DS02: A New Dosimetry System for A-Bomb Survivor Studies

A mgor reassessment of the system used at the Radliation Effects Research Foundation (RERF), Japan
to determine radiation doses for atomic-bomb survivors has resolved the long-standing problems with the
system that has been in place since 1986, and has defined the parametersfor areplacement dosmetry system
for survivor dose caculation. Over the past two years, a Joint U.S.- Japan Working Group, chaired by Dr.
Robert Young and Dr. Hiromi Hasai, has undertaken a comprehensive evaluation of the calculations that
comprise the RERF dosmetry system and the measurements that are used to verify these caculations. Ata
meseting in Tokyo on March 14-15, 2003, a Joint U.S.-Japanese Senior Review Group, chaired by Dr.
Warren Sinclair and Dr. Wataru Mori, approved DS02 (Dosimetry System 2002), which was developed by
the Joint Working Group. The scientific findingsfrom thereport of the Joint Senior Review Group are
attached.

The dosmetry reassessment was mandated and supported by the U.S. Department of Energy (DOE)
and the Japanese Minigtry of Health, Labour, and Wefare (MHLW), which are jointly responsible for the
RERF, in an effort to resolve the gpparent discrepancy between neutron activation caculated by theexigting
DS86 system and as measured in materia exposed to neutrons at the time of the bombing. During the course
of thisreassessment, the working groups, with members and associ ates from American, German and Japanese
universities and nationd |aboratories, have recomputed al aspects of the Hiroshima and Nagasaki radiation
cdculations, made new fast-neutron and low-background thermal-neutron measurements, upgraded the
caculaion of the radiation shielding provided by terrain and large buildings, and conducted acomprehensive
reassessment of al radiation measurements in activated materia. The new caculations produced during this
reassessment agreewith both gammaand neutron measurements out to distancesfrom the detonationsat which
sample messurements become indistinguishable from background, effectively resolving the long-standing
neutron dose discrepancy. The cdculations that produce this agreement are the basis for the new RERF
dosimetry system, DS02.

The RERF issupported by the DOE Office of Hedth Studiesand the dos metry reassessment effortin
the U.S. wasfunded both by the DOE Office Biologica and Environmenta Research (SC-72) and EH-6. The
current reassessment was made possible largely by the development of techniques such as accel erator mass
spectrometry for the measurement of trace-amounts of neutron activation remaining from 1945, and by the
avallability of massvey-pardlel computing capacity that permitsthree-dimensiond caculation of aproblem as
vast and complex as an atomic detonation.

The new cd culations and measurements produced during this reassessment have confirmed theyield
and epicenter for the Nagasaki detonation while refining both these vaues for Hiroshima.  Current
measurements and cal cul ations confirm a 21- kilotor+ yield for the Nagasaki bomb and aburst point towithin 2
meters of previous assessments. In Hiroshima, the estimated yield has been increased from 15 kilotonsto16
kilotons and the epicenter has been repositioned 20 meters higher and 15 meters to the west. While
supercomputing technology made recaculation of the nuclear explosons possble, application of current
geographic information systems technology has reconciled the exact hypocenter locations on new, more
accurate maps with World War 11 vintage maps. The new dosmetry system will beimplemented at RERF as
quickly as possble. (The current DSB86 report is available on the RERF website:
http://www.rerf.or.jp/shared/ds86/ds86a.ntml  hitp://www.rexf.or.jp/shared/ds86/ds36b.html ).  Although
sgnificant changes in risk esimates are not expected, the improved cdculation and refined shieding
cons derations should reduce the uncertainties and provide much confidencein the vdidity of risk assessments.



http://www.rerf.or.jp/shared/ds86/ds86a.html
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Scientific Findings of the Joint Senior Review Group

| - INTRODUCTION
The draft report of the Working Groups of Japan and the U.S. on DS02 cons &ts of

(1) Descriptions of the proposed new dose system itsdlf; i.e. the revised caculations of the source
termsand of thefluence of neutronsand gammaraysreleased asafunction of energy, angle, height
above ground, and distance from the epicenter, together with some new revised estimates of
shidding of individuds at various locations.

(2) Destriptions of older and recent new measurements of gamma rays by thermoluminescence
methods (TLD) and of neutron dosesinferred from the activation of materials exposed at known
distances from the hypocenter by severa methodsincluding those of the radionudlides™*Eu, ©Co,
%Cl, ®Ni and *P. These measurements are used to vaidate the new DS02 gamma ray and
neutron fluence caculations,

[l - DSO2 DOSIMETRY SYSTEM
The main features of the new dosimetry syssem DSO2 are;
1. - Cdculations.

Energy spectra and angular digtributions of neutrons and gamma rays issuing from the Hiroshima and
Nagasski wesapons have been calculated using the most recent re-evaluated cross-section data and 3
dimensiond codes more powerful than the 2-dimensiona codesused in DS86. These new ca culations resulted
in only minor changes from DS86, notably increases in the low-energy and high-energy tailsof the spectra. A
very accurate Smulation of the effect of thetilt of the wegpon on the close-in neutron fluenceisnow possible.
Revised cdculations of the delayed gammaraysand neutronsfrom thefireball were dso carried out using data
not available a the time DS86 was published.

Both discrete ordinate and M onte Carlo methods were used to re-evauate the air over ground fluence
as afunction of distance from the epicenter, the neutrons and gamma rays being grouped into a much larger
number of energy bins compared to the caculations in DS86, thus providing much improved energy and
angular resolution. The transport calculations of these radiations through air over ground were performed for
the weether conditions at the time of the explosion, again using improved cross sections compared to those
used in DS86. The effects of local variationsin soil moisture and ground composition were o investigated.
Although the new DS02 is based on the discrete ordinates calculations, the Monte Carlo caculations by
independent investigators offer a powerful verification of the new air over ground fluences.



2. - Hiroshima Parameters.

Based on detailed reviews of the appropriate evidence by the Working Groups, new parameters have
been adopted for some of the key features of the explosion a Hiroshima. These included adjustment of the
yield of the Hiroshimawegpon to 16 kt (from 15 kt) the height of the burst (HOB) for the Hiroshimaweapon
to 600 m (from 580 m) and the adjustment of the hypocenter to a position 15 m west of the former position.

3. - Gammaray and neutron fluences.

New air over ground caculations together with newly revised fluence to dose factors resulted in re-
caculated estimates of thefree-in-air dosesfrom the Hirashimawegpon of about 8- 10% averageincrease over
DS86 in the totd gamma-ray doses, and about 10% increasein the average neutron doses but approximeately
the same variation of dose with distance from the hypocenter asin DS86. Increasing the height of burst and
incorporating new information on exact locations of stesrelative to the epicenter did, however, improve the
agreement with measurements near the hypocenter and with the dope of measurement data vs. distance.

4. - Organ or tissue doses.

The gammaray and neutron dosesto organs or tissuesin the body of anindividua survivor arelessthen
freeinair tissue kermas because of structurad shielding of that survivor and shielding by hisor her body tissues.
Adjoint methods are used asin DS86 to determine revised individua tissue and organ doses. To present this
process in managesble form, transmission factors gpplied to each individud circumstance have been established
for both gammaraysand neutrons. Thetissue kermafactorsused in DS36 were re-evauated for thisstudy and
will be incorporated into the new DS02 system.

5. - Gammaray doses dominate.

The gamma rays account for the preponderance of absorbed radiation doses to the survivors, the
neutron absorbed dose at most organ depths (and distances from the hypocenter) being about 1% of the
gamma-ray absorbed dose at Hiroshima (Note that the equivalent dose from the neutrons depends on the
appropriate RBE for the neutrons, e.g., RBE of 20 would yield an equivalent dose for the neutrons of perhaps
20% of thetota equivaent dose. In future risk estimations the neutron contribution at Hiroshima, about 4 times
that at Nagasaki, should be accounted for.) Because the new DS02 fluences do not differ by much from those
in DS86, one would not expect large changes in organ dose estimates for individua survivors. However,
improved estimates of shielding and survivor location may result in some changesin the organ dosesto some
aurvivors. These changes will be made as part of the ingalation of DS02.



6. - Nagasaki parameters.

Recd culationswere a so performed for the Nagasaki wegpon using the same methods asfor Hiroshima
In this case no change in the explosion parameters were deemed necessary - - theyidd il at 21-kt, HOB
503-m, hypocenter unchanged. Nevertheless, as a result of the improved delayed source calculations and
improved ar-over-ground transport, the gammaray dosesincreased by about 10-12% and the neutron dose
decreased on average about 17% compared to DS86.

7. - Map Alignment and Referencing.

In DS86 survivor locations and sample collection sites were based on U.S. Army mapsof the 1940's.
Larger scde and more precise Japanese city plan maps have become available, offering a new template for
map work at RERF. Geo-referencing each U.S. Army map into the new city plan maps has permitted the
DS02 system to be based on and to employ much more accurate survivor and sampling locations, especiadly
for Hiroshima.

8. - Shidding re-evauations.

At Nagasaki, the factory workers shielding was re-evauated which lowered the earlier estimates of
dose for that group of survivors. Other structura shidding estimates made in DS36 were also re-evauated,
remodeled and revised. Estimates of shielding are ill very uncertain, however, due to lack of specific
information regarding the shidding of someindividuads. Smilarly, some specid shielding adjusmentsweremeade
based on new modd caculationsfor large terrain features, for example at Hiroshimafor the survivors behind
Hijiyama, where the hill shidlded them from some of the radiation trgectories.

9. - Uncertainty andyss.

The DS02 will include a comprehensve uncertainty andyss evauating al sources of systematic and
random uncertainty. DS86 lacked such a study and the National Academy of Sciences senior committeein
1987 strongly supported incluson of such an anayssin afuturerevison of the dosmetry sysem (NAS-NRC
1987).

Furthermore, athough athorough, critica study of the variousimportant biologica endpoints examined
intheaomic-bomb survivorsin recent years (e.g. chromosome aberrations and ESR andlyss of dosesinteah)
would bevery useful, it has not been undertaken as part of the DS02 work. However, it isnoted by the JISRG
that the biologica studies to date broadly confirm both the organ doses estimated in DS02 (see NAS-NRC
2001) and possibly the range of the uncertainties determined in this study (Working Group Report Chapter
12).

Thisuncertainty analyssindicatesthat the mgjor contributor to theoverdl uncertainty inthedoseto any
particular individud is the error or uncertainty in the position and orientation of theindividud a thetime of the
exploson and in the radiation attenuation provided by structures around the individud.



1 - NEUTRON AND GAMMA-RAY MEASUREMENTS

The new DS02 calculated fluences are strongly supported by new or re-evauated measurements.
These comparisons are described in a number of chapters of the working group report. The results are
summearized below.

1. - Gammarays.

Gammaray measurements made in thermoluminescent materias, such asroof tiles, etc. usedin DS86
to confirm the gammaray cdculations, have increased in number and quality over the years and have been
carefully reviewed in DSD2. Agreement between these measurements and DS02 calculations is very good,
better than for DS36.

2. - Thermd neutrons.

A wedth of measurements of materids activated by thermal neutrons from the exploson is
availablefor comparison with DS02 cal cul ations as compared with the rather few messurements on ***Eu and
®Co available origindly a the time of DS86. These now include both new and older re-evauated
measurements from Japanese and American investigators on ***Eu in roof tiles, granite pillars and rocks, “Coin
ded in concrete reinforcements, and measurements of *Cl in granite (or concrete).  Extensive *°Cl
measurements have been carried out in the U.S,, in Japan and in Germany on samples from Hiroshima and
Nagasaki. Previously reported (1990's) **Cl data have been re-evaluated and problemsidentified, which led to
new and improved measurements.

3. - Fast neutrons.

Maost importantly (because fast neutrons contribute directly to the neutron dose, while therma neutrons
do not and are dso heavily influenced by locd effects such as moisture) fast neutron activation of ®Cu to **Ni
(n p) has recently been measured in samples from Hiroshima by accelerator mass spectrometry in both the
U.S. and Germany and by measurements of the radioactivity of “Ni (T, = 100y) madein Japan. Thesenew
measurements arein striking agreement with DS02 cal culations, athough some questions about the compaosition
of the measured fast neutron background remain. Older measurements of fast neutron activation of *Sto *P
(n, p) made soon &fter the explosion a Hiroshima have been re-evauated and demondirate agreement with
cdculation.

4. - Measurement uncertainties.

These neutron activation measurements, many made so long after the event, areintringcaly
uncertain and subject to many, many experimenta difficultiesespecidly asthe samplesextend outward from the
hypocenter and the signd in the sample becomes wesker and more difficult to distinguish from background
sgnasand noise. Background festures and measurements at greet distances then become very important.



5. - New measurements.

However, some excdlent new studies of activation have been made such as those of Komura
on *?Euin the low background facility at Kanazawa University. A careful intercomparison for **Eu and **Cl
measurements involving Japanese, US and German scientists using both new and re-evauated data and
appropriate background corrections showed good agreement. This provided strong confirmation of the new
caculated DSO2 fluences over awide range of distances from the epicenter.

6. - Measurement and caculation.

Generdly spesking and embracing the work of many investigators, Japanese, German and the
American, the measurements of thermol uminescence and neutron activation taken asawhole agree very well
with the DS02 cd culations up to distances from the hypocenter where measurements becomeindisinguisheble
from background.

7. - Resolution of the neutron-dose anomaly.

Previousreports, including DS86, suggested that measured neutron fluences differed from calculations,
being less close to the hypocenter and greater and increasing with dstance at large distances from the
hypocenter. Refinement of fluence calculations, especidly those at short range influenced by height of burst a
Hiroshimaand at long range by reduced background and by more extensive background measurements have
reconciled previoudy reported differences between caculations and measurements. The JSRG therefore is
pleased to note and support the assertion that the neutron excess at large distances suspected after DS86, no
longer exids.

IV - COMMENTS AND RECOMMENDATIONS

1. The Joint Senior Review Group isimpressed with the wide ranging and thorough DS02 study
of the recdculated survivor dosmetry and finds it very comforting that the much more detailed caculations
possible with today’ s more powerful computers using state- of-the-art codes and cross-
sectionsresulted in only relatively small changesin the doses predicted by DS386 calculations. These changes,
with correction for yield, height of burst and tilt of the weapon a Hiroshima now show improved agreement
with measurements.

2. The messurement data now include new thermal neutron activation studies of *°Cl to add to
those of new and revised measurements of ***Eu and ®Co. Thesetogether with the new fast neutron activation
sudiesof ®*Ni in ®Cu arein remarkable agreement with cal culation considering the difficultiesinvolved in such
messurements.

3. The JSRG notes that al the advisory recommendations of arecent U.S. NAS-NRC Panel
reviewing DS86 (NAS-NRC, 2001) that are pertinent to DS02 have been carried out in the new work.



4. The JSRG is convinced the new DS02 system is distinctly superior to the present DS86 and
state-of-the-art in dl repects and that future changesin the fluence calculaionsin DS02 are unlikely to be of
aufficient magnitudeto warrant further revisonsin the basic sysem for caculating dosesto survivorsby RERF.

5. The JSRG strongly recommends that the DS02 System be indtdled at RERF as soon as
possible to provide improved survivor doses, replacing those presently based on DS86. The JSRG aso
recommends that (1) in DS02 the 40,000-history adjoint filesfor organ doses replace the 10,000- history files
used in DS86, and (2) adjoint files for the 1%, 2™, 3"-trimester fetus be computed and incorporated into the
DS02 system.

6. The Senior Group recommends that the report of the Joint Working Group be published
promptly by RERF (RERF 2003) and widely disseminated. The JSRG aso encourages the authors of the
report to independently publish their work in the peer-reviewed literature.

7. The JSRG has based its conclusions and recommendations not on peer review of dl the
detailsin the reassessment but onitsoverdl assessment of the information reported to it and in the presentations
made by working group members.

8. The JSRG wishesto congratulate all those investigators who contributed to the successful
work of DS02 and especialy the leadership of Dr. Robert Y oung and Dr. Hiromi Hasai on what the group
congdersto beafineachievement. D02 isamgor advancein the critically important dosmetry for survivors
in Hiroshimaand Nagasaki, and together with the health and mortdity data, will provide afirmer basisfor risk
assessment of radiation effects than had been possible heretofore.
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