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1.0 Introduction

On October 15, 1997, the Cassini spacecraft was launched from Cape Canaveral Air
Station (CCAS) and is now on its way to the planet Saturn. During its eleven-year
mission, the craft will make remote and close-up measurements of Saturn and its
moons, rings, atmosphere, and magnetosphere. The Department of Energy's (DOE)
support to the National Aeronautics and Space Administration (NASA) for the Cassini
Mission was based upon NASA's use of radioisotope thermoelectric generators (RTGs)
and radioisotope heater units (RHUs). DOE provided the RTGs and RHUs and the
radiological emergency response support to ensure the protection of the staff, public,
and environment, as well as the safety and security of the material before, during, and
after the launch. ,

The Cassini spacecraft carries three RTGs. Each RTG uses the heat from the decay of
plutonium (Pu?®) dioxide fuel to generate electric power for the spacecraft and its
instruments. The spacecraft carries 117 RHUs, also powered by plutonium dioxide, for
controlling the thermal environment onboard the spacecraft, several of its instruments,
and the Huygens Probe. The RTGs and RHUs contain 32.6 kilograms and 311 grams
of plutonium dioxide, respectively.

The DOE support was designed to identify and validate ground operations and
emergency response requirements, to develop and coordinate plans, and to document
these activities. The Office of Nuclear Energy, Office of Engineering and Technology
(NE-50) led the effort with additional support from the Office of Emergency Response
(DP-23) and the Office of Nonproliferation and National Security -- Office of Emergency
Management (NN-60). Coordination of on-site and off-site activities at the Kennedy
Space Center (KSC) was supported by DOE field elements, including the Albuquerque
and Nevada Defense Program Offices and DOE contractors

The functional support provided to NASA by DOE included the Advance Launch
Support Group (ALSG). If there had been a launch anomaly, the ALSG would have
provided a level of radiological emergency response support adequate to transition into
a Federal Radiological Monitoring and Assessment Center (FRMAC). Additional
functional radiological emergency response support, as part of the ALSG, included the:

Aerial Measurement System (AMS)

Atmospheric Release Advisory Capability (ARAC)

Geographic Information System (GIS)

Emergency Response Data System (ERDS)

Radiation Emergency Assistance Center and Training Site (REAC/TS)
Field monitoring and sampling

Radioanalysis via RASCAL

Source Recovery

Neutron dosimetry and communications support




This functional support provided the capability to rapidly measure and assess
radiological impacts from a launch anomaly.

The Radiological Control Officer (RCO) on KSC established a Radiological Control
Center (RADCC) as the focal point for all on-site and off-site radiological data and
information flow. Scientists and radiological response personnel located at the RADCC
managed the field monitoring team on the KSC/CCAS federal properties. Off-site
radiological emergency response activities for all public lands surrounding the
KSC/CCAS complex were coordinated through the Off-site ALSG located at the
National Guard Armory in Cocoa, Florida.

2.0 Field Monitoring

Off-site and on-site radiological field monitoring and sampling support provided to NASA
included instrument calibration, an air-sampling network, and radioanalysis.

2.1 Instrument Calibration

The instrumentation calibration support team calibrated radiological instruments used by
both on-site and off-site field monitoring teams. The support team consisted of
calibration personnel from the Environmental Protection Agency located in Las Vegas,
Nevada (EPA-LV), Los Alamos National Laboratory (LANL), and EG&G Florida. The
team provided calibration of Field Instruments for the Detection of Low Energy
Radiation (FIDLERSs), Violinist lils, and alpha scintillator instrumentation.

The calibration operation was set up at the KSC Environmental Health Facility
(KSC/EHF), where the team performed an inventory and calibration of the
instrumentation (a photo of the calibration lab can be found in Appendix B). FIDLER
detectors and meters were from Pantex, EPA-LV, Oak Ridge National Laboratory
(ORNL), Sandia National Laboratories (SNL), the Savannah River Site (SRS), LANL,
and Brooks Air Force Base, along with the equipment aiready on KSC. All members of
the team performed the calibration on the FIDLER and Violinist lIl equipment following
the Homann HOTSPOT code calibration procedure. A data table with the FIDLER
calibration data can be found in Appendix D. In addition, histograms associated with
the FIDLER efficiencies, laboratory background, and K-factor can be located in
Appendix E.

2.2 On-Site Field Monitoring and Sampling Support

The on-site radiological field monitoring and sampling support on KSC/CCAS complex
consisted of:

12 air monitoring teams (AIRMON); designated AA through AM but omitting Al.
8 radiation monitoring teams (RADMON) designated R2 through R9.

2 re-entry teams designated R1 and R1A.

2 decontamination teams (DECON) designated D1 and D2.
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Each team deployed and operated high-volume particulate air samplers prior to and
during the launch. In addition, the RADMON teams performed FIDLER measurements
prior to the launch to establish background levels.

2.3 Off-Site Field Monitoring and Sampling

The Off-site ALSG monitoring division provided radiological field monitoring and
sampling for the area surrounding the KSC/CCAS complex. The division consisted of
49 personnel including ten field teams made up of three members each, an EPA field
team leader, an SRS Radiological Assistance Program (RAP) member, and a State of
Florida member. Other members of the monitoring support staff were a manager,
logistics officer, radio operator, field team supervisor, calibration officer, data acquisition
officer, Quality Assurance (QA)/data control officer, sample control officer, and
administrative officer.

The major off-site field monitoring and sampling tasks were to:

¢ Deploy an air-sampling network in the off-site areas of Brevard and Volusia Counties
surrounding the KSC/CCAS complex.

¢ Provide off-site field monitoring and sampling support.

2.4 Air-Sampling Network

A network of air samplers was deployed and maintained in both the on-site and off-site
areas on and surrounding the KSC/CCAS complex, respectively. This network was
established to provide early detection of any radionuclide release and to document
plume passage in order to provide data to assess the population exposure had a launch
anomaly occurred.

Forty-two on-site locations for the air sampler station were established prior to the
scheduled launch. The on-site network consisted of high-volume air samplers and
annular kinetic impactors for determination of the respirable particle fraction.

Thirty-one off-site host sites for the air sampler stations were established approximately
one year prior to the scheduled launch. The off-site network also consisted of high-
volume air samplers and annular kinetic impactors for determination of the respirable
particle fraction, and duplicate samplers at several sites for quality control. Additionally,
each field team was equipped with a portable high-volume air sampler with a gasoline
generator to deploy, where necessary, had an anomaly occurred during the launch.

2.5 Radioanalytical Support

The LANL Radiological Air Sample Counting and Analytical Laboratory (RASCAL)
provided the launch mission radioanalytical support. RASCAL consists of a self-
sufficient mobile analytical laboratory that is capable of analyzing a large number air
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filters and kinetic impactor planchets. RASCAL was tasked to provide the laboratory
analysis capability for both the on-site and off-site samples that were collected.

RASCAL rapidly analyzed all of the air filters samples and impactor planchets that were
collected from the on-site and off-site air-sampling network using both alpha and
gamma spectroscopy. The data from these analyses provided background radiation
measurements and were entered into the ERDS system for future reference in case of
an anomaly. During the launch, RASCAL was prepared to receive samples, provide
immediate analysis, and provide data to the radiological assessment staff of the
RADCC and Off-site ALSG.

2.6 Source Recovery Team Support

The source recovery team's mission was to support NASA in the recovery and
disposition of the RTGs and RHUs in case of an anomaly. DOE provided response
personnel as part of RADMON Teams 1 and 1A, which were pre-staged two hours prior
to launch. The RADMON 1 and 1A teams supported and were directed by the U.S. Air
Force 45th Space Wing (45SW) Launch Disaster Control Group (LDCG). If an anomaly
had occurred, RADMON 1 and/or 1A would have reported source location, physical
status, as well as radiological conditions to the RADCC. However, the source recovery
team's primary function was to advise the LDCG commander, in coordination with the
RADCC, on radiological safety.

3.0 Assessment

Radiological assessment support for the Cassini launch inciuded the capability to
assess the data that were gathered by field monitoring teams. A small staff of two
assessors and a senior scientific advisor (SSA) was deployed to each of the emergency
response centers, the RADCC and the Off-site ALSG, respectively. In the event of a
launch anomaly, the assessors would have reviewed and incorporated the data
gathered by the field teams and analytical results provided by RASCAL into ground
deposition contour maps for emergency decision making. These assessments of the
data would have been coordinated between the Off-site ALSG and the RADCC for
further assessment of radiological impacts.

Field teams deployed particulate air samplers and performed in situ surface
measurements with FIDLER detectors prior to the scheduled launch time. The air
samplers were operating during the pre-launch and launch phases, in case of a launch
anomaly. The field teams provided the environmental data to assist in the consequence
assessment if the launch resulted in the release of Pu®*®from RTGs and RHUs.

A considerable amount of background data was amassed during the dry run, first launch
attempt, and final launch. Background levels at the pre-determined monitoring sites
were established prior to the launch for assessment of the potential release of Pu®®
resulting from a launch anomaly.




The procedures and methods used in the field monitoring activities are detailed in the
following section. In addition, the assessment results of the background air filter,
annular kinetic impactor planchet, and ground surface background data are also
provided in this document for the planning and support of future launches utilizing
radionuclides as part of the payload.

4.0 Procedures and Methods

Each of the launch support centers, on-site and off-site, established complementary,
though separate, procedure and method manuals. The assessment staffs of both
response centers met prior to the dry run, first launch attempt, and launch to discuss
and slightly modify the procedures and methods for the screening of the air filters and
impactor planchets in situ. These discussions ensured that both centers were providing
comparable air filter and planchet data sets.

41 On-Site Measurements

The command and control functions related to the pre-launch, deployed field teams
were controlled by the field team controller situated in the RADCC located in Room
4296 of the Operations and Checkout (O&C) Building in the KSC Industrial Area.

Measurements were taken on three different days. These were the morning of October
9™ for a dry-run field exercise, the morning of October 13" for a scheduled launch that
was canceled, and the morning of October 15™ for the actual launch day.

411 Air

Air samples were collected on the KSC/CCAS complex by 24 field-monitoring teams.
Starting locations of these teams prior to the launch can be found on the map located in
Appendix A, Map 1, Monitoring Base Map.

Air samples were collected using:

¢ High volume air samplers using 8"x10” Whatman 41 filter paper and having a flow
rate ranging from 34 to 65 cfm.

¢ Annular kinetic impactor air samplers using two-inch planchets with a flow rate from
25 t0 43 cfm.

Teams AIRMON E, G, J, and K deployed annular kinetic impactors in addition to high-
volume air samplers. All the other teams were only equipped with high volume air
samplers.

Radionuclide levels were measured on the air filters and planchets of the annular kinetic
impactors, at contact, using either a bagged FIDLER detector or alpha scintillator. Each
FIDLER had been calibrated during the previous week and the instrument window set to
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the Pu?® L X-ray region. The FIDLER was operated in a count mode with a one-minute
counting time. The alpha scintillators were operated in a count rate mode.

4111 8” x 10” Filter Paper

The teams were typically deployed to their monitoring locations at 1:00 AM EST. The
teams took five consecutive one-minute counts of the Staplex high-volume air sampler
8" x 10" filter approximately every hour.

Each team set up the air sampler and acquired a set of five one-minute FIDLER counts
to establish a filter background prior to starting the sampler pump and collecting any air.
They then acquired a set of five one-minute FIDLER counts each hour, each time
stopping the sampling pump but not removing the filter paper. The filter was counted in
place. After the five consecutive measurements, the sampling pump was re-started.
This procedure continued each hour until the time of the launch.

Teams also measured the air filters with their alpha scintillator instruments in the count
rate mode. The measurements consisted of a single reading approximately every hour
when the sampling pumps were turned off to conduct the FIDLER readings.

4.1.1.2 Kinetic Impactor Planchets

Teams equipped with annular kinetic impactors typically followed the same schedule as
the teams with the high-volume air samplers. They took an initial set of five one-minute
counts on the sampler planchet with the FIDLER to serve as a field background level.
They then took five one-minute sets of counts at approximate one-hour intervals.

Teams also measured the planchets with alpha scintillators. These instruments were in
the count rate mode, and the measurements consisted of a single reading
approximately every hour.

Because of the amount of data that was collected, only a sub-section of the data is
presented in this report. Appendix H contains a complete set of all the air filter and
planchet field screening measurement data.

41.2 Ground Surface

The RADMON teams mentioned in the previous section were also mobile teams that
were equipped to perform FIDLER and alpha scintillator ground deposition
measurements in addition to air filter screening measurements. The field teams, upon
arrival at their designated starting locations, performed environmental ground
background surveys.




4.1.21 FIDLER

When environmental ground measurements were taken, the protective face covers
were removed from the FIDLERs and the carrying handles re-attached and mounted on
the tripod stand that provided a 30-cm surface-to-detector-face distance. The feet of
the tripod were wrapped in plastic to facilitate decontamination.

Areal surveys were performed over a minimum area of 250 square meters. Team
members were instructed to conduct the surveys in areas of bare ground, asphalt,
concrete surfaces, or closely cut grassy areas that were flat, with no shrubs, trees, or
buildings. The FIDLER meters during ground measurements were set to the rate mode.
The team members conducting the survey walked on parallel paths one meter apart
over the entire survey area at a rate of one step per second.

For each traverse of the survey area with no significant meter reading, meter readings
could be mentally averaged and recorded on the grid map on the KSC Ground
Monitoring Data Sheet. Any significant (greater than five times background) readings
during a traverse were marked on the ground and on the grid map.

Upon compiletion of the walking survey, the average count rate (cpm) was recorded on
the Data Sheet. The team member identified and recorded the surface type that most
closely described the survey area.

The FIDLER was positioned in a convenient place inside the survey area and one “fixed
point" measurement was made. This data point was then recorded on the Field
Monitoring Log developed for the Cassini Launch.

This procedure would have been followed, as directed by the RADCC, if there had been
- a launch anomaly.

4.2 Off-Site Measurements

The command and control functions related to the pre-launch deployed field teams were
managed by the monitoring manager and the field team supervisor situated in the Off-
site ALSG located at the National Guard Armory in Cocoa, Florida.

Measurements were taken on four different days:

e The afternoon of October 9" for a dry-run exercise, site familiarization, and in situ
FIDLER ground surface characterization

« In the early morning of October 10™ for a dry-run exercise and air filter and impactor
planchet in situ screening

e The morning of October 13" for the attempted launch
The morning of October 15™ the actual launch day




4.2.1 Air

Two types of air sampling equipment were deployed to collect and monitor for the
potential release of Pu?®. These were the high-volume Staplex TFIA air samplers with
4-inch-diameter glass-fiber filter paper and the annular kinetic impactor. In addition,
FIDLER detector and alpha scintillators were employed to screen the samples in situ.

4211 4-Inch-Diameter Filters

The high-volume Staplex TFIA air samplers with 4-inch-diameter glass-fiber filter paper
were installed at 31 locations in the off-site area surrounding the KSC/CCAS complex.
Duplicate samples (quality assurance) were also installed at six of these locations in
addition to ten annular kinetic impactors. The samplers were positioned so that the
intake face of the sampler was five feet above the ground and facing the potential
source of the release. Additionally, the samplers were positioned to minimize structure-
induced turbulence.

After setting up the air sampler, a new filter paper was installed with the sampler turned
off. The sampier was turned on and one minute was allowed for the sampler flow rate
to stabilize. The corrected flow rate was recorded and the sampler start time was
recorded on the Sample Control Form. At the end of the prescribed sampling period,
the filter was collected, and the final corrected flow rate and sampler stop time recorded
on the Sample Control Form. The filter was then carefully unloaded to avoid disturbing
any particulates that may have been imbedded in or upon the filter. The filter was
placed into a glassine envelope and sealed, then placed in a plastic bag, and identified
with a Sample Control Number.

The filter was screened in the field by placing the enclosed filter on a clean surface and
centering the FIDLER detector directly on the filter. The FIDLER count rate from the
filter was measured and recorded on a Sample Control Form.

For the Cassini mission, the Off-site ALSG had resources in place to collect air filter
screening data during a period of approximately six hours prior to the planned launch
window. This period provided an excellent opportunity to study the behavior of
background radon-thoron levels at the 31 off-site sampling locations. The following
procedure was used for the air-sampler field characterizations conducted on October
10", the attempted launch on October 13", and October 15 the actual launch day.

1. The Off-site ALSG field monitoring teams proceeded to their initial monitoring
locations and set up their air monitoring systems.

2. The 4-inch-diameter filter was loaded into the sampler before the sampler was
turned on; a series of five one-minute readings was made with the FIDLER detector
in front of the filter paper. The purpose of this series of measurements was to
determine the background radiation contribution of the filter paper.




3. The sampler was turned on. Then, the team proceeded to the next sample location
and repeated the process. After all three (in one case four) samplers were started,
the field monitoring teams returned to their initial locations.

4. When the air sampler at the initial location had run for at least two hours, the
sampler was shut off, the filter ring removed, and the five one-minute FIDLER counts
of the filter were made and recorded. The filter ring was replaced and the sampler
restarted.

The other sample locations were visited at similar two-hour intervals and similar series
of measurements were made.

The field monitoring teams repeated the above outlined process until requested to
collect the filers and return to the Off-site ALSG.

if a launch-related anomaly had occurred, another series of readings would have been
taken during the time of projected plume passage.

Based on the consistency of the five one-minute counts of the filter paper, the
procedure was modified on Wednesday, October 15", requiring the collection of two
one-minute FIDLER counts filters prior to the launch.

4.21.2 Kinetic Impactor Planchets

Detailed procedures for the operation of the annular kinetic impactor are contained in
the ALSG Monitoring and Sampling Manual for the Field Monitoring Support of the
Cassini Launch - October 1997.

Ten of the annular kinetic impactors were co-located with ten of the 31 pre-determined
Staplex TFIA high-volume air sampler locations. The two co-located samplers were
placed at least six feet apart to avoid any air turbulence between the samplers. The
height of the sampler was five feet above the ground to represent the breathing zone of
a typical member of the public. The sampler was positioned with the air intake facing
the potential source of the release. To avoid structure-induced turbulence, the
horizontal distance from the structure to the sampler was at least two times the height of
the structure.

When the sampler was started, the flow rate was allowed to stabilize for one minute.
The sample start time and corrected start flow rate were recorded on the Sample
Control Form. At the end of the prescribed sampling period, the final corrected flow rate
and the sampler stop time were recorded on the Sample Control Form.

The field screening of the kinetic impactor planchet was conducted with a FIDLER

detector centered on the jig just above the planchet in a clean area. At the end of the
screening period, the planchet was collected and placed in a 2.25-inch petri dish and
taped closed. The preprinted sample number barcode label from the Sampie Control
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Form was attached to the face of the petri dish, and the sample was delivered to the
Off-site ALSG.

4.2.2 Ground Surface

42,21 FIDLER

Procedure CAS - 3.02, ALSG Off-site Area Surveys with FIDLER Detectors, contains
the details for performing a FIDLER in situ environmental survey of ground surface in
the off-site areas.

In brief, the following steps were followed to characterize the background radiation
levels at the 31 pre-designated off-site sample locations.

1. An area of at least 1000 square feet was selected. The corners were measured and
marked with colored flags. The area was divided into quadrants and one survey
point designed at the center of each quadrant (see diagram of procedure in
Appendix C).

. A serpentine survey was made at one-meter intervals, at a rate of approximately one
meter per second. The FIDLER was in the audible mode and held at a height of 30
cm above the ground. If a significant audible increase was detected, a one-minute
count was conducted at that point and recorded on the survey area diagram.

. Within each quadrant, the location with the highest reading was marked with a flag
and identified on the survey area diagram. If no points within the survey area were
elevated, the survey area diagram was annotated with “No hot spots found.”

. A one-minute reading was taken at the survey point in the center of each quadrant
and recorded. The surface characteristics of the survey area were noted; e.g.,
grass, sand, asphalt, etc.

These survey points were to be used as reference points if follow-up surveys were
required following an anomaly.

5.0 Assessment Results and Discussion

in the event of an anomaly in the pre-launch or launch phase of the Cassini spacecraft,
it was determined that the inhalation of Pu?*® during plume passage would be a
significant component of the potential dose to the public. The potential of such an
anomaly with the release of airborne radioactive material off-site was extremely remote.
However, it was decided that air-monitoring stations would be established off-site in the
area surrounding the KSC/CCAS complex, in addition to the air-sampling network
established on-site. In case of an anomaly, these stations would assist in determining if
airborne radioactive materials had reached the public zone, the magnitude of the
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release, and the direction of the release. This information would be useful in verifying
the dose projections for the affected population.

The thorium and uranium decay chains include radon, a radioactive, chemically inert
gas, that diffuses through the soil and into the atmosphere. The rate of diffusion is
highly variable and the atmospheric distribution of radon can be complex due to a
variety of factors. Thus, the magnitude of the background radiation contributed by
airborne radon and its daughters depends on the meteorological conditions, the mineral
composition and permeability of the soil, as well as other physical conditions existing at
each location at any particular time. Typically, radon contributes from 1 to 10% of the
natural external radiation exposure.

In the event that a release did reach the general gopulation, the air-sampling network
would be able to quantify the resuspension of Pu?® that may have been deposited in
the public sector. This would assist in refining and validating long-term dose
projections.

The design of the annular kinetic impactor allows the air sampler to minimize the
collection of naturally occurring radon and thoron, Rn??? and Rn??, while collecting any
Pu?*® in the atmosphere. This improves the capability of the sampler to determine the
presence of Pu?® by reducing the background radioactivity that would be present on the
sample collection media.

5.1 On-Site Air-Sampling Network Screening

A major reason for the sampling/measurement procedure described above was the
variability of backgrounds observed on air filters in the week before the launch. This
variability was attributed to naturally occurring radon decay products being collected on
the filters. FIDLER readings taken on air filters generally increased the longer that air
was pulled through the filter. A major concern was that with the background increasing
it would be difficult to determine, in the event of an anomaly, if a measured increase on
a filter was due to variability of background or to an actual release of radioactivity as a
result of an anomaly.

The background was observed to increase most rapidly in the two hours after sampling
began, and then to level off. This observation was expected from the build-up of radon
decay products on the filter. When the sampler was operated, it collected these decay
products on the initially clean filter. However, after several hours the decay products
began to decay as fast as they were accumulating, which led to a rough equilibrium on
- the filter (ignoring natural fluctuations of decay products in the atmosphere itself).

The measurement plan took advantage of this leveling off of the background to provide
a more stable measurement background at the time of the launch. The air samplers ran
for several hours before the launch, so that when the Titan was launched the activity on
the filters was at this rough equilibrium. This provided more confidence that if an




increase in activity were measured on the filter, it could be more accurately attributed to
an actual release rather than variability in background.

For each of the three on-site field monitoring deployments, the teams took hourly
measurements throughout the early morning hours to establish that the count rates
were leveling off. A few of the teams were selected as being especially important
because of their location downwind of the launch, based on local meteorological real-
time monitoring. The measurement results from these teams were radioed to and

tracked by the RADCC.

This leveling off of background is indicated in Figure 1, which plots the average of the
five-minute readings taken on October 9" at each of the RADMON stations as a function
of time. The results for the AIRMON stations were similar. The effect of the radon
decay product build-up on the filters was clearly seen in the FIDLER readings.
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Figure 1. FIDLER measurement results on air filters: October 9, 1997.

This same procedure was repeated on the mornings of October 13" and 15™". However,
on those occasions the filters did not exhibit as strong an increase in counts vs.
sampling time. This was attributed to a low radon decay product background, possibly
due to the strong sea breeze blowing on-site that had a very low radon content. The
wind on October 13" was strong and from the east, and on October 15" strong and
from the northeast. The FIDLER readings are shown in Figure 2 for October 13" and
Figure 3 for October 15",
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Figure 2. FIDLER measurement results on air filters: October 13, 1997.
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Figure 3. FIDLER measurement resuits on air filters: October 15, 1997.

The kinetic impactor was designed to reduce, if not eliminate, background from radon
decay products. The data taken during the Cassini project illustrate this. On the
morning of October g™ the FIDLER measurements on the filters from the high-volume
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air samplers showed increases as a result of naturally occurring decay products,
indicating the presence of a radon decay product background. The October 9"
measurements taken with FIDLERs on the planchets from the kinetic impactors
illustrate in Figure 4 how effectively the annular kinetic impactor removes the radon
decay product background. The FIDLER count rates show very little change during the
entire sampling period although there was radon present in the background. The
reason for the relatively high count rates by Team AE is not known but may be due to

the FIDLER instrument background.
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Figure 4. FIDLER measurement results on kinetic impactors: October 9, 1997,

The results of the alpha scintillator measurements on the air filters on October 9" were
also examined for comparison with the FIDLER. These results are shown in Figure 5.
In general, the performance of the alpha scintillator was inferior to that of the FIDLER,
as seen in Figure 5. While the alpha scintillator results also showed the general
increase in activity as seen with the FIDLERS, the results were more scattered. Two
teams measured no activity at all with the alpha scintillators, although the FIDLER
measurements on the same filters showed marked increases.
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Figure 5. Alpha scintillator measurement results on filters: October 9, 1997.

5.2 On-Site Ground Surface Measurements

Although the primary measurements made on-site were the screening of the air filters in
the field, 255 ground data points were made as part of a complete measurement
program. The following ground data points were eliminated as being either bad data or
not appropriate for review:

241

o FIDLER readings taken over an Am“"" source by Team AL

e Alpha scintillator readings
e Record # 283265 as being ambiguous and clearly out of bounds

Two hundred thirty-five data points remained to be analyzed. These were ordered first
by raw cpm regardless of surface type. A histogram analysis for frequency and
cumulative percentage distributions was created. These results are summarized in
Figure 6.

A cursory look reveals a possible bi-modal distribution, with the stronger mode centered
from 70 cpm to 200 cpm (approximately), and a weak second mode from 230 cpm to
330 cpm. To determine the source of this, the 235 data points were further broken
down to 63 points taken over an asphalt surface, 99 points taken over a grass surface,
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and 73 points taken over surfaces other than asphalt or grass. Again, frequency and
cumulative percentage distributions were calculated. These results are illustrated in
Figures 7, 8, and 9, respectively.
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Figure 6. Histogram analysis for frequency and cumulative percentage
distributions, raw FIDLER count rates, all measurement surface types.

A cursory look at Figure 7 illustrates that the asphalt data are bi-modally distributed,
where the data sets indicated in Figures 8 and 9 are not. The reason for this distribution
needs more data analysis. All, but four, of the FIDLER readings over asphalt were
taken by members of the RADCC. When the FIDLERs for teams AL and D2 are
analyzed independently, Figure 10 indicates clearly that these two were the major
contributors to the high background count rates; they have a distribution range from 240
to 330 cpm.

The majority of the background counts, on any particular surface, fall between 70 cpm
and 200 cpm, but individual FIDLER backgrounds are instrument dependent.
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Figure 7. Histogram analysis for frequency and cumulative percentage
distributions, raw FIDLER count rates, asphalt surface types.
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Figure 8. Histogram analysis for frequency and cumuiative percentage
distributions, raw FIDLER count rates, grass surface types.
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Figure 9. Histogram analysis for frequency and cumulative percentage
distributions, raw FIDLER count rates, other miscellaneous surface types.
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Figure 10. Histogram analysis for frequency and cumulative percentage
distributions, raw FIDLER count rates for teams AIRMON LIMA (AL) and

DECON-2 (D2).




5.3 Off-Site Air-Sampling Network Screening

The data provided from the 4-inch filter samples were generally consistent over the
entire range of sampling locations. The initial background readings varied by a factor of
three, from a low of 56 cpm to a high of 170 cpm for the FIDLER. There was no
apparent pattern associated with the background readings from north to south or east to
west.

In general, the collection of radon-thoron on the filter paper after the two-hour collection
period resulted in an increase of approximately 70 cpm above background. The next
reading collected approximately two hours later showed a slight decrease
(approximately 5 cpm) in the levels of radon-thoron. The observed pattern of the radon-
thoron build-up and equilibrium of the off-site data were comparable to the on-site
pattern illustrated in Figure 2. Approximately one-third of the locations showed a slight
increase. This review does not attempt to assign a reason to the magnitude of the initial
increase or to the cause of the general decrease shown by the fourth hourly reading.

5.4 Off-Site Ground Surface Measurements

Approximately three-quarters of the ground measurements were made over grassy
areas, while the remainder, in descending frequency, was made over soil/dirt, sand,
gravel, and asphalt. The grassy areas had an average FIDLER count rate (Pu®®
energy range) of 145 cpm over a range of locations, from a low of 85 cpm to a high-of
241 cpm. For grassy areas, the lowest reading was 72 cpm with an individual high of
324 cpm. The average readings for gravel and asphalt of 142 and 144 cpm,
respectively, were similar to those in the grassy areas. Readings for soil/dirt areas
were lower than those for grass; their average reading was 96 cpm. Sandy areas were
slightly higher than the soil/dirt areas, but less than grassy areas, with an average of
108 cpm. Observations of the off-site data were comparable to the on-site

'~ measurements indicated in Figure 6. Causes for the differences in radiation count rates
for the different surface types were not investigated further by in-situ gamma or
laboratory analyses.

6.0 ERDS System

NASA requested a single data management system for the collection of all radiological
data generated by the RADCC and Off-site ALSG personnel. In response to the NASA
request, DOE provided an integrated and centralized Radiological Data Management
System (RDMS).

The Emergency Response Data System (ERDS), developed and operated by Bechtel
Nevada - Remote Sensing Laboratory (BN/RSL), provided an integrated RDMS, the
data system utilized in support of both the RADCC and the Off-site ALSG.

The objective of the ERDS and its components was to provide a "software platform” for
scientific, logistical, and support systems. These systems service the Emergency
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Response (ER) community during an event or exercise. Support includes acquiring,
tracking, and reducing event data; tracking and reporting on personnel involved and
equipment utilized; and maintaining a complete, comprehensive, and defensible archive
of all data.

The ERDS system simultaneously collects data in the deployment environment while
archiving deployment and configuration data. These systems provide information for
emergency response managers (in real time), by supplying ER event data, deployment
status, and reports. The ER Data System also provides continuous and automatic
connections to other field systems such as GIS, Nevada Automated Badging System
(NABS), ARAC, and the AMS flight path tracking system. Servers and workstations in a
Local Area Network (LAN) configuration provided a direct connection between the
RADCC and the Off-site ALSG by microwave link.

The ERDS was designed to meet the requirements of the Federal Radiological
Emergency Response Plan (FRERP) that states, in section 11.D.3.a.(1)(c) " Maintain a
common set of all offsite radiological monitoring data, in an accountable, secure, and
retrievable form, and ensure the technical integrity of the FRMAC data." Additionally,
the ERDS supports the emergency response community at large in the task of
implementing a common, comprehensive, and user-friendly database scheme.

The ERDS task area worked closely with the customer to understand their
requirements. This is not only an advantage in creating and maintaining current
applications but it aids in anticipating further system development potential.

The objective of the ERDS and its components is to "remove wasted energy and
repetitive systems" and add "stability and continuity” to the process of data
management for any type emergency response event.

6.1 Integrated Data Management

The ERDS more than adequately fit the needs for the Cassini launch support request of
an integrated and centralized radiological data management system. The connection
between the RADCC and the Off-site ALSG was achieved through the MobiLAN
deployed with the Cassini communications task area. In addition, a GIS system was
deployed to the two assessment centers and the Range Operations Control
Center/Senior Management Group (ROCC/SMG) and was connected to the LAN.
Updating and retrieving data between the centers and by the GIS was an automatic and
continuous process. Figure 11 illustrates the Integrated Data Management System.

The ERDS system already had in place an application that supported the flexible nature
of emergency response (reactor, weapon, spill, etc.). With minor modifications, the
application was tailored to support the NASA and DOE mission-specific data
requirements for the Cassini launch. This provided uniformity and consistency to the
radiological data management. The ERDS staff interfaced with essential management,
field monitoring, and assessment staff from the RADCC and the Off-site ALSG to
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assess the needs and requirements of the system. The majority of these were met by
using the existing emergency response applications such as workstation data browsers,
standardized report formats, and electronic data tables in a variety of formats for use
with PC-based evaluation and assessment tools.

The ERDS system met NASA and DOE mission-specific data requirements and
furnished all of the required hardware support for both of the assessment centers

without acquiring any new components

Integrated Data
Management

=

GIS WORKSTATION

Figure 11.  Graphical representation of the Integrated Data Management System.

6.2 Data Management

Both the RADCC and the Off-site ALSG managed and controlled their monitoring data
and information for their site. However, the data entered into the ERDS system
provided the ability for electronically sharing the data. With this control step
established, each of the centers could view the continuity of the deposition data from
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on-site to off-site. In essence, the "fence was lowered" between the on-site and off-site
areas and a common database was established.

As a process of controlling the data, an elaborate series of flags was established. Each
center had control of setting flags only on the data generated by their respective center.
The data flag setting protocols are listed in Table 1. The flag setting protocols also
followed a straight-line data flow process as illustrated in Figure 12. All the data
gathered were available for internal use (within the RADCC and Off-site ALSG) only
until the ROCC/SMG approved the data product for release to the public.

CASSINI DATA FLOW & FLAGS

. |OFF-SITE FIELD ON-SITE FIELD
N MONITORING MONITORING
. |TEAMS & DATA _ TEAMS & DATA

ELECTRONIC

DATA
ALSCIOSC SHARING

RATA CENTER

h

GIS GIS
Btt.site ALS PRO[;UCTS PROL;UCTS RADCC
E/A FLAG DATA DATA E/A FLAG
REPORTS REPORTS

ASSESSED

DATA
DATA FOR INTERNAL PRODUCTS DATA FOR INTERNAL

USE ONLY USE ONLY

APPROVED
LFAQO FLAG

Figure 12. Graphical representation of the Cassini flags and data flow.

In addition to managing and controlling the environmental data support, the ERDS
system provided an electronic Event Log and Status Tracking application to the RADCC
and Off-site ALSG. The application was shown in each of the ALSG centers via video
monitors.
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6.3 Data Archive

All of the in situ measurement data of good quality gathered during the dry run, the first
launch attempt, and the launch day are listed in this document in Appendices G and H.
In addition, the RASCAL analysis results of the air filters and impactor planchets are
listed in Appendix I.

The data management application and the electronic data, used and collected in
support of the Cassini launch, are archived on the RSLNS3 mirrored-server, with tape
backup stored in a fireproof tape vault at the BN/RSL facility located in Las Vegas,
Nevada. All of the original data forms used by the field teams from both centers are
also archived at the BN/RSL facility.
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APPENDIX A

Maps of Sampling Locations
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~ APPENDIX B

Pictures




APPENDIX B - Photos

L - — —

Photo B-1. Field monitoring team taking an in situ FIDLER measurement.




Photo B-2. Off-Site ALSG Staplex TFIA air sampler.




Photo B-3. Workbench in instrumentation calibration laboratory located in KSC/EHF Facility.
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APPENDIX C

Ground Measurement Grid




Off-Site ALSG In Situ Ground Measurement Grid

See ALSG Monitoring and Sampling Manual for Field Monitoring Support of the
Cassini Launch, procedure CAS - 3.02, ALSG Offsite Area Surveys with FIDLER
Detectors, for more detail.
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- APPENDIX D

FIDLER Calibration Table
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APPENDIX E

FIDLER Calibration
Histograms







4 Sigma

"“'-25;9”2

Mean & +/-2s of FIDLER Efficiency

PiredteafiitEd

(zw/!:)ﬁ juda) Asus10143

2017
2007
2098
2011
2112

i 2100

2119
2004
0006
0001
2103
2108
2105

H 2012

2123
2121
2025
2023
0008
2026
0002
2118
2093
2120
2020
2113
2024

2096

2019

2016
0002

2126

2101

Assigned Instrument #




FIDLER Laboratory Background

Assigned Instrument #




FIDLER K Factors

(zw) si0)oeq Y

Assigned Instrument #




APPENDIX F

Predetermined Field
Monitoring Measurement
Locations
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Measurement Data
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