Appendix D.
External Monitoring, Internal Monitoring Scans, and Urine Bioassays

This appendix summarizes the external monitoring, internal monitoring (IM) by whole
body and thyroid scans, and urine bioassays that were used to monitor people.

D-i. Introduction.

There are two basic sources of radiation exposure to people, external and internal
Radiation that is generated outside the body can give an individual an external dose and
radioactive materials that are deposited in the body and undergo radioactive decay while inside
the body can give an individual an internal dose. :

Dosimeters were used to measure external dose. Some individuals already had dosimeters
in their possession because of their normal job function (for example some hospital, shipyard,
and shipboard individuals normally wear dosimeters), and others weré issued dosimeters because
of their operational assignments. For this report, preliminary dosimeter results were compared
with calculated values as a validity check, i.e., no individual dosimeter measurement should be
greater that the calculated value for external dose, under the assumed circumstances of exposure
and radiation environments. Final dosimeter results and the placement (location) of individuals
during the OTR period are pending. ’

IM scans and urine bioassays were performed to determine internal doses.

For this report, preliminary IM results were compared with calculated values as a validity
check, i.e., no individnal IM measurement should be greater that the calculated value for internal
dose. Final IM results and the locations of individuals during the OTR period are pending.

For this report, there were no urine bioassay data available. About 180 urine bioassay
samples that were collected are pending analysis and evaluation.

Most people who were issued personal dosimeters also went through IM scans. Anumber
of individuals that did not have dosimeters also went through IM scans to help determine more
accurate estimates of total radiation dose for the PEPs. Criteria for dosimeter issue and IM
selection of individuals are discussed later in this appendix.

Dosimeters, IM scans, and bioassays are direct measurements of an individual’s dose and
therefore are the best measurements to use in the calculation of an individual’s dose.

Use of environméntal measurements to calculate an individual’s dose requires knowing
where the individual was throughout the exposure period, estimating how long the individual
was in a particular environment, and of course having all of the.environmental radiological data
as a-function of time and location. The use of environmental data to estimate external and
internal doses requires a greater number of measurements apd assuinptions-to be made and
generally results in a greater uncertainty than the direct measurement of dose through dosimetry
or IM scans. For this report, environmental measurements were used to estimate a dose for each
PEP described in Section 3. At a later date, if a more detailed dose estimate is needed for an
individual, direct dosimeter and IM measurements will be considered in the dose reconstriction
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process. The fiture calculation of an individual’s dose would be expected to produce a dose that
is less than the dose estimated for the PEPs defined in this report.

In the absence of individual and environmental measurements the next best approach for
determining an individual’s external and internal dose is by the modeling of the sources of
radiation and radioactive materials. In this.case the source of radiation and radioactive material
was the result of releases from the FDNPS. It can be difficult to accurately model environmental
releases resulting from damage to reactor cores or fuel storage pools due to the large number of
variables that can affect the predicted outcome. In this report, it was not necessary to use reactor
core or fuel pool release models because there were sufficient radiological environmental
measurements available to calculate estimates for the PEPs defined.

Figure D-1 illustrates the hierarchy of all the different types of data potentially available
for use in a dose reconstruction. Preliminary estimates indicate that there were approximately
70,000 people {shore-based, aircrew, and shipboard individuals) who could be included in the
POI for dose reconstruction for the OTR. Preliminary figures show that about 4,000 persons
(about 6 percent) wore dosimeters during at Jeast part of the 60-day period and about 8,400
(12 percent) had IM that was usually done once between March 12 and August 31, 2011. These
measurements are labeled “Best Dose Data” because they are direct measurements of dose with
the smallest uncertainty. The “Next Best Data” are environmental measurements that require
additional assumptions and calcalations for dose reconstruction and will have a larger
uncertainty. The “Helpful Data” measurements or results, which may involve modeling,
assessment of meteorology, or estimates of reactor core depletion, tend to exhibif higher
uncertainty than the other data types and are only used in the absence of the other types of data,
or for confirmation of the results obtained witl the other types.

D-2. External Monitoring

The USA, USN, and USAF all have large, well-established, nationally-accredited

dosimetry centers in CONUS.

o The USN and USAF provided electronic personal dosimeters (EPDs) that allow for
real time, or active, measurements of external dose while they are being worn by the
individual.

o The USN and USAF also provided thermoluminescent dosimeters (TLDs). These are
passive devices that are read at the end of the monitoring period for each individual.

o The USA provided optically stimulated luminescent (OSL) dosimeters that had the
potential to be read in the field but were not because of concerns that the readers
would become contaminated in the operational setting. Therefore, OSL dosimeters
were used as passive devices and were read at the end of the monitoring period for

each individual.
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Individual monitoring periods for people issued TLDs and OSL dosimeters could be on
the order of days to weeks to months, depeniding on the circumstances-of the individual’s duties
and locations. Further information on the dosimetry equipment used by each of the services.can
be found in Appendix A. '

The groups of individuals who were specifically issued dosimeters as part of their OT
participation were as follows (USPACOM, 2011a).

o Those persons who entered warm and hot zones.

o Warm Zone: Initially defined as the area between 25 and 125 nautical miles of
 FDNPS or an area in which general area radiation levels were bétween 0.1 and
10 mrem h™ (USFJ, 2011a) and later revised to an area between 40 and 80 km from
FDNPS or an area in which general area radiation levels were between 0.1 and
10 sorem b~ (USFY, 2011b).

o Hot Zone: Initially definied as the area within 25 nautical miles of FDNPS or an area
in which general area radiation levels were in excess of 10 mrem h™ (USFJ, 2011a)
and later revised to an area within 40 km of FDNPS or an area in which general area
radiation levels were in excess of 10 mrem h™' (USFEJ, 2011b).

o Persons who could come into contact with loose surface contamination such as those
involved with equipment decontamination.

o Persons who were part of an aircrew, which flew through an identified plume.

o Persons who were likely to exceed a TED control level of 0.3 rem as predicted from
exposure models and environmental measurements.

Some individuals who already had a dosimeter in their possession as part of-their normal
job function included the following:
o Nuclear-trained individuals who were at Yokosuka Shipyard or on aircraft carriers.
o Medical individuals who were working around radiation sources.

Each person in the POI may have none, one, or several individual dosimeter
measureinents during the 60-day OTR period. Also, a single dosimeter issued to an individual
could include some dates prior to or after the 60-day OTR period, depending on issue and
collection dates. Also, there were cases when an individual was issued more than one dosimeter
at a time. These details will need to be considered in the future when dosimeter data are used as
part of an individual’s dose reconstruction.

The persons who entered the warm or hot zones are not considered as specific PEPs in
this assessment. The activities that warranted the wearing of dosimeters could involve doses that
are in addition to any PEP dose that might be assigned.

“Table D-1 provides a summary of the numbers of dosimeters reported, and Table D-2
provides a summary of reported results.
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Table D-1. Personnel dosimeter use by
DOD-affiliated individuals

. Number
Service Sent Type Reported
USA 2,000 OSL 326
USN 685 EPD 126
USN 14,000, TLD 1,669
USAF 1,400 EPD 711
USAF 6,500 TLD 364
Total 24,585 3,196

Table D-2. External monitoring results

Service Total Number Number of Dosimeters per Dose Range (mrem_)
(Type) of Dosimeters [ 0 | 1-25 | 26-50- | 51-100 | 101-500 | >501
USA(OSL) | 326 77 247 0 1 1 0
USN-(TLD) 1669 1349 310 7 0 0
USN (EPD) 126 16 | 110 0 0 0 0
USAF (EPD) 711 90 620 | 1 0 0 0
| USAF (TLD) 364 361 3 0 0 0 0
Grand Total 3196 1893 1290 3 4 1 0
Dercent of 100% 59.2% | 404% | 03% | 0.1% | 00% | 0.0%

An initial review of external monitoring data shown in Table D-2 indicates that 99.6
percent of the reported doses are 25 mrem (0.25 mSv) or’less and are consistent with the
calcilated estimates of external radiation doses (see Section 5,2.1). Thirteen (13, 0.4 percent of
3,196 reported) dosimeter résults are larger than the estimates of external radiation dose for
adults. These anomalous results are undergoing investigation to determine the circumstances of
the exposure. )

The doses reported in Table D-2 are undergoing follow-on review by the DARWG to:
(1).differentiate occupational and OT dose, (2) validate background and transit doses,
(3) consider wearing periods, locations, duty assignments, and other personal information, and
(4) investigate sources of anomalous doses. '

D-3. Internal Monitoring Scans

IM measurements were made to assess whether individuals had an intake of radioactive
material released from the FDNPS. The equipment used for IM was of two-types, i.e., fixed
scanners purposefully designed for IM and portable instruments adapted for IM (both whole
body and thyroid).
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Portable instruments were used to increase the number of individuals who could be
monitored and to bring monitoring to ships and remote locations. The portable instruments were
used as screening devices to identify those individuals with:-the potential for some measurable
intake of radioactive material who were then sent for a confirmation by fixed scan, where the
internally deposited radionuclides could be positively identified through spectrometric analysis.

Fixed scanners included Canberra ACCUSCAN and FASTSCAN systems. Both of these
systems measure the whole body and thyroid regions and provide full spectroscopic
identificationt of nuclides. FASTSCAN systems were established at the Kadena AB on the island
of Okinawa Japan, and at the Yokosuka NB. One ACCUSCAN system was established at
Atsugi NAF. None of these systems had been set up in Japan prior to the March 11, 2011
earthquake. Existing FASTSCAN systems setup in CONUS at the Puget Sound Naval Shipyard,
WA, San Diego NB, CA. and at the Intermediate Maintenance Facility in Bremerton, WA were
used to monitor about 1,013 individuals priorto the establishment of the fixed scanners in Japan.

The FASTSCAN systems used two'3" x 5% x 16" fixed NaI(T1) detectors, while the
ACCUSCAN system used two germanivim moveable detectors. Both systems used several
thousand pounds of shielding to lower the influence of background radiation and to provide a
lower minimum detectable activity. Figure D-2 illustrates an ACCUSCAN in operation.

Twenty-five (25) multi-purpose survey meters (E-600) with attached SPA-3 (2" diameter
x 2t thick Nal(T1) smart probe system) scintillation probes were used for portable systems. The
portable systems were used in gross count, open window mode and provided no spectrum or
nuclide identification. Portable IM instruments were also used at the locations where fixed TM
scanners were located and at other sites as needed including on ships. Figure D-2 illustrates
several individuals undergoing IM screening. Further information about the IM equipment used
can be found in Appendix A.
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Figure D-2. Individuals undergoing IM screening
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About 8,380 individuals had IM in two phases as follows:

1. Phasel. Individuals with Higher Potential for Exposure
a. In CONUS on individuals working in Yokosuka NB between March 11 and

April 13, 2011. There were 1,013 individudls internally monitored from March 16
through April 13 (29 Days) using fixed scanners in San Diego, CA, and
Bremerton, WA.

b. TnJapan from April 14 through August 31, 2011 for about 7,212 individuals
fallmg in the following categories:
i. Active duty personnel operating within the Sendai area.
il. Aviators, i.e. helicopter pilots and aircrews who flew through known
plumes.
iti. Personnel supporting aviation operations and aircraft/ship
decontamination. ‘ ,
iv. Supporting ship crew, including nuclear trained individuals.
v. Supporting shore activity personnel.
vi. Naval Nu¢lear Propulsion personnel.
vii. Ten percent selected randomly from other groups.
viii. Additionally, each service component was asked to provide lists of
individuals who had a higher potential for intemal exposure who were
then internally monitored.

2. Phase 2: Voluntary Open Availability. In Japan from July 26 through August 31, 2011.
During this-period, IM was voluntary for military, civilian employees, contrdctors, and
beneficiaries; including infants and children. One hundred fifty five (155) people
(51 dependent children, 46 dependent adults, 38 DOD ciyilian employees/contractors,
and 20 active duty military) were monitored, and all of these measurements were below
the minirhum detectable activity (MDA).

IM results for individuals in the two. phases are shown in Table D-3.

With regard to the stated doses in Table D-1, there have been numerous assumptions
miade (such as particle size, inhalation class, concentrations of radioactive nuclides in the air,
etc.), and literature values used (such as Dose Coefficients [DCs] from ICRP Report 71 and
Iitake Retention Factors from ICRP Report 68, etc.). A technical report, DTRA-TR-12-004,
Radiation Internal Monitoring by In Vivo Scanning in Operation Tomodachi, will be completed
by the end 0£2012.

The concept of “unmeasured” or “missed” intake activity (or corresponding dose) is
important foran appreciation of the stated doses and for implications of “less than MDA” or
“greater than MDA.” For a given MDA, the missed intake is the potential unmeasured intake
activity that results because of the effective elimination of the radionuclide from the body with
time. Thus, a reading at the MDA of the instrument immediately after intake may result in
measuring 70 percent of the intake with a missed activity of 30 percent of the intake. However, if
the same intake measurement is delayed for one effective half-life, then it is possible that only 35
percent of the intake would be measured.and that the missed activity would represent 65 percent
of the intake. Thus, for a given MDA, the longer the time that elapses between intake and
measurement, the greater the missed intake activity and corresponding dose. This presents the
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possibility that the unmeasured dese for those monitored during the “Open Availability Phase”
could exceed the doses estimated for persons who were found to contain radionuclides when
measured at earlier times.

“Table D-3. Summary of internal monitoring scan results

Phase 1: Higher Potential for Internal Exposure
Personnel Monitored with <MDA 8042 (98%)
Personnel Monitored with >MDA. 183 (2%)

Total Persons Monitored 8225
Average Committed Effective Dose (rem) ] 0.004
Highest Committed Effectxve Dose (rem) © 0025

Phase 2: Open Availability Phase (V oluntary)
All scan results <MDA
Dependent Children/Infants Monitored 51 (32%)
" Dependent Adults Monitored 46 (30%)
DOD Civilian Employees/Contractors . 38 (24%)
Active Duty Military ) 20 (13%)
Total Persons Monitored 155
Total Persons Monitored for Both Phases 8380

D-4. Urine Bioassay

Some individuals with higher potential for exposure from internal contamination were
monitored for intake-of radioactive material by the collection of 24-hour, pre-deployment
(baseline) and post-deployment urine samples for the purpose of performing in-vitro
radioanalysis. These 24-h urine samples were collected using standard DOD procedures and
were processed in the USAFSAM Radioanalysis Laboratory at Wright-Patterson AFB, OH. Due
to the short half-lives of the radioiodines, which contribute major portions to dose and the longer
than normal processing times at USAFSAM caused by personnel deployments to support OT
response operations, urine bioassays were not an effective assay technique for assessment of
intake.and dose.
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Figure 8-12 - Trends in the number of in vivo pray spectrometries performed on journalists, private
individuals and company employees between March 11, 2011 and December 19, 2011

The effective dose and the equivalent dose to the thyroid were calculated for each person who tested positive for
the presence of radioactive elements. lodine-131 was the isotope most frequently detected, though iodine-132 and
teflurium-132; and much more rarély caesium-137, were detected in a few people.

Figure 8-13 and Figure 8-14 respectively show the distribution of effective doses and equivalent doses to the thyroid
calculated for people who tested positive in their in vivo y-ray spectrometry. ’
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Figure 8-13 - Distribution of the effective doses received by the different categories of people measured
(in mSv)

iRSH] Fukushima, one year later . 164/188
Initial analyses of the accident and its consequences
Report IRSN/DG/2012-003
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Figure 8-14 - Distribution of the equivalent doses to the thyroid received by the different categories of
people measured (in mSv)

For the most exposed person, the effective dose is less than 0.1 mSv, and the equivalent dose to the thyroid less
than 1.4 mSv. For the purposes of comparison, the regulatory dose limit for the public is an effective dose of 1
mSv/year (compared with the calculated maximum dose of 0.1 mSv for the French nationals measured) and the
equivatent dose to the thyroid that triggers the process of administering stable fodine is 50 mSv (compared with the
calculated maximum dose of 1.4 mSv for the French nationals measured). At these levels of exposure, the French
nationals measured have no cause for-concern in terms of health effects.

Figure 8-15 shows the geographical distribution of private individuals staying in Japan, in the cities of Sendai, lwaki,
Koriyama, or Fukushima, during the most significant release events, i.e. between March 15 and 16, or in Tokyo
(March 15 and 16 and between the afternoon of March 20 and March 23), who had a positive result in the in vivo y-ray
spectrometry performed upon their return to France.

Sendai
16 people
7 positive scans
Thyroid doses: 0.01-0.18 mSv

Sendai
16 people
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Thyroid doses: 0.01-0.18 mSv
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Figure 8-15 - Geographical distribution of private individuals staying in Sendai, Fukushima, Koriyama, or
Iwaki during the releases on March 15-16 or in Tokyo (releases on March 15-16 and March 20-23, 2011),
whose in vivo yray spectrometry produced a positive result

| R S m Fukushima, one year later . 165/188

Initial analyses of the accident and its consequences
Report IRSN/DG/2012-003



Figure 8-16 shows the geographical distribution of journalists present in Tokyo, Soma, or Sendai during the most
significant release event, i.e, between March 15 and 16, who had a positive result in the in vivo y-ray spectrometry
performed a-few days later upon their return to France.

Sendai
0.01 mSv < Thyroid doses <0.13 mSv
(9 people)

Soma
0.20 mSv < Thyroid doses < 0,53 mSv
(3 people)

Tokye and surrounding avea-
0.02 mSv < Thyroid doses < 0.08 mSv
(20 people)

0.13 mSv < Thyroid doses <0.36 mSv
(9 people)

Figure 8-16 - Geographical distribution of journalists present in Sendai, Soma, or Tokyo during the
releases on March 15-16, whose in vivo yray spectrometry produced a positive result

These results show that the contamination of pecple at the time of the releases and in the days that followed
essentially depended on their behavior (especially the time they spent outdoors) and their precise location while
they were in the contaminated areas, the influence of local weather conditions being the dominant factor. These
results cannot be generalized to everyone staying in a given city, but do give an indication of the possible dose range
to which people may have been exposed on those dates and in those locations.

8.5. HEALTH EFFECTS AND MEDICAL MONITORING OF EXPOSED
WORKERS

8.5.1. HEALTH EFFECTS

According to the information provided by the Japanese authorities, no health effect attributable to exposure to
fonizing radiation has been cbserved to date in the workers involved in operations conducted at the Fukushima
nuctear power plant. However, according to statements made by physicians at the National Institute of Radiological
Sciences (NIRS), in view of the nature of the operations remaining to be carried out, the appearance in the coming
months of effects on workers’ health directly related to radiation exposure cannot be ruled out.

I R s m Fukushima, one year later 166/188
‘ Initial analyses of the accident and its consequences
Report [RSN/DG/2012-003
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External irradiation in Tokyo
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Conclusions (1/2)

1. Noradiation factors were revealed: tha& n‘equwed impoesing any

restrictions on lifestyle: amﬂ dscﬁaw habﬂm mi’ fihe Pus uam m&a"enb % -
fvingindapan. 0 m’é‘) %;, L) P&
2. Wc u‘ec@mmanded ﬁﬂne Pms»an Msmé Y o F@wwhﬁﬂf s ﬁ'oi‘ﬁ'emmfe m‘“é\;b T:mw L T
»m., Y/

‘ man thaﬁ 'B’mwhe Mmdt wsmemo ﬁ@KB wm J e ‘
No mcﬂme pmphylahn“ was wqmn‘ed for the 'ﬁe:vkyce aeamems a\sner the

I:‘”ukushama ao::cwlem

2:nd NIRS Symposium, Chiba, Jandary 27, 2013

2:nd NIRS Symposiuihy, Shiba, January 27, 2013,

Conclusions (2/2)

4. Estimates of thyroid doses dérived from deposition model for the
residents of Tokyo city are consisternit with those dérived from thyroid
measurements.

5, Average 'éﬁf@c&ﬁvedose i ‘ﬁhovésﬁdémr e:»f ‘ﬂ‘oﬁcyo cé&y ﬁ'om mdioac&ivc

@. E):ﬁemaﬁ exposure {6 the residents of T@Ecyo cuﬁy fmmna‘&umn
background radiation per year plus from the mn‘e‘ams‘ofihl‘ukushﬁmam’u
NPP is less than that from natural baclground radiation per year for
thé residents of Moscow city.
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