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Abstract

This report describes the Offsite Radiation Safety Program conducted during 1990 by the Environmental
Protection Agency’s (EPA’s) Environmental Monitoring Systems Laboratory-Las Vegas. This laboratory
operates an environmental radiation monitoring program in the region surrounding the Nevada Test Site
(NTS) and at former test sites in Alaska, Colorado, Mississippi, Nevada, and New Mexico. The surveillance
program is designed to measure levels and trends of radioactivity, if present, in the environment surrounding
testing areas to ascertain whether current radiation levels and associated doses to the general public are in
compliance with existing radiation protection standards. The surveillance program additionally has the
responsibility to take action to protect the health and well being of the public in the event of any accidental
release of radioactive contaminants. Offsite levels of radiation and radioactivity are assessed by sampling
milk, water, and air; by deploying thermoluminescent dosimeters (TLDs) and using pressurized ion chambers
(PICs); and by biological monitoring of animals, food crops, and humans. Personnel with mobile monitoring
equipment are placed in areas downwind from the test site prior to each nuclear weapons test to implement
protective actions, provide immediate radiation monitoring, and obtain environmental samples rapidly after
any occurrence of radioactivity release.

Comparison of the measurements and sample analysis results with background levels and with appropriate
standards and regulations indicated that there was no radioactivity detected offsite by the various EPA
monitoring networks and no exposure above natural background to the population living in the vicinity of the
NTS that could be attributed to current NTS activities. Annual and long-term (10-year) trends were evaluated
in the Noble Gas and Tritium, Milk Surveillance, Biomonitoring, TLD, PIC networks, and the Long-Term
Hydrological Monitoring Program. All evaluated data were consistent with previous data history. No radiation
directly attributable to current NTS activities was detected in any samples. Monitoring network data indicate
the greatest population exposure came from naturally occurring background radiation, which yielded an
average exposure of 123 mrem/yr. Worldwide fallout accounted for about 0.01 mrem/yr. Calculation of
potential dose to offsite residents based on onsite source emission measurements provided by the
Department of Energy (DOE) resulted in a maximum calculated dose of 0.006 mrem/yr. These were
insignificant contributors to total exposure as compared to natural background.
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Abbreviations, Acronyms, Units of Measure,

and Conversions

ABBREVIATIONS and ACRONYMS

ALARA — As Low as Reasonably Achievable

ALl — Annual Limit on Intake

ASN — Air Surveillance Network
ANSI — American National Standards Institute
BLM — Bureau of Land Management
BOMAB — Bottle Mannequin Absorber
CFR — Code of Federal Regulations
CG — Concentration Guide

CMS — Community Monitoring Station
CP-1 — Control Point One

DAC — Derived Air Concentration
DOE — U.S. Department of Energy

DOELAP — Department of Energy,
Laboratory Accreditation Program

DQO — data quality objective
DRI — Desert Research Institute
EML — Environmental Monitoring Laboratory

EMSL-LV— Environmental Monitoring Systems
Laboratory, Las Vegas

EPA — U.S.Environmental Protection Agency

FDA — Food and Drug Administration

Ge(Li) — lithium-drifted germanium diode

GOES — Geostationary Operational
Environmental Satellite

HTO — ftritiated water

ICRP — International Commission on
Radiological Protection

1G — intrinsic germanium

LCL — lower control limit

LTHMP — Long-Term Hydrological
Monitoring Program

Xi

LWL
MDC
MSL
MSN
NCRP

NIST
NGTSN

NTS
ORSP
PIC
QA
QAMS
QcC
RAWS
RCF
SAIC

S.D.
SMSN
SOP
STDMS

TLD
UCL
USGS
UuwL
Vs.

lower working limit

minimum detectable concentration
mean sea level

Milk Surveillance Network

National Council of Radiation
Protection and Measurement
National Institute of Standards

and Technology

Noble Gas and Tritium
Surveillance Network

Nevada Test Site

Offsite Radiological Safety Program
pressurized ion chamber

quality assurance

Quality Assurance Management Staff
quality control

Remote Automatic Weather Station
reference correction factor

Science Applications

International Corporation

standard deviation

Standby Milk Surveillance Network
standard operating procedure
sample tracking data management
system

thermoluminescent dosimeter
upper control limit

U.S. Geological Survey

upper working limit

vVersus



Abbreviations, Acronyms, Units of Measure,

and Conversions (continued)

UNITS OF MEASURE
Bg Becquerel, one disintegration per mo — month
second mR — milliroentgen, 1/1000 roentgen
Cc coulomb mrem  — millirem, 1/1000 rem
°C degrees centigrade mSv — millisievert, 1/1000 sievert
Ci Curie pCi — picocurie, 1/1,000,000,000,000 curie
cm centimeter, 1/100 meter qt — quarter
eV electron volt R — roentgen
°F degrees Fahrenheit rad — unit of absorbed dose, 100 ergs/g
g gram rem — dose equivalent, the rad adjusted for
hr hour biological effect
keV one thousand electron volts Sv — sievert, equivalent to 100 rem
kg kilogram, 1000 grams wk — week
km kilometer, 1000 meters yr — year
L liter B uCi — microcurie, 1/1,000,000 curie
b pound uR — microroentgen, 1/1,000,000
m meter roentgen
meV one million electron volts % — percent
mg milligram, 1/1000 gram + — plus or minus
min minute < — less than
mL milliliter, 1/1000 liter = — equals
= — approximately equals
PREFIXES CONVERSIONS
a atto = 1078 Multiply by To Obtain
f femto = 10 Concentrations
uCifmL. 10° pCi/L
p pico = 107 uCifmL. 10 pCi/m?
n nano = 102 Sl Units
i micro = 10 rad 102 Gray (Gy = 1 Joule/kg)
rem 102 Sievert (Sv)
m milli = 103 pCi 3.7x102 Becquerel (Bq)
mR/yr 2.6 x 107 Coulomb (C)/kg-yr
k kilo = 10°

Xii



List of Elements

ATOMIC ATOMIC

NUMBER SYMBOL NAME NUMBER SYMBOL .NAME
1 H hydrogen 47 Ag silver
2 He helium 48 Cd cadmium
3 Li lithium 49 In indium
4 Be beryllium 50 Sn tin
5 B boron 51 Sb antimony
6 C carbon 52 Te tellurium
7 N nitrogen 53 I iodine
8 0 oxygen 54 Xe xenon
9 F fluorine 55 Cs cesium
10 Ne neon 56 Ba barium
11 Na sodium 57 La lanthanum
12 Mg magnesium 58 Ce cerium
13 Al aluminum 59 Pr praseodymium
14 Si silicon 60 Nd neodymium
15 P phosphorus 61 Pm promethium
16 S sulfur 62 Sm samarium
17 Cl chlorine 63 Eu europium
18 Ar argon 64 Gd gadolinium
19 K potassium 65 Tb terbium
20 Ca calcium 66 Dy dysprosium
21 Sc scandium 67 Ho holmium
22 Ti fitanium 68 Er erbium
23 Vv vanadium 69 Tm thulium
24 Cr chromium 70 Yb ytterbium
25 Mn manganese 71 Lu lutetium
26 Fe iron 72 Hf hafnium
27 Co cobalt 73 Ta tantalum
28 Ni nickel 74 W tungsten
29 Cu copper 75 Re rhenium
30 Zn zinc 76 Os osmium
31 Ga gallium 77 Ir iridium
32 Ge germanium 78 Pt platinum
33 As arsenic 79 Au gold
34 Se selenium 80 Hg mercury
35 Br bromine 81 Ti thallium
36 Kr krypton 82 Pb lead
37 Rb rubidium 83 Bi bismuth
38 Sr strontium 84 Po polonium
39 Y yttrium 85 At astatine
40 Zr zirconium 86 Rn radon
41 Nb niobium 87 Fr francium
42 Mo molybdenum 88 Ra radium
43 Tc technetium 89 Ac actinium
44 Ru ruthenium 90 Th thorium
45 Rh rhodium 91 Pa protactinium
46 Pd palladium 92 U uranium



List of Elements (continued)

ATOMIC

NUMBER SYMBOL NAME
93 Np neptunium
94 Pu plutonium
95 Am americium
96 Cm curium
97 Bk berkelium
98 Cf californium
99 Es einsteinium
100 Fm fermium
101 Md mendelevium
102 No nobelium
103 Lr fawrencium
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1 Introduction

C. A. Fontana

The U.S. Atomic Energy Commission used the Ne-
vada Test Site (NTS), between January 1951 and
January 1975, for conducting nuclear weapons tests,
nuclearrocketengine development, nuclear medicine
studies, and for other nuclear and nonnuclear experi-
ments. Beginning in mid-January 1975, these activi-
ties became the responsibility of the U.S. Energy
Research and Development Administration. Two
years later this organization was merged with other
energy-related agencies to form the U.S. Depart-
ment of Energy (DOE).

Atmospheric weapons tests were conducted peri-
odically at the NTS from January 1951 through
October 1958, followed by a test moratorium which
was in effect until September 1961. Since then all
nuclear detonations at the NTS have been con-
ducted underground, with the expectation of con-
tainment, except for the above ground and shallow
underground tests of Operation Sunbeam and in
cratering experiments conducted under the Plow-
share program between 1962 and 1968.

Priorto 1954, anoffsite radiation surveillance program
was performed by personnel from the Los Alamos
Scientific Laboratory and the U.S. Army. Beginning
in 1954 and continuing through 1970, this program
was conducted by the U.S. Public Health Service.
Since 1970, the U.S. Environmental Protection
Agency (EPA) has operated the Offsite Radiological
Safety Program (ORSP), both in Nevada and at
other nuclear test sites, under interagency agree-
ments with the DOE or its predecessor agencies.

Since 1954, the three major objectives of the offsite
radiation surveillance program have been:

* Measuring and documenting levels and
trends of environmental radiation or radio-
active contaminants in the vicinity of atomic
testing areas.

» Verifying compliance with applicable radia-
tion protection standards, guidelines, and
regulations.

+  Assuring the health and safety of the people
living in the vicinity of the NTS.

Offsite levels of radiation and radioactivity are as-
sessed by gamma-ray measurements using pres-
surized ion chambers and thermoluminescent do-
simeters; by sampling air, water, milk, food crops,
other vegetation, soil, animals; and humans using
biological assay procedures.

Before each nuclear test at the NTS, EPA radiation
monitoring technicians are stationed in offsite areas
most likely to be affected by an airborne release of
radioactive material. These technicians use trucks
equipped with radiation detectors, samplers, and
supplies and are directed by two-way radio from the
control center at the NTS.

Hours before each test, Weather Service Nuclear
Support Office personnel and, if requested, an in-
strumented aircraft gather meteorological data for
use by the Test Controller's Advisory Panelinjudging
the safety of executing the test. A second aircraft
carries radiation detectors. Inthe unlikely eventofa
significant release of radioactivity following a nuclear
weapons test, the equipment on the aircraft enables
rapid sampling and analysis of a radioactive cloud.
Data gathered by the aircraft are used to assist in
deploying field monitoring technicians to downwind
areas, to help determine appropriate protective ac-
tions, and to perform radiation monitoring and envi-
ronmental sampling (EPA88B).

Beginning with operation Upshot-Knothole in 1953,
a report summarizing the monitoring data obtained
from each test series was published by the U.S.
Public Health Service. For the reactor tests in 1959
and the weapons and Plowshare tests in 1962, data
were published only for the tests in which detectable
amounts of radioactivity were measured in an offsite
area. Publication of the summary data for each six-
month period was initiated in 1964. In 1971, the
Atomic Energy Commission implemented a re-
quirement (AEC71), subsequently incorporated into
Department of Energy Order 5484.1 (DOE85), that



each agency or contractor involved in major nuclear
activities provide an annual comprehensive radio-
logical monitoring report. During 1988, Order 5484.1
was superseded by the General Environmental Pro-
tection Program Requirements (Order 5400.1)
(DOEB8S) of the DOE. Each annual report summa-
rizes the radiation monitoring activities of the EPAin
the vicinity of the NTS and at former nuclear testing
areas in the United States. This report summarizes
those activities for calendar year 1990.

Included in this report are descriptions of the perti-
nentfeatures ofthe NTS and its environs; summaries
of the dosimetry and sampling methods; a delinea-
tion of analytical and quality control procedures; and
the results of environmental measurements. Where
applicable, dosimetry and analytical data are com-

pared with appropriate standards and guidelines for
the external and internal exposure of humans to
ionizing radiation.

Although written to meet the terms of the interagency
agreement between the EPA and the DOE as well as
the requirements of DOE Order 5400.1, the data and
information contained in this report should also be of
interest and use to the citizens of Nevada, Utah and
California. State, federal, and local agencies in-
volved in protecting the environment and the health
and well-being of the public, and individuals and
organizations concerned with environmental quality
andthe possible release of radioactive contaminants
into the biosphere, may also find the contents of this
report of interest.



2 Summary

C. A. Fontana and D. J. Chaloud

The primary functions of the ORSP are to conduct routine environmental monitoring for radioactive
materials in areas potentially impacted by nuclear tests and, when necessary, to implement actions
toprotect the public from radiation exposure. Components of the ORSP include surveillance networks
for air, noble gas and tritium, and milk; biomonitoring of meat, game animals, and vegetables;
exposure monitoring by thermoluminescent dosimetry, pressurized ion chambers, and whole body
counting; and long-term hydrological monitoring of wells and surface waters. In 1990, data from all
networks and monitoring programs indicated no radiation directly attributable to current activities
conducted at DOE’s NTS and there was no need for any protective actions to be undertaken. The
highest caiculated (modeled) dose was 6 x 10-* mrem (6 x 10-° mSv) to hypothetical populations living

within 48 miles (80 km) of Control Point One (CP-1).

2.1 OBJECTIVE

“EPA is charged by Congress to protect the nation’s
air and water systems” (EPA89). This policy applies
to exposure of the population to radiation and radio-
active contaminants. To accomplishthese goals and
to ensure compliance with the DOE policy of keeping
radiation exposure of the general public as low as
reasonably achievable (ALARA), the EPA’s Environ-
mental Monitoring Systems Laboratory in Las Vegas
(EMSL-LV) conducts the ORSP around the DOE’s
NTS. This programis conducted under an Interagency
Agreement between EPA and DOE. The main
activity at the NTS is the testing of nuclear devices;
however, other related projects are also conducted.

The principal activities of the ORSP are to: (1)
conduct routine environmental monitoring for radio-
active materials in various media and for radiation in
areas that may be affected by nuclear tests; (2)
implement protective actions in support of the nuclear
testing program; and, (3) gather information to direct
protective actions, where needed. These activities
are conducted to document compliance with stan-
dards, to identify trends, and to provide information
to the public. This report summarizes these activities
for the calendar year 1990.

2.2 AIR SURVEILLANCE NETWORK

In 1990, the Air Surveillance Network (ASN) con-
sisted of 32 continuously operating sampling locations
surrounding the NTS and 78 standby stations, op-
erated one or two weeks each quarter. In 1990,
sampling was conducted at 75 of the 78 standby

stations. Atleastone sampler is located in each state
west of the Mississippi River. No airborne radioac-
tivity related to current nuclear testing atthe NTS was
detected in any sample from the ASN during 1990.
Apart from naturally occurring Be, the only activity
above the minimum detectable concentration (MDC)
detected by this network was #*®Pu in two composite
samples from Rachel and Las Vegas, NV, and 2%+2¢Py
in one composite sample from Austin and Amarillo,
TX. Operation of the ASN and data results are
discussed in Section 4.2.2.

2.3 NOBLE GAS AND TRITIUM
SURVEILLANCE NETWORK

The Noble Gas and Tritium Surveillance Network
(NGTSN) consisted of 16 noble gas and 19 tritium
sampling stations in 1990. No NTS-related activity
was detected at any network sampling station. Asin
previous years, results for xenon and tritium were
typically below the MDC. Krypton results, although
exceeding the MDC, were within the range of values
expected from sampling background levels, as dis-
cussed in Section 4.2.3.

24 MILK SURVEILLANCE NETWORK

The Milk Surveillance Network consisted of 26 loca-
tions within 180 miles (300 km) of the NTS and an
additional 109 standby locations in the contiguous
states west of the Mississippi River, with the excep-
tion of Texas. As discussed in Section 4.2.4, asingle
sample from Boise, ID contained minimally detect-
able amounts of *H and detectable levels of °Sr were
found in samples from two locations (Shoshone, NV



and Ivins, UT). Both the Boise and Ivins samples
were within the expected range of false positive
values. The Shoshone samples indicated concen-
trations were above the MDC inthree of four samples
taken between May and November. Similar results
were notedin 1989 during the same seasonal period,
coinciding with cattle grazing on green forage.

25 BIOMONITORING PROGRAM

Meat, home-grown fruits and vegetables, and game
animals are analyzed in the biomonitoring program.
In 1990, cattle, desert bighorn sheep, mule deer, and
root crop vegetables were analyzed for tritium,
strontium, plutonium, and gamma emitters. As
discussed in Section 4.2.5, most sample results
were less than the MDC. Those samples with
concentrations above the MDC were similarto results
seen in previous years. Detectable levels of 22%+240py
in beets from St. George, UT, were attributed to
incomplete washing of soil from the sample prior to
processing.

2.6 THERMOLUMINESCENT
DOSIMETRY PROGRAM

In 1990, external exposure was monitored by a
network of thermol