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ABSTRACT

Beginning with the first nuclear-weapor • .related test3 at the Nevada Test Site
(NTS)in 1951, a radiation-relatedmonitoriwlgprogramwas establishedto determine
the levels and distributionof radionuclides released. Primary methods involved
survey-meter-equippedfield-monitoringteams and placement of filmbadges and
air-samplingdevicesatfixedlocations.Beginninginthe mid-1950s, more stringent
standards,the resultsofthismonitoringprogram,andthe resultsofrrla,'_d research
programs ledto incroasocfenglr_'_eringeffortsto reduce localfallout.

With passage of the National EnvironmentalPolicy Act a,_d increased concern
about possible effects of radiationexposure, environmental activities related to
the NTS increased. There is now an extensive monitoringprogram at the NTS
to assess radiological conditionsresultingfrom past tests and from continued
testingof nuclear-weapons devices. In populated areas near NTS, there is also
a monitoring effort that t_,ies on assistance from local communities.

Other efforts include reconstruction of radiation doses received by offsite residents
during the 1950s and 1960s.determination of the current inventory and distribution
of radionuclides in surfac_ soil, and studies of the movement of radionuclides
in the desert ecosystem.
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INTRODUCTION

With the first nuclear-weapons test at the Nevada Test Site (NTS),
a radiation-related monitoring program was initiated. Monitoring

programs at NTS have evolved to meet changing concerns about
possible radiation exposure and the requirements of environmental
laws, regulations, and orders. We present here an overview of current
radiation-related monitoring and supporting environmental research

programs at NTS, a summary of results, and some requirements for

future efforts.

Nuclear weapons were first tested at NTS in 1951. Until 1963, when
the Limited Test Ban Treaty was signed, more than 100 nuclear devices
were detonated on or near the ground (Friesen, 1985); the collective

yield was about 1 megaton (Mt) (Friesen, 1985), which is equivalent
to 101_ calories. Underground tests were also conducted during this
period, a practice that continues today. In surface tests, about 3 x
1026 fission-product atoms were formed; most decayed rapidly, but
some radionuclides, for example, 1_7Cs (half-life, 30 yr), are still

detected. Approximately 6 PBq (200 kC'.') of 'aTCs were released to
the atmosphere from these explosions. Radiation exposure to the public

O was estimated for each event from 1951 to 1958; collective exposurewas 85,000 person-R to nearby residents in Nevada and southwestern
Utah (Anspaugh and Church, 1986).

The 3500-km 2 area occupied by NTS, 105 km northwest of Las Vegas,

Nevada, is of extraordinary biological interest because it straddles the
boundaries of the Great Basin and Mojave Deserts. There have been
ecological impacts on the site from nuclear tests as well as from natural
events. From NTS land-use maps, we estimate that approximately 25%
of the NTS has been and is currently being used for testing of nuclear-
weapons-related devices. Included in this 25% are an extensive network

of roads, support facilities, and areas fenced for the requirements of
radiation control. The most widespread disturbance has been caused

by subsidence craters _.sulting from underground tests; of secondary
significance is vegetati( ! denudation resulting from above-ground tests
during the 1950s. There have been ecological impacts on the site from
"natural" events as weil. From records kept by the NTS Fire Chief since
!978, it has been estimated that 4% of the NTS area has been disturbed

by wildl_es. Other significant effects have been attributed to native
animals and the intrusion of non-native plants and animals.

At present, somewhat iess than 1% of the NTS land area remains fenced
for the requirements of radiation control. These locations include those



Environmental Monitoring and Research at NTS 161

contaminated by fission products and by plutonium and uranium from
special experiments. A variety of natural plant and animal communities
is included in these exclusion zones, and they provide unique resources
for ecological research.

MONITORING

Radiological monif oring at NTS began with the first nuclear explosion
and became extensive with the advent of testing on towers rather
than using air drops. Initially, onsite monitoring was coordinated with
nuclear events; later, it was expanded to a year-round radiological
monitoring program that is now managed by the Nevada Operations
Office of the Department of Energy (DOE/NV). Offsite locations were
monitored by the military and the Los Alamos National Laboratory
through 1953. In 1954, the U:S. Public Health Service became the
r_esponsible agency; since 1970 the U.S. Environmental Protection
Agency (EPA) has been responsible for the program (Grossman et
al., 1986).

O the onsite conducted Electrical &Currently, program by Reynolds
Engineering CO. measures and monitors effluents from NTS operations
(Gonzalez, 1988). Primary objectives are to collect and analyze air,
water, and other media to demonstrate compliance with applicable
standards and permit requirements and assess possible effects to
workers and the local environment from site operations.

Ecological monitoring and research at the NTS includes study pints
at both disturbed and undisturbed sites that are used to monitor the

status of plants and animals. Vegetation, reptiles, and small mammals
are monitored at various thne intervals, depending on the disturbance
involved. Large game animals, raptorial birds, migrating waterfo,vl, and
feral horses are monitored periodically along roadways and at natural
springs and manmade water sources. NTS provides habitat for the
threatened dese_ tortoise, Gophem_ agassizii, and seven plants that
are Category 1 or 2 candidates for federal protection. Populations of
some of these species of concern have been monitored since the mid-

1970s. Monitoring includes population studies and identifying and
determining habitat condition to evaluate effects of NTS activities.

The objective of offsite monitoring is to measure and determine trends
of radioactivity in the environment surrounding NTS and to ascertain
whetker effluents from NTS are in compliance v,,ch radiation-
protection standards. Activities include (1) surveillance of radio-
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nuclide-transport pathways (air, water, and food chains);
(2) monitoring external radiation exposure through thermolumines-
cent dosimeter (TLD) networks and gamma-rate recorders; and (3)
direct _measurement of internal exposure by whole-body counting.
Monitoring stations operated by local communities at 18 towns around
NTS have samplers for noble gases, tritium, and particles in air, as
well as TLD and gamma-rate recorders.

SUPPORTING RESEARCH

In conjunction with the passage of the National Environmental Policy
Act, DOE/NV decided in 1970 to increase its investigation of potential
environmental problems at NTS. The first major action supporting
radiological and environmental research was formation of the Nevada
Applied Ecology Group (NAEG). Subsequent programs included the
Offsite Radiation Exposure Review Project (ORERP), the Radionuclide
Inventory and Distribution Program (RIDP), and the Basic Environ-
mental Compliance and Monitoring Program (BECAMP).

O The NAEG was established in 1970 to coordinate ecological andradiological monitoring and other environmental programs necessary
to support continued nuclear testing activities at NTS. Priority of the
16-yr program was to investigate the occurrence and effects of
plutonium on NTS and surrounding areas (Dunaway and White, 1974).
Research included determining contaminated locations and rates of
plutonium movement in the envi'ronment and development of a dose-
assessment model as a tool in evaluating radiological hazards.

The ORERP began in 197.8 to reconstruct the radiation dose from
previous testing to residents of Nevada, Utah, Arizona, New Mexico,
and parts of California, Oregon, Idaho, Wyoming, and Colorado.
Currently, both external and internal doses are being evaluated, using
historical external gamma-exposure measurements, contemporary
measurements of 137Csand 239.24°pu deposition, and the 24°pu/239pu
ratio. State-of-the-art stochastic models were developed; for example,
the PATHWAY code (Whicker and Kirchner, 1987) used to model
radionuclide movement through food chains.

The RIDP (1981 to 1987) assessed inventory and distribution of
manmade radionuclides in NT5 surface soil (McArthur and Kordas,
1983). More than 7000 in situ gamma radiation measurements were
made over nearly 1300 km_-.These lneasurements, with supplementary
data from aerial radiological surveys and analytical data from soil
samples, provide an estimate of radionuclide inventories in surface
soils.
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The BECAMP began in 1986 to assess changez over time in radiological
and ecological conditions at NTS and to provide information for
assessing compliance with applicable environmental laws, regulations,
and orders (Patton, 1988). The ongoing BECAMP uses information

provided by the NAEG to design effective programs to monitor
radionuclide movement in soils, to update human dose-assessment
models, and to evaluate changes in NTS flora and fauna.

WHAT HAVE WE LEARNED: SCIENTIFIC FINDINGS

Monitoring and research programs have made major use of newer
methods of analysis. These have been applied in developing new
methods of dose reconstruction and radionuclide inventory. We have

also developed comprehensive analyses of the behavior of plutonium

in desert environments and have incorporated these into a dose-
assessment model for this site.

Most valuable for reconstructing radiation doses and assessing current

radionuclide inventories are Beck's (1989) gamma-ray transport
calculations for planar, uniform, and exponentially distributed sources;
his results are expressed in terms of exposure rate above a unit

O deposition of a single radionuclide. These, coupled with detailedcalculations of source-specific, relative radionuclide abundances as a
function of time (Hicks, 1982), provide the ability to deduce the

complete time-dependent history of radionuclide deposition with only
the additional datum of a measured external gamma-exposure rate.
The gamma-ray transport calculations are also the key to field
spectrometry (taking the detector to the field, rather than taking the
sample to the detector), which has made possible our study of the
inventory and distribution of radionuclides in surface soil at NTS.

In the mid-1970s, a new geostatistical tecnnique, kriging, was used

to estimate the spatial pattern of radionuclides in surface soil at testing
areas (Gilbert and Simpson, 1985; McArthur and Kordas, 1983). Kriging
uses the spatial correlation structure in data to estimate the variance

of spatial patterns. Statisticians were included as members oi study
teams and helped design sampling plans, applied data al_alysis
methods, and "wrote major reports. The involvement of statisticians
in long-term projects resulted in a more complete data base and better
interpretation of historical data.

Prior to incorporation of quality assurance (QA) in monitoring
programs, the credibility of environmental data at NTS was primarily
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the responsibility of individual investigators; quality of results was
judged by peer review of project documents. The need for QA was
formalized during NAEG studies and included evolution of written
procedures and independent oversight of sampling, sample prepara,
tion, and analysis. Also included were analysis of replicate samples
and development of standard reference materials to track performance
of analytical laboratories. More recently, ali programs were required
by DOE Orders to include QA plans. The QA plan assists in designing
study protocols to ensure data credibility and facilitate documentation
of experimental design, sa:,.Lpling, analysis, reporting, and archiving
information.

Studies of plutonium dynamics have included processes from
resuspension through metabolism by range cattle. Resuspension
factors (air concentration divided by areal ground contamination) were
measured in the usual way and by the meteorological flux-gradient
method (Anspaugh et al., 1975). Effects of surface disturbances, such
as removing the pebbled desert pavement (Shinn and Homan, 1987),
soil cleanup (Shinn et al., 1989), and wildfires, were recorded. Anspaugh

O et al. (1974) developed two models:
a nonexponential time-dependent

resuspension factor model and a mass-loading model. The latter is
the primary basis for the U.S. Environmental Protection Agency's
interim recommendations for a screening level for plutonium in soil.

The capacity for plant foliage to entrap fine particles from initial
deposition or resuspension processes can make vegetation a major
pathway for human exposure (Romney et al., 1963). Our studies show
that, via resuspension, plants attain dry weight concentrations of
plutonium that are about 10-Lof that found in soil; in contrast, uptake
through the root system is only 10-4to 10-_ (Romney et al., 1977, 1987).
The results of these and other studies have been synthesized to provide

i,(_'an overall description of the ecosystem dynamics of plutonium ( ,.._Jlbert
et al., 1988a, b, 1989). /

/ .

State-of-the-art models for estimating dose to man from radJ.onucl:ides
were also developed. A dose model for human exposure to _': _0pu
via inhalation and ingestion was developed by NAEG in the early 1970s
(Martin and Bloom, 1977). It is currently being updated to a fully
stochastic model for ali major radionuclides and all exposure pathways,
including external exposure. The model is now a major component
of DOE/NV programs that evaluate human exposures from NTS
activities.
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WHAT HAVE WE LEARNED: GENERAL CONCLUSIONS

Experience has demonstrated that creative insights are essential for
Successful monitoring programs, especially if future environmental
issues are to be anticipated. One of the greater dangers is to succumb
to the mechanical collection of data; continual analysis and feedback

are needed to identify for further investigation episodic events or
serious data faults.

Experience from ORERP and NAEG shows that lost data are not easily

retrieved. Information must be preserved through changes in
organizations and for longer than the period of study. Computerized
data bases in structured and protected archival systems are critical
to effective synthesis of information in response to questions. Plans

for preserving the integrity and completeness of data should be
developed and carried out consistently in a timely manner.

The NAEG progranl published 15 progress reports between 1974 and
1987 (Howard and Fuller, 1987). However, to achieve scientific

credibility for DOE/NV environmental programs, publishing in peer-
reviewed journals was desired. Therefore, NAEG data were synthesized

O in major publications (for example, Gilbert et al., 1988a,b, 1989).
This

aspect of publishing was also emphasized in other DOE/NV programs,

including RIDP, ORERP, and BECAMP.

A valuable lesson learned from the NTS offsite monitoring program
is that when communities are involved, residents can independently
verify information released by government agencies to the press, thus

improving its credibility. In addition, monitoring program personnel
who have factual knowledge about radiation and its risks at various
exposure levels can supply informatior, to residents.
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