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PREFACE

The U.S. Atomic Energy Commission (AEC) used the Nevada Test Site (NTS)
from January 1951 through January 19, 1976, for conducting nuclear weapons
tests, nuclear rocket-engine development, nuclear medicine studies, and other
nuclear and non-nuclear experiments. Beginning January 19, 1976, these
activities became the responsibility of the newly formed U.S. Energy Research
and Development Administration (ERDA). On October 1, 1977 the ERDA was merged
with other energy-related agencies to form the U.S. Department of Energy
(DOE). Atmospheric nuclear tests were conducted periodically from January 27,
1951, through October 30, 1958, after which a testing moratorium was in effect
until September 1, 1961. Since September 1, 1961, all nuclear detonations
have been conducted underground with the expectation of containment, except
for four slightly above-ground or shallow underground tests of Operation
Dominic II in 1962 and five nuclear earth-cratering experiments conducted
under the Plowshare program between 1962 and 1968.

Prior to 1954, an offsite surveillance program was performed by the Los
Alamos Scientific Laboratory and the U.S. Army. From 1954 through 1970, the
U.S. Public Health Service (PHS), and the U.S. Environmental Protection Agency
(EPA) from 1970 to the present, have provided an Offsite Radiological Safety
Program under an Interagency Agreement. The PHS or EPA has also provided
offsite surveillance for nuclear explosive tests at places other than the NTS.

Since 1954, an objective of this surveillance program has been to measure
levels and trends of radioactivity, if present, in the environment surrounding
testing areas to ascertain whether the testing is in compliance with existing
radiation protection standards. Offsite levels of radiation and radioactivity
are assessed by sampling milk, water, and air; deploying dosimeters; and
sampling food crops, soil, etc., as required. To implement protective
actions, provide immediate radiation monitoring, and obtain environmental
samples rapidly after any release of radioactivity, personnel with mobile
monitoring equipment are placed in areas downwind from the test site prior to
each test. Since 1962, aircraft have also been deployed to rapidly monitor
and sample releases of radioactivity during nuclear tests. Monitoring data
obtained by the aircraft crew immediately after a test are used to position
mobile radiation monitoring personnel on the ground. Data from airborne
sampling are used to quantify the amounts, diffusion, and transport of the
radionuclides released.

Prior to 1959 a report was published for each test series or test
project. Beginning in 1959 for reactor tests, and in 1962 for weapons tests,
surveillance data were published for each individual test that released
radioactivity off site. From January 1964, through December 1970,
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semi-annual summaries of these reports for individual nuclear tests were also
published.

In 1971, the AEC implemented a requirement, now referred to as the DOE
Order 5484.1, that each contractor or agency involved in major nuclear
activities provide a comprehensive annual radiological monitoring report.
This is the tenth annual report in this series; it summarizes the activities

of the EPA during CY 1981.
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SECTION 1
SUMMARY

PURPOSE

It is U.S. Environmental Protection Agency policy to protect the general
public and the environment from pollution caused by human activities. This
includes radioactive contamination of the biosphere and concomitant radiation
exposure of the population. To this end and in concordance with U.S.
Department of Energy policy of keeping radiation exposure of the general
public as low as reasonably achievable, the EMSL-LV conducts an Offsite
Radiological Safety Program centered on the DOE's Nevada Test Site. This
program is conducted under an Interagency Agreement between EPA and DOE.

A principal activity of the Offsite Radiological Safety Program is
routine environmental monitoring for radioactive materials in various media
and for radiation in areas which may be affected by nuclear tests. It is
conducted to document compliance with standards, to identify trends, and to
nrovide information to the public. This report summarizes these activities
for CY 1981.

Locations

Most of the radio]ogica1 safety effort is applied in the areas
around the Nevada Test Site in south-central Nevada. The principal activity
at the NTS is testing of nuclear devices, though other related projects are
also conducted. This portion of Nevada is sparsely settled, 0.5 person/km?2,
and has a continental arid climate. The largest town in the near offsite area
is Beatty, located about 65 km west of the NTS with a population of about 900.

Underground tests have been conducted in several other States for various
purposes. At these sites in Alaska, Colorado, New Mexico and Mississippi, a-
long-term hydrological monitoring program (LTHMP) is conducted to detect. any
possible contamination of potable water and aquifers near these sites.

Pathways Monitori_g

The pathways leading to human exposure to rad1onuc11des, namely air,
water and food, are monitored by networks of sampling stations. The networks
are designed not only to detect radiation from DOE/NVO nuclear test areas but
also to detect increases in population exposure from any source.

In 1981 the air sahp]ing network (ASN) consisted of 27 continuously
operating stations surrounding the NTS and 97 standby stations (operated 1 or
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2 weeks each quarter) in States west of the Mississippi. Other than naturally
occurring beryllium-7, the only activity detected was fission-product activity
from a Chinese atmospheric nuclear test. A slight increase in plutonium-239
concentration, probably due to the same source, was also detected.

The noble gas and tritium sampling network (NGTSN) consisted of 10
stations offsite (off the NTS and exclusion areas) and 6 stations onsite in
1981. No NTS-related radioactivity was detected at any offsite station.
Tritium concentration in air remained below MDC levels and krypton-85
concentration continued the upward trend which started in 1960, reflecting the
world-wide increase in nuclear technology.

The long-term hydrological monitoring of wells and surface waters near
sites of nuclear tests showed only background tritium and other radionuclide
concentrations except for those wells which enter the test cavity or those
that were previously spiked with radionuclides for hydrological tests.

The milk surveillance network (MSN) consisted of 27 sampling locations
within 300 km of the NTS and about 140 standby locations in the Western U.S.
The tritium concentration in milk was at background levels, and strontium-90
from world-wide fallout continued the slow downward trend observed in recent
years.

Other foods analyzed have been mainly meat from domestic or game animals.
The radionuclide most frequently found in the edible portion of these animals
is cesium-137. Its concentration has also been declining in recent years.
Meat from deer that reside on the NTS has not had markedly higher concentra-
tions of radionuclides than meat from deer that reside in other areas of
Nevada.

The NTS beef herd which had been maintained on the NTS and had been
sampled semi-annually since 1957 was dispersed this year and the Experimental
Dairy Farm activated in 1963 was placed in a standby status. These actions
were taken because of the consistently unremarkable findings in the NITS
animals and because of budgetary constraints. In the future, samples to be ™
analyzed will be collected from ranches and farms in the near offsite areas.

External Exposure

External exposure is monitored by a network of TLD's at 80 locations
surrounding the NTS and by TLD's worn by 46 offsite residents. In a few
cases, small exposures of a few mrem above the average for the person or
location were measured. Except for one case of occupational exposure, all
such net exposures were very low and were not related to NTS activities. The
range of exposures measured, varying with altitude and soil constituents, is
similar to the range of such exposures found in other areas of the U.S.

Internal Exposure

Internal exposure is assessed by whole-body counting supplemented by
phoswich detectors to measure lung burdens of radioactivity. In 1981, counts
were made on 42 offsite residents and about 400 EPA and EG&G employees.

2



Natural potassium-40 was found as expected, but other than barely detectable
cesium-137 in a few cases, no nuclear test related radioactivity was detected.
In addition, physical examinations of the 42 offsite residents revealed only a
normally healthy population consonant with the age and sex distribution of
that poputation. '

Community Monitoring Stations

During the fourth quarter of 1981, work commenced on installing 15
environmental radiation monitoring stations in the offsite area. Each station
will be operated by a resident of the community, trained to collect samples
and interpret some of the data. Each station will be part of the ASN, NGTSN
and TLD networks and will also have a recording pressurized ion chamber and
barograph. Complete samples and data from the stations will be analyzed by
EMSL-LV and also interpreted and reported by the Desert Research Institute,
University of Nevada.

Dose Assessment

Doses were calculated for an average adult living in Nevada based on the
Kr-85, Sr-90, Cs-137 and Pu-239 detected by the monitoring networks. Using
conservative assumptions, the estimated dose would have been less than 0.5
mrem per year, a small fraction of the variation of 10 mrem per year due to
the natural radionuclide content of the body. Since no radioactivity
originating on the NTS was detectable offsite, no dose assessment related to
NTS activities could be made.



SECTION 2
INTROBUCTION

The EMSL-LV operates an Offsite Radiological Safety Program around the
NTS and other sites as requested by the Department of Energy (DOE) under an
Interagency Agreement between DOE and EPA. This report, prepared in
accordance with the guidelines in DOE/E-0023 (DOE 1981), covers the program
activities for calendar year 1981. It contains descriptions of pertinent
features of the NTS and its environs, summaries of the EMSL-LV dosimetry and
sampling methods, analytical procedures, and the analytical results from
environmental measurements. Where applicable, dosimetry and sampling data are
compared to appropriate guides for external and internal exposures of humans
to ionizing radiation.




SECTION 3
DESCRIPTION OF THE NEVADA TEST SITE

Historically, the major programs conducted at the NTS have been nuclear
weapons development, proof-testing and weapons safety and effects, testing
peaceful uses of nuclear explosives (Plowshare Program), reactor engine
development for nuclear rocket and ramjet applications (Projects Pluto and
Rover), high-energy nuclear physics research, seismic studies (Vela Uniform),
and studies of high-level waste storage. During 1981, nuclear weapons
development, proof-testing and weapons safety, nuclear physics programs, and
studies of high-level waste storage were continued at the NTS. Project Pluto
was discontinued in 1964; Project Rover was terminated in January 1973;
Plowshare tests were terminated in 1970; Vela Uniform studies ceased in 1973.
A1l nuclear weapons tests since 1962 have been conducted underground. More
detail and pertinent maps for the portions of this section are included 1in
Appendix A. Only selected information is presented in this Section.

SITE LOCATION

The NTS is ‘located in Nye County, Nevada, with its southeast corner about
90 km northwest of Las Vegas (Figure 1). It has an area of about 3,500 square
km and varies from 40 to 56 km in width (east-west) and from 64 to 88 km in
length (north-south). This area consists of large basins or flats about 900
to 1,200 m above mean sea level (MSL) surrounded by mountain ranges rising
1,800 to 2,300 m above MSL. . e

The NTS is surrounded on three sides by exclusion areas, collectively
named the Nellis Air Force Range, which provide a buffer zone between the test:
areas and public lands. This buffer zone varies from 24 to 104 km between the
test area and land that is open to the public. Depending upon wind speed and
direction at the time of testing, from 1/2 to more than 6 hours will elapse
before any release of airborne radioactivity could pass over public lands.

CLIMATE

The climate of the NTS and surrounding area is variable, due to its
variations in altitude and its rugged terrain. Generally, the climate is
referred to as continental arid. Throughout the year, there is insufficient
precipitation to support the growth of common food crops without irrigation.
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As Houghton et al. (1975) point out, 90 percent of Nevada's population
lives in areas with less than 25 cm of rainfall per year or in areas that
would be classified as mid-latitude steppe to low-latitude desert regions.

The wind direction, as measured on a 30-m tower at an observation station
about 9 km NNW of Yucca Lake near CP-1, is predominantly northerly except
during May through August when winds from the south-southwest predominate
(Quiring 1968). Because of the prevalent mountain/valley winds in the basins,
south to southwest winds predominate during daylight hours of most months.
During the winter months southerly winds have only a slight edge over
northerly winds for a few hours during the warmest part of the day. These
wind patterns are often quite different at other locations on the NIS because
of local terrain effects and differences in elevation.

GEOLOGY AND HYDROLOGY

Geological and hydrological studies of the NTS have been in progress by
the U.S. Geological Survey and various other organizations since 1956.
Because of this continuing effort, including subsurface studies of numerous
boreholes, the surface and underground geological and hydrological
characteristics for much of the NTS are known in considerable detail (see

‘Figure A-1). This is particularly true for those areas in which underground

experiments are conducted. A comprehensive summary of the geology and
hydrology of the NTS edited by Eckel was published in 1968.

The aquifers underlying the NTS vary in depths from about 200 m beneath
the surface of valleys in the southeastern part of the site to more than 500 m
beneath the surface of highlands to the north. Although much of the valley
fill is saturated, downward movement of water is retarded by various tuffs and
is extremely slow. The primary aquifer in these formations consists of
Paleozoic carbonates that underlie the more recent tuffs and alluviums.

LAND USE OF NTS ENVIRONS

Industry within the immediate of f-NTS area includes approximately 40
active mines and mills, oil fields in the Railroad Valley area, and several
industrial plants in Henderson, Nevada. The number of employees for these
operations may vary from one person at several of the small mines to several
hundred workers for the o0il fields north of the NTS and the industrial plants
in Henderson. Most of the individual mining operations involve less than 10
workers per mine; however, a few operations employ 100 to 250 workers.

The major body of water close to the NTS is Lake Mead (120 km southeast,
Figure A-2), a manmade lake supplied by water from the Colorado River. Lake
Mead supplies about 60 percent of the water used for domestic, recreational,
and industrial purposes in the Las Vegas Valley. Some Lake Mead water is used
in Arizona, southern California, and Mexico. Smaller reservoirs and lakes
located in the area are used primarily for irrigation and for watering
Tivestock.



Dairy farming is not extensive within 300 km of the NTS. A survey of
milk cows during the summer of 1979 showed 8,200 dairy cows, 730 family milk
cows and 258 family milk goats in the area (Figures A-4 and A-5). The family
cows ‘and goats are distributed in all directions around the NTS,:whereas most
dairy cows are located to the southeast (Moapa River, Nevada; Virgin River
Valley, Nevada; and Las Vegas, Nevada), northeast (Lund), and southwest (near
Barstow, California). .

Grazing is the most common land use within 300 km of the site. Approxi-
mately 280,000 cattle and 180,000 sheep are distributed within the area as
shown in Appendix Figures A-6 and A-7, respectively. The estimates are based
on information supplied by the California county agents during 1980, from 1979
agricultural statistics supplied by the Nevada Department of Agriculture and
from 1978 census information supplied by the Utah Department of Agriculture.

Population Distribution

Excluding Clark County, the major population center (approximately
462,000 in 1980), the population density within a 150 km radius of CP-1 on the
NTS is about 0.5 persons per square kilometer. For comparison, the 48
contiguous states (1980 census) had a population density of approximately 29
persons per square kilometer. The estimated average population density for
Nevada in 1980 was 2.8 persons per square kilometer.

The offsite area within 80 km of the NTS (the area in which the dose
commitment must be determined for the purpose of this report) is predominantly
rural, Figure A-3. Several small communities are located in the area, the
largest being in the Pahrump Valley. This growing rural community, with an
estimated population of about 3,600, is located about 72 km south-southwest of
the NTS CP-1. The Amargosa Farm Area, which has a population of about 1,600,
is Tocated about 50 km southwest of CP-1. The largest town in the
near-offsite area is Beatty, which has a population of about 900 and is
located approximately 65 km to the west of CP-1.

" AIRBORNE RELEASES OF RADIOACTIVITY AT THE NTS DURING 1981

A1l nuclear detonations during 1981 were conducted underground and were
contained, although occasional releases of low-level radioactivity occur
during re-entry drilling. Table 1 shows the total quantities of radionuclides
?eleaied to the atmosphere, as reported by the DOE Nevada Operations Office

1982). ‘ :



TABLE 1. TOTAL AIRBORNE RADIONUCLIDE EMMISIONS
AT THE NTS DURING 1981

Half-Life Quantity Released

Radionuclide - (days) (Ci)
Tritium 4,500 534
Iodine-131 8.04 0.05
Xenon-133 5.29 2,700
Xenon-133m 2.33 29
Xenon-135 0.38 _ 142




SECTION 4
QUALITY ASSURANCE

GOALS

The goals of the EMSL-LV quality assurance program are to assure the
collection and analysis of environmental samples with the highest degree of
accuracy and precision obtainable with state-of-the-art instrumentation and to
achieve the best possible completeness and comparability given the extent and
type of networks from which samples are collected. To meet these goals, it is
necessary to devote strict attention to both the sample collection and sample
analysis procedures.

SAMPLE COLLECTION

The collection of samples is governed by a detailed set of Standard
Operating Procedures (SOP's). These SOP's prescribe the frequency and method
of collection, the type of collection media, sample containment and transport;
sample preservation, sample identification and labeling, and operating
parameters for the instrumentation. Sample control is an important segment of
these activities as it enables tracking from collection to analysis for each
sample and governs the selection of duplicate samples for analysis and the
samples chosen for replicate analysis. '

These procedures provide assurance that sample collection, labeling and
handling are standardized to minimize sample variability due to inconsistency

among samples.

SAMPLE ANALYSIS

A11 of the networks operated by the EMSL-LV have individual Quality
Assurance Project Plans that assure the results of analysis will be of high
accuracy and precision and will be comparable to results obtained elsewhere
with equivalent procedures. The QA Plan is summarized in the following
sections.

External QA

External QA provides the data from which the accuracy and precision of
analysis can be determined. Accuracy is assessed from the results obtained on
Intercomparison Study samples and on samples “spiked" with known amounts of '

radionuclides. The Offsite Radiological Safety Program participates in
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Intercomparison Study Programs that include environmental sample analysis, TLD
dosimetry, and whole-body counting. Also, samples unknown to the analyst are
spiked by adding known amounts of radionuclides and entered into the normnal
chain of analysis.

Data for precision are collected from duplicate and replicate analyses.
At Teast 10 percent of all samples are collected in duplicate. When analyzed,
the data indicate the precision of both sample collection and analysis.
Replicate counting of at least 10 percent of all samples yield data from which
the precision of counting can be determined.

If the accuracy and precision data are of sufficient quality, then
comparability,. i.e., comparison of the data with those of other analytical
laboratories, can be assessed with confidence. The results of external QA
procedures are shown in Appendix C.

Internal QA

Internal QA consists of those procedures used by.the analyst to assure
proper sample preparation and analysis. The principal procedures used are the
following: .

Instrument background counts

Blank reagent analyses

Instrument calibration with known nuclides

Internal standards analysis

Performance check-source analysis

Maintenance of control charts for background and check -source data
Scheduled instrument maintenance

These procedures ensure that the instrumentation is not contaminated, that
calibration is correct, and that standards carried through the total
analytical procedure are accurately analyzed.

VALIDATION

After the results are produced, supervisory personnel examine the data to
determine whether or not the analysis is valid. This includes checking all
procedures from sample receipt to analytical result with particular attention
to the internal QA data and comparison of the resu]ts with previous data from
similar samples at the same location.

Any variant result or failure to follow internal QA procedures during
sample analysis will trigger an internal audit of the analytical procedures
and/or a re-analysis of the sample or its duplicate. ’

Examples of the operation of these procedures are mentioned on page 22,
where a failure to follow the sampling SOP was detected; on page 50, where TLD
readout problems were discovered; and on page 56, where duplicate samp]e
analysis corrected a problem noted from comparison of data.

11



SECTION 5
RADIOLOGICAL SAFETY ACTIVITIES

The radiological safety activities of the EMSL-LV are divided into two
major areas; special test support and routine environmental surveillance.
Both of these activities are designed to detect any increase in environmental
radiation which might cause exposure to individuals or population groups so
that protective actions may be taken, to the extent feasible. These
activities are described in the following portions of this report.

SPECIAL TEST SUPPORT

Before each nuclear test, mobile monitoring personnel are positioned in
the offsite areas most likely to be affected should a release of radioactive
material occur. They ascertain the locations of residents, work crews and
animal herds and obtain information relative to controllability of residents
in small population centers. These monitors, equipped with radiation survey
instruments, gamma exposure-rate recorders, thermoluminescent dosimeters
(TLD's), portable air samplers, and supplies for collecting environmental
samples, are prepared to conduct a monitoring program as directed from the NTS
Control Point (CP-1) via two-way radio communications.

For those tests which might cause ground motion detectable offsite, EPA
monitors were stationed at locations where hazardous situations might ensue.
At these locations, e.g., mines-and specific buildings, occupants are
evacuated, or warned against entry, until after the test is conducted.

Professional EPA personnel serve as members of the Test Manager's
Advisory Committee to provide advice on possible public and environmental
impact of each test and possible protective actions in case accidental
releases of radioactivity should occur.

An EMSL-LV cloud sampling and tracking aircraft is flown over the NTS to
obtain samples, assess total cloud volume, and provide long-range tracking in
the event of a release of airborne radioactivity. A second EMSL-LV aircraft
is flown to gather meteorological data and to perform cloud tracking. Infor-

mation from these aircraft can be used in positioning the radiation monitors.

During CY 1981 none of the tests conducted at the NTS release
radioactivity that was detected offsite. :
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PATHWAYS MONITORING

The offsite radiation monitoring program includes pathways monitoring
consisting of air, water and milk surveillance networks surrounding the NTS
and a limited animal sampling project. These are explained in detail below.

Air Surveillance Network

Network Design--

The ASN monitors an important route of human exposure to radionuclides:
inhalation of airborne materials. Not only the concentration but also the
source must be determined if appropriate corrective actions are to be taken.
Thus the ASN is designed to circumscribe the NTS with a 200 km circle, is
lTimited only by the availability of electric power and a resident for opera-
tion, and has a slight concentration of sampling stations in the prevailing
downwind direction as shown in Figure 2. This continuously operating network
is reinforced by a standby network which covers the contiguous States west of
the Mississippi River, Figure 3.

Methods--

During 1981 the ASN consisted of 27 continuously operating sampling
stations and 97 standby stations. Each sampler was equipped to collect both
particulate and gaseous radionuclides.

Samples of airborne particulates were collected at each active station on
10-cm diameter glass-fiber or Microsorban polystyrene fiber filters at a flow
rate of about 350 m3 per day. Filters were changed after sampler operation
periods of 2 or 3 days (700 to 1,100 m3). Activated charcoal cartridges
directly behind the filters, capable of collecting gaseous radioiodine, were
changed at the same time as the filters. The stations were operated by State
and municipal health department personnel or by local residents. All air
filters and charcoal cartridges were mailed to the EMSL-LV for analysis.

Results--

Throughout the network, concentrations of beryllium-7, zirconium-95,
niobium-95, ruthenium-103, ruthenium-106, cerium-141, and cerium-144 were
detected. The principal means of beryllium-7 production is from spallation of
oxygen-16 and nitrogen-14 in the atmosphere by cosmic rays. The remainder of
the radionuclides detected were fission products attributed to atmospheric
nuclear tests conducted by the People's Republic of China. The most recent
Chinese test detected was conducted on October 15, 1980, at 9:30 p.m. PDT.
Appendix Tables E-1 and E-2 summarize the data from the ASN samples. All
time-weighted averages (Avg/a in the tables) are less than 1 percent of the
Concentration Guide (Appendix D), for exposure to the ‘general public.

During 1981, no airborne radioactivity related to nuclear testing at the
NTS was detected on any sample from the ASN.

A plot of the logarithm of the individual concentrations for all stations
during the year versus probits indicates that the air data are approximately
Tognormally distributed. The distributions for the individual nuclides that
were detected indicated that there was a single source, assumed to be

13
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atmospheric fallout because all stations were affected. The geometric mean
concentrations and standard deviations for all of the measurements of each
radionuclide measured throughout the whole Network, including standby
stations, are shown in Table 2.

Two special studies are performed on the samples from the ASN: a gross
beta analysis of the prefilters from 5 stations, and plutonium-238 and
plutonium-239 analysis of composited prefilters from 11 stations.

The gross beta analysis is used to detect trends in atmospheric radio-
activity more quickly than is possible with gamma spectrometry. For this
study, three stations in Utah, north and east of the NTS, and two stations
south and west of the NTS are used. The three filters per week from each
station are analyzed for gross beta activity after a 7-day delay to decrease
the contribution from radon daughter activity.

The gross beta study began in the first week of July 1980. The data
suggest little significant difference among stations and show the normal trend
of decreased activity to be expected after the rainout which occurs each
spring. The maximum concentration measured was 0.17 pCi/m3, the minimum was
0.012 pCi/m3, and the arithmetic average was 0.047 pCi/m3. A summary of the
data is shown in Appendix Table E-4.

The plutonium study uses the prefilters from eight standby ASN stations,
distant from the NTS, and from three ASN stations near the NTS. The filters -~
from each standby station (operated 1 or 2 weeks per quarter) are composited
quarterly, and those from the ASN stations are composited monthly. The
composites are analyzed radiochemically as indicated in Appendix B.

TABLE 2. ASN GEOMETRIC MEAN CONCENTRATIONS

Geometric

Material Mean Concentration Geometric

Detected (pCi/m3) - Standard Deviation
Gross beta 0.039 2.3
Beryllium-7 0.32 1.4
Niobium-95 0.14 2.0
Zirconium-95 0.12 1.6
Ruthenium-103 0.059 1.6
Ruthenium-106 0.16 1.4
Cerium-141 0.049 1.4
Cerium-144 0.18 1.5
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A plot of the quarterly average plutonium-239 data for the eight distant
from and the three near to NTS stations, Figure 4, indicates that the concen-
tration in air peaked for all stations in the 2nd Quarter of 1981 and that
there was no significant difference between the two groups of stations. The
plutonium concentration in air, though, was higher in 1981 than in 1980. The
1981 average annual concentration was 35 aCi/m3 versus 16 aCi/m3 in 1980.
However, the plutonium-238 concentrations did not change very much; 2.3 aCi/m3
in 1981 versus 1.8 in 1980. Considering the Pu-239 concentrations and the
similarity of results from near and distant NTS stations, the probable source
of the increased concentration of plutonium was the 0.2 to 1 megaton atmos-
pheric nuclear test conducted by the People's Republic of China on October 15,
1980. A summary of the data is in Appendix Table E-5.

Noble Gas and Tritium Surveillance Network

Network Design--
There are several sources of the radionuclides monitored by this network.

Noble gases are emitted from nuclear power plants, propulsion reactors,
reprocessing facilities and nuclear explosions. Tritium is emitted from the
same sources and is also produced naturally. The monitoring network will be
affected by all these sources, but must be able to detect NTS emissions. For
this purpose the samplers are located close to the NTS and particularly in
drainage-wind channels leading from the test areas. In 1981 this network
included ten stations around the NTS as well as six stations onsite as shown
in Figure 5.

Methodology--

The noble gas samples are collected by compressing air into tanks. The
compressor-type equipment continuously samples air over a 7-day period and
stores it in two pressure tanks, which together hold approximately 1 cubic
meter of air at about 220 psi (1.6 MPa). The tanks are exchanged weekly and
returned to the EMSL-LV where their contents are analyzed. Analysis starts by
condensing the samples at liquid nitrogen temperature and using fractional
distillation to separate the gases. The separate fractions of radioxenon and
radiokrypton are dissolved in scintillation cocktails and counted in a liquid
scintillation counter (see Appendix B).

For tritium sampling, a molecular sieve column is used to collect water
from air. A prefilter is used to remove particles before air passes through
the molecular sieve column. Up to 10 cubic meters of air are passed through
each column over a 7-day sampling period. Water absorbed on the molecular
sieve column is recovered, and the concentration of tritium in the water (HTO)
is determined by liquid scintillation counting techniques (see Appendix B).

Results-- .
A1l results are shown in-Appendix Table E-3 as the maximum, minimum and

average concentration for each station. These data indicate that no radio-
activity from NTS tests was detected offsite by the Noble Gas and Tritium
Surveillance Network during 198l1. However, radioactive xenon-133 was detected
four times onsite at the BJY station. Those samples containing xenori-133 are
listed in Table 3 with their associated krypton-85 results. All of these
concentrations were less than 0.02 percent of the concentration guide for
occupational exposures from xenon-133, (Appendix D).
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Figure 4. Average plutonium concentration in air at stations near
to and distant from the NTS.

As shown in Figure 6, the concentrations of krypton-85 within the whole
network appeared to have a bimodal distribution with three values not fitting
the distribution. The samples from which these three values were measured
were the first 3 samples listed in Table 3.

As these three values do not fit the distribution for the whole network
and two of them also contained xenon-133, they are attributed to nuclear
testing operations at the NTS. The bimodal distribution suggests that two
sources of krypton-85 with different averages were sampled. The distribution
with the lower modal concentration near 22 pCi/m3 is possibly from worldwide
ambient concentrations resulting from nuclear power generation and nuclear
fuel processing. The source of the other distribution is not known, but is
not attributed to nuclear testing at NTS due to the fact that the same bimodal
distribution was observed at all network stations both onsite and offsite.

The weighted average concentration of krypton-85 at all offsite stations that
operated throughout the year was 24 pCi/m3. During 1980 the concentrations of
krypton-85 were lognormally distributed with an average concentration of 21

pCi/m3.

The onsite BJY station continued to have the highest average concentra-
tion of krypton-85 with 26 pCi/m3 (Table E-3). The average concentration at
this station has been the highest in the network more often than at any other
station, probably because of its central location on the NTS where seepage of
the radioactive noble gases from past underground nuclear detonations is
suspected.

18




B Tonopah

Nellis
Air Force
Range

B Rachel B Hiko
M Alamo

\\
N\
\Beatty-
N\
Lathrop Wells|l}
Indian Springs
Overton B
N\
‘ BLas Vegas |
N B Pahrump §
Scale in Miles
0 10 20 30 40 80
0 10 20 30 40 50 60 70 80 Nevada
3/82 Scale in Kilometers
B Noble Gas & Tritium Sampling Locations Nevada Test Site &
Nellis Air Force Range
Location
Map

Figure 5. Noble Gas and Tritium Surveillance Network sampling locations.

19



Frequency - No.
N W '
© O

-
o

25 30 35 40

85KR - pCi/m3

10 15 20

Figure 6. Frequency distribution of krypton-85 concentration
in air, 1981 data.

TABLE 3. BJY COMPRESSED AIR SAMPLES CONTAINING HIGH CONCENTRATIONS

Collection Period Concentration - pCi/m3

Date and Time ON Date and Time OFF Xe-133 Kr-85
02/18 1200 02/24 1025 <20 37 +3
03/24 1500 08/31 1500 1,500 + 22 35 +£3
09/08 1342 09/12 0815 26 + 9 39 £ 6
09/12 0815 09/14 1500 310 + 25 (Lost)
+ 10 25 + 4

11/17 1335 11/23 1505 340
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As shown in Table 4 and Figure 7, the average concentration of krypton-85
for the whole network has gradually increased since sampling began in 1972.
This increase, observed at all stations, reflects the worldwide increase in
ambient concentrations resulting from the increased use of nuclear technology.
The rate of increase of ambient krypton-85 concentration seems to have
accelerated in 1981. This is consistent with projections (Bernhardt, et al.,
1973) of rapidly increasing concentrations. However, the measured network
average in 1981 is only about 25 percent of the projected value of 99 pCi/m .
Since nuclear fuel reprocessing is the primary source of krypton-85, the
decision of the United States to defer fuel reprocessing may be one reason why
krypton-85 levels have not increased as fast as predicted.

Using published data for krypton-85 concentration in air (NCRP 1975) and
the data from our network (Table 4), the change over time was plotted as shown
in Figure 7. Linear correlation analysis indicates that the krypton concen-
%gggion/time relation is pCi/m3 = 5.8 + 0.8 t where t is number of years after

As in the past, tritium concentrations in atmospheric moisture samples
from the of f-NTS statjons were generally below the minimum detectable concen-
tration (MDC) of about 400 pCi/L water {Appendix Table E-3). The tritium
concentrations observed at of f-NTS stations were considered to be representa-
tive of environmental background. Several stations on the test site had
tritium concentrations consistently above background; the concentration
averages for Area 15, BJY, and Area 12 were approximately 10 times the average
for the offsite stations but were still less than 0.0l percent of the appro-
priate CG.

The distribution of all the measurements of tritium in atmospheric
moisture for the whole network consisted of possibly two lognormal
distributions with different means and standard deviations. Al1l the tritium
concentrations above background were measured in samples collected at the
onsite stations. The geometric mean of the tritium concentrations for all
offsite stations was evaluated as 170 pCi/L of moisture, which is below the
minimum detectable concentration of about 400 pCi/L. The geometric standard
‘deviation for the mean was determined to be 1.72.

Long-term_Hydro1ogica] Monitoring Program

Network Design--

A major pathway for transport of radionuclides to individuals is potable
water. This program monitors possible radioactive contamination of potable
water sources. The design is for a system to monitor the aquifers underlying,
and surface waters on or near, sites where nuclear explosions have occurred.
For aquifers, monitoring is limited by the availability .of wells that tap
those sources. For the sites considered herein, a suitable number of wells is
present so that sufficient monitoring data are obtained.

The monitored locations for the NTS and nearby offsite areas are shown in
Figures 8 and 9. For Projects Cannikin, Longshot and Milrow in Alaska; for
Projects Rio Blanco and Rulison in Colorado; for Projects Dribble and Miracle
Play in Mississippi; for Projects Faultless and Shoal in Nevada; and for
Projects Gasbuggy and Gnome in New Mexico, the sampling locations are shown in
Figures E-1 through E-12 in Appendix E.
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TABLE 4. ANNUAL AVERAGE KRYPTON-85 CONCENTRATIONS IN AIR, 1972-1981

85Ky Concentrations (pCi/m3)

Sampling

Locations 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

Alamo, NevT -- -- -- -- -- -- -- -- -- 27
Beatty, Nev. 16 16 17 19 20 20 20 19 21 24
Diablo and 16 16 17 18 19 19 20 19 21 24
Rachel, Nev.¥

Hiko, Nev. 16 16 17 17 17 19 20 19 21 24
Indian Springs, - - -- 20 20 20 20 19 21 24
Nev.

NTS, Mercury, Nev. 16 16 18 18 19 20 20 19 21 23
NTS, Area 51, Nev. 16 16 17 18 20 19 20 19 21 24

NTS, BJY, Nev. 17 18 19 19 20 21 22 21 23 26
NTS, Area 12, Nev. 16 16 18 18 20 19 20 19 21 24
Tonopah, Nev. 16 16 18 17 19 19 20 18 21 25
Las Vegas, Nev. 16 16 17 18 18 20 20 -~ -- 24

Death Valley Jct., 16 15 18 17 20 20 20 19 -- --
Calif.*

NTS, Area 15, Nev. -- -- -- -- -- -- -- 19 21 25
NTS, Area 400, Nev. -- -- -- -- -- -- -- 18 21 23
Lathrop Wells, Nev. -- -- -- -~ -- -- -- 19 22 24
Pahrump, Nev.t -- -- -- -- -- -- -- -- -- 23
Overton, Nev.” -- -- ~- -- -- -- -- -- -- 26

Network Average 16 16 18 18 19 20 20 19 21 24

*Removed 1979
*New stations
Station at Diablo was moved to Rachel in March 1979.

Methods--

At each sampling location, four samples are collected. Two samples are
collected in 500-mL glass bottles; one is used for tritium analysis and the
other stored for use as a duplicate sample or to replace the original sample
if it is lost in analysis. Two 3.5-L samples are filtered through 10 cm
diameter membrane filters into cubitainers and acidified with HNO3. One
sample and the filter are gamma-scanned, the other sample is stored for
duplicate analysis or for re-analysis as required.

Tritium and gamma spectrometric analyses are described in Appendix B. If

the tritium concentration detected by the conventional analysis is less than
700 pCi/L, then the sample is reanalyzed using the enrichment method.
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Figure 7. Trend in annual average krypton-85 concentration.

Results--

Table 5 lists the locations at which water samples were found to contain
man-made radioactivity. Radioactivity in samples collected at these locations
has been reported in previous years, except for Wells LRL-7 and DD-1, which
were added to the program this year. The data for all samples analyzed are
compiled in Appendix Tables E-6 through E-9 together with the percent of the
relevant CG listed in Appendix D.

None of the radionuclide concentrations found at the locations listed in
Table 5 are expected to result in radiation exposures to residents in the
areas where the samples were collected. Well UE7NS is located on the NTS and
is not used for drinking water.

USGS Wells 4 and 8, which were contaminated with the reported nuclides
during tracer studies years ago, are on private land at the Project Gnome site
in New Mexico and are closed and locked to prevent their use. Well DD-1
enters the Gnome cavity, to which Well LRL-7 is connected by a shaft for the
disposal of contaminated soil and salt. As a result, both of these wells were-
expected to produce contaminated water.

The Project Dribble wells in Mississippi are about 1 mile from the
nearest residence and are not sources of drinking water.

The shallow wells at the Project Long Shot site on Amchitka Island in
Alaska are in an isolated location and are not sources of drinking water.
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TABLE 5. WATER SAMPLING LOCATIONS WHERE SAMPLES CONTAINED

MAN-MADE RADIOACTIVITY

% of
Type of Concentration Conc.
Sampling Location Radioactivity (pCi/L) Guide
NTS (Nev.)
Well UE7NS 3y 1,000-1,700 0.06
PROJECT GNOME (N. Mex.)
USGS Well 4 3y 400,000 13
90g) 8,300 3,000
137¢g 27 0.2
USGS Well 8 3y 340,000 11
gy 3,400 1,000
137¢s 67 0.3
Well LRL-7 93H 39,000 1
133Sr 870 300
Cs 350 2
Well DD-1 3y 18 x 10 6,000
I0g). 310,000 100,000
137¢c 900,000 5,000
PROJECT DRIBBLE (Miss.)
Half Moon Creek Overflow 3H 830 0.03
Well HMH-1 through 11 3y 29-12,000 0.04
Well HM-S 34 28,000 0.9
Well HM-L 3y 2,700 0.09
REECo Pit Drainage-B 3H 2,500 0.08
PROJECT LONG SHOT (Alaska)
3
Well WL-2 H 290 <0.01
Well GZ, No. 1 JH 4,200 0.01
Well GZ, No. 2 H 240 <0.01
Mud Pit No. 1 H 530 0.02
Mud Pit No. 2 oH 850 0.03
Mud Pit No. 3 H 1,400 0.05
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No gamma-emitting radionuclides were detected in any sample by gamma
spectrometry analysis, except for USGS Well 8, Well LRL-7, and Well DD-1, at
the Project Gnome Site which were contaminated with Cs-137 many years ago.
The minimum detectable concentration for Cs-137 is about 10 pCi/L. (The
Cs-137 in the sample from USGS Well 4 is attributed to contamination of the
sampling gear, it has never been detected in samples collected in the past.)

Milk Surveillance Network

Network Design--
An important pathway for transport of radionuclides to humans is the

air-forage-cow-milk chain. This pathway is monitored by EMSL-LV through
analysis of milk. The design of the network is based on collections from
areas likely to be affected by accidental releases from the NTS as well as
from areas unlikely to be so affected. Additional considerations are: 1) a
complete ring of stations to cover any eventuality, 2) stations at major
milksheds as well as family cows, and 3) availability of milk cows.

Methods--

The network consists of two major portions, locations within 300 km of
the NTS from which samples are collected quarterly (Figure 10) and locations
in all major milksheds west of the Mississippi River from which samples are
collected annually. One exception to the latter portion of the network is
Texas; the State Health Department performs the surveillance of the milksheds
in that State.

The quarterly raw milk samples are collected by EPA monitors in 4-liter
plastic containers (cubitainers) and preserved with formaldehyde. The annual
milk samples are also collected in cubitainers and prese