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ABSTRACT

In November 2018, the Woolsey Fire burned north of Los Angeles, CA, USA, potentially remobilizing radioactive contaminants at the former Santa Susana Field
Laboratory, a shuttered nuclear research facility contaminated by chemical and radiochemical releases. Wildfire in radiologically contaminated zones is a global
concern; contaminated areas around Chernobyl, Fukushima, Los Alamos, and the Nevada Nuclear Test Site have all experienced wildfires. Three weeks after the
Woolsey Fire was controlled, sampling of dusts, ashes, and surface soils (n = 360) began and were analyzed by alpha- and beta-radiation counting. Samples were
collected up to a 16 km radius from the perimeter of the laboratory. Controls and samples with activities 1¢ greater than background were also examined by alpha
and/or gamma spectroscopy or Scanning Electron Microscopy with Energy Dispersive X-ray analysis. Of the 360 samples collected, 97% showed activities at or close
to site-specific background levels. However, offsite samples collected in publicly-accessible areas nearest to the SSFL site perimeter had the highest alpha-emitting
radionuclides radium, thorium, and uranium activities, indicating site-related radioactive material has escaped the confines of the laboratory. In two geographically-
separated locations, one as far away as 15 km, radioactive microparticles containing percent-concentrations of thorium were detected in ashes and dusts that were
likely related to deposition from the Woolsey fire. These offsite radioactive microparticles were colocated with alpha and beta activity maxima. Data did not support a
finding of widespread deposition of radioactive particles. However, two radioactive deposition hotspots and significant offsite contamination were detected near the

site perimeter.

1. Introduction

The Santa Susana Field Laboratory (SSFL), a former center for nu-
clear research, is located in the Simi Hills area of Ventura County, Cal-
ifornia, USA. The Simi Hills are a low rocky mountain range. SSFL was
developed during the late 1940s and 1950s on a 1152-ha site approxi-
mately 48 km northeast of Los Angeles in what was then a rural area.
The research site hosted rocket engine tests, conducting 17,000 engine
tests during the 60-year life of the site (Boeing 2021). The site hosted
multiple atomic reactors for nuclear research under a U.S. Department of
Energy (DOE) license. One of the site’s test reactors, the Sodium Reactor
Experiment, experienced a partial meltdown and vented an unmoni-
tored amount of radiation into the environment in July 1959 (US DOE
2020a). Other unmonitored documented radiation releases from other
test reactors and burn pits occurred, ending in 1988 when all nuclear
research at the site was terminated (EPA 2012a).

Since the end of SSFL operations, studies by the US Environmental
Protection Agency (EPA) have detected SSFL-specific radioactive con-
taminants, including cesium-137, cobalt-60, radium-226, and
technetium-99. EPA investigators have also detected the more
commonly found isotopes of uranium and thorium and their daughters
above naturally-occurring background concentrations. These
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investigations confirmed that some radioactive contaminants from SSFL
had migrated to areas outside the site perimeter (EPA 2012b; EPA
2012c). Uranium and thorium and their decay products have alpha- and
beta-emitting isotopes and may be naturally-occurring or of industrial
origin (ATSDR 2013; Kaltofen 2019).

During the three decades following the 1988 closure of operations at
the SSFL site, the Los Angeles suburbs have encroached on the Simi
Hills’s once-rural land. Changes in regional and global climate favoring
increased drought along with actual weather conditions on the day of
the fire start meant that “The conditions for a large-scale fire incident
were perfect” (LA County 2019). Today, 500,000 people live within 16
km of the SSFL site. In early November 2018, a fire began on the SSFL
site (US DOE 2020b). This fire, which became known as the Woolsey
Fire, was spread by winds gusting more than 70 km per hour and rapidly
engulfed 39,500 ha, devoured 1500 structures, killed three people, and
spread as far as coastal California at Malibu. The fire spread as much as
25 km SW of SSFL, which is a formidable spread. In addition, an area
adjacent to the SSFL was the origin of the wildfire. Financial losses
exceeded $1.5 Billion (LA Times, 2018).

“Wildfires typically mobilize lead-210, bismuth-210, and polonium-
210,” all of which are decay products of naturally-occurring radon (Los
Alamos 2000). In addition, wildfire, and climate change-driven wildfire
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in particular, has been a driver of radioactive contaminant transport in
forest fires at Chernobyl in Ukraine (Evangeliou 2015) and the Cerro
Grande Fire at Los Alamos that transported cesium-137 and
strontium-90-contaminated materials (Los Alamos 2001). The potential
impact of climate change on radionuclide transport is two-fold, as
increasing drought, fire frequency, and increased precipitation intensity
result in greater post-fire stormwater transport of contaminated sedi-
ments. This increase is over and above the typical increase in runoff and
sediment yield after wildfires (ibid). At the Hanford Nuclear Reservation
in Washington State, the Wautoma wildfire detected elevated gross
alpha and gross beta activities in fire plume air samples not attributable
to natural radon (WADOH 2008). Multiple wildfires have ignited in the
restricted zones surrounding the Fukushima Dai-ichi Nuclear Power
Station in Japan. An April 2017 forest fire in a
radioactively-contaminated part of Namie, Fukushima Prefecture,
Japan, was extinguished using fire suppressing helicopters (Mainichi
2017). The fires resulted in a localized increase of cesium-137 activities
of 3-9 times at distances of up to 8 km from the wildfire (Safecast 2017).
In May 2021, the Cherrywood Wildfire at the Nevada (USA) National
Security Site approached the portion of the site impacted by surface
nuclear material contamination, requiring plans to evacuate firefighters
(PVT citing BLM 2021).

This study’s objective was to determine if a low-cost crowdsourced
sampling method could be rapidly initiated to establish whether SSFL-
specific contaminants had migrated beyond the site boundary into the
surrounding community because of Woolsey Fire-related ash and dust
transport. This study used community-volunteer Citizen-Science meth-
odology previously developed worldwide and applied at other radio-
logically contaminated nuclear power plant and nuclear waste sites and
communities surrounding them. Citizen-Science is not a new phenom-
enon; it began more than 2000 years ago in ancient China to monitor
and track migratory locusts that destroyed harvests (Nature 2018).

Worldwide, Citizen-Science is now a crucial scientific method that
enables real-time scientific data to move beyond corporate scientists and
into the hands of those most impacted who must design and implement
environmental and health mitigation projects (IAEA 2016). Moreover,
Citizen-Science work is open-source. As a result, locally impacted
communities, states, provinces, prefectures, and national governments
may realize the magnitude of ecological and public health impacts of
chemical, radioactive, and other human-made detritus to arrange
remediation procedures and public financing (Silverton 2011).

There has been an uptick in the use of Citizen-Science during the last
decade due to the wide availability of internet access and accurate,
inexpensive GPS (Global Positioning Systems). It is a low-cost solution
that allows large-scale sampling despite limited funding for scientific
and health studies. Citizen-Science fosters international cooperation and
enables scientists to get timely answers that would have been unaf-
fordable with any other methodology, as exhibited in the analysis of air
quality Citizen-Science in Antwerp Belgium. This Flemish Environ-
mental Protection Agency and Citizen-Science partnership included a
team of 50,000 non-academic volunteers (Nature 2018).

In the United States, federal statutes note that “crowdsourcing and
Citizen-Science projects have additional unique benefits, including
accelerating scientific research, increasing cost-effectiveness to maxi-
mize the return on taxpayer dollars, addressing societal needs, providing
hands-on learning in STEM, and connecting members of the public
directly to Federal science agency missions and each other; ” (USC
2021). Citizen-Science has been instrumental, for example, in studies of
the Fukushima Dai-ichi region and at control sites in the U.S. (Kaltofen
2018).

Typically radiological migration studies look at gross measures of
radioactivity in bulk materials such as soils and sediments. However,
this study also included data on microparticles of dust or soil. These
particles contain sufficiently-high concentrations of radioactive ele-
ments to exert an internal radiation dose if the microparticle is inhaled
via radioactive dust particles suspended in the air or incidentally
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ingested from contact with soil or dusts containing radioactive micro-
particles. Once radioactive microparticles enter the body by either
pathway, the body will continue to be exposed to radiation until the
material is excreted via urine or feces (Japan MOE 2021). The radio-
active isotopes detected in bulk samples and microparticles are
alpha-emitters, including primarily uranium-234, 235, and 238;
thorium-228, 230, and 232; and radium-226 and 228; as well as
beta-emitters, of which cesium-137 was the most prevalent beta-nuclide
found at the SSFL site (DOE 2005).

These alpha-nuclides occur both naturally and industrially. For
example, thorium occurs naturally as thorium-232, a primordial radio-
nuclide. Typically this radioactive element is found as monazite, a
crystalline mineral composed of cerium, lanthanum, rare earth ele-
ments, calcium, phosphorous, plus thorium, and occasionally also ura-
nium (Kaltofen 2018). Thorium also occurs as a decay daughter of
uranium-234 and 238. Fertile thorium-232 is also used as a refined
metal in nuclear materials and in industrially-produced monazite-type
materials as a nuclear waste form (Ibid). This study uses the activity,
location, and elemental composition of particulate matter that contains
uranium, radium, and thorium to distinguish between natural and in-
dustrial alpha-emitters.

The large number of samples collected was possible given the
involvement of Citizen-Science volunteers. Given the low percentage of
dust samples ultimately found to contain significant activity, citizen-
scientists were essential to getting a sufficiently large number of sam-
ples from which to draw conclusions regarding this site.

2. Methods

A total of 360 samples of house dust, surficial soils, and ash were
collected for this study. Sample collection began in December 2018 (less
than one month after the Woolsey Fire began) and ended by February
2019. Samples were collected from private residential properties (with
property owners’ permissions), public areas, and public areas directly
adjacent to the SSFL site fenceline. The samples were collected using
community-volunteers from the Los Angeles area. These community-
volunteer citizen-scientists had received training in sample collection
and safety protocols before collecting samples. The locus of areas
sampled extended to a radius of approximately 16 km around the
perimeter of the SSFL-site. This area encompasses rural, urban, subur-
ban, and undeveloped mountainous locations.

The samples collected came from the Woolsey Fire zone (Fig. 1) or
unaffected areas generally easterly and upwind of the fire zone. Fig. 2
shows the Woolsey Fire burn area overlaid with the prevailing Santa Ana
winds. This represents wind direction and speed for the fire period
(NASA 2018).

Each sample was assigned a unique identifier and tagged with lati-
tude and longitude data acquired using a handheld Global Positioning
System (GPS). No radiation monitoring devices were employed to bias
sample collection. One sampling team used a b-Geigie® rate counter
with an integrated data-logger to produce a record of gamma readings
and GPS coordinates during the SSFL site perimeter sampling. These
data were not reviewed until after the completion of sample collections.
All bulk samples (n = 124 of 360) were collected in double Ziplock®
bags with GPS and identification data affixed to both bags. Depositional
dust and ash samples were collected from residential locations using
Zefon® Biotape® microscope slides with a 4-cm? adhesive area that
collected a thin layer of dust, soil particles, or ashes (n = 236 of 360).
Lift-tape samples were prepared by contacting the sampled surface with
the adhesive portion of the Bio-Tape slide, removing it, and then
returning the slide to its individual case (Barbieri, 2009). Samples were
assigned a suffix (A, D & S) for ashes, surface dusts, and soils,
respectively.

When packed for shipping, samples were placed inside two boxes
with a gap between the boxes to create a geometry that reduced the
potential for any radiation exposure during transit. Prior to final
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Fig. 1. Map of the sampled area showing Woolsey Fire (2018) extent and SSFL (DTSC, 2020) (low-res version, actual is high-res).

shipping, all samples were prescreened using an International Medcom
Inspector rate counter that could detect alpha, beta, and gamma activity
(using a halogen-quenched Geiger-Mueller tube with an effective
diameter of 45 mm and a mica window density of 1.5-2.0 mg/cm?).

All samples were analyzed using the same geometry by preparing lift-
tape (Bio-Tape®) samples. The samples were collected directly onto lift-
tapes in the field or as a monolayer from the air-dried and homogenized
bulk samples in the laboratory. There was no sieving or other type of
particle size adjustment during preparation. Slides were counted for
three 1-h counts using a Ludlum Model 3030 two-channel alpha-beta
rate counter. Bulk samples with alpha and beta counts greater than 1c
above the respective means were also analyzed by alpha and gamma
spectroscopy and/or Scanning Electron Microscopy/Energy Dispersive
X-ray Spectroscopy analysis (SEM/EDS).

On selected samples, alpha spectroscopy (with pretreatment by
digestion and chemical separation of approximately 1.0 g samples, fol-
lowed by planchet counting for radium, thorium, and uranium alpha
decays) was performed by Eberline Analytical Corp, a commercial
testing laboratory in Oak Ridge, TN. Eberline also performed a high-
resolution gamma analysis using quantitative high-purity Germanium
[HPGe] spectroscopy (for cesium-137, cesium-134, and uranium/
thorium decay products using air-dried bulk samples).

SEM/EDS analysis was performed by Microvision® Laboratories of
Chelmsford, MA, using a Bruker® X-Flash® Peltier-cooled silicon drift
detector (SDD). The electron beam current was 0.6nAmperes, acceler-
ated to a voltage of 0.5-60 keV. Air-dried Biotape® slides were carbon-
coated before X-ray analyses. A Robinson Detector was used to scan for

high-Z materials among the particles. The SDD detector can quantify the
elemental composition of particles with an approximate limit of detec-
tion of 0.2%. SEM/EDS does not detect radioactive decays but will
efficiently detect high-Z elements such as uranium and thorium that
contribute to the alpha activity. Prior to the SEM analysis, slides were
weighed, preloaded, and post-loaded, and were found to contain (on
average) 4.4 + 2.1 mg of the material, based on the mass gain over the
tare value for the Bio-Tape slides (Kaltofen 2020).

3. Results
3.1. Alpha count rate

The complete set of study samples had a mean net alpha count rate of
7.6 £ 3.0 counts per hour (CPHr) for each 2 cm x 2 cm slide (o CPHr 4
cm™2). The mean of background samples (soils/dusts east and upwind of
SSFL and the fire zone) was 7.4 + 4.4 CPHr 4 cm~2. The two means are
not significantly different, attesting to the scattered nature of the
elevated activity samples. One outlier was neglected in calculating o for
the mean. The collection points of samples with notable alpha count
rates and other detections are shown in Fig. 3. Samples with alpha count
rates that were about 2c greater than the mean are shown in Table 1.
Only seventeen of the 360 samples collected had alpha count rates about
20 greater than the mean, with ¢ based on counting variability, not
assuming the actual count data were normally distributed (Figs. 1-6).

Of the 360 samples collected, twenty (20) were sampled from the
perimeter (fenceline) of the SSFL. The mean alpha count rate for the
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Fig. 2. Map of Woolsey Fire extent with wind pattern overlay (NASA, 2018) showing approximate fire origin (circle), wind direction, and maximum wind gust speeds
(yellow 30 mph, orange 30-40 mph, red >40 mph). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of

this article.)

a

Fig. 3. Map of the notable alpha, beta, gamma, and SEM/EDS results, adapted from Google Earth (2020) (low-res version, actual is high-res).

fenceline sample set was 11.4 + 3.5 CPHr 4 cm 2. This mean is signif-
icantly higher than the means for the background and total sample set
results.

A deposited ash sample (180 A) collected 15 km from the SSFL
perimeter (in Thousand Oaks, CA) had the highest alpha count rate of
the entire sample set. X-ray microanalysis (described later in the SEM/
EDS results) detected multiple thorium-bearing radioactive

microparticles in this same ash sample. Thus, the data for sample 180 A
is consistent with fire-transported radioactive microparticles. In Table 1,
samples taken nearest the SSFL fenceline had generally higher alpha
count rates and were therefore over-represented compared to the rest of
the sample set.
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Table 1

Net Alpha counts per hour (a-CPHr) over instrument background
[ID identifier: A = Ash, D = Dust, S=Soil, Control = pre1945

wood samples].

D o-CPHr km to SSFL direction
to SSFL
180 A 140.4 +15.1 15 km SSW
020 S 231+21 <0.5 km* N
150 S 20.7 £ 25 <0.5 km* N
332D 20.4 + 1.0 4.4 km SE
126 A 20.1 + 3.8 <0.5 km* w
129 S 19.7 + 6.4 <0.5 km* w
169 S 18.4 + 4.4 11.6 km ESE
161 S 17.4 + 3.1 5.5 km N
218D 16.4 + 1.0 12.7 km w
206D 16.4 + 4.0 15 km w
025 S 15.7 + 5.5 <0.5 km* N
170 S 15.4 + 2.1 1.7 km NW
148 S 15.4 + 3.8 9.5 km SW
0218 15.4 £ 6.1 <0.5 km* N
024 S 15.1 + 4.5 <0.5 km* N
122'S 15.1 + 6.4 6.1 km NW
All samples 7.6 + 3.0 - -
Fenceline only 11.4 £ 35 - -
Background (S) 7.4 £ 4.4 varies E
Control 0.5+1.0 NA NA
Control (ashed) 42+3.1 NA NA

# Fenceline sample adjacent to SSFL.
3.2. Beta count rate

The complete set of study samples had a mean net beta count rate of
87.7 + 51.8 CPHr for each 2 cm x 2 cm slide (CPHr 4 cm™2). The in-
strument background net beta count rate was 0.0 & 79 CPHr 4 cm 2. The
mean of background samples (n = 47, soils/dusts east and upwind of
SSFL and the fire zone) was 84 + 42 CPHr 4 cm 2. For the twenty (20)
samples from the perimeter (fenceline) of the SSFL, the mean beta count
rate was 123 =+ 39 CPHr 4 cm™2. The three means are not significantly
different, further confirming the elevated activity samples’ isolated and
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geographically-separated nature. This result may also reflect that of the
beta-emitting radioisotopes found at SSFL itself, only one, cesium-137,
exists at significant levels above background. None of the radioactive
microparticles detected in the study included any form (radioactive or
stable) of cesium. This result is consistent with the finding that beta
counts for the fenceline set were, on average, within 1c of the whole set
(see Table 2).

The beta count rate geographical distribution was similar to that for
alpha count rates, with the same maximally-elevated results for sample
180 A (the Thousand Oaks, CA ash sample) and a preponderance of SSFL
fenceline samples in this elevated count rate group. Some degree of
correspondence between alpha and beta results is anticipated given the
radioactive decay chains for thorium, uranium, and radium. These are
identified SSFL contaminants of concern (EPA 2012b; EPA 2012c). All
yield both alpha and beta decays in their respective decay chains
(ATSDR 2013). Many higher beta count rate samples cluster to the west
and southwest of the Santa Susana Field Lab (SSFL) in an area within the
fire zone. Excluding fenceline samples, only 3 of 22 samples in the
high-count rate group are located in the eastern and generally upwind
non-fire zone. While these findings mirror the location fire zone, it also
reflects the greater sampling density in the fire zone compared to areas
located to the east of SSFL (n = 305 fire zone or downwind vs. n = 55
upwind, non-fire zone and easterly).

3.3. Isotopic data

As with the alpha and beta count data, the highest isotopic activities
were found in samples collected nearest the SSFL site, several additional
scattered detections above the background levels in the fire-impacted
areas. The highest activities for sampled uranium and thorium iso-
topes originated from an ash sample collected near the western edge of
Santa Susana Field Lab, indicating that the Woolsey fire produced ashes
contaminated by radioactivity, whether natural or industrial, from the
material at SSFL. Table 3 summarizes the highlights of the alpha and
gamma spectroscopic analyses. This study’s maximum sample activity of
radium-226, 648 + 307 Bq kg~ ', was more than 18 times the DOE
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Fig. 4. SEM/EDS Data Particle SSFL22S.2 with 19-pm long axis diameter and with elemental composition of 2.1% Th, 11.6% Ce, 6.2% P, 5.8% La, 5.1% Nd, and

3.1% Ca. The sample was collected at the SSFL fenceline.
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Fig. 5. SEM/EDS Data Particle SSFL129S.1 with 16-pum long axis diameter and with elemental composition of 5.0% Th, 29.9% Ce, 16.6% La, 15.3% P, 12.6% Nd, and

1.2% Ca. The sample was collected at the SSFL fenceline.
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Fig. 6. SEM/EDS Data Particle SSFL180A.2 with 8-pm long axis diameter and with elemental composition of 9.6% Th, 29.8% Ce, 15.2% La, 15.0% P, 10.9% Nd, and
1.9% Ca. This ash sample was collected 15 km SSW of the SSFL in Thousand Oaks, CA. This ash sample also had the maximum alpha and beta count rates of the entire

360-sample set.

reported background activity, 27 + 10.4 Bq kg~! (DOE 2005). This
surface soil sample was collected just outside the fenced perimeter north
of SSFL. Therefore, radium-226 is an SSFL-specific contaminant of
concern (EPA 2012c).

Similarly, the highest activities for uranium-234, uranium-238,
thorium-228, and thorium-232 were all found in the ash sample
collected at the west-side fence perimeter immediately outside of SSFL.
The elevated cesium-137 activity of sample 161 S was eight times

background and came from Simi Valley, CA. This same 161 S sample also
contained thorium monazite particles. The elevated thorium-230 ac-
tivity of six times background was found in a sample collected in Agoura
Hills, CA.

3.4. SEM/EDS results

Of the thirteen radioactive microparticles detected, nine were in the
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Table 2

Net Beta in counts per hour (-CPHr) over instrument background
[ID identifier: A = Ash, D = Dust, S=Soil, Control = pre1945
wood samples].

D B-CPHr km to SSFL direction
180 A 322 + 21 15 km SSW
012 221 + 38 <0.5 km* N
023 188 + 49 <0.5 km* N
020 185 + 32 <0.5 km* N
317D 184 + 16 8 km SwW
021 182 + 78 <0.5 km* N
1718 179 £ 79 3 km N
210D 175 £ 21 11 km SSW
220D 175 + 28 5.6 km WNW
289D 168 + 15 10 km SE
170 S 168 + 98 1.7 km NW
182D 167 +£ 23 7 km SSE
168 S 165 +13 4.6 km NwW
311D 164 + 16 12.7 km Sw
259D 164 + 19 4.1 km NwW
110S 163 £ 8 16 km NwW
108 S 162 + 56 14 km NwW
1738 157 + 28 10.6 km SwW
164 S 156 + 23 5.4 km S
109 S 153 + 39 14.5 km NwW
176 S 152 + 13 5.5 km SwW
239D 152 + 45 4.1 km E
134 S 151 + 24 3.3 km NNW
197D 151 + 27 8.3 km NNW
231D 150 + 65 12.5 km SW
161 S 149 + 19 0.5 km W
All samples 96 + 45 - -
Fenceline only 123 + 49 - -
Background 84 + 42 varies E
Control 13 +£53 NA NA
Control (ashed) 115 + 39 NA NA

# Fenceline sample adjacent to SSFL.

Table 3

Site-specific background activities (US DOE, 2005) vs. SSFL sample maximums.
Data are in Becquerels per kilogram (Bq kg-1). Sample IDs and matrices are also
shown.

Isotope  Background  Sample set max. Note Location
Cs-137 1.96 + 1.85 16.7 +11.8 161 S high g Simi Valley
U-234 27.+£7.8 91 +£25 126 Aash  higha <0.5 km (W)
U-235 1.63+0.74 4.1+33 122§ high « Simi Valley
U-238 27 +£7.8 72.5+21.8 126 A ash high a <0.5 km (W)
Th-228  32.2+9.2 82.9 + 27 126 Aash  higha <0.5 km (W)
Th-230 27 +£10.4 164 + 49 148 S high a Agoura Hills
Th-232 32+9.2 74.4 £ 24.8 126 A ash high a <0.5 km (W)
Ra-226 25+11 648 =+ 307 0218 higha & p  <0.5km (N)

fence line area (<0.5 km from SSFL), four were found 5.5 km north of
SSFL in Simi Valley, or 15 km west of SSFL in Thousand Oaks. The range
of thorium compositions in detected monazite particles was 0.8-11.2
percent thorium by mass, with a mean of 5.3% + 3.9% (Table 4).
Thorium was used extensively at SSFL, including in the Sodium Reactor
Experiment Complex, where the reactor used 93% uranium-thorium
metal alloy fuel (EPA 2012a).

All thirteen radioactive microparticles contained percentage thorium
concentrations as thorium monazite (Figs. 4-6). Monazite is a naturally
occurring radioactive calcium-phosphate mineral containing 3%-11%
thorium, rare earth elements including La, Ce, Pr, Nd, Sm, Eu, and Gd;
and (typically) less than 1% uranium (Tew 1968; Hayaton 2019).
Thorium monazite may also originate from industrial wastes. This
mineral is a source of thorium and uranium for the nuclear industry, a
byproduct of metal refining, and monazite has also been used experi-
mentally as a waste storage form for actinides (Boatner 1980; Paschoa
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Table 4
Radioactive microparticles detected
[ID identifier: A = Ash, D = Dust, S=Soil].

Sample Particle Location

D composition

206D 11.2% Th as monazite Thousand Oaks,

CA

180 A 9.8% Th as monazite with Lead Thousand Oaks,
(Pb) CA

161 S 2.7% Th as monazite Simi Valley, CA

126 A* 9.8% Th as monazite

126 A" 9.0% Th as monazite

129 §° 5.0% Th as monazite

129 §° 4.4% Th as monazite

129 §° 2.2% Th as monazite

021 §° 2.1% Th as monazite

021 S* 0.9% Th as monazite

021 S* 0.8% Th as monazite

022 §° 1.4% Th as monazite

022 §° 0.9% Th as monazite

 Fenceline sample adjacent to SSFL.

2010; Ewing 1999).

The radioactive microparticles detected in this study are not defini-
tively natural or industrial. Notably, however, the most significant
number of monazite particles were detected at the SSFL fenceline,
evidencing that, whether industrial or natural, the Santa Susana Field
Laboratory or its exposed bedrock is a potential source of the thorium
monazite particles detected in this study. Also notable, the fire ash
sample 180 A from Thousand Oaks, CA that had the highest alpha and
beta count rates of all 360 samples and a 9.8% thorium particle, also
contained particles composed primarily of lead, an industrial metal. This
finding suggests that the ash in this sample resulted from a manufac-
tured substrate’s combustion or an industrially contaminated material.
Finally, as previously noted, ash samples collected at the SSFL site’s
perimeter contained thorium isotopes at up to 500% of the site-specific
background creating further evidence that thorium mobilizes from the
Santa Susana Field Laboratory.

California Environmental Protection Agency (CalEPA) data found a
similar pattern of scattered localized areas of elevated radioactivity
samples. CalEPA found elevated alpha and beta activity at a Bell Canyon
location 1.4 km S of the SSFL. Further analysis by Lawrence Livermore
National Laboratory identified isotopes consistent with low levels of
cesium-137 at one site and alpha emitters [such as radium or thorium] in
the Bell Canyon sample (DTSC 2020). These CalEPA findings mirror
those of this study, with generally unremarkable data in the fire zone
save for the scattered higher-activity locations where ashes were
deposited. Likewise, US EPA data has found thorium levels significantly
above site background activities but has not used any X-ray techniques
to determine the excess thorium’s chemical or mineral state (EPA
2012c¢). Based on this study’s findings, any future proposed environ-
mental analyses should include an SEM/EDS analysis of onsite dusts,
remnant ashes, and surface soils to determine if similar thorium
monazite particles exist onsite beyond the detection rate found for
fenceline and offsite samples.

4. Conclusions

A significant majority of samples (97% of 360 samples) collected in
the study zone registered radioactivity levels that matched existing area
background levels. Nevertheless, some ashes and dusts collected from
the Woolsey Fire zone in the fire’s immediate aftermath contained high
activities of radioactive isotopes associated with the Santa Susana Field
Laboratory (SSFL). The data show that Woolsey Fire ash did, in fact,
spread SSFL-related radioactive microparticles, and the impacts were
confined to areas closest to SSFL and at least three other scattered lo-
cations in the greater Simi Valley area. Alpha and beta counting, high-
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resolution alpha and gamma spectroscopy, and X-ray microanalysis
using SEM/EDS confirmed the presence of radioactive microparticles in
the Woolsey Fire-related ashes and dusts.

Most of the fire-impacted samples found near the SSFL site’s
perimeter were on lands accessible to the public. There were, however,
scattered localized areas of increased radioactivity due to the presence
of radioactive microparticles in ash and recently-settled dusts collected
just after the Woolsey fire. These radioactive outliers were found in
Thousand Oaks, CA, and Simi Valley, CA, about 15 and 5 km distant
from SSFL, respectively. The Thousand Oaks samples had alpha count
rates up to 19 times background, and X-ray spectroscopy (SEM) identi-
fied alpha-emitting thorium as the source of this excess radioactivity.
Excessive alpha radiation in small particles is of particular interest
because of the relatively high risk of inhalation-related long-term bio-
logical damage from internal alpha emitters compared to external
radiation.

The nuclides identified as the sources of excess radioactivity in
impacted samples were predominately isotopes of radium, uranium, and
thorium. These have naturally-occurring sources, but these isotopes are
also contaminants of concern at SSFL and were detected at generally
increasing activities as the distance from SSFL decreased. In addition,
the number of radioactive microparticles per gram of particulate matter
also increased strongly with decreasing distance from SSFL. These data
demonstrate that fire and/or other processes have spread SSFL
contamination beyond the facility boundary.
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