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Figure 4-6--Typical RAMs Array for Tunnel Shot (“Mission Cyber,” Dec. 2, 1988)

Surface Locations

●

A total of 41 RAMs (15 above the surface, 26 belowground) are used to monitor the containment of radioactive material from a horizontal
tunnel test.

SOURCE: Modified from Department of Energy.

Thermoluminescent Dosimeter (TLD): When
heated (thermo-), the TLD releases absorbed energy
in the form of light (-luminescent). The intensity of
the light is proportional to the gamma radiation
absorbed, allowing calculation of the total gamma
radiation exposure.

Gamma Radiation Exposure Rate Recorder: A
pressurized ion chamber detector for gamma radia-
tion is connected to a recorder so that a continuous

record of gamma radiation is obtained and changes
in the normal gamma radiation level are easily seen.

Microbarograph: This instrument measures and
records barometric pressure. The data are useful in
interpreting gamma radiation exposure rate records.
At lower atmospheric pressure, naturally occurring
radioactive gases (like radon) are released in greater
amounts from the Earth’s surface and their radioac-
tive decay contributes to total radiation exposure.
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Table 4-2-Summary of Onsite Environmental Monitoring Program

Collection Number
Sample type Description frequency of locations Analysis

Air . . . . . . . . . . . . . . . . . . . . . Continuous sampling through Weekly 44 Gamma Spectroscopy gross beta, Pu-239
gas filter & charcoal cartridge
Low-volume sampling through Biweekly 16 Tritium (HTO)
silica gel
Continuous low volume Weekly 7 Noble gases

Potable water . . . . . . . . . . . . 1-liter grab sample Weekly 7 Gamma Spectroscopy gross beta, tritium Pu-
239 (quarterly)

Supply wells . . . . . . . . . . . . . l-liter grab sample Monthly 16 Gamma Spectroscopy gross beta, tritium Pu-
239 (quarterly)

Open reservoirs . . . . . . . . . . l-liter grab sample Monthly 17* Gamma Spectroscopy gross beta, tritium Pu-
239 (quarterly)

Natural springs . . . . . . . . . . . l-liter grab sample Monthly 9* Gamma Spectroscopy gross beta, tritium Pu-
239 (quarterly)

Ponds (contaminated) . . . . . l-liter grab sample Monthly 8* Gamma Spectroscopy gross beta,tritium Pu-
239 (quarterly)

Ponds (effluent) . . . . . . . . . . l-liter grab sample Monthly 5 Gamma Spectroscopy gross beta, tritium Pu-
239 (quarterly)

External gamma radiation
levels . . . . . . . . . . . . . . . . . Thermoluminescent Semi- 1s3 Total integrated exposure over field cycle

Dosimeters annually

*Not all of these locations were sampled due to inaccessibility or lack of water.
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Figure 4-7-Air Monitoring Stations
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SOURCE: Modified from Environmental Protection Agency.
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The monitoring stations are extremely sensi-
tive; they can detect changes in radiation exposure
due to changing weather conditions. For example,
during periods of low atmospheric pressure, gamma
exposure rates are elevated on the order of 2 to 4
uR/hr because of the natural radioactive products
being drawn out of the ground. To inform the public,
data from the community monitoring stations are
posted at each station and sent to local newspapers
(figure 4-8).

In addition to the 18 community monitoring
stations, 13 other locations are used for the Air
Surveillance Network (shown as circles in figure
4-7) to monitor particulate and reactive gases. The
air surveillance network is designed to cover the area
within 350 kilometers of the Nevada Test Site, with
a concentration of stations in the prevailing down-
wind direction. The air samplers draw air through
glass fiber filters to collect airborne particles (dust).
Charcoal filters are placed behind the glass fiber
filters to collect reactive gases. These air samplers
are operated continuously and samples are collected
three times a week. The Air Surveillance Network is
supplemented by 86 standby air sampling stations
located in every State west of the Mississippi River
(figure 4-9). These stations are ready for use as
needed and are operated by local individuals or
agencies. Standby stations are used 1 to 2 weeks
each quarter to maintain operational capability and
detect long-term trends.

Noble gas and tritium samplers are present at 17
of the air monitoring stations (marked with asterisk
in figure 4-7). The samplers are located at stations
close to the test site and in areas of relatively low
altitude where wind drains from the test site. Noble
gases, like krypton and xenon, are nonreactive and
are sampled by compressing air in pressure tanks.
Tritium, which is the radioactive form of hydrogen,
is reactive but occurs in the form of water vapor in
air. It is sampled by trapping atmospheric moisture.
The noble gas and tritium samplers are in continuous
operation and samples are recovered and analyzed
weekly.

To monitor total radiation doses, a network of
approximately 130 TLDs is operated by EPA. The
network encircles the test site out to a distance of
about 400 miles with somewhat of a concentration in
the zones of predicted fallout (figure 4-10). The TLD
network is designed to measure environmental
radiation exposures at a location rather than expo-

sures to a specific individual. By measuring expo-
sures at fixed locations, it is possible to determine
the maximum exposure an individual would have
received had he or she been continually present at
that location. In addition, about 50 people living near
the test site and all personnel who work on the test
site wear TLD’s. All TLD’s are checked every 3
months for absorbed radiation.

Radioactive material is deposited from the air
onto pastures. Grazing cows concentrate certain
radionuclides, such as iodine-131, strontium-90. and
cesium-137 in their milk. The milk therefore be-
comes a convenient and sensitive indicator of the
fallout. The Environmental Protection Agency ana-
lyzes samples of raw milk each month from about 25
farms (both family farms and commercial dairies)
surrounding the test site (figure 4-11 ). In addition to
monthly samples, a standby milk surveillance net-
work of 120 Grade A milk producers in all States
west of the Mississippi River can provide samples in
case of an accident (figure 4-12). Samples from the
standby network are collected annually.

Another potential exposure route of humans to
radionuclides is through meat of local animals.
Samples of muscle, lung, liver, kidney, blood. and
bone are collected periodically from cattle pur-
chased from commercial herds that graze northeast
of the test site. In addition, samples of sheep, deer,
horses, and other animals killed by hunters or
accidents are used (figure 4-1 3). Soft tissues are
analyzed for gamma-emitters. Bone and liver are
analyzed for strontium and plutonium; and blood/
urine or soft tissue is analyzed for tritium.

A human surveillance program is also carried out
to measure the levels of radioactive nuclides in
families residing in communities and ranches around
the test site (figure 4-14). About 40 families living
near the test site are analyzed twice a year. A
whole-body count of each person is made to assess
the presence of gamma-emitting radionuclides.

GROUNDWATER
About 100 underground nuclear tests have been

conducted directly in the groundwater. In addition,
many pathways exist for radioactive material from
other underground tests (tests either above or below
the water table) to migrate from the test cavities to
the groundwater. To detect the migration of radioac-
tivity from nuclear testing to potable water sources,
a long-term hydrological monitoring program is
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Photo credit: David Graham, 1988

Whole Body Counter, Environmental Protection Agency.

managed by the Environmental Protection Agency elides from underground tests, DOE drilled a test
at the Department of Energy’s direction with advice
on sampling locations being obtained from the U.S.
Geological Survey. Whenever possible, water sam-
ples are collected from wells downstream (in the
direction of movement of underground water) from
sites of nuclear detonations. On the Nevada Test
Site, about 22 wells are sampled monthly (figure
4-15). The 29 wells around the Nevada Test Site
(figure 4-16) are also sampled monthly and analyzed
for tritium semiannually.

well near a nuclear weapons test named ‘‘Cambric.
Cambric had a yield of 0.75 kilotons and was
detonated in a vertical drill hole in 1965. A test well
was drilled to a depth of 200 feet below the cavity
created by Cambric. It was found that most of the
radioactivity produced by the test was retained
within the fused rock formed by the explosion,
although low concentrations of radioactive material
were found in the water at the bottom of the cavity.
A satellite well was also drilled 300 feet from the

The flow of groundwater through the Nevada Test cavity. More than 3 billion gallons of water were

Site is in a south-southwesterly direction. The flow pumped from the satellite well in an effort to draw
speed is estimated to be about 10 feet per year, water from the region of the nuclear explosion. The
although in some areas it may move as fast as  600 only radioactive materials found in the water were
feet per year. To study the migration of radionu- extremely small quantities (below the permitted

15SW  ‘ 6 Radjonu~]jdc  Migralion In Groundwtimr ~1 NTS, ” U.S. Depanmcnt  of Energy, Septcmber,  1987.
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Figure 4-8-Sample Press Release

Alamo, NV

COMMUNITY RADIATION MONITORING REPORT

Dell Sullivan, Manager of the Community Radiation Monitoring Station in
Alamo, NV reported the results of the radiation measurements at this station
for the period July 11 to July 20, 1988. The average gamma radiation exposure
rate recorded by a Pressurized Ion Chamber at this station was 13.0
microroentgens* per hour as shown on the chart.

AVERAGE GAMMA RADIATION EXPOSURE RATE
RECORDED ON THE PRESSURIZED ION CHAMBER AT
ALAMO, NV, DURING THE WEEK ENDING JULY 20, 1988

o 10 20 30
Microroentgens Per Hour

The averages of the 16 Community Monitoring Stations operated for the
Environmental Protection Agency, Department of Energy and the Desert
Research Institute varied from 6.2 microroentgens per hour at Las Vegas, NV
to 20.2 microroentgens per hour at Austin, NV. All of the rates for the past week
were within the normal background range for the United States as shown on the
accompanying chart. Environmental radiation exposure rates vary with
altitude and natural radioactivity in the soil. Additional information and
detailed data obtained from Community Radiation Monitoring Network
Stations, including an annual summary of the results from all monitoring
around the Nevada Test Site, can be obtained from Mr. Sullivan (702) 725-3544
or by calling Charles F. Costa at the EPA in Las Vegas (702) 798-2305.

“The roent en is a measure of exposure to X or gamma radiation. A microroent  en is 1
f 5millionth o a roentgen. For comparison, one chest x-ray results in an exposure of 1 ,000 to

20,000 microroentgens.
t Sum Of cosmic PIUS tefiestrial dose rates in air in the U.S.(PP3’7,42, BEIR ~~~, 1980).

Example of community radiation monitoring report that is posted at each monitoring station and sent to the press.

SOURCE. Environmental Protection Agency.
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Figure 4-9-Standby Air Surveillance Network Stations
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86 standby air surveillance stations are available and samples are collected and analyzed every 3 months to maintain a data base.

SOURCE: Modified from Environmental Protection Agency,

level for drinking water) of krypton-85, chlorine-36,
ruthenium-106, technetium-99 and iodine-1 29.

Radioactive material from nuclear testing moves
through the groundwater at various rates and is
filtered by rock and sediment particles. Tritium,
however, is an isotope of hydrogen and becomes
incorporated in water molecules. As a result, tritium
moves at the same rate as groundwater. Tritium is

therefore the most mobile of the radioactive materi-
als. Although tritium migrates, the short half-life of
tritium (12.3 years) and slow movement of the
groundwater prevents it from reaching the Test Site
boundary. No analysis of groundwater has ever
found tritium at a distance greater than a few
hundred meters from some of the old test sites. None
of the water samples collected outside the bounda-
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Figure 4-10-Locations Monitored With Thermoluminescent Dosimeters (TLDs)
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One hundred thirty locations are monitored with TLDs. All TLDs are checked every 3 months for absorbed radiation.

SOURCE: Modified from Environmental Protection Agency.

ries of the test site has ever had detectable levels of groundwater contamination offsite of the Nevada
radioactivity attributable to the nuclear testing Test Site.
program. An independent test of water samples from
around the test site was conducted by Citizen Alert
(Reno, Nevada) at 14 locations (table 4-3).

MONITORING CAPABILITY
The combination of: 1) the monitoring system

Citizen Alert found no detectable levels of tritium deployed for each test, 2) the onsite monitoring
or fission products in any of their samples. With- system run by DOE, and 3) the offsite monitoring
standing any major change in the water table, there system run by EPA, forms a comprehensive detec-
currently appears to be no problem associated with tion system for radioactive material. There is
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Figure 4-11-Milk Sampling Locations
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Samples of raw milk are collected each month from about 25 farms surrounding the test site.

SOURCE’ Modified from Environmental ProtectIon Agency
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Figure 4-12-Standby Milk Surveillance Network

All major milksheds west of the Mississippi River are part of the standby milk surveillance network.
Samples are collected and analyzed annually.

SOURCE: Modfmd  from Environmental Protection Agency

essentially no possibility that a significant release
of radioactive material from an underground
nuclear test could go undetected. Similarly, there
is essentially no chance that radioactive material
could reach a pathway to humans and not be
discovered by the Environmental Protection Agency.
Allegations that a release of radioactive material
could escape from the test site undetected are based
on partial studies that only looked at a small portion
of the total monitoring system. 16 Such criticisms are
invalid when assessed in terms of the total monitor-
ing system.

The radiation monitoring system continues to
improve as new measurement systems and tech-
niques become available and as health risks from
radiation become better understood. Assuming that

the monitoring effort will continue to evolve, and
that such issues as the migration of radioactive
material in groundwater will continue to be aggres-
sively addressed, there appear to be no valid criti-
cisms associated with the containment of under-
ground nuclear explosions. This is not to say that
future improvement will not be made as experience
increases, but only that essentially all relevant
suggestions made to date that increase the safety
margin have been implemented.

Public confidence in the monitoring system suf-
fers from a general lack of confidence in the
Department of Energy that emanates from the
environmental problems at nuclear weapons produc-
tion facilities and from the radiation hazards associ-
ated with past atmospheric tests. In the case of the

1%x  for example, ‘‘A review of off-si[c  cnvironmcrmd monitoring of tic Nevada Test Site,’ Bcmd Franke, Health Effcm of Underground Nuclear
Tests, Oversight Hearing before the Subcomml[me  on Energy and the Environment of the Committee on Interior and Insular Affairs, House of
Repre.senta[ives,  Sep!. 25, 1987, Scr]al  No. 1[)0-?5, pp. 120-144.
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Figure 4-13-Collection Site for Animals Sampled In 1987

Bighorn Sheep

❑ Mule Deer

Nevada Test Site

Depending on availability, an assortment of animals are analyzed each year.

SOURCE Modified from Environmental Protection Agency.
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Table 4-3-Citizen Alert Water Sampling Program

Location Type of Sample

Springdale Ranch Well (hose)
Barley Hot Springs Stream
3 mi. south of Flourspar Canyon Amargosa River
Lathrop Wells Spigot at gas station
Point of Rock Spring, Ash Meadows Pond
Devils Hole, Ash Meadows Pool
Shoshone, CA Stream
Amargosa Junction Well (hose)
Goldfield Well (spigot at gas station)
Moore’s Station Pond
Six Mile Creek Stream
Tybo and Route 6 (DOE facility) Well (tap)
Hot Creek and Route 6 Stream
Blue Jay Well (hose)
SOURCE: Citizen Alert, 1988

underground nuclear testing program, this mistrust
is exacerbated by the reluctance on the part of the
Department of Energy to disclose information con-

cerning the nuclear testing program, and by the
knowledge that not ail tests that release radioactive
material to the atmosphere (whatever the amount or
circumstances) are announced. This has led to
allegations by critics of the testing program that:

. . . the Energy Department is continuing its misin-
formation campaign by refusing to disclose the size
of most underground tests, by hushing up or
downplaying problems that occur and by not an-
nouncing most tests in advance, thereby leaving
people downwind unprepared in the event of an
accidental release of radioactive materials. 17

Such concern could be greatly mitigated if a
policy were adopted such that all tests were an-
nounced, or at least that all tests that released any
radioactive material to the atmosphere (whatever the
amount or circumstances) were announced.

Figure 4-14-Locations of Families in the Offsite Human Surveillance Program

Nevada
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Figure 4-15-Well Sampling
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Figure 4-16-WelI Sampling Locations Offsite
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31 wells around the Nevada Test Site are sampled twice a year.

SOURCE: Modified from Department of Energy.
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Related OTA Report

. Seismic Verification of Nuclear Testing Treaties.
OTA-ISC-361, 5/88; 139 pages. GPO stock #052-003-01 108-5; $7.50.
NTIS order #PB 88-214 853/XAB.
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