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Executive Summary

The purpose of this study was to determine if any radioactive material from the SSFL was
released to the atmosphere during the Woolsey Fire and transported downwind by the smoke plume
to the surrounding communities. Addressing this question involved computer modeling, soil
sampling and environmental data analysis.

Modeling was performed to understand the progression of the fire on the SSFL, where the
plume of smoke likely travelled during this time interval and the potential deposition of particulate
matter associated with it. A timeline of fire progression on the SSFL was constructed using
meteorological data in combination with video footage taken during the fire at air sampling stations
operated by Boeing and NASA along with supporting information. Air monitoring data from the
Department of Energy (DOE) was also utilized. The fire was segregated into 10 regions covering
the time from when the fire began to when it ceased active burning on the SSFL. The Fire Emission
Production Simulator model was used to calculate emissions of particulate matter from each
segment, and output from this model was coupled with the CALPUFF Version 7 model to calculate
transport and deposition of particulate matter. Any radionuclides on vegetation and in surface soil
released by the fire were assumed to follow the particulate matter release and deposition. The
predicted particulate matter deposition plume trended southwest from the SSFL and formed the
basis for identifying soil sampling locations. Highest PM o deposition offsite (See Section 3.4) was
determined to be northeast of the Oak Park community which is located about 6 km southwest of
SSFL. Any impacts farther west from Oak Park would be lower because of dilution and dispersion.

Based on the modeling described above, 16 soil sampling locations were identified that
included locations across the plume and several background locations that were not impacted by
the Woolsey Fire while it burned on the SSFL. Sampling focused on the region of highest predicted
off-site particulate deposition. Depth-profile sampling was used to evaluate whether radionuclides
of SSFL origin were potentially emitted and deposited during the Woolsey fire. Samples were taken
in 0-3 cm, 3-6 cm, and 6-12 cm layers. If radionuclides had been deposited from the Woolsey
Fire, then they would be detected in the surface (0—3 cm) layer (See Section 5.3) and would be
expected to be higher within the plume footprint than outside it.

Soil sampling was carried out August 5-8, 2019 at the 16 locations and 3 depth intervals for a
total of 48 soil samples. Each sample was analyzed for 61 radionuclides by GEL Laboratories,
LLC. Twenty-eight radionuclides were detected in at least one soil sample. Radionuclides detected
were determined to be background, either naturally occurring or of global weapons testing fallout
origin, and not from the SSFL. Weighted average concentrations were compared to background
concentrations determined by the U.S. Environmental Protection Agency for SSFL
(HydroGeologic Inc. 2011). Radionuclides were considered of natural origin if the concentrations
were generally uniform with depth. Occurrences of natural occurring radionuclides at
concentrations above the established background for the SSFL were attributed to natural variability
in geologic formations and not the SSFL because the concentration depth profiles were generally
uniform. No anthropogenic radionuclides were measured at levels above those expected from
global weapons testing fallout.

Based on the soil sampling, we found no evidence of SSFL impact in off-site soils as a result
of the Woolsey fire. Moreover, we found no radionuclide impact on the off-site soils we sampled
from past operations of the SSFL.
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Acronyms and Abbreviations

Air Force Base

Annual Site Environmental Report

background threshold value

a diagnostic three-dimensional meteorological model

a post-processing package for the CALPUFF output

an air quality dispersion model

Derived Concentration Standard

U.S. Department of Energy

Department of Toxic Substance Control

U.S. Environmental Protection Agency

Energy Technology Engineering Center

Fire Emissions Production Simulator

Federal Radiological Monitoring and Assessment Center

Global Positioning System

International Commission on Radiation Protection

minimum detectable activity

minimum detectable concentration

National Aeronautics and Space Administration

National Council on Radiation Protection and Measurements

particulate matter: the term for a mixture of solid particles and liquid
droplets found in the air

fine inhalable particles, with diameters that are generally 2.5 micrometers
(um) and smaller

inhalable particles, with diameters that are generally less than 10
micrometers (pum)

pacific standard time

Radioactive Material Handling Facility

radionuclide reference concentration

Santa Susana Field Laboratory

Universal Transverse Mercator
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Unit Conversion Table

Imperial unit SI unit
Radiation activities
1Ci = 3.7 x 10" Bq
~27 pCi L™ = 1 BqL"'
~27 pCim™ = 1Bgm™
~27 pCi kg = 1 Bqkg'
Radiation dose quantities
100 rad = 1 Gy
100 mrem = 1 mSv
100 prem hr = 1 pSv hr!
Radiation exposure
3.9 x 10° Roentgen = 1 Ckg'

Scientific Notation (E-format)

Some of the numbers in this report are presented in scientific notation. Scientific notation is
useful for presenting very large or very small numbers, or numbers that are different by many orders
of magnitude. In scientific notation, numbers are expressed as the product of two terms; a digit term
and an exponential term. For example, the number 723 expressed in scientific notation would be
7.23x10? where 7.23 is the digit term and 10* (10 raised to the power of 2 or 100) is the exponential
term. The power is the number of places to shift the decimal point to present the number in long
format. If the power is positive, then shift the decimal point to the right. If the power is negative,

then shift the decimal point to the left. Here are some examples.

4231 =4.231x10°
1,230,000 =1.23x10°
0.0361 =3.61x107

Computers print scientific notation slightly different where the exponential term is reported as
“E” followed by the power term. Thus, in the preceding example, 723 in computer scientific
notation is 7.23E+02. Both forms of scientific notation are used in this report. Finally, for numbers
between 1 and 10, the power term is zero because any number raised to the zero power is 1. Thus

7.23 expressed in scientific notation is 7.23x10° or 7.23E+00 in computer scientific notation.

Common Unit Prefixes
p pico 107" k kilo 10°
u  micro 10° M  mega 10°
m mili 107
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1. Introduction

The Woolsey Fire was reported to have ignited at 14:24 Pacific Standard Time (PST) on
November 8, 2018, in the vicinity of the northern boundary of the Santa Susana Field Laboratory
(SSFL) site (Citygate 2019) and burned quickly due to powerful Santa Ana winds. The Woolsey
Fire was declared 100% contained on November 21, 2018 (CAL FIRE 2019). The objective of this
work was to determine if any radioactive material from the SSFL was released to the atmosphere
during the Woolsey Fire and transported downwind by the smoke plume to the surrounding
communities. The progression of the Woolsey Fire on the SSFL. was modeled to aid in the design
of a soil-sampling plan that was subsequently carried out. Sampling locations were based on the
modeled smoke plume and the areas that were predicted to be impacted by deposition of particulate
matter if materials were released while the Woolsey Fire burned on the SSFL. These locations
included downwind areas where atmospheric deposition of particulates was anticipated to be
largest, as well as locations that were outside the deposition plume of the fire and remained
unimpacted. The analysis draws upon environmental monitoring data taken before, during, and
after the Woolsey Fire. These data were obtained from the Department of Energy (DOE), the
National Aeronautics and Space Administration (NASA) and Boeing.

1.1. Brief Summary of SSFL History and Site Operations

The following summary was adapted from Sapere Consulting and Boeing (2005) and
HydroGeologic (2011) and Boeing'. The SSFL began operations in 1947 on land acquired by North
American Aviation in the Simi Hills between Simi Valley and San Fernando Valley. The facility
is located in southeastern Ventura County and borders Los Angeles County on its eastern boundary.
The facility’s mission initially was rocket engine testing. In 1955, part of Area IV, located in the
northwestern corner of the site, was set aside for nuclear research and testing by Atomics
International (Figure 1-1%). In 1984, Atomics International merged with Rocketdyne, which was
purchased in 1996 by The Boeing Company. The remainder of the site was used by NASA and the
Department of Defense for rocket and laser testing. Boeing owns Area IV, a portion of which was
leased to the DOE and its predecessor agencies in the past for nuclear research activities.

! https://www.boeing.com/principles/environment/santa-susana/extraordinary-past.page

2 Geographical information system data (GIS) and resources are documented in Appendix C.
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0om 1,000 m 2,000 m 3,000 m 4,000 m
Figure 1-1. Santa Susana Field Laboratory (SSFL) showing administrative areas and buffer zone.
DOE operations were confined to Area IV.

The DOE and its predecessors operated the Energy Technology Engineering Center (ETEC)
located in Area IV, which represented a group of facilities used for nuclear research and other
experimental activities involving radioactive materials. From the mid-1950s until the mid-1980s,
nuclear operations included the construction and operation of nuclear research reactors; the
fabrication, disassembly, and examination of nuclear reactor fuel; and other radioactive materials
research were sponsored by DOE and its predecessor agencies. Nuclear operations at ETEC
included 10 nuclear research reactors and seven critical facilities. These facilities included the Hot
Laboratory, the Nuclear Materials Development Facility, the Radioactive Materials Handling
Facility, and various radioactive material storage areas.

Nuclear research in the ETEC facility of Area IV ended in 1988. Activities conducted by the
ETEC have resulted in soil contamination in Area IV. The DOE is responsible for remediation of
Area IV soils. As of 2020, some of the contaminated soils have been excavated and removed, and
the majority of buildings have been decommissioned and removed®.

2. Progression and Modeling of the Woolsey Fire on the SSFL

The Woolsey Fire was reported to have begun on November 8, 2018, at 14:24 PST near a
Southern California Edison substation located near the northern boundary of the SSFL (Figure 2-1)
(Citygate 2019). A second suspected ignition point ~500 m (~550 yds) west of the first ignition

* On May 19, 2020, DOE and DTSC entered into a Consent Order regarding the demolition and
offsite disposal of ten (10) additional DOE buildings from this area of the SSFL.
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point was also identified by CAL FIRE (2019). The fire quickly spread to the southwest pushed by
strong Santa Ana winds reaching speeds of about 21 m s™' (47 mph), as measured at the SSFL. The
fire spread off-site during the late afternoon/evening and was reported to be burning near the
community of Oak Park at 9:00 PM the evening of November 8" (Citygate 2019). The fire jumped
U.S. Route 101 between Liberty Canyon Road and Palo Comado Canyon Road overpass at 5:13
AM on the morning of November 9" (Citygate 2019). During the day of November 9, the fire
spread rapidly westward (Citygate 2019). The fire also spread to portions of Thousand Oaks, Bell
Canyon, West Lake Village, and West Hills during the day (Wildfire Today 2019). The total burned
area of the SSFL was 2,268 acres, which encompassed most of the site excluding an east-west strip
of land along the northern boundary. The Woolsey Fire was declared 100% contained on November
21 at 18:11 PST (CAL FIRE 2019). The suspected ignition points were provided in the CAL FIRE
incident management report (CAL FIRE 2019) and were visually inspected by RAC during a visit
to the area on June 4, 2019.
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Figure 2-1. Region around the SSFL where the Woolsey Fire burned. Suspecte ition points
identified by CAL FIRE are depicted by fire symbol. Fire outline was obtained from LA County
(2019).
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A timeline of the Woolsey Fire on the SSFL was constructed using different sources of
information including meteorological data, video from webcams located at Boeing air monitoring
stations and details regarding the fire progression (Figure 2-2 and Table 2.1). Ten regions were
identified by date and time of burning. Initially, the fire burned toward the southwest from its
ignition point and crossed the western boundary of the SSFL during the late afternoon/evening of
November 8. During the late evening of November 8 to the early morning of November 9, a portion
of the Woolsey Fire burned through Bell Canyon, which borders the southern boundary of SSFL
(Citygate 2019). Around 22:00 PST on November 9, a portion of the fire then burned toward the
north, and then back toward the west in the early morning of November 10. Areas of burning at the
SSFL continued during November 10 and active burning ceased by the morning of November 11.
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Figure 2-2. Map developed by RAC to show progression of fire on the SSFL. The fire was
segregated into 10 regions numbered sequentially from starting region (1) on November 8 at 14:30
(rounded to the nearest half-hour) to ending region (10). Active fire burning on SSFL ceased on
the early morning of November 11, but all regions smoldered for some time after active burning.
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Table 2.1. Fire Regions on the SSFL, Area Burned, and Date and Time
Consumption rate

Region ID Area (m?) Area (acres) (acres hr')  Date and time (PST)
1 206502.7 51.0 34.0 11/08/2018, 1430-1600
2 576969.7 142.6 35.6 11/08/2018, 16002000
3 988611.0 2443 2443 11/08/2018, 2000-2100
4 549912.6 135.9 135.9 11/08/2018, 2100-2200
5 730145.4 180.4 180.4 11/08/2018 2200-2300
6 1509361.7 373.0 124.3 11/09/2018 0000-0300
7 1144709.9 282.9 40.4 11/09/2018 03001000
8 1477440.3 365.1 73.0 11/09/2018 1000-1500
9 373000.4 92.2 11.5 11/09/2018 1500-2300
10 1620482.3 400.4 14.3 11/10/2018, 0000 to 11/11 0400

2.1. Model Simulation of Fire

Each region of the Woolsey Fire on SSFL was modeled using the Fire Emission Production
Simulator (FEPS) Version 1.1.0 (Anderson et al. 2004) computer program. This model takes as
input the beginning and ending time of the fire, the area burned, fuel loading, relative humidity,
wind speed, temperature, and atmospheric stability. Fuel loading is defined from the National Fire
Danger Rating System 1978 Fuel Model Definitions (Deeming et al. 1977). Fuel model B was
selected for the model because it represents California’s mixed chaparral ecosystem that covers the
SSFL. Dominant plant species in a mixed chaparral ecosystem include scrub oak, chaparral oak,
and several species of ceanothus and manzanita (Ornduff 1974). The default fuel loads for this
material are 11.5 tons per acre of shrub, 4.5 tons per acre of woody material, and 3.5 tons per acre
of litter (Deeming et al. 1977).

The fuel condition was assumed to be very dry based on the meteorological conditions
recorded at the Boeing and NASA meteorological tower. The FEPS default moisture percentages
for very dry fuels are 4%, 6%, 8%, and 8% for the 1-hr, 10-hr, 100-hr, and 1,000-hr times,
respectively. The FEPS default live material moisture percentage was 60%, and litter was 25%.
Wind speed, relative humidity, and temperature obtained from the Boeing meteorological tower
located in the northeast corner of the SSFL are presented in Figure 2-3, Figure 2-4, and Figure 2-5.
Temperatures were relatively mild for Santa Ana conditions with a maximum of about 22° C (~72
° F) recorded on November 10. Atmospheric stability was estimated for each hour based on
Pasquill-Gifford classification using Turner’s method (Turner 1964). High wind speeds and clear
skies resulted in neutral stability conditions for most of the time during the fire.

The total area of each fire region on the SSFL was divided by the number of hours the region
actively burned to provide the consumption rate that was entered into FEPS (i.e., acres per hour or
tons of fuel per hour). Thus, Region 3, which burned during the highest recorded wind speeds, had
the highest burn rate (see Table 2-1). Lower burn rates corresponded to periods of relatively light
wind speeds, which were recorded on the evening of the November 9 and on the morning of
November 10. This facilitates separate modeling of each region of the Woolsey Fire on the SSFL

RISK ASSESSMENT CORPORATION
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and assumes linear growth of the Woolsey Fire across each region. The estimated emission rate for
particulate matter with diameters less than 2.5 microns (PM>s) from all sources as a function of
time (Figure 2-6) shows that the highest emission rates occurred in the late afternoon and evening
of November 8 and the early morning of November 9 during the period of highest wind speeds.

The FEPS model produces emission estimates as a function of time for carbon monoxide,
methane and PM; s. For this application, only the PM; s was included in the atmospheric dispersion
model because (1) measurements at the Boeing air samplers included PM; s and PM (particulate
matter with diameters less than 10 pm) and (2) radionuclides potentially present in vegetation and
surface soil would be released with the burning of vegetation and the suspension of soil in a similar
manner that particulate matter is released from a fire (Grogan et al. 2007). Historical vegetation
measurements are discussed Section 4.1.1. Emissions and mass of vegetation burned for each
region are summarized in Table 2-2.
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Figure 2-3. Wind speed as a function of time measured at Boeing meteorological tower during
Woolsey Fire.
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Figure 2-6. FEPS-predicted release rate of PM, s as a function of time from Woolsey Fire
burning on the SSFL.

Table 2.2. FEPS-Predicted PM,s Emissions and Biomass Consumed during Woolsey Fire

Total PM; s PM; s emissions  Total biomass
emissions Area Area per unit area consumption
Region (€3] (m’) (acres) (gm™) (kg)
1 1.644E+07 206,503 51.03 7.962E+01 1.16E+06
2 5.298E+07 576,970 142.57 9.182E+01 3.67E+06
3 9.992E+07 988,611 244.29 1.011E+02 6.83E+06
4 5.722E+07 549,913 135.88 1.041E+02 3.90E+06
5 7.240E+07 730,145 180.42 9.915E+01 4.96E+06
6 1.526E+08 1,509,362 372.96 1.011E+02 1.04E+07
7 8.790E+07 1,144,710 282.86 7.679E+01 6.23E+06
8 8.550E+07 1,477,440 365.08 5.787E+01 6.37E+06
9 2.913E+07 373,000 92.17 7.810E+01 2.06E+06
10 8.895E+07 1,620,482 400.42 5.489E+01 6.70E+06
Total 7.431E+08 9,177,136 2268 N/A 3.794E+09
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3. Model Simulation of Atmospheric Transport of Particulate
Matter Emitted from the Woolsey Fire on the SSFL

As noted in previous sections, if radionuclides were present and released in burning vegetation
and suspended from the surface soil, the release, transport and deposition would be similar to
particulate matter from the fire (Grogan et al. 2007). A fraction of the particulate matter that is
released to the atmosphere will deposit from the plume on the soil as it is transported downwind.
Likewise, radionuclides entrained in the plume will also deposit on the soil as they are transported
downwind. Therefore, the purpose of the modeling was to estimate the deposition pattern of
particulate matter from the Woolsey Fire while it burned on the SSFL.

The plume was modeled using the CALPUFF (Scire et al. 2000) modeling system Version 7.
CALPUFF is an advanced non-steady-state meteorological and air quality modeling system used
to compute particulate and gaseous concentrations of material emitted to the atmosphere. The
model has been listed by the U.S. Environmental Protection Agency (EPA) as an approved model
for assessing long range transport of pollutants and their impacts on Federal Class I areas* and for
certain near-field applications involving complex meteorological conditions. Version 7 is the EPA-
approved version (Version 5.8) but includes additional enhancements. Enhancements in Version 7
include an interface between FEPS and CALPUFF so that the output from FEPS can be processed
and used directly in a CALPUFF simulation. The CALPUFF modeling system consists of three
primary codes: A meteorological model (CALMET), a complex terrain Lagrangian puff dispersion
model (CALPUFF), and a post-processing program (CALPOST). There are also numerous
preprocessors for developing input data that include surface and upper air meteorological data,
terrain and land-use data, and the source-term data provided by FEPS.

3.1. Model Domain and Computational Grid

The total region that is modeled is referred to as the model domain and is illustrated in Figure
2-1. The model domain measures 33.1 km east-west by 27.5 km north-south covering an area of
910.25 km? (224,928 acres). Terrain in the SSLF region is characterized as complex and rugged.
Elevations above mean sea level within the model domain ranged from 55 m (180 ft) to 917 m
(3,008 ft), with a median elevation of 331 m (1,086 ft). The rugged terrain required a refined
horizontal grid spacing of 100 m resulting in 332 east-west nodes and 276 north-south nodes for a
total of 91,632 nodes. The 100-m grid spacing allowed spatial resolution of the steep terrain in the
vicinity of the SSFL.

The vertical discretization of the atmosphere was segregated into 10 layers having upper
bounds of 20 m, 40 m, 80 m, 160 m, 320 m, 640 m,1,200 m, 2,000 m, 3,000 m, and 4,000 m above
ground surface.

3.2. Meteorological Data

Meteorological towers on the SSFL are illustrated in Figure 3-1. The tower operated by Boeing
is located in the northeastern corner of the facility. NASA operates the tower near the center of the

% Federal Class I areas include areas such as national parks and national wilderness areas. These

areas are granted special air quality protections under Section 162(a) of the federal Clean Air Act.
RiSK ASSESSMENT CORPORATION
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facility and DOE operates a tower in the northwest portion of the facility. The DOE tower was
inoperable during the fire and thus provided no data in the model simulation. The Boeing and
NASA towers remained operational during the fire and these data were the primary source of on-
site meteorological data. Wind speed and direction were measured at 10 m or 15 m, which is
optimal for surface measurements and generally recommended by EPA.
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Figure 3-1. Location of the three meteorological towers at SSFL. Meteorological data were also
collected at Boeing PM o sampling stations at the 2-m level.

Boeing also measures windspeed and direction at six particulate air monitoring stations that
are illustrated in Figure 3-1 and labeled 1 through 6. These data are measured at the 2-m level, and
supplemented data from the towers. Tower data was preferable because at the 2-m level, ground
obstructions can influence the measurements.

Meteorological data from the Burbank and Van Nuys airports were also obtained and used in
the simulation. Although these stations were outside the model domain, they provided required data
on cloud cover and barometric pressure. Cloud cover and barometric pressure were not likely to
differ from conditions at the SSFL.

CALMET also requires upper air sounding from the nearest upper air station. The nearest
upper air station was at Vandenberg AFB and the twice daily sounding during the fire were obtained
and used in the simulation.

Wind roses during the most active burning period of the fire at the two operational towers and
the six Boeing air monitoring locations (Figure 3-2 and Figure 3-3) show winds predominantly out
of the north-northeast to northeast direction; however, the Boeing main tower had winds
predominately out of the east-northeast and Boeing station 4 had winds predominantly out of the
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north. It is likely that terrain channeling influenced the wind direction at Boeing station 4. Wind
speeds were highest at the NASA tower, which is at the highest elevation of all the stations. Wind
speeds for the Boeing air monitoring stations (2-m measurement height) generally exhibited lower
windspeeds than the meteorological towers. The Boeing main tower and Boeing monitoring station
1 are relatively close to each another but exhibited different predominant wind directions. This
observation is likely due to different measurement heights and the chaotic nature of the winds
during the fire.
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Figure 3-2. Wind roses during the fire for Boeing and NASA towers and particulate monitors 1
and 2. Instruments on the towers were at 10 to 15-m height and meteorological instruments at the
particulate monitors were at 2-m height.
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Figure 3-3. Wind roses during the fire for particulate monitors 3, 4, 5, and 6. Meteorological
instruments at the particulate monitors were at 2-m height.

3.3. CALMET and CALPUFF Technical Options

In general, default technical options and parameters were used in the CALMET and
CALPUFF simulations. Model parameters and options with no default value or where the default
was not selected are discussed below.

3.3.1. CALMET Bias Variable

The bias variable weights the surface and upper air readings in the wind field interpolation
scheme. A bias value of —1 reduces the weight of the upper air stations by 100%, and a bias value
of 1 reduces the weight of a surface station by 100%. Integer bias values range between —1 and 1
(i.e., a bias value of —0.3 weights the upper air observations by 30% and applies a weight of 70%
to the surface stations). In this application a gradational approach was used (as recommended in
CALPUFF) so that at the surface layer, the surface stations are weighted by 100%; in the uppermost
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layer, the upper air station is weighted by 100%. Bias values for each layer from the surface to the
highest layer were -1, 0.9, 0.8, -0.7, 0.4, 0.0, 0.7, 1.0, 1.0, 1.0.

3.3.2. CALMET Radius of Influence and Kinematic Effects

The CALMET default is to use all stations weighted by the distance squared. Because
conditions can vary significantly across the SSFL, the varying radius of influence option was used
in the simulation. For surface stations, all stations within 2 km of the grid point were used in the
wind field interpolation. If no stations were found within 2 km, then the nearest station was used.
For upper air stations, this value was 100 km because only one station was used. Radius of influence
for terrain features was 0.5 km. That is, terrain features within 0.5 km of a grid point were included
in the simulation. Observations within 0.5 km of a grid point were given equal weighting between
the observation and the first-guess wind field as prescribed in CALMET.

Kinematic effects (the change in air properties due to the advection of air parcels) by default
are not included in CALMET but were included in this simulation because of the strong and chaotic
nature of Santa Ana winds that drove the fire. A sensitivity case was also run using only the
CALMET defaults, which do not include kinematic effects or varying radius of influence. The
difference between the simulations were minimal.

3.3.3. CALPUFF Dispersion Coefficient Option

The dispersion coefficients used in this CALPUFF simulation are determined from internally
calculated micrometeorological variables that account for the physical and dynamic occurrences
within a shallow stratum of air adjacent to the ground and provide a non-biased estimate of air
concentrations. This represents the current state-of-the art in atmospheric dispersion modeling.

3.4. Predicted and Observed PM:s Concentrations

Boeing, NASA, and DOE operate a total of 14 PM;, monitors on the SSFL, and at three
monitoring stations (Boeing stations 1 and 4, NASA station 2) there is also a PM» s monitor (Figure
2-2, Table 3-1, Table 3-2, Table 3-3). These monitoring stations are discussed in Section 4.
Particulate matter emission is one of the natural consequences of wildfires and the measurements
show a clear increase in particulate matter emissions during the Woolsey Fire.

The CALPUFF simulation calculates the 24-hour average PM; s concentration at each of the
monitoring stations from PM, s emitted while the Woolsey Fire burned in the different areas of the
SSFL. Because the CALPUFF predicted concentration represents a net value that does not include
the contribution from background, the average background PM, s concentration (11.7 ug m~) was
added to the predicted concentration at each location for comparison to the measured concentration.
This background PM, s concentration was calculated from pre-fire data measured at Boeing stations
1 and 4 and NASA station 2 (see Table 4-1). The pre-fire Boeing data spanned from April 15, 2018
to the start of the Woolsey Fire and the pre-fire NASA data spanned from November 1, 2018 to the
start of the Woolsey Fire. For stations that only measured PMio, the PM> s concentration was
estimated using Equation 3-1 by dividing the PMo concentration by the average PM;y to PM; s
ratio measured during the fire (2.05).

RISK ASSESSMENT CORPORATION
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PM,, = 5 0150 , for samplers with only PM,  measurements 3-1)

Table 3.1. Measured 24-hr Average PM;o and PM,.s Concentrations at Boeing Samplers

Boeing 1 Boeing 2 Boeing 3 Boeing 4 Boeing 5 Boeing 6
PMio PM> s PMo PMio PMio PM> s PMo PMio

Date (ugm™) (ugm™) (ugm?) (ugm™) (ugm>) (ugm>) (ugm>) (pgm>)
11/8/2018 46.1 7.9 76.2 46.0 52.8 19.5 48.8 614.9
11/9/2018 23.0 4.0 716.1 640.5 825.4 436.1 923.2 163.8
11/10/2018  54.0 43.7 71.1 63.0 57.4 48.8 71.4 42.5
11/11/2018  26.8 15.2 106.7 107.0 79.6 22.5 67.8 64.7

Table 3.2. Measured 24-hr Average PM;o and PM:s Concentrations at NASA Samplers

NASA 1 NASA 2 NASA 3 NASA 4
PMio PMo PM> 5 PMo PMio

Date (ugm™) (ugm™) (ugm™) (pgm™) (ngm™)
11/8/2018 57.2 52.2 16.4 53.2 56.6
11/9/2018 22.8 19.5 5.0 16.5 744.1
11/10/2018 324 87.3 75.6 59.0 52.6
11/11/2018 36.2 28.8 19.0 26.5 63.5

Table 3.3. Measured 24-hr Average PM;y Concentrations at DOE Samplers

DOE 1 DOE 2 DOE 3 DOE 4
Date PM193 PMIE3 PM193 PM193

(ugm~) (pgm*) (ngm™) (ngm™)
11/8/2018 55.1 66.1 51.3 a
11/9/2018 23.5 30.4 304 a
11/10/2018 21.9 21.5 25.2 a
11/11/2018 30.3 28.8 304 a
a. DOE Sampler 4 ceased operation on November 8 and was repaired on December 19,
2018

Predicted and measured PM2.s concentrations (Table 3-4, Table 3-5, Table 3-6) show
that predicted concentrations are approximately within a factor of 2 of the observations (i.e.
overpredict or underpredict the measured concentration by a factor of 2). Model predictions
within a factor of 2 of the observations are generally considered acceptable model performance
(Chang and Hanna 2004). Previous modeling studies of wildfires show that PM;, was predicted
generally within a factor of 2 of the observations (Grogan et al. 2007). The average observed
value across all samplers was 63.8 pg m~, the average predicted value was 37.1 ug m=,
and the P/O ratio of the averages was 0.58. However, the measured data may include not
only PM2s generated by the Woolsey Fire burning on the SSFL, but also PM2.s generated
by the Woolsey Fire burning on land outside the SSFL boundary, whereas the modeled
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concentrations only include PMz s generated by the Woolsey Fire burning on SSFL land.
Consequently, some model underprediction would be expected.

Table 3.4. Measured and Predicted Net 24-hr Average PM:s Concentrations at the Boeing

Samplers (ug m>)

Date Mea‘sured Meas.uredb Meas.uredb Mea‘sured Meas'uredb Meas.uredb
Boeing 1 Boeing 2 Boeing 3 Boeing 4 Boeing 5 Boeing 6
11/8/2018 7.9 37.2 22.4 19.5 23.8 299.9
11/9/2018 4.0 338.6 301.8 436.1 450.3 79.9
11/10/2018 43.7 24.1 20.1 48.8 34.8 20.7
11/11/2018 15.2 41.4 41.6 22.5 33.1 31.6
Average 17.7 110.3 96.5 131.7 135.5 108.0
Average measured over all samplers: 100 pg m>.
Date Predjcted Predjcted Predjcted Predjcted Predjcted Predicted
Boeing 1 Boeing 2 Boeing 3 Boeing 4 Boeing 5 Boeing 6
11/8/2018 11.7 11.7 11.7 11.7 12.2 259.2
11/9/2018 38.6 150.4 52.1 102.1 61.2 26.1
11/10/2018 17.5 23.3 33.6 241.3 37.3 74.0
11/11/2018 11.7 11.7 11.9 14.6 15.0 12.4
Average 19.8 49.3 27.3 92.4 314 92.9
Average predicted over all samplers: 52.2 ug m™>.
P/O? 1.1 0.45 0.28 0.70 0.23 0.86

P/O of sampler average: 0.52

2 Predicted-to-observed (measured) ratio of sampler time average.
b Calculated from PM;, measurement based on Equation 3-1.
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Table 3.5. Measured and Predicted Net 24-hr Average PM;s Concentrations at the NASA
Samplers (ug m™>)
Measured® Measured Measured® Measured®

Date NASA1 NASA2 NASA3 NASA4
11/8/18 28.0 16.4 26.0 27.7
11/9/18 1.1 5.0 8.1 363.8
11/10/18 15.8 75.6 28.8 25.7
11/11/18 17.7 19.0 13.0 31.0
Average 18.2 29.0 19.0 112.1

Average measured over all samplers: 44.5 ug m.
Predicted Predicted Predicted Predicted

Date NASA1 NASA2 NASA3 NASA4
11/8/18 11.7 11.7 11.7 12.0
11/9/18 16.6 16.4 17.4 39.7
11/10/18 254 18.4 17.4 110.9
11/11/18 11.8 11.8 11.8 24.0
Average 16.4 14.6 14.6 46.7
Average predicted over all samplers: 23 pg m™,

P/O* 0.90 0.50 0.77 0.42

P/O of sampler average: 0.52

2 Predicted-to-observed (measured) ratio of sampler time average.
> Calculated from PM,o measurement based on Equation 3-1.
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Table 3.6. Measured and Predicted Net 24-hr Average PM,s Concentrations at the DOE
Samplers (ug m™>)

Date Measured Measured Measured Measured °
DOE 1 DOE 2 DOE 3 DOE 4
11/8/18 27.0 323 25.1 b
11/9/18 11.5 14.9 14.9 b
11/10/18 10.7 10.5 12.3 b
11/11/18 14.8 14.1 14.9 b
Average 16.0 18.0 16.8 -
Average measured over all samplers: 16.9 pg m™.
Date Predicted Predicted Predicted Predicted
DOE 1 DOE 2 DOE 3 DOE 4
11/8/18 11.7 11.7 11.8 b
11/9/18 17.3 16.8 18.2 b
11/10/18 73.7 40.9 71.9 b
11/11/18 11.7 11.7 11.7 b
Average 28.6 20.3 28.4 ---
Average predicted over all samplers: 25.7 ug m™.
P/O* 1.8 1.1 1.7 ---

P/O of sampler average: 1.5

2 Predicted-to-observed (measured) ratio of sampler time average.

> DOE Sample 4 ceased operation on November 8 and was repaired on December 19, 2018. Because no
corresponding measurements existed during the fire, no model predictions were made for DOE-4

¢ Calculated from PM;y measurement based on Equation 3-1.

The distribution of individual P/O ratios had an average value of 1.4 (standard deviation 1.90)
and a median value of 0.69 indicating the distribution is closer to a lognormal distribution. The
geometric mean P/O ratio was 0.80 and geometric standard deviation was 2.75.

Predicted ambient air concentrations of PM, s above background are illustrated in Figure 3-4.
The contours represent the average PM» s concentration from November 8, 1400 to November 10,
2200 (57 hours). PM; s plumes from areas burned on November 8 traveled southwest of SSFL, and
then funneled down a north-south drainage skirting the community of Oak Park. Average
concentrations were typically 60 to 90 ug m™ in this uninhabited region but were lower in the
residential areas (20 to 50 pg m ) of Oak Park and Agoura Hills. A second PM, s plume from SSFL
that burned on November 9 and 10 traveled almost directly south down Bell Canyon, but at
concentrations less than those at Oak Park and Agoura Hills. Concentrations of the SSFL derived
PM; 5 southwest of the model domain and in the community of Malibu would have been
considerably lower due to atmospheric dispersion and dilution than depicted in Figure 3-4.
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Figure 3-4. Average PM, s ambient air concentration from the fire burning across the SSFL from
November 8, 1400 to November 10, 2200.
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3.5. Deposition Pattern of Particulate Matter

Airborne particulate matter from the burning of vegetation and suspended from soil during the
fire will eventually deposit on the land surface according to the dry deposition velocity. For this
evaluation, the PM, s deposition across the model domain was scaled to PM; (using the previously
discussed PM;¢/PM, s ratio in Section 3.4) and plotted in the form of an isopleth map (Figure 3-5).
This deposition pattern is from PM;o generated only while the Woolsey Fire burned on the SSFL
and does not include deposition from burned areas outside the SSFL boundaries. The deposition
pattern generally follows the regional northeast winds at the time of the fire. Any particulate
radionuclides on vegetation or in the surface soil that was potentially suspended during the fire
would have followed a similar deposition pattern. Highest deposition of particulate matter from the
fire outside the SSFL boundary was east of the community of Oak Park in a region of hilly
uninhabited terrain. Other areas of enhanced deposition correspond to elevated terrain where the
lofted plume intersected the ground surface. Deposition of SSFL derived PM;o southwest of the
model domain and in the community of Malibu (~23 km SSW of the SSFL) would have been
considerably lower than depicted in Figure 3-5. For example, PM;o deposition decreased from
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~1.25 g m* at Oak Park to ~0.45 g m? at the southern edge of the model domain (~ 10 km distance
and reduction factor of 2.8). Malibu is about 10 km south of southern boundary of the model domain
so we could expect a similar reduction in deposition resulting from further atmospheric dispersion
and dilution. Thus, deposition in Malibu would be about a factor of 5 less than the deposition at
Oak Park.

During the first day of the Woolsey Fire (November 8), particulate emissions and fire
consumption rates on the SSFL were the greatest. A plot of the PM;o deposition from PMj,
emissions on November 8 (Figure 3-6) shows a similar pattern and magnitude to Figure 3-5 and
indicates that most of the total PM,o deposited was generated when the Woolsey Fire burned on the
SSFL on November 8.

These isopleth maps served as a guide for defining a soil sampling program to determine if
radionuclides located on the SSFL property were released when the Woolsey Fire burned on the
site. If radionuclides located on the SSFL property were released during the Woolsey Fire, then
their presence would be detected in surface soil within the deposition plume.
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Figure 3-5. Isopleth map showing predicted total deposition of PM;o from Woolsey Fire burning
on the SSFL from November 8 to November 11, 2018. Woolsey Fire outline is also shown.
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3.5.1. Potential Dose that Soil Sampling is Capable of Detecting

Calculations were performed to determine the dose an individual would receive if
radionuclides of SSFL origin were detected above background concentrations in surface soil. These
calculations are important because they demonstrate the sensitivity in terms of individual dose that
the soil sampling program is capable of detecting. This was done by first calculating the amount of
radionuclide deposition that would be required to give a particular annual effective dose to an
individual residing in the community of Oak Park. Three annual effective doses were evaluated:
0.01 mrem, 0.1 mrem, and 1.0 mrem. The annual effective dose limit above background from
human sources recommended by the International Commission on Radiological Protection (ICRP),
National Council on Radiation Protection and Measurements (NCRP) and implemented in DOE-
Order 458.1 (DOE 2011b) is 100 mrem. The annual effective dose of 0.01 mrem, 0.1 mrem, and
1.0 mrem are a factor of 10,000, 1,000, and 100 times lower than the dose limit, respectively, and
much lower than the annual effective dose, on average, to persons in the U.S. from natural
background which is about 310 mrem (NCRP 2009). Relevant exposure pathways that were
considered for the period included inhalation of radionuclides in the smoke plume and external
exposure from radionuclides deposited on soil. The deposition amounts corresponding to the annual
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effective dose were then converted to a soil concentration in the surface layer and compared to
radionuclide-specific background levels and minimum detectable concentrations (MDC) in soil.
Details of the calculation are presented in Appendix E. The results showed that soil sampling would
be sensitive enough to detect deposition of radionuclides above background for '*’Cs, *°Sr, and
23%Pu equivalent to an annual effective dose of 0.1 mrem.

3.5.2. Comparison to DTSC Report

Shortly after the Woolsey Fire, the California Environmental Protection Agency (CalEPA)
and Department of Toxic Substances Control (DTSC) produced an interim summary report
evaluating impacts of the Woolsey Fire on surrounding communities (DTSC 2018). The report
summarized sampling work done between November 8 and 30, 2018, to address community
concerns about the possibility that the Woolsey Fire caused radionuclides and hazardous materials
on-site to migrate into surrounding communities.

The report presented available soil/ash and air sampling data, mostly for hazardous materials,
but also some radionuclide measurements and exposure rates. Appendix C of the report contained
plots provided as part of the U.S. DOE Radiological Assistance Program and approved by the DOE
Federal Radiological Monitoring and Assessment Center (FRMAC).

Based on different lines of evidence including modeling and measurements, the DTSC
concluded that no radiation or hazardous materials from the SSFL were detected in communities
following the Woolsey Fire.

3.5.3. Summary of Findings Based on Atmospheric Release and Transport Modeling

This section presented a model simulation of particulate matter (PM»s and PM,o) generated
from the Woolsey Fire burning on the SSFL and extended that simulation for radionuclides that
might have been present on vegetation and in the soil. Predicted air concentrations of particulate
matter were compared to measurements, and the average concentrations predicted during the fire
were less than a factor of 1.7 different than the corresponding measured values. This is good
agreement for such modeling. Scoping calculations were used to assess the likelihood of detecting
releases from the SSFL in the soil. Based on the dispersion and deposition factors calculated for
the Oak Park community located about 6 km southwest of SSFL, soil sampling data quality
objectives would be sufficient to detect radionuclides released from the fire that would have
resulted in a dose to a person living in the area of 0.1 mrem (one-thousand times less than the annual
dose limit to the public).
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4. Environmental Monitoring Data

Measurements of radionuclides in the environment before, during, and following the fire are
an important aspect of understanding and quantifying potential impacts from the Woolsey Fire. It
is well understood that all wildfires, even in the absence of anthropogenic contamination, release
and mobilize radionuclides and other chemicals to the environment (Nance et al. 1993; Lambert et
al. 1991; and Le Cloarec et al. 1995). The available air and soil data related to samples collected in
the vicinity of the SSFL are described and evaluated in the following sections to investigate the
potential for significant impacts at off-site locations.

4.1. SSFL Environmental Monitoring Program and Available Data

Routine environmental monitoring has been carried out at the SSFL since 1956 and has
included analysis of air, vegetation, soil, surface water, and groundwater samples (Al 1960).
Results of the environmental monitoring program have been reported in the annual site
environmental reports (ASERs)’ (e.g., Boeing [2001]). Both Rocketdyne (SSFL 1996) and the EPA
(HydroGeologic 2011) have collected samples and conducted analyses as part of site area and
background level characterizations.

In April 2018, a baseline air monitoring program was developed at the SSFL to evaluate
baseline conditions and provide a basis for evaluating any impacts from on-site remediation
activities at the SSFL (NASA/Boeing/DOE 2017). Included in the program was monitoring for
particulate matter, volatile organic compounds, and radionuclides. Data resulting from the baseline
air monitoring program for samples collected before, during, and after the fire were obtained from
DOE (North Wind 2019a, 2019b), NASA (2019), and Boeing (Rutherford 2019; Boeing 2018).

Figure 4-1 shows the locations of the Boeing, DOE, and NASA air samplers at SSFL along
with the approximate area impacted by the Woolsey Fire. To characterize background
concentrations of natural and anthropogenic radionuclides in soil from geological formations that
underlie the SSFL, the EPA used the Bridal Peak, Lang Ranch, and Rocky Peak locations shown
in Figure 4-1 (HydroGeologic 2011).

> https://www.etec.energy.gov/ Environmental and Health/ASER.php.
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Figure 4-1. Map showing locations of baseline air samplers at the SSFL along with the area burned

by the fire.

Radionuclide monitoring was established for a subset of the samplers, including the DOE
samplers in Area IV and two Boeing samplers near the Area I Burn Pit that was used to burn
materials no longer needed in the operations (samplers 4 and 5). Samples are analyzed according
to the procedures described by NASA/Boeing/DOE (2017). After a minimum 120-hour holding
time to allow the decay of short-lived radon and thoron daughters, the samples are simultaneously
counted for gross alpha and beta activity with a low-background, thin-window, gas-flow
proportional-counting system continually purged with P-10 argon/methane counting gas over a
preset time interval. Individual filters are typically composited for quarterly isotopic analysis, and
specific radionuclides are measured by gamma spectroscopy ('Be, °K, **Mn, Co, *'Cs), gas flow
proportional counting (°°Sr, 228Ra), alpha spectroscopy (*'°Po, 2*Th, °Th, #**Th, 2*U, #°U, 2%,
238py, 239240py, 24'Am), and liquid scintillation techniques (**'Pu, ?*’Ra) (NASA/Boeing/DOE

2017).

Figure 4-2 shows the locations of each of the air samplers, with the DOE samplers positioned
within Area IV in the northwest of the SSFL site, the Boeing samplers positioned along the east
and south of the site, and the NASA samplers along the north of the site with an additional NASA

sampler near the Area [ Burn Pit.
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Figure 4-2. Detailed map showing locations of Boeing, DOE, and NASA air samplers at SSFL.

The Boeing samplers 4 and 5 collect airborne particles on glass fiber (Type A/E) filters that
are changed approximately twice a week and counted for gross alpha and beta activity. Both air
monitors were operational during the Woolsey Fire. All six Boeing samplers measured PM o, and
measurements for PM; s were made at samplers 1 and 4.

The DOE samplers 1 through 4 employed the same sampling and measurement protocol as
described for the Boeing samplers. North Wind, Inc., operates the samplers for DOE. All four DOE
samplers were operational during the Woolsey Fire. Damage to the electrical connections at
sampler 4 caused it to be turned off on November 12 at 10:31 am (North Wind 2019a). The blower
on sampler 1 failed due to heavy rain on December 17, and the sampler at station 4 was moved to
station 1 on that same day. Samplers 1 through 3 were generally operational through the end of the
year, but samplers 1 and 2 were shut off multiple times for a few hours because of heavy rain (North
Wind 2019a).

Samples are also collected at two additional DOE samplers within the ETEC site, which
encompasses most of the DOE facilities within Area IV. These two samplers (Area 20 and RMHF)
are operated continuously with samples collected weekly on glass fiber filters. Both samplers were
operational during the fire but did not operate after the fire because electric line power was lost.
These two samplers operated sporadically through the end of 2018 using battery and generator
power (North Wind 2019a).
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The individual samples collected at the two Boeing stations and the six DOE stations during
the fire were sent for isotopic analysis in addition to the routine gross alpha and gross beta analyses
that were done.

4.2. Background Concentrations

An integral part of any thorough environmental data evaluation is understanding and
quantifying radionuclide concentrations that would be present if the site or facility did not exist.
This is referred to as background and is associated with naturally occurring decay chains, long-
lived materials in the earth’s crust, cosmogenic materials (e.g., uranium and thorium decay chain
nuclides, ‘Be, *’K and other singly occurring radionuclides whose half-lives are long relative to the
age of the earth) and anthropogenic radionuclides deposited world-wide as part of atmospheric
weapons tests. Background concentrations vary spatially. The geology of an area affects the levels
of many naturally occurring radionuclides. Concentrations that are significantly greater than
background may indicate contributions from sources other than naturally occurring materials or
atmospheric weapons testing fallout.

Background levels are typically established by measuring concentrations in environmental
samples collected from locations that would not be affected by site operations (e.g., at sufficient
distances and/or in upwind directions) and that are representative (i.e., same geologic materials
since different rock types may exhibit different background levels) of the site environment, or in
samples collected prior to the start of site operations. Background levels can then be compared to
measurements at various locations around a facility to identify instances where measurements
exhibit impact from the facility. A general description of background radionuclides found in soils
is discussed first followed by background radionuclide concentrations in air and soil in the vicinity
of SSFL.

4.2.1. Radionuclides Found in the Environment from Natural and Anthropogenic
Sources

All soils contain naturally occurring radionuclides of primordial and cosmogenic origin.
Primordial radionuclides originated during formation of the solar system four billion years ago.
These radionuclides are long-lived and include the #*U (Figure 4-3), %**Th (Figure 4-4), and *°U
(Figure 4-5) decay chains in addition to *°’K and other singly occurring radionuclides whose half-
lives are long relative to the age of the earth. Plutonium-239 (which decays to **°U) and *"Np
(Figure 4-6) were also formed during the solar system’s formation, but their half-lives are relatively
short compared to the age of the earth so they have decayed. Natural occurrence of >*’Pu and ?*"Np
has been observed in regions of high uranium concentrations and in natural nuclear reactors such
as at Oklo in the central African state of Gabon (Choppin and Rydberg 1983) but these occurrences
are not ubiquitous.
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Figure 4-3. Uranium-238 decay scheme showing short-lived progeny that will be present alongside
the parent. Uranium-238 and its progeny are naturally occurring radionuclides and present in most
soils and rocks (from http://metadata.berkeley.edu/nuclear-forensics/Decay%20Chains.html).
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Figure 4-4. Thorium-232 decay series showing short-lived progeny that will be present alongside
the parent. Thorium-232 and its progeny are naturally occurring radionuclides and present in most
soils and rocks (from http://metadata.berkeley.edu/nuclear-forensics/Decay%20Chains.html).
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Figure 4-5. Uranium-235 decay series showing short-lived progeny that will be present alongside
the parent. Uranium-235 and its progeny are naturally occurring radionuclides and present in most
soils and rocks (from http://metadata.berkeley.edu/nuclear-forensics/Decay%20Chains.html).
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Figure 4-6. Neptunium-237 decay series showing short-lived progeny that will be present
alongside the parent. Neptunium-237 and its progeny are radionuclides primarily derived from
nuclear weapons fallout (from http://metadata.berkeley.edu/nuclear-
forensics/Decay%20Chains.html).

Cosmogenic radionuclides are derived from reactions of cosmic radiation interacting with
atoms in the atmosphere. Cosmogenic radionuclides include '*C, *H, "Be, '’Be, **Na, *°Al, *S, *Cl,
and *CI (Choppin and Rydberg 1983) and many of these, such as '*C, are found in equilibrium in
the biosphere in more or less constant concentrations.

Global fallout from above-ground nuclear weapons testing resulted in deposition on surface
soil of actinides including »*’Np, 2**Pu, 2Py, ?*'Pu, and **'Am, and fission and activation
products including *°Fe, *°Srand '*’Cs (Efurd et al. 1982). Concentrations of fallout radionuclides
are spatially variable and depend on the location latitude and altitude, proximity of aboveground
tests, prevailing winds, precipitation patterns when these materials were airborne, soil chemistry,
and erosion and other physical processes. Peak fallout from weapons testing occurred at latitudes
between 40 and 50 degrees in both hemispheres and was greater in the northern hemisphere
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(Whicker and Shultz 1982). Production of *°Sr, '*’Cs, and **Fe per megaton of fission is
approximately 0.1, 0.16, and 1.7x10” MCi (Whicker and Shultz 1982). Iron-55 has a much shorter
half-life (2.9 years) and thus most of it would have decayed, whereas **Sr and '*’Cs have longer
half-lives (28.8 and 30.17 years, respectively) and are still observed in detectable quantities in
present-day soil. Cesium has a high soil-water partition coefficient and consequently is relatively
immobile in soil, whereas *’Sr is much more mobile and tends to leach from surface soils over the
~55 years that have elapsed since global atmospheric weapons testing fallout. Because of its relative
immobility in soil and its large global fallout inventory, '*’Cs can readily be detected in surface soil
today. In soil undisturbed since weapons testing fallout, *’Cs concentrations are highest in the
surface layer and decrease with depth. Thus, a '*’Cs depth profile where the highest concentrations
are not near the surface would indicate the soil has been disturbed since weapons fallout.

Plutonium isotopes from nuclear weapons testing fallout and nuclear accidents can also be
detected in soils. During 1992 — 1994, Ibrahim et al. (1997) measured *****°Pu in soil near the
Rocky Flats Plant in Colorado, northwest of Denver. Plutonium that was attributed to global fallout
(i.e., not of Rocky Flats origin) was determined from isotopic ratios of ***Pu/**’Pu. In the 0-3 cm
undisturbed surface soil layer, the %**?*°Pu concentration from global fallout was 0.054 pCi g ' and
50% of the total *****°Pu soil inventory resided in the surface (0-3 cm) layer. Piekarz and Komosa
(2014) reported ratios of *'Pu/*’Pu in 0-5 cm soil from weapons testing was 4.6 in 1986.
Accounting for decay of **'Pu (14.35-year half-life) to the present results in a current ratio of about
0.93.

The April 1986 Chernobyl accident and the partial meltdown of the Fukushima-Daichi nuclear
reactors and spent fuel in March 2011 emitted actinides and fission and activation products to the
air that were later deposited onto surface soil. Immediately after the 1986 Chernobyl accident in
Ukraine, the 2*'Pu/***Pu ratio was as high as 94.8 in the 05 cm layer but varied widely (Piekarz
and Komosa 2014). In deeper layers, the ratio was much smaller, indicating the deeper layers reflect
fallout from weapons testing while the surface layer reflects recent deposits. Ratios of 2**Pu/***Pu
after the Chernobyl accident were 0.42 and 0.13 in the 0—5 cm and 5-10 cm layers, respectively.
Fallout from Chernobyl was limited mainly to eastern and northern Europe. Small amounts of '
and *’Cs (<1% of weapons fallout) were detected in New York City (Feely et al. 1988) indicating
appreciable quantities were not likely to have reached the western United States.

Following the Fukushima accident, the maximum estimated **'Pu soil concentration in the 0—
5 cm layer in Japan was 0.11 pCi g' (Yang et al. 2015)°. Concentrations measured by Zheng et al.
(2012) in Japan after the Fukushima accident for **'Pu and **’Pu were 0.94 pCi g™ and 0.0089 pCi
g ! respectively in surface litter. In the 0—2 cm surface soil Zheng et al. (2012) measured 0.12 pCi
g and 0.0016 pCi g for **'Pu and **’Pu, respectively. Cesium-137 activity in the same samples
was 38,270 pCi g' in the surface litter and 310 pCi g in the surface soil. lodine-131 and '*’Cs
were detected in wet deposition in the western United States following the Fukushima accident
(Wetherbee et al. 2012). At a location ~85 km east of SSFL in the San Gabriel Mountains '**Cs and
137Cs wet deposition amounts were 1,270 pCi m™ and 6,486 pCi m ™2, respectively (Wetherbee et al.
2011, 2012)". It is therefore unlikely that the Fukushima accident contributed significantly to the

® Calculated from 240 Bq m and assuming a bulk density in the 0—5 cm layer of 1.2 g cm™.
" These deposition amounts would equate to 0.035 pCi/g for '**Cs and 0.18 pCi/g for '*’Cs assuming
a 3 cm surface soil layer and a bulk density of 1.2 g cm™.
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plutonium activity present in the surface soils in Southern California, but possibly had some minor
contribution to the '**Cs and "*’Cs surface soil inventory.

4.2.2. Measured Background Radionuclides in Air on the SSFL

Background concentrations of radionuclides and particulates in air were estimated using
available data for samples collected before the Woolsey Fire. The pre-fire data obtained from DOE
(North Wind 2019a, 2019b), NASA (2019), and Boeing (Rutherford 2019; Boeing 2018) included
gross alpha, gross beta, and PM;o measurements (Table 4-1). Because of the relatively low
environmental concentrations that were measured and the natural fluctuation in the instrument
background, some concentrations are reported as negative. To avoid confusion and misleading
values and because observations of negative concentrations in the environment are not feasible, the
statistics shown in Table 4-1 are computed after substituting a value of 0 for all negative results
(NRC 2010). The 5™ and 95" percentile values are assumed to represent the range of background
concentrations that could be expected. Additional data related to air samples collected and analyzed
before the fire would be required to estimate isotope-specific background concentrations in air.

Table 4.1. Background Concentrations in Air Based on Pre-Fire Data from Boeing, DOE,

and NASA

Statistic®  Gross alpha (uCimL")  Gross beta (uCi mL™) PM;, (ug m>)

Boeing DOE Boeing DOE Boeing  NASA DOE
Mean 1.3E-15 6.5E-15 3.6E-14 8.5E-14 21.7 17.8 18.1
Median 6.2E-16 6.0E-15 3.7E-14 5.7E-14 20.1 11.7 17.4
Min 0 0 0 0 3.3 23 3.9
Max 8.0E-15 2.1E-14 9.4E-14 33E-12  150.5 46.0 40.5
5th 0 0 6.1E-15 0 8.5 3.9 6.9
95th 4.2E-15 1.5E-14 6.4E-14 1.9E-13 38.8 39.8 32.8
n 121 252 121 252 1218 28 116

* Statistics computed after substituting a value of 0 for all negative results.

Because elevated radionuclide concentrations in soil primarily exist in Area IV (see Section
4.3.3), the DOE samplers in that area are less suitable for establishing background levels than are
the Boeing samplers, which are more than a mile southeast of Area IV and less likely to be impacted
by any elevated concentrations that might exist on-site. Differences between background
concentrations in the different areas (i.e., Area IV and the area around Boeing 4 and 5 stations) may
also be attributed to geologic variations in baseline soil concentrations in each geologic area. For
example, the Santa Susana formation appears to have generally higher soil concentrations for most
of the naturally occurring radionuclides, including isotopes of radium, uranium, and thorium
(HydroGeologic 2011). This in turn could lead to higher gross alpha concentrations in suspended
soil collected by the air samplers in Area IV. Greater levels of mechanical disturbances that result
in the suspension of dust (such as vehicle traffic) could also result in higher air concentrations. The
presence of impact related to past SSFL operations in Area IV soil also may contribute to localized
higher gross alpha concentrations in air, although detectable impact appears to be sporadic and
confined to isolated time periods based on recent data reported in the site’s Annual Site
Environmental Reports (ASERs) (e.g., Boeing 2005, 2006, 2008; North Wind 2015, 2018).
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The range (i.e., 5™ and 95™ percentile values) of PM;o background concentrations estimated
using the Boeing data is similar to the range estimated using the NASA data as shown in Table 4-1.

4.2.3. Background Radionuclides in Soil on the SSFL

The EPA conducted a study to estimate the background concentrations of radionuclides on the
SSFL (HydroGeologic 2011). Background included naturally occurring radionuclides and fallout
radionuclides from weapons testing. The EPA developed background threshold values (BTVs) for
the SSFL region based on samples collected in August, September, and November of 2009 and
analyzed by Pace Analytical Services, Inc®. The maximum non-detect value was assumed as the
BTV for radionuclides with fewer than five detections, and the 95% upper simultaneous limit
(USL95) was used for the remaining radionuclides. The USL95 statistic represents the value such
that all observations, not some proportion or percentile, from the established background data set
will be less than or equal to USL95 with a confidence coefficient (CC) of 95% (HydroGeologic
2011).

Samples were collected from unimpacted radiological background reference areas (RBRAs)
approximately 3 to 6 miles outside the SSFL property boundaries (see Figure 4-1). In addition,
sampling at distance test locations (DTLs) was done, which confirmed that surface soils at the
RBRAs had not been impacted by historical releases from SSFL. The RBRA sample locations were
selected to represent the surface and subsurface soils overlying the two geologic formations present
at the SSFL: the Chatsworth and Santa Susana formations. A single BTV was estimated for each
radionuclide based on a combination of all the data from the different soil horizons and geologic
formations that were sampled (Table 4.2). The soil horizon from 0 to 6 inches was used to
characterize the surface soil background concentrations (HydroGeologic 2011). These background
values were used to determine if there is evidence of impact on surface soil samples collected and
analyzed as part of this work.

Soil sampling at Area IV identified radionuclides detected above the radionuclide reference
concentration (RRC) as priority-1 radionuclides for cleanup activities (HydroGeologic 2012). The
RRC is the maximum of either the BTV or the laboratory MDC plus 1.645 (e.g., 1-sigma) times
the laboratory method uncertainty. These radionuclides are identified in Table 4.2. Radionuclides
that were not identified as priority 1 had measured concentrations that were not significantly above
background.

8 Pace Analytical Services, Inc, 1800 Elm Street SE, Minneapolis, MN 55414,
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Table 4.2. Radionuclide Background Threshold Values (BTV) and Radionuclides Identified
as Priority-1 Radionuclides

Radionuclide BTV (pCig')  Radionuclide BTV (pCi g")
Actinium-227 0.127 Plutonium-238 0.00425
Actinium-228° 2.3 Plutonium-239/240° 0.0142
Americium-241 0.0162 Plutonium-241 0.349
Americium-243 0.0134 Plutonium-242° 0.00246
Antimony-125 0.321 Plutonium-244 0.00156
Barium-137m?* 0.183 Polonium-210? 2.09
Bismuth-212° 2.04 Potassium-40 30.5
Bismuth-214° 1.57 Promethium-147 4.96
Cadmium-113m* 2950 Protactinium-231 0.791
Carbon-14 2.54 Radium-226° 1.88
Cesium-134 0.03 Radium-228%*¢ 2.3
Cesium-137° 0.193 Radon-220? 2.27
Cobalt-60° 0.00556 Radon-222° 1.61
Curium-243/244 0.0147 Sodium-22 0.00787
Curium-245/246 0.0162 Strontium-90° 0.075
Curium-248 0.0234 Technetium-99 0.368
Europium-152° 0.0169 Tellurium-125m? 0.0761
Europium-154 0.0251 Thallium-208° 0.923
Europium-155 0.198 Thorium-228 3.67
Holmium-166m 0.0365 Thorium-229 0.0462
Iodine-129 2.08 Thorium-230° 2.04
Iron-55° 5.08 Thorium-231°? 0.13
Lead-210? 2.07 Thorium-232° 2.95
Lead-212° 2.67 Thorium-234° 3.04
Lead-214° 1.68 Thulium-171 65.9
Neptunium-236 0.0314 Tin-126 0.0049
Neptunium-237 0.0109 Tritium (H-3) organic 7.38
Neptunium-239 0.0427 Uranium-232* 0.0565
Nickel-59° 0.344 Uranium-233/234° 1.87
Nickel-63 0.452 Uranium-235/236° 0.13
Niobium-94 0.0165 Uranium-238° 1.68
Plutonium-236 0.0184 Uranium-240°? 0.00156

* BTV taken from HydroGeologic (2011). All other BT Vs taken from HydroGeologic (2012).

> Priority-1 radionuclides as defined in HydroGeologic (2012).

“ Progeny of these parent radionuclides were defined as priority-1 radionuclides. The progeny does
not exist in the environment without presence of the parent. Therefore, the parents were also defined
as priority-1 radionuclides.

4 The BTV for Cd-113m is extremely high because this radionuclide emits a very low energy beta
and very few gammas making it difficult to detect.
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4.3. Data Analysis

The following sections discuss air concentration measurements of particulate matter and
radionuclides and how they were used to help quantify and better understand the impacts of the
fire, along with limitations associated with the data. The particulate matter measurements made
during the fire were used to identify which stations were impacted by the fire to the greatest extent
and when those impacts were highest. The gross alpha and beta measurements were used to evaluate
the relative impact of the fire on radioactivity levels in the air by making comparisons to
measurements before and after the fire. The isotope-specific measurements were used to determine
whether radionuclides that could be attributed to SSFL site operations were present in the smoke
and particulate matter created and suspended during the fire.

4.3.1. Particulate Matter in Air

Particulate matter samples were collected at the Boeing, NASA, and DOE stations. Figure 4-7
shows daily average PMo concentrations measured at the six Boeing stations, along with the 5™
and 95" percentile background values estimated using the pre-fire measurement data (Table 4-1).
The data are consistent with our understanding of the fire progression, with Boeing station 6 being
impacted first on November 8 and Boeing stations 2 through 5 being impacted on November 9.
Much lower PM)o concentrations, but still somewhat above pre-fire levels, are seen through the
duration of the Woolsey Fire on November 13. Boeing station 1, at the north end of the site, shows
little, if any, impact from the Woolsey Fire.

Figure 4-8 shows daily average PMo concentrations measured at the four NASA stations,
along with the 5™ and 95™ percentile background values estimated using the pre-fire measurement
data (Table 4-1). These data are consistent with the fire progression and with the Boeing PM; data.
The three NASA stations at the north edge of the site show minimal impact from the fire and station
4 to the south shows impact on November 9.

The PM; s concentrations measured at the Boeing 1 and 4 stations and the NASA 2 station are
consistent with the PM;o data. The greatest impact to PM> s levels is at the Boeing 4 station on
November 9, with a slight impact at the Boeing 1 and NASA 2 stations on November 10.

Figure 4-9 shows daily average PM, concentrations measured at the four DOE stations, along
with the 5™ and 95" percentile background values estimated using the pre-fire measurement data
(Table 4-1). As noted previously, the DOE-4 station went offline shortly after the fire started
because of damage to the electrical connection (North Wind 2019a). There was significantly less
impact to the PMo concentrations at the three DOE operating samplers than to the most impacted
Boeing and NASA samplers. This is not unexpected based on the location of the samplers relative
to the Woolsey Fire boundary (Figure 4-2). The impact that is seen occurs on the first day of the
Woolsey Fire (November 8) with little impact outside the range of expected background
concentrations after that, which is consistent with our knowledge of the Woolsey Fire progression.
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Figure 4-7. Time history of the daily average PM, concentration measured at Boeing air

sampling stations.
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Figure 4-8. Time history of the daily average PM o concentration measured at NASA air

sampling stations.
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Figure 4-9. Time history of the daily average PM, concentration measured at DOE air sampling
stations.

4.3.2. Radionuclides in Air

Measurements of radionuclide concentrations in air before, during, and after the fire are used
to determine whether there is evidence of any impact from the fire. These measurements also help
to identify the potential source of any elevated concentrations, which would be expected to occur
during any fire as a result of emission of naturally occurring radionuclides on vegetation and in the
soil.

4.3.2.1. Gross Alpha and Gross Beta Measurements

Concentrations of gross alpha and gross beta in air were measured before, during, and after
the Woolsey Fire by both Boeing and DOE. Figure 4-10 and Figure 4-11 show gross alpha
concentrations in air measured by Boeing at stations 4 and 5, respectively, along with the 5™ and
95™ percentile background values estimated using the pre-fire measurement data (Table 4-1).
Positive detections are identified as results greater than the detection limit and greater than the 2-
sigma counting error for the Boeing data, and greater than the detection limit for DOE data since
counter error information was unavailable. Positive detections occurred at both stations for the
samples collected during the fire, as well as one additional sampling period in June 2018 at station
4. The concentration measured during the fire at station 4 is similar to that measured in June 2018
and to levels measured by DOE at the samplers in Area IV (North Wind 2015, 2018), indicating
that the levels measured at station 4 during the fire were not significantly elevated above levels
measured before the fire.
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Figure 4-10. Gross alpha concentrations in air measured by Boeing at monitoring station 4. Error

bars represent the 2-sigma analytical uncertainty for the measured concentration.
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Figure 4-11. Gross alpha concentrations in air measured by Boeing at monitoring station 5. Error

bars represent the 2-sigma analytical uncertainty for the measured concentration.

Figure 4-12 and Figure 4-13 show gross beta concentrations in air measured by Boeing at
stations 4 and 5. Positive detections occurred at both stations during the fire, although higher
concentrations were measured both before and following the fire, indicating little if any impact by
the fire on gross beta concentrations.
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Figure 4-12. Gross beta concentrations in air measured by Boeing at monitoring station 4. Error
bars represent the 2-sigma analytical uncertainty for the measured concentration.
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Figure 4-13. Gross beta concentrations in air measured by Boeing at monitoring station 5. Error
bars represent the 2-sigma analytical uncertainty for the measured concentration.

Figure 4-14 shows gross alpha concentrations in air measured by DOE at the samplers
maintained in Area IV. The samples collected during the fire all had concentrations less than the
detection limit, although concentrations similar to those detected by Boeing at stations 4 and 5 had
been detected at the DOE stations prior to the time of the fire.
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Figure 4-14. Gross alpha concentrations in air measured by DOE in Area IV. Analytical
uncertainty was not provided with DOE sample results.

Figure 4-15 shows gross beta concentrations in air measured by DOE at the samplers
maintained in Area I'V. The sample collected during the fire at DOE-2 had a concentration greater
than the detection limit, while the other samplers had concentrations less than the detection limit.
Significantly greater gross beta concentrations were measured before the fire at the Area 20 and
RMHEF stations during the October 30 to November 7 sampling period and after the fire at the DOE-
1 and DOE-2 stations during the November 19 to 21 sampling period.
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Figure 4-15. Gross beta concentrations in air measured by DOE in Area I'V. Analytical
uncertainty was not provided with DOE sample results.
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The detected and slightly elevated gross alpha concentrations for some of the samples
collected by Boeing during the fire are consistent with increases that would be expected during any
wildfire (Nance et al. 1993; Lambert et al. 1991; and Le Cloarec et al. 1995). Gross alpha was not
detected by the DOE samplers. The fire did not have a measurable impact on gross beta
concentrations at any of the stations.

While it is not clear why higher gross beta concentrations were measured at some of the DOE
stations before and following the fire, the concentrations are all less than 2 times the reported
detection limit, which suggests less overall precision in the measurements in general. The analytical
uncertainty was not provided with the DOE sample results, so it is not possible to analyze these
elevated measurements in any more detail or investigate why gross alpha was not detected by the
DOE samplers. Shorter than normal sample collection time and/or analytical count time could both
lead to increased uncertainty associated with the measurements and impact the ability to detect the
generally low concentrations that were present.

4.3.2.2. Radioisotopic Measurements

The samples collected by Boeing and DOE during the fire were submitted for isotopic analysis
in addition to the gross alpha and beta measurements discussed above. Positive detections were
seen for naturally occurring radionuclides *'°Po, %*°Th, and ***Th at Boeing stations 4 and 5, which
would be expected to be seen for air samples collected during any fire. No anthropogenic
radionuclides attributable to SSFL site operations were detected at either station.

The samples from the DOE stations had positive detections for naturally occurring
radionuclides ?®Ac, *®Ra, #*°Ra, 2*°Th, 2*U, #**U, and ?'°Po, which again would be expected to be
detected in samples collected during a fire. There were also detections of **’Pu and *°Sr at the DOE-
3 station and of **’Pu at the Area 20 station, based on the analytical laboratory analysis report.
Because *’Pu and *°Sr exist in Area IV soils, it is not surprising that concentrations of these
nuclides would be detected in the air due to localized resuspension of soil from conditions and
activities associated with the fire. Detections of both **°Pu and *°Sr have occurred in the past at
Area IV samplers (e.g., Boeing 2005, 2006, 2008; North Wind 2015, 2018), which again is not
unexpected due to the proximity of the samplers to soil with elevated concentrations and potential
suspension of dust during high wind events.

Plutonium-239 and *’Sr were both detected at Area IV samplers during the fire at
concentrations equal to or less than a factor of 2 greater than the detection limit. The concentrations
were also approximately an order of magnitude or more below the Derived Concentration Standard
(DCS) (DOE 2011a) for both radionuclides (Table 4-3). The DCS is based on a 100 mrem dose
and assumes continuous exposure for one year, so the dose from breathing air with these
concentrations during the period of the fire would be significantly less than 1 mrem at that location
on the SSFL based on the concentrations measured during the fire and the maximum possible
exposure duration that could have occurred.
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Table 4.3. Concentrations (uCi mL™) of 2*°Pu and *’Sr Measured in Air by DOE Samplers

in Area IV
Air Detection  Solubility
Station Nuclide concentration limit class DCS? % of DCS
DOE-3  *°Pu 2.89E-15 2.43E-15 M 8.10E-14 3.6%
9Sr 3.43E-14 2.29E-14 M 1.00E-10 0.03%
Area20 *°Pu 8.73E-15 8.73E-15 M 8.10E-14 10.8%

* Source: DOE (2011a).

4.3.3. Radionuclides in Soil

Extensive soil sampling for radionuclides has been performed in areas of the SSFL with known
contamination in soil. A summary of the historical soil sampling based on data from SSFL is in
Table 4-4.

Table 4.4. Summary of Historical Detected Radionuclide Soil Concentrations Measured at
the SSFL. Concentrations Include Natural Background and Weapons Fallout®

Radionuclide  Minimum (pCig')  Maximum (pCig"') Average (pCig™") n

Co 0.0001 2.6 0.0268 253
37Cs 0.0001 196 0.460 4142
12Ey 0.0002 25.7 0.165 289
2391240py 0.0002 2.1 0.0122 1299
22Ra 0.19 18.8 1.27 701
2Ra 0.54 2.87 1.24 218
9Sr 0.008 28.1 0.425 1109
20Th 0.07 6.4 0.918 3848
22Th 0.063 3.7 1.17 4787
By 0.22 9.6 0.888 688
By 0.004 0.73 0.0618 811
28y 0.09 8.6 0.869 5019

a. See Table 4-2 for the background concentrations estimated by EPA.

The soil data at SSFL were compared to the EPA BTVs for °Pu (Figure 4-16), *°Sr (Figure
4-17) and "¥’Cs (Figure 4-18) to examine the potential for impacts to off-site locations. Plutonium-
239, °°Sr, and *’Cs were selected because of their occurrence at isolated locations in Area IV and
because of the positive detections of *’Pu and *°Sr by Area IV air monitors during the Woolsey
Fire. There is a limited area within Area IV where concentrations of 2**Pu, *°Sr, and '*’Cs are above
background.
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Figure 4-16. Plutonium-239 concentrations in soil compared to the EPA Background Threshold
Value (BTV) (HydroGeologic 2011) of 0.0134 pCi g”'. Red dotted line represents fire boundary.
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Figure 4-17. Strontium-90 concentrations in soil compared to the EPA Background Threshold
Value (BTV) (HydroGeologic 2011) of 0.0735 pCi g. Red dotted line represents fire boundary.
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Figure 4-18. Cesium-137 concentrations in soil compared to the EPA Background Threshold
Value (BTV) (HydroGeologic 2011) of 0.229 pCi g”'. Red dotted line represents fire boundary.

A bounding estimate of the maximum potential radionuclide releases from the Woolsey Fire
burning on the SSFL is to assume the entire radionuclide inventory in the surface soil, including
background, was all released as particulates. The predicted hypothetical radionuclide concentration
in 0-3 cm depth soil (C) from deposition in the Oak Park community (the region of highest off-site
particulate matter deposition located about 6 km southwest of SSFL) is given by:

(Cso“ x pxT x A)XZ
o Q_c ax¥ (@-1)
P X T soil Q
where
Csoil = average soil concentration in Area IV of SSFL (pCi g™)
P = bulk density (1.0x10° g m™)
T = surface layer thickness (m)
wlQ = deposition factor (1.07x10° m™, see Appendix E, Equation E-1)

A = area of fire regions 1-5 (30,521,141 m?).
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The hypothetical concentration of *’Cs, *°Sr, **°Pu, and ***Ra in the 03 cm soil layer in the
Oak Park community calculated using Equation 4-1 is either below the detection limit or is
indistinguishable from background (Table 4-5). Equation 4-1 does not correct for background, and
thus overestimates the actual SSFL-derived radionuclide inventory in soil. The results from
applying Equation 4-1 demonstrate that the radionuclide inventory present on the SSFL is
insufficient to produce a measurable impact in off-site soils.

A similar calculation can be made assuming the '*’Cs concentration in vegetation is at the
MDC value of 0.046 pCi g ' wet weight (see Section 4.3.4) with a total wet weight biomass of 19.5
tons per acre (4.26 kg m™) calculated from the fuel loads (see Section 2.1). The hypothetical
inventory of *’Cs that would be released assuming a concentration of 0.046 pCi g wet weight in
vegetation is 6.11 x 10® pCi, which is a factor of 345 less than the release inventory given in Table
4-5. The hypothetical deposition amounts based on vegetation sampling would also be a factor of
345 less than the values in Table 4-5. When it is assumed that the entire radionuclide inventory in
soil at the SSFL (including both background and anthropogenic radionuclides), was released to the
atmosphere during the Woolsey Fire, the maximum dose to an individual at Oak Park would be
much less than 0.01 mrem (Appendix E presents calculation details). The annual dose limit for
members of the public (DOE 2011b) is 10,000 times higher than a dose of 0.01 mrem. The soil
sampling program described in Section 5 supports the conclusion that radiological impacts (doses)
related to the Woolsey Fire burning on the SSFL are indistinguishable from background.

Table 4.5. Bounding Estimate of the Radionuclide Inventory in the 0—3 cm Layer on the
SSFL, Predicted Deposition and Soil Concentration at Oak Park, and Comparison to

Background BTV
Average SSFLL  Average Inventory Predicted 0-3 cm
soil SSFL soil assumed deposition at concentration Background
Radio- concentration concentration released from Oak Park at Oak Park BTV
nuclide (pCig™h (pCim?)  SSFL (pCi) (pCi m?) (pCig™h (pCig™h
B7Cs 4.6E-01 6.90E+04 2.11E+11 2.26E+02 7.52E-03 2.29E-01
%Py 1.22E-2 1.83E+03 5.59E+09 5.99E+00 2.00E-04 1.34E-02
Sy 4.25E-01 6.38E+04 1.95E+11 2.09E+02 6.95E-03 7.35E-02
*Ra 1.24E+00 1.86E+05 5.68E+11 6.08E+02 2.03E-02 1.88E+00

4.3.4. Vegetation Monitoring

Vegetation was sampled from both on-site and off-site locations during the operational period
from 1956 to 1989. Additional vegetation sampling occurred after 1989 during building demolition
and site cleanup. Gross alpha and gross beta measurements were reported through 1985 (Moore
1986) and results for specific radionuclides were first reported in 1989 (Moore 1990). Most
detected concentrations were for naturally occurring radionuclides (e.g., Rockwell International
1994, Table 5-16). Detections of anthropogenic radionuclides were limited to a measurement of
0.4 pCi g of ®°Co in 1990 (Rockwell International 1991), two detections each of ®’Co (maximum
=0.02 pCi g") and "*’Cs (maximum = 0.10 pCi g") in 1991 (Rockwell International 1992), a
maximum detection of 0.021 pCi g ! of *’Cs in 1993 (Rockwell International 1994), and a detection
of 0.096 pCi g™ of *’Cs in 1997 (Robinson 1998). The 1989 data are reported on a dry weight
basis, and the 2000 results are given on a wet weight basis. Dry or wet weight is not denoted for
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the detected concentrations in the 1990s. For a given sample, concentrations reported on a dry
weight basis will be greater than those reported on a wet weight basis. The '*’Cs detected is assumed
to originate from global fallout (see Section 4.2.1).

A comprehensive vegetation sampling program was conducted in Area IV at the SSFL in 2000
in response to wildfires that had burned on a number of DOE facilities including Los Alamos
National Laboratory, Hanford Nuclear Facility, and Idaho National Laboratory (Boeing 2001). The
sampling was conducted in response to concerns that radionuclides would be emitted to the air from
burning vegetation in contaminated areas. A composite vegetation sample was taken at each of the
28 legacy radiological facilities in Area IV and two off-site locations. The only radionuclide
detected in measurable quantities was naturally occurring “’K with concentrations ranging from the
minimum detectable concentration (0.52 pCi g') to 3.50 pCi g™'. No anthropogenic radionuclides
were detected in either on-site or off-site vegetation. The average MDC for the anthropogenic
radionuclides *°Co, *’Cs, and '"’Eu were 0.054 pCi g, 0.046 pCi g, and 0.069 pCi g,
respectively.

4.3.5. Summary of Findings from Environmental Data Collected before and during the
Fire

Several important conclusions can be drawn based on the measurement data:

e Air samplers equipped to measure radionuclide concentrations were positioned at various
onsite locations in the direction the plume traveled and in areas with soil concentrations
above background by samplers operated by both Boeing and DOE

e The response of the PM o samplers is consistent with the fire progression. The unusually
high mass loading corresponds to times at which smoke and suspended materials were
known to be present, so it is clear that the samplers captured the impacts of the fire

e The fire had limited impact on gross alpha and beta concentrations measured in air. Some
small increases in concentration were seen at the Boeing samplers with similar
concentrations measured at different times before the fire.

e Ther