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EXECUTIVE SUMMARY

2007 RADIOLOGICAL DOSE TO THE PUBLIC MEETS FEDERAL STANDARD

The Nevada Test Site (NTS) is operated by the U.S. Department of Energy, National Nuclear
Security Administration Nevada Site Office. From 1951 through 1992, the NTS was operated as
the nation’s site for nuclear weapons testing. The release of man-made radionuclides from the
NTS as a result of testing activities has been monitored since the first decade of atmospheric
testing. After 1962, when nuclear tests were conducted only underground, the radiation
exposure to the public surrounding the NTS was greatly reduced. After the 1992 moratorium on
nuclear testing, radiation monitoring on the NTS focused on detecting airborne radionuclides
which come from historically contaminated soils resuspended into the air (e.g., by winds) and
tritium-contaminated soil moisture emitted to the air from soils through evapotranspiration.

To protect the public from harmful levels of man-made radiation, the Clean Air Act, National
Emission Standards for Hazardous Air Pollutants (NESHAP) (Title 40 Code of Federal
Regulations [CFR] Part 61 Subpart H) limits the release of radioactivity from a U.S. Department
of Energy facility (e.g., the NTS) to 10 millirem per year (mrem/yr) effective dose equivalent to
any member of the public. This is the dose limit established for someone living off of the NTS
from radionuclides emitted to air from the NTS. This limit does not include the radiation doses
that members of the public may receive through the intake of radioactive particles unrelated to
NTS activities, such as those that come from naturally occurring elements in the environment
(e.g., naturally occurring radionuclides in soil or radon gas from the earth or natural building
materials), or from other man-made sources (e.g., medical treatments).

The NTS demonstrates compliance using environmental measurements of radionuclide air
concentrations at critical receptor locations. This method was approved by the U.S.
Environmental Protection Agency for use on the NTS in 2001 and has been the sole method
used since 2005. There are six critical receptor locations on the NTS that are actually pseudo-
critical receptor locations because they are hypothetical receptor locations; no person actually
resides at these onsite locations. Annual average concentrations of detected radionuclides are
compared with Concentration Levels (CL) for Environmental Compliance values listed in 40
CFR 61, Appendix E, Table 2. Compliance is demonstrated if the sum of fractions (CL /
measured concentrations) of all detected radionuclides at each pseudo-critical receptor location
is less than one.

In 2007, as in all previous years for which this report has been produced, the NTS has
demonstrated that the potential dose to the public from radiological emissions to air from current
and past NTS activities is well below the 10 mrem/yr dose limit. Air sampling data collected
onsite at each of the six pseudo-critical receptor stations on the NTS had average
concentrations of nuclear test-related radioactivity that were a fraction of the limits listed in
Table 2 in Appendix E of 40 CFR 61. They ranged from less than 1 percent to a maximum of
20 percent of the allowed NESHAP limit. Because the nearest member of the public resides
approximately 20 kilometers (12 miles) from the NTS boundary, concentrations at this location
would be only a small fraction of that measured on the NTS.
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SECTION |
FACILITY INFORMATION

SITE DESCRIPTION

The Nevada Test Site (NTS) is operated by the U.S. Department of Energy, National Nuclear
Security Administration Nevada Site Office (NNSA/NSO) as the site for experiments in support
of the national Stockpile Stewardship Program and the activities listed below. Located in Nye
County, Nevada, the site’s southeast corner is about 105 kilometers (km) (65 miles [mi])
northwest of the major population center, Las Vegas, Nevada. The NTS covers about 3,561
square kilometers (km?) (1,375 square miles [mi?]), an area larger than Rhode Island. Its size is
46 to 56 km (28 to 35 mi) east to west and from 64 to 88 km (40 to 55 mi) north to south. The
NTS is surrounded, except on the south side, by public exclusion areas (Nevada Test and
Training Range [NTTR]) that provide another 24 to 104 km (15 to 65 mi) between the NTS and
public lands (Figure 1.0). The NTS is characterized by desert valley and Great Basin mountain
topography, with a climate, flora, and fauna typical of the southwest deserts. Population density
within 80 km (50 mi) from the NTS boundary is about 1.0 person/km? (2.6 persons/mi?).
Restricted access, low population density in the surrounding area, and extended wind transport
times are advantageous factors for the activities conducted at the NTS. Surface waters are
limited to perched springs and ephemeral lakes on the NTS, and slow-moving groundwater is
present hundreds to thousands of feet below the land surface.

SOURCE DESCRIPTION

The sources of radionuclides include current and previous activities conducted on the NTS
(Figure 2.0). The NTS was the primary location for testing of nuclear explosives in the
Continental U.S. between 1951 and 1992. Historical testing has included (1) atmospheric
testing in the 1950s and early 1960s, (2) underground testing between 1951 and 1992, and
(3) open-air nuclear reactor and rocket engine testing (U.S. Department of Energy [DOE],
19964a; 2008). No nuclear tests have been conducted since September 23,1992 (DOE, 2000).
Radionuclides remaining on the soil surface in some NTS areas after several decades of
radioactive decay have the potential to become re-suspended into the atmosphere at
concentrations that can be detected by onsite air sampling stations. This report and those
produced since 1992, have shown that these airborne radionuclides are well within the limit
established by the Clean Air Act, National Emission Standards for Hazardous Air Pollutants
(NESHAP) of 10 millirem per year (10 mrem/yr) from NTS sources.

Limited non-nuclear testing includes spills of hazardous materials at the Non-Proliferation Test
and Evaluation Complex, private technology development, demilitarization activities, and site
remediation activities.

Programs and activities involving radioactive materials include laboratory analyses; handling,
transport, storage, and assembly of radioactive targets for the Joint Actinide Shock Physics
Experimental Research (JASPER) gas gun; conducting subcritical experiments at U1a; pulsed
neutron generator activities at the Dense Plasma Focus (DPF) Facility; and operation of
radioactive waste management sites (RWMSs) for low-level radioactive and mixed waste (DOE,
1996a). Monitoring and evaluation of the various activities conducted onsite indicate that the
potential sources of offsite radiation exposure in calendar year (CY) 2007 were releases from
(1) diffuse sources of tritium (*H) and re-suspension of plutonium (**Pu and *****°Pu) and
americium (**'Am) at the sites of past nuclear tests; (2) evaporation of tritiated water (HTO) from
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Figure 1.0 Map of the NTS and Surrounding Populated Area




National Emission Standards
for Hazardous Air Pollutants Calendar Year 2007

Figure 2.0 Sources of Radioactive Contamination and Air Sampling Network on the NTS
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ponds, such as the E Tunnel ponds in Area 12, water ponding from the Underground Test Area
(UGTA) Project pumping wells used to characterize the aquifers at the sites of past
underground nuclear tests, and a sewage lagoon in Area 5 in which water containing low
concentrations of tritium from Building A-1 at the North Las Vegas Facility (NLVF) was
disposed; (3) the Area 3 and Area 5 RWMS facilities; and (4) onsite radioanalytical laboratories.
It is improbable that radioactive emissions would be released into the atmosphere during the
preparation and performance of subcritical experiments at U1a due to their deep underground
location and the small amount of radioactive materials involved. The following sections present
a general description of the present emission sources on the NTS and at the NLVF.

North Las Vegas Facility

At the NLVF, parts of the Building A-1 basement were contaminated with tritium by a previous
contractor in 1995. The incident involved the release of tritium as HTO. This unusual occurrence
led to a very small potential exposure (<0.001 mrem/yr) to an offsite person. The HTO emission
has continued at lower levels (re-emanation from building materials), even after cleanup
activities in November and December 1997. A description of the incident and the potential
effective dose equivalent (EDE) for offsite exposure during CY 2007 are presented in

Appendix A.

Tunnel Operations

Nuclear explosive tests have been conducted within tunnel complexes mined into the Rainier
Mesa region (Area 12) and in Areas 15 and 16. When these tests were conducted, purging
gases from the tunnels occasionally resulted in releases of radioactivity, and contaminated
water drained from the tunnels into containment ponds (Energy Research and Development
Administration, 1977). No nuclear testing activities have occurred since 1992.

Ponds

Water contaminated with radionuclides seeped from the tunnels in Area 12 and was collected in
ponds resulting in water evaporation and seepage into the soil. The tunnels have been sealed,
but water continues to seep from E Tunnel. The only radiological contaminant which produces

a measurable air emission from evaporation of the water is tritium (as HTO). Calculation of the

source term for this emission is described in Appendix B.

To characterize the groundwater regime under the NTS, suitable wells are being drilled and
existing wells re-completed in the vicinity of certain underground tests and at other locations on
the NTS, as determined by hydrologists. During these drilling operations, if the tritium level
exceeds 4 x 10° picocuries per liter, contaminated water is pumped from the wells and diverted
to lined containment ponds, as required by the State and explained in the Underground Test
Area Program Waste Management Plan (DOE, 2002). During CY 2007, water containing tritium
was pumped from wells RNM #1, RNM #2S, and U-3cn PS #2. Calculations of the tritium
emissions from this source are described in Appendix B.

In the basement of Building A-1 in the NLVF, a vacant radiation source well used in the past for
calibrating radiation instruments had been filling with water due to the soil bottom in the well and
a rise in the ground water level. Concentrations of tritium found in the water from this source
well were attributed to the tritium contaminating incident at the NLVF in 1995. A representative
of the state of Nevada was informed of the problem and approved the disposal of the water by
evaporation with evaporative coolers outside the north side of Building A-1 and by disposal in
the Area 5 Sewage Lagoon at the NTS when the evaporative coolers were not effective. The

4
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tritium emissions from the evaporative coolers and the Area 5 Sewage Lagoon are estimated in
Appendices A and B, respectively.

Laboratories

Radiological analyses were conducted in laboratories located in Area 23 Buildings 650 and 652
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used the deuterium-tritium D(t,n)4He reaction. A 2006 NESHAP evaluation of a maximum
release of 2 kilocuries of tritium gas from this facility resulted in an estimated EDE to a
maximally exposed individual (MEI) of 0.86 microrem (urem)/yr. Operations during 2007
released a small fraction of the potential maximum to air. The tritium emission from this source
is described in Appendix C.

Surface Areas Contaminated with Tritium, Plutonium, or Americium

Tritium emanation from the cratering tests Sedan and Schooner was detectable in atmospheric
moisture samples collected on molecular sieves by special air samplers. Derivation of the
tritium emissions for these locations is described in Appendix D.

Surface soils in some areas on the NTS were contaminated with plutonium and/or tritium from
either nuclear device safety, atmospheric, or cratering tests, using nuclear explosives. An
investigation of these areas during the Nevada Applied Ecology Group studies, updated by the
Desert Research Institute (DOE, 1991), developed an inventory of radionuclides (Table 1.0).
The inventory is an estimate of the curies (Ci) of each radionuclide in surface soil (within 0-30
centimeters [cm] of the surface, most activity in the top 5 cm) within each study area.

Table 1.0 Inventory of **Am, #**pu, and
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These contaminated areas on the NTS could become sources of radionuclide exposure to the
public if the soils were to be re-suspended, e.g., during windy conditions, surface cleanup,
construction, vehicular travel, or similar activities. Figure 2.0 shows the approximate locations
of the contaminated areas based upon an aerial survey conducted in 1994. These areas are
considered diffuse sources of radioactive emissions. The derivation of the radioactive
emissions for these NTS contaminated areas is explained in Appendix E.

Environmental Restoration Projects

Under the Federal Facility Agreement and Consent Order (FFACO) between the DOE, the U.S.
Department of Defense, and the state of Nevada (FFACO, 1996), radioactive soil contamination
generated by historical NTS activities is addressed. Two surface areas northwest of the NTS on
the NTTR including the Tonopah Test Range have had partial source removal, resulting in a
decrease in the offsite EDE. These surface areas are DOUBLE TRACKS, remediated in 1996,
and CLEAN SLATE | in 1997. The monitoring plan for such activities required continuous air
sampling before, during, and after cleanup operations until the concentration in air returned to
background levels. In 2000, NNSA/NSO suspended air monitoring and will not resume until
active remediation efforts begin again. During 2007, no further remediation work or air
monitoring was conducted in these areas.

Environmental restoration projects that involved the removal and haulage of materials and soil
containing low concentrations of radioactivity were evaluated for potential radionuclide
emissions to air and potential dose offsite. These are performed in accordance with 40 CFR 61,
Subpart H requirements. Summaries of evaluations performed in 2007 can be found in
Appendix F. The results of these evaluations showed radioactive emissions much less than the
quantity of that would result in an offsite dose of 0.1 mrem/yr. Only emissions for radionuclides
producing the majority of the dose, ?*'Am and #**?*°Py in particular, were included in the Source
Type category, “Miscellaneous Projects,” shown in Table 2.0.

Borehole Management Project

The current primary objective of the Borehole Management Project is to plug and abandon NTS
legacy boreholes for which there is no future use. During the course of executing the field work,
there is a potential for encountering radiological contamination that may become airborne.
Operations during 2007 did result in a measurable emission of radioactivity, all of which was
considered #°Pu and is included in the Source Type category, “Miscellaneous Projects,” shown
in Table 2.0.

Research and Construction Projects
Multiple research projects are conducted on the NTS that involve the use of radioactive sources.

The vast majority of these use sealed sources and no emissions are produced. In 2007 no
special projects were conducted in which a release of radionuclides occurred.
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SECTION I
AIR EMISSIONS DATA

Each potential source of NTS emissions was characterized by one of the following methods:
(1) monitoring methods using procedures previously developed at the NTS; (2) measuring
radionuclide inventory in laboratories and identifying losses of radionuclides that were released
to the environment; (3) measuring tritiated water concentrations in liquid effluents discharged to
containment ponds and assuming all the effluent evaporates over the course of the year to
become an air emission; (4) using re-suspension calculations; and (5) using a combination of
environmental measurements and the Clean Air Package 1988 (CAP88-PC) air dispersion
model (EPA, 2006) to calculate the emissions. According to 40 CFR 61.93 (b)(4)(ii) (CFR,
2002), no credit was taken for pollution control equipment in determining air emissions. The
emissions for NESHAP reporting are listed in Table 2.0. These emissions are conservative
(worst-case). Appendices A through E describe the methods used to determine the emissions
from the sources listed in Table 2.0.

Table 2.0 Summary of Annual Air Emissions Data by Source® (Multiply Ci by 37 to
obtain gigabecquerels [GBq])

Type of Distance to Annual
Emissions Nearest Member of Quantity
Source Type Control the Public Nuclide (C)
Point Sources
Building 650, Area 23 None 5.5 km (3.4 mi) °H 0.000011
Building A-1, NLVF @ None 0.1 km (0.06 mi) *H 0.012
DPF Facility None 36 km (22 mi) *H 120
Area Sources
E Tunnel Ponds None 50 km (31 mi) SH® 9.3
RWMS-3 (Area 3) None 47 km (29 mi) SH© 96
RWMS-5 None 36 km (22 mi) SH© 3.9
Schooner None 20 km (12 mi) SH© 69
Sedan None 50 km (31 mi) SHE 250
Well RNM #1 None 22 km (14 mi) SH® 0.000052
Well RNM #2S None 22 km (14 mi) SH® 0.045
Well U-3cn PS #2 None 49 km (30 mi) 3H®) 0.12
Area 5 Sewage Lagoon None 36 km (22 mi) SH®) 0.0003
Miscellaneous Projects None 20-60 km (12-37 mi) 28py(@ 0.0039
Miscellaneous Projects None 20-60 km (12-37 mi) 239+240p (@) 0.031
Miscellaneous Projects None 20-60 km (12-37 mi) 2Am @ 0.00034
Grouped Area Sources
Al NTS Areas None 20-60 km (12-37 mi) #Am® 0.047
All NTS Areas None 20-60 km (12-37 mi) 238py(©) 0.050
All NTS Areas None 20-60 km (12-37 mi) 239+240p () 0.29

(
(
(
(d
(

a) All locations are at the NTS except Building A-1, in North Las Vegas.
c

9

b) Emission based on tritiated water discharged into containment pond(s) or on the ground.
) Emission based on environmental surveillance results and CAP88-PC software
) Sum of emissions estimates; see Appendix F for individual activity estimates.

e) Sum of emissions estimated from re-suspension model; see Table E.1 for individual area estimates
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A summary of the NTS total CY 2007 emissions for NESHAP reporting, by radionuclide, is
provided in Table 3.0.

Table 3.0 Total Estimated NTS Emissions for CY 2007 (Multiply Ci by 37 to obtain GBQ)

Radionuclides

2007 Total Quantity (Ci)

*H
241Am

238Pu

239+240F,u

550
0.047
0.054

0.32

Note:

This table includes conservative point and diffuse source release estimates.

10
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SECTION llI
DOSE ASSESSMENTS

DOSE ASSESSMENT METHOD

The NTS demonstrates compliance with dose limits using environmental measurements of
radionuclide air concentrations near the NTS borders and near areas of known potential
sources of radionuclide emissions. This critical receptor method was approved by EPA Region
IX for use on the NTS in 2001 (EPA, 2001) and has been the sole method used to demonstrate
compliance since 2005. The six critical receptor locations listed below and displayed in

Figure 2.0 were approved.

Area 6, Yucca

Area 10, Gate 700

Area 16, Substation 3545
Area 20, Schooner

Area 23, Mercury Track
Area 25, Gate 510

These can be thought of as pseudo-critical receptor locations because no person actually
resides at these onsite locations, but they are used as such to conservatively represent
hypothetical offsite critical receptors.

Compliance with the NESHAP inhalation dose limit to the public of 10 mrem/yr is demonstrated
if the measured annual average concentration of each detected radionuclide at each of these
locations is less than the NESHAP Concentration Levels (CL) for Environmental Compliance.
The CLs represent the annual average concentration of each radionuclide that would result in
an EDE of 10 mrem/yr (see Table 4.0). If multiple radionuclides are detected, then compliance
with NESHAP is demonstrated when the sum of the fractions (determined by dividing each
radionuclide’s concentration by its CL and then adding the fractions together) is less than 1.0.
The comparisons for 2007 air sampling results from the six compliance stations are presented in
Table 4.0.

COMPLIANCE ASSESSMENT

Table 4.0 lists the average concentrations of detected radionuclides and their fraction of the
NESHAP compliance level for each of the six NTS compliance stations. The concentration
average for each detected man-made radionuclide was below three percent of the compliance
levels except for the tritium average at the Schooner sampler station, which was 20 percent of
the compliance level. The average concentration of tritium is high at Schooner because the air
sampler is only 269 meters (m) from the center of the crater and located within the area that
received ejecta from the cratering experiment (Figure 3.0). At the Schooner station, the highest
sum of the fractions of measured annual concentrations divided by the NESHAP CL for each
radionuclide was 0.20, well below 1.0 and therefore in compliance with NESHAP. Scaling this
sum of fractions to the 10 mrem/yr limit gives an estimated EDE of only 2.0 mrem/yr from air
emissions for a hypothetical individual living year-round at this station. The MEI, in a sense,
may now be considered to hypothetically reside at the onsite Schooner critical receptor location,
a much more conservative assumption for public exposure to NTS radionuclide air emissions.
Figure 4.0 displays the sum of fraction results for the Schooner station, 2001 to 2007. Schooner
has the highest sum of fractions of all critical receptor locations.
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No one resides at Schooner or along the borders near the air sampling stations. The dose at
offsite populated locations 20-80 km (12—-50 mi) from the Schooner station would be much
lower due to wind dispersion, and likely much less than 1 mrem/yr, similar to the MEI dose
estimates made using CAP88-PC software, 1992 through 2004 (Figure 5.0).

Table 4.0 Measured Radionuclide Concentrations at NTS Compliance Sampling Stations

Average Concentration

in Air cL® Average Concentration
Location Radionuclide (pCi/m?3)® (pCi/m?) as Fraction of CL
Yucca 0.51x10° 0.0003
Gate 700 0.49 x 10°° 0.0003
Substation 3545 34 0.43 x 10'2 1500 0.0003
Schooner 298.17 x 10° 0.199
Mercury 0.40 x 10° 0.0003
Gate 510 0.30 x 10° 0.0002
Yucc