) for the international intercompa-
risons and batch testing of chips. A commercially
available manual (single chip) pan heating reader
is being used for research applications, including
glow curve deconvolution. Improved uncertainty
analysis and QC checks within EML's TLD
analysis software and other developments in
EML's standard procedures were described in a

_ major revision of the Procedures Manual written

in 1994.
International Intercomparisons. The Interna-

tional intercomparisons of environmental dosime-
ters were initiated in 1974 to assess the perfor-
mance of passive, integrating detectors in the
measurement of environmental radiation and to
identify and investigate special problems associ-
ated with such measurements. These inter-
comparisons have become a popular means for
scientists to measure their techniques along side
those of their peers worldwide. The program is
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voluntary and the results are reported without
identifying individual participants. In 1994,
analysis of the results of the 10th intercomparison
was completed for publication (Klemic et al., in
press). One hundred and two scientists from 27
countries participated in this intercomparison,
which included a 3 month outdoor field exposure
and irradiations with a laboratory *’Cs source at
the Idaho National Engineering Laboratory (see
Figures 1.5 and 1.6).

Planning of the 11th intercomparison began
with the establishment of a new collaboration with
Brookhaven National Laboratory (BNL) and the
exploration of potential field sites at BNL.
Further developmentsincluded preliminary designs
for a possible special experiment to include a low
energy photon exposure, which could be a con-

Standard deviation
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cern for power plant monitoring should an
accident occur, as learned from the accident at
Three Mile Island.

National Standards Work. InNovember 1994,
EML participated in meetings of the ANSI
working groups N13.29 and N13.37. ANSI
Standard N13;37 is expected to replace an earlier
document (N545) as the type testing standard for
environmental TLD systems. ANSI Standard
13.29 will establish performance criteria for
environmental dosimetry processors and will be
analogous to a similar standard for personnel
dosimetry (IN13.11), which is currently the basis
for the DOE's Laboratory Accreditation Program
(DOELAP). The analysis of the 10th inter-
comparison results proved useful in helping to set
tolerance levels for these criteria. Special experi-

0.60 T

-0.80 -0.60

0.00

Bias

Figure 1.5 Results of the 10th International Intercomparison of Environmental Dosimeters, illustrating
the performance as defined in ANSI standard N13.11, where each point represents one dosimeter set,
with the bias plotted on the x-axis and the standard deviation on the y-axis. Triangle encloses those
within proposed ANSI N13.29 tolerance level of 0.5. This demonstrates how the intercomparisons

provide useful data for national standards work:
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Figure 1.6 Same data, as in Figure 1.5, emphasizing the performance of some of the newer
TL phosphors and non-TL dosimeters compared to the three most widely used TLDs.

ments are being planned for the 11th inter-
comparison to address some other issues relevant
to these standards. Collaborations established
from participation in CEC sponsored research (see
Summary No. 1.8) also proved useful to put U.S.
standards in context with current trends in interna-
tional standardization being developed in Europe.

Reference

Klemic, G., J. Shobe, T. Gesell, and P. Shebell

"Results of the Tenth International. Intercompari-
son of Environmental Dosemeters"
Radiation Protection Dosimetry, 58, 133-142

(in press)
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1.10 PLUTONIUM ISOTOPES IN SOILS
AT THE IDAHO NATIONAL
ENGINEERING LABORATORY (INEL)

Thomas M. Beasley

240py/A%py isotopic ratio measurements are
being used to delineate the dispersion of fuel
reprocessing plutonium wastes at the INEL.
Figure 1.7 shows soil coring sites directionally
away from the Radioactive Waste Management
Complex RWMC). Transuranic wastes from
Rocky Flats, CO, have been stored at this facility
for several decades. Accidental releases of this
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material have occurred and plutonium has been
dispersed to the surrounding area by wind-driven
resuspension.

Soils to the east of the INEL, in Montana and
Wyoming, show the presence of fallout from the
Nevada Test Site where 2*°Pu/?*°Pu ratios are
comparable to those of fuel reprocessing. How-
ever, soils within 100 km of the INEL site bound-
aries (in both westerly and easterly directions),
and over much of the site itself, have plutonium
isotopic signatures that are entirely consistent with
integrated global fallout ratios.
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Figure 1.7 Soil coring sites for isotopic plutonium measurements at the INEL
Positions are fixed with a Ground Positioning System operated by the U.S.

Geological Survey Project Office.
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Results from cores near the southern site
boundary (56W, 57W, 10W and 15W) indicate
that plutonium released from the RWMC has been
transported in a south-westerly direction to these
sites; there is no indication that RWMC-derived
material has been transported to greater distances
in this direction. In the north-easterly direction,
RWMC-derived material has been detected at
coring site 38 E and at sites closer to the RWMC.
The trajectory of the dispersion is consistent with
the directional flow of winds across the INEL
which change diurnally. Sampling to greater dis-
tances in the north-easterly direction is required
because of the higher velocities of winds originat-
ing from western Idaho.

It is anticipated that by the end of calendar
year 1995, sample analyses will be completed and
isopleths of plutonium dispersion away from the
RWMC can be constructed.

1.11 CONTAMINANT DEPOSITION
STUDIES IN ARCTIC ALASKA

Matthew A. Monetti, Yulin L Tan,
John Kada, Kevin M. Miller and
AdaKong

Although the Arctic is believed to be one of
the most remote places on earth, there is a
potential that it could be impacted by anthropo-
genic activities. Observations of a seasonal
phenomenon known as "Arctic haze” have been
reported for the past 40 y. As the Arctic mass
expands during the Northern Hemisphere’s winter,
the atmospheric circulation patterns change. This
change potentially allows pollutants to be trans-
ported into the Arctic from lower latitudes,
particularly from Eurasia.
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Our studies began in 1991 through scientific
collaboration in the EPA’s Arctic Contaminants
Research Project. EML's interest is in document-
ing and interpreting the presence of combustion
produced, potentially carcinogenic organic com-
pounds, such as polycyclic aromatic hydrocarbons
(PAH) and polychlorinated dibenzo-p-dioxins and
dibenzofurans (PCDD/F) and radionuclides (both
natural and anthropogenic). Our main approach
in this study is to investigate the chronological
record of these contaminants that can revealed
through the use of lake sediments. Sediment cores
from nine lakes, stretching over 650 km across
the Alaskan Arctic, have been successfully
collected during this study. These samples should
allow us to adequately address and interpret the
variations in contamination across this vast Arctic
wilderness.

During 1994, the final year of field sampling
activities for this project, lake sediment cores were
collected from three additional lakes in the central
North Slope region of the Alaskan Arctic. Two
of the sediment cores were counted by gamma
spectrometric methods. The 1994 results were
similar to those found in previously counted
sediment cores.

A summary of all the *’Cs and excess 2!°Pb
data from these Arctic studies to date is shown
in Table 1.1. This radionuclide data is particularly
useful for dating the sediment cores. The *7Cs
and excess 2!%Pb is present in only the upper few
centimeters of the cores since the sedimentation
rate is low in these Arctic systems. The ¥’Cs
inventories found in these cores ranged from 560
to 2700 Bq m?, and are generally higher than the
expected inventories due to sediment focusing.
This radionuclide data will be prepared for
publication as a journal article.
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Results of the PAH from Lake Schrader
sediments in the Arctic National Wildlife Refuge
are now available. In general, the values for the
parental PAH are slightly lower than the concen-
trations found in the sediments from a sub-Arctic
Alaskan lake, Wonder Lake (Tan et al., 1993).
There is no apparent temporal trend to the
concentrations found in the Lake Schrader core,
so there is little indication that this region has been
affected through the deposition of PAH resulting
from the "Arctic Haze". The PAH results from
lake Schrader will also be published, and will add
to the understanding of the contamination of the
Arctic environment. (see Summary No. 1.13).

EML- 571

Reference

Tan, Y.L., A. Kong, M. A. Monetti, B. Lau,
C. Gubala and D. Landers

“Polycyclic Aromatic Hydrocarbons and
Polychlorinated Dibenzo-P-Dioxins and
DibenzoFurans in Sediment from a Sub-Arctic
Lake in Alaska”

in: H. Fiedler, H. Frank, O. Hutzinger, W.
Parzefall, A. Riss, S. Safe (Editors)

13th International Symposium on Chlorinated
Dioxins and Related Compounds, September
(1993)

TABLE 1.1

SUMMARY OF ARCTIC LAKE GAMMA RADIONUCLIDE DATA

137, 137 137 210 210 Sedimentation
Lake - Core Pefgcs Pene'trgtsion inven(t:c;sry Penetrg‘lt,ion invenl:gry Rate
(cm) {(cm) (Bgm—2) (cm) Bqm2) (mgem2y1)

Wonder - 1 Surface 7 560 6. 3140 8

Wonder - 2 Surface 8 1300 5 5950 5

Schrader - 1 4 10 2570 >11 > 4800 86
Schrader - 2 3 10 - - - -

Schrader - 3 3 10 - - - -

Schrader - 10 Surface 4 900 6 1090 27
76-3 2 7 - - - -

Feniak - 1 3 7 2770 - - 28
Feniak- 2 2 7 2710 7 1800 23
Feniak- 3 3 7 2260 - - 28
Desperation - 1 5 8 2460 >9 > 2320 73
Chandler - 1 3 5 1720 >7 > 1720 24
Chandler - 2 3 5 1680 - - 22
Nyagome - 1 3 6 2180 >7 > 2970 61
Khutudaturku - 1 Surface 5 654 5 750 19
Elusive -2 2 6 -1580 7 1920 22
Toolik -2 Surface >7 > 1440 >7 > 1780 9
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1.12 BIOGENIC PAH IN AN ALASKAN
ARCTIC LAKE SEDIMENT

Yulin L. Tan, Ada Kong and
Matthew Monetti

A 30-cm sediment core from Lake Schrader
in Alaska, dating back about 270 years, was
analyzed (see Summary No. 1.12). The core was
segmented and dated for chronological pollutant
deposition studies. The dated sediment segments
were analyzed for three- to six-ring PAH by gas
chromatography/mass spectrometry following the
procedures developed at EML (Tan et al., 1993).
The PAH composition profiles as revealed by the
gas chromatograms are distinctively different from

the PAH composition profiles of environmental .

samples that are contaminated by anthropogenic
activities. The major PAH in polluted environ-
mental samples consists of over a dozen parental
PAH with typical composition profiles indicating
combustion origins. In the Schrader Lake sedi-
ment, the presence of parental PAH were found
to be overwhelmed by a group of biogenic PAH,
leading to totally different PAH composition
profiles.

The major biogenic PAH from diageneses of
natural biological products found in the Schrader
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Lake sediment are phenanthrene, alkylated
phenanthrenes, alkylated tetra- and octa-hydro-
chrysenes, and perylene. Their original biological
precursors were traced by their preserved carbon
skeletons and were found to be diterpenoid and
triterpenoid biolipids and perylene-quinone
pigments. The depth profiles of these PAH reflect
the rate of the diagenetic processes.

Diagenesis is the first stage of transformation
which carries the original biological lipids toward
the maturarion to fossil fuel formation. Therefore,
biogenic PAH entrained in petroleum can be useful
biogenic markers in petroleum geochemistry. The
results of this study will be presented at the 15th
International Symposium on Polycyclic Aromatic
Compounds to be held in Belgirate, Italy in
September of 1995.
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1.13 RADIONUCLIDES THE ARCTIC
OCEAN BASIN

Thomas M. Beasley

During 1994, a substantial number of %I,
Z5TNp, and isotopic Plutonium measurements were
made in support of the Office of Naval Research's
ANWAP Program (Arctic Waste Assessment
Program). This study is being conducted in
collaboration with scientists from ORNL, ANL,
LANL, and the IsoTrace Laboratory of the
University of Toronto. It is part of a larger effort
to investigate radioactivity releases by the former
Soviet Union to the Arctic Ocean Basin.

From data collected to date, we have con-
cluded the following: ?’I released from the
fuel reprocessing facilities at Sellafield (U.X.)
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and La Hague (France) have been advected
through the Barents and Kara Seas to the Laptev
Sea (Figure 1.8). Iodine-129 atom concentrations
in surface waters of all three water bodies are
similar (~ 12-15 x 10® atoms L'!) and exceed
expected "background” levels (~ 0.1-0.2 x 10®
atoms L) by an order of magnitude. Iodine-129
concentrations in the Siberian Coastal Current
(Chukchi Sea) show no influence of fuel repro-
cessing input; atom concentrations are essentially
background (0.2 x 10% atoms L'). There is
evidence that fuel reprocessing *I has found it's
way to the Canadian Basin near the Alaskan coast
(Figure 1.9). Subsurface maxima in iodine
concentrations are seen at depths of 200-400 m
and reach levels of 3-4 x 10% atoms L', and
generally exceed surface water values at the same
site by an order of magnitude. The origin of these
labeled waters may be the continental shelf and

lodine-129 atom concentrations

(10%atoms liter)
ASB 1544 (n = 36)
C 1 @=11)
D 0.20+0.08 (n=14)
E 03-47 (n=19

Fuel reprocessing Pu measured
atsites Cand E

Figure 1.8 Arctic Ocean Basin sampling sites.
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slope of Kara, Barents and Laptev Seas where
cold, saline waters form, sink, and then spread to
the interior of the Arctic Ocean basins. We are
presently analyzing a suite of samples from a
trans-Arctic cruise (funded by the National
Science Foundation) that will further characterize
the extent to which %I released from European
fuel reprocessing facilities has been distributed
within the Arctic Ocean basin.

We have confirmed that fuel reprocessing
plutonium is present in sediments of the Canadian
basin (Figure 1.9). Fuel reprocessing plutonium
typically exhibits 2*°Pu/®°Pu isotopic ratios
between 0.05 to 0.06. Integrated global fallout
ratios for the same isotopes at the latitudes of the
Arctic Ocean typically range between 0.18 and
0.19. For coring site 16, greater than 60% of the
plutonium in the surface sediments has its origin
as fuel reprocessing. Using 2**Pu/?°Pu ratios,
it is possible to "date” the production time of the
fuel reprocessing material once corrections have
been made for the global fallout contribution to
the plutonium measured. For the Canadian Basin
material, this date corresponds closely to 1957,
the time of a substantial, accidental release of
radioactivity from the Mayak Complex in
Cheliabinsk Province in the former Soviet Union
(Trabalka et al., 1980). The absence of elevated
levels of 2*®Pu in sedimerits of the Barents and
Kara Seas argues against the import of Sellafield-
derived plutonium (Kershaw et al., 1990) as a
source for the fuel reprocessing plutonium
measured in the Canadian Basin. A suite of
surface sediment samples, collected between the
Bering Straits and the North Pole, are presently
being analyzed for their isotopic plutonium
content to further map the distribution of fuel
reprocessing plutonium throughout the Arctic
Ocean basins.

EML- 571

PU 2407239 ISOTOPE RATIOS
450 140 130
1 0.13740.001 18 0.133+0.001 §

2 0.13240.001 19 0.16740.001 "
4 0.118£0.002 20 0,1714+0.003 §

8 0.1120.002 21 0.186+0.001

10 0.106£0.001
15 0.103+0.00%
16 0.0890.009
17 0.10830.002

FUEL
0.05 - 0.06

FALLOUT

COUnIOUrs I1n meters

Figure 1.9 Isotopic plutonium in sedi-
ments collected from the Canadian Basin.
Typical weapons-grade material and inte-
grated fallout ratios are shown for com-
parison.
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1.14 OB RIVER/ESTUARY
STUDY OF 19%4

Matthew Monetti, Karin Decker,
William Rivera and
Colin G. Sanderson

As a result of accidents and testing at nuclear
facilities such as Chelyibinsk, Tomsk and
Semipalatinsk in the former Soviet Union,

enormous quantities of radionuclides have been

introduced into the Ob River watershed (Trabalka
et al., 1980; Aarkrog et al., 1992; Larsen et al.,
1994). Although there have been attempts to
restrain this material so that it does not enter the
Ob River, it is not unreasonable to suspect that
the River may be a significant source to the Arctic.

During the summer of 1994, EML was invited
by Dr. Hugh Livingstone and Dr. Fred Sayles of
the Woods Hole Oceanographic Institute to
participate in a project investigating the Ob River
as a source of radionuclides to the Arctic. This
involved EML's assistance with the field prepara-
tion, sampling activities and sample analyses. The
sampling objective was to obtain sediment cores
from the seasonally flooded region of the Ob River
delta and estuary that would reveal the past
history of radionuclide contamination. The
samples were collected using equipment designed
specifically for the purpose of the operation.
Cores were retrieved from 15 stations during a
cruise on a Russian fishing vessel along nearly
1600 km of the river’s lowest reaches. A mini-
mum of two cores were obtained at each location.
The cores ranged from 30 to 120 cm in length.
One core was sectioned by intervals of 1 cm to
5 cm on board the ship, and the other was left
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intact for further consideration on the best ap-
proach for sectioning. .

Initial gamma radionuclide results on a couple
of the cores indicate that these cores will be useful
for investigating the historic record of radio-
nuclide contamination along the lower portions
of the river. These results suggest that the **’Cs
record is indicative of a source dominated by
radioactive fallout, but further analyses are
required for verification purpose. Additional
analyses will be performed on these samples by
the Woods Hole Oceanographic Institute group,
and EML will provide additional assistance with
the gamma spectrometric analyses as necessary.
EML may be involved in a future excursion into

* regions further upstream on the Ob River in an

attempt to determine the downstream extent of
the suspected radionuclide contamination.

References

Aarkrog, A., H. Dahlgaard, M. Frissel, L.
Foulquier, N.V. Kulikov, I. V. Molchanova, C.
Miyttenaere, S. P. Nielsen, G. G. Polikarpov and
P. I. Yushikov

"Sources of Anthropogenic Radionuclides in the
Southern Urals"

J. Environ. Radioactivity, 15 , 69-80 (1992)

Larsen, R. J, C. G,, Sanderson H. N. Lee, K. M.
Decker and H. L. Beck

"Fission Products Detected in Alaska Following
the Tomsk-7 Accident"

J. Environ. Radioactivity, Letter to Editor, 23,
205-209 (1994)

Trabalka, J. R., L. D. Eyman and S. I. Auerbach

"Analysis of the 1957-1958 Soviet Nuclear
Accident"

Science, 209, 345-353 (1980)

EML Annual Report '94 = 22



Environmental Measurements Laboratory

2.1 OVERVIEW
Paul Goldhagen

In the Radiation Transport and Dosimetry
program, analytical and experimental techniques
are applied to determine the basic physical
properties of radiation fields in the workplace and
in the environment. Projects within this program
are often initiated in response to requests to
properly evaluate occupational radiation exposure
problems at DOE facilities or to provide critical
exposure assessments for DOE or other agencies.
These situations usually involve complex radiation
fields containing neutrons and/or high-energy
particles for which normal dosimetric techniques
are either inadequate or questionable in the
absence of adequate validation. We develop, use
and provide reliable experimental and theo-
retical/calculational tools to evaluate the nature,
magnitude, and potential health consequences of
human exposure to such ionizing radiation. To
do so, interactions are maintained with other
advanced dosimetry research programs in the U.S.
and in many other countries. Progress in this
program contributes toward establishing a viable
risk-based system for radiation protection, one
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that will have a beneficial impact on the conduct
of DOE operations.

The evaluation, application, and development
of computer codes for radiation transport (the
propagation of radiation, including its interactions
with matter) and for spectral unfolding continue
to be an important part of this program. Using
such codes, calculations are performed to:
determine radiation fields from instrument
readings, relate measured fields to the properties
and distributions of radiation sources, and
interpret the measurements in terms of dose to
man. Inmany cases, calculations provide the basic
information on radiation field properties with
critical measurements providing validation.

The experimental part of this program has
emphasized neutron dosimetry in recent years
because of the continuing difficulties associated
with making reliable assessments of neutron fields
and exposures at DOE nuclear facilities and
elsewhere. The conservatism intfoduced into the
assessment of neutron dose equivalents resulting
from the uncertainties of measurements affects
the efficiency and cost of DOE facility operations.
Because of the experience gained and the exper-
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tise developed at EML in this field, notably with
multisphere neutron spectrometer systems, the
Laboratory has responded to a number of requests
to provide reference neutron energy spectra at
critical locations in or near nuclear facilities and
to assess the neutron component and its contribu-
tions to dose in complex radiation fields. Two
examples of this are ongoing projects in 1994, one
at the Princeton Tokamak Fusion Test Reactor
(TFTR), and the other at the Army Pulse Radia-
tion Facility (APRF). The latter study was
performed at the request of the Defense Nuclear
Agency and is part of the broad effort to resolve
the discrepancy between measured and calculated
thermal neutron activation at Hiroshima, one of
the most important unsolved problems in radiation
dosimetry.

Another aspect of the experimental program
has been the development of improved and new
methods for neutron dosimetry. The energy
response function matrix of the multisphere
neutron spectrometer used in the measurements
at the TFTR and thé APRF has been recalculated,
which is likely to substantially improve the
accuracy and reliability of the inferred neutron
energy spectra.. A new multisphere neutron
spectrometer has been built which is more
portable and rugged, and has higher neutron
sensitivity and wider energy response than our
earlier spectrometers. The new dosimetry
systems, which are based on Al,O; thermo-
luminescent detectors (TLDs) and were used at
the TFTR and the APRE, appear to be significant
advances in personnel dosimetry and in the passive
measurement of thermal neutrons. Measurements
and calculations to improve our understanding of
the response of various TLDs to neutrons are
described along with the development of a
portable TLD reader.

Over the past several years, there has been
an increasing awareness that aircraft crews receive
one of the highest average dose equivalents of any
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occupationally exposed group. The National
Aeronautics and Space Administration (NASA)
is now considering designs for future high-speed
high-altitude civil aircraft in which crews would
be exposed to significantly higher levels of
radiation. In collaboration with NASA's Langley
Research Center, EML scientists have examined
the radiation safety aspects of such future high-
altitude commercial aircraft. Among several areas
needing further research, it was found that there
are large uncertainties (plus or minus a factor of
2) in our knowledge of the physical fields for high-
energy neutrons and multicharged ions, and that
neutrons can cause up to half or more of the
biological damage. Neutrons also make a large
and not accurately known contribution to the dose
equivalents received by present-day airplane
crews. Because of EML's expertise in neutron
spectrometry, the Royal Military College of
Canada and the Defense Research Establishment,
Ottawa, invited us to join them in performing
detailed measurements of the cosmic radiation
field aboard dedicated flights of Canadian Forces
aircraft. Much of the calculational and theoretical
effort this year has also been directed toward
cosmic radiation at high altitudes. In collaboration
with the NASA Langley Research Center,
analytical methods developed there were applied
to calculate dosimetric quantities as a function of
depth in tissue-equivalent materials for high-
energy multicharged ions. A Monte Carlo particle
transport code incorporating an intranuclear
cascade plus evaporation model of nuclear
fragmentation is being extended to higher energies
in order to make it useful for cosmic-ray transport
at high altitudes.

Although this program primarily involves
research in support of radiation protection
activities at DOE and other nuclear facilities, it
also provides the basic scientific information
needed for the development of the next generation
of radiation protection instrumentation and
methods. Thus, this research, while finding direct
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application to current practical problems of
concern to DOE, also has a broad generic value
to the radiation protection community and is likely
to facilitate the development of improved risk
estimates for high-energy and high-LET radiation
€xposures.

Much of the work in this program involves
varying degrees of collaboration with other
research and radiation protection groups. Among
them, in 1994, have been the Princeton Plasma
Physics Laboratory, APRE Science Applications
International Corporation, NASA Langley
Research Center, Los Alamos National Labora-
tory, Oak Ridge National Laboratory, the Royal

Military College of Canada, the Defense Research

Establishment, Ottawa, and the Mexican National
Institute of Nuclear Studies.

2.2 MEASUREMENT OF
RADIATION FIELDS NEAR THE

PRINCETON TOKAMAK
FUSION TEST REACTOR (TFTR)

Paul Goldhagen, Peter Shebell, Nestor Azziz,
William Van Steveninck, Alfred Cavallo and
Ferenc Hajnal

In 1994 the TFIR of the Princeton Plasma
Physics Laboratory (PPPL) produced record-
breaking pulses of fusion power using the
deuterium-tritium (D-T) reaction, including a 10
MW pulse on November 2 (Scott et al., 1994;
Associated Press, 1994). This achievement
followed years of development and testing using

the lower energy deuterium-deuterium (D-D)

reaction. Since 1990, in collaboration with Henry
Kugel of PPPL, we have been measuring neutron
and gamma radiation field quantities at designated
locations around the TFTR (Kugel et al., 1994a,
b).

The EML measurements were originally
undertaken at the request of PPPL to calibrate
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measurements by TFIR staff, provide benchmark
data for shielding calculations, and assure that
radiation protection limits would not be exceeded
when D-T operation began. The TFIR shielding
design objective for the PPPL property lines is to
limit the dose equivalent to 0.1 mSv y™! from all
sources and pathways. Our early D-D measure-
ments showed that the TFIR shielding would be
adequate to meet this objective during planned
D-T operations yielding 1x10?! D-T neutrons per
year.

The instrumentation for measurements outside
the Test Cell (the TFTR shielded enclosure)
includes a multisphere neutron spectrometer,
several pressurized ionization chambers (PICs),
and a high-purity intrinsic germanium (HPGe)
gamma-tay spectrometer. The neutron and
gamma spectrometers and one of the PICs
incorporate computer-controlled gated electronics
to allow analysis of individual TFTR fusion pulses
(~1 duration, 7 to 15 min apart), and these
instruments are used together for comprehensive
measurements. In 1994, comprehensive measure-
ments were performed 120 m northeast of the
center of TFIR, and additional continuous PIC
gamma dose measurements were taken at other
locations, including the nearest property line (see
Summary No. 1.8).

We have already taken enough data to
determine the neutron and gamma-ray spectra near
and far from the shield walls for D-T fusion, but
we are continuing our measurements in order to
characterize the change in the radiation field as
the fraction of D-T fusion varies from near 1%
(D-D operation) to nearly 100% (full-power D-T
operation), an important consideration in the
design of future fusion reactors and their shielding.
Figure 2.1 shows preliminary results from the
HPGe gamma spectrometer for 32 fusion pulses
with a trace of tritium in the plasma, such that the
ratio of D-D to D-T neutrons was 1.25.
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Figure 2.1 Composite Ge gamma detector
spectrum taken 120 m northeastward of the
TFIR during 32 fusion pulses having a slight
tritium admixture (D-D/D-T neutrons = 1.25).
Indicated are the first escape peak of iron (7.120
and 7.134 MeV) and the full energy absorption
for hydrogen (2.223 MeV).

In addition to measurements outside the Test
Cell, an experiment was carried out using TLDs
to determine the ratio of gamma rays to neutrons
(mainly thermal) inside the Test Cell during D-D
and D-T fusion. Earlier studies at EML (Azziz
and Azorin, 1993; Azziz et al., 1994) found that
the insensitivity to neutrons of Al,0;:C TLDs,
compared to their high gamma sensitivity, can be
utilized in determining the ratio of gammas to
thermal neutrons in mixed (n,g) fields. The
technique makes use of bare TLDs and TLDs
covered with cadmium, which emits gamma rays
as it absorbs thermal neutrons. Results in the
TFTR Test Cell were much in agreement with
theoretical predictions and experimental measure-
ments using activation foils.
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Results from the EML measurements at the
TFIR have been presented at several meetings,
including the 36th Annual Meeting of the Ameri-
can Physical Society, Division of Plasma Physics,
Minneapolis, November 1994.
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' 2.3 NEUTRON FIELD
MEASUREMENTS AT THE U.S. ARMY
PULSE RADIATION FACILITY

Paul Goldhagen, Ferenc Hajnal,
Peter Shebell, Gladys Klemic and
Nestor Azziz

As part of the reevaluation of the Hiro-
shima-Nagasaki atomic bomb survivor dosimetry,
EML scientists participated in field experiments
sponsored by the Defense Nuclear Agency at the
Army Pulse Radiation Facility (APRF) of the APG
in May 1992 and June 1993. They were asked
to perform neutron field characterizations at
various distances from the bare critical assembly
(small unshielded fission reactor), which would
provide benchmark data on neutron fluences and
energy spectra to test long-range neutron trans-
port calculations using codes similar to those
applied to the Japanese A-bomb survivor dosime-
try. At distances over 1 km from the epicenter
of the Hiroshima detonation, where almost all the
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survivors were, the most recent transport calcula-
tions still predict a far lower fluence of thermal-
energy neutrons than that determined from
activation measurements (Kaul, 1993; Straume
et al.,, 1992). Since most of the quantitative
knowledge we have about the long-term effects
of radiation on people comes from studies of the
Japanese atomic bomb survivors, the resolution
of this discrepancy is one of the most important
problems in radiation dosimetry.

For both the 1992 and 1993 measurements,
neutron fluences and energy spectra were obtained
using the EML multisphere neutron spectrometer
with 12 detectors, each of which contains a
BF;-filled pulse ionization chamber. The 1992
measurements were made at distances of 715,
1084, and 1588 m from the critical assembly right
after several days of heavy rain. In 1993, the
distances were 300, 1588, and 1986 m, and the
ground was relatively dry. Gamma-ray energy
spectrum and dose-rate measurements were also
taken in 1993, using an intrinsic germanium de-
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Figure 2.2 Relative neutron fluence as a function of energy measured by EML in
in 1992, (a) and again in 1993, (b) at various distances from the APRF unshielded

uranium critical assembly. .
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tector and pressurized ionization chambers. In
addition, thermal neutron fluences were measured
using a new AL, O, thermoluminescent dosimetry
system as a test of the system (Azziz et al.,, 1994).

Preliminary neutron fluence, kerma and dose
equivalent spectra were determined this past year
using our older set of energy response functions
for the detectors. Relative fluence vs. energy
spectra for the 1992 and 1993 measurements are
shown in Figure 2.2 (A) and (B). These prelimi-
nary results show that for each year, the shape of
the spectrum does not change much with distance,
although there is a change from one year to the
next. Presumably, the higher fraction of thermals
in the 1992 measurements is due to the high
ground water content at that time (11-38% by
weight). In each year, the total dose equivalent
per unit neutron fluence varies by only about 5%
or less as a function of distance. Final APRF
neutron energy spectra will be unfolded from our
data when the results of the recent calculations
for the energy response of each of the multisphere
neutron spectrometer detectors (see Summary No.
2.4) are incorporated into our spectral unfolding
code.

Preliminary results for the thermal neutron
fluence, reported in this section last year, showed
a falloff with distance closely matching that for
the thermal neutrons at Hiroshima determined

EML- 571

from activation measurements. This suggests that
the energy spectra of the APRF fission neutrons
and the long-range Hiroshima neutrons were
similar, and hence that the discrepancy between
calculations and measurements of thermal neutron
activation at Hiroshima may involve some higher-
energy fission-like neutrons emitted from the
weapon rather than any problems with the long-
range transport calculations. If the Hiroshima
survivors were exposed to significant numbers of
fast neutrons, and not just to gamma rays,
estimates of the health risks from exposure to both
neutron and gamma radiation would be affected.
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2.4 CALCULATION OF MULTISPHERE
NEUTRON SPECTROMETER
RESPONSE FUNCTIONS

Paul Goldhagen

EML has been measuring neutron energy
spectra for over 20 years, most recently at the
TFTR, the APRF and on a Canadian Forces
aircraft in flight (see Summaries Nos. 2.2, 2.3 and
2.7). The primary instrument for these measure-
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of energy, called its response function. Until
recently, we have been using response functions
based on calculations made by ORNL in 1971
(Maerker et al, 1971). Now we have performed
new calculations of the response functions of our
multisphere neutron spectrometer to improve the
accuracy of the energy spectra we can obtain.

In the new calculations, the latest available
neutron interaction cross sections (ENDF/B-V)
were used, along with the Monte Carlo particle
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Figure. 2.3 Calculated response functions for the twelve detectors of
the EML multisphere spectrometer with '°BE;, counters. The vertical
axis of effective area, 10 m?, are equivalent to counts cm® neutron™.

ments is a multisphere neutron spectrometer,
which is a series of spherical polyethylene modera-
tors of different sizes surrounding counters
sensitive to slow neutrons. The slow-neutron
counters of the multisphere neutron spectrometers
used for most of the measurements since 1985 are
pulse ionization chambers filled with °BF; gas.
Determining a neutron energy spectrum from the
number of counts in each of the detectors requires
knowing each detector's efficiency as a function

transport code MCNP (Briesmeister, 1993), which
allows detailed modeling of the actual detector

geometry.

Results of the new calculations for all 12
detectors of the Multisphere neutron spectrome-
ter with 1°BF; counters are shown in Figure 2.3.
The calculations were done with a continuous
distribution of incident neutron energy, with the
results grouped into 20 bins per energy decade.
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The results are properly viewed as histograms,
but we have drawn them as continuous lines for
visual clarity. The sharp dips come from absorp-
tion resonances in the cadmium and aluminum
shells surrounding the detectors. (The detectors
are surrounded by cadmium to reduce their
response to incident thermal-energy neutrons.)
The new response functions differ from the old
ones by up to 25%, mostly for detectors 3 through
6, which have the smallest moderators.

When the new response functions for our
existing MSNS are grouped into wider energy bins
and incorporated into our spectral unfolding code,
we will use them to unfold neutron energy spectra
from our recent experimental data to see if the
spectra and consequent dose equivalents are
significantly different from the previous results.
We will also calculate the response of our new
multisphere neutron spectrometer with 3He
proportional counters (see Summary No. 2.5),
and, in collaboration with LANL, extend the
calculations to higher energies using the Los
Alamos High Energy Transport Code (LAHET).
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2.5 New Multisphere
Neutron Spectrometer

Paul Goldhagen and
William Van Steveninck

To perform cosmic-ray measurements in
aircraft, a new multisphere neutron spectrometer
has been built which is more portable, rugged,
has higher neutron sensitivity, and a wider energy
response than our earlier spectrometers. These
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