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Lawrence Livermore National Laboratory
NESHAPS 1996 Annual Report

This amual report is prepared pursuant to the National Emissions Standards
for Hazardous Air Pollutants (NESHAPS) 40 CFR Part 61, Subpart H;
Subpart H governs radionuclide emissions to air from Department of Energy
(DOE) facilities.

SYNOPSIS

NESHAPS limits the emission of radionuclides to the ambient air from DOE
facilities to levels resulting in an animal effective dose equivalent (EDE) of
10 mrem (100 pSv) to any member of the public. The EDEs for the Lawrence
Livermore National Laboratory (LLNL) site-wide maximally exposed
members of the public from 1996 operations were

● Livermore site: 0.093 mrem (0.93 p%) (52Y0 from point-source
emissions, 48% from diffuse-source emissions);

● Site 300:0.033 rnrem (0.33 @v) (9970 from point-source, 170 from
diffuse-source emissions).

The EDEs were generally calculated using the EPA-approved CAP88-PC air-

dispersion/dose-assessment model. Site-specific meteorological data, stack
flow data, and emissions estimates based on radionuclide inventory data or
continuous-monitoring systems data were the specific input to CAP88-PC for
each modeled source.

1



LLNLNESHAPSReport1996

SECTION 1. Facilities Information

Site Description

The University of California operates LLNL for DOE. LLNL was established in
1952 to conduct weapons research and development. LLNL’s mission is to
serve as a national resource in science and engineering, with a special
responsibility for nuclear weapons. Laboratory activities focus on global
security, energy, global ecology, biomedicine, economic competitiveness, and
science and mathematics education. The Laboratory’s mission is dynamic and
has been broadened over the years to meet new national needs. LLNL consists
of two sites-the main laboratory site located in Livermore, California
(Livermore site), and the Experimental Test Facility (Site 300) located near
Tracy, California. Figure 1 shows the locations of the sites.

LRermore site: LLNL’s Livermore site occupies an area of 3.3 kmz located
about 60 km east of San Francisco, California, adjacent to the City of
Livermore in the eastern part of Alameda County. More than 6 million
people live within 80 km of LLNL; approximately 65,000 of them live in the
City of Livermore.

The Livermore site is located in the southeastern portion of the Livermore
Valley, a topographical and structural depression oriented east-west within
the Diablo Range of the California Coast Range Province. The Livermore
Valley forms an irregularly shaped lowland area approximately 26 km long
and an average of 11 km wide. The floor of the valley slopes from an
elevation of approximately 200 m at the eastern end to approximately 90 m at
the southwest corner.

The climate of the Livermore Valley is characterized by mild, rainy winters
and warm, dry summers. The mean annual temperature is about 15”C.
Temperatures typically range from –5°C during some pre-dawn hours during

the winter, to 40”C on a few summer afternoons. The 1996 annual wind data
for the Livermore site are shown in Table 1 and displayed as a wind rose in
Figure 2. Although winds are variable, the prevailing wind direction is from
the southwest, especially during the summer. However, during the winter,
the wind often blows from the northeast. Most preapitation occurs as rain
between October and April with very little rainfall during the summer
months. In 1996, the Llvermore site received 527 mm of preapitation.

Site 300 Site 300, LLNL’s Experimental Test Site, is located 24 km east of the
Livermore site in the Altamont Hills of the Diablo Range and occupies an

a
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Figure 1. Locations of LLNL Liverrnore site and Site 300.

area of 30.3 kmz. It is close to two other explosives-testing facilities; one
operated by Primex Physics International, the other by SRI Intermtional. A
State of California vehicular-recreation area is located nearby, and wind-
turbine generators line the surrounding hills. The remainder of the
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Table 1. Wind rose for LLNL’s Livermore site at the 10-m level for 1996.
Values are frequency of occurrence (in percent). Columns and rows may not
exactly sum to the listed totals due to rounding.

WindSpeedRange(m/s)
Direction 0.0-0.4 0.5-2.9 3.0-4.9 5.0-6.9 27.0 Total

NNE
NE
ENE
E
ESE
SE
SSE
s
Ssw
Sw
Wsw
w
WNW
NW
NNW
N
Total

0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84

13.4

2.34
3.41
2.22
2.23
2.26
1.82
1.76
5.51
7.93
7.95
8.32
4.58
1.78
1.40
1.05
0.65

55.2

1.42
1.52
0.13
0.00
0.00
0.00
0.07
1.01
1.93
6.21
4.88
5.13
0.57
0.07
0.11
0.26

23.3

0.53
0.10
0.00
0.00
0.00
0.00
0.00
0.31
0.92
2.56
1.19
0.99
0.14
0.00
0.02
0.12
6.9

0.29
0.00
0.00
0.00
0.00
0.00
0.00
0.18
0.22
0.35
0.08
0.05
0.00
0.00
0.00
0.06
1.2

5.4
5.9
3.2
3.1
3.1
2.7
2.7
7.9

11.8
17.9
15.3
11.6
3.3
2.3
2.0
1.9

100.0

Table 2. Wind rose for LLNL’s Site 300 at the 10-m level for 1996. Values are
frequency of occurrence (in percent). Columns and rows may not exactly sum to
the listed totals due to rounding.

WindSpeedRange(m/s)
Direction 0.0-0.4 0.5-4.9 5.0-6.9 7.0-10.9 211.() Total

NNE
NE
ENE
E
ESE
SE
SSE
s
Ssw
Sw
Wsw
w
WNW
NW
NNW
N
Total

0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.6

1.53
2.33
1.56
1.60
1.59
2.05
2.49
3.97
2.09
1.94
2.80
3.72
3.22
4.55
3.99
1.31

40.7

0.11 0.04
0.00 0.00
0.00 0.00
0.04 0.00
0.29 0.15
0.60 0.41
0.39 0.11
0.67 0.22
0.47 0.20
0.86 1.56
5.51 18.47
3.98 2.49
1.62 0.77
1.80 1.89
3.36 3.37
1.38 0.42

21.1 30.1

0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.09
0.06
1.21
4.53
0.11
0.00
0.31
0.97
0.15
7.5

1.7
2.4
1.6
1.7
2.1
3.1
3.1
5.0
2.9
5.6

31.4
10.3
5.7
8.6

11.7
3.3

10CLO

.
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Figure 2. Wind rose showing the average annual wind speed, frequency of occurrence, and

direction at the Livermore site, 1996.

surrounding area is in agricultural use, primarily pasture land for cattle and
sheep. The nearest residential area is the City of Tracy (population
approximately 45,000), located 10 km to the northeast.

The topography of Site 300 is much more irregular than that of the Livermore
site; it consists of a series of steep hills and ridges, which are oriented along a
generally northwest/southeast trend, separated by intervening ravines. The
elevation ranges from approximately 540 m in the northwestern portion of the
site to 150 m at the southeast corner. The climate at Site 300 is similar to that of
the Livermore site, with mild winters and dry summers. The complex
topography of the site significantly influences local wind and temperature

patterns, making the temperature range somewhat more extreme than at the

5
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Figure 3. Wind rose showing the average annual wind speed, frequency of occurrence, and
directionat Site 300, 1996.

Livermore site. The 1996 amual wind data for Site 300 are shown in Table 2 and
displayed as a wind rose in Figure 3. Prevailing winds are from the west-
southwest. As is the case at the Livermore site, precipitation is highly seasonal,
with most precipitation occurring between October and April. The average
annual rainfall over the past 20 years was 257 mm; Site 300 received 362 mm of
precipitation during 1996.

Source Description

Many different radioisotopes are used at LLNL for research purposes,
including transuranics, biomedical tracers, tritium, mixed fission products,
and others (Table 3). Radioisotope-handling procedures and work enclosures

n
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are determined for each project, depending on the isotopes, the quantities
being used, and the types of operations being performed. Radioisotope
handling and working environments include glove boxes, exhaust hoods,
and laboratory bench tops. Exhaust paths to the atmosphere range from triple-
HEPA (High-Efficiency-Particulate-Air)-filtered stacks, to roof vents and stacks
lacking abatement devices, to direct dispersal of depleted uranium during
explosives testing at Site 300, to a varietv of diffuse-area sources.

Table 3. Radionuclides used at LLNL during 1996.

3H

13N

14C

150

22Na
32p

33p

35s

40K

54~

55Fe

57(-0

59Ni

60co

63Ni

7513e

88y

9osr

9oy

95zr

$’9TC
106RU

124sb

1251

125sb

129!

133Ba

137(-S

144(=e

147pm

152EU

154EU

155EU

214Bi

214pb

218p.

226Ra

228Th

230Th

232Th

232u

233u

234u

235u

=Pu
236u

237N ~

238pu

238u

239NP

239pu

240pu

241Am

242cm

242pu

242Am

243Am

24+m

252C f

3



LLNLNESHAPSRE@ort1996

SECTION Il. Air-Emission Data

Sources

At LLNL, areas where radioactive materials are used or stored, or where
activation products occur, are called Radioactive Materials Management
Areas (RMMAs ). Detailed information is given in Attachment 1 for point-
source emissions from the Livermore-site RMMAs in which radiological
operations took place during 1996. Building 514 and five other Livermore-site
sources external to buildings (including the RMMA at the Building 612
Hazardous Waste Management Yard) are treated as diffuse-area sources.

Similarly, detailed information is given in Attachment 1 for experiments at
two Site 300 explosives-testing facilities (Buildings 801 and 851 and their
associated fining tables). Six Site 300 sources, including the two firing tables
where surface and subsurface contamination exists, are treated as diffuse-area
sources.

1996 Inventory Update and Effective Dose Equivalent (EDE)
Calculations

For this year’s report, covering activities in 1996, we updated the radionuclide
inventories in our key facilities, defined as those that accounted for 90% of
the 1995 Livermore site radiological dose to members of the public. We also
inventoried all RMMAs that began operations in 1996. Radionuclide
inventory forms, with detailed guidance for completing them, were sent to
the unmonitored facilities that contributed to 90% of the dose in 1995 and to
new unmonitored facilities having the potential for radionuclide emissions
to the air. The forms were completed by experimenters, and certified by
facility managers. Radionuclide inventories for all Site 300 explosives
experiments and assessments of source terms for known diffuse sources at
both sites were also updated.

Dose-assessment modeling runs were conducted for all diffuse sources and
for all point sources using actual radionuclide releases to air, or potential
releases based on radionuclide inventory data. The model used was CAP88-PC
(see Section III); we incorporated 1996 on-site meteorological data (wind,
precipitatio~ and temperature) along with the 1996 radionuclide inventory
or monitoring data. Annual dose is reported as whole-body EDE expressed in
units of mrem (followed by p.%). When reasonable to do so, modeling runs
were combined by buildin~ rather than a separate model run for each stack

.s
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or room. This is permitted by the 1995 Memorandum of Understanding
between the U.S. EPA and the DOE concerning radionuclide NESHAPS.

A generalized description of each facility and its operations is provided in
Attachment 1. The following information is shown for each listed emission
point or stack:

●

●

e

e

o

0

e

o

0

@

e

●

●

*

●

Building and room numbei(s)
Specific stack identification code(s)
Generalized operations in the room(s) or area(s)
Radionuclides utilized during 1996
Annual radionuclide inventory with potential for release (by
isotope, in curies)
Physical-state factors (by isotope)
Stack parameters
Emission-control devices and emission-control-device
abatement factors
Estimated or measured amual emissions (by isotope)
Distance and direction to the site-wide maximally exposed
individual (SW-MEI)
Calculated EDE to the SW-MEI
Distance and direction to the maximally exposed individual for
that specific source (MEI)
Calculated EDE to the MEI (source term not adjusted for
emission controls)
Source category
Below Appendix E Quantity (Y or N)

A more complete description of these terms is provided in the introductory
material to the attachment.

The radionuclides shown in the attachment are those from specific emission
points where there was a potential for air emissions. If radionuclides were
present, but encapsulated or sealed for the entire year, radionuclides, amual
inventories, and emissions are not listed.

Actual measurements of air radioactivity and effluent flow are the basis for
reported emissions from continuously monitored sources. LLNL facilities
that have continuously monitored discharge points are Buildings 166, 175,
231-vault, 251,331,332,419,490, and 491. For most of the discharge points,
sample results are below the minimum detectable concentration (MIX) of the
analysis; sometimes as few as 1 to 4 samples (out of 25 to 50 per year) have

.9
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concentrations greater than the MDC. Generally, these few samples having
results above the MDC are only marginally above the MDC. Use of zero
values for this type of data can be justified based on knowledge of the facility,
the use of multiple-stage HEPA filters in all significant release pathways, and
alpha-spectroscopy-based isotopic analyses of selected air-sampling filters.
These isotopic analyses demonstrate that detected activity on air-sampling
filters comes from naturally occurring radionuclides, such as radon
daughters, e.g., polonium, on the air sampling filters. In addition, because of
exhaust configurations at some facilities, the monitoring systems sometimes
sample air from the ambient atmosphere along with the HEPA-filtered air
from facility operations giving rise to background atmospheric radioactivity
being collected. Because of these considerations, the emissions from such
facility operations are reported as zero. Furthermore, even if the MDC values
are used in calculations of the emission estimates for these facilities, an
extremely conservative approach, the total dose attributable to LLNL activities
is not significantly affected.

In 1996, samples from 8 emission points at three facilities, three in Building
175, three in Building 251 (the unhardened area) and two in Building 419,

yielded gross alpha results greater than the MDC on 15% or more of the
samples collected throughout the year. We use gross alpha as the primary
indicator of potential emissions for operations, such as those at Buildings 175
which involve the use uranium, and Buildings 251 and 419, that involve the
use of uranium and transuranic materials. Because of the number of samples
with values above the MDC, we have taken a conservative approach and
reported gross alpha and gross beta measurements as actual emissions. The
gross alpha and gross beta emissions for Building 175 were determined to be

1.0 x 10-7 Ci/y (3.8 xl@ Bq/y) and 1.1x 10+ Ci/y (3.9 xl@ Bq/y); for Building

251,4.9 x 1(Y7 Ci/y (1.8 x ld Bq/y) and 7.9 x 10% Ci/y (2.9 x l&’ Bq/y); and for

Building 419,1.6 x 1(Y7 Ci/y (5.9 x l@ Bq/y) and 2.5 x 10_6 Ci/y (9.2 x ld Bq/y).

Modeling these emissions resulted the following doses: 2.3 x 1~ mrem

(2.3 x 10-3 @v) for Building 175,7.7 x l~s mrem (7.7 x 10+ p%) for

Building 251, and 1.0 xl@ rnrem (2.3 xl@ @v) for Building 419.

We have looked into possible causes of the emissions being reported from
Building 419 operations. We found that, because of the physical configuration
of the sampling system and faulty seals in the samplers, some air from the
workplace decontamimtion and decommissioning operations was being
sampled by the continuous air samplers. New samplers were installed in
October, and since that time, no gross alpha or gross beta analyses reported
from the new samplers have indicated concentrations above the MDC.

.
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Therefore, the estimated emissions listed in Attachment 1 are not indicative
of emissions from the facility. Actual emissions are likely to be zero.
Similarly, the emissions reported for Buildings 175 and 251 have not been
confirmed to be emissions from facility operations. As in the case of Building
419, further investigation into the reported emissions is continuing and will
likely include isotopic amlyses of selected samples and special air sampling.
So it is possible that these emissions from Buildings 175 and 251 are due to
naturally occurring, or background, radioactivity, or the facility exhaust
configuration as previously mentioned. In any case, assessment of the
emissions being reported for these facilities indicates the radiological dose is
far less than the dose due to other facility emissions at the Livermore site.

11
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SECTION Ill. Dose Assessment

Description of Dose

Estimates of individual
point sources and most

Model

and collective radiological doses to the public from all
diffuse sources at LLNL were obtained using the EPA-

developed computer code CAP88-PC. The four principal pathways-internal
exposures from inhalation of air and ingestion of foodstuffs and drinking
water, and external exposures through irradiation from contamimted ground
and immersion in contaminated air—are evaluated by CAP88-PC. The doses
are expressed as whole-body effective dose equivalents (EDEs), in units of
mrem/y (1 mrem = 10 @v). Separate doses for the Livermore site and
Site 300 from point-source emissions (i.e., stack emissions) and diffuse-source
emissions at the two sites are reported.

Three potential doses are emphasized: (1) The dose to the site-wide
maximally exposed individual (SW-MEI), which combines the effects of all
emission points, for comparison to the 10 mrem/ y (100 @v/y) standard; (2)
the maximum dose to any member of the public (assumed to be at the LLNL
fence line), in any direction, due to each unabated emission point on the site
to determine the need for continuous monitorilLg; and (3) the collective dose
to the populations residing within 80 km of the two LLNL sites, adding the
products of individual doses received times the number of people receiving
them.

.

.

Summary of Model Input Parameters

General Model Inputs: Attachment 1 details the key identifiers and input
parameters for the CAP88-PC model runs. These include building number;

stack ID; isotope(s); emission rate in curies per year (1 Ci = 3.7x 1010 Bq); and
stack parameters, including height, diameter, and emission velocity.

Meteorological Data: All model runs used actual 1996 Livermore-site and
Site 300 meteorological data, collected from the meteorological towers for
each site. At these towers, wind speed and direction are sampled every few
seconds, temperature every minute; and all are averaged into quarter-hour
increments, time-tagged, and computer-recorded. The data are converted into
a CAP88-PC input wind file using EPA guidelines.

Surrogate Radionuclides: Because the EPA-mandated model CAP88-PC
does not contain all the radionuclides in use at LLNL, it was necessary in a
few cases to use surrogate radionuclides to estimate EDEs. Attachment 2

.
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shows the surrogate radionuclide lists for CAP88-PC. In selecting the
surrogates, the most-restrictive lung class (whether clearance from the lungs
takes place in days, weeks, or years) was used. When possible, a surrogate
radionuclide with similar chemistry and similar values for “amual limits of
intake via inhalation and derived air concentration,” as specified in the EPA’s
Federal Guidance Report No. 11 was used. CA.P88-PC contains a library of 265
radionuclides. In some cases, experimenters did not have isotopic analyses of
mixtures of radionuclides and could only identify their radionuclide

inventory as “gross alpha” or “gross beta. ” In these cases, 23%?u was used as

the surrogate for gross alpha and $%r was used as the surrogate for gross beta
in modeling efforts designed to provide conservative dose estimates.

Population Inputs: Population distributions centered on the two LLNL sites
were compiled from 1990 census data. The population data files (distribution
of population with distance and direction) used in the 1996 modeling effort
are described in Section VI under “Collective Effective Dose Equivalent. ”

Land-Use and Agricultural Inputs: Options for model inputs regarding
agricultural characteristics and land use are established by the EPA, and the
particular designation selected can strongly influence the ingestion dose
received by the population being evaluated. Following our investigation in
1995 into the use of the various options, the “user entered” option was
selected for the CAP88-PC modeling effort for 1996. The values entered
corresponded to the “local agriculture” option (i.e., everything is home
produced), with one exception —all milk consumed was assumed to be
imported. The assumption that all milk comes from local cows is not

supported by the agricultural activities conducted in the area. A detailed
discussion of how the dose from tritium is calculated by CAP88-PC is
presented in the LLNL NESHAPS 1995 Annual report (Gallegos et al., 1996,
Lawrence Livermore National Laboratory, UCRL-ID-113867-96).

Emission Source Terms: The source term(s) from each emission point in
the calculations was determined by one of two methods: For continuously
monitored sources, the sampling data (curies released per unit time) for each
radionuclide were used directly. For unmonitored facilities, the radionuclide
inventories, together with the EPA-speafied fractions for potential release to
air of materials in different physical states (solid, liquid, powder, or gas), in
accordance with 40 CFR Part 61, Appendix D were used. The state-dependent
release fraction was used to adjust (by multiplication) the total amual
inventory to yield the potential amual release to air. If the material was an
unconfined gas, then the fraction 1.0 was used; for liquids and powders,

13
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1.0 x 10- was used; and for solids, 1.0x Id was used. In addition, emission-
control abatement factors (40 CFR 61, Appendix D), when applicable, were
applied. Each EIEPA filter stage was given a 0.01 factor, electrostatic
precipitators, as well as venturi scrubbers, were each given a 0.05 factor, and
each activated-charcoal filter was given a 0.1 factor. (However, abatement
factors were not used to evaluate compliance with the 0.1 mrem standard that
determines the need for continuous monitoring at a facility.) The use of
actual monitoring data is much more direct, and presumably more accurate,
than using assumptions based on inventory, release fractions, and emission-
control factors.

Site-Wide Maximally Exposed Individual: For LLNL to comply with the
NESHAPS regulations, the LLNL site-wide maximally exposed individual
camot receive an EDE greater than 10 mrem/y (100 I.Sv/y). The site-wide
maximally exposed individual (SW-MEI) is defined as the hypothetical
member of the public at a single residence, school, business, or office who
receives the greatest LLNL-induced EDE from the combination of all
radionuclide source emissions.

To determine the location of the 1996 SW-MEI, CAP88-PC results from
multiple sources were combined. Sources were selected to include those
expected to give significant contributions to the EDE. These included
Building 331 point and area sources, Building 514 Tank Farm, and
Building 612 area source. Because EDE results from CAP88-PC are relative to
the location of the specified source, direct summing of results from multiple
sources can only be accomplished using an interpolation method. To do this,
the location of each selected source relative to a common location (the
Liverrn.ore-site center) and a set of receptor locations (where the combined
EDEs from the selected sources were to be evaluated), also relative to the site
center, were specified in the modeling efforts that supported determimtion of
the SW-MEI. The receptor locations included 48 equally spaced directions
from the site center and 4 additional receptor locations along the eastern and
southern Livermore-site boundaries. The interpolation method was used to
calculate the EDEs for the desired set of receptor locations for each source.
These resulting interpolated EDEs for each source, now for the same set of
locations, were then summed, and the SW-MEI determined.

n
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at the Liverrnore site, 1996.

At the Livermore site, the SW-MEI for 1996 was located at the UNCLE Credit
Union, about 10 m outside the controlled eastern perimeter of the site, as
shown in Figure 4.
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Figure 5. Location of Site-Wide Maximally Exposed Individual (SW-MEI)
at Site 300, 1996.

At Site 300, the 1996 SW-MEI was located in an experimental area termed
“Bunker 2“ operated by Primex Physics International. Bunker 2 lies about

300 m outsid~ the east-_central boundary of Ske 300, as shown in Figure 5. This
bunker is 2.4 km east-southeast of the principal firing table at Building 801.

In Attachment 1, the distance and direction to the respective SW-MEI are
shown for each facility at each site. Doses to the site-specific SW-MEIS were
evaluated for each source and then totaled for site-specific evaluations against
the 10 mrem/y dose standard (see “Total Dose Estimate” in Section IV).
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Maximally Exposed Public Individual: To assess compliance with the
requirement for continuous monitoring (potential dose greater than
0.1 rnrem/y {1.0 jLSv/y}), emissions must be individually evaluated from each
point source; the location of the maximally exposed public individual (MEI) is
generally different for each emission point. The maximum dose at a location
of unrestricted public access typically occurs at a point on the site perimeter.
Therefore, it is often referred to as the maximum “fence line” dose, although
the off-site maximum dose could occur some distance beyond the perimeter.
(This could happen, e.g., when the perimeter is close to a stack; however, for
all emission points at the Livermore site and Site 300, calculations show that
ground-level concentrations of radionuclides decline monotonically beyond
LLNL boundaries.) As stipulated by the regulations in 40 CFR Section
61.93 (b)(4) (ii), modeling for assessment of continuous monitoring
requirements assumed unabated emissions (i.e., no credit was taken for
emission abatement devices, such as filters), but physical-state factors were
applied. Attachment 1 provides, for each point source, the dose to the MEI
and the distance and direction to the LLNL fence line where the MEI is
located.

Special Modeling Challenges: Among the sources at LLNL, explosives
tests using depleted uranium at Site 300 and difiuse sources at the two sites
required special attention.

m

Site 300 Explosives Experiments: During Site 300 explosives
experiments, the device containing depleted uranium is placed on an open-
air firing table and detonated. Only limited data are available to characterize
the initial state of the cloud of explosive decomposition products created by

the detonation because properties of the cloud are not routinely measured in
the experiments. Empirical scaling laws can be used, however, to define the
cloud using the radionuclide and explosives inventories. Isotopic ratios for
depleted uranium are used; the tluee uranium isotopes with atomic weights

238,235, and 234 occur in the weight percentages 99.8,0.2, and 5 x Id,

respectively. Their masses are multiplied by their respective specific activities
to determine the total number of curies for each isotope in the cloud. It is
assumed that all the uranium is dispersed into the cloud, and the median
particle size is assumed to be the CAP88-PC default value of 1 pm. The
assumption that all uranium is aerosolized and dispersed as a cloud results in
a highly conservative off-site dose estimation-we believe a more realistic
release-t~air fraction for the uranium is no greater than 0.2, but we lack
sufficient data to use a value other than 1.0. CAP88-PC simulates each shot as
a low-level, steady-state, stack-type emission occurring over one year. An
alternative modeling methodology for treating these short-duration

17
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explosive events was submitted for approval in 1992, but LLNL was directed
by EPA to use the CAP88-PC code for these calculations.

Diffuse Sources: Diffuse emissions are generally area sources
external to buildings, as discussed in Section IV, below. The dose assessments
for diffuse sources can be derived from modeling based on radionuclide-
inventory data, or can be determined from environmental-surveillance
monitoring data.

Modeling Documentation: Copies of individual model runs, including
input parameters and resultant calculated doses, are on file with the
Terrestrial & Atmospheric Monitoring & Modeling Group (TAMM) of the
Environmental Protection Department at LLNL.

Point Source Summary

The 1996 calculated EDE to the SW=MEI from Livermore-site point sources
was 0.048 mrem (0.48 pSv). Emissions from the two 30-meter stacks at the
LLNL Tritium Facility (Building 331) accounted for 0.045 mrem (0.45 @v). In
1995, emissions from the Tritium Facility resulted in a modeled dose of
0.017 mrem (0.17 I.&v). The relative increase in 1996 in emissions and dose
occurred primarily as a result of glovebox decontamination and
decommissioning activities.

The calculated EDE to the SW-MEI at Site 300 was calculated to be 0.033 mrem
(0.33 p%) from point-source emissions. All of this EDE resulted from
Building 801 and Building 851 firing-table emissions in the course of
explosives experiments —55?40 from the former and 45% from the latter. This
is an increase over the 0.020 mrem (0.20 p%) dose modeled for 1995; the
increase is the result of an increase in the amount of depleted uranium used
in experiments at the site.

All the dose evaluations from point-source emissions, and those from most
diffuse sources discussed below, were made using the EPA-mandated CAP88-
PC dispersion model. They result in levels of public exposure well below the
EPA standard, which limits the whole-body EDE to members of the public
from DOE activities to 10 rnrem/ y (100 @v/y). Discussion of the contribution
to EDE to members of the public from diffuse sources is presented in
Section IV.

18
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SECTION IV. Additional Information

Construction and Modifications

During 1996, no construction projects or modifications were completed for
which approval to construct or modify was required or waived under 40 CFR
61.96. Only maintenance, repair, and replacement activities, as well as those
considered normal or routine, were conducted. Proposed facilities and
significantly modified operations are assessed for NESHAI?S requirements
during the National Environmental Policy Act (NEI?A) process. Under NEI?A,
all proposed projects or actions that might involve NESHAPS issues or
concerns-not just pertaining to radionuclides but to air toxics as well—are
reviewed and evaluated. If the proposal includes operations that require a
NESHAPS assessment, necessary modeling is conducted. If insufficient
information is available for modeling at the time the NEPA documents are
prepared, LLNL includes in the NEPA documents a statement that NESHAPS
review, modeling, and monitoring requirements will be met. It is the
responsibility of the individual project proponent to supply the specific
information required for any NESHAPS modeling, analysis, and review that
must be completed before operations described in the document are initiated.

Unplanned Releases

There was one unplanned atmospheric radionuclide release from the
Livermore site in 1996. On April 15, 1996, approximately 1.5 L of contaminated
oil leaked from a 55-gallon drum in the 514 yard. The leaked material
contained about 6 nCi of depleted uranium and was dispersed over a 0.37 mz

area. The emission resulted in a calculated 4.9 x 10-g mrem (4.9 x 1P pSv) dose
to the site-wide maximally exposed individual (estimated using CAP88-PC).
There were no unplamed atmospheric releases at Site 300 in 1996.

Diffuse Source Dose Assessments

Diffuse, or non-point, sources are difficult to quantify. There are no EPA-
mandated methods for estimation or measurement, although LLNL did
review a second draft of EPA guidance on this topic during 1994. At this time,
however, dose calculations associated with this type of source remain left to
the discretion of the DOE facility. Livermore-site and Site 300 diffuse sources
are described separately.
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Livermore-Site Diffuse Sources

The dose calculations from 1996 diffuse sources at the Livermore site required
three different modeling approaches. Building 331, Building 292 and Building
612 Yard needed faality persomel knowledge and envirorunental-
surveillance data to estimate emissions; Building 514 required radiological-
inventory data and CAP88-PC modeling ,techniques; and in the Southeast
Quadrant, data from ambient-air monitoring were used to calculate the dose.
The unplamed release at Building 514, discussed previously, was also a
diffuse source release.

Building 292: Elevated tritium concentrations in soil moisture near
Building 292 resulted from a historic leak in an underground retention tank.
This contamination has resulted in diffuse tritium emissions from
evaporation of soil moisture and transpiration from vegetation. A
surveillance air monitor has been placed near Building 292 to provide
continuous measurements of tritiuin near this source. The median annual

concentration of tritium in air for 1996 in this area was 0.0039 pCi/L (1.4x K@
Bq/L). These data were used to calculate the total tritium emissions from the
area, using a conservative approach that assumed the source to be 10 m east of

the air sampler. With this assumption, a diffuse source emission of 1.4x l@

Ci/y (5.2x 1~ Bq/y) would have been required to produce the concentrations
measured at the air sampler. This source term produced a calculated 1996 dose

to the SW-MEI from the Building 292 area of 3.6x 10-7 mrem (3.6 x 10-6 pSv).

Building 331: As the Tritium Facility (Building 331) undergoes both
decommissioning/decontamination and redirection of its research and
development efforts, tritium-contaminated equipment slated for disposal is
removed from the building, packaged in a waste-accumulation area, and sent
to Hazardous Waste Management Division (HWM) facilities. During 1996,

outgassing from such waste processing released approximately 3 Ci (1.1 x 1011
Bq) of tritiurn to the atmosphere outside Building 331. The estimated releases
were derived from measurements of surface contamination on the material,

process and faality knowledge, and environmental-surveillance
measurements. The estimated 3 Ci (1.1x 1011 Bq) release was modeled in

CAP88-PC as a 1 m2 area source, leading to a calculated 1996 dose to the

SW-MEI of 3.1 x ltimrem (3.1 x lbz p%).

n

n

Building 514: bother potential source of diffuse emissions of a variety of
radionuclides was HWM waste-storage and treatment operations. Building
514 houses the HWM “tank farm; consisting of six 7,170-liter tanks with

n
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ancillary equipment such as pumps, mixers, probes, and a bulking station.
The tanks are used to store and treat liquid and solid radioactive and/or
mixed wastes. Treatment is performed on a batch basis. Chemicals and waste
are added to the tanks to achieve the desired treatment objectives. A 1996
radionuclide inventory was conducted for the facility to determine the diffuse
source term (Attachment 1). During 1996, hazardous waste operations
increased treatment of legacy waste, including materials containing higher
levels of cesium-137, thorium-228, uranium-238 and plutonium-239 than had
been treated in 1995. CAP88-PC modeling gave a 1996 EDE for the Tank Farm

to the SW-MEI of 1.6x lb2 mrem (1.6x 10-1 pSv).

Building 612 Yard: The Building 612 Yard is a potential source of diffuse
emissions of tritium. This area is dedicated to hazardous-waste-, radioactive-

waste-, and mixed-waste-management activities. The yard consists of several
areas where waste containers are stacked outdoors. Many of these containers
are not air tight and outgas tritium. A surveillance air monitor has been
placed in the Building 612 Yard to provide continuous measurements of
tritium near this source. The median amual concentration of tritium in air

for 1996 in this area was 0.169 pCi/L (6.3 x l(h3 Bq/L). These data were used to
calculate the total tritium emissions from the area, using a conservative
approach that assumed the source to be 60 m south-southwest of the air
sampler. The assumption that the source is 60 m from the sampler was
changed from 120 m because waste repackaging was being conducted in the
yard within 60 m of the sampler. Using 60 m yielded a reasonable prediction

of the concentration of tritiurn at another nearby tritium sampler (3.0 x l(h3

pCi/L predicted versus 2.1 x l(ha pCi/L measured at SALV monitoring
location). With this assumption, a diffuse source emission of 3.0 Ci/ y (1.1 x

1011 Bq/y) was required to produce the concentrations measured at the air
sampler. This source term produced a calculated 1996 dose to the SW-MEI

from the Building 612 Yard of 2.5x 10__2mrem (2.5 x 10-1 pSv).

Southeast Quadrant: The Southeast Quadrant of the Livermore site has

elevated levels of 239Pu in the surface soil (from historic waste-management
operations) and air (presumably from resuspension). A high-volume air-
particulate sampler is located adjacent to the UNCLE Credit Union (the

location of the SW-MEI) to monitor the 239Pu levels in this area. Monitoring
data from this air sampler were used as a direct measurement of potential
dose via the air pathway. The mean amual concentration of ~9Pu in air of
3.0 x 10_19~Ci/mL (1.1 x 10_14 Bq/mL), the dose-conversion factor of 3.08 x l@
mrem/pCi (8.33x 10_s Sv/Bq) from Federal Guidance Report No. 11,
EPA-520/l-88-020, U.S. Environmental Protection Agency (1988) for 239Pu,
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and the standard-man breathing rates of 8.4 x 109 mL/y were used to calculate

the estimated EDE of 7.8 x 10-$1mrem (7.8 x 10~ p!%) for 1996.

Site 300 Diffuse Sources

Diffuse sources at Site 300 involve tritium and uranium. During remediation
efforts at Site 300, LLNL completed a contaminant screening to identify
potential routes of migration from soil to air and other environmental media
of these radionuclides and other contaminants. Information provided in the
Final Site Wide Remedial Investigation Report (Webster-Scholten, Ed., 1994,
Lawrence Livermore National Laboratory, Livermore, CA, UCRL-AR-108131)
was used in the diffuse-source evaluations. In the course of the remedial
investigation, the rate of intermedia migration and the exposure-point
concentrations of contaminants were evaluated. Tritium and Z3SU were
identified as contaminants of potential concern at six locations.

Tritium contamination is well characterized at Site 300. Five diffuse tritium
sources are discussed individually. Uranium, on the other hand, is not as
well characterized. Diffuse uranium sources were treated collectively in a
resuspension calculation, presented following the individual tritium
discussions below.

Tritium gas and solid tritium (Li3H) were components of explosives
assemblies tested on the firing tables during past experiments. Most of the
gaseous tritiurn escaped to the atmosphere during the tests, but some of the
solid LisH remained as residue in the firing table gravel. Rainwater and dust-
control rinse water percolated through the gravel, causing the tritium to
migrate into the subsurface soil and, in some cases, eventually to the ground
water. Tritium-contaminated gravel was removed from the firing tables in
1988 and disposed in the Pit 7 landfill. Tritium in landfills, firing-table soils,
and ground water are source terms for diffuse emissions of tritium to the
atmosphere at Site 300.

Pit 7 Complex: The Pit 7 Complex is an area where four landfills were
established. All the pits contain gravel and debris generated from explosives
tests conducted at the Building 850 and 851 firing tables. Tritiurn is a known
residue in this waste, and tritiurn contamination in both subsurface soils and
ground water in the area has been characterized. Tritium in subsurface
moisture can evaporate to the atmosphere. The affected area is estimated at
18,000 m2. Tritiurn flux was calculated from tritium activity data obtained
from subsurface soil samples collected at depths from 0.15 to 3 m, and was

n
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estimated to be 8.3 x I(Y1 Ci (3.1 x 1010 Bq) for 1996. A correction (decrease) in
source term from the time the samples were taken accounts for both
radioactive decay and loss of the original tritium activities in the soil due to
evapotranspiration. In addition, well purge water (water collected from wells
and left to evaporate to the atmosphere before ground water sampling) in this
area often contains elevated levels of tritiurn. During 1996, ground water
monitoring operations involved purging three wells with tritium levels
above 20,000 pCi/L (740 Bq/L). The evaporation of this water to the
atmosphere represents another component of the Pit 7 diffuse emission

source term; it was estimated to contribute 1.3 x l@ pCi (4.8 x 106 Bq) during
1996. This emission estimate is based on the total volume of water purged
during monitoring activities and the detection levels reported in the 1996
LLNL Site 300 Compliance Monitoring Program Report (Chris tofferson and
MacQueen, 1997, Lawrence Livermore National Laboratory,
UCAR-10191-96-4). The 1996 calculated EDE to the SW-MEI from the

combined tritium emissions at the Pit 7 Complex was 3.o x Ibs mrem

(3.0 x lo~ ~sv).

Well 8 Spring: Tritium released to the soils, and eventually to the ground
water, near the Building 850 firing table has been transported to areas where
ground water flows near the surface and can evaporate to the atmosphere.
Such is the case at the Well 8 Spring, where ground water is very shallow. To
estimate tritium flux from this spring, tritium activity data obtained from
water samples collected at the spring were used. These data were corrected for
radioactive decay, but not for removal by evapotranspiration because the
spring was assumed to have a continuous source of tritiated water for the

period in question. The affected area of the spring was estimated at 9.3 m% and

the 1996 source term was estimated to be 2.1 x 10–3 Ci (7.8 x 107Bq). The 1996
calculated EDE to the SW-MEI from tritium emissions at the Well 8 Spring

was 1.3 x 1(F7 mrem (1.3 x 1(Y6 pSv).

Building 802: Tritium in the subsurface soils near the Building 802 firing
table may evaporate to the atmosphere. The affected area was estimated to be
900 mz. Tritium flux was calculated from tritium activity data obtained from
subsurface soil samples collected at depths from 0.15 to 3 m. The tritium
emission rate from subsurface soils to air was the product of the spatial-
average tritium flux, the natural flux of water, the fraction of tritium in the
water, and the affected surface area. The 1996 tritium emissions from this
source were estimated to be 5.0 xl@ Ci (1.9 x 107 Bq). The 1996 calculated EDE
to the SW-MEI from tritium emissions at Building 802 was 5.4x 10~ mrem

(5.4 x lo-pysv).
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Building 850: Approximately 2.1 x 104 Ci (7.8 x 1014 Bq) of tritium was
expended in explosives tests at the Building 850 firing table in the past.
Although a significant source of tritium (firing-table gravel) was removed
from the area during 1988, tritiurn remains in subsurface soils beneath the
Building 850 firing table, sand pile area, and lower corporation yard. Tritium
in the subsurface soils in the vicinity can evaporate to the atmosphere. The

affected area was estimated to be 20,000 mz. The tritium flux and tritium
emission rate from subsurface soil to air were calculated as in the Building
802 case. The 1996 tritium emissions from this source were estimated to be

1.0 x lbl Ci (3.7 x 109 Bq). The 1996 calculated EDE to the SW-MEI from

tritium emissions at Building 850 was 5.7x lti mrem (5.7 x 10-5 @v).

Building 851: About 1.0 x 103 Ci (3.7x 1013 Bq) of tritium were expended
during past explosives research conducted at the Building 851 firing table.
Although gravel was removed routinely from the area, subsurface soil below
the firing table contains residual tritium in soil moisture that can evaporate

to the atmosphere. The affected area was estimated to be 470 mz. The tritium
flux and tritium emission rate from subsurface soil to air were calculated as in
the Building 802 case. The 1996 tritium emissions from this source were

estimated to be 2.9x lfi Ci (1. 1 x 107 Bq). The 1996 calculated EDE to the

SW-MEI from tritiurn emissions at Building 850 was 1.8x 1~ mrem
(1.8 X 10-7 VSV).

Resuspension of Depleted Uranium at Site 300: Like tritium,
depleted uranium has been used as a component of explosives-test
assemblies. It remains as a residue in surface soils, especially near the firing
tables. Because surface soil is subject to resuspension by the action of wind,
rain, and other environmental disturbances, the collective effects of surface
soil uranium residuals on off-site doses were evaluated.

For the 1995 NESHAPS annual report, we developed calculations to separate
the contribution to measured uranium activities from naturally occurring
uranium (IVU) (Gallegos et al., 1996, Lawrence Liverrnore National
Laboratory, UCRL-ID-113867-96). We base our dose estimate for resuspended
depleted uranium (DU) on the measured environmental surveillance
monitoring total concentration in air of uranium-238, subtracting out the part
contributed by NU, from the following equation
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0.00726 – 0.99274
M(CU – 235)

M(CLI - 238)~.
o ~526 M(CLl - 235) + o ~526 ‘

M(CU - 238) -

where y is the fraction (by weight) of uranium contributed by operations, CU
is composite uranium (both DU and NV), M(CU-235) the mass of U-235 in the
composite (measured) uranium, and M(CU-238) the mass of U-238 in the
composite (measured) uranium. (For derivation of the equation see the 1995
NESHAI?S amual report, referenced above.) This equation is used for those
months in which explosives shots were not conducted.

Using these calculations to apportion the M(CU) for 1996, and excluding the
appropriate months, we obtain an annual average concentration of DU in air

from resuspension of 1.13 x 10_12 g/m3. Using the fractions 0.998,0.002, and

0.000005 to represent the amounts of 238U, 235U, and 2UU; specific activities of

3.32 x 10__7,2.13 x 1(Y6, and 6.16x 10-3 Ci/g for ZS8U, 23SU, and ~U; a yealij

inhalation rate of 8400 m3/ y, and dose conversion factors from EPA

Regulatory Guide 11 of 1.18x 10-11, 1.23x 1~11, and 1.23x 10-11 mrem/Ci; we

obtain a total dose for resuspended DU of 4.1 x lfi mrem for 1996.

Total Dose Estimate and Comparison with Previous Years’ Data

For the Livermore site, the dose calculated for the SW-MEI from diffuse
emissions in 1996 was 0.045 mrem (0.45 @v). When point and diffuse
sources were combined, the total amual dose was 0.093 mrem (0.93 @v).
Therefore, the relative contributions to the total were 52% from diffuse
sources and 48% from point source emissions. The total dose to the Site 300
SW-MEI from Site 300 operations in 1996 was 0.033 mrem (0.33 @v). Point-
source emissions from firing-table explosives experiments accounted for
0.033 rnrem (0.33 @v), or 9970, of this total, while 0.00045 mrem
(0.0045 p%), or 1%, was contributed by diffuse sources. Table 4 presents the
facilities or sources that account for 90% or more of the doses for the
Livermore site or Site 300 SW-MEI.

Comparison of the 1996 total dose estimate with that of previous years can
be made by reviewing the information presented in Table 5. No diffuse
emissions were reported at !Me 300 for years before 1993, so comparison for
total dose can only be made with the values for 1993,1994, and 1995; in
addition, diffuse source doses were not reported separately from the total
dose for the Livermore site for 1990 and 1991. The increased point source
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contribution to dose for the Livermore site for 1996 compared to 1995 is
attributed to glovebox decontamination and decommissioning operations at
Building 331. The increased diffuse source contribution to dose is attributed
to increased treatment of legacy waste at the Building 514 Tank Farm.

Table 4. List of facilities or sources whose emissions account for 90% or more
of the doses for the Livermore site and Site 300 SW-MEI

Percent
Facility or Source Dose (mrem) Contribution

to Total Dose

L.ivermore site
Building 331 (point source) 0.045 480/.
Building 612 Area Source (diffuse source) 0.025 27%
Building 514 Tank Farm (diffuse source) 0.016 17%

Site 300
801 Firing Table (point source) 0.018 sa~o

851 Firing Table (point source) 0.015 45%

Table 5. Doses (in mrem) calculated for the Site-Wide Maximally Exposed
Individual for the Livermore site and Site 300, 1990 to 1996.

Year Total Dose Point Source Dose Diffuse Source Dose

Lkermore site
1996 0.093 0.048 0.045
1995 0.041 0.019 0.022
1994 0.065 0.042 0.023
1993 0.066 0.040 0.026
1992 0.079 0.069 0.010
1991 0.234 —a —a

1990 0.240 —a —a

Site 300
1996 0.033 0.033 0.00045

1995 0.023 0.020 0.003

1994 0.081 0.049 0.032

1993 0.037 0.011 0.026

1992 0.021 0.021 -b

1991 0.044 0.044 -b

1990 0.057 0.057 -b

a~f~ ~ue do~s we~ not ~~~ separa~ly from ~ to~ do= for tie Lkrrnore site for

1990and 1991.

bNo dMuse emissions were reported at Site300foryearsbefore1993.
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SECTION V. Certification

I certify under penalty of law that I have personally examined and am
familiar with the information submitted herein, and based on my inquiry of
those individuals immediately responsible for obtaining the information, I
believe that the submitted information is true, accurate, and complete. I am
aware that there are significant penalties for submitting false information,
including the possibility of fine and imprisonment.

Name: Ray Corey
Livermore Site Manager
U.S. Department of Energy
Livermore Site Office
7000 East Avenue, L-293
Livermore, CA 94550

Signature: 4 .
““te’~

Ray C*

I certify under penalty of law that this document and all attachments were
prepared under my direction or supervision in accordance with a system
designed to assure that qualified persomel properly gather and evaluate the
information submitted. Based on my inquiry of the person or persons who
manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and
belief, true, accurate, and complete. I am aware that there are significant
penalties for submitting false information, including the possibility of fine
and imprisonment for knowing violations.

Name:

Signature:

Dennis K. Fisher
Assoaate Deputy Director for Operations
Lawrence Livermore National Laboratory
7000 East Avenue
Livermore, CA 94551

Date:I 6//3/9 7
Dennis K. Fisher
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SECTION V1. Supplemental Information

Collective Effective Dose Equivalent

Population doses, or collective EDEs, for both LLNL sites were calculated out
to a distance of 80 km in all directions from the site-centers using CAP88-PC.
As noted earlier, CAP88-PC evaluates the four principal exposure pathways:
ingestion through food and water corqumption, inhalation, air immersion,
and irradiation by contaminated ground surface.

In 1996, we reconstructed the population distributions centered on the two
LLNL sites. These population distributions, as were the previous
distributions, are based on 1990 census data. However, the new distributions
were developed using commercially available, computer-map-based
population data and the geographic information system software, ArcView@.
The population for each sector segment was determined by selecting census
block level data for that segment. Key population centers affected by LLNL
emissions are the relatively nearby communities of Livermore and Tracy, and
the more distant metropolitan areas of Oakland, San Francisco, and San Jose,
as well as the San Joaquin Valley communities of Modesto and Stockton.
Within the 80 km outer distance specified by the EPA, there are 6.3 million
residents included for the Livermore site collective dose determination, and
5.2 million for Site 300. Our population data files (distribution of population
with distance and direction) are shown in Tables 6 and 7 for the Livermore
site and Site 300, respectively.

For the evaluation of the population dose, as distinct from the individual
dose, all food (and in particular milk) was assumed to be produced locally.
This decision was made because, although there are no commercial dairy
animals within the distances used to evaluate individual doses, many dairy
animals live within 80 km of the Livermore site and Site 300.

The collective EDE, which is the sum of the individual doses to all 6.3 million
people within 80 km of the Livermore site, due to 1996 Livermore-site
operations was 1.1 person-rem (0.01 1 person-Sv). This number can be
compared to the collective EDE from natural background radioactivity for 6.3

million people of 1.88 x 106 person-rem (1.88 x 104 person-Sv). The 1996
collective EDE value is greater than the 1995 value of 0.59 person-rem (0.0059
person-Sv). The reason for the increase in the collective EDE is greater stack
releases in 1996 than in 1995. Stacks release effluents at considerable speed
high above the ground, allowing contaminants to be more readily transported
toward population centers downwind.

?8



u

n

. .,

-

.,

LLNLNESHAPSReport1996

Table 6. Population distribution for LLNL’s Livermore site, based on 1990
census information. Values are population in sector segment$ bounded by the
indicated inner and outer radii, for each of sixteen 22.50-sector directions.

Range of distance from site (km)

Direction 0-16 16-32 32-48 48-64 64-80 Total

N
NNW
NW
WNW
w
Wsw
Sw
Ssw
s
SSE
SE
ESE
E
ENE
NE
NNE
Total

4811
1068
1426

14358
49751
25518

5238
593
241
291
385
382

1778
1135
1556
4688

113219

10411
2754

31936
61815

128129
171772

93798
49137

200
49

219
141

8552
30417

837
8051

598218

sm.
111707
248376
300908
212882

67983
279561
563182
167093

3
11

249
7127

26376
6320
3952

2053032

4584
1258

135833
520216
473559
274932

61204
260261
101614

3821
41

12M14
42834
61945

250835
3598

2209419

1224
166469

91385
122985
407860

19296
2796

61181
44877
18998

576
12584

241920
6467

60168
17370

1276156

78332
283256
508956

1020282
1272181

5595m
442597
934354
314025

23162
1232

26240
302211
126340
319716
37659

6250044

Table 7. Population distribution for LLNL’s Site 300, based on 1990 census
information. Values are population in sector segments bounded by the
indicated inner and outer radii, for each of sixteen 22.50-sector directions.

Range of distance from site (km)

Direction 0-16 16-32 32-48 48-64 64-80 Total

n

m

,,

w

N 720 4105 2330 3327 16516

NNW 87 4029 75298 4094 33281 116789

NW 63 502 23434 255247 94706 373952

WNW 152 21706 89386 295835 535792 942871

w 502 75338 144290 304121 420057 944308

Wsw 49 70 189976 252976 160554 603625

Sw 54 72 3589a3 631861 20294 1011184
Ssw 4 3 74404 173195 23493 mo99
s 52 242 3 28705 43197 72199

SSE 33 5 2 14 59 13.3

SE 33 4. 55 5949 12521
ESE 33 766 13067 25674 49409 88949
E 157 2206 83264 177422 11635 274684
ENE 12829 44972 24814 3852 90031
NE 11457 91318 2943 145115

NNE 2078 1214 171880 76719 21699 273590

Total 38089 134548 1362582 2268842 1433485 5237546

?9
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The corresponding collective EDE from Site 300 operations in 1996,
10.0 person-rem (0.010 person-Sv), was due to point-source emissions. The
total collective EDE value is very similar to the 1995 value of 7.7 person-rem
(0.77 person-Sv). These differences are the result of differences in the
amounts of high explosives and depleted uranium used each year in
explosives experiments.

The larger value for Site 300 compared to the Livermore site is traceable
primarily to the highly conservative assumptions about the Site 300
explosives experiments, especially regarding the fraction of radioactive
material that is aerosolized and the height and trajectory of the explosive-
debris cloud. This conservative modeling methodology over-predicts the
quantity of radionuclides released to air by at least a factor of five, we believe,
and over-estimates the long-range dispersal of material in these experiments.
In 1992, we submitted to EPA a modeling protocol designed to treat the
transient expl~sive experiments more realistically than does CAP88-PC, but
this protocol was not accepted.

Compliance with 40 CFR 61 Subpart H (61.93)

Calculations of effective dose equivalents for ail Livermore-site and Site 300
facilities having the potential to release radionuclides to the atmosphere have
been completed. Annual doses from actual total emissions of all facilities
during 1996 were found to be well below the 10 mrem (100 p%) NESHAPS
dose standard. Tritium accounted for most of the Livermore-site calculated
dose, while at Site 300 practically the entire calculated dose was due to the

isotopes 238U, 235U, and 2~U, in depleted uranium.

Based on potential emissions without control devices and EPA agreement, 22
emission points in three facilities at the Livermore site will maintain
continuous monitoring systems in compliance with NESHAPS requirements.
Continuous monitoring will be maintained in Building 332 and the seismically
hardened area of Building 251 instead of a modeling or measurement effort to
demonstrate the actual need for monitoring. Continuous monitoring at
Building 166 will be maintained, based on EDEs determined from modeling of
the building radionuclide inventory. Continuous monitoring is being
continued at Building 331 even though the EDEs that result from measured
emissions do not require monitoring under 40 CFR 61.93(b).

Several other Livermore-site facilities (Buildings 175,231,251 unhardened, 419,
490, and 491) also will maintain continuous-monitoring systems; however,
calculations using umbated potential emissions resulted in EDEs of less than
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0.1 mrem/ y (1 @v/y) for the emissions from each of these facilities. While this
monitoring also will be continued, it is not required under NESHAPS.

For facilities having discharge points without continuous monitoring, the
requirement for continuous monitoring was individual y evaluated. The
evaluation was based on unabated emissions, even if emission-control
systems existed. No additional facilities at either LLNL site were found to
require continuous monitoring.

Status of compliance with 40 CFR 61 Subpart Q - National Emission
Standards for Radon Emissions from Department of Energy Facilities

LLNL does not have storage and disposal facilities for radium-containing
materials that would be a significant source of radon.

Status of compliance with 40 CFR 61 Subpart T - National Emission
Standards for Radon Emissions from the Disposal of Uranium Mill
Tailings

LLNL does not have or store any uranium mill tailings.

Information on Radon-220 and Radon-222 Emissions

Radon emissions occur naturally by emanation from the earth.
emissions that were reported in past NESHAPS amual reports
experiments at the Livermore site did not occur in 1996.

Site Periodic Confirmatory Measurements

Radon-222
from research

LLNL uses a graded approach to determine the required level of periodic
confirmatory measurements. The greater the calculated EDE, the more
intensive the measurements will be. LLNL invokes a four-tier approach:
(1) continuous monitoring at selected facilities, (2) annual effluent sampling,

(3) general surveillance monitoring, and (4) site-specific surveillance
monitoring, as described below.

Continuous Monitoring: There are currently nine buildings (Buildings 166,
175,231,251,331,332, 419,490, and 491) at the LLNL site that have
radionuclide air-monitoring systems. These buildings are listed in Table 8,
along with the number of samplers, the types of samplers, the analytes of
interest, and the number of monitored discharge points at the building. In all,
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there are 103 samplers operating continuously. Many would operate from
emergency power systems if normal power were lost.

Table 8. Air-effluent sampling locations and systems.

Sample Number of Number of
Building Facility Analytes type samplers discharge points

166

175

231

251

331

332

419

490

491

Pyrochemical
Demonstration
Facility

Gross a, ~ on particles Filters 1 1

MARS Gross a, ~ on particles Filters 6

Filter 1Vault Gross m ~ on particles

Heavv Elements
U~ardened area
Hardened area
Hardened area

Gross Q P on particles
Gross w ~ on particles
Gross %(1 on particles

Tritium

Filters 44
Filters 4
c~b 4

55”
4
4

4

2

Tritium Ionization 4
Chambe#

Molecular sieves 4Gaseous tritium/
tritiated water vapor

Gross CL~ on particles
Gross Q ~ on particles

Gross % ~ on particles

Plutonium cAMb 12
Filters 16

11
11

2

4

Decontamination Filters 2

USEC Laser
Isotope Separation

Gross CL~ on particles Filters 4

USEC Laser Gross CL~ on particles Filters 1 1
Isotope Separation

Note “CAM” denotesEberlinecontinuousair monitors.
aAlternateblower system measured by the same sampler.
bAlarmed systems.

Air samples for particulate emissions are extracted downstream of HEPA
filters and prior to the discharge point to the atmosphere. Particles are
collected on membrane filters. The sample filters are removed and analyzed
for gross alpha and beta activity on a weekly or hi-weekly frequency
depending on the facility. In most cases, simple filter-type aerosol collection
systems are used. However, in some facilities, alpha continuous-air monitors
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(CAMS) are used for sampling. In addition to collecting a sample of particles,
the CAM units provide an alarm capability for the facility in the event of a
release of alpha activity.

Detection of gross alpha and beta activity resulting from particles collected on
the air filters is accomplished using gas-flow-proportional counters. Analysis
is delayed for at least four days from the end of sample collection to allow for
the decay of naturally occurring radon daughters. For verification of the
operation of the counting system, calibration sources, as well as background
samples, are intermixed with the sample filters for analysis. Analysis is
performed by the Radiological Measurements Laboratory (RML) in the
Hazards Control Department (HCD).

Each stack of the Tritium Facility (Building 331) is monitored for tritium
release by both a continuous-monitoring alarm system and continuous
molecular-sieve samplers. The alarmed samplers, Overhoff ion chambers,
provide real-time tritium concentration release levels (HT and HTO). The
sieve samplers, which can discriminate between tritiated-water (HTO) vapor
and molecular tritium (HT), provide the values used for environmental
reporting and are exchanged weekly or hi-weekly depending on the rate of
tritium releases expected from planned work. Each sieve sampler
(unalarmed) is in parallel with an alarmed monitor and consists of two
molecular sieves. The first sieve collects tritiated water vapor; then a
palladium-coated catalyst converts molecular tritium to tritiated water, which
is then collected on a second sieve. The molecular sieve samples are
submitted to the Hazards Control Analytical Laboratory where they are
installed into a recovery system for the bake-out of tritiated-water vapor and
subsequent condensation and collection of the water. The retrieved tritiated
water is analyzed by RML using liquid-scintillation counting techniques.

Data from air-particulate-sampling filter and molecular-sieve analyses are
reviewed by the Hazards Control Department Health Physicist responsible for
each facility and an Environmental Protection Department Environmental
Analyst.

Annual Effluent Sampling: For point sources where the fence line EDE is
between 0.1% and 1% of the NESHAPS emission standard of 10 rnrem/y
(100 pSv/y) (between 0.01 and 0.1 rnrem/y or 0.1 and 1.0 pSv/y), and no
existing monitoring system is in place, LLNL strives to perform amual
confirmatory sampling. Measurements of the effluent from such sources are
plamed for the year following the annual dose assessment. These
measurements are planned to be taken downstream of any emission control
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devices and when operations are being performed. In 1995, no point sources
that were not already subject to continuous monitoring fell into these criteria
for sampling. We, nonetheless, conducted three evaluations for NESHAPS
periodic confirmatory measurements in 1996. These include confirmatory
sampling of discharge points at Buildings 177 and 490, and a comparison of
the inventory approach with workplace sampling at Building 298.

Building 177: At Building 177, we performed air sampling of a stack
exhaust that vents a uranium dissolution process. Three samples were taken
over a 12-day period while dissolution operations were being performed. To
obtain an appropriate background, one sample was also taken while
dissolution operations were not being performed. Samples of particulate
emissions were taken by single-probe, isokinetic sampling of the exhaust
using 47-mm-diameter, cellulose membrane filters. The filters were analyzed
for gross alpha and gross beta activity as well as total uranium by induced
coupled plasma mass spectroscopy (ICPMS). The average measured
concentration of uranium in the exhaust air as determined by ICPMS results

was 5.7 x 10-10 g/ins. Assuming the operations were performed continuously

the entire year, the estimated emission is 1.9 x 10-2 g of uranium. Modeling of
this source was performed with CAP88-PC. The resulting dose to the MEI and

SW-MEI is 2.1 x 104 and 1.3 x 10__7 mrem respectively. Thus, this source is
not a significant contributor to the Livermore site dose nor is continuous
monitoring of the stack emissions required by regulation.

Further, the estimated emission based on the above sampling results was
compared to the inventory approach for NESHAPS source evaluation. This
was done using the sampling results and knowledge of the amount of
uranium processed during the sampling period. A release fraction of

5.7 x 10-5 to 5.7 x 10+ was estimated. These fractions are 17 to 170 times
lower than 0.001, the release fraction for a liquid that would be used by the
approach given in Appendix D of 40 CFR 61 Subpart H. Therefore, this
sampling effort indicates that the inventory-based approach is conservative
for this type of operation.

Building 298: Building 298 houses operations involving the use of
tritium. In 1996, estimates of emissions were made using continuous
samplers that are in place for workplace concentration measurements and
compared to the inventory approach. The average concentration as measured

by the workplace samplers is 3.5 x lfi pCi/m3. Using estimates of ventilation
rates for the rooms, the estimated tritiurn release was calculated to be 0.044 Ci
for the year. This quantity is less than 0.05 Ci which was provided by the

.

n

n
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inventory-based approach. CAP88-PC modeling of the workplace-based

source term as an area-type release resulted in an MEI dose of 8.3 x 10-4 mrem

and a SW-MEI dose of 1.9 x 10-5 mrem. Therefore, no continuous sampling
of these operations is required.

Building 490: At Building 490, we performed periodic confirmatory
measurements of a vacuum pump exhaust from an operation using
uranium. Since this type of exhaust is intermittent depending on the
operation of the process, a special, HEl?A-filtered sampling train was placed
on the exhaust to facilitate continuous sampling. The sampling train
provided filtered air for the continuous sampler during times when there
was little or no flow from the pump exhaust. Four samples were taken over a
2-week period while experimental operations in the facility were being
conducted. Background measurements taken of the sampling train without
the vacuum pump exhaust comected were also made. Samples of particulate
emissions were collected on either 47-mm diameter cellulose membrane or
glass fiber filters. The filters were analyzed for gross alpha and gross beta
activity and for total uranium by ICPMS. The average measured
concentration as determined by ICPMS results was not distinguishable, or
statistically different, from the background measurements. (As for
continuously monitored stacks, for which measured emissions are not
significantly higher than background, thesq emissions are considered to be
zero.) Since the background concentration measurements have a lower limit
of sensitivityy that would result in a MEI dose far less than the 0.1 mrem
requirement for continuous sampling, the exhaust from this operation does
not require continuous sampling. Similarly, there is no significant
contribution to the SW-MEI dose.

General Surveillance Monitoring: Surveillance air monitoring for
tritium and radioactive particles has been in place since the 1970s and will
continue. LLNL currently maintains eight continuously operating, high-
volume, air-particulate samplers on the Livermore site, nine in the
Livermore Valley, eight at Site 300, and one in Tracy. LLNL also maintains
eleven continuous y operating airborne-tritium samplers on the Livermore
site and six samplers in the Livermore Valley, The samplers are positioned to
ensure reasonable probability that any significant airborne concentration of
particulate and tritium effluents resulting from LLNLoperations will be
detected. The data from this monitoring network provide continuous
measurements of the concentrations of radionuclides present in the air at the
Livermore site, Site 300, and in the surrounding areas. This network allows
for direct measurements of the overall impact of LLNL operations. Data horn
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this network are presented in the LLNL Environmental Report, which is
prepared annually and available to the public. (Harrach et al., Environmental
Report for 1996, Lawrence Livermore National Laboratory, Livermore, CA,
UCRL-50027-96, to be published in October 1997.)

Site-Specific Surveillance Monitoring: Surveillance air monitors are
placed near diffuse emission sources, such as those associated with Buildings
292,331,514, and 612, as well as in and around the Southeast Quadrant of the
Livermore site. The data from these monitoring networks provide continuous
measurements of the concentrations of specific radionuclides present in the air
near these sources and allow a direct and accurate determination of their
environmental impact. This practice will continue at these locations. It has
been determined that the use of site-specific surveillance monitoring for Site
300 diffuse sources of tritium is umecessary because of the low emissions and
resultant dose values displayed in Attachment 1.

Status of the NESHAPS QA Program

The LLNL NESHAPS Quality Assurance (QA) Program is a multi-
organizational effort that relies on the Quality Assurance/Quality Control
programs that are in place at the LLNL facilities with continuous air-
monitoring systems, the Radiological Measurements Laboratory (RML) and
the Analytical Laboratory of the Hazards Control Department, and the
Environmental Protection Department (EPD).

Facility Safety Procedures (FSPS), Safety Analysis Reports (SARs) and QA
Manuals for monitored facilities describe their organizational structures,
responsibilities for sampling locations used for continuous air monitoring,
and the procedures to be followed in the case of unplamed radionuclide
releases. For example, the FSP for the Plutonium Facility (Building 332)
describes in detail the procedure for responding to detection of radioactive
materials in a release from the stacks. These documents also describe the
sample-collection systems for both real-time and passive (i.e., not alarmed)
air-monitoring systems, and procedures to be used for measuring flow rates,
sampling, and calibration.

The RML Quality Assurance Program describes laboratory-analysis
procedures, precision, accuracy and completeness objectives, sample-tracking
procedures, quality-control (QC) sampling, sample handling, and data
reporting. For example, the Gross Alpha-Beta Procedures Manual of the RML
describes operational procedures for analyzing the air sampler filters for
radioactivity.

.
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EPD, which is responsible for NESHAPS modeling and reporting, also
operates under a Quality Assurance Management Plan and associated
procedures. Detailed records are kept of all measurements, CAP88-PC model
runs, and calculations, and selected model runs are validated. The Terrestrial
and Atmospheric Monitoring and Modeling Group (TAMM) of EPD is
responsible for modeling and reporting radionuclide emissions for NESHAPS
compliance. TAMM members continue to refine mechanisms that ensure
they are informed whenever new operations are proposed, significant
changes in radionuclide inventories occur, or existing operations are
modified so that NESHAPS modeling can be performed and appropriate
action taken. All NESHAPS calculations are archived with the supporting
information used to make the calculations.

Quality Control (QC) for 1996 Radiological Inventory Update and
Modeling

Radiological Inventory Update QC: Approximately 15% of the 61

Livermore-site facilities that completed radiological-inventory updates in
1996 were randomly selected for validation. For this QC check, radiological
inventories from eleven potential emission points were selected for
validation five from Building 151, two from Building 222, two from Building
177, and one each from Building 446 and the Building 514 Tank Farm. An
EPD Environmental Analyst contacted the responsible party who signed the
NESHAPS Inventory Forms and physically visited and inspected the facilities
to verify inventory data. The responsible party was asked to demonstrate how
he/she arrived at the data submitted on the original inventory form. Stack
parameters also were verified. The QC data were compared to the original
data. The accuracy of the inventory data was confirmed.

Modeling QC: Fifteen percent of the CAI?88-PC modeling runs were selected
for validation by a second analyst using a different computer and copy of
CAP88-PC. The analyst performing this QC effort ran the model following
independent gathering of radionuclide inventories and stack data from the
NESHAPS Inventory Forms and pertinent distances from site maps. The QC
modeling verified the values from the original CAI?88-PC modeling runs.
The data that are presented in the attached spreadsheet are as accurate as
possible, demonstrating that quality objectives are being met.

EPA Compliance Evaluation investigation

On May 28,1996, the U.S. EPA, Region IX conducted a Compliance Evaluation
Investigation at Buildings 332,255,253, and 331. LLNL persomel made a
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number of presentations during the course of the inspection including
summaries of stack monitoring systems, the HEPA falter testing program, the
Hazards Control Radiological Measurements Laboratory operations,
Building 332 operations overview and faality tour, and NESHAPS compliance
overview. LLNL was found to be in compliance with 40 CFR 61 Subpart H and
no additional compliance activities were required.

In December 1996, LLNL held an informational meeting with U.S. EPA
Region IX staff to discuss plamed construction of the Decontamination
Waste Treatment Facility at the Livermore site and Contained Firing Facility
at Site 300. Potential NESHAPS issues and plans for monitoring at the
facilities were discussed. Additional subjects covered at the meeting included
periodic confirmatory measurements, the potential for the use of de nzinirnis
values in determining NESHAI?S compliance, and the status of the delegation
of NESHAPS regulatory oversight to the State of California.

Uranium Physical State Exemption

In discussions between LLNL and U.S. EPA staff, LLNL persomel pointed out
the burden of assuming, as required by 40 CFR Part 61 Subpart H Appendix D,
that all materials heated in excess of 100”C are hi a gaseous physical state.
Such an assumption is quite unrealistic for uranium and other refractory
metals. Uranium has a melting point of 1132°C and a boiling point of 3818”C.
The effect of the assumption that all materials are gaseous when at
temperatures above 100”C is to apply a physical state factor of 1, rather than

1 x 10-3 for liquids and 1 x 10~ for solids. Evaluation of a new source which
involved heating of uranium, and using the required physical state factor,
could lead to a dose estimate that requires continuous monitoring of the
source, whereas using a physical state factor based on the actual physical state
of the materials would not. On July 25, 1996, LLNL requested an exemption
from the temperature-based physical state assumptions for uranium. U.S.
EPA granted approved alternative emissions factors for elemental uranium

as follows: an emission factor of 1 x lb can be used for elemental uranium

heated at temperatures below 11 OO”C,an emission factor of 1 x 1~ can be
used for elemental uranium heated at temperatures below 3000”C, and an
emission factor of 1 shall be used for temperatures greater than 3000°C. These
factors are allowed provided that the uranium is not intentionally dispersed
to the environment and that the processes do not alter the chemical form of
the uranium. We are working towards similar exemptions for uranium
compounds.
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Attachment 1. 1996 LLNL NESHAPS Annual Report
Spreadsheet

Guidance for Interpreting Attachment f
A generalized description of each facility and its operations is provided on the
spreadsheet. In addition, the following information is shown for each listed
emission point or stack:

(J

0

0

e

o

*

●

o

e

●

o

e

e

●

e

Building and room number(s)
Specific stack identification code(s)
Generalized, operations in the room(s) or area(s)
Radionuclides utilized during 1996
Annual radionuclide inventory with potential for release (by
isotope, in curies)
Physical-state factors (by isotope)
Stack parameters
Emission-control devices and emission-control-device
abatement factors
Estimated or measured amual emissions (by isotope)
Distance and direction to the site-wide maximally exposed
individual (SW-MEI)
Calculated EDE to the SW-MEI
Distance and direction to the maximally exposed individual for
that specific source (MEI)
Calculated EDE to the MEI (source term not adjusted for
emission controls)
Source category
Below Appendix E Quantity (Y or N)

Radionuclides: The radionuclides shown in the spreadsheet are those from
specific emission points where air emissions were possible. If radionuclides
were present, but encapsulated or sealed for the entire year, radionuclides,
amual inventories, and emissions are not listed.

Radionuclide Inventories with Potential for Release: The annual
radionuclide inventories for point-source locations are based on data from
facility experimenters and mamgers. For Buildings 251 (hardened area) and
332, classification issues regarding transuranic-radionuclide inventories make
use of the inventory/modeling approach impractical. However, all such
affected emission points in these buildings are continuously monitored, and
emissions are therefore directly determined. LLNL conducted a complete
radionuclide-inventory update in 1994. Because of the magnitude of effort
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required to complete a site-wide inventory, the 1996 inventory was conducted
for all new sources and for those sources that cumulatively contributed to
90?40or more of the dose for 1995.

Physical-State Factors: The physical-state factors listed are EPA potential-
release fractions from 40 CFR 61, Appendix D, whereby emissions are
estimated from radionuclide inventories depending on their physical states
for use in dispersion/dose assessment modeling. A physical-state factor of
1.0 x lb is used for solids, 1.0x lba is used for liquids and powders, and 1.0 is
used for unconfined gases.

Stack Parameters: Engineering surveys conducted from 1990 through 1992
form the basis for the stack physical parameters shown, which were checked
and validated by facility experimenters and managers for 1994 and 1995. Stack
physical parameters for new sources in 1996 were provided by experimenters
and managers for those facilities.

Emission-Control Devices: High-Efficiency-Particulate-Air (HEPA) filters
are used in many LLNL facilities to control particulate emissions. For some
discharge points, scrubbers and electrostatic precipitators aid the control of
emissions. The operational performance of all HEPA filtration systems is
routinely tested. The required efficiency of a single-stage HEPA filter is
99.97°/0. Double-staged filter systems are in place on”some discharge points.
Triple-stage HEPA filters are used on glove-box ventilation systems in the
Building 332 Plutonium Facility and in the hardened portion of Building 251.

Control-Device Abatement Factors: Similar to physical-state factors,

control-device abatement factors, from Table 1 in 40 CFR 61, Appendix D, are
those associated with the listed emission-control devices, and are used to
better estimate actual emissions for use in dispersion and dose models. By
regulation, each HEPA filter stage is given a 0.01 factor (even though the
required test efficiency that all LLNL HEPA filters must maintain would yield
a factor of 0.0003), venturi scrubbers and electrostatic precipitators are each
given a 0.05 factor, and each activated-charcoal filter is given a 0.1 factor.

Estimated Annual Emissions: For unmonitored and non-continuously
monitored sources, estimated amual emissions for each radionuclide are
based on the product of (1) inventory data, (2) EPA potential-release fractions
(physical-state factors), and (3) applicable emission-contiol-device abatement
factors.

n

.
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Actual emission measurements are the basis for reported emissions from
continuously monitored facilities. LLNL facilities that have continuous
monitoring systems are Buildings 166, 175, 231-vault, 251,331, 332, 419, 490,
and 491. See pages 9-10 for a discussion of the use of emissions measurements
for monitored sources.

10 mrem/y Site-Wide Dose Requirement: For LLNL to comply with the
NESHAPS regulations, the LLNL site-wide maximally exposed individual
(SW-MEI; defined as the hypothetical member of the public at a single
residence, school, business, or office who receives the greatest LLNL-induced
EDE from the combination of all radionuclide source emissions) cannot
receive an EDE greater than 10 mrem/y (1OOI-ISV/y).

In Attachment 1, the distance and direction to the respective SW-MEI are
shown for each facility at each site. Doses to the site-specific SW-MEIS were
evaluated for each source and then totaled for site-specific evaluations against
the 10 mrem/ y dose standard (see “Total Dose Estimate” in Section IV).

0.1 mrem/y Monitoring Requirement: To assess compliance with the
requirement for continuous monitoring (potential dose greater than
0.1 mrem/ y [1.0 pSv/ y]), emissions must be individually evaluated from each
point source; the location of the maximally exposed public individual (MEI) is
generally different for each emission point. The maximum dose at a location
of unrestricted public access typically occurs at a point on the site perimeter.
Therefore, it is often referred to as the maximum “fence line” dose, although
the off-site maximum dose could occur some distance beyond the perimeter.
(This could happen, e-g-, when the perimeter is close to a stack; however, for
all emission points at the Livermore site and Site 300, calculations show that
ground-level concentrations of radionuclides decline monotonically beyond
LLNL boundaries.) As stipulated by the regulations, modeling for assessment
of continuous monitoring requirements assumed unabated emissions (i.e.,
no credit was taken for emission abatement devices, such as filters), but
physical-state factors were applied.

The unabated EDE camot be calculated for monitored facilities. Because the
monitoring equipment is placed after HEPA filtration, there is no way to
obtain an estimate for what the emissions might have been had there been no
filtration. It is not reasonable to apply factors for the effects of the HEPA filters
on the emission rate because most of what is measured on the HEPA filters is
the result of the radioactive decay of radon, which is capable of penetrating
the filter. Attachment 1 gives, for each inventoried point source, the dose to

n
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the MEI and the distance and direction to the LLNL fence line where the MEI
is located. However, for monitored sources, no value is shown.

Source Categories: LLNL radionuclide air-emission sources have been
classtiled into six source categories, indicated by the number in the next to last
column of the spreadsheet: (1) Unmonitored or non-continuously monitored
Livermore-site facilities that have had a radionuclide-inventory update for
1996; (2) Unmonitored or non-continuously monitored Livermore site
facilities with a previous (1994 or 1995) radionuclide-inventory update;
(3) Continuously monitored Livermore-site facilities; (4) Site 300 explosives
experiments; (5) Diffuse sources where emissions and subsequent doses were
estimated using inventory processes; and (6) Diffuse sources where emission
and dose estimates were supported by environmental-surveillance
measurements.

Below Appendix E Quantity: In 1995, DOE and EPA entered into a
memorandum of understanding that, among other things, made the contents
of 40 CFR 61, Appendix E acceptable “other procedures” for DOE facilities to
establish compliance with Section 61.93(a) of Subpart H. Part of Appendix E is
a list of “Annual Possession Quantities for Environmental Compliance. ”
Facilities having less than these quantities of radionuclides need not report to
EPA under NESHAPS. A letter “Y” in this column denotes those inventoried
sources at LLNL facilities that contain radionuclides in amounts below the
annual possession quantities listed in Appendix E.

1

,,

m
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3uildingRoornlArea Stsc+rID Oparation Radienudidw Annual Inventory Phyakal stack stack Sfacfr control controlOavica Eatimatad Soume eafow
with Petential for Stata Height (m) Diameter Velocity Devkx(s) Abatement Amual Emlaaione Distance to Diracflon m Dkfanca Dkaction unabated

Rabaee (Ci) Factor (m/a) ‘

Category APP. E

(m) Factor (a)
MOTE CAPS6-PC raq ulrea astfvffy rates of curlaalya ar and ~ivee doeaa In mre rnlyear. To con vert curloe to bacq

SWMEI (m) to SWMEI (mrem) to MEI (m) to MEI EDE (mmm) Quantity
uWSh USS 1 CI=3.7E+ 10 Bq end to convert millirem to slevsrfs use 1 SV=l.0E+05 mmm.

WERMOFESITEPOO1780UWH

3uilding 13t complex is a large offiiaberatory facilii housing both Mechanical Engineering and Ele cfrical E@n aarfng Divtaion.

I
13t / Vault ~ Room Air Temporary Storage U-238 3.5E-07 1.OE-08 NA NA M NOna 1 3.5E-13 1326 E 1.6E-1 1 559 w S.OE-11 2 Y

t U-235 4.6E-09 1 .OE-06 4.6E-15 Y

\
I U-234 3.3E-06 1 .OE-06 3.3E-14 Y

131 ~ 1221 Room Air Temporaty Storage U-238 8.3E-02 1.OE-06 NA NA NA None 1 6.3E-06 1326 E 4.6E-06 363 SW4 9.7E-05 2 Y
I U-235 / l.l E-03 1 .OE-06 l.l E-09

U-234 I

Y

7.7E-03 1.OE-06 7.7E-09 Y

I I

131 : 2250 Room Air Processing sy3fsms U-238 I 3.3E-Of 1 .OE-06 NA NA NA NOna 1 3.3E-07 1326 E 1.SE-05 363 SW 3.9E-04 2 Y

U-235 I 4.3E-03 1 .OE-06 4.3E-09

U-234 3.1 E-02

Y

1.OE-06 3.1 E-08 Y

I

3uilding 151 houses the Isotope Sciences DWiAon which applies nuclear and isotope sciences to a wide range of problems, includi ng stockpile stewardship, nonpmiiieration, safagu ad tschmog lea, forensic science, and waate characterfzafion and analysis.

3uikfing 15f also contains the Chsmiaty and Materials Saencae Envtmnmenfal Set%kas Iafmmtow (room 2t 17) where ~mplas of waste stmarns and anvimnmental mdla (air, water, soil etc.) are analyzed for their radionudide content.

151 i 1033 FHE-2 Dryi~ of core ddlli~ Pu-239 I 6.5 E-06_ 1.OE-03 7.6 0.61 3.1 None 1 S.5E-09 130s E 1.5E-06 564 WrW 6. OE-06

samples from NTS

1 Y

Cs-137 ~ 4.2E-06 1.OE-03

SZ90 ‘-~””– ‘–1 .7E-06

4.2E-09 Y

1.OE-03

Am-241 \

1.7E-09_ l_ Y

2.9E-06 1.OE-03 2.9E-09 Y

H-3 2.3E-04 1.OE+OO 2.3E-04 Y

151 ( 1039 FHE-04 Aiiquiot Extmfion Sr-90 2. OE-OQ___ 1.OE-03 19.2 0.41 16.4 Norra 1 2.OE-11 1306 E 3.4E-11 1125 FM

Ru-106 ! 3. OE-10

S.7E-11 2 Y

1.OE-03

CS-137

3. OE-13 I Y

3. OE-06 1.OE-03

Cc-l 44

3.OE-11 Y

3. OE-10 1.OE-03 3. OE-13 Y

Pm-147 1 1.OE-OS 1.OE-03 1.OE-1 1 Y

151 1043 FHE-5 Core Dssolufion Sr-90 ! 3.4~06 1.OE-03 7.6 0.46 2.9 Nona 1 3.4E-09 1306 E 3.2E-06 584 WNW f .4E-05 1 ! Y

RU-106 ; 3.2E-tO 1.OE-03

, I CS-137 i

3.2E-13 ___ 540 w Y

8.3E-06 1.OE-03 6.3E-09

Cc-f 44 ! 3.2E-10

Y

1.OE-03 3.2E-13 Y

Pm-1 47 : 1.OE-OS

I_

1.OE-03 1.OE-1 1 Y
I Pu-239 ~ 1.7E-05 1.OE-03 1.7E-OS

Am-241 __5.9E-06 1.OE-03

;Y

! .f–..— 5.9E-09 iy

H-3 : 4.5E-04 f .OE+OO 1 4.5E-04 Y
1 I

151 1143 FHE-64 Sampfe Preparation Pu-239 2. OE-Ofl 1.OE-03 19.2 I _o,61 -‘- ‘– —2.0 I None 1 2.OE-11 1308 E’ 4. OE-OS
.~

1125 (w &5E-06 2!Y

U-234 9. OE-07 1.OE-03 9. OE-10 ~ fy

—-
U-235 3.5E-06 1.OE-03 I 3.5E-11 ‘

U-236 . -_l .6E-07

Y

1.OE-03 I I.6E-10 Y

061 J–.- ~ 1~

151 1241 FHE-S6 Sample Preparation Pu-239 2. OE-06 1.OE-03 11.9 1.4 I Nons 1 2.OE-I 1 ‘ 1308 E 4.2E-08 584 WtJW 1.7E-07 l~Y

U-234 9. OE-07 1.OE-03 9.OE-t O I

U-235

Y

3.5E-08 1.OE-03 3.5E-I 1 I Y

U-236 1.8E-07 _ 1.OE-03 1.6E-10 I Y
--

I

15i 131s FHE-26 Sample Preparation Pu-239 1.OE-09 1.OE-03 19.2 0.41 4.9 __~ None 1 1.OE-12 ! 1306 E I.3E-10 1125 w 3.6E-10 2

Am-241 _ 2. OE-10

;Y

1.OE-03 2. OE-13
(

Cm:244

Y

1. OE-10 1.OE-03 1. OE-13 I

I-129 S.OE-11

Y

1.OE-03
——..

6. OE-14 Iy

1

151 1322 - I FHE-32 .%n@e Processing Sr-90
.—

1.OE-09 1.OE-03 11.9 0.61 2.2 None 1 1. OE-12 1308 E 2.4E-06 584 w

Ru-106 1.5E-11

8.8E-06 l;Y

1.OE-03 ! I 1 I—
CS-137 1.5E-09

1.5E-14 Y

1.OE-03 ~ 1.5E-12 I

Ce- f 44 1,5E-11
I

Y
1.OE-03 I 1 1.5E-14

Pm-147 __5.OE-10

Y

1.OE-03 1 I I 5. OE-13 [

~ 1.OE-07 1.OE-03 ~– “-~
Y

1. OE-10 ~
1

— — _+_- .—.. Y—

1.OE-07 1.OE-03 I I I 1. OE-10 I Iy—-
I 1

151 1326
~ --

FHE-43 Sample Analysis

.-

Sr-90 2. OE-09 1.OE-03 19.2 I 0,41 ; 5.6 I Nons I 1 2. OE-12 , 1306 E 4.5E-08 1125 w 1.3E-07 2!Y

—+-
Ru-106 3.OE-11 1.OE-03

I

CS-137
—~--

I __ 3. OE-14 Y

3. OE-09 _ 1.OE-03

I Ce-144

3. OE-12 - i Y

3.OE-11 1.OE-03

Pm-147
-_...-+ ----------- : “- 3. OE-14 ! Y

1.OE-09 1.OE-03-.— 1. OE-12 ~
1 ,

1 Pu-239_ ~OE-07

Y

1.OE-03 I

Am-241

2. OE-10 Y

2. OE-07 1.OE-03 I I I 2. OE-10
+.—

Y
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3vilding I RoornlArea - ID 1 Operation I RslSUwJclidaa I Annual Invantory I Phy@o# Btaok I Sta&\ I stack I Contrul I co!
withPnmlliial for stain I H.i”hl (m) Ilbmntkr Valneitu I-Mviln{.i A

ltrd Davioa Eatimatad Souma EralOw

. ------- . . . -.-, - . .. . . .. . . . , . .. . . ...-. ------- ------- , . .batement Amufd Emiasiona Diatanc4 to I Diraotion I a

Ralaaae (Ci)

Diatanos

Factor

Dhaction Unabatad

I (m) (mIs)

Category APP. E

Faotor (cl) SWMEl (m) ltoswMEl] (mrem) to”MEI (m) I toMEl EDE (mrarn) Quantity

1 I I I I
151 1330 FHE-54 Sample Prapamtion Groea atphs 4.4E-05 1.OE.03 11.9 0.61 1.9 Nena 1 w

I I I n-.. ti.
4.4E-06 1308 E

I “ AC.l_l C

3.7E-OS 1125 1.OE-05

1.OE-03

1 Y

4.4E-08 Y“, “0. -,. . ..&-”~

151 2109 FHE-19 Sample Prccaaa@ Sr-90 2. OE-09 1.

R1l.106 !? OF-11 I 1

I

OE-03 19.2 ~ 0.33 5.3 Nona 1 2. OE-12
I 1308 E 3.6E-12 w

OE-03

1125 9.6E-12 21Y
~ I

OE-03

3. OE.14 Y

I

I 1 I u-- !%- I .J.UI=. I I I 1.OE-03

3. OE-12 I

3. OE-14
Iy

I
Pm-147 1.OE-09

— Y

1,OE-03 I I 1. OE-t2 i Y

“-, - z.zG-

1 U-235 4.6E-
,

U-236 6.2 E-
P,,.9!VJ 1 flF.

I I Am-241 I 4.6E-

1 Am.243 A 6F.

I I rdn-w I 3./ t-’
Cm-iu I 3 7F-

1 I I I I I I I
151 I 2117 FHE-23 P raparing Caiibmtion Btandarda H-3 2.3E-05 1.OE-03 11.9 0.61 2.5 Nc4m 1; 2.3E-08 I

I 1 *.44
1308 E 1.9E-05 584 ] W

I ., -~ 06 1.0E-03

6.7E-05 lIY

2.2E-09 ~ I

09

Y

1.OE-03 I 4.6E-12 ~

09 1.OE-03

,1

6.2E-12

!y

I I

07 1.OE-03

Y
1

1 .6E-10 I

09

~y

t ,OE.03 1 4.6E-12 !

--- 09 1.OE-03

:Y

----

I Sr-90

4.6E-12 ~

1.8E-07 1.OE-03

Y

I.8E-10 i

Y-90 1.6E-07 1.OE-03

Y

I CS-137

1.6E-10

4.6E-09

Y

1.OE-03 I I
! co-57

4.6E-12

3.7E-09 1.OE-03

Y
,

I CO-60

3.7E-12

3.7E-09
iy

1.OE-03 ,
1

‘ ‘- 09

3.7E-12
..-.

;Y

1.OE-03 3.7E-12 ~ I I

( -- ..., ---- 09

Y

1.OE-03

Groaa alpha

3.7E-12

2. OE-04

Y

1.OE-03 2. OE-07 I

Groaa bats 2. OE-04 1.OE-03

Y

2.OE-07 ~ I Y
1 1 I

1 “ -a.,., I “.”L-”u 1 , .“L-”.. {
I 1.73R 7 9F.OQ 4C

I
i

PU-239 I 2.2E-07 I 1.’
Am.24f 6.OE-09 1.I_.. ____
Am-243 6.OE-(

Sr-90 I 3.1 E-I
I 1 I V.90 3 4l=.,

I I

151 : 2121 FHE-29 Pmpemtion of H-3 1 .6E-06 1.OE-03 19.2 0.41 6.9 Nona 11 1.6E-09 : 1306 E 2.2E-06 w

! I CaUbmtii standards c-f4 1.6E-07

1125 6.2E-06 2iY

1.OE-03 t
11.9*=

1.6E-10 j
. ml-m 4 *C-.-I*

iy
I 5. OE-12 !

OE-03

Y

! 7.2E-12 i

OE-03

Y

2.2E-10 i

.OE-03

Y

6. OE-12 ;

;9

Y

1.OE-03 6. OE-12 ; I

07

Y

1.OE-03 3.1E-10 ~ i

07 1.OE-03 :

:y

1 3.1E-10 I

09

Y

1.OE-03 6. OE-12 i ! iy

fm ! OE-03 4.3E-12 :

OE-03

!Y

I 4.3E-12 , I

I I ml, ,-=+ ! -.ac-vm

Y

I , .OE-03 1

Ce-144

4.3E-12

1.OE-07 t .OE-03

Y

1. OE-10 Y
, I I ,

I I CS-137 I 6.OE-I
I CO-57 A 3F.(

! I CO-60 I 4.3E-09 I 1.
I .,.. c“ . “c .-.r. .,

{1

I 0.61 --2.6151 ; 2125 FHE-37 Chamkel Analysis Gmea AJpha 5. OE-07 1.OE-03 11.9 Nons 1: 5. OE-10 1306 ~ E 4.6E-06
I 6.-.. ma,. I . r-,=-n.

564 M 1.6E-07 l\Y

1.OE-03 I 5. OE-10 Y
I

, . -- ---- -- 1 .OE-06 3.6E-06 Y
1 1

I 1 “,- -s , . ..L-V.

Ni-fi3 ! !? RF-(I7

I I

151 I 2131 FHE-56 I Chamical Anaiyais M-63 ~ 6.9E-03 1 .OE-06 11.9 0.61 2.6 Nons 1 6.9E-09 1306 , E 4.6E-08 w

I Groea Alpha 5. OE.07

564 1.6E-07 l!Y

1.OE-03 5. OE-10

I I Groaa Beta 5.OE-07

Y

1.OE-03 5. OE-10 I !Y
1

151 I 2133 FHE-37 Cslibmtkm Standarda Preparation H-3 I 2.3E-05 1.oE-03 \ 11.9 0.61 2.9 ~ Nona ~ 1 2.3E-06 1306 I E ~ 4.OE-12 \ S64 W?4W \ 1.3E-11 ~ 1 iy
I

I_ 1

151 ; 2135 - FHE-62 Tracer Preps ration Pu-239 i 3.4E-14 1.OE-03 I 11.9 0.61

H-3 l.7–

I I I CS-137 I 3.

Sr-90 ! 2.

I

3.5 None 1 3.4E-17 1306 / E 4.8E-11 564 WNW 1.6E-10 lIY

3E-11 1.OE-03 ~ 1.3E-14 I Y

6E-14 1.OE-03 I ~ I

_. OE-12

3.6E-17 Y

1.OE-03 ~ 2. OE-15
I

( Eu-152

Y

! 3.4 E-I 1 1.OE-03 I I
I

I I Eu-154 I 3.4E-11

3.4E-14 Y

1.OE-03 I 3.4E-14 Y

Ra-226 ~ 1.7E-12 1.OE-03 ] 1
I

— 1.7E-15 Y
P--m o 3E-12 1.OE-03 2.3E-15 I Y

RF. iA 1 OF.(T? I 2.6E-17 Y
I ““-”” a,.

Th-232 I
— -————

2. I- . , . -----

I Ba-133 4,0E-13 1. OE-03 I

I U-236 1.5E-09 I 1.OE-03 I
1

I I 1.5E-12 I Y
I I I I I I
I

151 : 2149 FHE-76 1 Tracer Preparation Pu-23s 2.OE-14 1.oE-03 1 19.2 0.41 1 6.9 Norw 1 2. OE-17 1306 i E 4.1 E-13 1125 K 1.2E-12 2,Y

Pu-239 I

— ._...~_ . . . . . .

4. OE-14 1.OE-03 4,0E-17 Y

Pu-240 4. OE-14 1.OE-03 I I 4.OE-17 Y

Pu-242 3. OE-12 1.OE-03 ~
-~

–’+— --

3. OE-15

I,__ U-232 1. OE-12 1.OE-03 I --.+

Y

1. OE-15 Y

U-233 ~
. ..—

9. OE-13 1.OE-03 ~ , 9. OE-16 Y

I
1 U-236 4.OE-15 1.OE-03 4. OE-18 1 Y

I

151 2302 and 2302A FHE-09 Process and Wegh Sampiaa ~ Cc-l 44 3.OE-11 ~ 1.OE-03 I 19.2 0.41 i. 7.3 I None I 1 3. OE-14 1306 E
I
_ 1.6E-t4 1125 w I 4.5E-14 2’Y..— 1

I
I

I
I

I
i
I

I
I
I
I
I
I
I
I
I
I
I
I
IPage 44
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SuMing Room/Area \ Stack ID Operation Radionudw Annual Inventory Phyaicel Stack Stack Stack Contrel Control Device
with Potential for state Height (m)

Estimated
Diamater Velocity Device(a) Abatemant Arxrual Emissions Dfatance 10 Direction =

Saew Sefow

‘ Release (Ci) Factor (m) : (rrt/a)
Distance Direction unabated Category

Factor (Ci) SWMEI (m)
APP. E

to SWMEI (mrem) to MEI (m)
I

to MEI

151 2308

EDE (mram) Quantity

FHE-18 Expetfnsantal Laboratory with Th-232 3.OE-10 1.OE-03 11.9 0.61
Gfove Soxas

2.9
NP-237

Double HEPA 0.0001
7. OE-05

3. OE-17 1308 E 9.4E-06 564 WNw 3.OE-09
1.OE-03

Pu-242 5. OE-07
7. OE-12 !

1 Y

1.OE-03

151 2312

5. OE.14 !
Y

FHE-21 Experimental Laboratory with Pu-242

~y

I
2,0E-08 1.OE-03 11.9 0.61

Glove 60Xe4 U-233
2.8 LtcufXa HEPA 0.0001 w

1.OE-09 1.OE-03
2.OE-15 ; 1308 E 2.7E.09 564 1.5E-08

FHE-17

1

Pu-242 3. OE-08
1 .OE-16 I

Y

1.OE-03 11.9 0.81
U-233

2.8 Nona 1
3.6E-10

3.OE-I 1 i I

Y

1 .OE-03 3.6E-13 i 1

151 2322 FHE-31 Chemicaf Extraction Grmse afpha 9. OE-07 1.OE-03 11.9 0.61
Groea bate

3.4 Nons 1 WfmV
9. OE-07

9. OE-10 1308 E 8.5E-06 564 2.5E-07 1
1.OE-03

I
9. OE-10

Y

1125 Flus
I

151 I

2.5E-07

2326

Y

FHE-39 I Chemical Analysis of Waste Gmaa afpfsa 1.9E-08 1.OE-03 11.9 0.61 2.6 Nona
I Gross beta

1 1.9E-09 WNw
1.9E-06

1308 E 1.8E-07 564 6.OE-07
1.OE-03 1.9E-09

l,Y

1
151 I 2344 FHE-65

Y

Chemical Analysis GIOSS a@ha f .5E-06 1.OE-03 11.9 0.61 2.6 Nona
1:

I Gross beta
1 1.5E-09 1308 E 1.4E-07 564 w 4.7E-07

1.5E-06 1.OE-03 1.5E-09
1’Y

Wilding

Y

166 is part of LLNL’s Uranium Atomic Vapo r Leaar Isotope “Separation (U-AVLIS) program, now affiliated wffh The United States Enrichment Co

Gross alpha and gross beta emissions are contirmusly monitored at the stack. Monitoring data, rather than the inventory app
rparsrtion (USEC).

1:

I

“Because monitoring takes pface after HEPA fiftretion, en unabated EDE cannot be determined (see disctmsion on page 41.)
roach, are used to determins emiatio~.

I
166 Hiaay Steck Cerwwaion of uranium Gross afphs .

NtA 7.9 0.25
to hafidea and oxides of

3.9 WA
Gmes beta .

NIA
0.01 O.OE+OO 1291 E O.OE+OO . . . . . .

3

1
— uranium

O.OE+OO
NIA

NIA
I I

Iuilding 175 is

NIA

part of UNL’S Uranium Atomic Vape r Laser isotope Separation (U-AVLIS) program, now aff iliatad with The United States Emicfrrnenf Co I
Gross afpha and gross beta emissions are ccmfinously monitored at the stack. Monitori

rporefion (USEC).

IW data. mfher than the ~vsnfmy approach, are used to determine amissions.
.Because monitoring takes place after HEPA fiftmhn, an unabated EDE cannet be deterr%red (see discussion en peg a 41.) I

(
175 / Stack 1 I Cleaning & Refurbishment U-238 .

*
stack 2

NIA 13.0 0.71

I of Parts U-235
9.1 f-EPA

.
NIA

0.01
10.0

2.1 E-07 1335 2.3E-04

Stack 3
0.36 5.1

. .

=A

. . . . 3

U-234
6.9E-11

NIA

,
13.0 0.91 5.6 FEPA 2.5E-05

NIA

1 NIA

I 1

uilding 177 is pa rt of UNL’S Uranium Atomic Vapor ~r Isotope Separation (U-AVLIS) p rogrem, nOW affiliated with Ths United States Enrichment Corpom tion (usEC). I
177 1000 Room Air I Corrosion studies of U-238 6.2E-04 1.OE-03 NIA

—

NIA =
fiquid umnium U-235

NIA None 1
1.3E-05 1.OE-03

6.2E-07 ; 1350 2.6E-03 566 w 5.2E-02 ; 1 Y

—. U-234
1.3E-06 Y

7.6E-05 1.OE-03 7.6E-06

177 I 1012 ROOM ~r “- ! Cormsfon studies of U-238 3.3E-04
.~

Y

1.OE-03 NIA NIA =
fiquid uranium

NIA _None

— U-235 5.3E-06_
3.3E-07 1350 1.2E-05 568 w

1.OE-03
2.2E-04 I 1 Y

I U-234
—. 5.3E-09 Y

3.1 E-05 1.OE-03 3.1 E-06

~
177 i 1014 FHE-10 I Cleaning Parta and Preces3 U-238

— Y

1.OE-04 1.OE-03 5.6 –

~

0.41
Uranium Oxide Powders U-235

2.4 l-EPA 0.01 t ,OE-09
2.2E-05

1350 _= 1.6E-07 _568 w 1.7E-04 ~ 1 Y“
1.OE-03 w

I U-234
2.2E-10

~

4. OE-04
615

1.OE-03
1.7E-04 I Y

4. OE-09 I

FHE-27 Sample Preparation

-— Y

U-236 2.5E-05 1 .OE-06 7.9 0.56 12.9
1

FEPA e

-----
U-235

0.01
7. OE-07

2.5E-13— 1350 3.2E-10 764 _w
1.OE-06

7.2E-07 , 1 Y

U-234
7. OE-15 Y

1.7E-05 1.OE-06
, ~ 1.7E-13 Y

I

~- _lo21 FHE~24 f Sample Prepamtion U-236 1.3E-04 1.OE-03 11.0 I

I FHE-25 :
0.41 7.6

U-235
f-EPA 0.01 i.3E-09

4.3E-05
1350

1.OE-03 6.1 0.30 8.0
=

f-EPA
4.4E-06 764 t.t4- 6,7E-05 I 2 y

1
1 U-234 8.OE-04

4.3E-10 Y

1
1.OE-03 1 6. OE-09

(

uilding 194 is opamted by “N-Ditieion for the Physics and Space Technology Directorate. The facifity houses a high+nq

— Y

y finear accelerator (L INAC) and mS ea~h labmtorfes. I

he accelerator beam can produce smafl quantiies of short-lived air activation products, I

194 ! Target TE-FE4 P—&itmn Beam Genemtion 0-15 2.3E+O0 1. OE+OO None
Exhaust

30.5 1.37
N-13

4.5 li 2.3E+O0 1524 2.5E-05 ‘~
4.4E+O0 1.OE+OO

e 538 K 2.4E-03 , 2 NIA

I 4.4E+O0 _ NIA
I

194 1131 1131-RA Positron Ldetime Experiments Na-22

-.

2. OE-03 — _ 1 .OE-06 6.5 0.50 _o.5 Nons ~ 1 2. OE-09 ‘-1524

--”-”T =

1.OE-09 ___ 412 w ““ 3.1 E-06 ~ 2 Y—

uildirrg 212 is administered by the Phfiics and Space Technology Dire-&orate (fo~erty the Physical Sciences Directorate) for miscellaneous ph yaig experiments.
I

I
I

I_
?e current radicmuclide emissions are due to contamination from past operations of the_ rotating target neutron source, $vNqh is no longer in operation, -~ --——

.-. 1
I

–212 i 174 rn”E-7 Contamination I

-
H-3

—

‘1 .l_E-02
—

1.OE-06 4.3 ~ R4E
,

.Q,z?– 0.5 None 1 l.l E-06 ___ 1276 ‘8.O_E-12 I 36 _ __y 4.1E-10 2 Y
I

212 ; la? 212-164 -RA’– Contamination H-3
I

l.l E-02 1 .OE-06 4.3 0.50 ,__ 0.5 NOIW 1 1 +1.1E-06 1278
~

f3J3=l?.-3E_. w ‘- 4.1E-10 2 Y
( ,
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I I

222 1106 I
I FHE-55 Cfeanii of Equipment Th-232 2.1 E-08 1.OE-06 5.5 0.41 3.1 FEPA 0.01 2.1 E-16 123Q IBE
I U-236 6.4E-06

1. OE-13 253 w 9.4E-11 2 Y
1.OE-06 6.4E-16 , ;Y

1 I
L ,

222 1161 FHE-126 Chamisal Analysis Ni-63 7.OE-03 1 .OE-06 6.1 0.20 10.2 None 1 7. OE-09 1239 ;= 1.OE-07 SW

Gmsa Alpha 5. OE.07 1.OE-03

191 5.7E-07 lY

5.OE-10

I Gmas Bats 5. OE-07

:y

1.OE.03 5.OE-10 Y

I 1

222 1169 i FHE-1OOO Charnii Analyaia Gross Alpha 1 .OE-06 1.OE-03 10.7 0.97 19.4 None 1 1.OE-1 1 1239 i =

Gmas Safe

1.4E-09 253

1 .OE-06 1.OE-03

w 4.4E-09 2 Y

—. 1.OE-11 I
,,

Y

.-
222 1216B FHE-l@30 chemical Analysis Gross Alpha 5. OE-07 1.OE-03 10.7 0.97 19.4 Nons 1 5.OE-10 1239 = w

Grws Sate 5. OE-07

6.4E-06 191

1.OE-03

2.3E-07 1’Y

5.OE-10 I

Ni.63 3.6E-02 1 .OE-06

Y

3.6E-06 Y

I

222 1226B ; FHE-1OOO Chemical anaf@s of waste Gmsa A@a 6.3E-07 1.OE-03 10.7 0.97 19.4 None 1, 6.3E-10 1239 ~ 7.9E-06 SW
Gross sets 6.3E-07 1.OE-03

191 2.9E-07 1 Y

6.3E-10 Y

222 1316B+.” FHE-10oo/liDcH-21 Analysis of waste samples H-3 4.5E-07 1.OE-03 10.7 0.97 19.4 None 1 4.5E-10 I S34

151 OC””” FHE+7 Sample pmpsratiorr

1239 ~

GM& Afphs 3.6E-07

5.2E-06 191 2.1 E-07

1.OE-03 5.0 0.26 6.3

2 Y

None 1 3.6E-10

Gmsa Ss4a 3.6E-07 1.OE-03

Y

3.6E-10

Ganwna 3.6E-07 1.OE-03
Y

3.6E-10 Y

222 1405 Room Air Chemical anaf@s Gmes Alpha 4. OE-07 1.OE-03 NA NA NA None 1 4. OE-10 ~239 SE

GM=-%-.+ -.. 4. OE-07

1. IE-07 253

1.OE-03

w 3.1 E-06 2 Y

4. OE-10 Y

I
222 1421 FHE-2000 Chemii anafys is U-234 1.3E-14 1.OE-03 10.7 0.84 13.7 NOne 1 1.3E-17 1239 SE 1.4E-15

U-235

253 w 5.5E-15 2 Y
1.4E-15 1.OE-03 1.4E-18 /

U-238 1.2E-14 1.OE-03
Y

1.2E-17 ~ Y

I 1510A”-” Rormr Air Analysia of asmpfea ! Gross Alpha I 9. OE-12 I 1.OE-03 ~ NA NA —
~“- R-N,

I 1 I 1 I

Analysisof gravel asmpfes H-3 1.1 E-06 1.OE+OO NA NA None m— MA 1 l.l E-06 ~ 1239 8QE 6.2E-10 191

NA None 1

3.5E-09 1 Y

9. OE-15 I

Gross Sata 9. OE-12

Y
1.OE-03 9. OE-15 I

GarNns 9.OE-12 1.OE-03

Y

9.OE-15

U-238 _5~E-11 1 .OE-06

Y

5.6E-17 ! Y

I !
222 1511B FHE-114 Chemksf ene$% La u-234 2.6E-12 1.OE-03 6.1 0.36 4.6 Non4 1. 2.6E-15 ~ 1239 BE

U-235

3.9E-13 253 eN 3.6E-12 2’Y
l.l E-13 1.OE-03 l.l E-16 i—

I M..xin 9 AC. *9 4 nt=.n*
Y

9 .C-lc “
I I 1 “ –a”” 1 L...L— ,- ) , .“L–”., 1 I 1 1 =.-FL- ,- I ) I I i I ,

I

l~~_.!~l_<_____ Room Air Oil Decontamination I PIJ-239 ~ 6.OE-08 ~ 1.OE-03 I NA _W_ I M \ Nms I 1 I 6.OE-11 I 1239 I ~ I 1.7E-06 I 191 I w I 1.OE-07 I 1 Y I
I I ( I I

222 1515B FHE-73 Chemii Srrafysis Gross AJphs 5. OE-07 1.OE-03 5.0 0.25 9.3 None 1 5. OE-10 / 1239 w WV

Groaa Beta

l.l E-07

5. OE-07

191 6.1 E-07 1 Y

1.OE-03 5. OE-10 \ Y
I I

I I

222 1520 FHE-116 Optical emissien specfrossopy U-234 .- ???E:!? -.— 1.OE-%_ ____ 4.4 __..o,X_ 7.4 NOW 1 3.2E-15 1239 m

U-235 1.4E-10

5. OE-13 253

1.OE-06

w 4.9E-12 2’Y

1.4E-16 \

U-236 3.OE-09

Y

1 .OE-06 3.OE-15 t Y
\ I

222 1520B FHE-75 Sample preparation U-234 3.2E-09 1 .OE-06 4.9 0.33
1

6.5 None 1 3.2E-15 ~ 1239 m

U-235

5. OE-13 &

1.4E-10

253

1 .OE-06

4.9E-12 2 Y

1.4E-16 !

U-236 3. OE-09 1 .OE-06

Y

3.OE-15 1 Y

I

222 1520C Room Air ‘Gravimetfic U334 3.2E-09 1 .OE-06 NA N#l NA Non4 1 3.2E-15 ! 1239 X 6.1 E-13 253

U-235 1.4E-10 1 .OE-06

w 1.7 E-1 1 2’Y

I 1.4E-16

U-236 3. OE-09

Y

1.OE-06 3.OE-15 ~ Y

222 1523C FHE-94 Chemical erdractirm Gross Alpha 3. OE-07 1.OE-03 6.1 0.23 i 11.5 None 1 3.OE-10 ‘ 1239 Er.E

Gmse Bets 3.o&07

5.9E-06 191 IS5VV 3.3E-07 1 Y

1.OE-03 3. OE-10 i’ ,—. .T-.—— — y Y
I

I ) ~~– .––—

.Q@cforate. “Thefa~kfy houses la~ratOffes tit Psrfomr

. .. Emiaaions from stacks in Build w 224 have bean combined, as permitted by the EPAfDOE tiemo~andum of Understanding. ,

224 , ,0... FHE-1G30 Sample digeatioti _ Gmsa Alpha I 5. OE-05 1.OE-03 7.6 0.31 ! 11.0 I None 1 I 5. OE-06 1170 m

chemical analysis _ Gmes Beta ]

1.2E-05 192 \ W

5. OE-05

5.9E-05 1 Y

1.OE-03 I 5. OE-06 ~
._ 114... FfiE-5 Waste collection Gmsa Alpha 1.OE-05 1.OE-03 5.6 0.41 ~ ___3:6

Y

None I 1 1 .OE-06 I
Gmaa Beta ~ 1.OE-05 1.OE-03

1 Y
I 1.OE-06 1

,15... FHE-4 Chemical analysis Grc?js AIpha ~ _ 1.oE-06 1.OE-03 6.7 0: 3C 6.6

Y

Nene ~ 1 1. OE-11 ; I

Gmas Ssfa I

I!i

1 .OE-06 1.OE-03 1 1. OE-11 I
,17... FHE-1 Charnisal analysis Gnxa Alpha 2. OE-06 1.OE-03 __5 .9 0.25 / 9.3

Y

None I 1 I 2. OE-11 I

Gross Beta

f
1

Y
1
I 2. OE-06 1.OE-03 ( 2. OE-11 ‘—

1“
I Y—

1
I
I
I
I
1
I

I

I
I

I
I
I
I

1
I

I
I
I
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:.

.

BufMfng Room/Araa Stac4cID operation Radimwdides Annual Inventory Phyafcu stack I Staol( Sfaok control control Devfca Estimated

with Potential for State Hefghf (m) Dismefar Velosffy
source Sebw

Devlca(e) Abatement Annual Emissions Ofafanoa to EIE
Ralaesa (Cf) Faofor

Dirasffon Distance Dkaoffon Unabated

I
231 2934

(M/s)
catago~

(m)
APP. E

FfiE-23 Lspping/cuffing/etching

Feofor (Ci)
U-234

SWMEI (m)
3.7E-07 1.OE-03

to SwMEl

12.6 I

(mrem) to MEI (m)’ to MEI EDE (mram)

0.35! 1.7
Quantify

Nona 1 3.7E-10 e
U-235

1167 2.8E-07
5.lE-08 1.OE-03

568 w
) 5.1 E-11

7.8E-07 2 Y

U-238 4. OE-06 1.OE-03
Y

4.OE-09 Y
I I

! I I I I

Suifdfng 235 is part of the Chemistry and Matariafa Sdarma Dkaaorate. Operations in the fadlity include esaminatfsa of material afrudura, surfam, and aubsurfa~ pmc+sion cutting, iwr knpfanting, and mataflurgical studies.

Moat of the depleted uranium in fhia Wng fa there for characterization studies; some is used for ion beam impfanfation espa rfmanta. Chemical charaderfzafion studies take place In moms 1100, 1224, and 1226.

Up to 500 grsms esdr of dapletad uranium and thorium might tM pm aant in e- of these rooms.

I I

235 1131 I FfiE-2 Mefaffogmphf c sampfe u-234 1.8E-04 1.OE-06 8.2 0.31 12,3 Nona 1 1.8E-10 w
~ I preparation u-235–...-

1065 2.7E-08

7.9E-06 1.OE-06
556 w 7. OE-08 2 Y

,
U-238 1.7E-04

7.9E-12 Y
1.OE-06 1.7E-10 Y

1

235 1133 Room Air I Mfcrostrudure axaminafion U-234 5.3EJO~_ 1 .OE-06 NA NA NA NOrM 1 M
U-235 2.3E-07

5.3E-12 I 1065 1.3E-09 556 I % 8.5E-09 2jY
1 !OE-06 I

U-238

2.3E-13

5. OE-06 1.OE-08

~y

5.OE-12 i I Y
!

I I
235 1138 FHE-lool/HD-13 ! SsmpIe preparation U-234 2.1 E-07 1.OE-06 9.8 2.30 2.4 f-EPA O.ot 2.1 E-15 ! S45 S5w

U-235

1065 1.5E-13

2.8E-09

467 1 .6E-I 1 lIY
1.OE-08 2.8E-17 I

I U-238 2. OE-06 1.OE-08
Y

2. OE-16 I Y

I

235 1224 FHE-1OO1IHD-21 Sputter coating U-234 1.7E-05 1.OE-08 —9.6 2.30 2.4 l-EPA 0.01 1.7E-13 : 1065 ,* 1.4E-10
U-235

556 sw 3.1 E-06 2!Y
2.4E-06 1.OE-06

U-238

2.4E-14 ~

1.9E-04
Y

1 .OE-06 1.9E-12 : I Y

235 1226 -L_ __ FHE-1001/HD-22 ~ Tar@cfeaning u-234 1.7E-05 1 .OE-06 9.8 2.30 2.4 I-EPA 0.01 1.7E-13 I M

U-235

1065

2.4E-06 1 .OE-06

1.4E-10 556i W4 3.1 E-06 21Y

2.4E-14 ~

U-236 1.9E-04 1 .OE-06

~y

1.9E-12 ~y

I
Sukfing 241 is administered by the ChemLatry and Materfsl Sdencss Dfmctorste, for msterial props rfies research and testing. Radionudii emissions mauff from contamination from peat operations that have bean dismrnfffuad. I

I !

, !
241 1600– FGBE45 Oxidation of uranium U-236 - 1.OE-06 1.OE-06 12.5 0.30 5.6 f-EPA 0.01 1.OE-16 ; 1140 E 4.2E-15 821 WI 1. OE-12 21Y

241 1629 Room Air X-ray dtiradion .snafyais U-238 6.OE-11 1.OE-03 –NA NA NA Nene 1 6.OE-14 i 1140 El 4.2E-12 697 w; 3.6E-11 2 Y

I I

241 1622 Rmm Air x-my dtiraoffon Snafysfs U-238 _ 2. OE-06 1 .OE-06 NA NA NA Nona 1 2. OE-14 1140 I E 1 1.4E-12 697
I

WI 1.2 E-I 1 2,Y

1 I

241 1638 FGBE-9 &lo Caramic waste form U-238 6. OE-08 1.OE-03 12.2 0.46 1.6 WPA 0.01 8. OE-13 ~ 1140 E 3.7E-11 661 I WI 9.2E-09 lY
rmaamh

1 I
I I

1 I
I I I I I I 1 I I I I I I

BUikfiflg 251, the Heavy Element Fauf’ rfy, is mmaged by the Physics arni Spsce TecfmofogI D~.orate for the InstRufions as a mm-operationsi facility in which trsnauranic isotop are stored until they csn be dispmed. 1
(

One area of the fecifii hss bean “hardened to resist damage from earthqu aksa. Roem exhausts fmm this hardened area am double HE PA fifter@ glwe box exhsusts are trfpfe HEPA filtered.
,

~

Exhsusfe fmm the hardened area are mntinucusly montor~ afpha alarm defectors (CAMS). Exhausts from the unhardened area, also HE PA fiffemd, are cunfinously sampled by si I
“Airexhauata of the Suilding 251 hardened area are required to have continuous moniforf

rr@e filter syaf ems.

W: measured emissions, rsther than the inventory app msch, are used to determine annual emissions. I I

.“Becsuae rncmiforfng takes plaae after HEPA filtration, an unabatad EDE cannot be determined (see discussion on psg e 41.) I

“’”Stack emisskms hsve been mmbined as permitted by the EPA/DOE Memormdum of Understanding. [
,

Unhardened , I
I

Area”’” II
“251 1150 FFE-15 Confaminatad endows Gross Alphs . NA 4.3 0.31 7.6 KPA 0.01 4.7E-07 :

1301 FHE-16 I welding

1165

Groaa sets

E 7.7E-05 . . . . . . . .

4.3 0.36 5.6 -A 0.01

31 NIA

4.3E-06 : I
1310 FHE-15 Hoods removed ___ ____._. _–.–. 4.3 0.31 9.1 f-EPA 0.01 j I

unhardened ““-t ---...-,----------, ~
1 I

Area”’” IiI
251 1003 FHE-5 Genersl Chemistry Gross Af@s . NA 4.3 0.26 6.6 Doubfe HEPA 0.0001 O.OE+OO 1188 IE ~

1003 FHE4 Grass Sets

O.OE+OO . . ; . . . .

4.3 0.27

3!

4.2

NIA
!

O.OE+OO I I

1108 FFE-7 I 5.5 0.33 1.1 t I !
1117 I=FE-e

1117 FGBE-21 ,22

1117 FGBE-25._ -,” ... “w”.. - . . . . .. . . ..- --- I 1

1142

“.- ----

FHE-8

----

4.3 ‘“ 0.32 4.1 !

1142 W-9 4,3 0.26 5.1
+–...

I

1142 FHE-10 __ 4.3 0.26 13.7 I

1150 FGBE-33,34 Matarial removed CY98 6.0 0.15 12.8 [
1165 FFE-14 .4-J n *A *n I

————
1165 FGBE-31 ,32

1211 FHE-6 L.:...Materisl removed CY86 ! .::-- . ...4

. . I

~ ‘--
4.3 0.31

i— i 76 l-EPA I 1

!,23,24 Gfove boxes removed CY96 ! 5.5 0.11 7.6 1
I I !

, 9s. tX.-,IMh,-,wae rn-wnd CV06 I I n~ n in 1 i7n
–-.+———— ___

1 I

J I --- I I

~ 5.5 1
I --};7’=’- -- i ‘

— .——— .+._ .—

CA --:~i—I

1211 FHE-7 ! ( I
1212

u.+ V.C.J , +.0
FGSE-15,16

—. . ...7 —-—. —-–
5.5 0.10 1 , 1

- 8.0

1219 FGBE-27,26 Out of Service
J —–

5:5 0.76 (
0.6 I I

1232 ““ FHE-36,39 7.2 0,15 ~ 5.1

1234 FFE-8 I 4.3 0.19 j 14.7 !

1235 FFE-12
.—— —..— —.——

-j ---
4.3 0.25 7.6

1235 FGBE-29,30
1..—

5.5 0.13” ! 7.1 p, -----+-:

—

I
I
I
I

I
I

I

I
I
I
I
I
I
I
I
I

I

I
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3uifding RoorrVArea 4 stackID Operation Rsaionucfii Annuaf Inventory Physical stack stack Stack Control Controf Davica Estimated Sourc9 Befow
with Potential for State Height (m) Diameter Velocity Device(s) Abatement Annusf Emissions Distance to Ofretiton EE Distance Direction unabated category

Release (Cf) Factor (m) (m/s) ,
APP. E

251

Factor

1310 FHE-14

(Ci)

fieo~ removed

SWMEI (m) to SWMEI (mrem) to MEI (m) to MEI EDE (mram) Quantity
4.3 0.31 9.1

(cent.) 1331 FFE.21 4.3 0.24 6.1

1363 FGBE-35,38 4.3 0.13 11.2

1363 FHE-12 4.3 0.32 9.1

1363 FHE-13
——

4,3 0.40 6.2

1364 WE-23 4.3 0.34 9.1

----- 2126 FFE-22 4.3 1.40 ! 1.0 i

1314, 1354 Ft3BE-t4,45 @lobox~ remwed CY96 10.2 o.t5 10.2 I
!

Hot cafla FGBE4,41 5.5 0.23 5.6 I

Hot Caffa FGBE42,43 5.5 0.36 ~ 12.7

Meszanine FFE-24 4.3 0.45 ! 2.7 I i

None FFE-19 4.3 0.29 8.6 ! ,

I

251 ! Hardened Area FGBE-1OWJ Trsnsurcnic Reaaa’ch I Gmas afphe
.

NA 7.8 0.30 4.8 Tripfa HEPA 0.000001 O.OE+OO i 1166 E

Reom Exhaust&

O.OE+OO . . . . . . 3/ ?41A

FGBE-ZWJO Grass beta 7.8 0.30 4.8 O.OE+OO I
I I

~ Glove Box@*” FFE-1OOO I 7.8 0.50 I 11.7 I

FFE-2000 7.8 0.50 11.7 / ~ ,
!— I !

! I

~d~ng 253 houees the Hazards Control Department, and the fadfiiy i~dudes laboratories for the chemical analysis and munting of radioactive ssmpfaa. I

I I I

253 1722A FHE-24 Liquid scintillation counting ; H-3 2.5E-11 1.OE-03 7.6 0.36 i 5.9 None w— 1 2.5E-14 : 1116 E 3.7E-17 1079 1. OE-16 ~ 2 ! Y
I I 1 I I

253 1732 FHE-23 HN03 digestion @ ssmplae I Grcae Afpha 1.3E-13 1.OE-03 6.1 0.36 I 7.1 Nene 1 1.3E-16 ~ WS4 I

I above 100 deg. C.

1116 IE

Gmaa Bats

3.8E.14 800 8.8E-14 I 2 Y

2.1 E-13 1.OE-03 _ 2.1 E-16 I Y

I
1 I Th-230 1.5E-13 1.OE-03 1.5E-16

1 1
Cs-137

Y

9. OE-14 1.OE-03;–. :— 9. OE-17 : Y

253 1734 Room Air I Distillation of spikes and H-3 9.9E-10 1.OE-03 NA NA I NA Nene 1 9.9E-13 ~ 1116 ‘E
,

I I Pu-239

6.3E-13 ~ 736 w 4.7E-12 I 2 ~y

sewer asrnpfaa 2.6E-12 1.OE-03 2.8E-15 ; Y

I 1 Sr-90 1.2E-11 1.OE-03 !

~
1.2E-14 : Y

I

253 ~ 1734A FQBE-142 I Siive soil aampfaa ; _ pu-239 2.7E-10 1 .OE-06 6.1 I rws—— 0.10 23.8 f-EPA 0.01 2.7E-18 1118 E 4.2E-16 ~ 1079 l.l E-13 i 2 ! Y
, -.
1 Sr-90 4.6E-10 1 .OE-06 I 4.6E-18 , Y

I I I

253 ; 1734B FHE-2 Sampfes and standards plated : Cs-137 1.7E-11 1.OE-03 6.4 o.30_ ~ 6.7 None 1 1.7E-14 1116 El 2.1 E-12 i w

and flamed

1079 5.5E-12 ~ 2 Y

Th-230 2.2E-12 __ _l,oE:03 2.2E-15 ~ Y

I Pu-239 1.2E-1 1 1.OE-03 1.2E-14 ;

! Sr-90 1.7E-12 1.OE-03

/y

1.7E-15 ~ Y

I 1 I Y-90 7.8E-13 1.OE-03 7.8E-16 i ! I

NP-237

~y

8.4E-13 1.OE-03 I 6.4E-16 :—. Y

H-3 4.3E-12 1.OE-03 1 4.3E-15 Y

i i

253 _l_734C” FHE4 Qusfiiy conlrel sample H-3 2.2E-14 1.0E-03- 6i 0.30 w

aliquofing

7.2 Nene

NP237

1 2.2E-17 1116 E 1.9E-12 1079

3. OE-12

5. OE-12 2 Y

1.OE-03 \
,_ 3. OE-15 I “—

Sr-90

;y

2.5E-12 1.OE-03 2.5E-15 I Y

Y-90 2.5E-12 1.OE-03 I 2.5E-15 I

CS-137 3.7E-12 1.OE-03
;.. Y

3.7E-15 1 Y

Th-230 4.8E-13
1

. 1.OE-03 4.8E-16

i Pu-239 7.5E-12
+

Y—
1.OE-03 I 7.5E-15 Y

! -- ‘-—mm--—-l---–-r
!

253 I

-.
1734D- Acid digestion for H-3 6.6E-09 1.OE-03 10.4 0.30 ! 12.?

~ --—–—-
6.6E-12 1116 E 7.7E-12 ~ 1079 w 2.OE-11 2!Y

gross alphs/beta ._ ~ Pu-239 5.3E-11 1.OE-03 I 5.3E-14 ,i Y

Sr-90 2.6E-10 1.OE-03 _+. I 2.6E-13 Y
—.

Y-90 2.6E-12 1.OE-03 2.6E-15 1
—

1 NP-237 3.1 E-12

Y

1.OE-03 3.1 E-15 I
-. Y

,-
~–

253 ; 1906 Room Air Sample preparation for H-3 9. OE-09 1.OE-03 NA NA NA None 1 9. OE-12 ~ 1116 ~ E _! 4.9E-15 736 w 2.6E-14 ~ 2 Y

fiquid~cinfillation counting I-——. 2 .- –— —. —...~
I

253 ~ 1907 FHE-10 Analysis of urine H-3 1.2E-10 1.OE-03 2.1 0.37 5.5 Nons 1 1.2E-13 1116 El 6.5E-17 800 WSW 2.5E-16 2 I ~

for radfonucffdee U-234 8.3E-17 1.OE-03
—-

U-235 3.7E-16 1.OE-03

Y

U-236 7.8E-17

Y

1.OE-03.-
Y

253 1913 Po-21 6 7.6E-07 -_ 1.OE-03

daughter samples Pb-214 7.8E-07 1,OE-03 Y
-—

7.6E-07 1.OE-03 I Y

Ra-226 4.6E-08 1 .OE-06
---- -J ---- -– -—- ---+--- 1

— —.
253 1914 FEY-1 Aerosol attachment to radon Ra-226 ~ 3.5E-06 1,OE-03 w

~–—--
0.21 ~

daughter products

6.6E-06 2 Y

! I
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Attachmkt 1-1996 LLNL NESHAPS ~nnual Report Spreadsheet

Room/Area stack ID operation I Radionudda.s Annual Inventory Physkaf Stack Stack Wad Control Contrel Oevica Eetlmated Sairma Safow

with Potential for Siate Height (m) Dtameter Velocity Device(a) Abatement Annual Emissions Diafanoe to 1 Oiractial m Distance Direction Unabated Catqmy

~. Releeea (Ci) ‘Faofor

APP. E

.~ , (m/a) Factor (Ci) BWMEI (m) ( to sWMtEl (mrem) to MEI (m) to MEI EDE (mram) Quantify
i I

281 1174 FHE-13 Sample preparation for i NI-59 3.5E-10 1.OE+OO 6.7 0.30 6.1 Norw 1 3.5E-10 1332 I = 1.9E-09 579 w 3.1 E-08

Ni-59 and Ni-63

1 Y

Ni-63 1 .OE-06 1.OE+OO -~ 1 .OE-06

C-14 exposure akdaa C-14 3. OE-06

Y

1.OE-03 3. OE-09 ] I Y

261 1307 FHE-13 Sample prep arafion for Ni-59 3.5E-10 1.OE+OO 6.4 - 0.8t 2.7 Nona 1 ___3%E-t O 1332 ! = 2.lE-09 579 M 3.1 E-OS l~Y

Ni-59 and Ni-63 Ni-63 ‘ 1.OE-08 1.OE+OO I 1.OE-06 Y

I ,
I ! 1 t , I 1 \ # I

I 281 1311 I FHE-12 Wet Chamiatry Laboratory U-233 4.5E-11 1.OE-03 6.1 i 0.41 4.0 Norm 1 4.5E-14 I 1332 ; = 9.5E-13 579 M 1.SE.1 1 2!Y
1 1 I I I I I ! I I I I

I 1 I I __
,

261 1311A \ FHE-3 Wet Chemistry Laboratory : Th-232 2.5E-10 1.OE-03 4.9 I 0.25 10.3 None 1 2.5E-13 I 1332 E3E 5.OE-10 579 w 1 .OE-06 2:Y

Pu-242 I 1 .0E06 1.OE-03 1. OE-11 I iy

I
I

281 1311B I FHE-3 Waf Chemi afry Laboratory Pu-242 4. OE-06 1.OE-03 4.9 ! 0.25 10.3 DotMa HEPA 0.0001 4.OE-15 ! 1332 = 1.9E-13 I 579 w 4. OE-08 2’Y
1 ,

J
281 1314 ! FHE4 I Exparfmental Laborstory with Pu-242 1 2. OE-08 1.OE-03 5.9- ~ 0.41 2.5 Double HEPA 0.0001 2. OE-15 i 1332 ES. 1.3E-13 ! 579 w 2.2E-06

Glove Soxee U-233 ~

2 Y

1.OE-09 1.OE-03 1. OE-16 I Y
.-. —

[ [

261 1319 I FHE-1 I Experimental Laboratory wtih Th-232 I 3.OE-10 1.OE-03 5.2 : 0.28 .__J!? DQUMS I-IEPA 0.0001 3.OE-17 i 1332 E9z 4.8E-10 I 579 W 1.OE-04 2!Y

! Glove Sexes NP-237 I 7. OE-05 1.OE-03 7.OE-12
T !

I Pu-242 ; 5. OE-07

Y

1.OE-03 5. OE-14 Y

I

I I I I I I I

Build@s 321, 321A, 321B, and 321C are tha Material Fabrication Shepa and are part of the M_@mn~al Engineering Department. Oparatio~ in this complex include milling, shaping and machining of depleted uranium.

Uranium pieces may be worked on in a single location, or may be moved from machine to machine.

. . .

In addition, depleted uraniu~ parts occasionally undar go heat treatment. The ameunt of depleted uranium that is handlad depends

on programmatic demands and varfas fmm month to month. NOTE: Machining only occurs in 321 C.

.- 1

321C 1153 ! FHE4? Forming U-236 5.6E-01 1.OE-06 _ 6.5 I 0.31 16.1 WA 0.01 5.8E-09 1032 m 4.2E-07 326 w 1.7E-04 2 Y

—

321C __ 1351 I FEV-1OOO Matining and Manufacturing U-238 5.8E-01 1 .OE-06 12.5 0.80 8.0 - I-EPA 0.01 5.8E-0~ ‘- 1032 x 4. OE-07 “~”” 328 w 1.4E-04 2 Y

I

321C 1437 FHE-15 Machining and Manufadwfng U-238 5.8E-01 1 .OE-06 11.2 0.23 ‘- 13.4 i-EPA 0.01 5.6E-09 1032 ENl 4.2E-07 ~ 326 w 1.6E-04 2Y

321C 1437A FHE-11 Machining and MSnUfaCfUIfng U-238 5.6E-01 1 .OE-06 11.3 0.63 8.5 l-EPA 0.01 ‘ 5.6E-09 1032- m 4.OE-07 I 326 w 1.3E-04 2 Y
I

I I I I I I I I

Building 322 IS operated by the Mechanical Engineering De~artmenf.
~—

-—

I ~
I 1 I I I [ I I

E“ ‘E-’- w-.”~~ E~--EI 7“’0“:--~“0-”‘om~--i-----~-ao=3’6I‘wI2“5E”062:
Cleaning and plafi

of depleted uranium

EC+ I 1

I I
I

1 1 i

I !
Buiklin 327 is operated by the Mechan[qal En9ineerin9 DePaflme~. -..-.--.—-—.1

I I 1
I I t

1

327 ‘~ 1275 Reom Air Non-destructive ultrasonic 6. OE-10 1.OE-03 NA NA w Nona 1’ 6. OE-13 1018-” ~ 425 ti 6.7E-09

_.. ~
material evaluation

2 Y

U-235 1. IE-10 1.OE-03 1 l.l E-13
—

U-236 8.6E-09

Y

‘_ 1.OE-03 ,- 1~
! I

-—
6.6E-12 .~-... - Y

~ I 1
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Attachment 1 -1996 LLNL NESHAPS Annua! Report Spreadsheet -
.

Building RoorrVArea I stack ID Operation Radionudii Annual inventory efack stack stack control control Device Estimated I

wffh Potential for

Bourmlsskrw

State Height (m) Dkimetbr Velocity Davica(s) Abatement Annual Emieaions ! Distance to Dkscfion EE Dwsnca Ditiion unabated Category \ App. E

Wsleass (cl) Factor

sui~ng 33 1 is operated ~y the Defense and Nucfasr Tachnologiae Directorate. me building houase the trffium raaasmh fadlity md aasodsted Isborstottss.’

(m) (tie) Factor (cl) 1 BWMEI (m) to SWMEI (mrem) to MEI (m) to MEI EDE (mram} ] Quantity

“Tritium HT end HTO emissions are mnfinuously monitored from the two 30 meter tall sfedrs in compliance with NESHAPe regulations. Monitoring data, rather than the inventory I I

““Stack emissions have been combined se

approach, are used to dafemnine emiseiona.

permitted by the EPAA3DE Memorandum of Understanding. ! I 1
!

-.
331

A,,.. ! Stack 1 Trifium R&Cl Damnfamination H-3 . 1.OE+OO 30.0 I 1.22 7.6 None 1’ l.l E+O1 957 ~ M

stack 2 and Dacommiselcmhg of Fac4ii

4.5E-02 441 K 4. IE-02 3, NIA

H-3 . 1.OE+OO 30.0 ~ 1.22 10.5 Nona Ii 1.7E+02 I
I

I I I I I I , I

I

Suilding 332 is operated by the Defense Scisncas Program for plutonium research. Exhausts from glove box oparafiona and the wmtrpiaca ! I

are trfply tilfarad by high eftiaarq particulate air (HE PA) filters. Exhausts are monifore~ with both continuous filter sampling (PAMs) and plutonium-e
,

“Because building PI

PSdfic, Continuous real-time motifora (CAMS).

ufonium invsntoty and the pkdonium associated with SPSSMC tasks is classified, tha standard NESHAPS approach, based on irwsnto ry, cannot be ufllized wlfhout dssslfying this mpott. The air monitoring data for all emission pOJnts I

show no detectable released plutonium activity , i.e. at or below the limit of sensifiiity of the analytical analysis. _ I !

‘“Because monitoring takes plain after HEPA filfrstim, an unabated EDE cannot be determined (aaa discussion on page 41.)

_
t

~ 1 1 I I
I I

332
i

Incrament 1 FHE- 1000/2000 Plutonium research Trsnsuranics
. NA 8.8 ‘ 0.8XI.1 I 17.3 Tr@a HEPA ! 0.000001 O.OE+OO : 912=1 O.OE+OO

. . . . . . 3 NIA

! Ftcurre I I

I I ,

332 Increment 1 FGBE- 1000/2000 Plutonium r-arch Trsnsuranics . NA 11 0.3 I 6.9 TtfF4s HEPA ~ 0.000001 O.OE+OO 912 ml O.OE+OO . . . . . . 3 ‘, NIA

Glove boxes II .—
1

~Downclraft

I I I I 1 f ! , ! ,

FHE-415 Plutonium research Trysursnics
. NA 11 0.2 14.2 DcWla HEPA 0.0001 O.OE+OO 912R4~ O.OE+OO.—

. . . . . . 3 NIA
1 I I I I I

I I I I I I
.332 Loft f=E4 Plutonium raaaar@ Transuranica

. NA 11 0.6x0.9 I 4.6 T@a HEPA 0.000001 O.OE+OO

FE-5 Plutonium research

912, ENi O.OE+OO
. . . . . . 3: t41A

Tranauranics ● NA ~ 11 0.6x0.P) 4.6 Ttf@s HEPA ; 0.000001 O.OE+OO 9121*1 O.OE+OO . . . . . . 3 NIA

I 1 1

332 I__ Increment 1 FGBE-300014000 Pknoniurn rasaard Tranaumnics . NA It .~- I 2 TtfF4s HEPA ~ 0.000001

I Glove tmxes

O.OE+OO 912 8.i O.OE+OO . . . . . . 3 NIA

1
-— — .—

I

332 i Increment 3 FFE,looo/2ooo Plutonium rasaa@–– Transuranica “ ___ NA 10.1 0.9 : :1.2
T.

I’&& HEPA 0.000001 O.OE+OO 912’=! O.OE+OO . . . . . . 3 NIA

Roem and FGBE-700016000 I

Glovs_bxss

.—

I
I

_ I I I I I ,

The research complex for the Siolog y and Biotadrnology Research Oirectorale inchides Buildings .3S1, *2, 363, 384.365.366 ~d 377. BUldin9 335 -~~

.-
1

small amounts of trtfium, carbOn-14 and sulfur-35 used in animal research, and immporated in animal carcseses stored frozen pending IIS POSSI. The building air is filtered through

at Ieaet two HEPA filtem and one charcoal fitter before bshg exhausted. Most of the organs that contained radienudtdas have bean removed from the animals for examination.

.-
( i

The radionuclide sources in Building 3S1 include tritium, carbon-l 4, phoaphoroys-32, phosphorous-33, and sulfur-35, mostly incorporated as constituent atoms (tracers) in orga~~ cempounds.
——— -- --- I

I 1 I

__361 ~ 1014 FHE4 DNA Labeling and Sequencing __ P-32 3. OE-03 1.OE-03 I__ 1.7 0.41 0:5... Nons 1 3. OE-06 918 Es 7.8E-06 976 w 4.1 E-07 2 Y

I I
361 1020 FHE-5 DNA Hybrid izstion P-32 3. OE-03 1.OE-03 1.7 0.41 ! 0.5 None 1 3. OE-06 918 = 7.6E-08 976

—
w 4.1 E-07 2 Y

1
I

361 i 1242 FHE-24 Phospho

—

rue 32 Labalhg P-32 3.5E-03 1.OE-03 t .7 0.41 0.5 None 1 3.5E-06-- 916:ESi 9.1 E-06 976 w 4.6E-07 2 Y

I I

361 ~ 1245 FHE-20,21 Human Ganome P-32 4. OE-02 1.OE-03 1.7 o.41_ I 0.5 Nona 1 4. OE-05 916, E9! 1.1 E-06 976 w 5.6E-06

s-35 2. OE-03

2 Y

1.OE-03 2. OE-06 Y

361__ I 1342 FHE-16 Enzyme Assay C-14 1.OE-03 1. OE-03__ - 7.0 0.41 J 4.4 NOna 1 1.oE-06 916; L?; 6.5E-09 953 M 6.9E-06 2,Y
.—

I

361 ~ 1345 Room Air DNA Labeling and Hybridiza~on , P-32 2. OE-02 1.OE-03 NA M-- / NA Norm 1 2. OE-05 918 =i 4.7E-07 976 w 2.5E-06 2 Y
( I

! I ~ I I I I I I
I

361 ! 1347 FHE-16 DNA LaL#ng and Hybridization P-32 2. OE-02 1.OE-03 ~ 1.7 ~ 0.41 I 0.5 None 1 2. OE-05 916 & 5.2E-07 976 w 2.7E-06 2 Y

I I 1 I I I I I I I i
I 1

361 __ 1445 FHE-14 DNA Repair and Chrornatin P-33 I 1.OE-03 1.OE-03 , 1.7 0.41- 0.4 - None 1 1 .OE-06

I 1.OE-03 ~

918 Eel 1,2E-07 976 w 6.3E-07

s-35 1.OE-02

2,Y

1.OE-05 Y

I
1 I

361 1542 FHE-12 DNA l-sba~~ P-32 I 6.OE-03 1.OE-03 I 7.0 _ 0.41 4.4 Nona 1 6. OE-06 916’E3~ 5.7E-06 953 w 4.4E-07

s-35~ ~O.OE+OO

2 Y

1.OE-03 O.OE+OO

361 I 1546 FHE-10 DNA Labeling P-32 I 4.OE-03 1.OE-03 ; 1.7 0.41 ~ None 1 4. OE-06 918 = :_ 1.OE-07 976 ‘w 5.5E-07

(

2’Y

361 ‘–

~

1635 Room Air DNA ~UWKiW P-32 I 2=OE-04 1.OE-03 I NA N/!NA Nona 1 2.0E-07 %16 =: 4.7E-09 976 Iw 2.5E-08 2Y

361 ~ 1642 FHE-11 DNAIRNA Hybiidiat~i \ P-32 i 1.OE-03 1.OE-03 7.0 0.41 4.4 Now 1 1 .OE-06 918 = 9.6E-09 953 M 7.4E-08 2 Y

,
—!

\

361 , 1649 FHE4 ; g~o=rnet , P-33 __ : 3. OE-03 1,OE-03 7.0 ._ 0.41 4.4 Nons 1 3. OE-06 918 *: 1.9E-07 953 ““w I 1.2E-06

––~
~32 2. OE-02 1.OE-03 1 2.OE-05 i

I -–4-----=- ~

_T_- 1- ;

E3ECC1=2 I -- 1 1 1 t I

FHE4 __ B~logical Dosimetry ~- P-32
; z~~”~- i 44

Nona 1 2. OE-05 916 Es’ 5.2E-07 976 w 2.7E-06 I 2— Y
I I I

k L I I 1
—

361 ‘-- 1846 Room Air Human Genwne. I P-32 4.OE-02 1.OE-03 NA _.— NA I NA Nons l– 4. OE-05 918 Es’ 9.6E-07 976 ! W 5.1 E-06

~~=s- ~--- ---
~ i 1.OE-03 i

2 Y

2. OE-06 I Y
I I

! I
I I I I

Building 362
I

,—
2-. –-—+--- - . .—

I -.-———-
1 I , I I !

I
I I I )

362 113 Room Air ‘Dose Preparation 1 C-14 1.OE-03 1.OE-03 NA NA NA None 1 1 .OE-06 990- iESE 2.2E-08 685 1 w 1.5E-07 I 2,Y
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Attachment 1 -1996 LLNL NESHAPS Annual Report Spreadsheet

1

I

I

1

1

I

I

I
I

!

!

I

I

I
1

I
I
I

!I\

Building RoomiAree I Sfadr ID I Operation Radicmdded Annual btvamory Physical stack Stack stack Control control Device Eatimeted ecxJrce Selow

I I with Potantial for Stata Height (m) fXamatar Valocity Device(a) Abatamant Annual Emissions Distance to Oiraction I KE Dietsnca Dbeofion Unebeted Category I APP.

Release (Ci) Factor (m) (m/a) Factor : (cl) SWMEI (m) to SWMEI I (mram) to MEI (m) to MEl EDE (mram) I Qua$y
—, I I

I I I I I I I I I I I I I I f I I

Building 383

.- - -*-.
I

I r 1

I I I I I I I I I I I I 1 I I I

363 1009 FHE-200D Dispensing Samples H-3 1 3.6E-02 1.OE-03 1.7 0.41 0.4 l-EPA 1 3.6E-05 996 e3E 1 1.9E-06 I S92 w 1,5E-07 21Y
1 1 1 I I 1 I I I I I I I

I I I I I I I I I I I I I 1 ! ! 1

Buildiw ~ -- I !
, 1 ! 1

I I

3~ 1507 ~ Room Ab DNA Labeliw- P-32 I 3. OE-01 1.OE-03 f4A !NA NA Nons 1. 3.OE-04 996 E 6.3E-06 904 w 4.2E-05 2:Y

I ! I

364 1519 F100m Air Isolation and Purification C-14 5. OE-04
—- —

1.OE-03 NA NA NA a
_—. —

Nena 1 5.OE-07 996 1.1 E-08 904 w 7.4E-08 2!Y
I I

I I I I I I I 1 1 I ) 1 1 $ 1 1
Building 365

.~–
I I

I

I I I I I I I I I I I I I
I I I I I I I ( I ) 1 1 , , I ,

365 109 FHE-5 Research Animals Houaer_ – C-14 1.3E-04 I 1.OE-03 1.7 i 0.41 0.6 Double HEPA I 0.0001 1.3E-lt I 1002 I = 6.4E-13 902 I w 2.9E-06 21Y

H-3 I 5. OE-07 ~ 1. OE-03
I ---------

1 ) I.— 5. OE-10 Y
, I 1 ,

I I I I ! I I
Building 376 ia oj%rated by the Health and Ecological Assessment Division. The .rnn~or stiivifies in this fadlii are associated with chemical and rsdiolegicel sample preparation for ertvironmantal analysis, and analysis of soil,

water, vegetation, ate.. samples. I
1 I 1 I I I I I

I * I )

378 120 378-120-FHE-1 ,2,3,4.5,649,10:
–.~..

Environmental analySa AmL241 ~ 7.2E-10 1.OE-03 6.5 0.30 5.9 None 1 7.2E-13 666 1= 1.5E-10

Pu-236 3.6E-10

857 / w 1.5E-09 2’Y—
1.OE-03 3.6E-13 I Y

Pu-242 I 1.8E-09 1.OE-03 1.8E-12 I Y

) I

378 I 120- 378-120-FHE-6,7 Envlrunmant@ arm%ia Am-241 1. SE-10 1.OE-03 8.5 0.30 9.7 Nena 1 1. SE-13 666 =“- 3.3E-11 857 w 3.6E-10 2,Y

Pu-236 9.OE-t 1 I 1 .OE-03 9. OE-14 I I Y

Pu-242 I 4.5 E-10__ 1.OE-03 I-.
4.5E-13 I

7
Y

1
I I I I ! I I 1---

) I [ I 1 ! 1 1
I

I I I

381 B156_ 381-B 156-FHE-1 Trftium hand~or-la~”r H-3 4. OE-04 1.OE-06 11.3 0.36 20.6 Nona 1 4.OE-04 : 1092 ! ~ 2.7E-14 560 ; f.K 6.9E-07 2 Y

I
I

1

Building 391 ia pa rf of the Laser Fusion P mgrsm. The high energ y lsee~ is located in this facility. Small amnmfa ef wftium are handed in aup potf of laser tstget research and development. I
!

—. )
1 I I I I I I I I I I I I I I I

391 Target Chamber 391:FHE-1 Fusion Target Irradiation Area H-3 5.7E-01 1.OE+OO 6.1 _ 0..30 9.9 Nona 1 5.7E-01 i 1149 I =-~ 3.5E-05 403 i w 1.6E-03 lY
I I I 1 I I I I 1 I I I I

I I I I I I I ,

Building 412W R1 110 was used by the Health and Ecological Assessment Division fo~”appmximataly 6 menths in 1995. i

I I I

-L
, \ !

, 1 I I I
-–- 1.. I ! I I ,

4-1 2W 1110 412W-1 110-FHE___ Sample praparsfion for M-59 3.5E-13 1.OE-03 11.5 0.25 4.4 t-EPA 0.01 3.5E-16 ~ 702 Iw_i 2.3E-13 I 156 i- 5.OE-11 21Y

measurement of Ni-59 and Ni-63 Ni-63 i t .OE-06 1.OE-03 I 0.01 1. OE-11 ~ I ! Y
I I I

w-- I I I 1 I

Buildin 4~ h.rgbeen used previously for the decontamination of equipment. However, it is now undergoing deeure. ! I II I
-————

“Exhguets from the facilii are continuously sampled; maasured emissions, rather than the invento ry appmsch are used to date~inej .WVU81 emissions. 1 “- 1 I

““Because monitoring takes place after HEPA filtration, an unebaled EDE cannot be determined (see discussion on pege 41.) I I
I

I I 1 I )

419 124 FHE-2 Decontamination adtiviti~s Groaa alpha : “ NA 12.2 0.61 12.6 Dwble HEPA ~ 0,0001 I 1.6E-07 686] f.E\ 1.OE-04 . . I

1
125 FHE-6 Gross bets I .

. . . . 3 NIA

11 0.76 5.4 l-EPA !—. 0.01
I

2.5E-06 ;—-
1 ! I

I I I [ . . ...1..... I I I & I , 1 1 1 I

I I

446 101 FE-5 ._ Preparation of C-14 Iaballad C-14 ! 1.2E-06 1.OE-03 9.1 0.61 1:2 HEPA (not S@ ied 1 1.2E-09 : 611 ~ E 959 ~ w

benzene and toluens aolutione

4.8E-11 5.6E-11 1 Y

to volatile compounds) I I

I
I

Building 4906491 are parr of UNL’S Uranium Atomic Vapor Laaer Isotope Separation_(U-AVLIS) program, now affiliated with The United States Emfchmem Cooperation (USEC). The Separator Damonstrstion Faciliiy (SDF), I I I

which vaporizes uranium fer enrichment, is located in Wtiding 490. Sta& sampl[~ at both fsdlifii is mntinueus. Beth facilities operate with fwo@erias hgh efficiency particulate (HEPA) filtar banks to conlrol amissiona. 1

‘Air emissions are mn@mualy sampled at the pest-HEPA-filter atmospheric dis_*arge points, alfho ugh emissions are low anough that stack menitmfng ia not raquired per the NESHAPS 40 CFR 61 rqulationa. “--–-~---” – - ~ ! I

“’Because monitoring takea place after HEPA filtration, an unabated EOE cannot be determined see dscassion on a a 41.)

490 1061

4wstack .’~-- : #w Y ‘7 7 ‘-HEPA I 00001 1=% ‘ ’00 -1<”! 00’+00 ‘“!”’ “ 3 ~ “A

.~.... -- I
~--..-. -.F—-‘- II 1 I

I I

Building 491

~-.——. .——

,
;-.

1

~.. -~-.-.~ -—~ 1

Built@ 513 ia operated by the Hazardoua Waate Management Division. The Stabilization Unit is a rneghhflized mixing device used to make homogeneous mixtures of waste. Solidficg@fl_sggnts are added during mixing to transfer sludges to solids. 1

The Microtiltration Unit filters out waste radioactive part@es. In the Laboratory, =mall quanitie>_of wasta materiala are sampled, treated, and stored. No releas~_ qi aaau~ned to occur from waste storage because the wastas are fully containad.
——

–—T-–—- A

~6-4 .----=-–.--+- ----NA

——J
I I

513 Stabilization Roerr_Air Stabilizes sludges to solids U-238 7.5E-05 NA ~ None ‘-–- 1 ‘~ 7.5E-11
-–.— , .–———.

,
579;%’ 3.6E-08

Drum repacking

128 SV 2. OE-07 i2 Y

U-235 9.8E-07 1 .OE-06
, 1

I ~ I_. . 9.8E-13 and I Y

U-234 7. OE-06 1 .OE-06 I I 7. OE-12 98 *I I Y

Psge 53
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Attachment 2. Surrogate Radionuclides List

Although CAP88-PC supports calculations for many radionuclides, there are
some in use at LLNL that are not included in CAP88-PC. Consequently, this
list of surrogate radionuclides has been developed to account for the
contribution of those radionuclides.

Table 2-1. List of surrogate radionuclides.

Radio- ALI (inh), DAC, Correction

nuclide Half-life Classa pCi pCilcm3 Surrogate Factorb
lo8mAg

207B i

45C a

lo9cd

249(-f

250C f

36cl

254ES

149Eu

148(Jj

1850~

33p

184Re

75se

85sr

182Ta

157~

153Tb

204T1

168TmC

171Tm

88y

127 Y

38 Y

163 d
464 d

351 y

13.1 y

3.01 x 105 y

276 d

93.1 d

93 y

94d

25.4 d

38.0 d

120 d

64.8 d

l15d

150 y

150 y

3.78 y

85d

1.92 y

1.06.64 d

Y

w
w
D

Y

w

w

w

w

D

D

D

w

w

Y

Y

w

w

D

w

w

Y

20

400

800

40

0.01

0.009

200

0.07
3000
0.008
500
8000
1000

600

2000

100

300

20
2000
2000

300
200

1X1 O-8

1 x 10-7

4 x 10-7

1X1O--8

4 x 10-12

4 x 10-12

1 x 10+’

3 x 10-11

1X1 O-6

3 x 10-12

2 x 10+

4X104

6 X 10_7

3 x 10-7

6X 1(Y7

6xl@

1 x 10-7

8 X 10_9

9 x 10-7

8 X 10_7

1 x 10+

1 x 10+

6(IC0

214Bi

9osr

60C0
241Am

241Am

137c~

239pU

l%EU

140La 1 x 105
99M0

32p

99M0

32p

9osr

‘Mo
140La

140La 50
214Pb

140La

140La 5
9oy

a D = days, W = weeks, Y = years.
b The annual inventory is multiplied by the correction factor, and a resulting surrogate

equivalency is used for the modeliig calculation.
Sourcw Limiting Values of Radionudlde Intake and Air Concentration and Dose

Conversion Factors for Inhalation, Submersion and Ingestion, Federal Guidance Report No. 11,

EPA-520/l-88-020, U.S. Environmen~I protection AgencY#1988.
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