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INTRODUCTION

1.  The Committee has continually kept under review the
exposures of the world population resulting from releases to
the environment of radioactive materials from man-made
sources. Exposures from such sources reviewed in the
UNSCEAR 1993 Report [U3] included atmospheric nuclear
testing, underground nucl ear testing, nuc ear weaponsfabrica-
tion, nuclear power production, radioisotope production and
uses, and accidents at various locations. New information on
man-made environmental exposures is consdered in this
Annex.

2. Thetesting of nuclear weapons in the atmosphere was
the most significant cause of exposure of the world popula-
tion to man-made environmental sources of radiation. The
practice continued from 1945 to 1980. Although the testing
has ceased and the Committeg's assessment of global doses
based on measured ®Sr deposition remains an accurate
evaluation of the resulting exposures, particularly for long-
lived radionudlides, new data on theyidds of individua tests
have been made available These adlow more detaled
calculations of the dispersal of radionuclides throughout the
world following the injection of debris into the atmosphere.
Estimates of total deposition and dosesfrom individual radio-
nuclides are re-evaluated in this Annex, which also considers
exposurestoindividua swholived near thetest Sites. Previous
estimatesof exposuresfrom atmospherictesting werebased on
accumulated average doses (dose commitments), but thereis
interest as wdl in the annual doses received by individuals.
Annual dose edtimates are derived in this Annex.

3.  Following the cessation of atmospheric testing, nuclear
weapons continued to be tested underground. Several further
underground tests were conducted in 1998. Underground
testing resultsonly infrequently in rdeases of radionuclides

to the environment and the exposure of individuals. Beyond
the testing of nuclear weapons, the military fud cycdle,
involving the production of weapons materials and the
fabrication of the weapons, has aso resulted in releases of
radioactive materials to the environment. Information on
exposuresin areas surrounding the industrial sites of nucear
materials production and wespons fabrication are consdered
in this Annex. Both higtorical and contemporary data not
previoudy reviewed by the Committee are presented.

4.  Nudear power production continues in a number of
countries, where it is an important component of eectrical
energy generation. Rather complete monitoring and reporting
of radionudlides released, epecially from nudear reactors,
provide adequate data to allow anaysing exposures from this
source, Data on annua rdeases for 1990-1997 and analysis
of longer-term trends are included in this Annex. Ancther
continuing practice, radioisotope production and uses,
involvesat the production stagerather trivial dosesthat can be
only roughly estimated from the totd size of the industry
worldwide and some approximate figures on fractional
rdeases of the radionuclides produced. The Committee
previoudy assessed these exposures. The exposures of family
membersof patientswho received therapeuti ¢ trestmentswith
B are consdered in this Annex.

5. Another source of exposures that may be considered
to be man-made is the use of fuels or materials containing
naturally occurring radionuclides. These arereferred to as
enhanced natural radiation exposures. It has been the
practice of the Committee to evaluate these along with
other exposures from natural radiation. These evaluations
are included in Annex B, “Exposures from natural
radiation sources’.

I. TESTING AND PRODUCTION OF NUCLEAR WEAPONS

6. Thetesting of nuclear weapons in the atmosphere,
which took place from 1945 until 1980, involved un-
restrained releases of radioactive materials directly to the
environment and caused thelargest collective dosethusfar
from man-made sources of radiation. Previous assessments
by the Committee of the total collective dose to the world
population in the UNSCEAR 1982 and 1993 Reports[U3,

U6] are complete and till valid. In the latter Report [U3],
transfer coefficients are given for the dose per unit release
or per unit deposition density for over 20 radionuclidesfor
theinhalation, ingestion, and external exposure pathways.

7.  Theevauation of dosesto the hemispheric and world
populations from this practice has been based on the
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measured global deposition dendty of *Sr, limited
measurements of *Zr deposition, and on estimated ratios of
the deposition of other radionuclides to these. The annua
depositions of ¥Sr were measured in some detail during the
years when testing in the atmosphere took place. This has
meant that the collective doses could be evaluated more
directly and with less uncertainty than would be the case if
uncertain estimates of the amounts of radionuclides produced
in thetests and their digpersion in the environment had to be
relied on. However, lack of sufficent data for other, and
especialy the shorter-lived, radionuclideslimitstherdiability
of the estimated ratios to *Zr and S

8.  In recent years some further details of atmospheric
nuclear testing have become available. In particular, the
numbers and total yields of the explosions have been
officially reported, providing reliable basicinput data, and
estimates are being made of the local doses to populations
livingin thevicinities of thetest sites. Thisinformationis
taken note of by the Committee to complete the historical
record of this practice.

9. Initspreviousassessments, the Committee emphasi zed
the egtimation of the callective doses from atmospheric
nuclear testing and did not evaluate annual doses in detail.
Approximate magnitudes of annua doses were presented in
the UNSCEAR 1982 Report [U6]. Theunfolding of callective
dosestoderiveannua dosesis presented bd ow in moredetail
toillugtratethetimedependenceof contributionstotheannual
effective doses aready received by the world population from
various radionuclides and to etimate the future annua
effective doses from residual contamination.

10. The production of nuclear weapons involves securing
quantities of enriched uranium or plutonium for fisson
devices and of tritium and deuterium for fuson devices. The
fud cycle for military purposesis smilar to that for nuclear
eectrical energy generation: uranium mining and milling,
enrichment, fuel fabrication, reactor operation, and repro-
cessing. Releases of radionuclidesmay occur at al thevarious
sages but particularly during reprocessing and plutonium
separation. Initial information on exposures from the opera-
tion of military fud cycle indalations was included in the
UNSCEAR 1993 Report [U3]. Some further data are
summarized in this Chapter. Dischargesand hence exposures
were greatest in the early years when nuclear arsenals were
being established.

A. ATMOSPHERIC TESTS

1. Number and yields of tests

11. Further information on the number and yidds of
atmospheric nuclear tests has been reported by the countries
that conducted thetests. In the UNSCEAR 1993 Report [U3],
the number of tests by dl countries was adjusted from 423 to
520, an increase of more than 20%. Thetotal has snce been
modified dightly, and at the sametimethe estimated total and
fission yidds have been revised downwards.

12. Compilations of data on atmospheric nuclear tests
have been published within the last few years, first by the
United States[D4], then by theformer Soviet Union [M2],
the United Kingdom [J3], and France [D3]. Information
was provided on the date of each test, itsname or designa-
tion, location, type, purpose, and the total explosiveyield.
To verify production amounts of important globally
dispersed fission radionuclides, it would also be necessary
to know the fission yield of each test or series of tests.

13. Thedataon atmospheric nuclear tests needed by the
Committee for exposure evaluations are given in Table 1,
and a summary for each country and each test site is
provided in Table 2. The date, type, and total explosive
yield of individual tests are as reported by the country. In
afew cases, the total yields reported by the United States
and the former Soviet Union were indefinite (“low”, “sub
megatonne’, or within adesignated range). Specific values
for summations and analyses were estimated based on
assumptions given in the footnotes to Table 1.

14. Assumptions are also needed to estimate the fission
and fusion yields of individual tests. Relatively low yield
explosions may be assumed to be due to fission only, and
very high yield explosions were thermonuclear tests with
substantial fusion yields. For the purpose of obtaining
valuesfor Table 1, all tests smaller than 0.1 Mt total yield
were assumed to be due only to fission, unless otherwise
indicated. For tests in the range 0.5-5 Mt, fission yieds
averaging about 50% have been reported to be
representative [ G4], and that val ue hasbeen assumed here.
For testsin therange 0.1- 0.5 Mt, afissionyield of 67% s
assumed. There were 17 testsin the range 5-25 Mt. With
no other indications available, fission yields of 33% were
assumed in Table 1 for these tests. However, the fission
yiddsof testsby the United Stateswerearbitrarily adjusted
to agree with the reported total fission yiedsfor the years
1952, 1954, and 1958. The large variation in assumed
fission yields for the high-yield tests conducted in these
yearsisconsi stent with unofficial reportsthat thetest of 31
October 1952 (Mike) had ardatively high fissionyield and
with the confirmation that some high-yidd tests had very
high fission ratios[D7]. Thelargest test, 50 Mt, conducted
by the former Soviet Union in 1961, was reported to have
a fission yield of 3% and a fusion yield of 97% [M2].
Special design measures were taken to obtain such a high
fusion yield.

15. It would be desirable to have further information on
thefission and fusion yields of atmospheric nuclear teststo
substantiate the somewhat arbitrary assumptionsthat must
be made, particularly for the tests of the former Soviet
Union. Because the largest atmospheric nuclear tests
(>4 Mt) made such substantial contribution to the fission,
fusion, and total yields, they are listed separately in
Table 3. These 25 tests account for nearly 66% of thetotal
explosive yield of al tests and about 55% of the estimated
fisson yields. Tests with yields greater than 1 Mt
accounted for over 90% of the total fission yield.
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16. Some exceptions to the genera fisson/fusion assump-
tions can be made for the atmospheric tests conducted by
China. These tests occurred in the latter part of the test
period, and theindividud testswererdatively well separated
in time. It was thus possible to obtain independent estimates
of fisson yidds from the dratospheric monitoring of
radionudidesthat took place regularly throughout thistesting
period [K7, K8, K9, K10, L7, L8, T5]. The edimates of
fisson yidds from ¥S and %Zr stratospheric inventories
include some inconsistencies and uncertainties, but the direct
evidenceis used in preference to the assumptions.
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17. Theannual number andyiel dsof atmospherictestsby
all countries are summarized in Table4 and illustrated in
Figure I. The number of tests (Figure |, upper diagram)
wasgreatest during 1951- 1958 and 1961- 1962. Therewas
a moratorium in 1959, which was largely observed in
1960, as well. The most active years of testing from the
standpoint of the total explosive yields (Figure I, lower
diagram) were 1962, 1961, 1958, and 1954. The tota
number of atmospheric tests by all countrieswas 543, and
the total yield was 440 Mt. The fission yield of all
atmospheric testsis estimated at present to be 189 Mt.
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Figure I. Tests of nuclear weapons in the atmosphere and underground.

2. Dispersion and deposition of radioactive
debris

18. Nudear wespons tests were conducted a various
locations on and above the earth's surface, including
mountings on towers, placement on barges on the ocean
surface, sugpensionsfrom balloons, dropsfrom airplanes, and
high-dltitude launchings by rockets. Depending on the
location of the explosion (altitude and latitude) the radio-
active debris entered the local, regional, or global environ-
ment. For tests conducted on the earth’ s surface, a portion of
the radioactive debrisis deposited at the Site of the test (local
fallout) and regionally up to several thousand km downwind

(intermediate fallout). This fraction varies from test to test
depending onthemeteorological conditions, height of thetest,
the type of surface and surrounding material (water, soil,
tower, balloon, etc.). For refractory radionudides such as®Zr
and*Ce, 50% of the debrisis assumed to be deposited locally
in theimmediate vicinity of thetest site and a further 25%is
deposited regionally [B9, B10, H5]. For volatileradionudlides
such as ¥Sr, ¥Cs and #4, 50% of the fisson yield, on
average, isassumed deposited locally and regionally [P1]. The
remainder of the debrisand all of the debrisfrom airburgsis
widdy dispersed in the atmosphere. Airbursts are defined as
tests occurring at or aboveaheight in metresof 55 Y4, where
Y isthetota yield in kilotonnes [P1].
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19. Depending on the conditions of a test, the radicactive
debris can beinitialy partitioned or apportioned into various
regions of the atmosphere. A basic compartment diagram
representing atmospheric regions and the predominant
atmospheric transport processes is shown in Figure Il. This
representation was developed to describe atmospheric
dispersion and deposition of radiocactive debris produced in
atmospheric nudear testing [B1, U6]. The atmosphere is
divided into equatoria and polar regions (from 0° to 30° and
30° to 90° latitude, respectively). The troposphere height is

variable with latitude and season, but for moddling purposes
it isassumed to be at an average dtitude of 9 kmin the polar
region and 17 km in the eguatorid region. The lower
dratosphere is assumed to extend to 17 km and 24 km,
respectively, in the two regions and the upper stratosphere to
50 km in both regions. Only a few tests injected materia
above the upper dratosphere, desgnated the high
atmosphere, which extendsto several hundred kilometresand
includes the remainder of the region from which debris will
eventually be deposited on the earth's surface.

J/ High polar atmosphere

High polar atmosphere J/

High equatorial High equatorial
atmosphere atmosphere
50 | | | |
v v v v
Upper polar stratosphere GRAVITATIONAL SETTLEMENT Upper polar stratosphere

o v v [ v

Upper equatorial
stratosphere

v v |l vy

Upper equatorial
stratosphere

ALTITUDE (km)

Lower equatorial

Lower equatorial

20—

stratosphel
ED DY DI

where
FFUSON

10

Lower polar stratospé

F&DLEY CEL

CIACU LATI ON

Lower polar stratosphere

P /
SIm .

90° 30°
Northern hemisphere

o° 30° 90°
Southern hemisphere

Figure Il. Atmospheric regions and the predominant atmospheric transport processes.

20. Apportionment of debrisin the atmosphereisbased on
the stabilization heights of cloud formation following the
exploson. Empirical values derived from a number of
observations are given in Table 5 [P1]. These results were
used for the earlier etimates of falout production from
atmospheric testing that were quoted in the UNSCEAR 1982
Report [U6]. Adjustments can now be made according to the
revised values of totd yields and the fisson yidd etimates
given in Table 1. The partitioned yid d estimates areincluded
in Tables 1 and 2, and annual injections into the various
atmosphericregionsaresummarizedin Table6. Theegtimate
of therdative fractions of debrisinjected intothe stratosphere
and troposphere for a particular test with yidd less than
severa megatonnesissomewhat uncertain for several reasons.
The empirical estimates were only available for equatorial
testsand were highly variable [F5]. Values for polar latitudes
are based on meteorological considerations [F5], and the
height of the troposphere varies seasonally.

21. Partitioning of debris into atmospheric regions was
initially formulated for the equatorial and polar regions.
Injections from the Chinese test Ste a Lop Nor (40°N)
indicate that a temperate region formulation would aso be

useful. This was not apparent for earlier tests at the Nevada
test site (37°N) or the Semipalatinsk test site (52°N) because
there was rdatively little or no stratospheric input from tests
at these Sites. Releases from temperate Sites can be partitioned
by averaging the equatorial and polar results. Bascaly, this
averaging procedure reduces the input to the upper
sratosphericregion compared with the partitioning for apolar
release. Details of the assumptions, justified by the empirical
nature of the moddling, are specified in the footnote to
Table6.

22. With the indication of the type of test given in
Table 1, the apportionment of fission yield corresponding
to local and more widespread tropospheric and strato-
spheric portions has been madein Tables 1, 2 and 4. The
tropospheric and stratospheric injections listed in these
Tables are for volatile radionuclides (e.g. *Sr, *"Cs) and
do not reflect the additional local and regional deposition
that occurred for refractory radionuclides (e.g. *Zr, Ce).

23. Asindicated in thesummary Tables2 and 4, thelocally
and regionally deposited debris amounts to about 29 Mt (for
volatile dements). Therefore, about 160 Mt is estimated to
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have been widdy dispersed, contributing to global fallout.
This latter value, inferred from yield information, may be
compared with the value of 155 Mt derived from global S
measurements (604 PBq deposited worldwide divided by the
production estimate of 3.9 PBg Mt ™%). Since about 2%-3% of
95 decayed before deposition, the total dispersed amount
(injection into atmosphere) inferred from measurements is
also about 160 Mt. The fission yidd estimates thus provide
much better agreement with the measured deposition
(corresponding to 155 Mt) than the previous fisson yidd
etimates of 189 Mt [B1, U6]. The estimate of thetotal debris
deposited locally and regionally issomewhat uncertain dueto
the likely high variations from test to test, however, as seen,
this component is a small fraction of the debris injected into
the global atmosphere, and thus this uncertainty will have
only asmall impact on the uncertainty in thetotal global ®Sr
deposition.

24. From extensve monitoring following individua tests
and for the entire period of dispersion and deposition, con-
siderable information was gained on the movement and
mixing processes in the atmosphere. The radioactive debris

served as a tracer materia. Aerosols in the atmosphere
descend by gravity at the highest altitudes and are transported
withthegeneral air movementsat lower levels. Eddy diffusion
causes irregular migration of air masses in the general
directionsindicated in Figurell in thelower stratosphere and
upper troposphere. The circular air flow pattern in the
troposphere a lower latitudes is termed Hadley cdl
circulation. These celsincrease or decreasein size and shift
latitudinally with season. The balanced pattern shown in
Figure Il is that for the months of March, April, May, and
September, October, November. The mean residence time of
aerosolsin thelower stratosphere ranges from 3to 12 months
in the polar regions and 8 to 24 months in the equatoria
regions. The specific seasona values, determined from
empirica fitting to fallout radionuclide measurements, are
indicated in Figurelll. Themost rapid removal occurs during
the pring months. Remova haf-times to the next lower
region from the upper atmosphereare 6 to 9 monthsand from
the high atmaosphere, 24 months was found to be represen-
tative [B1]. A remova half-time of infinity () in Figurelll
means that no transfer takes place via the particular pathway
during that season of the year.
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Figure Ill. Schematic diagram of transfers between atmospheric regions and the earth’s surface considered in
the empirical atmospheric model [B1].
The numbers in parentheses are the removal half-times (in months) for the yearly quarters in the following order:
March-April-May, June-July-August, September-October-November, December-January-February.

25. An empirical atmospheric compartmental model
based on Figures Il and Ill had been used to estimate
surface air concentrations and deposition of long-lived
fallout radionuclides starting with estimated fission
production yields of each test [B1]. However, since rather
complete measurements of *Sr in air and deposition were

available and there were uncertainties in the reported
fisson yields, this modelling work was not pursued.
Improved estimates of fission yiel ds changes this situation
and allowsthepossibility of examiningin greater detail the
deposition of other radionuclides, such as ®Ru and *Ce,
and of projecting the measurement records beyond levels
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of detection capabilities. Estimates can also be made for
short-lived radionuclides such as *Zr, however the
uncertainty will be greater, since most of the deposition
fromtheseradionuclidesisfrom highly uncertain fractions
of thetotal debristhat wereinjected intothetroposphereor
deposited locally and regionally.

26. The parameters of the empirical model were set by
comparisons with data on tracer radionuclidesreleased in
some of the tests at specific times, such as W, ®Cd, and
*Mn, aswell aswith the longer-term records of *Sr. The
fit of the calculation to the ©Sr datain surfaceair is shown

Northern hemisphere

CONCENTRATION (Bq m-3)

in Figure IV for the northern hemisphere (upper diagram)
and for the southern hemisphere (lower diagram). With the
available estimates of fission yields of individua
atmospheric tests, the model matches rather well the
monthly data that show seasonal variations in the con-
centrations. Themode indicatesthetotal ¥Sr inventoryin
the hemispheric troposphere. Thishas been converted to a
concentration with use of a volume parameter of 0.0001
Bqg m per PBg, empirically determined from the ®°Sr data
for mid-latitudes [B1]. Annual average calculated and
measured concentrations of *¥Sr in surface air of the mid-
latitude regions are summarized in Table 7.
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[
S,

1957
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Measurements
Calculation

Figure IV. Strontium-90 concentration in air in the mid-latitude regions.
The measurements averaged over several sites are compared with results of the atmospheric model calculation.

27. Measurements of ®Sr in surface air were made
routinely at a number of locations around the world. A
global surface-air monitoring network was maintained by
the United States Naval Research Laboratory from 1957 to
1962 [L 6] and continued by the Environmental Measure-
ments Laboratory of the United States Department of
Energy from 1963t0 1983 [F4]. After 1983, thelevelswere
undetectable with the methods used. The representative
measured concentrations of ®Sr in air shown in Figure IV

are derived from averaging the results of several sitesin
the mid-latitudes of both hemispheres (see footnotes to
Table7).

28. Some dight deviations between the measured and
calculated results of ®Sr in air may be due to inaccurate
estimation of injection amounts or of the initial parti-
tioning of debrisin the atmosphere or to variationsin the
measured results or in the meteorology that may occur
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from year to year. Furthermore, the measured resultsat the
chosen representative mid-latitude sites may not be
representative of the entire hemisphere as calculated from
the model, particularly for years with relatively large
tropospheric injections from low-latitude test sites. Debris
injectedintotheequatorial troposphereat ow | atitudeswil|
likely remain in a low latitude band due to the Hadley
circulation patterns, as illustrated in Figure Il. Some
deviations for tests conducted at high-latitude sites have
also occurred, for example the rapid depletion of the polar
stratosphere in 1959 following the 1958 Soviet tests was
indicated by the measurements. Also notableistheabsence
of a peak in 1962 in the southern hemisphere following
injections into the troposphere and stratosphere of the
equatorial region fromtestsin that year. Further deviations
occur beyond 1980, when the low levels reached by the
measured concentrati onsbecomeuncertain and someenhance
ment from resuspension of ground deposits may become
relatively moreimportant.

103

Northern hemisphere

29. Long-term monitoring of ¥ deposition based on
precipitation sampling was conducted with global networks
operated by the Environmental Measurements Laboratory of
the United States [H1] and the Harwel Laboratory of the
United Kingdom [P3]. Quite comparable results were
obtained. An earlier monitoring network based on gummed-
film detectors at more than a hundred stations in many
countries was operated from 1952 to 1959 by the Health and
Safety Laboratory, which becamethe Environmental Measure-
ments Laboratory, in the United States [H8]. The results of
deposition densities at individual sites have been averaged
within latitude bands and multiplied by the area of the bands
to obtain estimates of the hemispheric and global deposition
amounts. The annual results are shown in Figure V for the
northern hemisphere (upper diagram) and southern hemi-
sphere (lower diagram) and are compared to the estimates
derived from the atmospheric modd. The agreement is quite
cdose until the early 1980s, when uncertainties in the
measurements began to increase.

Cumulative deposit

DEPOSITION (PBq)

Annual deposition

104

1945

DEPOSITION (PBQ)

N O O B R A O
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Southern hemisphere

080000000000 00000000s Cumulative deposit

Annual deposition

104

I O B R A A O

1945 1950 1955 1960 1965

1970

1975 1980 1985 1990 1995 2000

Figure V. Hemispheric depositions of ®Sr determined from global network measurements (points)
and from atmospheric model calculations (lines).

30. Using the atmospheric modd and the estimated fisson
yieds of individual tests, it is possble to diginguish the
contributions of the test programmes of individual countries

to the annual depostion of *¥S. This is illugtrated in
Figure VI. In the northern hemispherethe contributionsfrom
thetest programme of the United States dominated before
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Northern hemisphere
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Figure VI. Components of strontium-90 deposition from test programmes
of countries calculated from fission yields of tests with the atmospheric model.

1958. From 1959 until 1967 thetest programmeof theformer
Soviet Union contributed the greatest amounts to annual S
deposition, and from 1968 until 1988 the deposition was
primarily from the Chinesetedts. In the southern hemisphere,
theannual deposition wasgreatest from thetests of the United
States before 1964 except for 1957 and 1958, when the
equatoria tests of the United Kingdom took place. Sub-
sequently, the greatest contributorsto annual deposition were
the former Soviet Union during 1965- 1967, France during
1968- 1976, and China during 1977~ 1988. Owing to d ower
removal of debrisfrominventoriesin thehigh atmosphereand
upper sratogphere, the deposition of the test programmes of
the United States and the former Soviet Union predominate
again in the 1990s, athough at levels too low to be
measurable.

31. A summary of the annua hemispheric totals of
measured and calculated ¥Sr deposition is given in Table 7.
The deposition rate of *Sr wasgenerally greater by afactor of
about 5 in the northern hemisphere from 1953 to 1965 and
from 1977 to 1983. From 1967 to 1977 and since 1985, the
fallout ratesin both hemispheres have been roughly the same.
The modd results indicate a total global depostion of

610 PBg. Using the measurement resultspreferentialy, when
available, the global deposition amount of *Sr is unchanged,
athough the measurements indicate a dightly smaler
proportion of thetotal deposition in the northern hemisphere
thanindicated by thecal culations. Thepreviousestimateof the
total deposition based on measurement results and measured
cumulative depostion up to 1958 was 604 PBg. The
calculated results indicate a decay of about 2%-3% of the
injected amount of *¥*Sr prior to deposition (injected amount
1605 Mt x 3.9 PBq Mt = 626 PB(q; deposited amount
610 PBq or 97.4% of the injected amount), corresponding to
an averageres dencetime of debrisin the atmosphere of about
1.1 years. The measured result of 604 PBq suggests an
average resdence time of about 1.3 years. The globd
cumulative deposit reached a maximum in 1967-1972 of
460 PBq (Table 7). By the year 2000, thiswill havedecayed to
250 PBa.

32.  Since mog of the atmospheric tests were conducted in
the northern hemisphere, the deposition amounts are greater
there than in the southern hemisphere Because of the
preferential exchange of air between the sratogphere and
tropospherein the mid-latitudes of the hemisphereand theair
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circulation patterns in the troposphere, there is enhanced
deposition in the temperate regions and decreased deposition
(by afactor of about 2) in the equatorial and polar regions.
Thelatitudinal distribution of °Sr deposition determined from
the global measurementsisgiven in Table 8. This|atitudinal
variation isonly valid for long-lived radionuclides, for which
most of the deposition wasfrom debrisoriginaly injected into
thestratosphere. Asthe haf-lifeof theradionudlide decreases,
alarger fraction of the fallout was from injections into the
troposphere, sincelarger fractionsof thestratosphericamounts
decay during the reatively long stratospheric resdencetimes.
The variation with latitude for these radionudlides thus will
depend moreon thelatitudeof injection. (Themodd indicates
that about 90% of the deposited ¥ is from stratospheric
debris, while for ®*Zr only about one third is due to
gratospheric deoris and for **!, lessthan 5%).

33.  With demonstrated good agreement for °Sr obtainable
with the empirical atmospheric model, the concentrationsin
air and thedeposition of other long-lived radionudides can be
calculated. Previoudy, estimatesweremadefrom ratiosto S
values. The atmospheric model can take better account of
decay prior to deposition and can dart with the fisson
production values that are independent of estimatesfor other
radionuclides. The mode can be very usefully applied for
short-lived radionuclides that could not be adequatdy
monitored at thetimethetesting occurred. However, because
the depodtion of these short-lived radionuclides is so
dependent on the fractions injected into the troposphere and
the amounts of local and intermediate fallout, the modd
deposition estimates are less rdliable, and the results need to
be adjusted to agree with available data.

34. The radionudides produced and globally dispersed in
atmospheric nudlear testing that are important from a dosi-
metric point of view are liged in Table 9. These are the
radionuclides that were aso condgdered in the UNSCEAR
1993 Report (Annex B, Table 1) [U3]. For fisson radio-
nuclides, the production per unit energy released in the tests
assumes 1.45 10 fissons Mt Multiplying by the fission
yield and the decay congtant gives the normalized activity
production. For radionudides produced in fuson reactionsor
by activation primarily in thermonuclear tests (°H, *C, *Mn,
*Fg), the normalized production can be estimated from
measured inventories in the environment and the associated
total fusion energy of all tests. The values for *Mn and *Fe
are those quoted in the UNSCEAR 1993 Report [U3], which
may yet be adjusted to takeinto account better estimates of the
inventoriesand thetotal fuson energy of tests. Theproduction
of transuranic radionudides has been inferred from ratios to
95r, as measured in deposition. These values are thus un-
changed from previous etimates [U3]. The total production
of radionudlides in atmospheric testing associated with the
globally dispersed debris(exduding local deposition at thetest
sites and regional deposition) and based on revised estimates
of fisson and fusion energiesis given in the last column of
Table 9. Thefission yiddsin Table 9, which are assumed to
be representative of dl atmospheric tests, are those for
thermonuclear tests, Snce these contributed over 90% of the
debris. Thefission yidds for #Sr and 2Sb has been revised

dightly fromthose previoudy used [U3], based on the produc-
tion ratios for thermonuclear tests reported by Hicks [H6].

35. The input data to the amospheric modd for the
cal culation of worl dwi de deposition of radionudidesproduced
in atmospheric testing are the fisson and fusion yidds of
individual tests (Table 1), the normalized production of
radionuclides (Table 9), and the atmospheric partitioning
assumptions (Tables 5 and 6). Because atmospheric transport
is seasondl, it is necessary to work with monthly values of
input and to calculate monthly deposition. For short-lived
radionudides it is necessary to use daily values to adequately
account for decay before deposition. Thetotal annual deposi-
tion resultsare presented in Table 10 for each hemisphereand
for theworld. Becausethermonucd ear fisson yieldswereused,
the egdimates for years with mostly low-yied tests are
somewhat less certain, since the fission yidds for low-yidd
tests for some radionudides vary significantly depending on
the mixture of fissile material used.

36. Only for ¥ are there adequate measurements of
hemispheric deposition that could be used in place of the
calculated results. Limited dataare availablefor #Sr from the
sampling network of the United States [H7]. Some data on
other radionuclides are dso available for a few sites during
particular time periods. Thereareonly minor discrepanciesin
caculated and measured results for ¥Sr, but the measured
resultsareused preferentialy in Table 10, i.e. 1958-1985. An
important component of the residual global contamination
from atmospheric testing is*'Cs. Because of thesimilarity in
the half-life of *'Cs (30.07 @) and *Sr (28.78 a), deposition
occurs according to the ratio of fisson yields and (inversdy)
half-lives ®¥'Cg®Sr = 1.5. Thus, the estimates of *'Cs in
Table 10 are based on this ratio times the measured *Sr
deposition for the period 1958-1985. The estimates for **Ce,
1%Ru and S, *Mn and SFe are based soldy on the
calculated results. The calculated results for the refractory
radionudides, *Zr, **'Ce, **Ce, *Mn, and *Fe take into
account the higher loca and intermediate deposition
discussed earlier. The estimates of annua deposition of %Zr,
oy, 895, 1%Ry, 'Ce, 1°Ba, and **| have been normalized to
the total depositions reported at the bottom of Table 10. The
estimates of total deposition are based on comparisons with
available data, production ratios, and relative half-lives. The
ratios of total deposition for these radionudlides to ¥*Sr differ
somewhat from thosereported in the UNSCEAR 1993 Report
[U3], because of revised assessment of the available data as
wdl as an adjustment to account for a grester proportion of
deposition at low latitudes than assumed earlier.

37. A basicindication of deposition amounts determined by
measurements and needed in dose calculations is the
deposition dendty, the activity of deposited radionuclides per
unit ground surface area. Global measurements of *°Sr are
rdated to the areas of the 10° latitude bands in which the
measurements were made. These areas are given in Table 8.
From the evauated fractional deposition in each band, the
total hemispheric deposition isapportioned and thedeposition
densties determined. By weighting these results with the
populationsin the bands, the popul ation-weighted deposition
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density for the hemiphereis obtai ned. With 89% of theworld
population in the northern hemisphere and 11% in the
southern  hemisphere, the hemispheric results may be
weighted accordingly to obtain the world average deposition
dengty. This latitudina apportionment is valid only for the
long-lived radionudlides for which most of the deposition
originated from debris injected into the stratosphere. For
short-lived radionudides, for which most of the deposition
was from debris injected into the troposphere, adjustments
must be made to account for the increased deposition at low
latitudes resulting from tests of the United States and the
United Kingdom in the Pacific. Since the population in
the northern hemisphereis about equally divided between
latitudes greater and lessthan 30°, an increasein therdative
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fraction of the deposition below 30° has only a small impact
(about 10%) on the population-weighted deposition dengty.
However, because 86% of the population of the southern
hemisphere lives between 0°-30° latitude and dmost all of
the debris injected into the southern hemisphere troposphere
was at |atitudes |less than 30°, the value to convert from total
deposition to popul ati on-wei ghted deposition density for short-
lived radionuclides (half-lives less than 30 days) for months
in which the input was primarily from United Statestestsin
the Pecific would be 6.7 rather than 3.74 (see Table 8). An
intermediate weight of 5.7 based on 75% of the debris from
tropospheric injections and 25% from stratosphericinjections
would bemoreappropriatefor radionudideswith half-lives of
about 30 to 100 days.
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Figure VII. Caesium-137 deposition density in the northern and southern hemispheres
calculated from fission production amounts with the atmospheric model.

38. Thehemispheric and world average cumulative deposi-
tion dengities are given in Table 11. The monthly deposition
results from the atmospheric model have been averaged over
the year. The modd accounts for decay during the month of
deposition aswell as after deposition. Thetotal deposition for
long-lived radionudides (half-life >100 d) in the hemisphere
is multiplied by the parameters in Table 8 (4.65 and 3.74
Bg m™ per PBq in the northern and southern hemisphere,
respectively) to obtain the population-weighted deposition
dengties of Table 11. For radionuclides with half-lives
between 30 and 100 d, and <30 d, factors of 5.7 and 6.7
Bg m™ per PBg, respectively, were used for the southern
hemisphere. A value of 4.0 was used for the northern
hemisphere for dl short-lived radionuclides. The world
average is the population-weighted sum of the hemispheric
values. 0.89timestheaverage popul ati on-weighted deposition
density of thenorthern hemigphereplus0.11timestheaverage
population-weighted deposition densty of the southern
hemisphere. For the long-lived radionuclides, the deposition
denstiesin particular latitudina regionsmay beobtainedwith
use of the factor given in the last column of Table 8. For
example, the deposition density for S in the 40°-50°
latitude region of the northern hemisphere is 1.5 times the
northern hemisphere average value.

39. An important component of the residua radiation
background caused by deposition of radionuclidesproducedin

atmospheric tegting is that of *¥Cs. Calculated deposition
dendties of ©*'Cs in various latitude regions are shown in
Figure VII. Thex leveds were perturbed by additiona
deposition from the Chernobyl accident in 1986, especidly in
European countries.

40. Theworld average deposition densities of radionuclides
produced in atmospherictesting areillustrated in Figure VIII.
Condgderable variations are noted for the short-lived radio-
nuclides, and these have by now decayed to negligible levels.
When the tests were taking place, the deposition densities of
several short-lived radionudlides, especially **Ce, *®Ru, and
%Zr, were highest, but since 1965, *Cs and ®Sr dominatein
theresidual cumulative deposit.

41. Thesummations of theannual deposition densitiesof
Table11 givetheintegrated deposition densities(Bgam™3)
for the radionuclides. Only for ®Sr and *Cs are there
significant contributionsbeyond theyear 2000. Thetotal in
Table 11 extended for all time (1945 to infinity) may also
be obtained from the total deposited amounts (Table 10)
multiplied by the mean lives of the radionuclides (1/i =
half-life + In2) and the appropriate population-weighted
conversion factor from Table 8. This demonstrates the
consistency of theannual cal culation of deposition and the
cumulative deposition density.
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Figure VIII. Worldwide population-weighted cumulative deposition density of radionuclides produced in
atmospheric testing. The monthly calculated results have been averaged over each year. Several short-lived
radionuclides with half-lives and deposition patterns intermediate between *°Ba and Zr are not shown.

3. Annual doses from global fallout

42. The Committee provided a rough indication of the
average annual dosesto the world population from fallout
radionuclides in the UNSCEAR 1982 Report [U6]. For
1958-1979, the maximum dose rate was estimated to be
0.14 mSv atin 1963, and it had decreased by almost an
order of magnitude by 1979. Using available empirical
models, the annual doses can be estimated in much more
detail. The results of this exercise are presented in this
Section.

43. The badc input to dose caculations from fallout
radionuclides has been the measured deposition densty of
95, The measured annual hemispheric deposition amounts
for representative mid-latitude sitesarelisted in Table 7. The
measurements, which began in 1958, were continued until
1985. By then the stratospheric inventory from atmospheric
tests was largely depleted. Some of the monitoring Steswere
affected by the Chernobyl accident in 1986. Subsequently, a
low, congtant level of deposition has been measured that
reflects resuspended soil particles [A4, 15]. Longer-lived
radionuclides in global fallout other than *Sr have also been
monitored, but they have been present in relatively constant
ratios to *¥Sr. For short-lived radionudides (half-life <100
days), decay before depostion is dgnificant. For these
radionuclides, the pattern of deposition was previoudy taken
to be that of *Zr, with the magnitude estimated from the
average value of the ratio determined by available
measurements. The empirical amospheric mode with input
from individua nuclear tests now allows the time course of
deposition of al radionuclidesproduced in atmospherictesting
to be determined in greater detail and with better general
accuracy.

44. Thegenera proceduresfor deriving doseestimatesfrom
the measured or calculated deposition dendties of radio-
nuclides are presented in Annex A, “Dose assessment
methodologies’. It is only necessary to summarize here the
values of transfer coefficients needed for the annual dose

eva uationsfor thevariouspathways: external, inhaation, and
ingestion. The trandfer coefficients P, used to evaluate the
effective dose committed by unit deposition density of a
radionuclide were given in the UNSCEAR 1993 Report
(Annex B, Table 8) [U3].

45, Of theradionuclides contributing to external exposure,
only ¥Cs has a hdf-life greater than a few years. For this
radionuclide the depth distribution in soil has been taken to
correspond to a relaxation length of 3 cm. Previous assess-
ments of external doses from fallout assumed a plane source
digribution for the other radionudides [U3, U4]. This
assumption isnow altered to provideamoreredigtic bassfor
the dose etimation. A relaxation length of 3 cmisaso usad
for the other long-lived radionudides (half-lives >100 days).
For radionuclides with half-lives between 30 and 100 days, a
relaxation length of 1 cm is more appropriate. For the other
short-lived radionuclides (half-lives <30 days), a rlaxation
length of 0.1 cm is assumed rather than a plane source, to
account for ground roughness. The chosen rdaxation lengths
are conggtent with the values used in the UNSCEAR 1988
Report [US] to edimate externa exposures from the
Chernobyl accident and more adequately reflect the observed
penetration of the radionuclides into the soil with time. The
parameters required to calculate the annua effective doses
from externd irradiation are summarized in Table 12.

46. For the external irradiation pathway, the effective
dose rate per unit deposition density is derived by
multiplying thedoseratein air per unit deposition density
by the conversion factor 0.7, which relatesthedoseratein
air to the effective dose, and the occupancy-shielding
factor, 0.2 fractional time outdoors + 0.8 fractional time
indoors x 0.2 building shielding = 0.36. The average
annual effectivedoseisthen obtained by multiplying by the
average annual deposition density.

47. Thevalues of annual doses dueto external exposure
from radionuclides produced in atmospheric testing are
given in Table 13. The components of the world average
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external doseareillustrated in Figure IX (upper diagram).
The short-lived radionuclide *2Zr, with its decay product
®Nb, wasthemain contributor to external exposureduring
active testing. Of less significance were *®Ru, *Mn, and
1%Ce. Beginning in 1966, *'Cs became the most important
contributor, and presently it is the only radionuclide
contributing to continuing external exposure from
deposited radionuclides.

48. Several radionudides contribute to exposure via the
ingestion pathway. They are liged, aong with the transfer
coefficients, in Table 12. For the short-lived radionudides
(B4, ¥Ba, ®Sr), the exposures occur within weeks or months
following deposition. For annual doserates, it issufficient to
assumethat the exposures occur evenly over the mean life of
theradionudide. Thetransfer coefficientsreating doserateto
deposition density are obtained by dividing the transfer
coefficients for the committed dose [U3] by the radicactive
mean lives. These arethe entriesin Table 12.

49. In previous UNSCEAR assessments, exposures via the
ingestion pathway from the longer-lived radionuclides %S
and ¥'Cs have been derived from empirical transfer models
applied to the measured deposition dendity of ¥*Sr (the*'Csto
95 ratio of 1.5 is used to derive the deposition density of
BCy). The parameters of the models were evaluated from
regression fits to the measured concentrations of these
radionuclidesin diet and the human body. Thesemodd sapply
to continuing depostion throughout the year, as occurred
during fallout depostion. Thus, the seasonal variability in
trandersto diet isaveraged out in asingle annua value.

50. The model used to describe the transfer of ®Sr or
B’Cs from deposition to diet is of the form

C, =

di b F + bR

i-1 + bsz e_}\/n I:i—n (1)
n=1

where Cy; isthe concentration of theradionuclidein afood
component d or in the total diet in the year i due to the
deposition density rate F; in the year i, F,_; in the previous
year, and the sum of the deposition density rates in all
previous years, reduced by exponentia decay. The
exponential decay with decay constant 1’ reflects both
radioactive decay and environmental loss of the
radionuclide. The coefficients by and the parameter i’ are
determined by regression analysis of measured deposition
and diet data. The coefficients b, represent thetransfer per
unit annual deposition inthefirst year (b,), primarily from
direct deposition, in the second year (b,), from lagged use
of stored food and uptake from the surface deposit, and in
subsequent years (b,), from transfer via root uptake from
the accumulated deposit.

51. Thetransfer from diet to the human body (bone) for
95y is described by a two-component model:

S .
Coi = €Cyi + g) e bmcd,i—m @)
m=0

where C,,; is the concentration of ®Sr in bonein the year i, ¢
isa coefficient for short-term retention, and g is a coefficient
for longer-term retention, with removal governed by the decay
congant 4,. The parameters ¢, g, and %, are determined by
regression fits to monitoring data.

52. Theretention of ¥Csin the body isrelatively short-
term (retention half-time of around 100 days). The annual
dose per unit intake can therefore be expressed by asingle
transfer coefficient, Py, which appliestotheyear of intake.
The annual doses from ®Sr and *¥Cs in the body are
evaluated using the transfer coefficient P,s. The values of
the transfer coefficients used in calculating the annua
effectivedosefromingestion of °Sr and *'Cs, derived from
long-term monitoring, are given in Annex A, “Dose
assessment methodologies’.

53. Further exposure via ingestion of longer-lived radio-
nuclides occursfrom *Feand thetransuranium dements. The
dosescommitted fromthetransuraniumradionudidesarevery
small, and the contributionsto annual dosesare negligible. A
transfer model does not exist for **Fe. Its half-lifeisonly 2.73
years, therefore, it is assumed, as for the short-lived radio-
nuclides, that the dose-rate transfer coefficient is equal tothe
commitment transfer coefficient [U3] divided by the radio-
active mean life. Thisresult isentered in Table 12.

54. The components of annual dose via the ingestion
pathway from radionuclides produced in atmospheric testing
are liged in Table 14 and illugtrated in Figure IX (middie
diagram). During active tegting, ®¥Cs was the most
significant component, owing to its more immediate transfer
to diet and ddivery of dose Because of the longer-term,
continuing transfer of *¥Sr to diet and its longer retention in
the body, this radionudide became the most important
contributor to dose beginning in 1967. The short-lived
radionuclideshavebeen re atively ing gnificant contributorsto
ingestion exposure (see Figure IX).

55. For the inhalation pathway, exposures depend on the
concentrations of radionucdlides in air, but because of the
asociation between concentrations in air and deposition
densities through the deposition veocity, the trandfer
coefficientsfor thedose from inhalation can begiveninterms
of the measured deposition densties of the radionudlides.
Thesetransfer coefficients, P,s, were given in the UNSCEAR
1993 Report (Annex B, Table 8) [U3] and are repested here
in Table 12. These are the committed doses per unit intake.
The dose from inhaation can be assumed delivered in the
same year that the deposition occurred. Subsequent exposures
from resugpension are accounted for in the measured air
concentrations and the derived deposition veocity, and
although these exposures may continue for afew more years,
including al of the exposure in the year of initial deposition
does not introduce much error.

56. Theestimates of annual doses from theinhalation of
radionuclides produced in atmospherictestingaregivenin
Table 15, and several of the components areillustrated in
Figure IX (lower diagram). Important contributors to
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Figure IX. Worldwide average doses from radionuclides produced in atmospheric testing.

External exposure:
Ingestion exposure:
Inhalation exposure:

inhalation exposure were

Contributions from radionuclides 3, *°Ba, **Ce, °Ru are included with *°Zr;

Contributions from *°Sr and **°Ba are included with **I;

Contributions from short-lived radionuclides (**!1, **°Ba, **'Ce, ®Ru, 8°Sr, °'Y) are included
with %Zr and from intermediate-lived radionuclides (**Mn, *°Sh, **Fe) are included with **'Cs.

144Ce

the

transuranic

radionuclides, *°Ru, °Y, %Zr, and ®Sr. Deposition, and
thus the concentrations of these radionuclides in air,

dropped rapidly once atmospheric testing ceased in 1980.
Even for the long-lived transuranic radionuclides,
inhalation exposure became insignificant after 1985.
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57. One further contribution to annual exposures comes
from the globally dispersed radionuclides *H and *C. In
both cases, there is no external exposure and only
negligible exposure from inhal ation. Exposure arises most
entirely from the ingestion pathway. Global models have

102,
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ANNUAL EFFECTIVE DOSE (uSv)
= S
— [=]
| |

been formulated to describe the dispersion and long-term
behaviours of these radionuclides in the environment.
Estimates of the annual doses from *H and **C produced in
atmospheric testing are included in Table 14 and
illustrated in Figure X.
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Figure X. Worldwide average dose (mainly from ingestion pathway) from globally dispersed *H and **C.

58. The annual doses from tritium have been evaluated
using the seven-compartment model presented by the
United States National Council on Radiation Protection
and Measurements (NCRP) [N1]. With volumes and
transfer rates applicable for the hydrological cycle of the
world and intake of water by humans assumed to be 33%
from the atmosphere, 53% from surface fresh waters,
13.3% from groundwater, and 0.7% from ocean surface
water (through fish) [N1], the dose per unit rdease is
0.06 nGy PBq *. Further details of the model are presented
in Annex A, “Dose assessment methodologies’.

59. Theannual dosesfrom *C have been derived using the
multi-compartment model described in Annex A, “Dose
assessment methodologies’. The esimates are only approxi-
mate, Snce widespread, immediate mixing in large regions
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2

isassumed in the modd formulation. To compensatefor this,
the hemispheric values have been adjugted to an initid ratio
of 4to 1in the northern and southern hemispheres, reflecting
thedeposition pattern of longer-lived radionudides. Thisratio
was maintained through 1970 and then reduced uniformly to
aratio of 1 to 1 by the year 2000, representing assumed
completion of uniform mixing throughout the world. This
procedure provides more realistic estimates of doses in the
hemispheres, but does not affect the estimated global average.
The average annual global effective dose from *C produced
in atmaospheric nuclear testingwasat amaximum, 7.7 uSv, in
1964 and has decreased by a factor of 4 since that time. The
dose would be estimated to be somewhat |ess when account is
taken of the input of stable carbon into the atmosphere from
foss| fud burning, which dilutesthe *C.

!
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Figure XI. Contributions of pathways to worldwide average dose from radionuclides produced in atmospheric testing.
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60. The egtimates of the totd annua effective doses from
radionucdlides produced in atmospheric nuclear testing are
summarized in Table 16, and theworld average contributions
from the main pathways are illustrated in Figure XI. These
results are for the hemispheric- and world-population-
weighted averages of deposition of fallout radionuclides. The
doses in more specific regions of the world may be obtained
by adjusting to the latitudinal distribution of deposition
determined from measurement of ¥Sr (Table 8). In the
temperate zones (40° - 50°), theannua dosesfrom long-lived
radionuclides are higher than the hemispheric averages by
factors of 1.5 in the northern hemisphere and 1.65 in the
southern hemisphere. For the short-lived radionuclides (see
paragraph 37), the digtribution with latitude is more uniform
in the northern hemisphere, while the dosesin the temperate
zonesof the southern hemisphereare about onethirdlessthan
the hemispheric average. The hemispheric average annual
dose was highest in 1963 in the northern hemisphere (0.13
mSv) and in 1962 in the southern hemisphere (0.06 mSv).

61. The edimated world average annual dose from
atmospheric nuclear testing was highest in 1963 (0.11 mSv)
and subsequently declined to less than 0.006 mSv in the
1990s. Externa exposure generaly made the highest
contributionstoannual doses, when theannual dosesfrom *C
and *H arenat included, initially by short-lived radionudides
and subsequently by *'Cs. Both external and ingestion
exposurepeaked in 1962. Theannual dosesat present aredue
amost equally to externa irradiation (53%) and ingestion
exposures (47%). The dose from **C (30% of the total) now
exceadsthat from ingestion of other radionuclides. The doses
yet to be ddivered a future times are adso indicated in
Table 16. The summation of annua dosesfor al timedefines
the dose commitment, which is the dose quantity previoudy
evaluated in UNSCEAR assessments of the exposure from
atmospheric nudear testing [U3]. With use of the modd
calculations, therevised externa dose coefficients, andthere-
eva uation of thetotal deposition of short-lived radionudlides,
the present dose ettimates for some radionuclides differ
dightly from the previous assessment, athough the current
edimated total effective dose commitment to the world
population, 3.5 mSy, islittle different from theresult givenin
the UNSCEAR 1993 Report [U3], 3.7 mSv.

4. Local and regional exposures

62. Since atmospheric nuclear tests were conducted in
relatively remote areas, exposures of local populationsdid
not contribute significantly to the world collective dose
from this practice. Nevertheless, those individuals living
downwind of the test sites received greater-than-average
doses. In addition, individuals who might now or in the
future occupy contaminated areas of the former test sites
could receive exposures through external or internal
pathways. Efforts are being made to evaluate these sitesto
guide possiblerehabilitation and resettlement, and work is
continuing to reconstruct the exposure conditions and to
estimate the local and regional dosesthat were received at
the time of the tests. Availableinformation was presented
in the UNSCEAR 1993 Report [U3] and is summarized

here in Table 17. Further results, although till not
systematic and complete, are presented in this Section. It
will be necessary to add details as the dose reconstruction
efforts progress.

63. Thelocations of several test Stesare shown in Figures
X1, XII, and XIV. The areas within a few hundred
kilometres of the Ste are generally designated as local and
thosewithin afew thousand kilometres, regional . Distances of
500 km and 1,000 km from the test Stesare ddlineated in the
figuresfor reference purposes. The exposed popul ationswere
generaly only those living in downwind, generally eastward
directions.

(&) Nevada test site

64. The Nevada test site in the United States was the
location for 86 atmospheric nuclear tests: 83 tests were
conducted from 1951 to 1958, and 3 more tests were
conducted in 1962. Additional cratering tests also injected
debrisintotheatmosphere[N10]. Local areaswereaffected
by relatively few tests, but for those few tests they were
much more affected than more distant areas of the United
States, which recelved less deposition and exposure but
were more evenly affected by alarger number of tests. The
external exposures to local populations were estimated at
the time of testing to be low; however, public concern
about the health impact of the exposures grew. As a
consequence, rather detailed dose reconstruction projects
were undertaken in the 1980s.

65. Edimates of external exposures from atmospheric tests
at the Nevada test site were reported by Anspaugh et a. [Al,
A3]. Results were derived from survey meter and film badge
measurements for 300 communities in the local arees
(<300 km) around thetest Stein Nevadaand in southwestern
Utah. The digtribution of individual cumulative exposuresis
given in Table 18. The effective dose exceeded 3 mSv in 20%
of the population of 180,000. The highest effective doseswere
in therange 60-90 mSv, and thepopul ation-weighted average
value was 2.8 mSv [A1]. The exposures resulted primarily
from short-lived gamma-emitters (half-lives <100 days).
The estimates were based on outdoor occupancy of 50%
and abuilding shidding factor of 0.5; theusual UNSCEAR
assumptions are 20% and 0.2, respectively. Most of the
exposures resulted from relatively few events; 90% of the
cumulative collective dose of 470 man Sv resulted from 17
events, the most significant being test Harry on 19 May
1953 (180 man Sv), test Bee on 22 March 1955 (70
man Sv), and test Smoky on 31 August 1957 (50 man Sv)
[A3]. Collective doses that included areas further
downwind, encompassing all of Nevadaand Utah and parts
of several other western states, were estimated to havebeen
even greater than for the local area, about 10,000 man Sy,
primarily dueto the exposure of the large popul ation areas
around Salt Lake City [A7, B9]. All of the United States
received some fallout from Nevada weapons tests [B10].
Beck and Krey [B11] reported cumulative doses from
external exposure averaged about 1 mSv to persons living
in the midwest and east of the country.
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66. Internal exposuresresulting from atmospherictesting
at theNevadatest site have been estimated from deposition
measurements and an environmental transfer model [K2,
W?2]. Absorbed doses to organs and tissues from internal
exposure were substantially less than those from external
exposure, with the exception of the thyroid, in which ¥
fromingestion of milk contributed relatively higher doses.
Estimates of absorbed dosesin thethyroid of 3,545 locally
exposed individuals ranged from 0 to 4.6 Gy; the average
was 98 mGy and the median 25 mGy [T4]. Five
individual s recei ved absorbed doses greater than 3 Gy, and
all of them drank milk from afamily-owned goat [T4]. The
collective absorbed dose to the thyroid of the population of
states in the western United States was estimated to be
140,000 man Gy [A7]. An extensive study has been
completed by the National Cancer Institute of the United
States of thyroid dosesin all counties of the United States
from 4 deposition following the atmospheric tests in
Nevada[B6, N10]. Theindividual thyroid dosesranged up
to 100 mGy in local areas. For the entire population of the
United States, the estimate was 20 mGy, with a collective
absorbed dose of 4 10° man Gy. Although not involving
exposure, it should benoted that plutonium migration from

an underground nuclear test conducted at the Nevada Test
Site was detected 30 years following the test in a ground
water monitoring well 1.3 km from thetest location [K12].
Inthisvery arid region, no migration had been anticipated.
Theauthorsconcludedthat colloid-facilitated transport was
implicated in the field findings.

(b) Bikini, Enewetak test sites

67. An extensive nuclear test programmewas conducted
by the United States at locations in the Pacific (Table 1).
The test resulting in the most significant local exposures
was the thermonuclear test Bravo on 28 February 1954 at
Bikini Atoll. Unexpectedly heavy fallout occurred in the
local area eastward of the atall (Figure XI1). Within afew
hours of the explosion, fallout particles descended on
Rongelap and Ailinginae atolls, 200 km from Bikini,
exposing 82 persons. The Japanese fishing vessel Lucky
Dragon was also in this area, and 23 fishermen were
exposed. Farther east, exposures occurred at Rongerik
Atall (28 United States servicemen) and Utrik Atoll (159
persons). These individuals were evacuated within a few
days of theinitial exposures.
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Figure XIl. Bikini and Enewetak test sites.
The inner dotted circle indicates a distance of 500 km, the outer dashed circle 1,000 km from the test sites.

68. Average externd exposuresfrom the Bravotest, mainly
from short-lived radionuclides, ranged from 1.9 Sv on
Rongdap (67 persons, including 3 in utero), 1.1 Sv on
Ailinginae (19 persons, including 1 in utero), and 0.1 Sv on
Utrik (167 persons, including 8 in utero) [L4]. The callective
dose from the exposures received by these individuals before
evacuation was, therefore, 160 man Sv. Thyroid doses from
severd isotopes of iodine and tellurium and from external

gamma radiation were estimated to be 12 Gy on average
(42 Gy maximum) to adults, 22 Gy (82 Gy maximum) to
children of 9 years, and 52 Gy (200 Gy maximum) to infants
of 1 year [L4].

69. The externad exposure from the Bravo test to the
servicemen on Rongerik Atoll was 0.8 Sv [L4]. For the 23
Japanese fishermen, the externa exposures from the fallout
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deposition on deck ranged from 1.7 to 6 Sv, mosily received
on thefirg day of thefallout but continuing for 14 days, until
the ship arrived in its port [C9]. The thyroid doses to the
fishermen were estimated to have been 0.2- 1.2 Gy from 4,
based on external counting, but since other short-lived iodine
isotopes were also present, the total doses to the thyroid from
inhalation during a period of five hours were etimated to
have been 0.8-4.5 Gy [C9].

70. There seem to have been no other tests that caused
significant exposures to the population in the Pacific region.
The populations of the atalls where tests were conducted had
been rdocated prior to the testing. Exposures to residua
radiation levelson Utrik and Rongelap atollsto residentswho
returned to theseidandsin 1954 and 1957, respectively, were
of the order of 20- 30 mSv over the following 20- year period
from external irradiation and 20-140 mSv from interna
exposure [C9]. During the temporary resettlement of Bikini
Atdl from 1971 to 1978, total whole-body exposures were
etimated to have been 2-3 mSv a* [G5]. A radidlogical
survey of resdua radiation levels, primarily due to globa
fallout deposition, was conducted throughout the Marshall

Idands in 1994 [S2], and more detailed surveys have been
made of Bikini and Enewetak atolls, in order to evaluate
eventual permanent resettlement [14, R1]. Estimated effective
doses caused by residual contamination to personswho might
return at present to Bikini Atoll were estimated to be 4 mSv
with a diet composed of both local and imported foods and
about 15mSv for adiet of local origin only [14]. Testsat other
locationsin the Pacific (Christmas|d and and Johnston | d and)
were conducted in the high atmosphere, and there was little
local fallout deposition.

(c) Semipalatinsk test site

71. The Semipalatinsk test steis located in the northeast
corng of Kazakhgan (see map in Figure XIII). At this
location, 456 nudear tests were conducted, including 86
atmospheric and 30 surface tests [M2]. The mogt affected
local populations lived mainly east and northeast of the test
site, in the Semipdatinsk region of Kazakhstan and the Altai
region of the Russian Federation. After some tests, traces of
radioactive contamination were also formed in southern and
southeastern directions [G8].
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two additional test (on 24 September 1951 and 24 August
1956) are ated in [G8] to have contributed 85% of the total
collective effective dose from al tests. There are severd

72. Two tests were most dgnificant in exposing the
populaion of Kazakhstan: the first test on 29 August 1949
andthefirg thermonudlear test on 12 August 1953. Theseand
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documents liging doses at oecific locations for the
population in Kazakhstan [G8, S7, T1], but the presented
results differ markedly. Example results from the latest
publication [S7] of accumulated effective doses for severa
districts indicate effective doses in the range from 0.04 to
24 Sv. The cdlective efective dose for ten didricts is
estimated to be 3,000- 4,000 man Sv [S7]. The absorbed dose
to the thyroid from the ingestion of radioiodines is quite
uncertain, but isestimated to beashigh as8 Gy to children in
the Akbulak settlement [S7].

73. TheAltai region of the Russian Federation is about
200 km from the Semipalatinsk Test Site. This population
experienced exposure following about 40 explosions[S8].
The most significant exposure was caused by the nuclear
test of 29 August 1949 with other major exposures
following tests on 3 September 1953, 1 August 1962, 4
August 1962, and 7 August 1962. Effective doses of about
2 Sv areegtimated to have occurred in theUglovski district
following the 1949 test. The total collective dose to all
residents in 58 districts with a total population of 1.9
million personsis estimated to be 42,000 man Sv [S8].

74. The results for Kazakhstan and the Altai region in
the Russian Federation must at present be regarded with
caution. There are significant discrepancies among the
reported results for Kazakhstan, and the reported results
for the Altai region differ markedly when derived from
measured results or model calculations. Validation of
results based upon contemporary measurements of *'Cs

deposition density might be useful in resolving some of
these discrepancies.

75. Investigation of residual contamination levels at the
Semipalatinsk site has begun. In 1993-1994, an inter-
national team performed a preliminary survey of the test
site and surrounding area [19]. More significantly con-
taminated areas were found at ground zero locations and
surrounding Lake Balapan. Projected annual doses were
estimated to be 10 mSv, mainly from external exposure, to
individuals making daily visits to these sitesand 100 mSv
to those who might permanently reside at these locations.
Present annual effective dosesto personsliving outsidethe
test site boundaries were estimated to be of the order of
0.1 mSv from residual contamination levels.

(d) Novaya Zemlya test site

76. Thetest site Novaya Zemlyain the Russian Arcticis
large and remote. Although an extensive atmospheric test
programme was conducted there, most of the tests were
carried out at high altitudes, thus minimizing local fallout.
Therewasonetest with a32 kt yield on theland surfaceon
7 September 1957 [M2]. In addition, there were two tests
on the surface of the water and three tests underwater at
the site. Research programmes to investigate residual
contamination both on- and off-site have been initiated. It
may be that reindeer herders and those who consume
reindeer meat received low internal exposures, primarily
from *¥'Cs, that could be attributed to tests at this site.
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(e) Maralinga, Emu test sites

77. The nudear weaponstesting programme of the United
Kingdom included 21 atmospheric tests at Stesin Australia
and the Pacific. The tests in the Pacific at Malden and the
Christmas Idandsin 1957 and 1958 were airbursts over the
ocean (Sx testswith submegatonne and megatonneyidds) or
explosions of devices suspended by balloons at 300-450 m
over land (one test of 24 kt and two tests each with 25 kt
yield) [D2]. Locdl fallout would have been minimal following
thosetests. Twelve tests were conducted from 1952 to 1957 at
three dtes in Audrdia. Monte Belo Idands, Emu, and
Maralinga, which are shown on the map in Fgure XIV.
These were mainly surface tests with yidds of 60 kt or less.
For each of these tedts, trgjectories of the radioactive cloud
weredetermined, and local and countrywidemonitoring of air
and deposition was performed [W1]. Egimates of externa
exposuresinlocal areaswerenot madefor theearlier tests; for
the tetsin 1956 and 1957, the external effective doses were
lessthan 1 mSv [W1]. Thesizesof local populationswere not
indicated. Estimates of internal exposures were also made for
the entire Australian population. The average effective dose
was 70 uSv, and the call ective effective dose was 700 man Sv
in this population [W1]. A number of sofety tests were
conducted at the Maralingaand Emu sitesin South Audtralia,
resulting in the dispersal of Z°Pu over some hundreds of
square kilometres. The potential dosesto local inhabitants of
these areas have been evaluated [D1, H2, W3]. Following
rehabilitation of the Maraliinga test site it is etimated that
potential doses to future inhabitants living a semi-traditional
nomadic lifestyle will belessthan 5 mSv [D1].

(f) Algerian, Mururoa, Fangataufa test sites

78. TheFrench nudear testing programme began with four
low-yidd surface tests at a Site near Reggane in the Algerian
Sahara in 1960 and 1961 [D3]. Thereis no information on
loca exposures following these tests. Some residual
contamination remains at this sSte and a a nearby ste, In
Ecker, where 13 underground tests were conducted. Small
quantities of plutonium were dispersed at these stes from
safety experiments, which involved conventional explosives
only. Invettigations of the present radiation levels and
potential exposuresof individua whomight utilizetheseareas
have been initiated by the IAEA.

79. Thesubsequent programme of Francewas conducted at
the uninhabited atolls of Mururoa and Fangataufa in French
Polynesiain the South Pacific. Mogt of thesetestsinvolved the
detonation of devices suspended from balloons a heights of
220-500 m[D3], limiting local fallout. Radiological monitor-
ing has been conducted at surrounding locations. The dosest
inhabited atoll is Turela (140 persons) at adistance of 120 km
to the north; only 5,000 personslived within 1,000 km of the
test Ste. A larger population (184,000 persons in 1974) is
located 1,200 km to the northwest, at Tahiti. Under the
conditions that normally prevail at the test sSte, radioactive
debris of the local and tropospheric fallout was carried to the
east over uninhabited regions of the Pacific. On occasion,
however, some material was transferred to the central South

Pacific within a few days of the tests by westerly moving
eddies. French scientists[ B8] haveidentified fivetests, follow-
ing which regiona population groups were more directly
exposed (Table 19). A singlerain-out event caused exposures
in Tahiti after the test of 17 July 1974. Exposures resulted
mainly from external irradiation from deposited radio-
nuclides. Milk production on Tahiti issufficient for only about
20% of local needs, and consumption is in any case low,
which limited ingestion exposures. Estimated effective doses
to maximally exposed individua s after all five eventswerein
therange 1-5mSv in the year following thetest. A collective
effective dose of 70 man Sv was estimated for all loca
exposures at thistest Ste. Edimates of exposures were based
on moreextended measurementsthat weremade beginningin
1982. In that year theexternal exposuresin theregion werein
therange1-10uSva’, internal exposureswere2-32uSva’,
and total exposure was 3-33 uSv a, due mostly to residua
5¥7Cs deposition from global fallout. The collective effective
dose was estimated to be about 1 man Sv in 1982 for all of
French Polynesa [R2]. An international investigation of the
present radiological conditions a Mururoa and Fangataufa
was conducted during 1996-1998 [17]. Residua contamina
tion levds were, on the whole, found to be negligibly low.
Small areaswith surface contamination from plutonium exist,
but it was regarded as only remotely conceivable that a
plutonium-containing particle could enter the body of an
individual, eg. through a cut in the kin. Plutonium, tritium,
and caesium in the sediments of the lagoons were considered
unlikely to cause non-negligible exposures at present or inthe
future to any repopulated individuals or to residents of other
idands throughout the Pacific region [17].

(g) Lop Nor test site

80. TheChinesenuclear weaponstesting programmewas
carried out at the Lop Nor test site in western China,
shown on the map in Figure XIII; 22 atmospheric tests
were conducted between 1964 and 1980. Limited
information is available on local deposition following the
tests. Balloons were used to follow the trajectory of the
debris clouds, and airborne and ground-based instruments
were used to monitor the radiation levels. Estimates of
exposures were made over a downwind area to a distance
of 800 km [Z1]. Estimates of external exposuresin citiesor
towns within 400-800 km of the test site in Gansu
Provinceranged from 0.02t00.11 mSv (Table 20), with an
average of about 0.04 mSv for threetests, which accounted
for over 90% of the dose from al Chinese tests [Z1].
Indoor occupancy of 80% and a building shielding factor
of 0.2 wereassumed. A retrospectivedose eval uation based
on soil sampling was conducted in 1987-1992 [R4]. The
dose commitment from **'Cs was estimated to range from
1.5t0 10 mSv in the northwest Ganzu province.

B. UNDERGROUND TESTS

81. Testing of nuclear weapons underground was begun
in 1951 by the United States and in 1961 by the former
Soviet Union. Following thelimited nuclear test ban treaty
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of 1963, which banned atmospheric tests, both countries
conducted extensive underground test programmes. The
United Kingdom participated with the United Statesin a
few joint underground tests. The underground test pro-
grammes of France and China continued until 1996. India
conducted a single underground test in 1974 and five
further testsin 1998. Pakistan reported conducting six tests
in 1998. A comprehensive test ban treaty was formulated
in 1996, but it has not yet been ratified by all countries or
entered into force. Thus, it cannot yet be said that the
practice of underground weapons testing has al so ceased.

82. The number of underground tests (Figure |, upper
diagram) has greatly exceeded the number of atmospheric
tests, but the total yield of the former (Figure |, lower
diagram) has been much less. The largest underground tests
had a reported yidd of 1.5-10 Mt (27 October 1973, at
Novaya Zemlya by the former Soviet Union) [M2] and less
than 5 Mt (6 November 1971 at Amchitka, Alaska, by the
United States) [D4], but most tests have been of amuch lower
yidd, particularly if containment of nuclear debris was
desired. Only with venting or diffusion of gasesfollowing the
tests, ashas happened on occasion, could local populationsbe

exposed.

83. Undergroundtest programmeswere summarizedinthe
UNSCEAR 1993 Report [U3] and the resultant exposures
wereestimated. No further information has become available
that could allow exposure estimates to be improved. It would
be desirable to have a more complete list of those tests in
which venting occurred and estimates of the amounts of
radicactive materials thereby dispersed in the atmosphere.
Thirty-twounderground tests conducted at the Nevadatest site
were reported to have led to off-site contamination asaresult
of venting [H3].

84. The number of underground tests requires revision,
based on recently published information [D4, M2]. Several
testsinvolved the simultaneous detonation of two or more
nuclear charges, either inthesameor in separate boreholes
or tunnels. These so-called salvo tests were done for
reasons of efficiency or economy, but they also deterred
detection by distant seismic measurements. The tests
usually involved two to four charges, the maximum
number was eight. Since each charge has now been
identified, they can be properly specified as separate tests.
The annual numbers of underground tests conducted by
each country are given in Table 21. The total number of
tests by all countriesis 1,876.

85. The yidds of individua underground tests have not
been directly specified. Many are smply reported to bewithin
arange of energies, for example <20 kt or 20- 150 kt. The
annual yidds of underground tests at all locations have been
compiled by the Nationa Defense Research Establishment in
Sweden [N6]. These estimates were included in the
UNSCEAR 1993 Report [U3]. The total yield of al tests
conducted through 1992 was 90 Mt. The yidlds of
subsequent tests have not altered this total amount. The
total yield of all underground testsconducted by theformer

Soviet Union has been reported to be 38 Mt [M2]. The
yieldsapportioned to other countriesarelistedin Table 22.

86. Table 22 provides a summary listing of all nuclear
weapons tests, both atmospheric and underground. The
total number of tests was 2,419; this includes the two
combat explosions of nuclear weapons in Japan and a
number of safety tests. Thelatter had no nuclear yield, but
they are conventionally included in listingsof nuclear tests.
Thetotal yield of all tests was 530 Mt.

C. PRODUCTION OF WEAPONS
MATERIALS

87. In addition to weapons testing, the installations
where nuclear materials were produced and weapons were
fabricated were another source of radionuclide releases to
which local and regional populations were exposed. Some
information on this practice was presented in the
UNSCEAR 1993 Report [U3]. Especidly in the earliest
years of this activity, the pressures to meet production
schedules and the lack of stringent waste discharge
controlsresulted in higher local exposuresthan in thelater
years. Effortsarebeing madeto eval uatethe exposuresthat
occurred during all periods in which these ingtallations
operated. Although it may not be possibleto systematically
evaluateall such exposures, newly acquired information is
summarized in this Section. Also, at some sites, weapons
are now being dismantled.

1. United States

88. Nudear weapons plants in the United States included
Fernald, in Ohio (material s processing); Portamouth, in Ohio,
and Paducah, in Kentucky (enrichment); Oak Ridge, in
Tennessee (enrichment, separations, manufacture of weapons
parts, laboratories); Los Alamaos, in New Mexico (plutonium
processing, weapons assembly); Rocky Flats, in Colorado
(manufacture of weapons parts); Hanford, in Washington
(plutonium production); and Savannah River, in South
Caradlina (plutonium production). There are many more Sites
at which such operations were conducted and wagtes were
stored or disposed. It has been estimated that there are some
5,000 locations in the United States where contamination by
radicactive materials has occurred, not al of which are
associ ated with weaponsmateria sproduction [W4] . EStimates
of rdeases of radioactive materials during the periods of
operation of the nuclear ingallations are summarized in
Table23. Alsolisted arethe exposures etimated to have been
received by the local populations. Thisinformation might be
extended when studies now underway are concluded, thus
allowing better documentati on of thehistori cal exposuresfrom
this practice.

2. Russian Federation

89. Therewerethreemain siteswhereweaponsmaterials
were produced in the former Soviet Union: Chelyabinsk,
Krasnoyarsk, and Tomsk. Relatively largeroutine rel eases
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occurred during the early years of operation of these
facilities. In additions, accidents have contributed to the
background level s of contamination and to the exposure of
individuals living in the local and regional areas.

(&) Chelyabinsk

90. TheMayak nuclear materials production complex is
located in the Chelyabinsk region between the towns of
Kyshtym and Kadli near the eastern shore of Lake Irtyash.
Uranium-graphite reactors for plutonium production and
a reprocessing plant began operating in 1948. Relatively
largedischargesof radioactive materialstothe TechaRiver
occurred from 1949 to 1956 [D5]. The available informa-
tion on exposuresto the local population was summarized
in the UNSCEAR 1993 Report [U3].

91. Edimates of rdeases of radionuclides during the early
years of operation of the Mayak complex are presented in
Table 24. Contrals of releases were introduced in the early
1960s. Themaximum releasesin airborne effluents, primarily
B, occurred from 1949 to 1956 [D6]. During the same
period, the discharges of radionuclides into the Techa River
occurred [D5, K3]. Of the 100 PBq released from 1949 to
1956, 95 PBqwererdeasedin 1950 and 1951. Along with the
fisson products ligted in Table 24, plutonium isotopes were
also released.

92. Theindividuals mogt highly exposed from the releases
to the Techa River were residents of villages along the river,
who used thewater for drinking, fishing, waterfowl breeding,
watering of livestock, irrigation of gardens, bathing, and
washing. In April-May 1951, a heavy flood resulted in
contamination of the flood plain used for livestock grazing
and hay making. The collective dose to the most exposed
population from 1949 to 1956 was 6,200 man Sv (Table 25).
Doses from externa irradiation decreased in 1956, when
resdents of the upper reaches of the river moved to new
places and the mogt highly contaminated part of the flood
plain wasenclosed. For someinhabitants, however, the Techa
River contamination remains a significant source of exposure
up to the present time.

93. On 29 September 1957, afault in the cooling system of
a storage tank containing liquid radioactive wastes led to a
chemical exploson and alarge rdease of radionudides. The
total activity dispersed off-gite over theterritory of the Chelya-
binsk, Sverdlovak, and Tyumen regions was approximately
74 PBqg. The compostion of the release is indicated in
Table 24. Although the release was characterized mainly by
rather short-lived radionuclides (*“Ce, %Zr), the long-term
hazard was due primarily to ®Sr. An area of 23,000 km? was
contaminated at levels of °Sr greater than 3.7 kBg m™2 [N§].
In 1957, 273,000 people lived in the contaminated area. Of
them, 10,000 lived wherethe®Sr deposition density exceeded
74 kBg m? and 2,100 where the levds were over
3,700 kBg m2 In areas where S contamination exceeded
74 kBg m2, the popul ation was evacuated, and rel ocated first
from themost severdy affected areawithin 7- 10 daysand the
remaining population over the next 18 months. The main

pathways of exposure following the accident were externa
irradiation and internal exposure from the consumption of
local food products.

94. The Mayak complex was responshle for further
exposure of thelocal population in 1967, when water receded
from Lake Karachy, which had been used for waste digoosdl,
and the wind resuspended contaminated sediments from the
shoreline. The dispersed material, about 0.022 PBq, consisted
mainly of **'Cs, ®Sr, and **Ce (Table 24). The contaminated
area, defined ashaving levelsof °Sr greater than 3.7 kBg m2
and of ¥'Cs greater than 7.4 kBq m2, extended 75 km from
thelake. Approximately 40,000 people lived within thisarea
of 2,700 km? Theexposuresfrom externd irradiation and the
consumption of local foods were consderably less than those
following the 1957 storage tank accident.

95. Present levels of exposure associated with operation of
the Mayak complex have been estimated from the residual
contamination [K4]. For internal exposure, the average (and
range) of daily consumption of food were determined to be
milk 0.7 (0.5- 1.0) kg, meat 0.14 (0.09-0.18) kg, bread 0.36
(0.27-0.52) kg, potatoes 0.57 (0.2-1.0) kg, vegetables 0.24
(0.14-0.43) kg, fish 0.05 (0.03-0.11) kg, mushrooms 0.02
(0.01-0.03) kg, and berries 0.04 (0.01-0.06) kg [K4]. These
values were used with the concentrations given in Table 26 to
estimate the average annua dose from internal exposure of
100 pSv. Average annual dose from externa exposure is
esimated to be 10 pSv. For the population of 320,000
surrounding the Mayak complex, the annual collective
effective dose from present operations (1993-1996) is
estimated to be 35 man Sv (Table 27).

(b) Krasnoyarsk

96. TheKrasnoyarsk nuclear materialsproduction complex
islocated about 40 km from thecity of Krasnoyarsk. Thefirgt
two reactors at Krasnoyarsk were direct-flow type
commissioned in 1958 and 1961. A third, dosed-circuit
reactor, wascommissionedin 1964. A radiochemical plant for
irradiated fuel reprocessing began operationin 1964. In 1985,
agtoragefacility for spent fue assembliesfromreactorsinthe
Soviet republics of Russia and Ukraine was put into service.
Thereareplanstoreprocessthisfud fromthedivilian nudear
fud cyclein the future at the Krasnoyarsk ste.

97. Radioactive wastes discharges from the Krasnoyarsk
complex enter the Y enisal River. Trace contamination can be
found from the complex to the estuary, about 2,000 km away
[V1]. An edtimate of the collective dose from radioactive
discharges of the Krasnoyarsk complex during 1958-1991 is
presented in Table 25 [K5]; the estimateis derived from data
on the content of radionuclidesin water, fish, flood plain, and
other components of the river ecosystem [N9, V1]. On the
whole, the collective dose was about 1,200 man Sv. The most
important contributor (70%) tothisdosewasfish consumption
[K6]. Externa exposure from the contaminated flood plain
accounted for 17% of the collective dose. The main radio-
nuclides contributing to theinternal dose from fish consump-
tion were P, #Na, %*Mn, and ®Zn. The main contributor to
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the external dose (over 90%) was gammaemitting radio-
nuclides, primarily ¥'Cs, ®Co, and **?Eu. Individual dosesto
the population varied over a wide range, from 0.05 to
2.3 mSv a . The main portion of the collective dose (about
84%) was received by the population living within 350 km of
the site of the radioactive discharges.

98. In 1992, the direct-flow reactors of the Krasnoyarsk
complex were shut down. This consgderably reduced the
amount of radioactive dischargestotheY enisal River, andthe
annual collective dose to the population was decreased by a
factor of more than 4. Present estimates of average doses
(1993-1996) are 30 pSv a?' (externa) and 20 pSv a*
(internal). With a loca population of 200,000, the annual
collective effective dose is estimated to be 10 man Sv
(Table 27).

(c) Tomsk

99. The Sberian nuclear materials production complex is
located in the town of Tomsk-7 on theright bank of the Tom
River 15 km north of the city of Tomsk. The Sberian
complex was commissioned in 1953. It isthelargest complex
for the production of plutonium, uranium, and transuranic
dements in the Russian Federation. The Sherian complex
includesfiveuranium-graphite production reactorsthat began
operation in 1958-1963, enrichment and fud fabrication
facilities, and a reprocessing plant [B7].

100. Radionudidesin liquid wastes are discharged into the
Tom River, which flowsintothe Ob River. An estimate of the
collective dose from radioactive discharges of the Siberian
complex from 1958 to 1992 is presented in Table 25. The
exposure pathways considered in the dose eval uation werethe
ingestion of fish, drinking water, waterfowl, and irrigated
products and external exposure from the contaminated flood
plain. The collective effective dose was estimated to be 200
man Sv. The largest contributor (73%) to this dose was fish
consumption. The main radionuclides contributing to the
interna dose from fish consumption were 2P and #Na. The
largest portion of the coll ective dose (about 80%) wasreceived
by the population livingwithin 30 km of the Site of radioactive
discharges.

101. In 1990-1992, three of thefive reactors of the Siberian
complex were shut down. This considerably reduced the
amount of radioactive discharges to the Tom River and the
annual collective dose to the population. The average annua
doses to the local population are estimated to be 0.4 puSv
(external) and 5 pSv (internal). For the local population of
400,000, the collective effective dose at present (1993-1996)
is estimated to be 2.2 man Sv (Table 27).

102. On 6 April 1993, an accident occurred at the
radiochemical plant of the Siberian complex that resulted in
the rdease of radioactive materials [B7, G6, 16]. A narrow
trace of radi oactive contamination 35-45km|ong wasformed
in anortheagterly direction from the complex (based on trace
concentrations of ®Zr and *Nb in soil). Thetotal area of the
contamination with doseratelevels at thetime of the accident
higher than the natural radiation background was estimated

to be about 100 km? [M8]. The dominant radionudlides in
snow samples from the contaminated area were *Zr, ®*Nb,
108Ru, and *®Ru. Traces of 2°Pu and ***Ce were al so detected.
A non-uniformity of contamination was noted, with the
presence of hot partides in the composition of radicactive
materials deposited on the snow. There are no populated
places in the area of the pattern, except for the village of
Georgievka, which has a population of 73 persons (including
18 children). The cumulative dose from external exposureto
the inhabitants of Georgievka from the accident during 50
years of permanent residence will amount to 0.2-0.3 mSv
[B7], which is negligible, compared to the dose from natura
background radiation over the same period.

3. United Kingdom

103. The production of nuclear materials and the
fabrication of weapons began in the 1950s in the United
Kingdom. The work was carried on for several years at
sites such as Springfields (uranium processing and fuel
fabrication), Capenhurst (enrichment), Sellafield (produc-
tion reactors and reprocessing), Aldermaston (weapons
research), and Harwell (research). Subsequently, work
related to the commercial nuclear power programme was
incorporated at some of these sites. In the earliest years of
operation of theseingtall ations, theradionuclidedischarges
may be associated almost wholly with the military fuel

cycle.

104. Plutonium production reactors were operated in the
United Kingdom at Sellafield (two graphite-moderated,
gas-cooled reactors known as the Windscale piles) and,
later, at Calder Hall on the Sellafield site and Chapel cross
in Scotland. A fire occurred in one of the Windscale
reactorsin 1957, resulting in the rel ease of radionuclides,
most notably !, ¥'Cs, *®Ru, *3Xe, and #°Po. The prompt
imposition of aban on milk suppliesin the affected region
reduced exposuresto **Y. Thecoll ective effectivedosefrom
the accident was estimated to be 2,000 man Sv.

4. France

105. A nuclear programmein France began in 1945 with the
cregtion of the Commissariat & I'Energie Atomique (CEA).
Thenud ear research laboratory at Fontenay-aux-Rasesbegan
activitiesin thefollowing year. Thefirst experimentd reactor,
named EL1 or Zoé went critical in 1948, and a pilot
reprocessing plant began operation in 1954. A second
experimental reactor, EL2, was congructed at the Saclay
centre. From 1956 to 1959, three larger production reactors
began operation at the Marcoule complex on theRhéneRiver.
Thesegas-cool ed, graphite moderated reactors, designated G1,
G2, and G3, operated until 1968, 1980, and 1984. A full-scale
reprocessing plant, UPL, was built and operated from 1958,
also at the Marcoule ste. Two more plants to reprocess fuel
from commercial reactorswere congtructed at LaHagueinthe
north of France: UP2, completed in 1966, and UP3, in 1990.

106. Although some systematic reporting of radionuclide
discharge datais available beginning in 1972 [C10], some
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of this may reflect the reprocessing of commercial reactor
fuel. It should be possi bl e to estimate pl utonium production
amounts at the various ingtallations, and some reports of
environmental monitoring (e.g. [M9]) may giveindications
of early operating experience.

5. China

107. A nudear weapons development programme was
initiated in Chinathat led to thefirgt nuclear explosion of that
country, conducted in 1964. The Ingtitute of Atomic Energy
was created in 1950. The fird experimental reactor was
congtructed in Beijing, and a uranium enrichment plant was
built at Lanzhou in Ganzu Province in western China. The
firdt nuclear test was of an enriched uranium device. Pluton-

ium production and reprocessing were conducted at the
Juguan complex, aso located in Ganzu Province. The
production reactor began operation in 1967 and the
reprocessing plant in 1968. Production and reprocessing also
occurred in Guangyuan in Sichuan Province, where larger
ingtallations were congtructed. The weapons were assembled
at the Juquan complex.

108. Assessment of exposures from nuclear weapons
production in China have been reported by Pan et al. [P4,
P5, P6]. Exposures to populations surrounding specific
installationswere estimated. Thisexperiencerelatestothe
military fuel cycle, since the commercial nuclear power
programme started only in the last decade.

Il. NUCLEAR POWER PRODUCTION

109. The Committee hasroutinegly collected data on releases
of radionuclides from the operation of nuclear fud cycle
ingdlations. In the UNSCEAR 1993 Report [U3], an
overview was provided of annual releases of radionuclidesfor
the general types of reactorsand other fuel cydeingallations
since the beginning of the practice of commercia nucear
power generation. Data for individual mines, mills, reactors,
and reprocessing plants were given for the years 1985-1989.
In this Annex, the data for another fiveyear period,
1990- 1994, and athree-year period, 1995- 1997, areassessed.

110. Thegeneration of dectrica energy by nuclear meanshas
grown geadily from the gtart of the industry in 1956. The
ratively rapid rate of expansion that occurred from 1970 to
1985, an increasein energy generation of more than 20% per
year, dowed to a pace averaging just over 2% per year from
1990t0 1996 [11]. At theend of 1997, there were 437 nuclear
reactorsoperatingin 31 countries. Thetotal installed capacity
was 352 GW, and theenergy generatedin 1997 was254 GW a
[12]. It is projected [11] that nuclear energy will continue to
supply about 17% of thetotal ectrical energy generatedinthe
world, asat present, or possibly afew percent less.

111. The nuclear fud cycle includes the mining and
milling of uranium ore and its conversion to nuclear fuel
material; thefabrication of fuel e ements; the production of
energy in the nuclear reactor; the storage of irradiated fuel
or its reprocessing, with the recycling of the fissile and
fertilematerial s recovered; and the storage and disposal of
radioactive wastes. For some types of reactors, enrichment
of the isotopic content of 2°U in the fue material is an
additional stepinthefuel cycle. Thenuclear fuel cycleaso
includesthetransport of radioactive materials between the
various installations.

112. Radiation exposures of members of the public resulting
from discharges of radioactive materials from ingtallations of
the nuclear fuel cycle were assessed in previous UNSCEAR
reports[U3, U4, U6]. In thisAnnex, thetrendsin normalized

rel easesand theresultant dosesfrom nuclear reactor operation
are presented for the years 1970-1997. The dosss are
estimated using the environmental and dosmetric modds
described in Annex A, “Dose assessment methodologies’.

113. The dosesto the exposed individuals vary widdy from
one indallation to another, between different locations and
with time. Generally, theindividual dosesdecrease markedly
with digtance from a specific source. To evauate the total
impact of radionuclides released at each stage of the nuclear
fud cyde, the results are evaluated in terms of collective
effective dose per unit dectrical energy generated, expressed
asman Sv (GW @) *. Only exposuresto membersof the public
are considered in this Annex. Occupational exposures
associated with nuclear power production are included in
Annex E, “Occupational radiation exposures’.

A. MINING AND MILLING

114. Uranium mining involves the remova from the
ground of large quantities of ore containing uranium and
its decay products. Underground and open-pit mining are
themain techniques. Underground mines produced 40% of
theworld stotal uranium production in 1996 and open-pit
mines, 39% [O1]. Uranium is also mined using in situ
leaching, which produced 13% of the world uranium in
1996 [O1]. The remaining 8% was recovered as a by-
product of other mineral processing. Milling operations
involve the processing of the ore to extract the uraniumin
apartially refined form, known as yellowcake.

115. Uranium mining and milling operations are con-
ducted in several countries. Production in recent yearsis
given in Table 28. In 1997 about 90% of world uranium
production took place in 9 countries. Australia, Canada,
Kazakhstan, Namibia, Niger, the Russian Federation,
South Africa, theUnited States, and Uzbekistan. Itisnoted
that oversupply, leading tolarge stockpiles and low prices,
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has led to considerable reductions in output since 1989
[O1]. However, beginning in 1995, production of uranium
was substantially increased in some countries, mainly
Australia, Canada, Namibia, Niger, and the United States.
Theworld production in 1997 was 35,700 t uranium.

1. Effluents

116. Therearefew new data on releases of radionuclides,
mainly radon, in mining and milling operations. Limited
data for underground mines, based on concentrations in
exhaust air, were given in the UNSCEAR 1993 Report
[U3] for Audtralia, Canada, and Germany. Therewere no
estimates of releases in open-pit operations. For under-
ground mines the release of radon, normalized to the
production of uranium oxide (U;Og), ranged from 1 to
2,000 GBqt*, with a production-weighted average of 300
GBq t*. Based on the estimated uranium (fuel) require-
mentsfor the reactor types presently in use, 250 t uranium
oxide arerequired to produce 1 GW a of electrical energy
[U3]. This leads to an average normalized radon release
from mines of approximately 75 TBq (GW a) .

117. In the UNSCEAR 1993 Report [U3], the average
normalized radon release from mills in Australia and
Canada, alsofromthelimited data avail able, wasestimated
tobe 3 TBq (GW a) ' [U3]. These values are not expected
to change with current mining and milling practices. For
mining operations in arid areas, liquid effluents are
minimal, and radionuclide releases via this pathway are
estimated to be of little consequence.

118. The mining and milling processes create various
waste residues in addition to the uranium product. The
tailings consist of the crushed and milled rock from which
the mineral has been extracted, together with any
chemicals and fluids remaining after the extraction
process. The long-lived precursors of 22Rn, namely 2*Ra
(half-life 1,600 a) and #°Th (half-life 80,000 &), present in
the mill tailings provide a long-term source of radon
release to the atmosphere. Based on available data, the
radon emission rates were estimated in the UNSCEAR
1993 Report [U3] to be 10 Bq s m™2 of tailings during the
operational phaseof themill (assumed to befiveyears) and
3 Bg st m? from abandoned but stabilized tailings
(assumed period of unchanged release of 10,000 years).
Assuming that the production of a mine generates about
1 ha (GW a)*, the normalized radon releases are 3 and
1 TBg (GW a)* for the operational and abandoned
tailings, respectively. The in situ leach facilities have no
surface tailings and little radon emissions after closure.
Release estimates from mining and milling operations are
summarized in Table 29.

119. In a recent study of eight major uranium production
facilities in Audralia, Canada, Namibia, and Niger [S6],
measured emission rates were reported to range from
background to 35 Bg s* m™2 from the tailings of presently
operating mills. Following decommissioning, thereleaserates
areat present or are expected to beno morethan 7 Bgs* m

[S6]. For many of the uranium mill tailings, the long-term
management involvessubstantial water-saturated cover, which
reduces the radon emission rateto 0-0.2 Bq s* m™. Taking
into account present tailings areas yet to be rehabilitated with
good present techniques and the anticipated future practice,
the emisson rate from abandoned mill tailings can be
assumed to belessthan 1 Bg st m2. Thisvaueisadopted for
the present evaluation. The previous estimate was 3 Bq
s m? [U3]. For comparison, the average emission rate
corresponding to soils in normal background aress is 0.02
Bgs!tm2[U3].

2. Dose estimates

120. Themethodol ogy used by the Committeeto estimatethe
collective dose from mining and milling is described in the
UNSCEAR 1977 and 1982 Reports [U4, U6]. The dose
estimateis based on representative rel ease rates from amode
mineand mill site having thetypical festuresof exigting sites.
An air disperson model is used to estimate the radon
concentrationsfrom rd eesesasafunction of distancefromthe
ste, and the most common environmental pathways are
included to estimate dose. Thus, theresultsare not applicable
to any given site without duly considering site-specific data
but are meant to reflect the overal impact of mining and
milling facilities.

121. Theprevioudy estimated exposuresfor themodd mine
and mill site assumed population densities of 3 km™ at
0-100 km and 25 km2 at 100-2,000 km. The collective
effective dosefactor for atmospheric dischargesin asemi-arid
area with an effective rdease height of 10 m was 0.015
man Sv TBq * [U3], based on the dose coefficient for radon of
9 nSv h™* per Bg m2 (EEC). Asthedilution factor at 1 km
has been reduced from 3 10°to 5 10" sm 3, thedose per unit
release of radon becomes 0.0025 man Sv TBq X, Using this
factor, the collective effective dose per unit eectrical energy
generated is etimated to be 0.2 man Sv (GW a)* during
operation of the mineand mill and 0.00075 man Sv (GW @) *
per year of release from the residud tailings piles. For the
assumed 10,000-year period of congtant, continued release
from the tailings, the normalized collective effective dose
becomes 7.5 man Sv (GW @' (Table 29). The various
revisons in the parameters have led to a condderable
reduction from the previoudy estimated val ue of 150 man Sv
(GW a)t[u3].

122. An dternative assessment of exposures from mill
tailings has been proposed in a study prepared for the
Uranium Institute [S6]. In this study, site-specific data
relating to currently operating mills in four countries
(Australia, Canada, Namibia, and Niger) were utilized.
Differencesfrom the UNSCEAR results arise from the use
of a more detailed dispersion model, much-reduced
population densities (<3 km2within 100 km and from 2to
7 km™2in theregion between 100 and 2,000 km), and more
ambitious future tailings management with substantial
covers to reduce radon emissons. The overal result (adjudt-
ing for the radon dose coefficient of 9 NSy h™* per Bqm'3, as
used above) is 1.4 man Sv (GW a)* over a 10,000-year
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period, which although lessby afactor of 5, it isin reason-
able agreement with the estimate derived in the previous

paragraph.

123. In France, exposures from mill tailings at Lodeve
mining site were assessed considering measurements of
radon releasesprior toand after remediation [T6]. Calcula-
tions were based on a Gaussian plume dispersion model,
and actual population densities of 63 km™ at 0-100 km
and 44 km?2 at 100-2,000 km were used. Before re-
mediation the average measured flux was found to be
28 Bg m?2 s’ The average annual effective dose to
individualswithin 10 km from the tailings was assessed to
be about 20 pSv. Considering that 12,850 tonnes of
uranium were extracted during the whole duration of
processing, the collective effective dose to the population
living within 2,000 km of thetailings and over a period of
10,000 years was estimated to be 380 man Sv (GWa) .
Thisvalueismuch higher than the estimate of the previous
paragraph, which is due to higher radon fluxes and
population densities and to the different atmospheric
dispersion moddl. After remediation of the site, the radon
fluxeswerefound not to be different from the background,
and the collective dose was assess to be almost zero.

124. For the modd mining and milling operations, the
annual release of radon is of the order of 80 TBq (GW a) !
(Table 29). With annual average production of 4,000t in
the main producing countries (Table 28: 36,000 t mostly
from 9 countries) and assuming the collective dose is
received by the population within 100 km from the mine
and mill sites (3 km™ to 100 km = 90,000 persons), the
annual dose is estimated to be about 40 uSv [4,000 t +
250t (GWa) *x 80 TBq (GW a) * x 0.0025 man Sv TBq*
+ 90,000 persons]. This dose rate would be imperceptible
from variations of the normal background dose rate from
natural sources.

125. The Committee recognizes that considerable devia-
tions are possible from the representative values of
parameters selected for the more general conditions of
present practice. For example, much higher population
densities are reported in areas surrounding the mills in
China [P4], and previously abandoned tailings may not
have been so carefully secured as is evidently possible.
Although careful management of tailings areas would be
expected in the future, the extremes of leaving the tailings
uncovered to providing secure and covered impoundment
could increase or decrease the estimated exposure by at
least an order of magnitude. Further surveysof site-specific
conditionswould be useful to establish realistic parameters
for the worldwide practice.

B. URANIUM ENRICHMENT AND FUEL
FABRICATION

126. For light-water-moderated and -cooled reactors (LWRS)
and for advanced gas-codled, graphite-moderated reactors
(AGRs), the uranium processed a the mills needs to be

enriched in the fissle isotope 2°U. Enrichments of 2%-5%
are required. Before enrichment, the uranium oxide (U5O)
must be converted to uranium tetrafluoride (UF,) and then to
uranium hexafluoride (UFg). Enrichment is not needed for
gas-cooled, graphite-moderated reactors (GCRS) or heavy-
water-cooled and -moderated reactors (HWRs).

127. In fud fabrication for LWRs (PWRs and BWRs) and
AGRs, the enriched UF; is chemically converted to UO,. The
UO, powder is sintered, formed into pellets, and loaded into
tubes (cladding) of Zircaloy and stainless sted, which are
sealed at both ends. These fud rodsare arranged in arraysto
form the reactor fud assemblies. The fud pinsfor HWRs are
produced from natural uranium or dightly enriched uranium
sintered into pdlets and clad in zirconium aloy. The natural
uranium metal fud for GCRsis obtained by compressing the
UF, with shredded magnesum and hesting. The reduced
uranium is cadt into rods that are machined and inserted into
cans.

128. The rdeases of radioactive materids from the
converson, enrichment, and fuel fabrication plants are
generaly small and consst mainly of uranium seriesisotopes.
Available data from operating indtallations were reported in
the UNSCEAR 1993 Report [U3]. For themode ingtallations,
the normalized collective effective dose from these operations
was estimated to be 0.003 man Sv (GW a) *. Inhalation isthe
most important exposure pathway. The collective doses from
liquid discharges comprise less than 10% of the tota

exposure.

C. NUCLEAR REACTOR OPERATION

129. The reactors used for éectrical energy generation are
classfied, for the most part, by their coolant sysems and
moderators: light-water-moderated and -cool ed pressurized or
bailing water reactors (PWRs, BWRs), heavy-water-cooled
and -moderated reactors (HWRs), gas-cooled, graphite-
moderated reactors (GCRS), and light-water-cooled, graphite-
moderated reactors (LWGRS). These are all thermal reactors
that use the moderator material to ow down fast fisson
neutronsto thermal energies. In fast breeder reactors (FBRS),
there is no moderator, and the fission is induced by fast
neutrons; the coolant isaliquid metal. FBRs are making only
minor contributions to energy production. The dectrica
energy generated by these varioustypes of reactorsfrom 1970
through 1997 isillustrated in Figure XV and the data since
1990 for individua reactor stationsaregivenin Table30[13].

130. The Committee derives average releases of radio-
nuclides from reactors based on reported data, and these
averages are used to estimate the consequent exposures for a
reference reactor. Mathematical models for the dispersion of
radionuclides in the environment are used to calculate, for
each radionuclideor acombination of radionuclides, thedoses
resulting from released activity. The geographical location of
the reactor, the reease points, the digtribution of the
population, food production and consumption habits, and the
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Figure XV. Contributions by reactor type to total electrical energy generated worldwide by nuclear means.

environmental pathways of radionudides are factors that
influencethe calculated dose. The samerdease of activity and
radionuclide composition from different reactorscan giverise
to different radiation dosesto the public. Thus, the calculated
exposures for a reference reactor provide only a generalized
measure of reactor operating experience and serve as a
standardized parameter for analysing longer-term trendsfrom
the practice.

1. Effluents

131. Theradioactivematerialsreeasedin airborneandliquid
effluents from reactors during routine operation are reported
with substantial completeness. The data for 1990-1997 are
included in Tables 31-36: noble gases in airborne effluents
(Table31), tritiuminairborneeffluents(Table32), iodine-131
in airborne effluents (Table 33), particulates in arborne
effluents (Table34), tritiumin liquid effluents (Table 35), and
radionuclides other than tritium in liquid effluents (Table 36).
Each table also indudes a summary of the total releases and
the normalized releases (amount of radionuclide released per
unit dectrica energy generated) for each year of thefive-year
period 1990-1994 and for the three-year period 1995- 1997
for each type of reactor and for all reactorstogether. Average
normalized rel eases of radionuclidesfrom each reactor typein
five-year periods beginning in 1970 and for the three-year
period 1995- 1997 are presented in Table 37.

132. The normalized releases have traditiondly been
compiled for each reactor type This is judified by the
different composition of thereleases, e.g. for noblegases, “Ar
from GCRs and krypton and xenon isotopes from other types
of reactors. In this case, different dose factors are required to
estimate the doses. For other release components, e.g. “C or
3, there may be no inherent differences between reactor
types, and atypical releases from one or a few reactors may
dominate the normalized release values. In this casg, the
average normalized releases reflect only the prevaling
operating experience, which cannot betaken asrepresentative
of the releases from a particular reactor type. With reativey
completedata, little extrapol ation isneeded for estimating the

collective doses from the total releases, and the normalized
values are retained by reactor type mainly for convenience.

133. Therdease experience of individual reactors during
the last five-year period (1990-1994) is evaluated in
Figure XV and shown asthe characteristic distributions of
the different reactor types. All reactors with relatively
completeentriesin Tables31- 36 (four or fiveyearsof data
for both releaseamount and energy generated) areincluded
in the figures. Each point has been derived from the total
release of the radionuclide in 1990-1994 divided by the
electrical energy generated in the same period. This
evaluation of normalized release partly eiminates
variations in annual values during the five-year period.
There are, however, substantial differencesin valuesfrom
one reactor to another. Some factors affecting releases of
radionuclides include the integrity of the fud, the waste
management systems, and procedures and maintenance
operations conducted during the period of interest.

134. To obtain the characterigtic digtribution diagrams, the
dataare put in ranked order. The cumulative fractional value
of point i of n pointsis specified asi/(n + 1). Theinverse of
the standard normal cumulativedistribution of each fractional
point is then derived. The value expresses the standard
deviation of the data point from the centre of the distribution.
In Figure XVI, the abstissa has been trandformed to a
percentage scale (0 = 50%, 1 SD = 84.14%, 2 SD = 97.73%,
etc.). With alogarithmic scale on the ordinate, astraight line
indicates a log-normal digtribution. A steep dope indicates
wide variations in the data. Bresks in the line indicate
separate subpopulations of the available data. Outlier points
are readily identified in these plots.

135. The didribution of normalized releases from reactors
are approximatdy log-normal, often with awide distribution
of the data. The normalized releases of noble gases
(Figure XVI) span saven orders of magnitude. There may be
somedifferencesinthecomposition of noble gasesreportedin
airborne effluents, particularly the short-lived isotopes. The
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digributions for PWRs and BWRs are similar, but with
deviations to higher normalized releases from BWRs in the
upper range of the distribution. The highest valuesfor BWRs
arefromthereactorsBig Rock Point, Ringhals 1, and Tarapur
1-2, ranging from 3,400 to 41,000 TBq (GW &) *. Themean
valuefor all BWRsis18 TBq (GW @) *. Thedigtributionsfor
GCRsand HWRsaresmilar and somewhat higher than those
for PWRs and BWRs.

136. The normalized reeases of tritium in airborne effluents
(Figure XV1) are less wide ranging. The digributions for
PWRs and BWRs are identical; the digtribution for GCRsis
somewhat higher, with fewer values available, however. The
digribution for HWRs is much higher, reflecting the large
amounts of tritium produced in the moderator of these
reactors. Among HWRs, those in Canada and the reactors
Fugen, Embalse, and Wolsong 1 are al beow 800 TBq
(GW a1, while Karachi, Atucha 1, and the Indian reactors
are at higher values.

137. The distribution of **! releases in airborne effluents
(Figure XVI) are quite wide and are somewhat higher for
BWRs and HWRsthan for PWRs. There arefewer values for
GCRs, however, when several reactors with data for three
yearsin 1990- 1994 areincluded, thedigributionissimilar to
that of BWRs and HWRs.

138. Thedigributions of particulate rel eases are dso shown
in Figure XVI. The grikingly high valuesin Table 34 for the
Swedish BWR Ringhals 1 in 1994 and 1995 are attributable
to damagein fud eements beginning in 1993 and a problem
in delaying rel easesof radionuclidesentering turbineroom air
[N3]. Theserdeaseswereto alargeextent duetorather short-
lived nudd. Nucde with half-lives of less than 83 minutes
gaveriseto 98% of therd eased activity. Authorized discharge
limits were not exceeded; the atmospheric releases reached a
maximum of 36% of the total dose limit for individuals
(0.1 mSv a!) of the hypothetical critical group. The average
valuefor 1990- 1994 for thisreactor [17 TBq (GW @) Y] isthe
highest in thedistribution for BWRs (Figure XV1). Rdatively
high values [0.04-0.1 TBq (GW a) ] were also derived for
the BWRs Forsmark 1-3, Tarapur 1-2, and Oskarshamn
1- 3. Thedigtributionsof particulaterd easesare very different
for the different reactor types and are somewhat higher for
BWRs and GCRs than for PWRs.

139. Normalized rdeases of tritium in liquid effluents
(Figure XVI) are fairly uniform about the mean values for
most of thereactors. Thedidtribution for BWRsislowest and
for HWRs, highest. Intermediate are the digtributions for
PWRs and GCRs. The mean vaue for the group is about
1 TBg (GW a)*. The GCRs seem to form two distributions,
with newer reactorsat the higher end and the older reactors at
the lower end, the opposite of the case for the noble gas
releases. The HWRs are gathered about a mean normalized
rdease of tritium in liquid effluents of about 400 TBq
(GW a)%; at the lower extreme is the Pickering 5-8 station
[28 TBg (GW @) ] and at the higher end [1,100-3,700 TBq
(GW @] are Bruce 1-4, Kalpakkam 1-2, and Atucha 1.

140. A wide range (eight orders of magnitude) is necessary
to illustrate the normalized releases of radionuclides cther
than tritium in liquid effluents (Figure XVI); this may be a
result of the radionuclidesidentified and of the hold-up times
provided in thewagtetreatment systems. Thedigtributionsare
similar, although that for GCRsissomewhat higher. A duality
in the GCR digtribution is again noted, this time taking the
pattern for noble gases mentioned above (higher normalized
releases from the older reactors).

141. The radionudide composition of releases has been
examined for the various reactor types. In generd, the
releases of noble gases from PWRs are dominated by *Xe,
with ahalf-life of 5.3 days, but short-lived radionudides such
as™®Xe (half-life= 9.2 h) arealso present. For the BWRsthe
composition of the noble gas releases is more varied, with
most krypton and xenon radionuclidesincluded. Thereeases
of particulates from BWRs are d 0 variable and difficult to
generdlize from the limited data available. The radionuclides
#Rb (haf-life = 17.8 min), ®*Rb (haf-life = 15.2 min), **Cs
(half-life = 33.4 min), and **Ba (half-life = 83.1 min) were
prominent in the large releases mentioned above from the
Ringhals 1 reactor. The radionuclide compositions of liquid
rel eases from PWRSs seem to vary from reactor to reactor; the
cobalt isotopes (*Co, ®Co) as well as the caesium isotopes
(**Cs, 'Cs) areusually present. In some cases, largerdative
proportions of M""Ag and **Sh are reported. It may be that
some differences are accentuated by the various measuring
and reporting practices at reactor sations.

142. Thelonger-term temporal trendsin normalized releases
of radionuclidesfor the variousreactor typesareillustrated in
Figure XVII. The trends are shown for the time designated
“pre-1970" to 1994, averaged over five-year time periods, and
for the three-year period from 1995 to 1997. Except for the
atmospheric reeases of particulates, the normalized reeases
areeither fairly congtant or dightly decreasing. Theincreased
release of particulatesto air reflectsthe operation of aspecific
reactor and is not characterigtic of al reactors,

2. Local and regional dose estimates

143. The concentrations of the released radionuclidesin the
environment are generally too low to be measurable except
coseto the nuclear facility and then for a limited number of
radionudides only. Therefore, dose etimates for the popula-
tion (individual and collective doses) are generally based on
modelling theatmospheric and aquati c trangport and environ-
mental transfer of the rel eased radioactive materialsand then
applying a dosmetric modd.

144. The environmental and dosimetric modds previoudy
used for dose estimates were described in the UNSCEAR
1982 and 1988 Reports [U4, U6G]. Based on the review in
Annex A, “Dose assessment methodologies’, theva uesof the
dose coefficients for some radionuclides have been revised.
The dose assessment procedures are applied to a modd site
with representative environmenta conditions. The average
population density is 20 km™ within 2,000 km of the site.
Within 50 km of the site, the popul ation density istaken to be
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Figure XVII. Trends in releases of radionuclides from reactors.
Values of 1970-1974 are assumed to apply prior to 1970.

400 km 2. For themodd Stethe coll ective effective doses per
unit rdease (man Sv PBqY) for the different release
categories and reactor types are presented in Table 38.
Because of the variability in annua releases, normalized
releases [TBq (GW a) '] have been averaged over afive-year
period (Table 37) to assess the collective dose.

145. The collective effective dose per unit dectrical energy
generated [man Sv (GW @) ] is obtained by multiplying the
normalized releases per unit dectrical energy generated

104,

(Table 37) by the collective effective dose per unit release
(Table 38). Theresulting estimates for 1990-1994 are given
in Table 39. Thetotal normalized collective effective dose for
all reactors, weighted by therd ative energy production of each
reactor type (Table 39), is 043 man Sv (GW &~ The
radionuclide releases were generally similar to those that
prevailed in the preceding five-year assessment period [U3],
but revisons in the dose codfficients have reduced the
normalized collective effective dose by a factor of 3.
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Figure XVIII. Local and regional collective effective doses from average annual releases of radionuclides
from reactors. The increasing trend in electrical energy generated is indicated with scale on left in units of GW a.

146. From the total energy generated and the normalized
collective dose, thelocal and regional collectivedosefrom the
operation of nuclear power plants during 1990-1994 is
etimated to be 490 man Sv. During 1985-1989 the
corresponding collective dose was 390 man Sv. Thisis an
increase of just over 25%, which is nearly the same as the
increase in the energy generated by nuclear reactors
(1985-1989: 936 GW & 1990-1994: 1,147 GW a). To
reduce the effect of variability in annua reesases the
calculation of the collective dose is based on normalized
rel easesaveraged over five-year periods (Table 37). However,

outliersin the data st can till have a substantial impact on
thedoseegtimate. If, for example, theparticul atere easesfrom
the Ringhals 1 reactor are excluded, the corresponding dose
etimates will be 0.39 man Sv (GW a)* and 450 man Sv,
respectively. However, this point could not betaken out of the
data st without examining other possble outliers for
1990- 1994 and for earlier years.

147. It should be noted that the average normalized doses
derived here may not apply to specific reactors of a particular
type. There may befurther variationsin rel ease compositions,
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population densties, and local environmental pathways that
could sgnificantly changethe collectivedose contributions. In
afew cases, reactor operatorsreport estimates of dosestoloca
residentsbased on possible exposurescenarios. Thedatahave,
however, not been collected or assessed by the Committee.

148. Thetempora trends of thelocal and regiona callective
effective doses for the different radionudide categoriesover a
longer time are shown in Figure XVIII. The collective dose
from ! has decreased for a number of years, and this
decrease continues for the latest five-year and three-year
periods. The collective doses from tritium (airborne and
liquid), **C, and particul ates have been increasing through the
1990- 1994 period. Overal, thetota collective dose has been
rdaively congant since 1970-1979, even though the
electrical energy generated has continuoudly increased.

149. For themode site, theannual average effective dosesto
individuals, estimated from there ease dataand assuming the
total collective dose for a reactor type exposes asingle loca
population group (400 km2 to 50 km), are 5 pSv for PWRs
and GCRs, 10 pSv for BWRs and HWRs, 2 uSv for LWGRS,
and 0.04 pSv for FBRs. In comparison, reported annua
individual doses from a number of reactor Sites are in the
range 1-500 pSv.

D. FUEL REPROCESSING

150. Fud reprocessing iscarried out to recover uranium and
plutonium from spent fud for reusein reactors. Most spent

fud from reactors is retained on-site in interim storage,
pending decisions on ultimate disposal or retrievable storage.
Only about 5%-10% of fud is submitted to the reprocessing
stage of the nuclear fuel cycle. The main commercia repro-
cessing plantsarein France, Japan, and the United Kingdom.

1. Effluents

151. Redtivey large quantities of radioactive materias are
involved at thefud reprocessing stage. The radionuclides are
freed from their contained gate as the fuel is brought into
solution, and the potential for release in waste discharges is
greater than for other tages of thefue cycle Routinerdeases
have been largdy in liquid effluents to the sea. Operating
gstandards have been consderably improved at these plants
over the years, with substantial reductions occurring in
released amounts.

152. Some revisons and additions have been made to the
releasequantitiesprevioudy reported by the Committee. Also,
more direct data on fud throughput, which were previoudy
estimated from ®Kr discharges, are available. Therefore, the
annual release data for fuel reprocessing plants from 1970
through 1997 are given in Table 40. The average normalized
releases per unit of energy generated in five-year periods
(except for 1970- 1979, a 10-year period) are summarized in
Table 41 and shown in Figure X1X. It can be observed that
the reeases to both air and sea of mogt radionudides have
been decreasing over thelong term. Thisisparticularly so for
the releases of ®Ru, ¥Sr, and *"Csto the sea and for ¥'Cs
and ! tothe air (Table 41).
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Figure XIX. Trends in releases of radionuclides from fuel reprocessing plants.
Average values ere derived for 1970-1979 and assumed to apply also prior to 1970.

2. Local and regional dose estimates

153. Collective doses from nuclear fud reprocessing can be
estimated from the normalized releases per unit of energy
generated, the dectrica energy equivalent of the fud
reprocessed, and the collective dose per unit rdesse of
radionudides[U3]. Thisanalysisisgivenin Table41. For the
entire period of fue reprocessing, thetotal collective effective

doseisegtimated to be 4,700 man Sv. Liquid rdeases of *'Cs
contributed 87% of thetotal dose. Thecollectiveeffectivedose
from each radionuclide is shown in Figure XX. In the most
recent fiveyear period (1990-1994) the dose from *C
exceeded that from **'Cs. During the 1980s and 1990s, the
collective dose from fud reprocessing has been decreasing,
even though the amount of fud reprocessed has been
increasing (Figure XX).
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154. From the data provided in Table 41, it may be
determined that the annual components of collective dose
from fud reprocessing are of the order of 20-30 man Sv. If
this were received only by a single loca population (3.1 10°
persons within 50 km), the effective dose commitment to
individual swould beabout 10 pSv per yeer of operation. This
dose commitment is delivered over a longer-term, epecialy
from *C, and is distributed, aswell, among separateingalla-
tions (in three countries).

E. GLOBALLY DISPERSED RADIONUCLIDES

155. Radionuclidesthat are sufficiently long-lived and easily
dispersed in the environment can give rise to global doses.
The radionudides of specific interest are *H, *C, ®Kr, and
1291, with half-lives of 12.26, 5,730, 10.7, and 1.6 107 years,
respectively. The large uncertainties involved in estimating
doses over prolonged time periods are due to problems in
predicting environmental pathways, population distributions,
dietary habits, climate change, etc. The uncertainties of dose
calculations increase when the integration is carried out for
very long periods of time, hundreds or thousands of years or
even longer. In this assessment, as was done for the case of
colective dose from mill tailings, the globa dose
commitments are truncated at 10,000 years.

156. The normdized rdeases of the globaly dispersed
radionudides given in Tables 37 and 41 are summarized in
Table 42. From the dectrical energy generated or the energy
equiva ent of fuel reprocessed, thetotal activity releaseof these
radionucides may be calculated (Table 43). Applying the
factorsof collective dose per unit reaseto these results gives
edimates of the collective effective dose commitments
(Table 44). For the very long-lived radionudides (“C and
29]), aworld popul ation of 10" was assumed at thetime of the

rdease, and for °H and ®Kr, a population of 5 10° was
assumed.

157. The total collective effective dose per unit dectrica
energy generated is obtained from the normalized releases
from reactors and reprocessing plants (Table 42) and the
factors of collective dose per unit rdease (as revised in
Annex A, “Doseassessment methodologies’). Innormalizing
to the total energy generated, the contribution from the
reprocessi ng plantsisweighted according tothefraction of the
fud reprocessad (0.11 for 1990-1994). The estimates of the
normalized collective dose commitments are 41 and 43
man Sv (GW a*' for 1990-1994 and 1995-1997,
respectively, which are due mostly to **C (Table 44).

158. The commitment calculations may be used to indicate
the maximum dose rate for a continuing practice. The **C
collective dose commitment (10,000 years) based on present
practice is roughly 40 man Sv (GW a) *. This meansthat a
continuing practice of 250 GW aenergy production each year
into the future, as at present, would result in an maximum
doserate of 1 uSva* [40 man Sv (GW @) * x 250 GW ala+
10% persong]. A limited practice of nuclear power generation
would result in progressvely less annual dose, eg. a 100 or
200 year practice would cause 0.1 or 0.16 pSv a‘’,
respectively (19502000 actua practice with 50 or 150 year
projected releases as at present). This is illustrated in
Figure XXI.

159. In a gmilar fashion, the maximum dose rates for the
other globally dispersed radionuclides may be determined.
These are of the order of 0.1 pSv a* for ®Kr and 0.005
uSv a* for *H and 1. For limited duration practice, the
maximum annual dose rates reached will be less. These are
thus negligible annual dose rates for these globally dispersed
radionuclides.
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Figure XXI. Average annual dose rate from globally dispersed *C released from nuclear installations based on
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The equilibrium annual dose rate for a constant, continuing practice is 1 uSv a .

F. SOLID WASTE DISPOSAL
AND TRANSPORT

160. Solid wastes arise at various stages of the nudlear fue
cycdle They include low- and intermediate-levd wastes,
mainly from reactor operations, high-level wagtes from fuel
reprocessing, and spent fue for direct digposa. Low- and
intermediate-level wastesaregenerally disposed of by shallow
buria in trenches or concrete-lined structures, but there are
alsomoreadvanced disposal sites. High-levd wastesand spent
fud are retained in interim storage tanks until adequate
solutions for digposal have been devised and disposal Sites
have been sdected.

161. Doses from solid waste disposal have been estimated
basaed on the projected eventual migration of radionuclides
through the buria dte into groundwater. These estimates
depend critically on theassumptions used for the containment
of the solid wagtes and the site characteridtics and are,
accordingly, highly uncertain in a general sense. The
approximate normalized collective effective dose from low-
and intermediate-level waste disposal is, however, quite low,
of the order of 0.5 man Sv (GW a)*, due amost entirey to
“C U3, u4].

162. A repository for high-level waste and spent fuel hasnot
yet been congructed. The radiological impact assessment of
such arepository has to rely on moddling of the long-term
behaviour of thewaste packagesand themigration of rel eased
radionuclides near the siteand at greater distance over along
period of time. To carry out such performance assessments, a
number of Ste-specific data, including waste characterization
andtransport moddls, areneeded. Such assessmentshavebeen
performed, mainly to hep in formulating design criteria for
the hypothetical repositories.

163. The transportation of radioactive materials of various
types between nuclear fud cyde ingalations may cause
members of the public who happen to be near the transport

vehides to be exposed. Doses can be estimated only by
applying hypothetical assumptions. A conservativeestimateis,
in this casg, of the order of 0.1 man Sv (GW a) * [U4].

164. Decommissoning of nudear facilities gives rise to
radioactive waste, and some experienceis accumulating. The
information available indicates that exposures of the public
from the decommissioning practice will be very small.

G. SUMMARY OF DOSE ESTIMATES

165. Thenormalized collectiveeffective dosesto members of
the public from radionuclides rel eased in the various stages of
the nudear fuel cydeare summarized in Table 45. Thelocal
and regional callectivedosein thetwo most recent assessment
periodsis 0.9 man Sv (GW a) *. Thelargest part of this dose
isreceived within alimited number of years after therdleases
and is mainly dueto the normal operation of nuclear reactors
and mining operations. The global dose, which is etimated
for 10,000 years, amountsto 50 man Sv (GW a) *. Themain
contribution is from globally dispersed *“C (reactors and
reprocessing). The longer-term trends in collective effective
doses per unit dectrical energy generated show decreases,
attributable to reductionsin the release of radionudides from
reactors and fud reprocessing plants. The components of
normalized collective effective dose have decreased by much
more than an order of magnitude for releases from
reprocessing plants, by afactor of 7 for releasesfromreactors,
and by a factor of 2 for globaly dispersed radionudlides,
compared to the earliest assessment period, 1970-1979.

166. The loca and regiona colective dose from the
beginning of nuclear power production can be derived from
the normalized collective doses (Table 45) and the dectrical
energy generated in each period (Table 43). The result is
about 5,000 man Sv from fue reprocessng, 3,000 man Sv
from reactor operations, and 900 man Sv from mining and
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milling. This analyss is summarized in Table 46. In recent
years, the annual total from all these operations amounts to
200 man Sv received by the local and regiona population.
Assuming that the current practice of nuclear power
production continues for 100 years, the maximum per caput
dose can be estimated from the truncated collective dose per
unit dectrical energy generated. Figure X X1 showsthat about
10% of the dose from globally dispersed radionudlides is
committed in thefirgt hundred years, and using Table 45, the

collective effective dose in the hundredth year of the practice,
from globally dispersed radionuclides, would be 5 man Sv
(GW @ For an annud production of 250 GW a this
amountsto 1,250 man Sv per year, which when added to the
local and regional dose of 200 man Sv per yeer gives atota
dose of nearly 1,500 man Sv in the last year of the practice.
The maximum annual effective dose arising from 100 years
of the practice of nuclear power production is then less than
0.2 uSv per caput for a global population of 10 persons.

. OTHER EXPOSURES

A. RADIOISOTOPE PRODUCTION
AND USE

167. Radioisotopesarewiddy usedinindustry, medicine, and
research. Exposures may occur from trace amounts rel eased
in production or at subsequent stages of the use or disposd of
the radionucdlide-containing products. For very long-lived
radionuclides such as *“C, dl of the amount utilized may
ultimately reach the environment. For short-lived radio-
nuclidessuch asmost radi opharmaceutical s, radioactivedecay
prior toreleaseisan essential consideration. Theisotopesused
mogt widely in medical examinations and nuclear medicine
procedures are Y and *™Tc.

168. Egimatesof dasesfrom radioi sotopeproduction and use
are uncertain, owing to limited data on the commercid pro-
duction of the radioisotopes and on the rd ease fractions from
production and use. Themain radionudidesof interest areH,
¥C, 121, B, and X e. Theestimated annual collectiveeffect-
ivedose from the practiceis of the order of 200 man Sv [U3].

169. An important use of radionudides is in medica
diagnogtic examinations and in therapeutic trestments.
Medical radioisotopes or their parent radionuclides can be
produced in areactor (by fission of uranium, e.g. *Mo, 24, or
by activation, e.g. *°Fe) or in acyclotron (by nuclear reaction,
eg.Zl, 2T1). The main radicisotope, used in 80% of all
diagnogtic examinations, is ®Mo. In many countries the
production, isolation, and incorporation of the radioisotopes
into generators, diagnodgtic kits, or pharmaceuticals are often
subdividedin different facilities[K11]. Asan example, several
research reactorsin neighbouring countriessupply *Motothe
radioisotope production plant in Belgium [W6]. Three
different facilities are involved in the Netherlands in the
generation of ®Mo, itsextraction and incorporation into *™Tc
generators [L10]. This subdivison of the manufacturing
process hampers quantification of the fractional release
amounts from the overall production phase.

170. In its request for a permit in 1996, a medical
radioisotope production plant in the Netherlands reported a
controlled annual release of ! to the atmosphere of at most
300 MBgq. Since it handles more than 52 TBq in a yesr, the
release fraction would be less than 0.001%. The maximum

annua dose to an individual from this release would 1 pSv
[L10]. This plant receives the Y| as raw material ddivered
from another company. Therefore, the data are unsuited for
the entire production phase.

171. Over the period 1989-1992, a single facility supplied
90% of the annual amount of **!| (35.9 TBq) used in China
and 100% of the | (0.98 TBq) [P7]. The average release
fraction was reported to be 0.01% for **!| ( a reduction from
4.6% in 1975- 1978) and 0.7% for *|. Theannua collective
dose was estimated to be 0.13 man Sv for **1 and 0.1-0.6
man Sv for I, assuming a local population dendty of
500 km2, The callective dose per unit release of **Y isthus 36
man Sv TBq . Thismay be compared with 0.3man Sy TBq*
that was estimated for release from a representative nuc ear
ingdlation (Table 38).

172. Global usageof **Y in nuclear therapy is approximately
600 TBq (Table 47). With application of the above dose
factors, and assuming the release fraction on production to be
0.01%, the global annual collective dose from 3!l production
and usage is 0.02-2 man Sv. A further contribution to the
collective dose arises from wastes discharged from hospitals.

173. Limited data on **!| releases from hospitals were cited
in the UNSCEAR 1993 Report [U3]. Discharges of | from
hospitals in Audraia and Sweden in the late 1980s
corresponded to 110- 190 GBq per 10° population [U3]. There
is high excretion of ! from patients following oral
adminigtration, but waste trestment systems with hold-up
tanksare effectivein reducing the amountsin liquid effluents
to 510 of the amounts administered to patients [J4]. This
seems to be confirmed by the very low concentrations of 3
measured in the surface waters and sewage systems of severa
countries [U3]. This information seems not to be
systematically collected.

174. With the egimated global annual usage of Y in
therapeutic treatments of 600 TB(, ardeasefraction of 510
and a dose coefficient of 0.03 man Sv TBq™ for **!I released
in liquid effluents (from Annex A, “Dose assessment
methodologies’), thefurther contributiontothecollectivedose
is just 0.009 man Sv. The presence of the hold-up tanks
should reduce the release of ®™Tc, the other major
radionuclide, to negligible levels.
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175. Several recent sudies consider the externa exposure of
the groupsthat are mainly exposed, i.e. parents, infants, who
comein contact with therapeutically trested patients or fellow
travellers on the journey home from the hospital [B12, C12,
D8, G9, M11]. These assessments are based ether on use of
integrating dosmeters or on dose-rate measurements closeto
the patients with appropriate occupancy factors. Assessments
basad on the firgt approach gave doses of 0.04-7 mSv to
partners and children of the patients treated for
hyperthyroidism with 200-800 MBq of ¥ [B12, M11].
Average doses were 1 mSy to partners and 0.1 mSv to
children[M11]. Treatment of thyroid cancer patientswith4-7
GBq of ! resulted in dosss bdow 0.5 mSv to family
members [M11]. All of about 200 family members involved
in these dtudies were given advice, according to current
practice, about limiting close contact with the patient. Dose
ratesto fellow travelers ranged from 0.02-0.5 mSv h™.

176. An approximate estimateof the collectivedoseto family
members of patients therapeutically treated with ™1l can be
derived as follows. In developed countries about 20% of
therapeutic trestments with **Y are for thyroid cancer and
80% for hyperthyroidism with average administered amounts
of 5 GBqg and 0.5 GBq, respectively. The weighted average
amount administered is thus 1.4 GBq per patient. For global
usage of 600 TBq of 3!, 430,000 patients could be treated.
With average exposures of 0.5 mSv to 2- 3 family members,
the collective dose to those other than the patients could be
400-600 man Sv.

177. Theimportance of inhalation of radioiodine exhaled by
patientstreated with radioiodine (0.3- 1.3 GBQ), was assessed
by whole body measurements of their reatives [W7]. The
effective dose ranged from 0.3 to about 60 puSv (17 persons)
with a median value of about 4 puSv. Diagnostic procedures
with most radionuclides are estimated to result in cumulative
doses of less than 40 pSv to someone who remains in the
cose vicinity of the patient [B13]. Breast feeding following
maternal radiopharmaceutical administrationmay resultinan
effective doseto the infant of more than 1 mSy, if thefeeding
isnot temporarily interrupted or ceased. Thisisthe casefor a
limited number of trestments with radioiodine but also for
some with *"Tc and ¥Ga[M11, M12).

178. The most important component in the overall dose to
thegeneral population from radioi sotopeproduction and usage
is that to relatives of patients given therapeutic treatments.
Thedominant component of theglobal collectivedoseisfrom
131, 1t was assumed that decay between production and use of
the isotope can be neglected, which means that the data on
isotope consumption can be used. Theresulting globa annual
collective dose is etimated to range up to about 600 man Sv.
The smal dosss to rdatives of patients after diagnostic
procedures may add up to acomparable collective dose, Snce
their number exceedsthat of thetherapeutictreatmentsby two
orders of magnitude. The dose to family members was not
consderedin thepreviousassessment by theCommitteeinthe
UNSCEAR 1993 Report [U3]. The earlier estimate of 100
man Sv, of which 80% was from *C, represented possible
reeases mainly at the production stage. Sincethisestimateis

quite uncertain and likely an overestimate, it is seen that the
exposure of family members of patients treated with **1| may
be cond dered to bethe most important component of exposure
to radioisotopes used in medicine, industry and education.

B. RESEARCH REACTORS

179. Research reactors differ from reactors producing
electrical energy intheir widevariety of designs and modes of
operation, as well as awide range of use. Research reactors
are used for tests of nudear fudsand different materids, for
investigations in nuclear and neutron physics, biology, and
medicine, and for the production of radioisotopes. At the end
of 1999, therewere 292 nuc ear research reactorsoperatingin
theworld, with atotal thermal energy of 3,000 MW. Thetotal
operating experience exceeds 13,000 reactor-years. The
Committee has not previoudy collected data on releases of
radionuclides from research reactors.

180. Exposures resulting from the operation of research
reactors are exemplified by some data reported from the
Russian Federation. From 1993101996, annual releasesfrom
two research reactors in Obninsk averaged 0.7 PBq of noble
gasss, 5 GBq **!l, 0.3 GBq *Sr, 0.6 GBq *'Cs, and 0.1 GBq
plutonium [M8, M10]. The annua effective doses to
individuals in Obninsk were estimated not to exceed 30 uSv
[M8]. Further data on research reactors are not available.

C. ACCIDENTS

181. Accidents involving releases of radionuclides to the
environment occur from timeto time. To the extent that these
result in significant human exposures, they arereviewed and
analysad. A separate Chapter on accidentswasincluded in the
UNSCEAR 1993 Report [U3], and a brief account was given
of al earlier accidents. Since then only one accident has
occurred at anuclear ingallation involving some exposure of
the local population. Thiswas the accident on 30 September
1999 at the Tokaimuranuclear fud processing plant in Japan
[J6]. A criticdity event took place because of improper
procedures. During the 24-hour event and because of only
limited shidding provided by the building, some direct
irradiation was measurable outside the plant site. There was
only trace release of gaseous fisson products. Three workers
inside the plant received serious overexposures. Their doses
were edimated to be in the range 16-20 Gy, 6-10 Gy, and
1-4.5 Gy (gamma equivalent dose). The dosesto 169 other
employeeswere determined from personal dosimeters, whole-
body counting, and survey of their locations during the
accident [18, 36, S9]. Doses to members of the public, about
200 in dl, who were living or working within 350 m of the
facility were estimated individually [F6]. Direct exposures to
persons outside the site were estimated to be up to 21 mGy
(gammaplusneutron). The highest dose, estimated by whole-
body counting, was received by a person at a congtruction
company just beyond the plant boundary.

182. Themisuseor mishandling of radiation sourcesisgener-
ally a hazard to workers. Improper administration of thera-
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peutic trestment sometimesresult in accidenta overexposures
of patients. Lost or unregulated (orphaned) sources can cause
exposures of the public. Thesetopicsare considered further in
the separate assessments by the Committee of occupationa
and medical radiation exposures. The Committee hasno other
information on recent accidents that may have involved

exposures of the public. The Committee has begun a more
complete analyss of the doses and effectsfrom the Chernobyl
accident in the populations living nearest to the reactor in
areas of theformer Soviet Union. Theseresults are presented
separatdy in Annex J, “Exposures and effects of the
Chernobyl accident”.

CONCLUSIONS

183. Reeasesof radioactivematerial stotheenvironment and
exposures of human populations have occurred in severd
activities, practices, and events involving radiation sources.
The main contribution to the collective doses to the world
population in such cases has come from the testing of nuclear
weaponsin theatmosphere. Thispractice occurred from 1945
through 1980. Each nuclear test resulted in unrestrained
rdease to the environment of substantial quantities of
radicactive materials. These were widdy dispersed in the
atmosphere and deposited everywhere on the earth’ s surface.

184. The Committee has given specid attention to the
evauation of exposures from atmospheric nuclear testing.
Numerous measurements of the global deposition of *Sr and
B¥'Cs and of the occurrence of these and other fallout
radionucdlides in diet and the human body were made at the
time the testing was taking place. The worldwide collective
dosefrom this practice was eval uated in the UNSCEAR 1982
Report [U6], and a systematic liging of transfer coefficients
for a number of fdlout radionudides was given in the
UNSCEAR 1993 Report [U3].

185. New information has become available on the numbers
and yidds of nuclear tests. These data were not fully revealed
earlier by the countries that conducted the tests because of
military sengtivities. An updated listing of atmospheric
nuclear tests conducted a each of the test Stesisincluded in
this Annex. Although the total explosive yidds of each test
have been divulged, the fission and fusion yidds are ill
mostly suppressed. Some general assumptions have been
madeto alow specifying the fisson and fusion yidds of each
tet in order to edimate the amounts of radionuclides
produced in the explosions. The estimated total of fission
yields of individua tests is in agreement with the global
deposition of the main fission radionudides ¥Sr and *¥'Cs, as
determined by worldwide monitoring networks.

186. With improved estimates of the production of each
radionuclide in individual tests and using an empirical
atmospheric trangport modd, it is possible to determine the
time course of the dispersion and deposition of radionuclides
and to etimate the annual doses from various pathways in
each hemisphere of the world. In this way it has been
estimated that theworld averageannual effectivedosereached
apesk of 110 uSv in 1963 and has since decreased to about
5uSyv, from residual levelsin theenvironment, mainly of C,

95, and ¥'Cs. Theaverageannual dosesare 10% higher than
theworld averagein the northern hemisphere, where most of
the testing took place, and much lower in the southern
hemisphere. Although there was considerable concern at the
time of testing, the exposures remained reatively low,
reaching at most about 5% of the background level from
natural radiation sources.

187. Theexposurestolocal populations surrounding the test
siteshave al S0 been assessed using availableinformation. The
level of detail istill not sufficient to document the exposures
with great accuracy. Attention to thelocal conditionsand the
possihilities of exposurewasnot greet in the early years of the
test programmes. However, dose recongtruction efforts are
proceeding todarify thisexperienceand to document thelocal
and regional exposures that occurred.

188. Underground testing caused exposures beyond the test
sites only if radioactive gases lesked or were vented. Most
underground tests had a much lower yidd than atmospheric
tests, and it was usudly possible to contain the debris.
Underground tests were conducted at the rate of 50 or more
per year from 1962 to 1990. Although it is the intention of
most countries to agree to ban al further tests, both
atmosphericand underground, thetreaty hasnot yet comeinto
force. Further underground testing occurred in 1998. Thus, it
cannot yet be sated that the practice has ceased.

189. During the time when nudear weapons arsenas were
being built up and especialy in theearlier years (1945-1960),
there were rdeases of radionuclides and exposures of local
popul ationsdownwind or downstream of nuclear ingtallations.
Since there was little recognition of exposure potentials and
monitoring of releases was limited, the exposure eval uations
must be based on the recongtruction of doses. Results are il
being obtained that document this experience. Practices have
greatly improved and arsenals are now being reduced.

190. A continuing practice is the generation of dectrical
energy by nudear power reactors. In recent years, 17% of the
world's dectrical energy has been generated by this means.
During routine operation of nuclear ingtallations, therd eases
of radionudlides are low, and exposures must be estimated
with environmental transfer modds. For al fud cyde
operations (mining and milling, reactor operation, and fud
reprocessing) thelocal and regional exposures are estimated
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at present to be 0.9 man Sv (GW a)*. With present world
nuclear energy generation of 250 GW a, the collective dose
per year of practice is of the order of 200 man Sv. The
assumed representative local and regional population sur-
rounding a sngle ingallation is about 250 million persons,
and the per caput dose to this population would be less than
1 uSv. The collective doses from globally dispersed radio-
nuclides are ddivered over very long periods and to the
projected maximum popul ation of theworld. If the practice of
nuclear power production is limited to the next 100 years at
the present capacity, the maximum annual effective dose per
caput to the global population would be less than 0.2 puSv.
This dose rate is small compared to that from natura back-
ground radiation.

191. Exceptinthecaseof accidents, in which morelocalized
areas can be contaminated to sgnificant levels, there are no
other practices that result in important exposures from
radionucdlides released to the environment. Edtimates of
reeases of isotopes produced and used in indugtria and
medical applicationsarebeing reviewed, but these seem to be
asociated with rather insignificant levels of exposure. The
highest exposures, averaging about 0.5 mSv, may be received
by family members of patients who have received 4
therapeutic trestments. Possble future practices, such as
wegpons dismantling, decommissioning of ingallations, and
waste management projects, can bereviewed as experienceis
acquired, but these should al involve little or no release of
radionudlides and consequently little or no exposure.
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Table 1
Atmospheric nuclear tests
CHINA
Yield (Mt) # Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' and Troposphere | Stratosphere
regional
Test site: Lop Nor
1964: 16 October Land surface 0.02 0 0.02 0.01 0.01
1965: 14 May Air 0.04 0 0.04 0.037 0.003
1966: 9 May Air 0.2 01 0.3 011 0.09
27 October Air 0.02 0 0.02 0.02
28 December Land surface 0.2 0.1 03 0.10 0.056 0.044
1967: 17 June Air 17 13 3 17
24 December Air 0.02 0 0.02 0.02
1968: 28 December Air 15 15 3 15
1969: 29 September Air 19 11 3 19
1970: 14 October Air 19 11 3 19
1971: 18 November Land surface 0.02 0 0.02 0.01 0.01
1972: 7 January Air 0.02 0 0.02 0.02
18 March Air 0.1 0 01 0.08 0.02
1973: 27 June Air 14 11 25 14
1974: 17 June Air 0.3 03 0.6 0.065 0.235
1976: 23 January Land surface 0.02 0 0.02 0.01 0.01
26 September Air 0.1 0 01 0.08 0.02
17 November Air 2.2 18 4 2.2
1977: 17 September Air 0.02 0 0.02 0.02
1978: 15 March Land surface 0.02 0 0.02 0.01 0.01
14 December Land surface 0.02 0 0.02 0.01 0.01
1980: 16 October Air 05 01 0.6 011 0.39
FRANCE
Yield (Mt) # Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' and Troposphere | Stratosphere
regional
Test site: Algeria
1960: 13 February Tower 0.067° 0 0.067 0.0335 0.0326 0.0009
1 April Land surface 0.003° 0 0.003 0.0015 0.0015
27 December Tower 0.002° 0 0.002 0.001 0.001
1961: 25 April Tower 0.0007° 0 0.0007 0.00035 0.00035
Test site: Fangata
1966: 24 September Barge 0.125° 0 0.125 0.0625 0.0595 0.003
1968: 24 August Balloon 13 13 26 13
1970: 30 May Balloon 0.4725 0.4725 0.945 0.4725
3 August Balloon 0.072 0 0.072 0.07 0.002
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Table 1 (continued)

Yield (Mt) # Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' and Troposphere | Stratosphere
regional
Test site: Mururoa
1966: 2 Jduly Barge 0.028"° 0 0.028 0.014 0.014
19 July Air drop 0.05° 0 0.05 0.049 0.001
11 September Balloon 0.11° 0 011 0.11
4 October Barge 0.205° 0 0.205 0.1025 0.0921 0.0104
1967: 5June Balloon 0.015° 0 0.015 0.015
27 June Balloon 0.12° 0 0.12 0.12
2 duly Barge 0.022° 0 0.022 0.011 0.011
1968: 7 Jduly Balloon 0.115° 0 0.115 0.115
15 July Balloon 0.45° 0 0.45 0.45
3 August Balloon 0.15" 0 0.15 0.15
8 September Balloon 0.64 0.64 1.28 0.64
1970: 15 May Balloon 0.013° 0 0.013 0.013
22 May Balloon 0.150 0.074 0.224 0.150
24 June Balloon 0.012° 0 0.012 0.012
3 Jduly Balloon 0.457 0.457 0.914 0.457
27 duly Balloon 0.00005° 0 0.00005 0.00005
6 August Balloon 0.297 0.297 0.594 0.297
1971: 5Jdune Balloon 0.034° 0 0.034 0.034
12 June Balloon 0.29 0.15 0.44 0.29
4 duly Balloon 0.009° 0 0.009 0.009
8 August Balloon 0.004° 0 0.004 0.004
14 August Balloon 0.478 0.477 0.955 0.478
1972: 25 June Balloon 0.0005° 0 0.0005 0.0005
30 June Balloon 0.004° 0 0.004 0.004
27 duly Balloon 0.006° 0 0.006 0.006
1973: 21 July Balloon 0.011° 0 0.011 0.011
28 July Balloon 0.00005° 0 0.00005 0.00005
18 August Balloon 0.004° 0 0.004 0.004
24 August Balloon 0.0002° 0 0.0002 0.0002
28 August Air drop 0.006° 0 0.006 0.006
1974: 16 June Balloon 0.004° 0 0.004 0.004
7 duly Balloon 0.10 0.05 0.15 0.10
17 duly Balloon 0.004° 0 0.004 0.004
25 July Air drop 0.008° 0 0.008 0.008
15 August Balloon 0.096 0 0.096 0.093 0.003
24 August Balloon 0.014° 0 0.014 0.014
14 September Balloon 0.221 0.111 0.332 0.221
UNITED KINGDOM
Yield (Mt) # Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' and Troposphere | Stratosphere
regional
Test site: Monte Bello Islands, Australia
1952: 3 October Water surface 0.025 0 0.025 0.0125 0.0125
1956: 16 May Tower (31 m) 0.015 0 0.015 0.0075 0.0075
19 June Tower (31 m) 0.06 0 0.06 0.03 0.0293 0.0007
Test site: Emu, Australia
1953: 14 October Tower (31 m) 0.01 0 0.01 0.005 0.005
26 October Tower (31 m) 0.008 0 0.008 0.004 0.004




ANNEX C: EXPOSURESTO THE PUBLIC FROM MAN-MADE SOURCES OF RADIATION 197
Table 1 (continued)
Yield (Mt) # Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' and Troposphere | Stratosphere
regional
Test site: Maralinga, Australia
1956: 27 September Tower (31 m) 0.015 0 0.015 0.0075 0.0075
4 October Land surface 0.0015 0 0.0015 0.00075 0.00075
11 October Air drop (150 m) 0.003 0 0.003 0.003
22 October Tower (31 m) 0.01 0 0.01 0.005 0.005
1957: 14 September Tower (31 m) 0.001 0 0.001 0.0005 0.0005
25 September Tower (31 m) 0.006 0 0.006 0.003 0.003
9 October Balloon (300 m) 0.025 0 0.025 0.025
Test site: Malden Island, Pacific
1957: 15 May Air burst 0.2 0.1 0.3 0.17 0.03
31 May Air burst 0.36 0.36 0.72 0.265 0.095
19 June Air burst 0.13 0.07 0.20 0.12 0.01
Test site: Christmas Island, Pacific
1957 8 November Air burst 09 09 18 0.315 0.585
1958: 28 April Air burst 15 15 3 0.12 1.38
22 August Air burst 0.024 0 0.024 0.024
2 September Air burst 05 05 1 0.325 0.175
11 September Air burst 04 04 0.8 0.285 0.115
23 September Air burst 0.025 0 0.025 0.025
UNITED STATES
Yield (Mt) # Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' and Troposphere | Stratosphere
regional
Test site: New Mexico
1945: 16 July Tower 0.021 0 0.021 0.011 0.01
Hiroshima and Nagasaki, Japan (combat use)
1945: 5 August Air drop 0.015 0 0.015 0.015
9 August Air drop 0.021 0 0.021 0.021
Test site: Nevada
1951: 27 January Air drop (320 m) 0.001 0 0.001 0.001
28 January Air drop (330 m) 0.008 0 0.008 0.008
1 February Air drop (330 m) 0.001 0 0.001 0.001
2 February Air drop (335 m) 0.008 0 0.008 0.008
6 February Air drop (340 m) 0.022 0 0.022 0.022
22 October Tower (100 m) 0.0001 0 0.0001 0.00005 0.00005
28 October Air drop (340 m) 0.0035 0 0.0035 0.0035
30 October Air drop (340 m) 0.014 0 0.014 0.014
1 November Air drop (430 m) 0.021 0 0.021 0.021
5 November Air drop (900 m) 0.031 0 0.031 0.031
19 November Surface 0.012 0 0.0012 0.0006 0.0006
29 November Surface (-5 m) 0.001 0 0.001 0.0005 0.0005
1952: 1 April Air drop (240 m) 0.001 0 0.001 0.001
15 April Air drop (320 m) 0.001 0 0.001 0.001
22 April Air drop (1050 m) 0.031 0 0.031 0.031
1 May Air drop (300 m) 0.019 0 0.019 0.019
1952: 7 May Tower (90 m) 0.012 0 0.012 0.006 0.006
25 May Tower (90 m) 0.011 0 0.011 0.0055 0.0055
1 June Tower (90 m) 0.015 0 0.015 0.0075 0.0075
5 June Tower (90 m) 0.014 0 0.014 0.007 0.007
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Table 1 (continued)

Yield (Mt) # Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' and Troposphere | Stratosphere
regional
Test site: Nevada (continued)

1953: 17 March Tower (90 m) 0.016 0 0.016 0.008 0.008
24 March Tower (90 m) 0.024 0 0.024 0.012 0.012
31 March Tower (90 m) 0.0002 0 0.0002 0.0001 0.0001

6 April Air drop (1835 m) 0.011 0 0.011 0.011
11 April Tower (30 m) 0.0002 0 0.0002 0.0001 0.0001
18 April Tower (90 m) 0.023 0 0.023 0.012 0.011
25 April Tower (90 m) 0.043 0 0.043 0.022 0.021
8 May Air drop (740 m) 0.027 0 0.027 0.027
19 May Tower (90 m) 0.032 0 0.032 0.016 0.016
25 May Airburst (160 m) 0.015 0 0.015 0.015
4 June Air drop (400 m) 0.061 0 0.061 0.0595 0.0015

1955: 18 February Air drop (230 m) 0.001 0 0.001 0.001

22 February Tower (90 m) 0.002 0 0.002 0.001 0.001
1 March Tower (90 m) 0.007 0 0.007 0.0035 0.0035
7 March Tower (150 m) 0.043 0 0.043 0.0215 0.0215

12 March Tower (90 m) 0.004 0 0.004 0.002 0.002

22 March Tower (150 m) 0.008 0 0.008 0.004 0.004

29 March Tower (150 m) 0.014 0 0.014 0.007 0.007

29 March Air drop (225 m) 0.003 0 0.003 0.003
6 April Air drop (1120 m) 0.003 0 0.003 0.003
9 April Tower (90 m) 0.002 0 0.002 0.001 0.001

15 April Tower (120 m) 0.022 0 0.022 0.011 0.011
5 May Tower (150 m) 0.029 0 0.029 0.0145 0.0145

15 May Tower (1560 m) 0.028 0 0.028 0.014 0.014

1957: 28 May Tower (150 m) 0.012 0 0.012 0.006 0.006

2 June Tower (90 m) 0.00014 0 0.00014 0.00007 0.00007
5 June Balloon (150 m) 0.0000005 0 0.0000005 0.0000005

18 June Balloon (150 m) 0.01 0 0.01 0.01

24 June Balloon (210 m) 0.037 0 0.037 0.037
5 July Balloon (460 m) 0.074 0 0.074 0.072 0.002

15 July Tower (150 m) 0.017 0 0.017 0.0085 0.0085

19 Jduly Rocket (6100 m) 0.002 0 0.002 0.002

24 July Tower (150 m) 0.01 0 0.01 0.005 0.005

25 July Balloon (150 m) 0.0097 0 0.0097 0.0097
7 August Balloon (460 m) 0.019 0 0.019 0.019

18 August Tower (150 m) 0.017 0 0.017 0.0085 0.0085

23 August Balloon (460 m) 0.011 0 0.011 0.011

30 August Balloon (230 m) 0.0047 0 0.0047 0.0047

31 August Tower (210 m) 0.044 0 0.044 0.022 0.022
2 September Tower (150 m) 0.011 0 0.011 0.0055 0.0055
6 September Balloon (150 m) 0.0002 0 0.0002 0.0002
8 September Balloon (230 m) 0.001 0 0.001 0.001

14 September Tower (150 m) 0.011 0 0.011 0.0055 0.0055

16 September Balloon (460 m) 0.012 0 0.012 0.012

23 September Tower (150 m) 0.019 0 0.019 0.0095 0.0095

28 September Balloon (460 m) 0.012 0 0.012 0.012
7 October Balloon (460 m) 0.008 0 0.008 0.008

1958: 19 September Balloon (150 m) 0.000083 0 0.000083 0.000083
29 September Balloon (460 m) 0.002 0 0.002 0.002
10 October Tower (30 m) 0.000079 0 0.000079 0.00004 0.000039
13 October Balloon (460 m) 0.0014 0 0.0014 0.0014
15 October Tower (15 m) 0.0000012 0 0.0000012 0.0000006 0.0000006
16 October Balloon (140 m) 0.000037 0 0.000037 0.000037
18 October Tower (22 m) 0.00009 0 0.00009 0.000045 0.000045
22 October Balloon (440 m) 0.006 0 0.006 0.006
22 October Balloon (460 m) 0.00012 0 0.00012 0.00012
22 October Balloon (150 m) 0.00019 0 0.00019 0.00019
26 October Balloon (460 m) 0.0049 0 0.0049 0.0049
26 October Balloon (460 m) 0.0022 0 0.0022 0.0022
29 October Tower (10 m) 0.0000078 0 0.0000078 0.0000039 0.0000039
29 October Tower 0 0 0 0 0
30 October Balloon(460 m) 0.0013 0 0.0013 0.0013

1962: 11 July Surface (-1 m) 0.0005 0 0.0005 0.00025 0.00025

7 duly Surface 0.02 0 0.02¢ 0.01 0.01

14 duly Tower 0.02 0 0.02°¢ 0.01 0.01

17 duly Surface 0.02 0 0.02°¢ 0.01 0.01
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Table 1 (continued)
Yield (Mt) # Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' and Troposphere | Stratosphere
regional
Test site: Bikini, Pacific
1946: 30 June Air drop 0.021 0 0.021 0.021
24 July Underwater (-30 m) 0.021 0 0.021 0.011 0.01
1954: 28 February Surface 9d 6 15 45 45
26 March Barge 7.3¢9 37 11 3.65 3.65
6 April Surface 0.075 0.035 0.11 0.037 0.037 0.001
25 April Barge 46¢ 23 6.9 23 23
4 May Barge 9.0¢ 45 135 45 45
1956: 20 May Air drop 169 22 38 0.076 152
27 May Surface 1.25¢ 2.25 35 0.625 0.038 0.587
11 June Barge 0.183¢ 0.182 0.365 0.092 0.077 0.014
25 June Barge 0.55 0.55 11 0.275 0.168 0.107
10 July Barge 154 3.0 45 0.75 0.018 0.732
20 July Barge 2.3¢ 2.7 5 1.15 0.005 1.145
1958: 11 May Barge 0.68 0.68 1.36 0.34 0.175 0.165
21 May Barge 0.0251 0 0.0251 0.0126 0.0125
31 May Barge 0.092 0 0.092 0.046 0.0446 0.0014
10 June Barge 0.142 0.071 0.213 0.071 0.063 0.008
14 June Barge 0.212 0.107 0.319 0.106 0.091 0.015
27 June Barge 0.275 0.137 0.412 0.137 0.164 0.024
29 June Barge 0.014 0 0.014 0.007 0.007
2 duly Barge 0.15 0.07 0.22 0.075 0.076
12 July Barge 3.2¢ 6.1 9.3 16 16
22 July Barge 0.065 0 0.065 0.0325 0.0316 0.0009
Test site: Enewetak, Pacific
1948: 14 April Tower 0.037 0 0.037 0.019 0.018
30 April Tower 0.049 0 0.049 0.025 0.024
14 May Tower 0.018 0 0.018 0.009 0.009
1951: 7 April Tower 0.081 0 0.081 0.041 0.039 0.001
20 April Tower 0.047 0 0.047 0.024 0.023
8 May Tower 0.15 0.075 0.225 0.075 0.066 0.009
24 May Tower 0.0455 0 0.0455 0.0228 0.0227
1952: 31 October Surface 57¢ 47 104 2.85 2.85
15 November Air drop 0.25 0.25 05 0.2 0.05
1954: 13 May Barge 0.845 0.845 1.69 0.423 0.164 0.258
1956: 4 May Surface 0.04 0 0.04 0.02 0.02
27 May Tower 0.00019 0 0.00019 0.000095 0.000095
30 May Tower 0.0149 0 0.0149 0.00745 0.00745
6 June Surface 0.0137 0 0.0137 0.00685 0.00685
11 June Tower 0.008 0 0.008 0.004 0.004
13 June Tower 0.00149 0 0.00149 0.000745 0.000745
16 June Air drop 0.0017 0 0.0017 0.0017
21 June Tower 0.0152 0 0.0152 0.0076 0.0076
2 duly Tower 0.24 0.12 0.36 0.12 0.10 0.020
8 July Barge 0.925 0.925 1.85 0.463 0.153 0.309
21 July Barge 0.167 0.083 0.25 0.084 0.074 0.009
1958: 5May Surface 0.018 0 0.018 0.009 0.009
11 May Barge 0.081 0 0.081 0.041 0.0388 0.0012
12 May Surface 0.685 0.685 1.37 0.343 0.175 0.167
16 May Under water 0.009 0 0.009 0.0045 0.0045
20 May Barge 0.0059 0 0.0059 0.003 0.0029
26 May Barge 0.22 0.11 0.33 0.11 0.094 0.016
26 May Barge 0.057 0 0.057 0.0285 0.0278 0.0007
30 May Barge 0.0116 0 0.0116 0.0058 0.0058
2 June Barge 0.015 0 0.015 0.0075 0.0075
8 June Under water 0.008 0 0.008 0.004 0.004
14 June Barge 0.725 0.725 1.45 0.363 0.174 0.188
18 June Barge 0.011 0 0.011 0.0055 0.0055
27 June Barge 0.44 0.44 0.88 0.22 0.151 0.069
28 June Barge 34 5.9 8.9 15 15
1 July Barge 0.0052 0 0.0052 0.0026 0.0026
5 July Barge 0.265 0.132 0.397 0.133 0.109 0.024
17 duly Barge 0.170 0.085 0.255 0.085 0.074 0.011
22 July Barge 0.135 0.067 0.202 0.067 0.060 0.007
26 July Barge 1 1 2 05 0.138 0.363
6 August Surface 0 0 0 0 0
18 August Surface 0.00002 0 0.00002 0.00001 0.00001
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Table 1 (continued)

Yield (Mt) # Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' e Troposphere | Stratosphere
regional
Test site: Pacific
1955: 14 May Under water 0.03 0 0.03 0.015 0.015
1958: 28 April Balloon 0.0017 0 0.0017 0.0017
1962: 5May Rocket 0.05 0 0.05¢ 0.05
11 May Under water 0.02 0 0.02°¢ 0.01 0.01
Test site: Atlantic, 38°-50°S
1958: 27 August Rocket 0.0015 0 0.0015 0.0015
30 August Rocket 0.0015 0 0.0015 0.0015
6 September Rocket 0.0015 0 0.0015 0.0015
Test site: Johnston Island, Pacific
1958: 1 August Rocket 1.9 1.9 3.8 19
12 August Rocket 1.9 1.9 3.8 1.9
1962: 9 July Rocket 0.7 0.7 14 0.7
2 October Air drop 0.075 0 0.075 0.073 0.002
6 October Air drop 0.0113 0 0.0113 0.0113
18 October Air drop 0.795 0.795 159 0.341 0.454
20 October Rocket 0.02 0 0.02¢ 0.02
26 October Rocket 0.25 0.25 05¢ 0.25
27 October Air drop 04 04 0.8 0.285 0.115
30 October Air drop 4.15 4.15 8.3 4,15
1 November Rocket 0.25 0.25 05¢ 0.25
4 November Rocket 0.02 0 0.02°¢ 0.02
Test site: Christmas Island, Pacific
1962: 25 April Air drop 0.127 0.063 0.19 0.114 0.014
27 April Air drop 0.27 0.14 041 0.226 0.047
2 May Air drop 0.545 0.545 1.09 0.336 0.209
4 May Air drop 0.335 0.335 0.67 0.252 0.083
8 May Air drop 0.1 0 0.1 0.097 0.003
9 May Air drop 0.1 0 0.1 0.097 0.003
11 May Air drop 0.05 0 0.05 0.049 0.001
12 May Air drop 0.25 0.25 0.5 0.2 0.05
14 May Air drop 0.097 0 0.097 0.094 0.003
19 May Air drop 0.073 0 0.073 0.071 0.002
25 May Air drop 0.0026 0 0.0026 0.0026
27 May Air drop 0.043 0 0.043 0.043
8 June Air drop 0.391 0.391 0.782 0.281 0.110
9 June Air drop 0.14 0.07 0.21 0.124 0.016
10 June Air drop 15 15 3 0.12 1.38
12 June Air drop 0.6 0.6 12 0.345 0.255
15 June Air drop 04 04 0.8 0.28 0.12
17 June Air drop 0.052 0 0.052 0.051 0.001
19 June Air drop 0.0022 0 0.0022 0.0022
22 June Air drop 0.0815 0 0.0815 0.0791 0.0024
27 June Air drop 3.83 3.82 7.65 3.83
30 June Air drop 0.63 0.64 1.27 0.346 0.284
10 July Air drop 0.5 0.5 1 0.325 0.175
11 July Air drop 1.94 1.94 3.88 0.089 1.851
USSR
Yield (Mt) ® Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' e Troposphere | Stratosphere
regional
Test site: Semipalatinsk
1949: 29 August Surface 0.022 0 0.022 0.011 0.011
1951: 24 September Surface 0.038 0 0.038 0.019 0.018 0.001
18 October Air 0.042 0 0.042 0.039 0.003
1953: 12 August Surface 0.04 0.36 0.4¢ 0.02 0.0089 0.011
23 August Air 0.028 0 0.028 0.028
3 September Air 0.0058 0 0.0058 0.0058
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Table 1 (continued)
Yield (Mt) ® Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' and Troposphere | Stratosphere
regional
1953: 8 September Air 0.0016 0 0.0016 0.0016
10 September Air 0.0049 0 0.0049 0.0049
1954: 29 September Air 0.0002 0 0.0002 0.0002
1 October Air 0.00003 0 0.00003 0.00003
3 October Air 0.002 0 0.002 0.002
5 October Surface 0.004 0 0.004 0.002 0.002
8 October Air 0.0008 0 0.0008 0.0008
19 October Surface 0.000001 0 0.000001 0.0000005 0.0000005
23 October Air 0.062 0 0.062 0.054 0.008
26 October Air 0.0028 0 0.0028 0.0028
30 October Surface 0.01 0 0.01 0.005 0.005
1955: 29 July Surface 0.0013 0 0.0013 0.00065 0.00065
2 August Surface 0.012 0 0.012 0.006 0.006
5 August Surface 0.0012 0 0.0012 0.0006 0.0006
6 November Air 0.167 0.083 0.25 0.106 0.061
22 November Air 0.8 0.8 1.6 0.003 0.797
1956 16 March Surface 0.014 0 0.014 0.007 0.007
25 March Surface 0.0055 0 0.0055 0.00275 0.00275
24 August Surface 0.027 0 0.027 0.0135 0.0135
30 August Air 0.45 0.45 0.9 0.020 0.430
2 September Air 0.051 0 0.051 0.046 0.005
10 September Air 0.038 0 0.038 0.036 0.002
17 November Air 0.45 0.45 09 0.020 0.430
14 December Air 0.04 0 0.04 0.037 0.003
1957: 8March Air 0.019 0 0.019 0.019
3 April Air 0.042 0 0.042 0.039 0.003
6 April Air 0.057 0 0.057 0.050 0.007
10 April High atmosphere 0.34 0.34 0.68 0.34
12 April Air 0.022 0 0.022 0.022
16 April Air 0.213 0.107 0.32 0.115 0.098
22 August Air 0.26 0.26 0.52 0.078 0.182
26 August Air 0.0001 0 0.0001 0.0001
13 September Air 0.0059 0 0.0059 0.0059
26 September Air 0.013 0 0.013 0.013
28 December Air 0.012 0 0.012 0.012
1958: 4 January Air 0.0013 0 0.0013 0.0013
17 January Air 0.0005 0 0.0005 0.0005
13 March Air 0.0012 0 0.0012 0.0012
14 March Air 0.035 0 0.035 0.033 0.002
15 March High atmosphere 0.014 0 0.014 0.014
18 March Air 0.00016 0 0.00016 0.00016
20 March High atmosphere 0.012 0 0.012 0.012
22 March Air 0.018 0 0.018 0.018
1961: 1 September Air 0.016 0 0.016 0.016
4 September Air 0.009 0 0.009 0.009
5 September Air 0.016 0 0.016 0.016
6 September Air 0.0011 0 0.0011 0.0011
9 September Surface 0.00038 0 0.00038 0.00019 0.00019
10 September Air 0.00088 0 0.00088 0.00088
11 September Air 0.0003 0 0.0003 0.0003
13 September Air 0.004 0 0.004f 0.004
14 September Surface 0.0004 0 0.0004 0.0002 0.0002
17 September Air 0.04 0 0.04f 0.037
18 September Surface 0.000004 0 0.000004 0.000002 0.000002
18 September Air 0.00075 0 0.00075 0.00075
19 September Surface 0.00003 0 0.00003 0.000015 0.000015
20 September Air 0.0048 0 0.0048 0.0048
21 September Air 0.0008 0 0.0008 0.0008
26 September Air 0.0012 0 0.0012 0.0012
1 October Air 0.003 0 0.003 0.003
4 October Air 0.013 0 0.013 0.013
12 October Air 0.015 0 0.015 0.015
17 October Air 0.0066 0 0.0066 0.0066
19 October Air 0.004 0 0.004 ¢ 0.004
25 October Air 0.0005 0 0.0005 0.0005 0.003
30 October Air 0.00009 0 0.00009 0.00009
1 November Air 0.0027 0 0.0027 0.0027
2 November Air 0.0006 0 0.0006 0.0006
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Table 1 (continued)

Yield (Mt) ® Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total L"C".‘J and Troposphere | Stratosphere
regional
1961: 3 November Surface 0.000001 0 0.000001 0.0000005 0.0000005
3 November Air 0.0009 0 0.0009 0.0009
4 November Surface 0.0002 0 0.0002 0.0001 0.0001
1962: 1 August Air 0.0024 0 0.0024 0.0024
3 August Air 0.0016 0 0.0016 0.0016
4 August Air 0.0038 0 0.0038 0.0038
7 August Surface 0.0099 0 0.0099 0.00495 0.00495
18 August Air 0.0074 0 0.0074 0.0074
18 August Air 0.0058 0 0.0058 0.0058
21 August Air 0.04 0 0.04¢ 0.037 0.003
22 August Air 0.003 0 0.003 0.003
23 August Air 0.0025 0 0.0025 0.0025
25 August Air 0.004 0 0.004 © 0.004
27 August Air 0.011 0 0.011 0.011
31 August Air 0.0027 0 0.0027 0.0027
22 September Surface 0.00021 0 0.00021 0.00011 0.0001
24 September Air 0.0012 0 0.0012 0.0012
25 September Surface 0.007 0 0.007 0.0035 0.0035
28 September Air 0.0013 0 0.0013 0.0013
9 October Air 0.008 0 0.008 0.008
10 October Air 0.0092 0 0.0092 0.0092
13 October Air 0.0049 0 0.0049 0.0049
14 October Air 0.004 0 0.004 © 0.004
20 October Air 0.0067 0 0.0067 0.0067
28 October Air 0.0078 0 0.0078 0.0078
28 October Air 0.0078 0 0.0078 0.0078
30 October Surface 0.0012 0 0.0012 0.0006 0.0006
31 October Air 0.01 0 0.01 0.01
1 November Air 0.003 0 0.003 0.003
3 November Air 0.0047 0 0.0047 0.0047
4 November Air 0.0084 0 0.0084 0.0084
5 November Surface 0.0004 0 0.0004 0.0002 0.0002
11 November Surface 0.0001 0 0.0001 0.00005 0.00005
13 November Surface 0.000001 0 0.000001 0.0000005 0.0000005
14 November Air 0.012 0 0.012 0.012
17 November Air 0.018 0 0.018 0.018
24 November Surface 0.000001 0 0.000001 0.0000005 0.0000005
26 November Surface 0.000031 0 0.000031 0.000016 0.000015
1 December Air 0.0024 0 0.0024 0.0024
23 December Surface 0.000001 0 0.000001 0.0000005 0.0000005
24 December Surface 0.000007 0 0.000007 0.00000035 | 0.00000035
24 December Surface 0.000028 0 0.000028 0.000014 0.000014
Test site: Novaya Zemlya
1955; 21 September Under water 0.0035 0 0.0035 0.00175 0.00175
1957: 7 September Surface 0.032 0 0.032 0.016 0.0154 0.0006
24 September Air 0.8 0.8 16 0.003 0.797
6 October Air 1.45 1.45 29 1.45
10 October Under water 0.01 0 0.01 0.005 0.005
1958: 23 February Air 0.43 0.43 0.86 0.025 0.405
27 February Air 0.163 0.087 0.25 0.103 0.060
27 February Air 0.75 0.75 15 0.004 0.746
14 March Air 0.04 0 0.04 0.037 0.003
21 March Air 0.325 0.325 0.65 0.054 0.271
30 September Air 0.6 0.6 12 0.005 0.595
30 September Air 0.45 0.45 0.9 0.020 0.430
2 October Air 0.193 0.097 0.29 0.112 0.071
2 October Air 0.04 0 0.04 0.037 0.003
4 October Air 0.009 0 0.009 0.009
5 October Air 0.015 0 0.015 0.015
6 October Air 0.0055 0 0.0055 0.0055
10 October Air 0.068 0 0.068 0.059 0.009
12 October Air 0.725 0.725 1.45 0.004 0.721
15 October Air 0.75 0.75 15 0.004 0.746
18 October Air 1.45 1.45 29 1.45
19 October Air 0.04 0 0.04 0.037 0.003
19 October Air 0.000001 0 0.000001 0.000001
20 October Air 0.293 0.147 0.44 0.115 0.178
21 October Air 0.002 0 0.002 0.002
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Table 1 (continued)

Yield (Mt) ® Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total LOC?' and Troposphere | Stratosphere
regional
1958: 22 October Air 14 14 2.8 14
24 October Air 05 05 1 0.005 0.495
25 October Air 0.127 0.063 0.19 0.090 0.037
25 October Air 0.0001 0 0.0001 0.0001
1961: 10 September Air 1.35 1.35 27 135
10 September Air 0.012 0 0.012 0.012
12 September Air 0.575 0.575 1.15 0.005 0.570
13 September Air 0.006 0 0.006 0.006
14 September Air 0.6 0.6 12 0.005 0.595
16 September Air 0.415 0.415 0.83 0.029 0.386
18 September Air 05 05 1 0.005 0.495
20 September Air 0.266 0.134 04°¢ 0.118 0.148
22 September Air 0.173 0.087 0.26 0.107 0.066
2 October Air 0.167 0.083 0.25 0.106 0.061
4 October Air 2 2 4° 2
6 October Air 2 2 4 2
8 October Air 0.015 0 0.015 0.015
20 October Air 0.725 0.725 145 0.004 0.721
23 October Under water 0.0048 0 0.0048 0.0024 0.0024
23 October Air 4.17 8.33 125 417
25 October Air 0.2 0.1 0.3 0.113 0.087
27 October Water surface 0.016 0 0.016 0.008 0.008
30 October Air 15° 485° 50 15
31 October Air 25 25 5 25
31 October Air 0.267 0.133 04°¢ 0.118 0.149
2 November Air 0.08 0.04 0.12 0.063 0.017
2 November Air 0.187 0.093 0.28 0.111 0.076
4 November Air 0.015 0 0.015 0.015
4 November Air 0.267 0.133 04° 0.118 0.149
4 November Air 0.006 0 0.006 0.006
1962: 5 August Air 7.03 14.07 211 7.03
10 August Air 0.267 0.133 04f 0.118 0.149
20 August Air 14 14 2.8 14
22 August Air 0.8 0.8 16 0.003 0.797
22 August Water surface 0.006 0 0.006 0.003 0.003
25 August Air 2 2 41 2
27 August Air 21 21 4.2 21
2 September Air 0.08 0 0.08 0.067 0.013
8 September Air 0.95 0.95 19 0.001 0.949
15 September Air 1.55 1.55 31 155
16 September Air 1.625 1.625 325 1.625
18 September Air 0.675 0.675 1.35 0.004 0.671
19 September Air 2 2 47 2
21 September Air 12 12 24 12
25 September Air 6.37 12.73 19.1 6.37
27 September Air 8.07 16.13 2421 8.07
7 October Air 0.32 0 0.32 0.173 0.147
9 October Air 0.015 0 0.015 0.015
22 October Air 4.1 4.1 8.2 41
27 October Air 0.173 0.087 0.26 0.107 0.066
29 October Air 0.24 0.12 0.36 0.118 0.122
30 October Air 0.187 0.093 0.28 0.111 0.076
1 November Air 0.16 0.08 0.24 0.104 0.056
3 November Air 0.26 0.13 0.39 0.119 0.141
3 November Air 0.045 0 0.045 0.041 0.004
18 December Air 0.073 0.037 0.11 0.058 0.015
18 December Air 0.069 0 0.069 0.059 0.010
20 December Air 0.0083 0 0.0083 0.0083
22 December Air 0.0063 0 0.0063 0.0063
23 December Air 0.287 0.143 0.43 0.117 0.170
23 December Air 0.0083 0 0.0083 0.0083
23 December Air 0.0024 0 0.0024 0.0024
24 December Air 0.55 0.55 11 0.005 0.545
24 December Air 8.07 16.13 24.2 8.07
25 December Air 1.55 1.55 31 155
25 December Air 0.0085 0 0.0085 0.0085
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Table 1 (continued)

Yield (Mt) ® Partitioned fission yield (Mt)
Date Type of test
Fission Fusion Total L"C"i“ and Troposphere | Stratosphere
regional
Test site: Totsk, Aralsk
1954: 14 September Air 0.04 0 0.04 0.037 0.003
1956: 2 February Surface 0.0003 0 0.0003 0.00015 0.00015
Test site: Kapustin Yar
1957: 19 January Air 0.01 0 0.01 0.01
1958: 1 November Air 0.01 0 0.01 0.01
3 November Air 0.01 0 0.01 0.01
1961: 6 September Air 0.011 0 0.011 0.011
6 October Air 0.04 0 0.04 0.037 0.003
27 October High atmosphere 0.0012 0 0.0012 0.0012
27 October High atmosphere 0.0012 0 0.0012 0.0012
1962: 22 October High atmosphere 0.2 0.1 0.3 0.2
28 October High atmosphere 0.2 0.1 0.3 0.2
1 November High atmosphere 0.2 0.1 0.3 0.2
a Edimated fisson and fusion yields unless otherwise indicated; reported total yields.
b Reported fisson or fusonyield.
¢ Indefinite reported yield; value assigned asfollows: low, 0.02 Mt; no indication, 0.05 Mt; submegatonne, 0.5 Mt.
d Fissonyied arbitrarily adjusted to obtain agreement with reported total fisson yields for test series: 1952-1954 = 37 Mt (36 Mt from >1 Mt events),
1956 = 9 Mt (8 Mt from >1 Mt events), 1957-1958 = 19 Mt (14 Mt from >1 Mt events) [D7].
e Thermonuclear explosion; fission yield estimated [G7].
f  Indefinite reported yield; value assigned asfollows: 0.000001-0.02 Mt, 0.004 Mt; 0.02-0.15 Mt, 0.04 Mt; 0.15-1.5 Mt, 0.4 Mt; 1.5-10 Mt, 4 Mt;

>10 Mt, 24.2 Mt.

Note: The dates of tests have been reported as Greenwich Mean Time.
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Table 2
Atmospheric nuclear tests at each test site
Yield (Mt) Partitioned fission yield (Mt)
Test site Number of
tests Local and
Fission Fusion Total - Troposphere Stratosphere
regional
China
Lop Nor 22 12.2 85 20.72 0.15 0.66 11.40
France
Algeria 4 0.073 0 0.073 0.036 0.035 0.001
Fangataufa 4 197 177 3.74 0.06 0.13 1.78
Mururoa 37 413 2.25 6.38 0.13 0.41 3.59
Total 45 6.17 4.02 10.20 0.23 0.57 5.37
United Kingdom
Monte Bello Idand 3 0.1 0 0.1 0.050 0.049 0.0007
Emu 2 0.018 0 0.018 0.009 0.009 0
Marilinga 7 0.062 0 0.062 0.023 0.038 0
Malden Idand 3 0.69 0.53 122 0 0.56 0.13
ChristmasIdand 6 335 3.30 6.65 0 1.09 2.26
Total 21 422 3.83 8.05 0.07 1.76 2.39
United States
New Mexico 1 0.021 0 0.021 0.011 0.010 0
Japan (combat use) 2 0.036 0 0.036 0 0.036 0
Nevada 86 1.05 0 1.05 0.28 0.77 0.004
Bikini 23 422 34.6 76.8 20.3 1.07 20.8
Enewetak 42 155 16.1 31.7 7.63 2.02 5.85
Pacific 4 0.102 0 0.102 0.025 0.027 0.050
Atlantic 3 0.0045 0 0.0045 0 0 0.005
Johnston Idand 12 105 10.3 20.8 0 0.71 9.76
Christmas Idand 24 121 11.2 233 0 3.62 8.45
Total 197 81.5 72.2 153.8 28.2 8.27 44.9
USSR
Semipalatinsk 116 3.74 2.85 6.59 0.097 1.23 241
Novaya Zemlya 91 80.8 158.8 239.6 0.036 293 77.8
Totsk, Aralsk 2 0.040 0 0.040 0 0.037 0.003
Kapustin Yar 10 0.68 0.30 0.98 0 0.078 0.61
Total 219 85.3 162.0 247.3 0.13 4.28 80.8
All countries
Total 543 @ 189 251 440 ‘ 29 16 145
a Includes 22 safety tests of the United States, 12 safety tests of the United Kingdom, and 5 safety tests of France not listed inTable 1.
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Table 3

Estimated fission and fusion yields of atmospheric nuclear tests of total yields equal to or greater than 4 Mt

Yield (Mt)
Date Designation Type of test Test site
Fission Fusion Total
China
17 November 1976 Air Lop Nor 22° 1.8 4
United States
28 February 1954 Bravo Surface Bikini 9.0° 6.0 15
4 May 1954 Yankee Barge Bikini 9.0° 45 135
26 March 1954 Romeo Barge Bikini 73° 3.7 11
31 October 1952 Mike Surface Enewetak 57° 57 104
12 July 1958 Poplar Barge Bikini 3.2° 6.1 9.3
28 June 1958 Oak Barge Enewetak 3.0° 5.9 8.9
30 October 1962 Housatonic Air drop Johnston Idand 4,15 4,15 8.3
27 June 1962 Bighorn Air drop Christmas Idand 3.83 3.82 7.65
25 April 1954 Union Barge Bikini 46° 23 6.9
20 July 1956 Tewa Barge Bikini 23" 2.7 5
10 July 1956 Navaho Barge Bikini 15° 3.0 45
USSR
30 October 1961 Test 130 Air Novaya Zemlya 15¢ 485 50
24 December 1962 Test 219 Air Novaya Zemlya 8.07 16.13 24.2
5 August 1962 Test 147 Air Novaya Zemlya 7.03 14.07 211
25 September 1962 Test 173 Air Novaya Zemlya 6.37 12.73 19.1
27 September 1962 Test 174 Air Novaya Zemlya 8.07 16.13 2424
23 October 1961 Test 123 Air Novaya Zemlya 417 8.33 12.5
22 October 1962 Test 183 Air Novaya Zemlya 4.1 41 8.2
31 October 1961 Test 131 Air Novaya Zemlya 25 25 5
27 August 1962 Test 160 Air Novaya Zemlya 21 21 4.2
4 October 1961 Test 113 Air Novaya Zemlya 2 2 4¢
6 October 1961 Test 114 Air Novaya Zemlya 2 2 4
25 August 1962 Test 158 Air Novaya Zemlya 2 2 4°¢
19 September 1962 Test 168 Air Novaya Zemlya 2 2 4°¢
Total
| | 25tests | | 106 183 289

o O

Estimated from measured stratospheric inventories[L 7, L8] and global deposition [F7].
Fisson yidd arbitrarily adjusted to obtain agreement with reported total fisson yiedsfor test series: 1952-1954 = 37 Mt (36 Mt from >1 Mt events),

1956 = 9 Mt (8 Mt from >1 Mt events), 1957-1958 = 19 Mt (14 Mt from >1 Mt events) [D7].
Officially reported value [M2].
Reported yield: >10 Mt.
Reported yield: 1.5-10 Mt.




ANNEX C: EXPOSURES TO THE PUBLIC FROM MAN-MADE SOURCES OF RADIATION

207

Table 4

Annual fission and fusion yields of nuclear tests and atmospheric partitioning, all countries

Yield (Mt) Partitioned fission yield (Mt)
Year Number of
tests Fission Fusion Total Locz_il and Troposphere Fission
regional
1945 32 0.057 0 0.057 0.011 0.046 0
1946 2 0.042 0 0.042 0.011 0.031 0
1947
1948 3 0.10 0 0.10 0.053 0.051 0
1949 1 0.022 0 0.022 0.011 0.011 0
1950
1951 18 0.51 0.08 0.59 0.18 0.32 0.014
1952 11 6.08 4.95 11.0 2.89 0.28 291
1953 18 0.35 0.36 0.71 0.099 0.24 0.013
1954 16 30.9 17.4 483 154 031 15.2
1955 20 1.18 0.88 2.06 0.10 0.22 0.86
1956 32 10.0 12.9 229 3.68 0.99 531
1957 46 5.25 4.37 9.64 0.14 161 3.50
1958 91 26.5 30.3 56.8 5.86 331 17.3
1959
1960 3 0.072 0 0.072 0.036 0.035 0.0009
1961 59 182 68.3 86.5 0.011 115 17.1
1962 118 71.8 98.5 170.4 0.052 5.77 66.0
1963
1964 1 0.02 0 0.02 0.010 0.010 0
1965 1 0.04 0 0.04 0 0.037 0.003
1966 8 0.94 0.20 1.14 0.28 0.41 0.25
1967 5 1.88 1.30 318 0.011 0.046 1.82
1968 6 4.16 3.44 7.60 0 0 4.16
1969 1 1.9 11 3 0 1.90
1970 9 3.38 2.40 5.78 0 0.095 3.28
1971 6 0.84 0.62 1.46 0.01 0.057 0.77
1972 5 0.13 0 0.13 0 011 0.02
1973 6 1.42 11 252 0 0.021 1.40
1974 8 0.75 0.46 121 0 0.19 0.56
1975
1976 3 232 18 412 0.01 0.09 222
1977 1 0.02 0 0.02 0 0.02 0
1978 2 0.04 0 0.04 0.02 0.02 0
1979
1980 1 0.5 0.1 0.6 0 0.11 0.39
Total
Total | sa3 | 189 \ 251 440 29 16 145
Total worldwide dispersion (troposphere and stratosphere) 160.5
Total measured global deposition 155°¢

a

C

Includes two cases of military combat usein Japan.
b  Total includes additional 39 safety tests: 22 by the United States, 12 by the United Kingdom, and 5 by France.

Inferred from ®Sr measurements. Since radioactive decay of 2%-3% occurred prior to deposition of *Sr, the estimated dispersed amount (injection
into atmosphere) would also be about 160 Mt.
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Table 5
Empirical estimates of the partitioning of yields from atmospheric tests into the troposphere and stratosphere
[P1]
Partitioned yield (Mt)
Total Equatorial airburst ® (0 °-30 °latitude) Polar airburst ® (30 °-90 °latitude)
yield
(Mt) Lower Upper Lower Upper
Troposphere stratosphere stratosphere Troposphere stratosphere stratosphere
0.03 0.03 0 0.029 0.001
0.05 0.049 0.001 0.045 0.005
0.07 0.068 0.002 0.06 0.01
0.1 0.097 0.003 0.08 0.02
0.2 0.18 0.02 0.14 0.06
0.3 0.26 0.04 0.17 0.13
0.5 0.40 0.10 0.16 0.34
0.7 0.52 0.18 0.08 0.62
1 0.65 0.35 0.01 0.99
2 0.55 1.45 16 0.4
3 0.24 2.76 1.45 1.55
5 0.02 443 0.55 0.95 4.05
7 497 2.03 0.56 6.44
10 5.25 4.75 0.06 9.94
20 3.00 17.0 20
30 21 27.9 30
50 0.5 495 50

a Atmospheric heights: Troposphere <17 km, lower stratosphere 17-24 km, upper stratosphere 24-50 km.
b Atmospheric heights: Troposphere <9 km, lower stratosphere 9-17 km, upper stratosphere 17-50 km.
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Table 6
Estimated annual injections of nuclear debris into atmospheric regions #
Fission energy (Mt)
Year High equatorial Polar stratosphere Equatorial Equatorial Troposohere
atmosphere north stratosphere north stratosphere south PO Total
North South Upper Lower Upper Lower Upper Lower North South
1945 0.046 0.046
1946 0.031 0.031
1947
1948 0.051 0.051
1949 0.011 0.011
1950
1951 0.004 0.010 0.32 0.33
1952 135 155 0.27 0.013 3.19
1953 0.013 0.23 0.009 0.25
1954 0.011 7.95 7.26 031 155
1955 0.096 0.76 0.22 1.08
1956 0.44 0.27 4.61 0.0007 0.94 0.053 6.30
1957 0.34 0.80 1.46 0.48 0.43 0.87 0.74 511
1958 1.93 1.90 158 6.05 1.30 3.70 0.84 292 0.39 20.6
1959
1960 0.0009 0.035 0.036
1961 0.002 11.0 6.14 115 18.25
1962 1.28 0.62 415 9.48 191 7.02 0.63 358 3.96 181 718
1963
1964 0.010 0.010
1965 0.003 0.037 0.040
1966 0.13 0.12 0.19 021 0.66
1967 0.44 1.26 0.12 0.020 0.026 1.87
1968 0.78 0.73 1.09 1.56 4.16
1969 0.98 0.92 1.90
1970 0.98 0.92 1.38 0.095 3.38
1971 0.77 0.010 0.047 0.83
1972 0.02 0.10 0.011 0.13
1973 0.25 115 0.021 142
1974 0.24 0.32 0.065 0.12 0.75
1975
1976 1.46 0.76 0.090 231
1977 0.020 0.02
1978 0.020 0.02
1979
1980 0.39 0.11 05
Total
North 3.84 59.2 28.2 135 273 121 144
South 252 172 9.12 3.55 16.9
Global 6.36 139 15.6 161

a Yieldswere partitioned according to values of Table 5. For sites at temperate locations (30°-60° latitude) and yields of 1-4 Mt, input to the upper
stratospheric region was reduced by one half, essentially averaging equatorial and polar partitioning assumptions; polar partitioning was maintained
for the tropospheric portion. For testsin June, July, and August, inputs from temperate sites were assumed to be to the equatorial atmosphere and from
al other monthsto the polar atmosphere. Partitioning from equatorial sites (Christmas Idand and high altitude tests at Johnston Idand) were assumed

equally divided between the northern and southern hemispheres.



Table 7

Annual concentrations in air and deposition amounts of * Sr produced in atmospheric nuclear testing

Average annual concentration in air of mid-latitudes (mBg n) Annual hemispheric deposition (PBq) Cumulative deposit (PBq)
Year Northern hemisphere Southern hemisphere Northern hemisphere Southern hemisphere North South Total
Calculated 2 Measured Calculated 2 Measured © Calculated 2 Measured ¢ Calculated 2 Measured ¢ Measured © Measured © Measured ©
1945 0.002 - 0.017 - 0.17 0.00 0.17
1946 0.002 - 0.13 - 0.29 0.00 0.29
1947 - - 0.00 - 0.29 0.00 0.29
1948 0.002 - 0.20 - 0.47 0.00 0.47
1949 0.001 - 0.04 - 0.50 0.00 0.50
1950 - - - - 0.49 0.00 0.49
1951 0.014 - 116 - 161 0.00 161
1952 0.014 0.001 118 0.05 272 0.05 2,77
1953 0.061 0.009 5.00 0.71 7.52 0.75 8.27
1954 0.16 0.053 13.0 4.38 20.1 5.02 251
1955 0.24 0.055 194 455 385 9.35 47.8
1956 0.22 0.057 179 4.70 55.0 13.7 68.7
1957 0.22 0.23 0.072 17.6 6.34 70.9 19.6 90.4
1958 0.36 0.48 0.081 0.11 29.4 233 6.73 9.45 92.2 285 121
1959 0.33 0.72 0.061 0.074 27.2 389 4.82 6.84 128 345 163
1960 0.14 0.15 0.043 0.056 113 9.69 352 6.22 135 39.9 175
1961 0.14 0.17 0.030 0.075 115 13.0 249 6.44 145 453 190
1962 0.67 0.99 0.185 0.11 54.6 53.4 15.2 9.75 194 53.8 248
1963 141 217 0.139 0.16 115 97.0 115 114 285 63.8 349
1964 0.87 1.25 0.109 0.18 71.2 61.3 8.97 15.6 339 7.7 416
1965 0.40 0.45 0.073 0.16 329 28.6 6.02 13.2 359 88.9 448
1966 0.18 0.19 0.054 0.085 14.6 12.1 4.48 7.66 362 94.3 457
1967 0.086 0.075 0.036 0.050 7.00 6.24 2.99 4.07 360 96.1 456
1968 0.062 0.098 0.041 0.046 511 722 3.40 3.76 358 97.5 456
1969 0.078 0.070 0.051 0.089 6.34 5.45 420 521 355 100 455
1970 0.088 0.12 0.056 0.066 7.18 7.62 4.60 474 354 103 457
1971 0.090 0.11 0.049 0.078 7.37 6.97 4.04 5.56 353 106 458
1972 0.051 0.035 0.029 0.053 415 3.19 2.40 355 347 107 454
1973 0.026 0.018 0.018 0.024 217 1.18 1.46 1.13 340 105 445
1974 0.037 0.056 0.020 0.018 3.06 4.46 1.68 1.45 336 104 441
1975 0.020 0.032 0.012 0.019 167 2.16 0.99 1.27 331 103 433
1976 0.014 0.011 0.006 0.007 114 1.00 0.46 0.77 324 101 425
1977 0.052 0.032 0.003 0.003 425 3.01 0.27 0.81 319 100 418
1978 0.031 0.035 0.003 0.002 2.50 3.70 021 0.67 315 97.8 413
1979 0.014 0.011 0.002 0.002 111 1.16 0.15 0.39 308 95.8 404
1980 0.011 0.008 0.001 0.003 091 111 0.09 0.39 302 93.9 396
1981 0.015 0.019 0.001 0.002 1.23 1.85 0.07 0.29 297 92.0 387
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Table 7 (continued)

SQ "D Qo0 oW

Average annual concentration in air of mid-latitudes (mBg n) Annual hemispheric deposition (PBq) Cumulative deposit (PBq)
Year Northern hemisphere Southern hemisphere Northern hemisphere Southern hemisphere North South Total
Calculated 2 Measured Calculated 2 Measured © Calculated 2 Measured ¢ Calculated 2 Measured ¢ Measured © Measured © Measured ©
1982 0.003 0.005 - 0.002 0.30 0.47 0.055 0.22 289 90.3 379
1983 0.002 0.001 - - 0.09 0.33 0.033 0.19 283 88.2 370
1984 - - 0.04 0.27 0.017 0.11 276 86.1 362
1985 - - 0.013 0.078 0.008 0.052 269 84.0 353
1986 - - 0.005 0.004 263 82.0 344
1987 - - 0.002 0.002 256 80.0 336
1988 - - 0.001 - 250 78.1 328
1989 - - - 244 76.2 320
1990 - - - - 238 74.4 313
1991 - - - - 233 72.6 305
1992 - - - - 227 70.9 298
1993 - - - - 222 69.2 291
1994 - - - - 216 67.5 284
1995 - - - - 211 65.9 277
1996 - - - - 206 64.3 270
1997 - - - - 201 62.8 264
1998 - - - - 196 61.3 258
1999 - - - - 192 59.8 251
2000 - - - - 187 58.4 245
Total ¢ 6.1mBgam® | 89mBgam?® | 1.3mBgam?® | 17mBgam? 499 PBq 470 PBq 111 PBq 142 PBq
460 PBQ" 144 PBg"

Annual average of monthly calculated value.

Average of measurements performed monthly at Washington, D.C., and Miami (1957-1962), at New Y ork City, Miami, and Sterling, Virginia (1963-1973) and at New Y ork City and Miami (1974-1963) [F4, L6].
Average of measurements performed monthly at Antofagasta and Santiago, Chile (1958-1976) and at Lima, Peru and Santiago, Chile (1977-1983) [F4, L6].

Measured in global monitoring network [L9, V2].
Calculated from decayed monthly measured deposition; prior to 1958 only cal culated monthly deposition values are available.

Lessthan 0.001 mBg m™ or 0.001 PBg.

Measured valuesincluded preferentially in total.
Previoudy derived value based on measured cumul ative deposition prior to 1958 [U6].
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Table 8
Latitudinal distribution of radionuclide deposition from atmospheric nuclear testing based on
measurements of *°Sr 2

Latitude Area Population Integrated Fractional Deposition Latitudinal
band of band distribution deposition deposition density per unit valuerelative
of g in band deposition to hemispheric
(degrees) (102 ) (%) (PBq) (Bg m2 per PBQ) value
Northern hemisphere
80-90 39 0 1 0.002 0.56 0.12
70-80 11.6 0 7.9 0.017 1.48 0.32
60-70 18.9 0.4 329 0.071 3.78 0.81
50-60 25.6 13.7 73.9 0.161 6.27 135
40-50 315 155 101.6 0.221 7.01 151
30-40 36.4 204 85.3 0.185 5.09 1.09
20-30 40.2 32.7 71.2 0.155 3.85 0.83
10-20 428 11 50.9 0.111 2.58 0.56
0-10 441 6.3 35.7 0.078 1.76 0.38
Total 255 100 460 1.0
Population-weighted value® 4.65 1.00

Southern hemisphere

80-90 39 0 0.3 0.002 0.53 0.14
70-80 11.6 0 25 0.017 1.50 0.40
60-70 18.9 0 6.7 0.046 2.46 0.66
50-60 25.6 05 121 0.084 3.28 0.88
40-50 315 09 281 0.195 6.19 1.65
30-40 36.4 13 276 0.191 5.26 1.40
20-30 40.2 14.9 281 0.195 4.85 1.29
10-20 428 16.7 17.8 0.123 2.89 0.77
0-10 441 54 21 0.146 3.30 0.88

Total 255 100 144 1.0

Population-weighted value ¢ 3.74 1.00

a Digributionsvalid only for long-lived radionuclides where majority of fallout isfrom debris originally injected into the stratosphere.

b Validonly for long-lived radionuclides. Value of 4.0 used for radionuclideswith half-liveslessthan 100 d to reflect greater proportion of fallout from
debrisinjected into the troposphere at low latitudes.

¢ Validonly for long-lived radionuclides. Value of 6.7 and 5.7 used for nuclides with half-liveslessthan 30 d and 30- 100 d, respectively, to reflect
greater proportion of fallout from debrisinjected into the troposphere at low latitudes.
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Table 9

Radionuclides produced and globally dispersed in atmospheric nuclear testing

. . . Fission yield Normalized production # Global release®
Radionuclide Half-life %) (PBq MtY) (PBO)
°*H 12.33a 740¢ ¢ 186 000
¥c 5730a 0.85%¢ 213
*Mn 312.3d 15.9°¢ 3980
*Fe 273a 6.1°¢ 1530
gy 50.53 d 317 730 117 000
gy 28.78 a 3.50 3.88 622
oy 58.51d 3.76 748 120 000
SZr 64.02 d 5.07 921 148 000
1%Ru 39.26d 5.20 1540 247 000
1%Ru 373.6d 244 76.0 12 200
1%3h 276 a 0.40 4.62 741
3 8.02d 2.90 4210 675 000
1Ba 12.75d 5.18 4730 759 000
¥Ce 32.50d 4.58 1640 263 000
cCe 284.9d 4.69 191 30700
¥Cs 30.07 a 557 5.90 948
=py 24110a 6.529
20py 6563 a 4359
1py 1435a 1429

T Q

Q "o a0

For fission products, the valueis 1.45 107 fissions per Mt times the fission yield times the decay congtant (In2 / half-life) divided by 3.15 10" sa.

Corresponds to total globally dispersed fisson energy of atmospheric tests of 160.5 Mt or fusion energy of 250.6 Mt (excludes rel eases associated with

local and regional deposition).
Egtimate of Miskel [M3].

Production per unit fusion energy of atmospheric tests.
Estimated from total production up to 1972 [U6] and present data on fusion yields.

Because of mobility and half-lives of ®°H and *“C, the release is associated with a total fusion energy of 251 Mt.

Estimated from ratiosto *Sr in global deposition.



Table 10
Annual deposition of radionuclides produced in atmospheric nuclear testing

1474

Annual deposition (PBq) #

Year

131| 14OBa 14lce 103Ru 899. 91Y BSZr lMCe 54M n 106Ru 1258) 55Fe 909. 137CS

Northern hemisphere

1945 13.7 243 15.8 18.2 9.23 119 14.0 6.95 0.00 3.19 0.20 0.00 0.18 0.26
1946 9.82 17.2 10.3 12.6 6.39 824 9.19 4.70 0.00 228 0.15 0.00 0.13 0.19
1947 -b - - 0.011 0.011 0.019 0.023 0.050 0.00 0.029 0.002 0.00 0.002 0.003
1948 15.9 28.0 10.1 20.6 10.5 135 891 4.48 0.00 3.67 0.24 0.00 0.202 0.30
1949 334 5.95 215 4.40 223 2.86 1.89 0.93 0.00 0.76 0.049 0.00 0.042 0.062
1950 - - 0.01 0.028 0.023 0.038 0.028 0.040 0.00 0.035 0.003 0.00 0.002 0.004
1951 96.5 171 88.8 124 62.7 80.5 76.8 371 0.24 21.2 1.35 0.10 1.16 1.73
1952 90.5 165 107 123 62.4 80.2 92.3 45.0 2.39 214 1.37 0.95 1.18 1.77
1953 69.5 129 98.3 143 84.4 119 118 103 5.80 724 535 2.89 5.00 7.50
1954 144 322 240 437 253 350 284 231 121 183 13.7 6.08 13.0 19.5
1955 70.1 127 715 97.8 555 80.4 79.6 193 9.13 182 17.7 6.51 194 29.1
1956 303 556 300 489 263 350 322 263 211 178 16.1 113 17.9 26.9
1957 278 511 412 434 234 314 421 355 25.0 186 16.2 14.6 17.6 265
1958 961 1780 1110 1550 822 1089 1136 791 57.7 417 305 28.6 233 349
1959 0.25 531 79.1 128 109 182 264 572 52.3 299 26.0 31.4 389 58.4
1960 10.4 184 6.66 13.7 7.19 9.84 7.84 97.5 9.85 65.2 8.61 104 9.69 145
1961 395 740 593 619 319 414 547 297 19.0 130 10.5 10.9 13.0 19.5
1962 1260 2320 1960 2110 1160 1580 2160 1790 299 s 57.3 158 534 80.1
1963 40.7 124 435 627 501 825 1270 2820 408 1310 112 265 97.0 146
1964 3.04 5.39 2.07 4.76 485 11.7 216 791 131 447 56.5 138 61.3 91.9
1965 110 19.7 145 15.0 7.71 10.0 133 162 279 110 20.9 50.2 28.6 429
1966 46.5 81.9 60.4 62.4 321 41.6 55.2 57.3 6.44 35.8 7.77 171 12.1 18.2
1967 185 371 38.7 437 253 35.1 484 45.2 3.08 224 355 6.34 6.24 9.36
1968 2.99 6.61 7.85 9.97 7.37 12.2 18.8 59.1 3.83 29.0 3.26 4,03 722 10.8
1969 114 337 68.9 85.9 55.8 82.1 117 143 110 64.4 5.46 6.47 5.45 8.17
1970 5.88 16.8 334 435 30.7 47.8 70.9 145 854 68.8 6.31 5.84 7.62 114
1971 3.13 6.27 18.0 295 24.0 39.7 59.1 142 7.88 68.4 6.46 5.47 6.97 10.5
1972 30.3 54.5 41.1 433 227 30.1 40.2 54.9 225 28.1 3.18 235 3.19 4.78
1973 2.40 6.84 134 16.5 104 15.0 21.2 26.1 174 12.9 151 142 1.18 1.77
1974 20.2 36.6 294 321 18.6 26.6 37.7 62.1 455 29.1 2.66 281 4.46 6.69
1975 - 0.01 0.58 1.09 114 212 3.46 20.2 152 10.7 1.26 133 2.16 323
1976 34.0 63.0 452 48.2 244 31.3 395 22.6 0.61 104 0.93 0.57 1.00 1.50
1977 6.70 15.3 36.5 494 35.6 55.4 81.6 122 8.24 54.4 4.29 441 3.01 451
1978 553 9.23 3.04 6.10 3.19 438 3.70 322 234 17.9 2.06 212 3.70 5.55
1979 0.47 145 091 2.00 1.08 1.45 0.98 6.40 0.48 4.38 0.74 0.75 1.16 1.74
1980 35.6 65.4 497 51.0 259 333 439 222 0.42 9.47 0.78 0.38 111 167
1981 0.023 0.52 6.87 104 8.19 13.2 19.8 321 0.58 144 1.18 0.37 1.65 247
1982 - - 0.0005 0.003 0.011 0.038 0.083 3.04 0.120 1.69 0.22 0.077 0.47 0.71
1983 - - - - - 0.0002 0.0005 0.37 0.025 0.25 0.054 0.019 0.33 05
1984 - - - - - - - 0.051 0.0050 0.043 0.014 0.0054 0.27 0.41
1985 - - - - - - - 0.0074 0.0010 0.008 0.0039 0.0015 0.078 0.12
1986 - - - - - - - 0.0011 0.0001 0.002 0.0011 0.0004 0.0053 0.0081
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Table 10 (continued)

Annual deposition (PBq) #

Year 131| 14OBa 14lce 103Ru 899. 91Y BSZr lMCe 54M n 106Ru 1258:) 55Fe 909. 137CS
Northern hemisphere (continued)
1987 - - - - - - - 0.0002 - 0.0004 0.0003 0.0001 0.0023 0.0035
1988 - - - - - - - - - - - - 0.0011 0.0016
1989 - - - - - - - - - - - - 0.0005 0.0008
1990 - - - - - - - - - - - - 0.0003 0.0005
1991 - - - - - - - - - - - - 0.0002 0.0003
1992 - - - - - - - - - - - - 0.0001 0.0002
1993 - - - - - - - - - - - - - 0.0001
1994 - - - - - - - - - - - - - -
1995 - - - - - - - - - - - - - -
1996 - - - - - - - - - - - - - -
1997 - - - - - - - - - - - - - -
1998 - - - - - - - - - - - - - -
1999 - - - - - - - - - - - - -
Total 4000 7500 6 000 7500 4300 6 000 7500 9560 1144 4892 446 797 474 706
Southern hemisphere

1945 - - - - - - - - - - - - - -
1946 - - - - - - - - - - - - - -
1947 - - - - - - - - - - - - - -
1948 - - - - - - - - - - - - - -
1949 - - - - - - - - - - - - - -
1950 - - - - - - - - - - - - - -
1951 0.004 0.024 0.043 0.12 0.077 0.12 0.088 0.071 0.003 0.061 0.004 0.001 0.004 0.006
1952 4.33 7.72 2.73 6.04 2.99 414 275 112 0.009 0.92 0.059 0.004 0.051 0.077
1953 3.07 5.41 2.16 531 3.37 5.60 427 8.88 0.61 8.19 0.70 0.373 0.71 1.065
1954 1.39 9.48 2451 732 51.5 85.1 62.4 66.5 321 59.0 455 172 4.38 6.57
1955 0.0001 - 0.116 0.74 123 3.15 297 332 1.69 35.1 3.89 144 4.55 6.83
1956 28.2 62.5 47.0 90.4 50.8 75.1 68.8 53.0 513 39.0 392 2.85 4.70 7.05
1957 251 442 273 343 172 240 282 140 10.5 73.0 591 5.39 6.34 9.51
1958 147 273 218 278 150 218 270 169 15.0 82.4 6.48 7.58 9.45 14.2
1959 0.0007 0.045 1.84 4.06 427 8.85 12.9 61.4 6.24 374 4.00 4.78 6.84 10.3
1960 0.0000 0.000 0.002 0.010 0.035 0.13 0.28 224 242 16.0 2.46 3.01 6.22 9.34
1961 0.012 0.060 0.16 0.212 0.13 0.19 0.27 7.79 0.88 6.39 143 1.80 6.44 9.66
1962 642 1160 921 1060 554 791 1070 550 431 231 16.1 20.2 9.75 14.6
1963 0.0056 0.095 4.87 11.2 131 28.0 475 206 22.8 102 10.1 17.0 114 171
1964 0.0000 0.000 0.007 0.040 0.14 0.52 121 74.0 9.96 442 6.41 12.3 15.6 234
1965 0.0001 0.001 0.002 0.004 0.003 0.010 0.027 221 3.40 16.0 3.47 7.04 13.2 19.8
1966 74.0 130 58.3 102 50.9 70.6 60.1 30.8 1.78 20.8 2.66 3.76 7.66 115
1967 13.9 30.0 352 44.2 253 37.8 50.9 34.6 1.42 16.3 178 2.02 4.07 6.11
1968 14.09 40.8 68.9 875 51.1 76.9 107 75.8 342 33.2 274 2.25 3.76 5.65
1969 0.003 0.091 4.33 8.37 7.98 155 24.9 745 4.84 36.2 3.49 3.40 521 7.82
1970 405 81.7 88.9 109 62.1 92.7 129 102 6.73 46.2 4.04 4.16 474 7.11
1971 21.2 442 50.6 62.8 36.6 55.8 785 81.2 5.50 379 3.48 3.68 5.56 8.34
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Table 10 (continued)

Annual deposition (PBq) #

Year

131| 14OBa 14lce 103Ru 899. 91Y BSZr lMCe 54M n 106Ru 1258) 55Fe 909. 137CS

Southern hemisphere (continued)
1972 358 6.22 5.37 6.95 457 7.65 115 30.8 225 15.8 181 1.95 355 5.32
1973 11.0 234 25.0 30.0 16.4 239 32.7 229 1.37 10.7 1.09 1.06 1.13 1.70
1974 445 82.1 66.4 76.1 39.6 56.4 76.1 437 1.37 19.1 152 0.92 1.45 217
1975 0.0005 0.029 1.03 1.89 1.69 3.16 5.00 14.6 0.77 731 0.78 0.64 1.27 1.90
1976 0.0003 0.001 0.001 0.003 0.006 0.021 0.048 2.80 0.17 1.73 0.28 0.25 0.77 1.15
1977 0.0000 - 0.041 0.11 0.135 0.30 051 225 0.16 121 0.17 0.16 0.81 122
1978 0.0000 - - 0.001 0.004 0.015 0.033 1.45 0.11 0.86 0.13 0.14 0.67 1.01
1979 0.0000 - - 0.000 0.000 0.000 0.001 0.54 0.045 0.38 0.08 0.08 0.39 0.59
1980 0.0007 0.003 0.005 0.006 0.003 0.005 0.007 0.15 0.014 0.13 0.040 0.042 0.39 0.59
1981 - - 0.010 0.024 0.032 0.071 0.12 0.56 0.013 0.29 0.039 0.024 0.29 0.43
1982 - - - 0.0023 0.0068 0.14 0.35 0.0078 0.19 0.029 0.013 0.22 0.33
1983 - - - - - - 0.0003 0.11 0.0026 0.075 0.015 0.0060 0.19 0.28
1984 - - - - - - - 0.026 0.0006 0.021 0.0062 0.0023 0.11 0.17
1985 - - - - - - - 0.0005 0.0001 0.0050 0.0022 0.0008 0.052 0.077
1986 - - - - - - - 0.0009 - 0.0012 0.0008 0.0003 0.0036 0.0055
1987 - - - - - - - 0.0001 - 0.0002 0.0002 0.0001 0.0017 0.0026
1988 - - - - - - - - - - - - 0.0008 0.0012
1989 - - - - - - - - - - - - 0.0004 0.0006
1990 - - - - - - - - - - - - 0.0002 0.0004
1991 - - - - - - - - - - - - 0.0001 0.0002
1992 - - - - - - - - - - - - - 0.0001
1993 - - - - - - - - - - - - - -
1994 - - - - - - - - - - - - - -
1995 - - - - - - - - - - - - - -
1996 - - - - - - - - - - - - - -
1997 - - - - - - - - - - - - - -
1998 - - - - - - - - - - - - - -
1999 - - - - - - - - - - - - - -
Total 1300 2400 1900 2400 1300 1900 2400 1934 155 998 94 110 142 213
World

1945 13.6 243 15.8 18.2 9.23 11.9 14.0 6.95 0 3.19 0.20 0 0.18 0.26
1946 9.82 17.2 10.3 12.6 6.39 8.24 9.20 470 0 228 0.15 0 0.13 0.19
1947 - - 0.004 0.011 0.011 0.019 0.023 0.050 0 0.029 0.002 0 0.002 0.003
1948 15.9 28.0 10.0 20.6 104 135 891 4.48 0 3.67 0.24 0 0.20 0.30
1949 334 5.95 215 4.40 223 2.86 1.89 0.93 0 0.76 0.049 0 0.042 0.062
1950 - - 0.009 0.028 0.023 0.038 0.028 0.040 0 0.035 0.003 0 0.002 0.004
1951 96.5 171 88.8 125 62.8 80.7 76.9 37.1 0.25 21.2 1.35 0.10 1.16 174
1952 94.9 172 109 129 65.4 84.4 95.0 46.1 2.40 223 1.43 0.96 123 184
1953 72.6 134 100 149 87.8 125 122 112 6.41 80.5 6.06 3.26 571 857
1954 145 331 265 510 304 435 346 298 15.3 242 18.3 7.80 174 26.1
1955 70.1 127 71.6 985 56.8 83.6 825 227 10.8 217 21.6 7.95 24.0 35.9
1956 331 618 347 579 314 426 391 317 26.3 217 20.0 14.1 22.6 339
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Table 10 (continued)

Annual deposition (PBq) #

Year

131| 14OBa 14lce 103Ru 899. 91Y BSZr lMCe 54M n 106Ru 1258) 55Fe 909. 137CS
1957 529 953 685 777 406 554 702 495 35.6 259 22.1 20.0 24.0 36.0
1958 1110 2 050 1330 1820 972 1310 1410 960 727 500 37.0 36.2 327 49.1
1959 0.25 5.35 81.0 132 113 191 277 633 58.6 336 37.0 36.2 45.8 68.6
1960 104 18.4 6.67 13.7 7.23 9.98 8.12 120 12.3 81.3 11.1 134 15.9 239
1961 395 740 593 619 319 414 548 305 19.9 136 11.9 12.7 194 29.2
1962 1900 3470 2880 3170 1720 2370 3220 2340 342 1010 734 178 63.2 94.8
1963 40.7 124 440 638 514 853 1310 3030 430 1420 122 282 108 163
1964 3.04 5.39 2.07 4.80 4,99 12.2 22.8 865 141 491 63.0 150 76.9 115
1965 11.0 19.7 14.5 15.0 7.71 10.0 13.3 184 313 126 24.3 57.3 41.8 62.7
1966 121 212 119 165 83.0 112 115 88.1 8.22 56.5 10.5 20.9 19.8 29.7
1967 324 67.1 73.9 87.9 50.6 729 99.3 79.7 450 38.7 5.33 8.36 10.3 15.5
1968 17.1 475 76.8 97.5 58.5 89.1 126 135 7.24 62.1 6.00 6.28 11.0 16.5
1969 11.4 338 73.2 94.3 63.8 975 142 217 15.9 101 8.95 9.87 10.7 16.0
1970 46.4 98.5 122 153 92.8 141 199 247 15.3 115 104 9.99 12.4 185
1971 24.4 50.5 68.6 924 60.7 95.4 138 223 134 106 9.94 9.15 125 18.8
1972 339 60.7 46.5 50.2 27.3 37.7 51.7 85.7 449 43.9 499 4.30 6.74 10.1
1973 134 30.2 38.4 46.4 26.8 39.0 54.0 49.1 311 23.7 2.60 2.48 231 3.47
1974 64.7 119 95.8 108 58.2 82.9 114 106 5.92 48.2 418 3.73 591 8.86
1975 0.001 0.039 1.61 2.98 2.82 5.28 8.46 34.8 2.29 18.0 2.04 1.98 3.42 5.13
1976 34.0 63.0 45.2 48.2 24.4 313 39.6 254 0.79 121 1.21 0.81 1.77 2.66
1977 6.71 153 36.5 495 35.8 55.7 82.1 124 8.40 55.6 445 4.58 3.82 5.73
1978 553 9.23 3.04 6.10 3.20 4.39 3.73 33.6 2.46 18.8 2.19 2.26 4.37 6.56
1979 0.47 1.45 0.92 2.00 1.08 1.45 0.98 6.94 0.53 477 0.82 0.84 155 2.33
1980 35.6 65.4 497 51.0 25.9 333 439 224 0.44 9.60 0.82 0.42 150 2.25
1981 0.023 0.518 6.88 104 8.22 133 19.9 32.6 0.59 14.7 122 0.39 1.93 2.90
1982 - - - - 0.013 0.045 0.22 3.39 0.12 1.88 0.25 0.090 0.69 1.04
1983 - - - - - 0.001 0.48 0.026 0.33 0.07 0.025 0.52 0.78
1984 - - - - - - - 0.077 0.005 0.064 0.02 0.008 0.39 0.58
1985 - - - - - - - 0.008 0.001 0.013 0.006 0.002 0.13 0.19
1986 - - - - - - - 0.002 0.0001 0.003 0.002 0.001 0.0089 0.014
1987 - - - - - - - 0.0003 - 0.0002 0.0005 0.0001 0.0039 0.0060
1988 - - - - - - - - - - 0.0002 - 0.0019 0.0029
1989 - - - - - - - - - - - - 0.0010 0.0015
1990 - - - - - - - - - - - - 0.0005 0.0008
1991 - - - - - - - - - - - - 0.0003 0.0005
1992 - - - - - - - - - - - - 0.0002 0.0003
1993 - - - - - - - - - - - - 0.0001 0.0002
1994 - - - - - - - - - - - - - 0.0001
1995 - - - - - - - - - - - - - -
1996 - - - - - - - - - - - - - -
1997 - - - - - - - - - - - - - -
1998 - - - - - - - - - - - - - -
1999 - - - - - - - - - - - -
Tota 5300 9900 7900 9900 5600 7900 9900 11 494 1299 5890 540 907 612 919

a Derived from estimated fission/fusion yields of tests with atmospheric model. Measured results used preferentially for *Sr and *¥Cs during 1958-1985. Model values for **!, Ba, *'Ce, Ry, ®r, 'Y, and *Zr
normalized to total hemispheric deposition estimated from available measurements. Latitudinal distributions for long-lived radionuclides may be estimated by use of parametersin Table 8.
b  Indicates estimated value less than 0.0001 PBq.
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Table 11
Population-weighted cumulative deposition density of radionuclides produced in atmospheric nuclear testing

Cumulative deposition density (Bq m?) 2

Year

131| 14OBa 14lce 103Ru 899. 91Y BSZr lMCe 54M n 106Ru 1258) 55Fe 909. 137CS

Northern hemisphere

1945 173 4,92 7.53 9.99 5.96 8.33 10.2 8.70 0.00 417 0.28 0.00 0.25 0.38
1946 117 331 5.28 7.84 5.27 7.99 10.1 217 0.00 114 0.96 0.00 0.96 144
1947 -5 - 0.22 0.61 0.72 143 1.96 17.0 0.00 104 115 0.00 1.36 2.05
1948 1.94 5.49 5.02 12.3 7.80 11.3 8.04 16.2 0.00 13.2 1.46 0.00 1.85 2.78
1949 043 121 1.02 251 173 2.76 2.10 12.1 0.00 11.8 158 0.00 2.25 3.39
1950 - - 0.15 0.52 0.51 0.91 0.73 6.99 0.00 7.83 1.38 0.00 2.35 3.54
1951 12.2 337 36.9 63.1 38.5 54,7 51.3 57.2 0.49 395 3.61 0.23 4.62 6.95
1952 11.2 29.6 411 55.9 36.0 53.6 67.3 128 1.30 77.8 741 0.69 8.99 135
1953 9.33 30.6 70.9 119 875 139 155 362 20.2 251 23. 115 25.9 38.9
1954 18.2 65.0 121 261 187 289 255 637 36.2 526 52.7 25.8 61.4 92.2
1955 8.70 235 27.6 56.1 50.6 96.0 95.1 982 52.0 976 116 48.7 146 219
1956 38.0 111 151 285 186 276 276 1050 68.4 1020 152 711 222 333
1957 335 96.1 182 235 165 261 358 1340 104 1090 175 106 281 423
1958 121 356 522 869 568 845 944 2340 179 1570 234 172 368 554
1959 4,06 17.2 135 249 237 429 605 3460 290 2240 322 280 535 805
1960 131 3.69 357 9.38 8.97 20.0 30.6 2100 197 1560 306 288 604 910
1961 49.8 141 200 225 126 169 229 1150 109 959 262 253 634 955
1962 155 449 896 1140 774 1180 1730 3940 625 2100 341 548 795 1200
1963 10.2 51.6 434 710 667 1200 1950 10 300 1560 5290 665 1390 1140 1710
1964 0.38 1.05 175 7.18 194 60.8 133 8740 1430 5250 849 1890 1480 2220
1965 1.40 4,04 7.70 10.1 6.70 10.7 16.3 4660 825 3390 801 1810 1620 2440
1966 5.39 15.3 28.0 344 22.0 321 45.8 2170 407 1910 673 1530 1670 2520
1967 257 8.05 21.3 28.7 20.9 33.0 49.3 1040 193 1050 543 1230 1670 2520
1968 0.65 2.02 5.53 8.78 8.68 16.7 28.0 619 98.8 633 435 972 1660 2510
1969 1.46 6.63 30.6 453 371 62.1 95.8 582 70.0 483 355 77 1650 2490
1970 0.74 3.23 16.8 271 255 46.6 76.3 693 61.5 475 301 629 1640 2480
1971 0.39 143 14.2 25.3 24.9 46.0 75.0 749 545 482 260 512 1630 2480
1972 3.88 11.3 21.8 28.3 194 304 443 566 371 388 221 412 1620 2460
1973 0.30 137 6.03 8.40 6.27 10.0 15.2 308 20.6 241 179 326 1590 2410
1974 2.58 7.35 153 20.5 15.6 25.9 40.2 302 21.9 211 148 263 1560 2380
1975 0.00 0.00 0.89 2.03 2.64 5.58 9.86 235 184 167 121 213 1540 2350
1976 4,08 114 15.2 18.3 104 14.3 18.0 134 10.2 107 98.6 168 1510 2300
1977 0.96 4,05 255 40.2 35.2 60.6 94.8 350 231 193 88.9 142 1480 2260
1978 0.57 143 194 431 3.95 7.85 122 340 244 205 81.6 124 1470 2240
1979 0.19 0.75 0.91 2.32 159 248 2.02 184 14.2 134 68.5 101 1440 2200
1980 450 126 16.6 18.3 9.94 13.2 17.8 94.4 7.14 78.7 55.1 80.4 1410 2160
1981 0.03 0.78 125 19.9 17.1 29.1 45.2 168 5.51 100 48.3 64.2 1380 2120
1982 - - 0.005 0.032 0.11 0.39 0.165 69.0 245 50.8 374 49.9 1350 2080
1983 - - - 0.0001 0.001 0.005 0.0006 284 1.09 25.7 29.0 38.7 1320 2 040
1984 - - - - - - - 11.7 0.48 13.0 225 30.1 1290 1 990
1985 - - - - - - - 4.80 0.22 6.58 175 234 1260 1950
1986 - - - - - - - 1.97 0.10 3.33 13.6 18.1 1230 1900
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Table 11 (continued)

Cumulative deposition density (Bq m?) 2

Year 131| 14OBa 14lce 103Ru 899. 91Y BSZr lMCe 54M n 106Ru 1258) 55Fe 909. 137CS
Northern hemisphere (continued)
1987 - - - - - - - 0.81 0.043 1.68 10.5 14.1 1200 1860
1988 - - - - - - - 0.33 0.019 0.85 8.16 10.9 1170 1820
1989 - - - - - - - 0.14 0.0084 0.43 6.33 8.49 1150 1780
1990 - - - - - - - 0.057 0.0038 0.22 491 6.60 1120 1740
1991 - - - - - - - 0.023 0.0017 0.11 381 5.12 1090 1700
1992 - - - - - - - 0.010 0.0007 0.056 2.96 3.98 1070 1660
1993 - - - - - - - 0.0039 0.0003 0.028 229 3.09 1040 1620
1994 - - - - - - - 0.0016 0.0001 0.014 1.78 2.40 1020 1580
1995 - - - - - - - 0.0007 0.0001 0.0072 1.38 1.86 991 1550
1996 - - - - - - - 0.0003 - 0.0037 1.07 1.45 967 1510
1997 - - - - - - - 0.0001 - 0.0019 0.83 112 944 1480
1998 - - - - - - - - - 0.0009 0.64 0.87 921 1440
1999 - - - - - - - - - 0.0005 0.50 0.68 899 1410
Total ¢

1945-1999 510 1520 3080 4 660 3440 5560 7590 50 000 6 560 33300 8160 14 600 52 900 81 000

2000-2099 0.0003 1.75 23 33900 55 300

2100-2199 3000 5550

2200- 292 620
1945-00 510 1520 3080 4 660 3440 5560 7590 50 000 6 560 33300 8160 14 600 90 000 142 000
Southern hemisphere

1945 - - - - - - - - - - - - - -
1946 - - - - - - - - - - - - - -
1947 - - - - - - - - - - - - - -
1948 - - - - - - - - - - - - - -
1949 - - - - - - - - - - - - - -
1950 - - - - - - - - - - - - - -
1951 0.0009 0.008 0.029 0.095 0.073 0.12 0.093 0.072 0.003 0.064 0.005 0.001 0.004 0.007
1952 0.92 253 144 3.47 1.89 275 1.87 0.76 0.009 0.66 0.049 0.006 0.047 0.070
1953 0.65 1.83 1.70 5.09 4.03 7.43 5.95 115 0.66 10.8 0.97 0.43 1.01 151
1954 0.30 3.29 17.3 59.6 495 88.8 68.3 85.9 458 81.4 742 3.12 7.92 119
1955 - 0.001 1.09 7.01 11.6 29.1 27.0 175 9.1 186 211 8.19 254 38.1
1956 597 20.9 31.4 69.4 46.0 74.1 715 168 115 188 29.0 125 41.8 62.8
1957 50.1 137 163 248 155 246 296 289 238 232 36.1 215 57.0 85.7
1958 315 96.1 169 253 170 281 380 484 41.6 320 49.0 375 845 127
1959 0.85 323 251 51.2 50.4 101.1 151 540 50.9 358 58.9 53.3 117 177
1960 - - 0.017 0.13 0.57 2.26 4.76 314 328 248 55.5 53.7 137 206
1961 0.002 0.02 0.059 0.080 0.055 0.12 0.24 165 18.7 155 49.6 49.9 156 235
1962 135 389 642 861 541 847 1210 717 57.4 364 61.8 66.4 185 278
1963 0.006 0.17 31.3 785 99.6 221 382 1290 118 672 94.9 118 219 330
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Table 11 (continued)

Cumulative deposition density (Bq m?) 2

Year 131| 14OBa 14lce 103Ru 899. 91Y BSZr lMCe 54M n 106Ru 1258:) 55Fe 909. 137CS
Southern hemisphere (continued)
1964 - - 0.067 0.46 184 7.16 17.0 867 945 539 102 142 262 394
1965 - - 0.002 0.0041 0.023 0.16 0.52 470 58.9 353 95.9 144 313 472
1966 15.6 431 35.2 67.2 379 56.0 51.6 245 324 218 83.9 130 341 514
1967 2.96 10.7 31.4 57.8 434 74.9 88.4 188 18.2 167 730 110 355 536
1968 2.99 13.6 39.8 57.0 39.3 65.4 96.8 178 124 134 62.5 91.5 359 542
1969 0.00 0.25 151 31.2 323 65.2 107 313 18.7 186 60.4 81.3 368 557
1970 8.59 276 58.6 81.6 53.8 86.9 127 305 20.3 187 57.8 74.1 377 571
1971 454 15.0 389 60.7 483 87.7 137 375 26.7 220 58.3 71.8 388 587
1972 0.73 2.08 8.12 153 15.3 31.0 51.7 306 22.8 191 54.8 65.9 396 601
1973 233 7.86 17.0 235 15.3 24.7 36.0 180 13.9 127 46.9 55.8 395 599
1974 9.46 277 44.1 58.6 36.9 58.6 84.7 147 9.49 99 40.2 46.4 389 591
1975 0.0014 0.120 6.84 13.9 139 27.7 453 150 7.49 95 35.8 39.0 386 587
1976 - - 0.005 0.036 0.15 057 133 79.9 4.42 59.1 29.5 31.8 380 578
1977 - - 0.028 0.084 0.13 0.31 0.56 37.8 231 332 23.6 253 374 570
1978 - - 0.002 0.011 0.033 0.11 0.24 20.4 1.40 19.7 18.8 20.1 368 561
1979 - - - 0.000 0.0006 0.0036 0.0113 11.0 0.83 11.8 14.9 16.0 361 551
1980 0.0001 0.001 0.002 0.002 0.0011 0.0017 0.0026 532 0.44 6.63 118 12.7 353 541
1981 - - 0.009 0.023 0.033 0.0780 0.1400 293 0.23 3.83 9.26 9.93 346 530
1982 - - - - 0.0010 0.0005 1.20 0.10 1.94 7.19 7.71 339 520
1983 - - - - - - - 0.50 0.045 0.98 557 5.99 331 509
1984 - - - - - - - 0.20 0.020 0.50 4.32 4.65 324 498
1985 - - - - - - - 0.084 0.0089 0.25 3.36 3.61 317 487
1986 - - - - - - - 0.035 0.0040 0.13 2.60 2.80 309 476
1987 - - - - - - - 0.014 0.0018 0.064 2.02 2.18 302 466
1988 - - - - - - - 0.0058 0.0008 0.033 157 1.69 294 455
1989 - - - - - - - 0.0024 0.0003 0.017 122 131 287 445
1990 - - - - - - - 0.0010 0.0002 0.0083 0.94 1.02 281 435
1991 - - - - - - - 0.0004 0.0001 0.0042 0.73 0.79 274 425
1992 - - - - - - - 0.0002 - 0.0021 0.57 0.61 267 415
1993 - - - - - - - 0.0001 - 0.0011 0.44 0.48 261 406
1994 - - - - - - - - - 0.0005 0.34 0.37 255 396
1995 - - - - - - - - - 0.0003 0.27 0.29 249 387
1996 - - - - - - - - - 0.0001 0.21 0.22 243 379
1997 - - - - - - - - - - 0.16 0.17 237 370
1998 - - - - - - - - - - 0.12 0.13 231 362
1999 - - - - - - - - - - 0.10 0.10 226 353
Total ©
1945-1999 273 808 1380 2100 1470 2490 7130 8120 714 5470 1380 1630 12 600 19 200
2000-2099 0.40 0.30 8480 13400
2100-2199 752 1390
2200-00 73 155
273 808 1380 2100 1470 2490 7130 8120 714 5470 1380 1630 21900 35000

1945-

0ce
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Table 11 (continued)

Cumulative deposition density (Bq m?) 2

Year 131| 14OBa 14lce 103Ru 899. 91Y BSZr lMCe 54M n 106Ru 1258) 55Fe 909. 137CS
World

1945 154 438 6.70 8.89 531 741 9.06 7.74 - 3.71 0.25 - 0.22 0.33
1946 1.04 2.94 4,70 6.98 4.69 711 8.99 19.3 - 10.1 0.85 - 0.86 1.28
1947 - - 0.20 0.54 0.64 1.27 174 15.1 - 9.24 1.03 - 1.21 1.82
1948 173 4.89 447 109 6.94 10.1 7.15 144 - 11.7 1.30 - 1.65 247
1949 0.38 1.07 0.91 2.24 154 2.45 1.87 10.8 - 10.5 1.40 - 2.01 3.02
1950 - - 0.13 0.47 0.45 0.81 0.65 6.22 - 6.97 123 - 2.09 3.15
1951 109 30.0 329 56.1 34.2 487 457 50.9 0.44 35.2 3.22 0.21 411 6.19
1952 10.0 26.6 36.8 50.1 323 48.0 60.1 114 1.16 69.3 6.60 0.61 8.01 120
1953 8.38 27.4 63.3 107 78.3 124 139 323 18.0 224 20.7 10.3 23.2 34.8
1954 16.3 58.2 110 239 172 267 234 576 327 a77 47.7 23.3 55.5 83.4
1955 7.74 20.9 24.7 50.7 46.3 88.7 87.6 893 47.2 889 106 443 133 199

1956 345 101 138 261 171 254 253 949 62.2 926 139 64.6 202 304

1957 353 101 180 236 164 259 352 1230 95.0 992 160 96.7 257 386

1958 111 327 483 802 525 782 882 2130 164 1428 214 157 337 507

1959 371 15.7 123 228 216 393 555 3140 263 2030 293 255 489 736

1960 117 3.29 3.18 8.36 8.05 18.0 27.8 1900 179 1420 278 262 553 833

1961 443 125 178 200 112 151 204 1040 99.5 871 239 230 581 876

1962 153 443 868 1110 748 1140 1670 3590 562 1900 311 495 728 1100
1963 9.11 459 390 641 604 1090 1770 9290 1400 4780 602 1250 1040 1560
1964 0.34 0.93 1.56 6.44 175 54.9 120 7870 1280 4730 767 1690 1340 2020
1965 125 3.60 6.86 8.95 5.97 9.58 14.6 4200 741 3060 723 1630 1480 2230
1966 6.51 184 28.8 38.0 237 34.8 46.4 1960 366 1720 608 1370 1520 2300
1967 2.62 8.34 225 31.9 234 37.6 53.6 942 174 954 491 1100 1520 2300
1968 0.91 3.29 9.30 14.1 12.1 22.0 35.6 570 89.3 578 394 875 1520 2290
1969 1.30 5.93 28.9 43.8 36.5 62.4 97.1 553 64.3 450 323 700 1510 2280
1970 1.60 591 21.4 331 28.6 51.1 81.9 650 57.0 444 274 568 1500 2270
1971 0.84 2.92 17.0 29.2 275 50.6 81.9 708 514 453 238 463 1500 2270
1972 3.53 10.3 20.3 26.9 19.0 30.4 45.2 538 355 366 202 374 1480 2250
1973 0.52 2.08 7.24 10.1 7.26 11.7 175 294 19.9 229 164 296 1460 2210
1974 3.34 9.59 18.5 24.7 17.9 29.5 451 285 20.6 198 137 239 1430 2180
1975 0.00 0.02 1.54 3.33 3.89 8.01 138 225 17.2 159 113 194 1410 2150
1976 3.63 10.1 13.6 16.3 9.29 12.8 16.2 128 9.59 102 91.0 153 1380 2110
1977 0.86 3.61 227 35.8 313 54.0 84,5 316 20.8 176 81.7 129 1360 2080
1978 0.51 1.27 1.73 3.84 351 7.00 109 305 219 185 74.7 112 1340 2060
1979 0.17 0.67 0.81 2.06 141 221 1.79 165 12.7 121 62.6 91.8 1320 2020
1980 4.00 11.2 14.8 16.2 8.84 11.8 15.8 84.6 6.41 70.8 50.3 729 1290 1980
1981 0.029 0.70 11.2 17.7 15.3 25.9 40.3 150 492 89.7 44.0 58.3 1270 1950
1982 - - 0.0046 0.0280 0.102 0.34 0.15 61.5 2.19 454 341 453 1240 1910
1983 - - - - 0.0007 0.0045 0.0005 253 0.97 23.0 26.5 35.1 1210 1870
1984 - - - - - - - 104 0.43 11.6 205 27.3 1190 1830
1985 - - - - - - - 428 0.19 5.88 159 21.2 1160 1790
1986 - - - - - - - 1.76 0.086 2.98 124 16.5 1130 1750
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Table 11 (continued)

Cumulative deposition density (Bq m?) 2

Year 131| 14OBa 14lce 103Ru 899. 91Y BSZr lMCe 54M n 106Ru 1258) 55Fe 909. 137CS
World (continued)
1987 - - - - - - - 0.72 0.038 151 9.58 12.8 1100 1710
1988 - - - - - - - 0.30 0.017 0.76 7.44 9.92 1080 1670
1989 - - - - - - - 0.120 0.0076 0.39 5.77 7.70 1050 1630
1990 - - - - - - - 0.050 0.0034 0.20 4.48 5.98 1030 1590
1991 - - - - - - - 0.021 0.0015 0.10 347 4.65 1000 1560
1992 - - - - - - - 0.0085 0.0007 0.050 2.69 3.61 978 1520
1993 - - - - - - - 0.0035 0.0003 0.025 2.09 2.80 954 1490
1994 - - - - - - - 0.0014 0.0001 0.013 1.62 218 932 1450
1995 - - - - - - - 0.0006 0.0001 0.0065 1.26 1.69 909 1420
1996 - - - - - - - - - 0.0033 0.98 131 887 1390
1997 - - - - - - - - - 0.0017 0.76 1.02 866 1360
1998 - - - - - - - - - 0.0008 0.59 0.79 845 1330
1999 - - - - - - - - - 0.0004 0.46 0.61 825 1300
Total ©
1945-1999 482 1440 2900 4380 3220 5220 7130 45 400 5920 30300 7420 13200 48 440 74 100
2000-2099 0.0007 18 21 31 000 50 700
2100-2199 2750 5090
2200-c0 268 569
1945-co 482 1440 2900 4380 3220 5220 7130 45 400 5920 30300 7420 13200 83 000 131 000

a Derived from estimated fission/fusion yields of tests with atmospheric mode!. Includes residual deposition from previous years. Measured results used preferentially for **Sr and **'Cs during 1958-1985. Latitudinal

values may be derived by use of parametersin Table 8. The results for the world are the popul ation-weighted averages of the northern and southern hemispheres (89% and 11% of the world population, respectively).
b  Indicates estimated value lessthan 0.0001 Bq m
¢ Integrated deposition density with units Bqam?
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ANNEX C: EXPOSURES TO THE PUBLIC FROM MAN-MADE SOURCES OF RADIATION 223

Table 12
Coefficients for evaluating annual effective doses from radionuclides produced in atmospheric nuclear
testing

Dose coefficient (nSv a* per Bq m?)
Radionuclide
External @ Ingestion ® Inhalation ©

13 3.28 133 0.17
1“Ba 1851 0.357 0.014
“Ce 0.376 - 0.034
1%Ru 2,72 - 0.033
gy - 0.601 0.16

oy - - 0.18
&Zr 11.3¢ - 0.104
“WiCe 0.175¢ - 1.30
*Mn 3.26 - 0.022
1%Ru 0.809¢ - 1.70
155p 1.64 - 0.045
*Fe - 0.506 0.0043
05y - - ¢ 4.60
BCs 2.24 - ¢ 0.11
28py - - 800
2opy - - 840
20py - - 840
241RJ _ _ 12
2Am - - 920

® Q0T

Values from Beck [B2], converted with 0.869 rad R*, 0.01 Gy rad™, 0.7 Sv Gy'* and applying a shielding/occupancy factor of 0.36. Relaxation length
of 0.1 cm assumed for ¥ and **°Ba, 1 cm for **'Ce, *®*Ru and *Zr; 3 cm for remainder.

Trander codffidient Py [U3 (page 127)] divided by the mean life of the radionudide (T, divided by In 2) applied to the average cumulative deposition.

Transfer coefficient P, [U3 (page 127)] applied to the annual deposition density (nSv per Bq m?). The exposure occurs only in the year of deposition.
Includes decay product.

Time-dependent model used for components of annual dose.



Table 13

External exposure to radionuclides produced in atmospheric nuclear testing

Worldwide average annual effective dose (LSv)

Year

3 14Bg,La “1ce 103Ry %7r Nb 44Ce,Pr Mn 1%6Ry,Rh 125y BICs Total
1945 0.0051 0.081 0.0025 0.02 0.10 0.0014 - 0.0030 0.0004 0.0007 0.22
1946 0.0034 0.055 0.0018 0.02 0.10 0.0034 - 0.0082 0.0014 0.0029 0.20
1947 -2 - 0.0001 - 0.020 0.0026 - 0.0075 0.0017 0.0041 0.037
1948 0.0057 0.091 0.0017 0.03 0.082 0.0025 - 0.0095 0.0021 0.0055 0.23
1949 0.0012 0.020 0.0003 0.01 0.021 0.0019 - 0.0085 0.0023 0.0068 0.068
1950 - 0.0001 - - 0.0074 0.0011 - 0.0056 0.0020 0.0071 0.025
1951 0.036 0.56 0.012 0.15 0.52 0.0089 0.0014 0.028 0.0053 0.014 1.34
1952 0.033 0.50 0.014 0.14 0.69 0.020 0.0038 0.056 0.011 0.027 1.48
1953 0.027 0.51 0.024 0.29 1.58 0.057 0.059 0.18 0.034 0.078 2.84
1954 0.053 1.08 0.041 0.65 2.67 0.10 0.11 0.39 0.079 0.19 5.36
1955 0.025 0.39 0.009 0.14 1.00 0.16 0.15 0.72 0.17 0.45 321
1956 0.11 1.89 0.052 0.71 2.89 0.17 0.20 0.75 0.23 0.68 7.67
1957 0.12 1.87 0.068 0.64 4,01 0.21 0.31 0.80 0.26 0.86 9.16
1958 0.37 6.09 0.18 2.19 10.1 0.37 0.53 1.15 0.35 1.14 224
1959 0.012 0.29 0.046 0.62 6.32 0.55 0.86 1.64 0.48 1.65 12.5
1960 0.0038 0.061 0.0012 0.02 0.32 0.33 0.58 1.15 0.46 1.86 4.79
1961 0.15 2.33 0.067 0.55 2.32 0.18 0.32 0.70 0.39 1.96 8.97
1962 0.50 8.23 0.33 3.03 19.0 0.63 1.83 154 0.51 2.46 38.1
1963 0.030 0.85 0.15 1.75 20.2 1.63 454 3.86 0.99 3.49 375
1964 0.0011 0.017 0.0006 0.018 1.37 1.38 4.17 3.82 1.27 453 16.6
1965 0.0041 0.07 0.0026 0.024 0.17 0.74 241 247 1.19 4,98 12.1
1966 0.021 0.34 0.011 0.10 0.53 0.34 1.19 1.39 1.00 5.15 10.1
1967 0.0086 0.16 0.0084 0.087 0.61 0.16 0.56 0.77 0.81 5.16 8.34
1968 0.0030 0.06 0.0035 0.038 041 0.10 0.29 0.47 0.65 513 7.15
1969 0.0043 0.11 0.011 0.12 1.11 0.10 0.21 0.36 0.53 511 7.66
1970 0.0053 0.11 0.0081 0.090 0.93 0.11 0.19 0.36 0.45 5.09 7.35
1971 0.0028 0.054 0.0064 0.080 0.93 0.12 0.17 0.37 0.39 5.08 7.21
1972 0.012 0.19 0.0076 0.073 0.51 0.094 0.12 0.30 0.33 5.04 6.68
1973 0.0017 0.039 0.0027 0.027 0.20 0.051 0.065 0.18 0.27 4.96 5.80
1974 0.011 0.18 0.0069 0.067 0.51 0.050 0.067 0.16 0.23 4.89 6.17
1975 - 0.0003 0.0006 0.009 0.16 0.039 0.056 0.13 0.19 4.83 5.40
1976 0.012 0.19 0.0051 0.045 0.18 0.022 0.031 0.08 0.15 4.73 5.45
1977 0.0028 0.067 0.0085 0.098 0.96 0.055 0.068 0.14 0.13 4.65 6.19
1978 0.0017 0.024 0.0006 0.010 0.12 0.053 0.071 0.15 0.12 4.60 5.16
1979 0.0006 0.012 0.0003 0.006 0.020 0.029 0.041 0.10 0.10 453 4.84

vee
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Table 13 (continued)

Worldwide average annual effective dose (LSv)

Year
1y “0Bg | a “ice 109Ry %71 Nb “WCe Pr SMn 106Ry,Rh gy wiCs Total
1980 0.013 021 0.0056 0.044 0.18 0015 0.021 0.057 0.083 4.44 5.07
1981 0.0001 0.013 0.0042 0.048 0.46 0.026 0.016 0072 0073 436 5.07
1982 - - - - 0.0017 0011 0.0071 0.037 0.056 427 439
1983 - - - - - 0.0044 0.0032 0.019 0.044 418 425
1984 - - - - - 0.0018 0.0014 0.0094 0.034 4.09 414
1985 - - - - - 0.0007 0.0006 0.0048 0.026 4.00 403
1986 - - - - - 0.0003 0.0003 0.0024 0.020 391 393
1987 - - - - - 0.0001 0.0001 0.0012 0.016 3.82 3.84
1988 - - - - - 0.0001 0.0001 0.0006 0.012 373 375
1989 - - - - - - - 0.0003 0.0095 365 3.66
1990 - - - - - - - 0.0002 0.0074 357 357
1991 - - - - - - - 0.0001 0.0057 3.49 3.49
1992 - - - - - - - - 0.0044 341 341
1993 - - - - - - - - 0.0034 333 333
1994 - - - - - - - - 0.0027 3.25 3.26
1995 - - - - - - - - 0.0021 3.18 318
1996 - - - - - - - - 0.0016 311 311
1997 - - - - - - - - 0.0012 3.04 3.04
1998 - - - - - - - - 0.0010 297 297
1999 - - - - - - - - 0.0008 2.90 2.90
1945-1999 158 26.7 1.09 12.0 813 7.94 192 245 122 166 353
2000-2099 0.003 114 114
2100-2199 114 114
2200~ 13 13
194500 1.58 26.7 1.09 12.0 813 7.94 192 245 122 292 479

a

Estimated value less than 0.0001 pSv.
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Table 14

Ingestion exposure to radionuclides produced in atmospheric nuclear testing

Worldwide average annual effective dose (LSv)

Year

3 14Bg,La g *®Fe g BICs Total °H “c Total
1945 0.21 0.0016 0.0032 - 0.0044 0.027 0.24 0 0 0
1946 0.14 0.0011 0.0028 - 0.0088 0.040 0.19 0 0 0
1947 -a - 0.0004 - 0.0059 0.016 0.022 0 0 0
1948 0.23 0.0017 0.0042 - 0.0082 0.032 0.28 0 0 0
1949 0.051 0.0004 0.0009 - 0.010 0.031 0.093 0 0 0
1950 - - 0.0003 - 0.0060 0.0063 0.013 0 0 0
1951 1.45 0.011 0.021 0.0001 0.034 0.18 1.69 - - -
1952 1.33 0.010 0.019 0.0003 0.072 0.32 1.75 - 0.06 0.06
1953 1.11 0.010 0.05 0.0052 0.18 0.92 2.28 0.2 0.1 0.3
1954 2.16 0.021 0.10 0.012 0.53 2.69 5.53 0.7 0.3 1.0
1955 1.03 0.0075 0.028 0.022 1.02 4.69 6.80 0.2 0.6 0.8
1956 4.59 0.036 0.10 0.033 1.32 5.25 11.3 0.7 0.8 1.5
1957 4.69 0.036 0.10 0.049 1.46 5.10 114 0.6 1.1 1.7
1958 14.8 0.12 0.32 0.079 1.77 6.06 23.2 0.8 1.6 2.4
1959 0.49 0.0056 0.13 0.13 2.50 9.15 12.4 0.8 1.9 2.7
1960 0.16 0.0012 0.0048 0.13 2.45 6.53 9.27 0.4 2.0 2.4
1961 5.89 0.045 0.067 0.12 1.94 3.62 11.7 0.7 29 3.6
1962 20.4 0.16 0.45 0.25 3.11 10.3 34.6 72 55 12.7
1963 1.21 0.016 0.36 0.63 5.58 21.9 29.7 2.7 7.4 10.1
1964 0.046 0.0003 0.010 0.86 6.56 21.8 29.3 1.6 7.7 9.3
1965 0.17 0.0013 0.0036 0.82 5.47 12.7 19.2 1.2 75 8.7
1966 0.87 0.0066 0.014 0.69 4.45 6.29 12.3 1.0 7.1 8.1
1967 0.35 0.0030 0.014 0.56 3.83 3.32 8.07 0.8 6.6 74
1968 0.12 0.0012 0.0072 0.44 3.57 271 6.85 0.6 6.1 6.7
1969 0.17 0.0021 0.022 0.35 3.42 2.57 6.54 0.6 55 6.1
1970 0.21 0.0021 0.017 0.29 3.30 2.70 6.51 0.4 5.0 54
1971 0.11 0.0010 0.017 0.23 3.22 2.86 6.44 0.4 4.6 5.0
1972 0.47 0.0037 0.011 0.19 3.00 217 5.85 0.3 4.3 4.6
1973 0.069 0.0007 0.0044 0.15 2.72 1.33 4.28 0.3 4.0 4.3
1974 0.44 0.0034 0.011 0.12 2.60 1.55 473 0.2 3.8 4.0
1975 - - 0.0023 0.10 2.50 1.57 4.18 0.2 35 3.7
1976 0.48 0.0036 0.0056 0.077 2.30 1.10 3.97 0.1 3.3 34
1977 0.11 0.0013 0.019 0.065 2.19 1.25 3.64 0.2 3.1 33
1978 0.068 0.0005 0.0021 0.057 2.15 1.57 3.85 0.1 29 3.0
1979 0.023 0.0002 0.0009 0.046 2.02 1.25 3.33 0.09 2.6 2.7
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Table 14 (continued)

Worldwide average annual effective dose (LSv)

Year
3 14Bg,La g *®Fe g BICs Total °H “c Total
1980 0.53 0.0040 0.0053 0.037 1.85 0.92 3.35 0.08 25 2.6
1981 0.0038 0.0002 0.0092 0.029 1.77 0.98 2.79 0.07 25 2.6
1982 - - - - 1.66 0.85 251 0.06 2.4 25
1983 - - - - 1.53 0.67 2.20 0.05 2.4 25
1984 - - - - 1.44 0.63 2.07 0.04 2.3 2.3
1985 - - - - 1.35 0.57 1.92 0.04 2.3 2.3
1986 - - - - 1.26 0.52 1.78 0.03 2.2 2.2
1987 - - - - 1.18 0.50 1.68 0.03 2.2 2.2
1988 - - - - 1.11 0.48 1.59 0.03 2.2 2.2
1989 - - - - 1.04 0.47 151 0.02 2.1 2.1
1990 - - - - 0.98 0.45 1.43 0.02 2.1 2.1
1991 - - - - 0.92 0.44 1.36 0.02 2.0 2.0
1992 - - - - 0.86 0.43 1.29 0.02 2.0 2.0
1993 - - - - 0.81 0.41 1.22 0.02 1.9 1.9
1994 - - - - 0.76 0.40 1.16 0.01 1.9 1.9
1995 - - - - 0.71 0.39 1.10 0.01 1.9 1.9
1996 - - - - 0.67 0.38 1.05 0.01 1.8 1.8
1997 - - - - 0.63 0.37 1.00 0.01 1.8 1.8
1998 - - - - 0.59 0.36 0.95 0.009 1.7 1.7
1999 - - - - 0.56 0.35 0.90 0.009 1.7 1.7
1945-1999 64.2 0.51 1.9 6.6 97.0 154 324 23.7 144 167
2000-2099 8.6 10 19 0.10 120 120
2100-2199 0.02 0.50 0.52 50 50
2900-0 - 0.03 0.03 2180 2180
1945-00 64.2 0.51 1.9 6.6 106 165 344 23.8 2494 2517

a Indicates estimated value lessthan 0.0001 pSv.
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Table 15

Inhalation exposure to radionuclides produced in atmospheric nuclear testing

Worldwide average annual effective dose (LSv)
Year 131| 14OBa 14lce 103Ru 898. 91Y BSZr lMCe 54Mn 106Ru 1258) 55Fe 908. 137CS PU, Am TOtaI
1945 0.0083 0.0012 0.0019 0.0021 0.0052 0.0076 0.0001 0.038 - 0.022 - - 0.0033 0.0001 0.014 0.10
1946 0.0059 0.0009 0.0012 0.0015 0.0036 0.0053 0.0052 0.025 - 0.016 - - 0.0024 0.0001 0.010 0.078
1947 -2 - - - - - 0.0034 0.0003 - 0.0002 - - - - 0.0002 0.006
1948 0.0096 0.0014 0.0012 0.0024 0.0059 0.0086 - 0.024 - 0.026 - - 0.0038 0.0001 0.016 0.097
1949 0.0020 0.0003 0.0003 0.0005 0.0013 0.0018 0.0033 0.0050 - 0.0054 - - 0.0008 - 0.003 0.026
1950 - - - - - - 0.0007 0.0002 - 0.0002 - - - - 0.0002 0.002
1951 0.058 0.0085 0.011 0.015 0.036 0.052 - 0.20 - 0.15 0.0003 - 0.022 0.0008 0.090 0.63
1952 0.055 0.0083 0.013 0.015 0.036 0.052 0.029 0.24 0.0002 0.15 0.0003 - 0.023 0.0008 0.092 0.72
1953 0.042 0.0065 0.012 0.017 0.048 0.077 0.034 0.56 0.0005 0.52 0.0010 0.0001 0.097 0.0035 0.40 181
1954 0.087 0.016 0.030 0.053 0.15 0.23 0.048 1.28 0.0011 1.33 0.0026 0.0001 0.26 0.0092 1.05 451
1955 0.042 0.0063 0.0087 0.012 0.032 0.052 0.11 1.06 0.0008 1.30 0.0034 0.0001 0.38 0.014 155 461
1956 0.19 0.028 0.037 0.059 0.15 0.23 0.034 1.45 0.0020 1.28 0.0031 0.0002 0.35 0.013 1.43 521
1957 0.20 0.030 0.056 0.058 0.15 0.23 0.14 1.98 0.0024 1.36 0.0031 0.0003 0.35 0.013 1.43 6.00
1958 0.60 0.092 0.14 0.19 0.45 0.72 0.17 4.35 0.0054 2.99 0.0058 0.0005 0.46 0.017 1.89 12.0
1959 0.0002 0.0003 0.0096 0.015 0.062 0.12 0.42 311 0.0048 213 0.0049 0.0006 0.75 0.027 3.09 991
1960 0.0063 0.0009 0.0008 0.0016 0.0041 0.0063 0.097 0.54 0.0009 0.47 0.0016 0.0002 0.20 0.0070 0.81 215
1961 0.24 0.037 0.072 0.073 0.18 0.27 0.0029 1.60 0.0017 0.92 0.0020 0.0002 0.26 0.0093 1.06 4.65
1962 0.84 0.13 0.26 0.27 0.71 1.10 0.27 9.93 0.028 5.63 0.011 0.0029 1.04 0.037 4.24 243
1963 0.025 0.0062 0.053 0.074 0.29 0.53 0.80 15.3 0.037 9.31 0.021 0.0047 1.87 0.067 7.66 36.2
1964 0.0018 0.0003 0.0003 0.0006 0.0028 0.0075 0.47 4.29 0.012 3.17 0.011 0.0025 1.20 0.043 4.90 14.2
1965 0.0067 0.0010 0.0018 0.0018 0.0044 0.0064 0.0080 0.88 0.0026 0.79 0.0040 0.0009 0.57 0.020 234 4.63
1966 0.037 0.0054 0.0085 0.0094 0.023 0.035 0.0088 0.33 0.0006 0.27 0.0015 0.0003 0.25 0.0088 1.01 1.98
1967 0.013 0.0022 0.0054 0.0061 0.017 0.027 0.0237 0.26 0.0003 0.17 0.0007 0.0001 0.13 0.0045 0.52 118
1968 0.0036 0.0008 0.0024 0.0030 0.0093 0.016 0.025 0.36 0.0004 0.23 0.0007 0.0001 0.15 0.0052 0.59 1.39
1969 0.0069 0.0017 0.0084 0.010 0.032 0.054 0.0086 0.81 0.0010 0.48 0.0011 0.0001 0.11 0.0041 0.47 1.99
1970 0.0086 0.0017 0.0059 0.0074 0.024 0.041 0.052 0.84 0.0008 0.52 0.0013 0.0001 0.15 0.0055 0.63 229
1971 0.0046 0.0008 0.0033 0.0048 0.017 0.032 0.031 0.81 0.0008 0.51 0.0013 0.0001 0.14 0.0051 0.59 215
1972 0.019 0.0028 0.0051 0.0052 0.013 0.020 0.023 0.31 0.0002 021 0.0006 - 0.067 0.0024 0.28 0.95
1973 0.0028 0.0006 0.0021 0.0026 0.0075 0.012 0.017 0.15 0.0002 0.10 0.0003 - 0.025 0.0009 0.10 0.43
1974 0.018 0.0027 0.0050 0.0053 0.015 0.023 0.013 0.36 0.0004 0.22 0.0005 0.0001 0.088 0.0031 0.36 111
1975 - - 0.0001 0.0002 0.0008 0.002 0.014 0.12 0.0001 0.08 0.0002 - 0.043 0.0016 0.18 0.44
1976 0.021 0.0031 0.0055 0.0057 0.014 0.020 0.0013 0.12 0.0001 0.075 0.0002 - 0.021 0.0007 0.084 0.37
1977 0.004 0.0008 0.0044 0.0058 0.020 0.036 0.015 0.66 0.0008 0.38 0.0008 0.0001 0.059 0.0021 0.24 1.43
1978 0.0033 0.0005 0.0004 0.0007 0.0018 0.0028 0.030 0.17 0.0002 0.13 0.0004 - 0.072 0.0026 0.29 0.71
1979 0.0003 0.0001 0.0001 0.0002 0.0006 0.0009 0.0014 0.035 - 0.031 0.0001 - 0.023 0.0008 0.094 0.19
1980 0.022 0.0033 0.0060 0.0060 0.015 0.021 0.0004 0.12 - 0.067 0.0001 - 0.022 0.0008 0.090 0.37
1981 - - 0.0008 0.0012 0.005 0.009 0.016 0.17 0.0001 0.102 0.0002 - 0.032 0.0011 0.13 0.48
1982 - - - - - - - 0.016 - 0.012 - - 0.0094 0.0003 0.038 0.048
1983 - - - - - - - 0.0020 - 0.0018 - - 0.0066 0.0002 0.027 0.034
1984 - - - - - - - 0.0003 - 0.0271 - - 0.0053 0.0002 0.022 0.027
1985 - - - - - - - - 0.0001 - - 0.0016 0.0001 0.0065 0.008
Total 2.58 0.40 0.77 0.93 2.56 4.07 292 525 0.11 352 0.085 0.014 9.22 0.33 37.8 149

a

Estimated value less than 0.0001 pSv.
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Table 16

Annual effective dose from radionuclides produced in atmospheric nuclear testing

Average annual effective dose (LSv)

Year Northern hemisphere Southern hemisphere World

External Ingestion @ Inhalation Total External Ingestion @ Inhalation Total External Ingestion @ Inhalation Total
1945 0.25 0.27 0.12 0.64 -0 - - - 0.22 0.24 0.10 0.57
1946 0.22 0.21 0.087 0.52 - - - - 0.20 0.19 0.077 0.47
1947 0.042 0.025 0.0046 0.071 - - - - 0.037 0.02 0.0041 0.06
1948 0.26 031 0.11 0.68 - - - - 0.23 0.28 0.10 0.60
1949 0.077 0.10 0.027 0.21 - - - - 0.068 0.09 0.024 0.19
1950 0.028 0.014 0.0016 0.043 - - - - 0.025 0.01 0.0014 0.039
1951 1.50 1.90 0.72 412 0.0016 0.0010 0.0014 0.0039 134 1.69 0.64 3.67
1952 1.65 2.02 0.80 4.48 0.082 0.15 0.032 0.27 1.48 181 0.72 4.01
1953 317 292 2,01 8.10 0.14 0.34 0.17 0.65 2.84 258 181 723
1954 5.88 717 495 18.0 114 135 128 3.77 5.36 6.53 455 16.4
1955 352 8.26 5.03 16.8 0.66 1.89 0.79 334 321 7.60 457 154
1956 8.40 14.0 5.76 28.2 1.83 3.03 115 6.01 7.67 12.8 5.26 258
1957 9.38 135 6.40 29.3 7.38 9.47 272 19.6 9.16 131 6.00 28.3
1958 24.2 277 13.2 65.2 7.82 8.15 2.99 19.0 224 25.6 121 60.1
1959 13.6 16.6 10.8 41.0 298 417 116 831 125 151 9.75 37.3
1960 5.26 12.6 2.30 20.2 0.97 3.45 0.76 518 4.79 117 213 18.6
1961 9.98 16.7 523 31.9 0.83 3.79 0.65 5.26 8.97 153 4.73 29.0
1962 39.6 50.0 26.5 116 253 255 8.16 59.0 381 47.3 245 110
1963 41.3 437 40.2 125 6.62 7.36 273 16.7 375 39.8 36.0 113
1964 18.3 423 15.6 76.2 214 8.32 2.02 125 16.6 38.6 141 69.3
1965 133 30.4 5.04 48.7 1.78 853 1.38 117 12.1 279 4.63 44.6
1966 10.9 21.8 2.07 34.8 3.25 9.11 124 13.6 10.1 20.4 1.98 325
1967 9.01 16.7 123 26.9 293 5.68 0.76 9.37 8.34 155 118 25.0
1968 7.66 14.6 142 237 3.03 4.84 115 9.02 7.15 13.6 1.39 221
1969 8.25 13.6 211 24.0 293 4.49 1.09 852 7.66 12.6 1.99 223
1970 777 12.7 2.38 229 3.88 5.62 153 11.0 7.35 119 228 215
1971 7.63 12.2 225 221 3.78 5.08 131 10.2 7.21 114 215 20.8
1972 721 11.2 1.00 194 2.39 421 0.59 7.19 6.68 104 0.96 18.1
1973 6.24 9.17 0.43 15.8 223 354 0.36 6.14 5.80 8.58 0.42 14.8
1974 6.53 9.27 1.16 17.0 322 4.08 0.69 7.98 6.17 8.73 111 16.0
1975 5.82 851 0.46 14.8 2.06 272 0.24 5.01 5.40 7.88 0.44 13.7
1976 5.95 797 0.41 14.3 143 247 0.093 4.00 5.45 7.37 0.37 13.2
1977 6.79 7.43 1.59 15.8 1.36 233 0.091 3.78 6.19 6.94 143 14.6
1978 5.64 7.39 0.79 138 1.32 2.20 0.072 3.59 5.16 6.85 0.71 12.7
1979 528 6.56 021 12.0 127 2.03 0.040 334 484 6.02 0.19 111
1980 554 6.46 0.41 124 124 1.92 0.036 3.20 5.07 593 0.37 114
1981 5.55 577 0.52 118 121 187 0.030 311 5.07 5.36 0.47 10.9
1982 4.78 541 0.083 10.3 118 181 0.022 3.01 439 497 0.076 9.43
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Table 16 (continued)

Average annual effective dose (LSv)

Year Northern hemisphere Southern hemisphere World

External Ingestion @ Inhalation Total External Ingestion @ Inhalation Total External Ingestion @ Inhalation Total
1983 464 5.01 0.040 9.69 115 177 0.018 293 4.03 4.65 0.038 8.94
1984 451 4.79 0.060 9.36 112 172 0.010 2.85 393 441 0.055 8.60
1985 4.40 457 0.0087 8.98 1.10 1.68 0.005 2.78 3.84 4.26 0.008 8.30
1986 429 4.36 0.0006 8.65 1.07 1.64 0.0003 271 3.75 401 0.0006 7.94
1987 418 4.19 0.0003 8.38 1.05 1.62 0.0002 2.66 3.66 391 0.0002 7.75
1988 4.08 4.04 - 8.12 1.02 161 - 2.63 357 3.82 - 7.57
1989 3.99 3.90 - 7.89 1.00 1.60 - 2.60 3.49 3.63 - 729
1990 3.90 3.76 - 7.65 0.97 1.60 - 2.58 341 355 - 7.12
1991 381 3.63 - 7.43 0.95 161 - 2.56 3.33 3.38 - 6.87
1992 3.72 3.50 - 722 0.93 1.62 - 255 3.26 331 - 6.72
1993 3.63 3.37 - 7.01 091 1.63 - 254 3.18 314 - 6.48
1994 355 3.26 - 6.81 0.89 1.65 - 254 311 3.07 - 6.33
1995 347 314 - 6.61 0.87 1.68 - 255 3.04 301 - 6.20
1996 3.39 3.03 - 6.42 0.85 1.72 - 257 297 2.86 - 5.97
1997 331 292 - 6.23 0.83 1.76 - 2.59 2.90 281 - 5.85
1998 324 281 - 6.05 0.81 1.82 - 2.63 2.66 - 5.63
1999 3.16 271 - 5.87 0.79 1.89 - 2.68 261 - 551
1945-1999 382 531 164 1076 115 178 35 328 353 492 149 994
2000-2099 124 141 264 31 126 157 114 139 253

2100-2199 12 51 63 31 50 53 11 51 62
2200-% 14 2180 2181 0.3 2180 2180 13 2180 2181
1945-co 520 2900 164 3580 149 2530 35 2720 479 2860 149 3490

a  Includes contribution from globally dispersed *H and “C.
b  Estimated value lessthan 0.0001 pSv.

(01574
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Table 17
Local doses from atmospheric nuclear testing
Maximum absorbed dose Maximum Collective
Test site Population in thyroid of children effective dose effective dose Ref.
Gy) (&) (man Sv)

United States

Nevada 180 000 1 500° [A1]

Pacific? 245 200 19 160 [L4]
Former USSR

Semipal atinsk 10000 ¢ 20 4600 [T1]
United Kingdom

Australian sites® 700 [w1]

a Exposuresfrom Bravo test of 28 February 1954 to residents of Rongelap, Utrik, and Ailinginae atolls.
b  External exposureto local population only.
¢ Population in settlements bordering the test site. The extended population of Semipalatinsk and Altai regionswas 1.7 million in 1960.
d Marainga, Emu, and Monte Bello Idand.
Table 18
Distribution of cumulative effective doses to individuals exposed in local areas downwind of the Nevada test site
[A1]
Effective dose (mSv) Number of individuals Collective effective dose (man Sv)
Range Mean @ 1951-1958 1961-1963 1951-1958 1961-1963
<0.06-0.6 0.2 61 000 180 000 12 36
0.6-3 1.3 80000 480 104 0.6
3-6 4.2 19 000 0 80
6-30 13 20000 0 260
30-60 42 520 0 22
60-90 73 45 0 3.2
Total (rounded) 180 000 180 000 460 40

a Assumed to be geometric mean of range.

Table 19
Estimated local exposures from atmospheric nuclear tests conducted by France at the South Pacific test
site
(B8]
Effective dose (mSv) Collective
Location Date of test Population effective dose
External Inhalation Ingestion Total (man Sv)
Gambier 2 July 1966 40 34 0.18 19 55 0.2
Isands 8 August 1971 68 0.9 0.002 0.24 12 0.5
Tureia Atoll 2 July 1967 516 0.7 0.023 0.17 0.9 0.7
12 June 1971 545 0.9 0.003 0.043 13 0.08
Tahiti 17 July 1974 84,000 0.6 0.08 0.06 0.8 67
(Mahina)
Total 70
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Table 20
Effective dose estimates from external exposures at locations 400-800 km downwind of the Lop Nor test
site
[Z1]
City Population Distance fromtest site Absorbed dosein air Effective dose
(km) (mGy) (mSv)
Xihu ) 0.07 0.2
ANXi ) 60 000 500 0.06 0.2
Tashi ) 500 0.10 0.3
Qiaowan (Village) 560 0.14 0.04
Y umenzhen ) 600 0.12 0.03
Y umanshi ) 159000 0.02 0.006
Jinta 99 000 740 0.45 0.11
Jiayuguan 89 000 720 0.44 0.11
Table 21
Underground nuclear tests ?
Number of tests
Year
China France India Pakistan United Kingdom United States USSR
1955 1
1957 5
1958 14
1961 1 10 1
1962 1 2 57 1
1963 3 45
1964 3 2 48 9
1965 4 1 39 15
1966 1 49 19
1967 42 23
1968 72 23
1969 1 61 24
1970 60 21
1971 28 29
1972 32 31
1973 27 22
1974 1 1 25 27
1975 1 2 23 35
1976 1 5 1 20 27
1977 9 23 36
1978 1 11 2 20 55
1979 10 1 15 52
1980 12 3 14 43
1981 12 1 16 37
1982 1 10 1 18 34
1983 2 9 1 19 37
1984 2 8 2 18 52
1985 8 1 17 10
1986 8 1 14
1987 1 8 1 16 39
1988 1 8 18 29
1989 9 1 15 11
1990 2 6 1 10 8
1991 6 1 9
1992 2 8
1993 1
1994 2
1995 2 5
1996 2 1
1997
1998 5 6
Total 22 160 6 6 24 908 750
All countries 1876

a

Includes cratering tests carried out by the United States and the USSR, some of which released radionuclides to the atmosphere.
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Table 22
Summary of nuclear testing
Number of tests Yield (Mt)
Country
Atmospheric Underground Total Atmospheric Underground Total
China 22 22 44 20.7 1 22
France 502 160 210 10.2 3 13
India - 6 6
Pakistan - 6 6
United Kingdom 33° 24 57 8.1 2 10
United States 219°¢ 908 1127 154 46 200
USSR 219 750 969 247 38 285
All countries 543 1876 2419 440 90 530
a Includes 5 safety tedts.
b Includes 12 sofety tests.
¢ Includes 22 safety tests and 2 combat explosions.
Table 23
Radionuclide releases and estimated local exposures from nuclear weapons material production and
fabrication plants in the United States
Cumulative effective dose (mSv)
Location Release period Airborne release Liquid release Reference
(GBq) (GBq) Airborne Liquid
Fernald 1954-1980 50-150 (U) [s5]
Oak Ridge 1942-1984 ~1 000 000 (3! 25 400 (**'Cs) [H9, W5]
Rocky Flats 1953-1983 (routine) 8.8 (U) /1.7 (Pu) 0.0015 [R3]
1957 (fire) 1.9 (Pu) 0.013 [M4]
1965- 1969 (storage area) 260 (Pu) 0.072 [M5]
Hanford 1944-1987 27300 000 (1) 481 000 000 (*Na) 12 15 [H4, S3]
Savannah River 1954-1989 140 (Pu) 23 (Pu) 0.12 0.0024 [c1
Table 24

Releases of radioactive materials associated with the early operation of the materials production complex
at Chelyabinsk-40 in the eastern Urals region of the Russian Federation

[D5, K4, N8]
Radionuclide composition (%) Total
Circumstances of release Time period activity
elease
0g %57y 106R, 18cg Wce r
(PBa)
Routine operation
Atmospheric effluents 1948-1956
Liquid effluentsto Techa River 2 1949-1956 11.6 13.6 259 12.2 100
Accident at waste storage site 1957 5.4 249 37 0.036 66.0 74
Resugpension from shoreline of Lake
Karachay 1967 34 48 18 0.022

a

Radionuclide composition included, additionally, ®Sr (8.8%) and other (27.9%).



234

ANNEX C: EXPOSURES TO THE PUBLIC FROM MAN-MADE SOURCES OF RADIATION

Table 25

Estimated collective effective dose from operation of weapons material production centres in the former
Soviet Union [D5, K4, K5, N8]

Present (1990-1993) levels

of contamination surrounding the Chelyabinsk site [K4]

Production centre Time period Population exposed Collective effective dose
(man Sv)

Chelyabinsk

Dischargesto Techa River 1949-1956 28 000 6 200

Waste storage accident 1957 273000 2500
Krasnoyarsk

Dischargesto Y enesei River 1958-1991 200 000 1200
Tomsk

Dischargesto Tom/Ob Rivers 1958-1992 400 000 200

Total 10 100

Table 26

Deposition density (kBg m?) Concentration (Bq kg™)
Location Material
908. 137Cs 908. 137Cs
Techa River Water 7-23 0.06-0.23
Bottom sediments 40-2000? 100-280 0002
Fish 50-560 4-10
Eastern Urals
Agricultural areas Sail 3.7-74 7.4-37
Potatoes 0.2-6.7 0.5-3.8
Grain 0.5-12.6 0.3-29
Milk 0.2-6.3 0.2-45
Beef 0.2-1.7 0.3-2.6
Forest areas Sail 37-74 000 37-740
Mushrooms 400-1 100 110-1 600
Berries 700-16 000 150
Lakesremoved from use Water 17-120 0.7
Bottom sediments 250-860?
Fish 70 000- 110 000 1700
Lakes of multipurpose use Water 0.10-0.34 0.06-0.36
Bottom sediments 20-300° 80-240?
Fish 30-220 8-26
a Dry weight.
Table 27

Present (1993-1996) exposures from

Federation [B7, K4]

nuclear materials production/processing centres in the Russian

Annual effective dose (mSv) Annual collective
Installation Population effective dose
External Internal Total (man Sv)
Chelyabinsk 320 000 0.01 0.10 0.11 35
Krasnoyarsk 200 000 0.03 0.02 0.05 10
Tomsk 400 000 0.0004 0.005 0.0054 22
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Table 28
Production of uranium
[01]
Annual production of uranium (t) 2
Country
1990 1991 1992 1993 1994 1995 1996 1997

Argentina 9 18 123 126 80 65 28 35
Australia 3530 3776 2334 2256 2208 3712 4974 5520
Belgium”® 39 38 36 34 40 25 28 27
Brazil 5 0 0 24 106 106 0 0
Bulgaria 405 240 150 100 70 0 0 0
Canada 8729 8160 9297 9155 9647 10473 11788 12 029
China (800) (800) (955) (780) (780) (500) (500) (500)
Czech Republic 2142 1778 1539 950 541 600 598 590
France 2841 2477 2149 1730 1053 1016 940 748
Gabon 709 678 589 556 650 652 560 472
Germany 2972 1207 232 116 47 35 40 40
Hungary 524 415 430 380 413 210 200 200
India (230) (200) 150 148 155 (155) (200) (200)
Kazakhstan (7 120) (7 350) (2802) 2700 2240 1630 1320 1000
Mongolia 89 101 105 54 72 20 0 0
Namibia 3211 2450 1660 1679 1895 2016 2452 2905
Niger 2839 2963 2965 2914 2975 2974 3160 3497
Pakistan (30) (30) (23) (23) (23) (23) (23) (23)
Portugal 111 28 28 32 24 18 15 17
Romania 210 160 120 (120) 120 120 100 100
Russian Federation 3780 3050 2640 2697 2541 2160 2000 (2 000)
Slovenia 53 0 2¢ 0 0 0 0 0
South Africa 2460 1712 1669 1699 1671 1421 1436 1100
Spain 213 196 187 184 256 255 255 255
Ukraine (1 000) (1 000) 1000 1000 1000 1000 500 500
United States 3420 3060 2170 1180 1279 2324 2420 2170
Uzbekistan (2 100) 2100 2680 2600 2015 1644 1459 2000

Total 49571 43987 36 035 33237 31611 33154 34996 35692

a Valuesin parentheses are estimates.
b Uraniumisproduced as a byproduct from imported phosphates.

C

Decommissioning product.

Table 29

Radon releases in airborne effluents and collective dose from uranium mining and milling

Release Release rate Normalized Normalized collective
Source per unit production per unit area release® effective dose
(GBqt™) (Bgs*m? [TBq (GWa) ] [man Sv (GWa) ] °
Mining 300 75 0.19
Milling 13 3 0.0075
Mill tailings
Operational mill 10 3¢ 0.04¢
Closed mill 1 03¢ 75°¢
a Normalization basis: production, 250 t (GW a)'%; tailings, 1 ha (GWa) .
b  Dose coefficient: 0.0025 man Sv TBq .
¢ Normalized rdeaserate: TBqa* (GWa) ™.
d Assuming release period of five years.
e Assuming release period of 10,000 years and unchanging population dendity.
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Table 30
Worldwide installed capacity and electrical energy generated by nuclear reactors
[13]

Capacity Electrical energy generated (GWa)
Country GW)
1990 1991 1992 1993 1994 1995 1996 1997
PWRs
Armenia
Armenial-2 0.376 0 0 0 0 0 0 0.239 0.163
Belgium
Dod 1-4 271 2191 2.284 2.296 2.080 1.923 2221 2.235 2478
Tihange 1-3 2791 2442 2.359 2413 2.468 2.489 2.266 2472 2.643
Brazil
Angral 0.626 0.235 0.149 0.172 0.046 0.005 0.266 0.261 0.341
Bulgaria
Kozloduy 1-6 3.538 1.542 1.387 1.213 1417 1.612 1.852 1.919 1.877
China
Guangdong 1-2 1.812 - - - - 1.331 1.149 1.316 1.416
Qinshan 0.288 - - - 0.199 0.188 0.236 0.237 0.230
Maanshan 1-2 1.78 1.397 1.446 1.369 1.462 1.522 1.468 1.585 1411
Czech Republic
Dukovany 1-4 1.632 1.343 1.272 1.398 1441 1481 1.396 1.375 1.426
Finland
Loviisal-2 0.89 0.743 0.776 0.751 0.798 0.756 0.736 0.779 0.868
France
Belleville 1-2 2.62 1.625 1.888 1.913 1.917 1.691 1.792 1.666 2.088
Blayais1-4 3.64 2541 2.688 2.556 2.582 2.315 2.841 3.081 2977
Bugey 2-5 3.64 2.076 1.908 1.380 2.355 2.306 2415 2.367 2.548
Cattenom 1-4 5.2 1.994 2.385 3.718 3.579 3.624 3.713 4.078 4.038
Chinon B1-B4 3.55 2.585 2.494 2.825 2.598 2.573 2.884 2.789 2.842
Chooz-A (Ardennes) 0.305 0.169 0.152 0 0 0 0 0 0
Chooz B1-B2 - - - - - - - - 0.998
Cruas1-4 3.555 2.663 2.350 2.490 2.579 2.547 2.547 2.802 2.485
Dampierre 1-4 3.56 2.078 2.486 2461 2.700 2.345 2513 2.666 2.486
Fessenheim 1-2 1.76 0.980 1.069 0.807 1.293 1.311 1.250 1411 1.328
Flamanville 1-2 2.66 1.702 1.581 1.878 1.973 1.773 1.898 2.053 1.758
Golfech 1-2 2.62 0.208 1.089 0.807 1.154 1.717 1.704 2.041 2.032
Gravelines 1-6 5.46 3.995 3.918 3.943 3.976 4.012 4.245 4.070 4.020
Nogent 1-2 2.62 1.615 1.735 1.841 1.929 1.687 1.701 1.907 1.997
Paluel 1-4 5.32 3.334 3.563 3.195 3.786 3.276 3.742 3.398 3.814
Penly 1-2 2.66 0.330 0.963 1.492 1.899 1.910 1.946 2.202 1.892
St. Alban 1-2 2.67 1.583 1.815 1.277 1.576 1.678 1.859 1.880 1.731
St Laurent B1-B2 1.795 1.288 1.147 1.268 1.223 1418 1114 1.324 1.266
Tricastin 1-4 3.66 2554 2.381 2.673 2.698 2.703 2.784 2.991 2.677
Germany
BiblisA-B 2.386 1.616 1.238 1.657 1.790 1.765 1.183 1.355 1.880
Brokdorf 1.326 0.952 1.084 1.232 1.078 1.168 1.132 1.205 1.284
Emdand 1.242 1.146 1.060 1.160 1.196 1.202 1.198 1.205 1.216
Grafenrheinfeld 1.235 0.903 1113 1.102 1.010 1.104 1.135 1.088 1.157
Greifswald 1.632 0 0 0 0 0 0 0 0
Grohnde 13 1.156 1.137 1.190 1.219 1172 1.230 1.209 1.354
Isar 2 131 1.058 1.107 1124 1.164 1.199 1.146 1172 1.245
Mulheim-Karlich 1.219 0 0 0 0 0 0 0 0
Neckarwestheim 1-2 2.02 1.763 1.694 1.767 1.766 1.898 1.883 1.903 1.866
Obrigheim 0.34 0.135 0.120 0.215 0.299 0.300 0.247 0.317 0.316
Philippsburg 2 1.268 0.972 1131 1.073 1.196 1174 1.204 1.281 1.269
Stade 0.64 0.480 0.262 0.485 0514 0.611 0.498 0.575 0.565
Unterweser 1.23 0.969 0.740 0.997 1.236 0.877 0.911 1131 1134
Hungary
Paks 1-4 184 1.472 1.473 1.594 1.575 1.510 1.507 1.531 1.501
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Table 30 (continued)
Capacity Electrical energy generated (GWa)
Country GW)
1990 1991 1992 1993 1994 1995 1996 1997

Japan

Genkai 1-4 2.185 0.843 0.809 0.771 0.964 1.751 1.746 1.759 2.420

Ikata 1-3 1.922 0.952 0.904 0.815 0.809 1.198 1.691 1.460 1.648

Mihama 1-3 157 1.356 0.807 0.655 0.707 0.934 0.768 1.195 1.318

Ohi 1-4 4.49 1.385 1671 2.780 3.614 3.379 2.855 3.845 3.346

Sendai 1-2 1.692 1.406 1.285 1.491 1.420 1.295 1.306 1432 1.503

Takahama 1-4 3.22 2.277 2.140 2.462 2.520 2.341 2.552 2.415 2.631

Tomari 1-2 1.10 0.514 0.778 0.832 0.987 0.961 0.926 0.877 0.982

Tsuruga 2 1.115 0.822 1.057 0.924 0.895 0.892 1.053 0.921 0.745
Netherlands

Borssele 0.481 0.329 0.311 0.323 0.380 0.379 0.387 0.402 0.248
Republic of Korea

Kori 1-4 2.951 2.388 2415 2.457 2.500 2.502 2.563 2.623 2.458

Ulchin 1-2 184 1.337 1.588 1.604 1.622 1572 1.708 1.686 1.582

Y onggwang 1-4 37 1.468 1.530 1522 1.559 1.754 2.389 3.185 3.298
Russian Federation

Balakovo 1-4 3.8 1.362 1.674 2.038 1.730 1.565 1.428 1.936 1.763

Kalinin 1-2 19 1.368 1.280 1.402 1.232 1.016 1.195 1.030 1.036

Kola1-4 1.644 1.317 1.279 1.139 1.085 0.774 0.982 0.938 0.933

Novovoronezh 2-5 1.72 1.033 1.064 1.049 1.183 0.793 0.940 1.015 1.234
Slovakia

Bohunice 1-4 1.632 1.274 1.240 1.261 1.163 1.280 1.296 1.286 1.233
Slovenia

Krsko 0.62 0.501 0.539 0.430 0.430 0.503 0.522 0.498 0.547
South Africa

Koeberg 1-2 1.844 0.966 1.047 1.062 0.835 1.106 1.289 1.342 1441
Spain

Almaraz 1-2 1.86 1611 1.625 1515 1.626 1579 1.530 1.504 1.448

Asco 1-2 1.86 1.549 1.556 1.593 1542 1.583 1.448 1.596 1.636

José Cabrera 1 0.16 0.109 0.120 0.128 0.104 0.002 0.040 0.112 0.093

Trillo1 1.07 0.727 0.740 0.906 0.844 0.905 0.853 0.871 0.886

Vandellos 2 1.00 0.837 0.820 0.767 0.789 0.823 0.864 0.857 0.827
Sweden

Ringhals 2-4 2.63 1.987 2177 1.969 1.790 2211 1.966 2.153 2.184
Switzerland

Beznau 1-2 0.7 0.593 0.584 0.554 0.549 0.656 0.618 0.629 0.662

Gosgen 0.94 0.814 0.815 0.846 0.846 0.875 0.893 0.905 0.910
Ukraine

Khmelnitski 1 0.95 0.742 0.590 0.694 0.626 0.720 0.651 0.513 0.702

Rovno 1-3 1.695 1.341 1.197 1.501 1.237 1.238 1.180 1.229 1.317

South Ukraine 1-3 2.85 1.556 1.808 2.034 1.886 1671 1.806 1814 2.173

Zaporozhe 1-6 4.75 2.680 2.933 3.500 2.944 2.614 2.645 3.712 3.884
United Kingdom

Sizewell B 1.188 - - - - - 0.614 0.966 0.959
United States

Arkansas One 1-2 1.694 1.287 1.446 1.294 1.538 1.589 1.333 1524 1.622

Beaver Valley 1-2 1.643 1.194 1.196 1.364 1.093 1.430 1.312 1.197 1.163

Braidwood 1-2 224 1.669 1.320 1.816 1.833 1.602 1.843 1.784 1.864

Byron 1-2 221 1.485 1.723 1.825 1711 1.861 1.814 1.678 1.857

Callaway 1 1.118 0.914 1.139 0.924 0.958 1.142 0.942 1.015 1.022

Calvert Cliffs1-2 1.65 0.153 1.039 1.222 1.405 1.286 1.477 1.381 1.500

Catawba 1-2 2.258 1.530 1.593 1.864 1.801 1.994 1.904 1.778 2.030

Comanche Peak 1-2 23 0.287 0.612 0.792 1.288 1.670 1.937 1.727 2.002

Crystal River 3 0.821 0.473 0.623 0.607 0.694 0.678 0.826 0.276 0

DavisBese 1 0.86 0.475 0.667 0.873 0.694 0.729 0.876 0.737 0.820

Diablo Canyon 1-2 2.16 1.860 1.722 1.907 1921 1.743 1.858 1.909 1.950

Donald Cook 1-2 2.08 1.269 1.772 0.733 1.862 1.061 1.598 1.872 1.190
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Table 30 (continued)

Capacity Electrical energy generated (GWa)
Country GW)
1990 1991 1992 1993 1994 1995 1996 1997
United States (continued)
Farley 1-2 1.654 1.391 1.388 1.265 1.384 1.508 1.238 1.471 1.451
Fort Calhoun 1 0.478 0.276 0.371 0.290 0.354 0.470 0.384 0.357 0.436
R. E. Ginna 0.47 0.394 0.398 0.398 0.399 0.385 0.415 0.331 0.445
Haddam Neck 0.565 0.136 0.423 0.444 0.427 0.434 0.418 0.317 0
Harris 1 0.86 0.724 0.677 0.620 0.859 0.692 0.681 0.807 0.675
Indian Point 1-3 1.829 1171 1.276 1.443 0.813 0.872 0.727 1.564 0.858
Kewaunee 0.503 0.445 0.420 0.450 0.436 0.452 0.433 0.362 0.270
Maine Y ankee 0.81 0.555 0.715 0.612 0.655 0.757 0.023 0.578 0
McGuire 1-2 2.258 1.284 1.868 1.629 1411 1.774 2.049 1.806 1.559
Millstone 2-3 2.005 1.544 0.779 1.064 1.461 1.495 1.225 0.402 0
North Anna 1-2 1.83 1.508 1.519 1.334 1.360 1.631 1.583 1.492 1711
Oconee 1-2-3 2.538 2.300 2174 2.017 2301 2.044 2.261 1.764 1.567
Palisades 0.73 0.343 0.556 0.555 0.405 0.515 0.532 0.607 0.662
Palo Verde 1-3 3.663 2351 2.865 2923 2515 2.645 3.080 3.293 3.369
Point Beach 1-2 0.97 0.836 0.835 0.830 0.873 0.874 0.819 0.794 0.192
Prairieldand 1-2 1.003 0.871 0.967 0.767 0.927 0.944 0.969 0.939 0.818
Rancho Seco 1 0.873 0.004 0 0 0 0 0 0 0
H. B. Robinson 2 0.665 0.379 0.547 0.464 0.479 0.531 0.575 0.623 0.707
Salem 1-2 2212 1.307 1.652 1.148 1.307 1.300 0.528 0 0.293
San Onofre 1-3 2.586 1.881 1.882 2118 1.688 2107 1.598 1.985 1541
Seabrook 1 1.15 0.467 0.778 0.898 1.033 0.708 0.957 1.124 0.907
Sequoyah 1-2 2.296 1.601 1.894 1.790 0.386 1.365 1.794 1.938 1.946
South Texas 1-2 25 1.430 1.656 2.010 0.155 1.626 2.195 2.361 2.266
St Lucie1-2 1.678 1.124 1.509 1.435 1.160 1.346 1.235 1.393 1.395
Surry 1-2 1.562 1211 1.207 1.330 1.230 1.272 1.286 1.509 1.380
ThreeMileldand 1 0.808 0.607 0.647 0.792 0.681 0.752 0.729 0.811 0.676
Trojan 1.095 0.697 0.171 0.526 0 0 0 0 0
Turkey Point 3-4 1.332 0.887 0.244 0.921 1.188 1.115 1.256 1.246 1221
Virgil C. Summer 1 0.885 0.698 0.610 0.858 0.697 0.509 0.863 0.817 0.830
Vogtle 1-2 2.166 1.623 1.872 1.959 1.973 2.072 2.186 1.962 2121
Waterford 3 1.075 0.982 0.830 0.870 1.043 0.905 0.886 1.019 0.767
Watts Bar 1.170 - - - - - - 0.633 0.868
Wolf Creek 1.135 0.901 0.673 0.969 0.903 0.976 1.149 0.940 0.964
Y ankee NPS 0.167 0.094 0.113 0 0 0 0 0 0
Zion1-2 2.08 0.810 1.072 1.082 1.406 1.176 1.415 1.477 0.123
BWRs
China
Chin Shan 1-2 1.208 0.731 0.933 0.930 0.954 0.870 0.918 0.921 1.063
Kuosheng 1-2 1.902 1.472 1.488 1.407 1.349 1.430 1472 1.641 1.526
Finland
Olkiluoto 1-2 1.465 1.325 1.325 1.323 1.348 1.337 1.333 1.353 1421
Germany
Brunsbiittel 0.771 0.546 0.436 0.398 0 0 0.343 0.536 0.583
Gundremmingen B,C 2.488 1.907 1.866 1.912 1.679 1.864 2.061 2.155 2.080
Isar 1 0.87 0.577 0.772 0.670 0.636 0.588 0.736 0.664 0.685
Krimmel 1.26 1.008 0.883 0.950 0.749 0.283 1.052 0.941 1.056
Philippsburg 1 0.864 0.594 0.705 0.743 0.527 0.750 0.721 0.791 0.732
Wiirgassen 0.64 0.125 0.466 0.432 0.449 0.384 0 0 0
India
Tarapur 1-2 0.3 0.206 0.162 0.181 0.199 0.128 0.198 0.087 0.201
Japan
Fukushima Daiichi 1-6 4.546 2.780 3.383 3.028 2453 3.248 3.837 3.321 3.295
Fukushima Daini 1-4 4.268 2.562 3.202 3.239 2.933 3.076 3572 3.528 3.593
Hamaoka 1-4 3.469 1.652 1.624 1.552 2.610 2.258 3.161 2.847 2.878
Kashiwazaki Kariwa 1-7 7.965 2.201 2.599 2.622 3.405 3.969 4.552 5.151 6.613
Onagawa 1-2 1.294 0.325 0.382 0.470 0.263 0.391 0.849 1.016 1.169
Shikal 0.505 - - - 0.324 0.378 0.399 0.394 0.506
Shimane 1-2 1.23 1.012 0.988 0.932 1.062 0.970 0.953 0.291 1.122
Tokai 2 1.056 0.832 0.802 0.718 0.994 0.836 0.781 0.861 1.014
Tsuruga 1 0.341 0.224 0.258 0.227 0.300 0.172 0.266 0.286 0.221
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Table 30 (continued)
Capacity Electrical energy generated (GWa)
Country GW)
1990 1991 1992 1993 1994 1995 1996 1997
Mexico
Laguna Verde 1-2 1.30 0.232 0.464 0.428 0.539 0.464 0.860 0.858 1.144
Netherlands
Dodewaard 0.05 0.047 0.047 0.048 0.049 0.048 0.045 0.045 0.008
Spain
Confrentes 0.99 0.807 0.799 0.880 0.801 0.798 0.935 0.878 0.787
S. Mariade Garona 0.46 0.291 0.420 0.305 0.419 0.358 0.437 0.366 0.384
Sweden
Barsebeck 1-2 12 0.974 1.040 0.629 0.682 0.946 0.899 0.903 0.871
Forsmark 1-3 3.008 2.355 2.661 2.484 2534 2774 2.674 2.680 2.466
Oskarshamn 1-3 2.207 1.619 1871 1.473 1.250 1.477 1484 1.673 1.862
Ringhals 1 0.75 0517 0.644 0.386 0.456 0.615 0.647 0.741 0.255
Switzerland
Leibstadt 0.99 0.867 0.806 0.860 0.838 0.798 0.876 0.880 0.886
Mihleberg 0.322 0.283 0.276 0.276 0.293 0.302 0.305 0.302 0.291
United States
Big Rock Point 0.067 0.049 0.056 0.031 0.049 0.047 0.059 0.042 0.022
Browns Ferry 1-3 3.195 0.012 0.434 0.958 0.659 0.838 1.137 1.923 1.929
Brunswick 1-2 1.58 0.960 0.921 0.364 0.457 1.231 1.369 1.244 1474
Clinton 1 0.946 0411 0.690 0.563 0.671 0.846 0.697 0.606 0
Cooper 0.764 0.583 0.548 0.711 0.424 0.254 0471 0.724 0.623
Dresden 2-3 1.545 1.058 0.636 0.829 0.916 0.657 0.613 0.585 1.099
Duane Arnold-1 0.538 0.345 0.473 0.392 0.370 0.469 0.427 0.450 0474
Enrico Fermi 2 1.093 0.813 0.706 0.840 0.946 0 0.586 0.547 0.637
Fitzpatrick 0.757 0.525 0.385 0 0.542 0.568 0.548 0.604 0.756
Grand Gulf 1 1.142 0.845 1.041 0.933 0.902 1.098 0.892 1.053 1.235
Hatch 1-2 1.525 1.214 1.100 1.239 1.137 1.231 1.315 1.455 1.375
Hope Creek 1 1.031 0.465 0.845 0.806 1.007 0.813 0.807 0.773 0.733
Lasalle1-2 2.072 1.696 1.776 1.400 1.492 1.527 1.615 1.021 0
Limerick 1-2 1.055 1.469 1.744 1.681 1.851 1.876 1.889 1.957 2.002
Millstone 1 0.654 0.582 0.203 0.413 0.602 0.376 0.497 0 0
Monticello 0.536 0514 0.411 0.508 0.441 0.452 0.543 0.442 0.418
Nine Mile Point 1-2 1.682 0.623 1.191 0.922 1.318 1.515 1.299 1.527 1.322
Oyster Creek 0.62 0.491 0.337 0.517 0.533 0.415 0.593 0.495 0.579
Peach Bottom 2-3 2.086 1.625 1.169 1.468 1.600 1.863 1.888 1.950 1.956
Perry 1 1141 0.758 1.025 0.818 0.454 0.524 1.040 0.854 0.931
Pilgrim1 0.67 0.484 0.391 0.541 0.496 0.437 0.512 0.608 0.492
Quad Cities 1-2 1.538 1.109 1.009 0.871 0.931 0.649 0.957 0.839 0.935
River Bend 1 0.936 0.638 0.763 0.315 0.600 0.558 0.905 0.783 0.779
Susguehanna 1-2 2.07 1.682 1.811 1551 1.549 1.749 1.784 1.927 1.920
Vermont Y ankee 0.504 0.413 0.469 0.426 0.385 0.493 0.440 0.434 0.487
WPPSS 2 1.095 0.661 0.488 0.651 0.815 0.771 0.793 0.635 0.700
HWRs
Argentina
Atucha 1 0.335 0.197 0.311 0.255 0.274 0.303 0.305 0.233 0.311
Embalse 0.600 0571 0514 0.497 0.545 0.589 0.445 0.558 0.541
Canada
Bruce 1-4 3.394 1.623 2.163 1.889 1.132 1.612 1.665 1.478 0.973
Bruce 5-8 3.371 2.759 3.019 2.699 2.277 2.742 2.648 2.857 2.704
Darlington 1-4 3.524 0.132 0.251 0.258 2.502 3.042 3.153 2.962 2.118
Gentilly-2 0.64 0.466 0.448 0.562 0.588 0.617 0.516 0.598 0.481
Pickering 1-4 2.06 0.804 1.143 1.264 1.650 1.475 0.858 0.746 1.142
Pickering 5-8 2.064 1.584 1.838 1.522 1.669 1.732 1.705 1.026 1211
Point Lepreau 0.635 0.609 0.621 0.551 0.607 0.598 0.184 0.524 0.394
India
Kakrapar 1-2 0.202 - - - 0.015 0.219 0.299 0.228
Kalpakkam 1-2 0.44 0.222 0.181 0.200 0.170 0.210 0.155 0.192 0.211
Narora 1-2 0.44 - 0.051 0.150 0.048 0.087 0.226 0.273 0.360
Rajasthan 1-2 0.414 0.176 0.125 0.106 0.151 0.060 0 0 0.030
Japan
Fugen 0.165 0.099 0.128 0.109 0.119 0.110 0.143 0.115 0.077
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Table 30 (continued)

Capacity Electrical energy generated (GWa)
Country ow)
( 1990 1991 1992 1993 1994 1995 1996 1997
Pakistan
Karachi 0.125 0.043 0.042 0.057 0.042 0.060 0.053 0.035 0.044
Republic of Korea
Wolsong 1 0.629 0.545 0.578 0.553 0.641 0.523 0.530 0.513 1.026
Romania
Cernavoda 1 0.650 - - - - - 0.135 0.565
United Kingdom
Winfrith 0.092 0.042 0 0 0 0 0 0 0
GCRs
France
Bugey 1 0.54 0.229 0.155 0.131 0.179 0.166 0 0 0
Chinon A2-3 0.54 0.143 0 0 0 0 0 0 0
St Laurent A1-2 0.84 0.100 0.282 0.152 0 0 0 0 0
Japan
Tokai 1 0.159 0.103 0.102 0.120 0.021 0.072 0.095 0.134 0.109
Spain
Vandelos 1 0.48 0 0 0 0 0 0 0
United Kingdom
Berkeley 0.138 0 0 0 0 0 0 0 0
Bradwell 0.245 0.169 0.184 0.135 0.187 0.207 0.176 0.173 0.136
Calder Hall 0.198 0.157 0.155 0.162 0.168 0.170 0.163 0.159 0.157
Chapelcross 0.192 0.163 0.155 0.165 0.174 0.177 0.176 0.178
Dungeness A 0.424 0.342 0.365 0.428 0.368 0.404 0.382 0.313 0.405
DungenessB1-B2 0.72 0.169 0.471 0.390 0.662 0.566 0.170 0.689 0.606
Hartlepool A1-A2 0.84 0.564 0.549 0.825 0.995 0.913 0.828 1.008 0.967
Heysham 1A-B, 2A-B 2.07 0.811 1.183 1.586 1.924 1.928 1.803 1.883 1.989
Hinkley Point A 0.47 0.303 0.326 0.242 0.391 0.372 0.403 0.307 0.394
Hinkley Point B, A-B 1.25 0.864 0.794 0.858 0.980 1.025 1.062 0.905 0.993
Hunterston A1 0.3 0 0 0 0 0 0 0 0
Hunterston B1-B2 1.15 0.910 0.772 0.718 0.828 0.968 0.970 0.333 0.977
Oldbury A 0.434 0.333 0.363 0.390 0.404 0.398 0.389 0.381 0.402
Sizewdl A 0.42 0.307 0.314 0.259 0.345 0.385 0.321 0.045 0.199
TornessA-B 1.25 0.444 0.590 0.944 0.872 0.891 0.994 0.314 1.045
Trawsfynydd 0.39 0.302 0.037 0 0 0 0 0 0
Wylfa 0.84 0.770 0.851 0.890 0.824 0.698 0.764 0.813 0.858
LWGRs
Lithuania
Ignalina 1-2 2.76 1.792 1.782 1.671 1.260 0.757 1.214 1.446 1.239
Russian Feder ation
Bilibino 1-4 0.044 0.034 0.029 0.032 0.024 0.021 0.014 0.015 0.014
Kursk 1-4 37 2.605 2.401 2.120 2.334 1.852 1.857 2.001 1.930
Leningrad 1-4 37 2431 2.395 2.092 2.329 2111 1.888 2.075 2.409
Smolensk 1-3 1.85 1.999 2.175 2.334 2.228 1711 1.762 2.088 1.738
Ukraine
Chernobyl 1-3 2575 1.815 1.509 0.602 1.327 1.089 1.228 1.210 0.463
FBRs
France
Creys-Malville 12 0.067 0 0 0 0.001 0.387
Phenix 0.233 0.112 0 0 0.004 0.003 0.0003
K azakhstan
Bn-350 0.135 - - 0.053 0.051 0.043 0.009 0.010 0.035
Russian Federation
Beloyarsky 3 0.56 0.365 0.387 0.467 0.447 0.435 0.390 0.425 0.405
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Table 30 (continued)

Capacity Electrical energy generated (GWa)
Country G
cw 1990 1991 1992 1993 1994 1995 1996 1997
United Kingdom
Dounreay PFR 0.25 0.061 0.089 0 0.103 0.038 0 0 0
All reactors
All countries
PWRS 224.1 138.7 145.3 151.8 152.9 157.1 161.7 169.4 167.7
BWRs 729 48.0 51.9 49.2 51.2 52.8 60.0 59.6 61.6
HWRs 19.8 9.9 114 10.7 124 13.8 12.8 125 124
GCRs 13.9 7.2 7.6 84 9.3 9.3 8.7 7.6 9.2
LWGRs 15.0 10.7 10.3 8.9 9.5 75 8.0 8.8 7.8
FBRs 24 0.61 0.48 0.52 0.61 0.52 0.40 0.82 0.44
Total 347.9 2151 227.0 2295 236.0 241.0 251.6 258.9 259.2
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Table 31
Noble gases released from reactors in airborne effluents

Release (GBQ)
Country / reactor
1990 1991 1992 1993 1994 1995 1996 1997
PWRs
Armenia[A5]
Armenia 2 25600 29 000
Belgium [M1]
Dod 1-4 15600 31300 26 400 5190 972 4120 2050 73.8
Tihange 1-3 34100 16 600 10900 40 500 11900 4120 14 600 9810
Brazil [C7]
Angral 318 688 20100 44 800 176 229 7720 61 600
Bulgaria [C6]
Kozloduy 1-6 541 000 402 000 202 000 210000 264 000 250 000 390 000 203 000
China[C8, T2]
Guangdong 1-2 - - - 22700 80 200 43 600 31100
Qinshan - - 6.4 275 30.7 55.2 36.6 151
Maanshan 1-2 770 354 148 74 166 467 866 284
Czech Republic [N2]
Dukovany 1-4 1670 10700 11800 18 600 20 000 48 300 31500 5590
Finland [F1]
Loviisal-2 1000 1000 1800 1600 1400 24000 1100 3400
France [E1]
Belleville 1-2 60 000 44000 16 000 46 000 22000 20 000 22 000 23000
Blayais 1-4 179 000 149 000 29 000 53 000 67 000 57 000 17 000 16 000
Bugey 2-5 42 000 45000 12 000 19 000 11 000 13000 12000 10 000
Cattenom 1-4 81 000 99 000 48 000 22000 26 000 24 000 22000 24000
Chinon B1-B4 139 000 169 000 76 000 40 000 41000 44 000 34 000 25000
Chooz-A (Ardennes) 71000 129 000 50 000 37 000 45 000 40 000 240 210
Chooz B1-B2 - - - - - - 16 000 10 000
Cruas 1-4 22000 27000 14 000 27000 34000 19 000 25000 17 000
Dampierre 1-4 179 000 75000 34000 38 000 56 000 34 000 18 000 19 000
Fessenheim 1-2 8200 13000 6200 7900 5500 6800 9200 7100
Flamanville 1-2 5900 6 500 15000 14 000 11 000 11 000 11 000 31000
Golfech 1-2 6400 10000 7700 10000 16 000 14 000 14 000 22 000
Gravelines 1-6 60 000 43000 57 000 36 000 20000 24 000 25000 21000
Nogent 1-2 46 000 28000 24000 29000 16 000 16 000 12 000 15 000
Palud 1-4 129 000 129 000 40 000 40 000 30000 29 000 28 000 25000
Penly 1-2 8600 11 000 9400 12000 17 000 9900 13 000 13000
St Alban 1-2 10000 15000 13000 13000 12000 12 000 10 000 13000
St Laurent B1-B2 4600 1900 8600 9100 9300 18 000 10 000 11 000
Tricastin 1-4 30000 34000 28 000 29000 25000 26 000 26 000 28 000
Germany [B3]
BiblisA-B 9800 7000 10500 10 600 12100 8300 2600 4490
Brokdorf 410 720 300 180 1000 35000 800 3700
Emdand 98 110 100 270 610 600 120 100
Grafenrheinfeld 4 800 51 150 0 0 0 160 0
Greifswald 360 000 0 0 0 0 0 0 0
Grohnde 140 1100 680 930 4600 18 000 25000 240
Isar 2 220 240 280 330 150 220 170 170
Mulheim-Karlich 0 0 0 0 0 0 0 0
Neckarwestheim 1-2 18 200 13500 15500 6 100 4000 3700 4 600 2150
Obrigheim 130 50 150 1200 430 620 330 200
Philippsburg 2 110 480 1800 360 11 000 1700 1100 5800
Stade 2200 1900 1600 1300 2100 1700 1900 1200
Unterweser 3200 2700 4500 4700 3100 3600 3500 3500
Hungary [F2]
Paks 1-4 178 000 146 800 195 400 166 000 183 700 174 300 81 300 44200
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Table 31 (continued)
Release (GBQ)
Country / reactor
1990 1991 1992 1993 1994 1995 1996 1997

Japan [J1, J5]

Genkai 1-4 650 520 370 230 170 130 85 66

Ikata 1-3 42 28 480 7.2 0.57 11 0.45 0.60

Mihama 1-3 250 280 1100 200 110 160 190 190

Ohi 1-4 680 560 530 470 600 510 430 430

Sendai 1-2 59 32 38 30 32 39 37 34

Takahama 1-4 350 1800 440 620 200 210 330 370

Tomari 1-2 0.73 38 16 0.17 041 25 3.0 24

Tsuruga 2 9.6 6.5 29 2.7 36 0.38 38 3.0
Netherlands [N7]

Borssele 7860 4300 1130 763 27900 6530 1950 6410
Republic of Korea [K1]

Kori 1-4 12 600 18 500 102 000 206 000 14 000 4100 6 000 6790

Ulchin 1-2 6180 241 104 56.6 20.0 41.0 215 680

Y onggwang 1-4 5770 7290 6 590 59 20 5000 11 000 5500 4220
Russian Federation [M6]

Balakovo 1-4 40 700 26 800 62 900 60 100 15 800 13500 6880 6380

Kalinin 1-2 56 700 30300 36 700 31900 27 000 20 300 18 400 24700

Kola1-4 272000 359 900 275500 178 300 78 800 129 600 101 300 75 600

Novovoronezh 2-5 47 400 44 400 33500 27 000 24 300 24 300 33800 38000
Slovakia[N2, $4]

Bohunice 1-4 20 100 26 600 22 200 17700 17 600 17 800 24 400 26 400
Slovenia[S1]

Krsko 1630 620 2530 5030 9960 24 800 12580 2500
South Africa [C11]

Koeberg 1-2 14 520 16 970 25190 44 600 45 480 67 610 132 300 12 200
Spain [C2]

Almaraz 1-2 4790 7480 7 060 13200 4830 29700 52 900 46 700

Asco 1-2 168 700 64 110 13960 23400 40 500 19410 3550 2380

José Cabrera 1 45900 34900 50 100 56 200 4670 31100 21800 15 600

Trillo1 10800 171 17.2 1260 436 5060 87.2 8030

Vandellos 2 79 600 23400 4330 306 57.2 144 264 283
Sweden [N3]

Ringhals 2-4 218 000 69 700 58 700 25100 18 600 15 300 24200 1330
Switzerland [F3]

Beznau 1-2 29000 46 000 30000 19 000 28 000 2600 2 600 2500

Gosgen 7400 5100 4500 11 000 3800 19 000 13000 24 000
Ukraine [G3]

Khmelnitski 1 56 200 32000 74 800 21300 14 300 57 000 74 100 21700

Rovno 1-3 87 100 69 300 89 800 44000 113 000 100 000 93 200 89 100

South Ukraine 1-3 51 400 52 800 78 200 98 300 32800 48 900 70 200 50 400

Zaporozhe 1-6 101 000 154 000 200 000 122 000 117 000 122 000 80 600 112 000
United Kingdom [M7]

Sizewell B - - - - - - 6110 4360
United States[T3]

Arkansas One 1-2 32900 77 100 95 900 2590 14 400 153 000 16 650 127

Beaver Valley 1-2 3020 5510 5740 20 600 7620 5810 10 500 5 660

Braidwood 1-2 90 300 389 000 8620 102 000 56 100 1100

Byron 1-2 45900 3850 13900 4510 4260 1010

Callaway 1 33400 5030 14 800 29900 1220 1820 5150 14 900

Calvert Cliffs 1-2 24900 95 100 217 000 7920 5740 3130 2940 7960

Catawba 1-2 39500 29700 31700 48 000 33400 8810 5330 6310

Comanche Peak 1-2 33500 218 000 65 100 7 100 81 1046 932 95

Crystal River 3 270000 52 200 29100 1410 4320 386

DavisBesse 1 40 300 42 900 1340 12900 5460 11100 17 800 164

Diablo Canyon 1-2 2080 1710 91.0 79.2 7230 16 500 6180 825

Donald Cook 1-2 6 960 2620 7570 76 200 10730 5030 3860 639
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Table 31 (continued)

Release (GBQ)
Country / reactor
1990 1991 1992 1993 1994 1995 1996 1997
United States (continued)
Farley 1-2 4480 17 200 26 200 8140 7780 2690 2530 5210
Fort Calhoun 1 17 000 13200 5590 343 1960 20000 307 000
R. E. Ginna 22000 19 000 20 000 5180 1840 1660 3170
Haddam Neck 54000 226 000 103 77 000
Harris1 22100 31900 50 300 12 900 7070 8210 1590 1380
Indian Point 1-3 106 000 54 400 195 000 63 700
Kewaunee 85.5 67.0 59.2 1360 16.2 6.4 15 0
Maine Y ankee 35000 41 800 14 800 1670 720 618 456 1530
McGuire 1-2 38400 33200 30000 35800 38300 9320 962 292
Millstone 2-3 114 400 15 300 23500 1600 1740 3650 667 0
North Anna 1-2 35300 8300 45 400 9300 1600 1300 700 900
Oconee 1-2-3 327 000 128 000 122 000 24 300 129 500 47730 3370 2340
Palisades 4480 2320 2760 3440 656 6180 2 140 823
Palo Verde 1-3 95 600 143 000 91 200 38400 16 500 12100 9810
Point Beach 1-2 297 740 1870 374 359 910 271 66.2
Prairie |Idand 1-2 3060 2070 940 1360 879 3120 40.3 217
Rancho Seco 1 8.14 0 2.56 0
H. B. Robinson 2 258 83.6 281 12 430 2 140 99.2 470 36.9
Salem 1-2 17 100 20 600 34900 54100 27 500 7130 0.39 360
San Onofre 1-3 110000 140 000 205 000 72 600 13500 25800 15 800 8320
Seabrook 1 3960 1080 33.8 4.0
Sequoyah 1-2 225000 52 500 7 660 2 850 4200 1390
South Texas 1-2 10 400 4890 33700 1560 2020 1170 1170 7210
St Lucie1-2 42700 94 000 36 600 12 800 6 310 13900
Surry 1-2 16 600 1300 600 1500 10200 8400 14 800 18 400
ThreeMileldand 1 24600 4500 21 200 88 600 12500 22 600 55.9 540
Trojan 7 620 6 140 7 660 1980 914 415 711 325
Turkey Point 3-4 47 400 682 4580 16 800 1090
Virgil C. Summer 1 27 800 16 100 12 500 8990 5000 103 219 9.4
Vogtle 1-2 6 960 13200 4200 8680 2900 41 400 67 800 8 300
Waterford 3 212 000 79 600 25600 33800 76 800 64 380 2970 20500
Watts Bar - - - 7190
Wolf Creek 37000 111 000 11 400 19 200 53 600
Y ankee NPS 4250 7970 0 0 0 0 0 0
Zion 1-2 4070 10 200 12 400 98 200 68 600 49100 1710 132
BWRs
China[T2]
Chin Shan 1-2 26 700 33000 99 200 26 500 7510 11900 2290 1210
Kuosheng 1-2 3550 2910 1280 784 995 1870 227 334
Finland [F1]
Olkiluoto 1-2 22 000 43000 29000 9500 41 000 52 000 18 000 1100
Germany [B3]
Brunshiittel 4800 1300 1600 0 0 6 600 7200 3900
Gundremmingen B,C 7 000 130 11 28 21 12 0 310
Isar 1 0.2 12 0 150 93 400 150 810
Krimmel 690 450 6 100 540 160 17 000 14 000 11 000
Philippsburg 1 14 130 1200 340 1800 880 520 860
Wirgassen 610 2100 1400 1000 960 0 21 0
India[B4]
Tarapur 1-2 5940000 | 7629000 | 6348000 | 9410000 | 6560000
Japan [J1, J5]
Fukushima Daiichi 1-6 0 0 0 0 0 0 0 0
Fukushima Daini 1-4 0 0 0 0 0 0 0 0
Hamaoka 1-4 0 0 0 0 190 0 0 0
Kashiwazaki Kariwa 1-7 0 0 0 0 0 0 0 0
Onagawa 1-2 0 0 0 0 0 0 0 0
Shika 1 - - 0 0 0 0 0 0
Shimane 1-2 0 0 0 0 0 0 0 0
Tokai 2 0 0 0 0 0 0 0 0
Tsuruga 1l 0.55 39 0 0 0 0 0 0
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Table 31 (continued)
Release (GBQ)
Country / reactor
1990 1991 1992 1993 1994 1995 1996 1997

Mexico [C5]

Laguna Verde 1-2 3400 2240 567 134 25 1570 374 345
Netherlands [N7]

Dodewaard 33000 6410 11800 13500 12 800 3190 3880 23300
Spain [C2]

Confrentes 26 700 119 000 136 000 46 100 21400 9320 5150 8000

S. Maria de Garona 53 500 73700 58 100 73100 17100 7470 648 294
Sweden [N3]

Barsebeck 1-2 59 100 407 000 24 600 16 000 20 500 22100 17 900 7320

Forsmark 1-3 450 000 654 000 501 000 394 000 68 300 19 800 87 000 25 600

Oskarshamn 1-3 1970000 | 1260000 546 000 279 000 266 000 112 000 138 000 794 000

Ringhals 1 56 670 71800 1440000 | 12700000 | 24300000 | 15700000 | 6690000 | 1310000
Switzerland [F3]

Leibstadt 48 000 38000 19 000 29 000 74 000 17 000 8700 8500

Mihleberg 110 000 16 000 3600 3800 2700 2000 2000 2000
United States[T3]

Big Rock Point 205 000 167 000 66 200 190 000 246 000 181 300 129 000 81 800

Browns Ferry 1-3 0 77700 618 000 148 000 23800

Brunswick 1-2 41 400 25000 18100 12 600 17 660 159 600 26 400 35000

Clinton 1 356 26.2 273 309 43 5.62 4.80 0

Cooper 6920 958 519 238 1470 662 71700 536 000

Dresden 2-3 755 466 488 1790 276 3260 2440 8970

Duane Arnold 1 1690 1220 1750 2110 1970 1820 1490 1790

Enrico Fermi 2 5960 2300 7700 5740 18.1 888 2450 30100

Fitzpatrick 50 000 75900 6330 15 400 14 500 3950 23800 2510

Grand Gulf 1 5030 1170 7840 3490 1240 2170 3460 1440

Hatch 1-2 40 800 10 400 38700 141 000 63 800 53 700 157 000 183500

Hope Creek 1 30700 7100 5140 2710 16.3 5550 960 852

Lasalle 1-2 25400 3920 4370 38 600 1540 145

Limerick 1-2 1270 2630 31700 5960 2910 16 900

Millstone 1 4330 870 165 12 200 400 13200 0 0

Monticello 110 000 73 600 48 100 22200 20 100 16 700 14 400 12 600

Nine Mile Point 1-2 6030 5570 13800 20 000 8580

Oyster Creek 27200 17 000 15 200 8100 12 500 2900 2360 810

Peach Bottom 2-3 414000 888 000 312 000 411 000 646 000 656 000 35300

Perry 1 3100 4110 12 100 25300 8690 19 700 4150

Pilgrim 1 33600 82 300 43 400 34900 68 600 86 600 17 800 7 160

Quad Cities 1-2 2950 1560 1820 1410 1110 2050 1030 998

River Bend 1 38100 41 400 17 200 25800 25000 6 150 7510 8460

Susquehanna 1-2 2670 2130 2120 625 439 566 629 667

Vermont Y ankee 188 000 112 000 219 000 140 000 117 000 329 228 127

WPPSS 2 32900 26 800 5590 5220 259 888 666

HWRs

Argentina [C3]

Atucha 1 89 000 11 000 3000 110 000 240 000 360 000 320 000 960 000

Embalse 660 000 1200 000 150 000 42 000 17 000 44000 180 000 30 000
Canada[AZ2]

Bruce 1-4 518 000 903 000 564 000 435000 248 000 100 000 88 000 54 000

Bruce 5-8 37 000 35000 41000 101 000 70 300 67 000 70 000 74 000

Darlington 1-4 21000 67 000 73 000 146 000 141 000 110 000 380 000 295 000

Gentilly 2 60 000 48 000 33000 69 000 59 000 73 000 54 000 21 000

Pickering 1-4 407 000 500 000 326 000 370 000 344 000 310 000 310000 290 000

Pickering 5-8 237000 212 000 207 000 215000 222 000 220000 200 000 210 000

Point Lepreau 0 13000 11 000 4900 5100 2200 5600 5900
India[B4]

Kakrapar 1-2 - - -

Kalpakkam 1-2 18110000 | 12790000 | 13910000 | 5539000 | 11440000

Narora 1-2 22 240 34730 635 000 226 100 2579000

Rajasthan 1-2 11620000 | 10380000 | 4760000 | 12430000 | 4443000
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Table 31 (continued)

Release (GBQ)
Country / reactor
1990 1991 1992 1993 1994 1995 1996 1997
Japan [J1, J5]
Fugen 0 22 0 0 0 0 0 0
Pakistan [P2]
Karachi 0 0 0 0 0 0 0 0
Republic of Korea [K1]
Wolsong 1-2 112 000 114 000 65 900 219000 120 000 750 000 3200000 60 300
Romania
Cernavoda 1 - - - - - - 60 300 61700
United Kingdom [N5]
Wilfrith 0 3.27 7.85 21 0.42
GCRs
France[E1]
Bugey 1 77000 53 000 11 000 15 000 9200 3800 - 0
Chinon A2-3 32000 9100 6700 110 110 210 250 220
St Laurent A1-2 78 000 43000 16 000 200 140 - - -
Japan [J1, J4]
Tokai 1 270000 250 000 300 000 0 280 000 250 000 310 000 360 000
Spain [C2]
Vandellos 1 891 432 959 334 0 0 0
U.K. [M7, N4, N5]
Berkeley 0 0 0 0
Bradwell 595 000 650 000 410 000 693 000 773000 662 000 647 000 510 000
Calder Hall 2500000 | 2500000 | 2560000 | 2700000 | 2800000 | 2700000 2600 000
Chapelcross 2900000 | 3000000 | 3000000 | 3200000 | 3200000 | 3200000 | 3210000 | 2730000
Dungeness A 1123000 | 1170000 | 1310000 | 1192000 | 1244000 | 1195000 | 1190000 977 000
DungenessB1-B2 16 800 30000 22000 30 000 23000 7000 27900 19 300
Hartlepool A1-A2 6 600 12900 12 500 20200 44 000 13000 23900 37 800
Heysham 1A-B, 2A-B 15 300 15600 55 200 24 000 23000 50 000 23 600 28900
Hinkley Point A 2148000 | 2511000 | 2118000 | 3171000 | 3060000 | 3200000 33200 3030000
Hinkley Point B, A-B 82 000 89 000 95 000 39 000 39 000 42 000 33200 16 700
Hunterston A1 86 000 0 0 0 0 0 0 0
Hunterston B1-B2 60 000 29000 21 000 30 000 30 000 55 000 49 500 66 100
Oldbury A 108 000 81 000 143 000 207 000 170 000 250 000 112 000 111 000
Sizewd| A 1872000 | 1801000 | 1676000 | 2023000 | 2347000 | 1952000 295 000 1230 000
TornessA-B 5600 5300 3800 5000 8100 7000 6990 12200
Trawsfynydd 1489 000 219 000 0 0 0 0 0 0
Wylfa 70 500 30000 56 000 55 500 36 000 19 000 43900 51 400
LWGRs
Lithuania[E2]
Ignalina 1-2 2370000 | 1800000 700 000 480 000 290 000 283 000 158 000 99 700
Russian Feder ation [M6]
Bilibino 1-4 297 300 276 900 345 400 326 000 418 700 293 100 395 700 270 100
Kursk 1-4 8700000 | 6030000 | 6075000 | 6285000 | 3009000 | 1113000 | 1152000 611 700
Leningrad 1-4 1606000 | 1539000 | 1392000 | 1614000 | 1789 000 | 1073000 | 1036000 958 900
Smolensk 1-3 7170000 | 4473000 | 3815000 | 2257000 | 1121000 | 1022000 675 300 686 600
Ukraine [G3]
Chernobyl 1-3 3730000 | 3770000 | 3200000 | 3800000 | 1700000 900 000 610 000 91 900
FBRs
France [E1]
Creys-Malville 46 000 43 000 43 000 44000 45000 45000 44000 43 000
Phenix
Kazakhstan [A6]
Bn-350 140 000 165 000 139 000 117 000 108 000 48 300 48 400 102 000
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Table 31 (continued)
Release (GBQ)
Country / reactor
1990 1991 1992 1993 1994 1995 1996 1997
Russian Federation [M6]
Beloyarsky 3 12900 11 000 8100 8100 13500 4070 4070 8100
United Kingdom [N5]
Dounreay PFR 12100 18900 0 6 050 11100 0 0 0
Release (TBQ)
Summary Reactor
parameter 1990 1991 1992 1993 1994 1995 1996 1997
All reactors
Total release PWRs 5900 4888 3714 3041 2242 2393 2321 1436
(TBq) BWRs 10090 11990 10730 24280 32680 17 220 7499 3112
HWRs 31 890 26 310 20780 19910 19930 2036 4868 2062
GCRs 13540 12 500 11820 13410 14 090 13610 6 006 11780
LWGRs 23870 17890 15530 14 760 8328 4682 4027 2719
FBRs 211 238 190 175 178 97 96 153
All 85500 73810 62 760 75570 77440 40 040 24 820 21260
Annual PWRs 43 34 25 20 15 16 14 9.5
normalized BWRs 210 231 218 474 619 300 141 59
release HWRs 3250 2310 1950 1 600 1450 167 413 178
[TBqg(GW a)7] GCRs 1880 1630 1410 1440 1510 1560 803 1280
LWGRs 2240 1740 1750 1550 1100 588 456 349
FBRs 428 500 365 292 343 244 117 348
All 399 327 275 321 329 166 102 93
Average PWRs 27 13
normalized BWRs 354 171
release HWRs 2050 252
1990-1994 GCRs 1560 1240
and 1995-1997 LWGRs 1720 465
[TBg (GW a)Y] FBRs 380 209
All 330 120
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Table 32
Tritium released from reactors in airborne effluents

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
PWRs

Armenia

Armenia2
Belgium [M1]

Dod 1-4 752 548 774 2020 1990 613 287 227

Tihange 1-3 - - - 12 800 4950 5970 4420 5050
Brazil [C7]

Angral 5.85 278 2930 611 2.26 174 110 3480
Bmﬁirzll?)ggf]lﬁ Not reported
China[C8, T2]

Guangdong 1-2 - - - 330 232 411

Qinshan - - 26.6 193 264 405

Maanshan 1-2 847 2270 5330 6 290 5110 6590 5580 8430
Czech Republic [N2]

Dukovany 1-4 447 432 416 325 466 410 412 308
Finland [F1]

Loviisal-2 740 480 230 210 210 190 220 250
France[E1]

Belleville 1-2

Blayais1-4

Bugey 2-5

Cattenom 1-4

Chinon B1-B4

Chooz-A (Ardennes)

Chooz B1-B2

Cruas1-4

Dampierre 1-4 Amounts included with noble gases (Table3l)

Fessenheim 1-2

Flamanville 1-2

Golfech 1-2

Gravelines 1-6

Nogent 1-2

Paluel 1-4

Penly 1-2

St Alban 1-2

St Laurent B1-B2

Tricagtin 1-4
Germany [B3]

BiblisA-B 590 550 610 690 580 530 220 490

Brokdorf 110 220 180 210 330 350 370 320

Emdand 480 670 510 780 1300 1600 2000 1900

Grafenrheinfeld 460 440 540 610 520 520 550 290

Greifswald 0 68 10 12 20 7.6 2.6 17

Grohnde 760 730 500 720 530 360 680 190

Isar 2 890 950 1300 1400 1300 1300 1300 970

Mulheim-Karlich 270 180 150 100 110 20 80 40

Neckarwestheim 1-2 1090 1230 900 980 630 600 450 390

Obrigheim 230 100 130 130 72 99 150 130

Philippsburg 2 1600 1400 1500 1200 1100 960 970 1100

Stade 1100 430 340 400 670 790 330 2100

Unterweser 1100 1200 410 480 1100 1300 560 350
Hungary [F2]

Paks 1-4 480 2100 3400 4000 4500 4630 4330 4780
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Table 32 (continued)
Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
Japan [J1, J5]
Genkai 1-4 700 540 580 560 1100 690 850 880
Ikata 1-3 450 410 490 710 620 730 810 730
Mihama 1-3 6 000 6 500 7100 8100 6 900 6 800 6 700 6 200
Ohi 1-4 1900 3900 3800 4700 8000 6 300 8300 7500
Sendai 1-2 360 320 530 420 550 640 750 650
Takahama 1-4 2600 2900 4 600 5200 5400 5900 8200 8400
Tomari 1-2 370 270 500 360 280 350 430 510
Tsuruga 2 900 1200 720 1400 2300 2300 2200 3400
Netherlands [N7]
Borssele 446 210 353 565 386 343 371 177
Republic of Korea [K1]
Kori 1-4 10000 7580 12 500 8760 9100 14 000 15200 14 000
Ulchin 1-2 346 825 1250 1120 1900 1900 1900 3590
Y onggwang 1-4 592 3050 1930 1820 3400 8100 8800 8 660
Russian Federation [M6]
Balakovo 1-4
Kalinin 1-2 Reported to be =
Kola1-4
Novovoronezh 2-5
Slovakia[N2, 4]
Bohunice 1-4 963 1045 1066 924 890 1090 922 581
Slovenia[S1]
Krsko 2460 2050 1510 1960 1720 1310 1160 1050
South Africa[C11]
Koeberg 1-2 3640 7070 5610 5270 3130 23840 4610 10 200
Spain [C2]
Almaraz 1-2 1300 4180 6970 10 100 5450 5 660 5260 6370
Asco 1-2 1322 1144 1103 1185 2121 19 410 3550 2290
José Cabrera 1 517 266 661 193 349 253 26.6 88.9
Trillo1 0 0 355 239 904 902 877 743
Vandellos 2 170 85.8 34.7 253 426 84.2 56.7 180
Sweden [N3]
Ringhals 2-4 Not measured
Switzerland [F3]
Beznau 1-2 Not measured
Gosgen
Ukraine[G3]
Khmelnitski 1
Rovno 1-3 Reported to be =
South Ukraine 1-3
Zaporozhe 1-6
United Kingdom [M7]
Sizewell B - - - - - - 579 565
United States[T3]
Arkansas One 1-2 478 869 1120 644 852 1130 959 825
Beaver Valley 1-2 3240 4960 8030 12800 12 400 12 800 13100 9070
Braidwood 1-2 3180 3610 10000 1440 1280 525
Byron 1-2 39.6 333 114 34 158 1380
Callaway 1 1370 1360 1950 3370 3310 3690 3240 2980
Calvert Cliffs 1-2 16.7 428 362 909 46.3 93.0 98.9 213
Catawba 1-2 3370 4610 6 150 4230 3450 5270 6 850 6 280
Comanche Peak 1-2 225 86.2 112 222 316 857 1625 2160
Crystal River 3 980 500 555 488 1550 576
DavisBesse 1 1070 2390 799 829 831 779 1350 1310
Diablo Canyon 1-2 2070 3470 5110 5770 16 900 5440 4 660 5110
Donald Cook 1-2 366 1070 725 955 1370 3490 3300 10 900
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Table 32 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
United States (continued)
Farley 1-2 3240 5140 3490 2680 3970 1410 1830 3360
Fort Calhoun 1 273 12.6 225 44 9.9 30.5 144
R. E. Ginna 4590 3090 2130 1910 1630 1940 1520
Haddam Neck 2890 11 500 6 960 2380
Harris1 57.7 30.0 16.2 1880 0.5 255 924 340
Indian Point 1-3 116 281 225 182
Kewaunee 221 289 451 60 161 2430 819 58
Maine Y ankee 1380 338 147 270 770 1170 378 1110
McGuire 1-2 1850 2390 2220 3060 2120 2180 2570 3010
Millstone 2-3 4060 3570 3690 4060 1390 43.6 1810 618
North Anna 1-2 1150 1810 1830 1720 4100 7 500 1300 2900
Oconee 1-2-3 3740 4030 2390 1640 1590 1600 2 650 2420
Palisades 206 181 231 314 233 381 390 420
Palo Verde 1-3 27 900 49 300 36 400 47100 55200 43800 70 000
Point Beach 1-2 4740 4180 3660 5290 3030 3140 2710 5510
Prairie |Idand 1-2 4660 2600 1570 2330 2480 1460 1600 1200
Rancho Seco 1 1080 703 681 279
H. B. Robinson 2 164 166 158 294 206 542 445 505
Salem 1-2 5710 4110 5250 6 250 2530 1250 6920 11 700
San Onofre 1-3 4590 1650 2870 2290 1970 1580 1080 2 460
Seabrook 1 9.32 507 58.1 234
Sequoyah 1-2 433 1070 1850 1470 548 2 350
South Texas 1-2 1530 847 3970 541 5990 6 300 5450 1390
St Lucie1-2 3910 4160 2240 924 1070 2750
Surry 1-2 800 900 900 900 600 600 800 1500
ThreeMileldand 1 1220 18 100 3520 6780 601 694 388 4800
Trojan 3410 7 330 1090 1600 1610 2090 401 526
Turkey Point 3-4 2940 10.8 147 306 531
Virgil C. Summer 1 84.4 308 9.14 82.9 1120 345 514 207
Vogtle 1-2 7 960 7230 7 890 8260 4380 10 600 6 390 3900
Waterford 3 7 590 16 200 11 500 3770 5590 4510 3330 7290
Watts Bar - - - - 317
Wolf Creek 690 555 640 951 1490
Y ankee NPS 138 231 108 48 31 18.6 14.3 9.78
Zion 1-2 666 2630 2090 9880 4810 5000 10500 87.0
BWRs
China[T2]
Chin Shan 1-2 833 1230 662 821 1340 1250 1930 1590
Kuosheng 1-2 1290 2500 1760 1540 1250 1080 765 535
Finland [F1]
Olkiluoto 1-2 100 130 350 430 310 130 210 300
Germany [B3]
Brunsbiittel 89 62 99 32 22 19 40 35
Gundremmingen B,C 200 380 470 300 470 1300 2200 1200
lsar 1 430 560 74 82 88 44 56 60
Krimmel 79 99 51 31 13 45 46 42
Philippsburg 1 52 61 130 66 75 81 71 54
Wirgassen 95 390 290 200 150 23 9.3 6
India[B4]
Tarapur 1-2
Japan [J1, J5]
Fukushima Daiichi 1-6 2500 2100 1900 1500 1600 1600 1500 1900
Fukushima Daini 1-4 1100 1100 1200 1200 1200 1400 1600 1500
Hamaoka 1-4 820 730 720 780 570 640 810 860
Kashiwazaki Kariwa 1-7 510 560 660 790 1100 1400 1700 2000
Onagawa 1-2 190 210 190 200 210 210 310 370
Shikal - - 0 13 66 90 79 100
Shimane 1-2 310 410 750 880 990 820 870 770
Tokai 2 580 560 570 550 570 390 460 420
Tsurugal 270 250 220 160 140 170 160 160
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Table 32 (continued)
Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
Mexico [C5]
Laguna Verde 1-2 0 105 73 540 657 1520 651 1180
Netherlands [N7]
Dodewaard 10.8 119 71.8 39.6 15.2 259 9.5 11.2
Spain [C2]
Confrentes 35.6 331 178 496 497 290 459 1180
S. Maria de Garona 497 882 312 347 273 543 370 264
Sweden [N3]
Barsebeck 1-2 Not measured
Forsmark 1-3
Oskarshamn 1-3
Ringhals 1
Switzerland [F3]
Leibstadt 220 330 590
Mihleberg
United States[T3]
Big Rock Point 179 175 122 84.7 100 77 96.6 855
Browns Ferry 1-3 22 102 703 346 1290
Brunswick 1-2 984 718 400 740 836 1350 999 860
Clinton 1 70 193 176 422 1160 570 440 126
Cooper 0 0 0 0 0 0 0 0
Dresden 2-3 485 236 191 261 213 177 97.4 221
DuaneArnold 1 603 514 278 1370 436 547 423 2690
Enrico Fermi 2 0 0 1070 87 0 0 0 0
Fitzpatrick 448 188 53 293 295 271 701 3770
Grand Gulf 1 123 206 328 847 1970 1680 3250 5770
Hatch 1-2 1480 1260 1850 2450 2660 1610 793 630
Hope Creek 1 3030 903 836 6 140 160 11.6 702 237
Lasale1-2 6.29 25 1360 4810 4870 4330
Limerick 1-2 - - - 31 0 0
Millstone 1 1430 1210 1450 944 218 10.8 0 0
Monticello 3160 2380 3850 2060 2680 1570 807 556
Nine Mile Point 1-2 2060 1140 2060 3570 4320
Oyster Creek 424 283 404 136 1310 440 558 5500
Peach Bottom 2-3 1150 1480 1470 844 388 6170 11400
Perry 1 0 0 211 0 0 24.3 0
Pilgrim 1 588 805 850 670 1330 1770 2690
Quad Cities1-2 4290 5550 1670 1690 1050 1150 1920 1570
River Bend 1 1670 507 86.2 200 344 90 106 2720
Susguehanna 1-2 3420 1710 1940 1610 1990 2300 3100 250
Vermont Y ankee 3580 3130 948 877 813 824 902 2050
WPPSS 2 1370 448 1780 5550 370 211 285 596
HWRs
Argentina[C3]
Atuchal 620 000 230000 410 000 2600000 | 1400000 53 000 1100000 | 1300000
Embalse 75000 55000 69 000 140 000 130 000 83 000 69 000 77000
Canada[A2]
Bruce 1-4 1628000 | 1193000 | 1100000 | 1650000 999 000 610 000 700 000 350 000
Bruce 5-8 777000 385000 340 000 391 000 366 000 230 000 310 000 270000
Darlington 1-4 118 000 231000 110 000 130 000 330 000 270 000 200 000 190 000
Gentilly 2 227000 270000 322000 200 000 258 000 310 000 220 000 160 000
Pickering 1-4 629 000 635 000 592 000 518 000 481 000 590 000 370000 440 000
Pickering 5-8 277000 183 000 192 000 244000 226 000 190 000 190 000 170000
Point Lepreau 250 000 170000 400 000 640 000 520 000 310 000 240 000 200 000
India[B4]
Kakrapar 1
Kalpakkam 1-2 830 000 854 000 1119000 | 2100000 | 1620000
Narora 1-2 66 000 182 500 244 600 118 400 264 700
Rajasthan 1-2 2561000 | 1768000 820 000 703 300 765 900
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Table 32 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
Japan [J1, J5]
Fugen 1200 1300 1600 1200 13800 1300 1000 1200
Pakistan [P2]
Karachi 89 400 77300 56 800 281 000 220 000 309 000 184 700 130900
Republic of Korea [K1]
Wolsong 1-2 231000 257 000 389 000 368 000 480 000 440 000 310 000 625 000
Romania
Cernavoda - - - - - - 1370 25500
United Kingdom [N5]
Winfrith 8390 3990 4620 4250 10930 366
GCRs
France[E1]
Bugey 1
Chinon A2-3 Amounts included with noble gases (Table3l)
St. Laurent A1-2
Japan [J1, J5]
Tokai 1 480 570 420 170 260 540 480 290
Spain [C2]
Vandellos 1 0 0 0 0 0 0 0.002
U.K.[M7, N4, N5]
Berkeley 14 22 51 11 9.6 11
Bradwell - 814 676 1270 786 1100
Calder Hall 2760 2640 3210 3000 5100 5600 4400
Chapelcross
Dungeness A - - 145 620 1030 570
Dungeness B1-B2 - - 2540 2440 1520 4780
Hartlepool A1-A2 - - - 1120 1560 1610
Heysham 1A-B, 2A-B 670 1170 2530 2000 2050 3260 3060 2720
Hinkley Point A 1570 1550 2610 2620 2100 2980
Hinkley Point B, A-B 897 1620 1830 2500 2100 1960
Hunterston A1 460 130 69 35 31 16 0.6 4.9
Hunterston B1-B2 5800 2900 2600 4600 2900 5000 2180 2810
Oldbury A 1680 1960 1860 1890 1730 1480
Sizewell A-B - - 990 1470 871 639
TornessA-B 1300 1900 1300 1700 1700 1300 1260 1810
Trawsfynydd - 79 134 155 63 277
Wylfa 12810 10190 9030 7790 14980 10 300 6 700 5290
LWGRs
Lithuania Only average normalized release reported
Ignalina 1-2 y 9 P
Russian Federation [M6]
Bilibino 1-4
Kursk 1-4 Only average normalized release reported
Leningrad 1-4
Smolensk 1-3
Ukraine[G3]
Chernobyl 1-3
FBRs
France
Creys-Malville
Phenix
Kazakhstan
Bn-350
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Table 32 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
Russian Federation
Beloyarsky 3
United Kingdom [N5]
Dounreay PFR 3200 3100 2300 3700 2000 1700 790 570
Release (TBQ)
Summary Reactor
parameter 1990 1991 1992 1993 1994 1995 1996 1997
All reactors
Total release PWRs 168 236 217 239 230 243 260 196
(TBq) BWRs 40.6 35.7 34.6 47.0 404 38.7 439 428
HWRs 8388 6 496 6171 10 090 6 615 3873 3896 39400
GCRs 24.3 195 233 253 37.9 40.1 255 327
LWGRs
FBRs 32 31 23 37 2.0 17 0.79 0.57
All 8624 6791 6448 10400 6925 4196 4226 4212
Annual PWRs 1.9 2.6 23 25 24 25 2.6 22
normalized BWRs 1.0 0.86 0.85 11 0.90 0.75 0.94 0.91
release HWRs 850 569 578 813 481 317 331 340
[TBq (GW a)Y GCRs 7.6 53 39 38 47 47 35 35
LWGRs
FBRs 52 35 - 36 53 - - -
All 62 46 42 65 42 25 25 27
Average PWRs 23 24
normalized BWRs 0.94 0.86
release HWRs 650 329
1990-1994 GCRs 4.7 3.9
and 1995-1997 LWGRs 26 26
[TBq (GW a)Y FBRs 49 -
All 51 26
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Table 33

lodine-131 released from reactors in airborne effluents

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
PWRs
Armenia[A5]
Armenia2 0.331 0.365
Belgium [M1]
Dod 1-4 0.485 0.657 0.192 0.097 0.01 0.032 0.008 0.0057
Tihange 1-3 0.295 0.086 0.039 0.027 0.016 0.0055 0.052 0.016
Brazil [C7]
Angral 0.00047 0.356 0.481 0.00036 0.299 0.936
Bulgaria [C6]
Kozloduy 1-6 5.6 45 10.6 8.0 22 1.50 1.98 2.68
China[C8, T2]
Guangdong 1-2 - - - 0.424 0.720 0.229 0.116
Qinshan - -
Maanshan 1-2 0 0 0 0 0 0 0 0
Czech Republic [N2]
Dukovany 1-4 0.01 0.014 0.06 0.097 0.024 0.013 0.122 0.011
Finland [F1]
Loviisal-2 0.017 0.16 0.025 0.033 0.00017 0.77 0.00087 0.000072
France[E1]
Bdleville 1-2
Blayais1-4
Bugey 2-5
Cattenom 1-4
Chinon B1-B4
Chooz-A (Ardennes)
Chooz B1-B2
Cruas1-4
Dampierre 1-4 Amounts included with particulates (Table34)
Fessenheim 1-2
Flamanville 1-2
Golfech 1-2
Gravelines 1-6
Nogent 1-2
Paluel 1-4
Penly 1-2
St Alban 1-2
St. Laurent B1-B2
Tricagtin 1-4
Germany [B3]
BiblisA-B 0.0032 0.0015 0.024 0.012 0.042 0.017 0.030 0.0069
Brokdorf 0.0007 0.00084 0 0 0.00035 0.026 0.0006 0.0032
Emdand 0 0 0.000074 0.00034 0.0026 0.0013 0 0
Grafenrheinfeld 0.0022 0.0011 0.0028 0 0.000041 0 0.00015 0.0013
Greifswald 52 0 0 0 0 0 0 0
Grohnde 0 0 0.0013 0.0007 0.005 0.031 0.0082 0
Isar 2 0 0 0.00054 0 0 0 0 0
Mulheim-Karlich 0 0 0 0 0 0 0 0
Neckarwestheim 1-2 0.0262 0.000082 0.00096 0.0067 0.0193 0.02 0.00071 0.0042
Obrigheim 0.00004 0.0001 0 0.031 0.000052 0.0087 0.000006 0.00007
Philippsburg 2 0 0.00018 0.00042 0 0.018 0.00074 0.00043 0.0045
Stade 0.0028 0.061 0.034 0.0031 0.00021 0.00026 0.002 0.004
Unterweser 0.00029 0.000056 0.00076 0 0.0001 0.0019 0.000097 0.00047
Hungary [F2]
Paks1-4 0.45 0.63 0.14 0.28 0.14 0.18 0.34 0.36
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Table 33 (continued)
Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997

Japan [J1, J5]

Genkai 1-4 0 0 0 0 0 0 0 0

Ikata 1-3 0 0 0.0095 0 0 0 0 0

Mihama 1-3 0.0015 0.0061 0.019 0.010 0.0003 0.0002 0 0.0018

Ohi 1-4 0.0009 0.0011 0.0034 0.0003 0.0002 0 0 0.0009

Sendai 1-2 0 0 0 0 0 0 0 0

Takahama 1-4 0.0003 0.22 0.043 0.0004 0.0003 0.0002 0 0.0038

Tomari 1-2 0 0 0 0 0 0 0 0

Tsuruga 2 0 0 0 0 0 0 0 0
Netherlands [N7]

Borssele 0 0.046 0 0.017 0.029 0.0095 0 0.03
Republic of Korea [K1]

Kori 1-4 0.14 0.19 1.8 13.2 0.066 0.0170 0.0046 0.0078

Ulchin 1-2 0.19 0.0086 0.00022 0.0043 0.00052 0.00019 0.030 0.86

Y onggwang 1-4 0.00033 0.0077 0.0015 0.0062 0.018 0.156 0.017 0.011
Russian Federation [M6]

Balakovo 1-4 1.55 0.16 0.32 1.62 0.12 0.14 0.68 0.13

Kalinin 1-2 1.02 011 0.19 041 0.54 0.68 0.14 0.07

Kola1-4 207 3.78 11.61 5.54 311 3.65 1.89 3.30

Novovoronezh 2-5 0.71 2.70 0.27 0.14 0.27 041 1.08 1.10
Slovakia[N2, 4]

Bohunice 1-4 1.72 1.79 1.43 1.59 1.38 2.05 1.88 0.87
Slovenia[S1]

Krsko 0.012 0.007 0.096 041 0.30 0.75 2,74 145
South Africa[C11]

Koeberg 1-2 0.55 1.28 0.56 0.32 0.26 031 0.13 0.16
Spain [C2]

Almaraz 1-2 0.0006 0.124 0.026 0.011 0.014 0.014 0.089 0.095

Asco 1-2 0.025 0.0125 0.008 0.013 0.007 0.048 0.0002 0.00033

José Cabrera 1 0.903 1.49 4.84 0.702 0.025 0.003 0.008 0.18

Trillo1 0.021 0 0 0.007 0 0 0 031

Vandellos 2 0.255 0.009 0.12 0.083 0.034 0.029 0.026 0.052
Sweden [N3]

Ringhals 2-4 1.26 0.506 0.882 0.354 0.163 0.093 0.078 0.020
Switzerland [F3]

Beznau 1-2 0.24 0.015 0.016 0.015 0.027 0.018 0.025 0.056

Gosgen 0.041 - 0.004 0.004 0.007 0.040 0.010 0.073
Ukraine [G3]

Khmelnitski 1 0.44 0.45 137 0.57 0.13 0.30 0.57 0.32

Rovno 1-3 3.92 0.95 1.47 1.10 051 1.39 161 0.84

South Ukraine 1-3 0.012 0.021 0.012 0.0014 0.007 0.009 0.028 0.011

Zaporozhe 1-6 0.1 0.27 244 333 24 12 1.89 4.8
United Kingdom [M7]

Sizewell B - - - - - - 0.049 0.034
United States[T3]

Arkansas One 1-2 0.0074 0.081 0.036 0.0002 - 0.040 0.007 0.00008

Beaver Valley 1-2 0.0051 0.26 0.028 0.25 0.014 0.091 0.47 0.041

Braidwood 1-2 0.077 0.40 0.0014 0.12 0.14 0.031

Byron 1-2 0.15 0.0063 0.016 0.016 0.024 0.017

Callaway 1 0.0053 0.0006 0.017 0.023 0.00056 0.0016 0.0030 0.0007

Calvert Cliffs1-2 0.054 0.49 0.62 0.52 0.16 0.067 0.020 0.037

Catawba 1-2 0.051 0.067 0.021 0.027 0.016 0.014 0 0

Comanche Peak 1-2 - 0.0007 0.031 0.0037 0 0 0.00005 0

Crystal River 3 0.028 0.0094 0.020 0.0007 0.00018 0.000009

DavisBesse 1 0.087 0.32 0.011 0.27 0.069 0.021 0.094 0.001

Diablo Canyon 1-2 0.0016 0.022 - 0.0002 0.15 0.23 0.074 0

Donald Cook 1-2 0.12 0.031 0.27 0.0028 0.35 0.33 0.23 0.076
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Table 33 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
United States (continued)
Farley 1-2 0.0001 0.060 0.0072 0 0.16 0.0046 0.0002 0.0049
Fort Calhoun 1 0.065 0.0075 0.011 0.0008 0.0015 0.11 1.02
R. E. Ginna 0.19 0.059 0.052 0.027 0.0060 0.0027 0.0061
Haddam Neck 0.094 0.62 0.0002 0.098
Harris 1 - - 0.023 0.0003 0.013 0.0016 0.00004 0.0020
Indian Point 1-3 0.17 0.014 0.48 0.18
Kewaunee 0.00004 0.00001 - - 0 - 0.14 0
Maine Y ankee 0.16 0.24 0.14 0.15 0.028 0.011 0.0044 0.0004
McGuire 1-2 0.049 0.044 0.079 0.062 0.021 0.0023 0.00004 0
Millstone 2-3 125 0.93 0.31 0.052 0.030 0.67 0.0036 0
North Anna 1-2 0.23 0.094 0.50 0.090 0.015 0.009 0.004 0.007
Oconee 1-2-3 0.28 150 0.51 0.092 118 0.30 0.13 0.004
Palisades 0.069 0.0038 0.027 0.034 0.081 0.23 0.31 0.044
Palo Verde 1-3 0.20 122 0.46 0.42 0.22 0.36 0.23
Point Beach 1-2 0.012 0.013 0.067 0.0045 0.0003 0.0041 0.0013 0
Prairie |Idand 1-2 0.053 0.0044 0.0070 0.025 0.001 0.019 0 0
Rancho Seco 1 - - -
H. B. Robinson 2 0.000004 - 0.00004 0.054
Salem 1-2 0.050 0.085 0.014 0.23 0.024 0.019 0 0
San Onofre 1-3 0.51 0.47 142 1.79 0.07 1.76 0.10 0.30
Seabrook 1 - 0.0007 0.0001 -
Sequoyah 1-2 0.0073 0.0002 0.0002 0.00007 0.0003 0.00017
South Texas 1-2 0.019 0.0068 0.082 0.0002 0.000001 0.0008 0.0014 0.064
St Lucie1-2 0.52 0.27 0.21 0.091 0.027 0.11
Surry 1-2 0.049 0.019 0.018 0.023 0.15 0.081 0.010 0.14
ThreeMileldand 1 0.057 0.037 0.18 0.27 0.049 0.20 0.00011 0.00008
Trojan 0.056 0.016 0.0084 0 0 0 0 0
Turkey Point 3-4 0.23 0.047 0.0080 0.084 0.18
Virgil C. Summer 1 0.016 0.0087 0.0079 0.16 0.0078 0.00001 0.00006 0.00003
Vogtle 1-2 0.0010 0.074 0.050 0.017 0.030 0.030 0.22 0.076
Waterford 3 0.022 0.085 0.0007 0.00004 0.0040 0.029 0.00002 0.020
Watts Bar 1 - - - - 0
Wolf Creek 0.0031 0.089 0.0006 0.026 0.0033
Y ankee NPS 0.0050 0.0008 0.00008 0 0 0 0 0
Zion 1-2 0.048 0.28 177 041 0.0099 0.34 0.012 0
BWRs
China[T2]
Chin Shan 1-2 119 5.00 3.66 0.99 0.69 0.13 0.091 0.137
Kuosheng 1-2 0.102 0.0053 0.0011 0.0024 0.0034 0.052 0.0022 0.0030
Finland [F1]
Olkiluoto 1-2 0.056 0.25 0.15 0.081 11 0.038 0.026 0.017
Germany [B3]
Brunshittel 0.02 0.031 0.029 0 0 0.00094 0.017 0.0011
Gundremmingen B,C 0.015 0.00092 0.0021 0.00025 0.00036 0.00029 0.00014 0.00016
Isar 1 0.00055 0.00017 0.0016 0.023 0.035 0.013 0.023 0.057
Krimmel 0.06 0.077 0.32 0.15 0.036 0.38 0.22 0.14
Philippsburg 1 0.0014 0.0024 0.0033 0.12 0.59 0.05 0.047 0.075
Wirgassen 0.019 0.16 0.098 0.036 0.045 0 0 0
India[B4]
Tarapur 1-2 5.0 47 5.0 49 3.6
Japan [J1, J5]
Fukushima Daiichi 1-6 0.0083 0.0091 0.0072 0.0067 0.0028 0.0037 0.0032 0
Fukushima Daini 1-4 0 0 0 0 0 0 0 0.00002
Hamaoka 1-4 0.037 0 0 0 0 0 0 0
Kashiwazaki Kariwa 1-7 0 0 0 0 0 0 0 0
Onagawa 1-2 0 0 0 0 0 0 0 0
Shikal - - 0 0 0 0 0 0
Shimane 1-2 0 0 0 0 0 0 0 0
Tokai 2 0 0 0 0 0 0 0 0
Tsurugal 0.0005 0.00006 0 0 0 0 0 0
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Table 33 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997

Mexico [C5]

Laguna Verde 1-2 0.012 0.12 0.073 0.11 0.057 0.063 0.23 0.18
Netherlands [N7]

Dodewaard 0.038 0.0035 0.0017 0.0014 0.0016 0.028 0.0024 0.0016
Spain [C2]

Confrentes 0.032 3.05 1.48 0.604 0.38 0.128 0.052 0.24

S. Mariade Garona 0.015 0.031 0.012 0.105 0.083 0.091 0.031 0.011
Sweden [N3]

Barsebeck 1-2 0.039 0.60 0.057 0.0062 0.0065 0.021 0.0027 0.0079

Forsmark 1-3 0.66 3.50 1.10 1.04 0.68 0.58 0.45 0.23

Oskarshamn 1-3 1.90 0.60 0.64 0.84 0.73 0.34 0.45 0.46

Ringhals 1 0.14 0.097 0.063 20.0 35.0 12.3 7.46 420
Switzerland [F3]

Leibstadt 1.40 1.00 0.68 12 24 0.87 0.71 0.43

M ihleberg 0.15 0.018 0.021 0.012 0.013 0.0054 0.0053 0.02
United States[T3]

Big Rock Point 0.077 0.049 0.16 0.095 0.12 0.04 0.17 0.02

Browns Ferry 1-3 - 0.36 0.51 0.19 0.50

Brunswick 1-2 0.44 0.36 0.18 0.012 0.08 0.20 0.78 1.36

Clinton 1 0.0057 0.0011 0.0020 0.0047 0.0022 0.0036 0.016 0

Cooper 0.013 0.0037 0.0034 0.0010 0.0014 0.0016 0.71 0.65

Dresden 2-3 - 0.068 0.038 0.037 0.011 0.023 0.048 0.22

DuaneArnold 1 0.0096 0.0047 0.0034 0.0034 0.0034 0.0036 0.0029 0.0046

Enrico Fermi 2 0.13 0.090 0.15 0.23 0.0047 0.044 0.18 0.46

Fitzpatrick 0.073 0.096 0.0038 0.018 0.056 0.054 0.072 0.007

Grand Gulf 1 0.019 0.075 0.28 0.017 - 0.004 0.024 0.0003

Hatch 1-2 0.22 0.17 137 9.25 333 151 1.82 224

Hope Creek 1 0.044 - - - 0 0.024 0.015 0.020

Lasalle1-2 0.080 0.065 0.052 110 0.12 0.17

Limerick 1-2 0.0012 - 0.040 0.42 0.14 354

Millstone 1 0.027 0.016 0.0083 0.052 0.012 0.056 0 0

Monticello 1.38 112 123 0.35 0.32 0.14 021 0.18

Nine Mile Point 1-2 0.053 0.19 0.090 0.17 0.015

Oyster Creek 0.85 0.94 147 0.37 0.38 0.11 0.081 0.10

Peach Bottom 2-3 0.48 1.30 1.04 178 2.01 187 0.56

Perry 1 0.36 0.51 5.62 147 0.48 1.01 0.30

Pilgrim 1 0.34 142 119 114 0.50 0.23 0.26 021

Quad Cities 1-2 0.17 0.058 0.043 0.047 0.026 0.070 0.033 0.050

River Bend 1 1.79 145 0.30 0.81 1.78 140 051 0.90

Susquehanna 1-2 - 0.0005 0.0006 - 0.0004 0 0 0

Vermont Y ankee 2.04 231 157 0.42 011 0.07 0.035 0.015

WPPSS 2 321 0.79 0.29 0.48 0.16 0.11 0.0023

HWRs

Argentina [C3]

Atucha 1 0.078 13 0.0089 0.49 0.44 0.35 0.041 053

Embalse 14 16 0.07 0 0.26 17 0.27 0
Canada [A2]

Bruce 1-4 0.063 0.055 0.040 0.033 0.030 0.027 0.019 0.014

Bruce5-8 0.12 0.13 0.064 0.057 0.059 0.12 0.044 0.035

Darlington 1-4 0.012 0.016 0.018 0.031 0.036 0.034 0.022 0.020

Gentilly 2 0 0.019 0.0037 0.0037 0 0 0 0

Pickering 1-4 0.32 0.12 0.089 0.13 0.10 0.074 0.073 0.074

Pickering 5-8 0.089 0.063 0.052 0.048 0.085 0.10 0.098 0.099

Point Lepreau 0 0.016 0.0030 0.0002 0.0051 0 0.0015 0.021
India[B4]

Kakrapar 1

Kalpakkam 1-2 0.16 0.24 0.26 051 0.05

Narora 1-2 0 0.02 155 2.30 297

Rajasthan 1-2 1.43 1.00 0.46 0.78 031
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Table 33 (continued)

Release (GBQ)

Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997

Japan [J1, J5]
Fugen 0 0 0 0 0 0 0 0

Pakistan [P2]
Karachi 0 0 0 0 0 0 0 0

Republic of Korea [K1]
Wolsong 1-2 0 0.0012 0.00037 0 0 0.0052 0.14 0

Romania
Cernavoda - - - - - - 0 0.0071

United Kingdom [N5]
Winfrith 0.22 0.38

GCRs

France[E1]
Bugey 1
Chinon A2-3 Amounts included with noble gases (Table3l)
St. Laurent A1-2

Japan [J1, J5]
Tokail 0.0020 0.0014 0.0006 0.00005 0 0.0016 0.0005 0

Spain [C2]
Vandellos 1 0.0002 0.0001 0 0 0 0 0

U. K.[M7, N4, N5]
Berkeley - - -
Bradwell - - -
Calder Hall 0.58 0.57 1.05 0.61
Chapelcross - -

Dungeness A - - -
DungenessB1-B2 1.9 2.0 3.0 6.0 04 0.3 0.004 0.004
Hartlepool A1-A2 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.19
Heysham 1A-B, 2A-B 15 15 15 14 14 15 14 1.40
Hinkley Point A - - -
Hinkley Point B, A-B 04 0.41 0.14 0.1 0.1 0.1 0.02 0.02
Hunterston A1 - - -
Hunterston B1-B2 - - -
Oldbury A - - -
Sizewdl A - - -
TornessA-B - - -
Trawsfynydd - - -
Wylfa - - -

LWGRs

Lithuania[E2]
Ignalina 1-2 425 10.0 12 05 29 6.2 115 6.3

Russian Federation [M6]
Bilibino 1-4 0 0 0 0 0 0 0 0
Kursk 1-4 7.47 1.08 351 7.29 3.65 6.75 9.99 10.7
Leningrad 1-4 20.7 36.3 88.8 19.6 30.3 19.6 29.2 175
Smolensk 1-3 341 3.92 9.99 16.5 12.2 6.21 5.67 238

Ukraine[G3]
Chernobyl 1-3 10.8 6.77 2.85 7.96 4.66 5.40 7.84 1.96

FBRs

France [E1]
Creys-Malville

Phenix Not reported

K azakhstan
Bn-350
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Table 33 (continued)
Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
Russian Federation [M6]
Beloyarsky 3 0 0 0 0 0 0 0
United Kingdom [N5]
Dounreay PFR
Release (GBQq)
Summary Reactor
parameter 1990 1991 1992 1993 1994 1995 1996 1997
All reactors
Total release PWRs 323 28.2 60.7 441 15.3 19.7 194 20.1
(GBg) BWRs 334 30.7 29.1 49.1 55.6 258 15.6 12.6
HWRs 3.90 4.96 2.62 4.39 435 241 0.71 0.80
GCRs 4.68 4.68 5.99 841 220 2.20 1.72 1.62
LWGRs 46.6 58.1 106 51.9 53.7 442 64.2 60.3
FBRs - - - - - - - -
All 121 127 205 158 131 94.2 102 95.4
Annual PWRs 031 0.26 054 0.40 0.14 0.18 0.16 0.19
normalized BWRs 0.74 0.62 0.60 0.98 11 0.45 0.30 0.26
release HWRs 0.39 0.44 0.25 0.35 0.32 0.20 0.06 0.07
[GBq (GW a)7] GCRs 18 14 15 18 0.49 0.56 0.37 0.35
LWGRs 44 5.6 12 55 71 55 73 7.7
FBRs
All 0.70 0.69 11 0.84 0.69 0.48 0.52 0.53
Average PWRs 0.33 0.17
normalized BWRs 0.81 0.33
release HWRs 0.35 0.11
1990-1994 GCRs 14 0.42
and 1995-1997 LWGRs 6.8 6.9
[GBg (GW a)Y] FBRs
All 0.81 051
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Table 34
Particulates released from reactors in airborne effluents

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
PWRs

Armenia[A5]

Armenia 2 2.34 2.77
Belgium [M1]

Dod 1-4 0.162 0.1 0.075 0.008 0.0006 0.0036 0.0028 0.0015

Tihange 1-3 0.136 0.077 0.017 0.020 0.032 0.051 0.033 0.015
Brazil [C7]

Angral 0.000009 0.000007 | 0.0000001 0 0.01 0.044
Bulgaria [C6]

Kozloduy 1-6 24 17 38 2.3 2.0 1.50 1.92 1.86
China[C8, T2]

Guangdong 1-2 - - -

Qinshan - -

Maanshan 1-2 0 0 0.016 0.0044 0.0037 0.011 0.0019 0.011
Czech Republic [N2]

Dukovany 1-4 0.099 0.10 021 021 0.15 0.13 0.080 0.24
Finland [F1]

Loviisal-2 0.2 0.17 0.28 0.081 0.23 0.34 0.22 0.25
France[E1]

Beleville 1-2 0.59 0.39 0.57 22 0.18 021 0.25 0.089

Blayais 1-4 0.52 0.33 0.53 0.31 0.44 0.80 0.33 0.11

Bugey 2-5 0.54 0.93 0.44 0.44 0.38 0.32 0.33 0.38

Cattenom 1-4 0.25 0.19 0.35 0.23 0.22 0.17 0.18 0.17

Chinon B1-B4 1.0 14 0.90 0.30 0.86 0.41 0.099 0.069

Chooz-A (Ardennes) 0.099 0.88 0.019 0.012 0.012 0.006 0.0004 0.0002

Chooz B1-B2 0.039 0.87

Cruas 1-4 021 0.14 0.11 0.25 0.52 0.17 0.14 0.059

Dampierre 1-4 0.55 0.37 0.37 0.84 0.69 11 0.099 0.10

Fessenheim 1-2 0.029 0.039 0.029 0.029 0.019 0.019 0.039 0.029

Flamanville 1-2 0.12 0.19 0.48 0.12 0.25 0.10 0.12 0.12

Golfech 1-2 0.049 0.029 0.019 0.028 0.019 0.039 0.19 0.80

Gravelines 1-6 14 11 0.75 11 21 43 0.55 0.35

Nogent 1-2 0.18 0.099 0.28 0.65 0.17 0.15 0.25 0.15

Palud 1-4 0.26 0.39 0.24 0.18 13 054 0.33 0.13

Penly 1-2 0.019 0.019 0.049 0.087 0.31 0.039 0.096 0.12

St Alban 1-2 0.089 0.29 0.11 0.12 0.089 0.59 0.13 0.11

St Laurent B1-B 0.089 0.029 0.039 0.039 0.039 0.079 0.074 0.099

Tricagtin 1-4 0.40 0.44 0.35 0.33 0.13 0.13 0.11 0.19
Germany [B3]

BiblisA-B 0.011 0.024 0.014 0.01 0.03 0.0025 0.0020 0.0084

Brokdorf 0.00037 0.0012 0 0.0014 0.00045 0 0 0

Emdand 0.0006 0.00039 0.00037 0.000071 0.00068 0.000007 0.00066 0.00017

Grafenrheinfeld 0.0083 0.0033 0.0019 0.0015 0.0016 0.0027 0.0026 0.002

Greifswald 0.62 0.12 0.063 0.038 0.021 0.28 0.16 0.087

Grohnde 0.0001 0 0.00059 0.00029 0.0011 0.00025 0.00096 0.0012

Isar 2 0.000037 0.000013 0.00034 0.000036 0 0 0.0018 0.00007

Mulheim-Kérlich 0 0 0 0 0 0 0 0

Neckarwestheim 1-2 0.0063 0.0034 0.0026 0.0016 0.0071 0.0012 0.0029 0.00027

Obrigheim 0.004 0.0086 0.0049 0.012 0.012 0.018 0.0092 0.0074

Philippsburg 2 0.00045 0.00037 0.001 0.0018 0.0018 0.00099 0.00015 0.00053

Stade 0.046 0.021 0.0049 0.005 0.0042 0.079 0.0010 0.00024

Unterweser 0.0019 0.0021 0.001 0.00099 0.0014 0.0012 0.0015 0.00079
Hungary [F2]

Paks 1-4 1.14 1.30 0.45 1.30 1.28 0.49 0.74 1.30
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Table 34 (continued)
Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997

Japan [J1, J5]

Genkai 1-4 0 0 0 0 0 0 0 0

Ikata 1-3 0 0 0 0 0 0 0 0

Mihama 1-3 0 0 0 0 0 0 0 0

Ohi 1-4 0 0 0 0 0 0 0 0

Sendai 1-2 0 0 0 0 0 0 0 0

Takahama 1-4 0 0 0 0 0 0 0 0

Tomari 1-2 0 0 0 0 0 0 0 0

Tsuruga 2 0 0 0 0 0 0 0 0
Netherlands [N7]

Borssele 0 0 0 0 0.0011 0 0 0
Republic of Korea [K1]

Kori 1-4 0.12 0.015 0.0014 0.95 0.00007 0.00007 0.0027 0

Ulchin 1-2 0.024 0.00004 0.0016 0.00002 0.0077 0.015 0.0020 0.021

Y onggwang 1-4 0.00078 0.0011 0.00015 0 2.7 0.013 0.023 0.00062
Russian Federation [M6]

Balakovo 1-4 1.49 0.14 0.27 0.41 0.24 0.14 0.18 0.12

Kalinin 1-2 0.03 0.03 0.03 0.20 0.14 0.05 0.11 0.09

Kolal-4 851 7.16 257 324 297 2.03 0.92 0.20

Novovoronezh 2-5 1.88 243 0.95 1.07 0.68 243 2.30 154
Slovakia[N2, $4]

Bohunice 1-4 0.38 0.54 1.46 11 0.37 053 0.30 054
Slovenia[S1]

Krsko 0 0 0 0.0034 0.0004 0.020 0.00017 0.0036
South Africa[C11]

Koeberg 1-2 1.04 4.50 218 3.79 497 6.22 331 419
Spain [C2]

Almaraz 1-2 0.071 0.033 0.006 0.04 0.037 0.011 0.043 0.0079

Asco 1-2 0.032 0.02 0.025 0.028 0.024 0.219 0.016 0.036

José Cabrera 1 0.063 0.25 0.668 0.344 0.007 0.004 0.017 0.0088

Trillo1 0.01 0.017 0.006 0.006 0.005 0.006 0.002 0.0022

Vandellos 2 0.019 0.017 0.027 0.021 0.037 0.004 0.008 0.025
Sweden [N3]

Ringhals 2-4 0.017 0.014 0.0038 0.016 0.014 0.0051 0.00088 0.050
Switzerland [F3]

Beznau 1-2 0.0015 0.0018 0.0041 0.00087 0.002 0.006 0.006 0.006

Gosgen 0.0024 0.0013 0.00067 0.006 0.006 0.010 0.010 0.010
Ukraine [G3]

Khmelnitski 1 0.035 0.16 0.10 0.12 0.076 0.080 0.10 0.076

Rovno 1-3 0.33 0.30 0.48 0.18 0.17 0.39 0.13 0.16

South Ukraine 1-3 0.012 0.021 0.012 0.0014 0.007 0.009 0.028 0.011

Zaporozhe 1-6 0.13 0.15 0.28 0.28 0.17 0.17 0.12 0.08
United Kingdom [M7]

Sizewell B - - - - - - 0.0087 0.0051
United States[T3]

Arkansas One 1-2 0.033 159 184 0.00022 0.0004 0.15 0.0004 0.0002

Beaver Valley 1-2 0.019 0.11 0.029 0.56 0.045 0.73 0.048 0.029

Braidwood 1-2 0.0014 0.012 0 0 0 0

Byron 1-2 0.0015 0.0004 0 0.00022 0.00086 0.0039

Callaway 1 0.0001 0.00004 0.0058 0.039 0.00051 0.057 0.0002 0.0001

Calvert Cliffs1-2 0.0091 0.0001 0.0020 0.28 0.044 0.0019 0.00009 0.00021

Catawba 1-2 0.013 0.036 0.036 0.0073 0.0034 0.14 0.00056 0.036

Comanche Peak 1-2 0.0014 0 0 0.00014 0 0 0.00008 0

Crystal River 3 0.0002 0.0075 0.0003 0.00025 0.00035 0.00023

DavisBesse 1 0.0011 0.0022 0.024 0.016 0.0020 0.00009 0.0052 0.001

Diablo Canyon 1-2 0.0006 0.00026 0.095 0.0017 0.013 0.0038 0.0057 0.001

Donald Cook 1-2 2.60 0.058 0.074 0.016 0.078 0.22 1.10 0.46
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Table 34 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
United States (continued)
Farley 1-2 0 0 0.0086 0.0011 0.50 0.00089 0.0004 0.00024
Fort Calhoun 1 0.0015 0.0044 0.01 0.00006 0.00011 0.00084 0.00026
R. E. Ginna 0.0011 0.0019 0 0.00056 0.00023 0.00014 0.020
Haddam Neck 0.080 0.34 0.20 0.36
Harris1 0.0029 0.0017 0.0070 0.0064 0.0041 0.34 0.0015 0.0089
Indian Point 1-3 0.036 0.064 0.0081 0.041
Kewaunee 0.12 0.071 0.00006 0.0007 0.0017 0.00054 0.0013 0.00021
Maine Y ankee 0.51 0.028 0.052 0.060 0.037 0.037 0.030 0.00095
McGuire 1-2 0.027 0.028 0.0067 0.0021 0.00024 0.0072 0.00006 0.0017
Millstone 2-3 0.0030 0.019 0.021 0.026 0.0054 0.0052 0.00028 0.0005
North Anna 1-2 0.022 0.0059 0.0037 0.017 0.0026 0.003 0.012 0.001
Oconee 1-2-3 0.052 0.041 0.011 0.031 0.11 0.015 0.01 0.014
Palisades 0.010 0.0073 0.0084 0.0077 0.0029 0.0035 0.0041 0.0032
Palo Verde 1-3 0.059 0.10 0.060 0.29 0.095 0.056 0.0095
Point Beach 1-2 0.0083 0.12 041 0.54 0.08 0.16 0.0084 0.00008
Prairie |Idand 1-2 0.0026 0.014 0.0024 0.0026 0.0028 0.005 0.006 0.033
Rancho Seco 1 0 0 0 0
H. B. Robinson 2 0.0050 0.0064 0.0051 0.0033 0.0001 0.0003 0.0013 0.0006
Salem 1-2 0.0021 0.0031 0.0025 0.00074 0.00073 0.00077 0.00098 0.00012
San Onofre 1-3 0.024 0.028 0.019 0.069 0.021 0.018 0.029 0.018
Seabrook 1 0 0.039 0.041 0.00002
Sequoyah 1-2 0.0025 0.021 0.0032 0.00045 0 0.0016
South Texas 1-2 0.045 0.084 0.013 0.020 0.0013 0.017 0.0057 0.0052
St Lucie1-2 0.0030 0.0070 0.0085 0.0046 0.020 0.0079
Surry 1-2 0.059 0.022 0.011 0.0065 0.012 0.006 0.007 0.002
ThreeMileldand 1 0.00014 0.0029 0.0012 0.00025 0.00046 0.00015 0.000001 0.0012
Trojan 0.0048 0.0054 0.0007 0 0 0 0 0
Turkey Point 3-4 0.0059 0.0013 0.0008 0 0.0016
Virgil C. Summer 1 0.0043 0.0018 0 0.0048 0.014 0.00002 0.00025 0.0019
Vogtle 1-2 0.0020 0.0033 0.17 0.0021 0.0040 0.0091 0.012 0.00090
Waterford 3 0 0.0026 0.00037 0 0.0028 0.0027 0.00019 0.00080
Watts Bar - - - - 0
Wolf Creek 0.0032 0 0.00005 0 0.00004
Y ankee NPS 0.0010 0.00035 0.00029 0.00003 0.00027 0.00091 0.00076 0.00003
Zion 1-2 0.0026 0.0070 0.12 0.87 0.035 0.14 0.060 0.032
BWRs
China[T2]
Chin Shan 1-2 0.71 0.22 0.080 0.039 0.11 0.038 0.020 0.012
Kuosheng 1-2 0.0039 0.075 0.015 0.0003 0.0003 0.0024 0 0.000007
Finland [F1]
Olkilouto 1-2 0.22 0.74 0.3 0.11 0.13 0.033 0.014 0.045
Germany [B3]
Brunshiittel 0.054 0.023 0.075 0.041 0.034 0.034 0.034 0.026
Gundremmingen B,C 0 0 0 0 0 0 0.000074 0.000062
lsar 1 0.0063 0.0019 0.0087 0.011 0.018 0.010 0.016 0.013
Krimmel 0.0051 0.039 0.025 0.028 0.019 0.034 0.086 0.15
Philippsburg 1 0.073 0.023 0.022 0.08 0.054 0.032 0.021 0.025
Wirgassen 0.045 0.17 0.058 0.077 0.053 0.013 0.012 0.041
India[B4]
Tarapur 1-2 8.6 216 48 8.7 58
Japan [J1, J5]
Fukushima Daiichi 1-6 0.0081 0.0017 0.0010 0.0019 0.0034 0.0002 0.0006 0.0020
Fukushima Daini 1-4 0 0 0 0 0 0 0 0
Hamaoka 1-4 0 0 0 0 0 0 0 0
Kashiwazaki Kariwa 1-7 0 0 0 0 0 0 0 0
Onagawa 1-2 0 0 0 0 0 0 0 0
Shika l - - 0 0 0 0 0 0
Shimane 1-2 0.0002 0.0004 0 0.0010 0.0003 0 0 0.0004
Tokai 2 0 0 0 0 0 0 0 0
Tsurugal 0 0.00005 0.0003 0.00004 0.00008 0 0.0001 0
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Table 34 (continued)
Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997

Mexico [C5]

Laguna Verde 1-2 0.12 111 0.31 0.55 021 16.7 2.01 0.63
Netherlands [N7]

Dodewaard 0.028 0.0086 0.0043 0.0045 0.0052 0.0049 0.0046 0.005
Spain [C2]

Confrentes 0.153 0.545 0.415 0.077 0.066 0.049 0.005 0.46

S. Mariade Garona 0.071 0.032 0.046 0.139 0.216 0.077 0.127 0.015
Sweden [N3]

Barsebeck 1-2 0.19 0.37 0.73 0.48 0.48 1.00 3.06 1.60

Forsmark 1-3 82.7 139 199 37.8 195 84.4 1.84 277

Oskarshamn 1-3 275 178 58.8 53.2 405 14.0 408 305

Ringhals 1 20.2 65.0 0.022 323 43500 44700 10 600 1740
Switzerland [F3]

Leibstadt 0.036 0.0071 0.0019 0.003 0.011 0.020 0.020 0.020

Muhleberg 0.049 0.078 0.013 0.01 0.007 0.020 0.020 0.020
United States[T3]

Big Rock Point 0.13 0.065 0.026 0.046 0.12 0.09 0.13 0.14

Browns Ferry 1-3 0.0070 0.69 121 0.76 0.65

Brunswick 1-2 1.35 0.35 0.097 0.28 0.78 0.83 0.24 0.36

Clinton 1 0.32 0.34 0.091 0.68 1.70 0.16 0.036 0.0025

Cooper 0.028 0.017 0.015 0.013 0.016 0.012 1.58 242

Dresden 2-3 5.45 145 0.84 1.38 0.58 0.52 0.079 0.30

Duane Arnold 1 0.16 0.093 0.11 0.077 0.030 0.11 0.064 0.014

Enrico Fermi 2 0.44 0.12 0.10 011 0.0052 0.052 0.056 0.12

Fitzpatrick 0.63 0.83 0.012 0.067 0.77 0.45 0.047 0.01

Grand Gulf 1 0.018 0.083 0.046 0.0031 0.0034 0.0032 0.0014 0.0059

Hatch 1-2 0.094 0.044 0.20 3.88 114 0.45 243 1.85

Hope Creek 1 0.16 0.016 0.099 0.072 0.0017 0.071 0.14 0.095

Lasalle1-2 0.047 0.19 0.048 494 0.14 0.22

Limerick 1-2 0.027 0.0042 0.015 0.63 17.8 0.17

Millstone 1 0.070 0.076 0.047 0.14 0.23 0.42 0.021 0.016

Monticello 0.22 0.22 0.25 0.74 0.10 0.067 0.063 0.048

Nine Mile Point 1-2 0.23 0.59 0.32 0.37 0.13

Oyster Creek 0.31 0.21 0.64 0.086 0.19 0.1 0.093 0.068

Peach Bottom 2-3 0.19 0.28 0.14 0.29 0.52 051 0.15

Perry 1 0.052 0.011 0 0.085 2.62 021 0.75

Pilgrim 1 0.036 0.32 0.52 0.47 0.25 0.87 0.089 0.087

Quad Cities1-2 1.06 0.38 1.09 091 0.10 0.77 0.77 0.66

River Bend 1 0.13 0.19 0.044 0.052 0.13 0.14 0.13 0.24

Susquehanna 1-2 0.032 0.0085 0.17 0.048 0.07 0.06 0.029 0.054

Vermont Y ankee 0.64 0.68 0.79 0.32 0.07 0.025 0.007 0.032

WPPSS 2 234 153 131 0.86 0.10 0.25 0.081

HWRs

Argentina[C3]

Atucha 1 0.0011 0.015 0.015 0.18 0.049 0.013 0.038 0.006

Embalse 0 0.12 0.025 0 0.0036 0.077 0 0
Canada[AZ2]

Bruce 1-4 0.081 0.063 0.072 0.079 0.11 0.12 0.072 0.070

Bruce5-8 0.14 0.14 0.12 0.12 0.10 0.12 0.075 0.088

Darlington 1-4 0.012 0.046 0.046 0.11 0.10 0.085 0.058 0.065

Gentilly 2 0.00037 0.013 0.074 0.052 0.070 0.045 0.030 0.114

Pickering 1-4 0.29 0.087 0.089 0.085 0.070 0.070 0.051 0.355

Pickering 5-8 0.018 0.019 0.020 0.021 0.041 0.026 0.027 0.039

Point Lepreau 0 0 0.0040 0.0013 0.0005 0 0 0.00005
India[B4]

Kakrapar 1

Kalpakkam 1-2 0 0 0 0 0

Narora 1-2 0 0 0 0 0

Rajasthan 1-2 0.014 0.004 0.004 0.006 0.002
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Table 34 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
Japan [J1, J5]
Fugen 0 0 0 0 0 0 0 0
Pakistan [P2]
Karachi 0 0 0 0 0 0 0 0
Republic of Korea [K1]
Wolsong 1-2 0 0 0 0 0 0 0 0
Romania
Cernavoda - - - - - - 0 0
United Kingdom [N5]
Winfrith 0.19 0.021 0.00002 0.00002
GCRs
France[E1]
Bugey 1 0.43 0.38 0.29 0.17 0.30 0.38 0.009 0.005
Chinon A2-3 0.025 0.018 0.011 0.006 0.008 0.019 0.005 0.009
St Laurent A1-2 021 0.13 0.14 0.011 0.005 0.002 0.001 0.0007
Japan [J1, J5]
Tokai 1 0.0021 0.011 0.0002 0.0002 0.0013 0.0001 0.0002 0
Spain [C2]
Vandellos 1 0.02 0.004 0.003 0.002 0.0008 0 0.002
U.K.[M7, N4, N5]
Berkeley 0.01 0.01 0.01 0.01 0.01 0.01 0.004 0.004
Bradwell 0.07 0.07 0.03 0.05 0.26 0.16 021 0.20
Calder Hall - - -
Chapelcross - - -
Dungeness A 0.17 0.11 0.13 021 0.26 04 0.33 0.30
DungenessB1-B2 0.07 0.06 0.07 0.07 0.04 0.01 0.049 0.035
Hartlepool A1-A2 0.04 0.04 0.04 0.04 0.04 0.04 0.035 0.025
Heysham 1A-B, 2A-B 0.05 0.05 0.012 0.07 0.07 0.08 0.069 0.099
Hinkley Point A 0.30 0.23 0.15 0.23 0.23 0.16 0.077 0.17
Hinkley Point B, A-B 0.57 0.46 0.32 0.40 031 0.08 0.077 0.075
Hunterston A1 0.008 0.0016 0.0011 0.0036 0.0025 0.0013 0.0002 0.0002
Hunterston B1-B2 0.13 0.049 0.12 0.18 0.13 0.074 0.036 0.034
Oldbury A 0.05 0.07 0.10 0.10 0.08 0.10 0.091 0.10
Sizewe| A-B 0.33 0.37 0.41 0.55 053 0.36 0.022 0.073
TornessA-B 0.045 0.027 0.013 0.026 0.071 0.014 0.015 0.015
Trawsfynydd 0.28 0.04 0.02 0.01 0.01 0.01 0.0016 0.0023
Wylfa 0.11 0.10 0.16 0.13 011 0.10 0.0087 0.074
LWGRs
Lithuania[E2]
Ignalina 1-2 9.8 1.06 22 15 82 42 7.8 13
Russian Feder ation [M6]
Bilibino 1-4 0 0 0 0 0 0 0 0
Kursk 1-4 259 11.6 11.2 9.18 851 131 135 19.2
Leningrad 1-4 62.2 96.2 98.7 281 76.4 426 64.6 229
Smolensk 1-3 9.55 124 24.0 8.64 2.70 1.76 297 3.78
Ukraine[G3]
Chernobyl 1-3 51.2 432 13.7 135 6.85 3.66 4.00 1.89
FBRs
France [E1]
CreysMalville 0.008 0.012 0.011 0.011 0.012 0.013 0.013 0.013
Phenix
K azakhstan [A6]
Bn-350 0.84 0.97 1.25 234 0.69 0.67 0.53 0.46
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Table 34 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
Russian Federation [M6]
Beloyarsky 3 0 0 0 0 0 0 0 0
United Kingdom
Dounreay PFR
Release (GBQ)
Summary Reactor
parameter 1990 1991 1992 1993 1994 1995 1996 1997
All reactors
Total release PWRs 29.2 29.6 229 26.3 252 26.5 17.7 182
(GBQg) BWRs 402 416 273 442 43610 44 820 10 660 1783
HWRs 0.75 051 0.49 0.65 0.55 0.56 0.35 0.74
GCRs 292 2.33 214 227 247 2.00 1.04 122
LWGRs 159 164 150 60.9 103 65.3 929 49.0
FBRs 0.85 0.98 1.26 234 0.70 0.68 0.54 0.47
All 595 614 450 555 43740 44920 10770 1852
Annual PWRs 021 0.20 0.15 0.17 0.17 0.17 0.11 0.12
normalized BWRs 8.4 8.0 55 8.6 826 781 204 36
release HWRs 0.076 0.044 0.046 0.053 0.040 0.046 0.030 0.070
[GBq (GW a)7] GCRs 0.43 0.32 0.27 0.25 0.27 0.24 0.14 0.13
LWGRs 15 16 17 6.4 14 8.2 11 6.3
FBRs 2.0 25 24 47 15 17 0.7 11
All 2.8 2.7 2.0 24 187 188 45 82
Average PWRs 0.18 0.13
normalized BWRs 178 351
release HWRs 0.051 0.048
1990-1994 GCRs 0.30 0.17
and 1995-1997 LWGRs 14 84
[GBqg (GW &)Y FBRs 12 1.0
All 40 81
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Table 35
Tritium released from reactors in liquid effluents

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
PWRs
Armenia
Armenia2
Belgium [M1]
Dod 1-4 63 000 38 100 43900 32800 32800 47 000 31300 38400
Tihange 1-3 56 400 34 500 34900 35200 33100 41200 44700 47 300
Brazil [C7]
Angral 12200 11 400 49 300 6 560 587 5130 4640 19 500
Bulgaria[C6
gozlotguy]l—6 Not reported 11690
China[C8, T2]
Guangdong 1-2 - - - 22 200 10 100 22100 38500
Qinshan - - 1690 1450 6320 4820 3 580 2950
Maanshan 1-2 4630 6 030 9140 16 900 20 500 11700 15 300 6790
Czech Republic [N2]
Dukovany 1-4 20100 18 300 19 300 18 600 15 600 14 500 17 200 14 600
Finland [F1]
Loviisa1-2 12 000 14 000 10 000 12 000 11 000 12 000 9400 12 000
France [E1]
Belleville 1-2 31000 39 000 37 000 38000 22 000 30 000 36 000 33000
Blayais 1-4 58 000 54 000 39 000 36 000 32000 46 000 53 000 40 000
Bugey 2-5 42 000 30 000 15 000 46 000 35000 33000 33000 38000
Cattenom 1-4 35000 47 000 86 000 66 000 69 000 80 000 72 000 74 000
Chinon B1-B4 62 000 49 000 52 000 33000 33000 44000 44000 59 000
Chooz-A (Ardennes) 108 000 95 000 26 000 800 1000 600 1600 100
Chooz B1-B2 200 13000
Cruas 1-4 51 000 37 000 34 000 46 000 55 000 43000 50 000 37 000
Dampierre 1-4 52 000 52 000 73 000 50 000 43000 44000 44000 38000
Fessenheim 1-2 20000 26 000 16 000 17 000 20 000 21000 20 000 22 000
Flamanville 1-2 48 000 37 000 34 000 35000 30 000 31 000 35 000 25000
Golfech 1-2 500 8000 9000 8400 30 000 27 000 22 000 33000
Gravelines 1-6 87 000 80 000 70 000 43 000 60 000 39 000 51 000 58 000
Nogent 1-2 23000 18 000 18 000 26 000 22 000 25000 32000 22 000
Palud 1-4 100 000 82 000 73 000 77 000 67 000 75 000 70 000 81 000
Penly 1-2 4000 16 000 20000 33000 23000 24 000 29 000 24 000
St. Alban 1-2 30000 24000 9000 13000 16 000 22 000 43000 23000
St Laurent B1-B2 34000 36 000 41 000 33000 24 000 16 000 20 000 17 000
Tricastin 1-4 49 000 33000 32000 34 000 38000 25000 46 000 32000
Germany [B3]
BiblisA-B 23000 18 300 25000 30 000 26 000 21 000 15 000 25 000
Brokdorf 9400 15000 19 000 14 000 14 000 12 000 14 000 17 000
Emdand 8700 8300 13000 9500 13000 10 000 12 000 15 000
Grafenrheinfeld 12 000 14 000 14 000 13000 13000 13000 16 000 16 000
Greifswald 6 400 200 83 31 69 45 26 24
Grohnde 14 000 16 000 14 000 15 000 18 000 12 000 10 000 7 400
Isar 2 7200 8600 16 000 19 000 22 000 19 000 20 000 17 000
Mulheim-Karlich 2000 490 420 460 320 250 49 180
Neckarwestheim 1-2 27 000 32000 24,000 30000 38 000 35000 34 000 33000
Obrigheim 3500 890 3300 5400 4400 4600 5700 5100
Philippsburg 2 19 000 17 000 15000 13000 13000 17 000 15 000 16 000
Stade 3400 2900 4800 4800 3600 2700 2900 2700
Unterweser 11 000 11 000 9000 8500 7700 6 000 12 000 15 000
Hungary [F2]
Paks 1-4 14 000 16 000 16 000 18 000 18 000 20 000 20 000 15 600
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Table 35 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997

Japan [J1, J5]

Genkai 1-4 34000 26 000 24000 36 000 50 000 58 000 46 000 61 000

Ikata 1-3 33000 29 000 25000 33000 38000 53 000 40 000 45000

Mihama 1-3 20 000 13000 12000 18 000 11 000 17 000 17 000 16 000

Ohi 1-4 16 000 20 000 29 000 42 000 63 000 61 000 59 000 46 000

Sendai 1-2 37000 36 000 48 000 39000 31000 42 000 50 000 36 000

Takahama 1-4 35000 30000 55 000 69 000 33000 37000 57 000 64 000

Tomari 1-2 16 000 11 000 21000 24000 21000 19 000 26 000 30000

Tsuruga 2 23000 30 000 7500 16 000 12000 18 000 14 000 21000
Netherlands [N7]

Borssele 5540 2900 4370 5980 5870 6161 6 020 4330
Republic of Korea [K1]

Kori 1-4 76 100 85900 48 700 66 100 58 000 31800 32900 36 700

Ulchin 1-2 13100 14 300 35300 29900 28 000 21300 20800 21900

Y onggwang 1-4 42 600 29 600 28 600 46 600 26 000 27900 42 200 55 800
Russian Federation

Balakovo 1-4

Kalinin 1-2 Average normalized release estimated to be 30,000 GBq(GW a) *

Kola1-4

Novovoronezh 2-5
Slovakia[N2, 4]

Bohunice 1-4 13000 15600 12800 14 000 12 600 12 400 12 700 9580
Slovenia[S1]

Krsko 13500 13500 14 600 10 900 10 500 8500 9300 7800
South Africa[C11]

Koeberg 1-2 60 700 91 000 83700 13500 17 900 11 300 31800 17 200
Spain [C2]

Almaraz 1-2 47 200 48 600 53 700 70 600 51 300 42 800 49 300 54100

Asco 1-2 42 300 53 400 59 300 55 500 35800 85 800 50 700 58 000

José Cabrera 1 1740 1340 2940 943 511 1020 2590 2160

Trillo1 10900 20 000 11 900 19 800 19 000 14 000 19 400 28 800

Vandellos 2 14 600 17 200 10 400 15700 14700 13400 16 600 20 700
Sweden [N3]

Ringhals 48 800 45 400 53100 43 400 34300 21000 24 600 22500
Switzerland [F3]

Beznau 1-2 9300 8900 7200 12 000 11 000 12 000 12 000 12 000

Gosgen 11 000 12 000 12 000 13 000 11 000 14 000 13 000 14 000
Ukraine [G3]

Khmelnitski 1 1600 2050 1810 663 1380

Rovno 1-3

South Ukraine 1-3 15 13 12 25 28 28 39 23

Zaporozhe 1-5
United Kingdom [M7]

Sizewell B - - - - - - 37 600 44200
United States[T3]

Arkansas One 1-2 29 600 53900 29 700 28 100 35400 34100 42 400 26 500

Beaver Valley 1-2 18 200 17900 17 200 20 500 13 600 19 200 72 900 20 100

Braidwood 1-2 48 100 25 400 70900 59 600 45700 69 600

Byron 1-2 36 900 52 900 58 500 76 200 50 000 52 100

Callaway 1 37 700 45 400 21900 52 000 38100 29 300 43300 25300

Calvert Cliffs 1-2 2700 37 600 65 600 23500 24200 28 200 28 000 33600

Catawba 1-2 22000 23900 28 600 30600 21700 18 100 23700 23900

Comanche Peak 1-2 6920 17 000 22 600 18 600 32900 31100 36 500 53 800

Crystal River 3 18 900 16 600 13500 21800 12200 9700

DavisBesse 1 4700 12100 14 100 6 700 16 400 6 200 19 400 25100

Diablo Canyon 1-2 35800 38900 45 100 38100 102 000 58 090 35500 49 600

Donald Cook 1-2 57 700 57 400 16 000 22 200 212 300 75 200 111 000
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Table 35 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
United States (continued)
Farley 1-2 52100 30500 59 500 67 300 50100 46 700 56 400 35800
Fort Calhoun 1 6 440 6 500 3920 8840 8820 9500 18 100
R. E. Ginna 11 900 13900 7 880 6 550 5100 3610 4400
Haddam Neck 36 600 171 000 31900 148 000
Harris1 26 900 10 800 33400 20500 37400 11 800 16 900 11 000
Indian Point 1-3 36 100 40100 42 400 21 600
Kewaunee 14 000 16 100 10 700 8730 6070 8730 11 600 15
Maine Y ankee 8990 14 400 8030 10 100 14 600 1650 11 000 4710
McGuire 1-2 33900 32500 32000 28 700 17 800 23900 23800 21 800
Millstone 2-3 48100 21100 26 000 31300 37700 31600 14 800 10 700
North Anna 1-2 61 900 42900 34400 25600 45800 36100 41 500 37300
Oconee 1-2-3 36 700 41 800 36 900 40700 33600 30900 32500 22 900
Palisades 5510 2040 2990 7770 674 4660 7 590 5100
Palo Verde 1-3 0 0 0 0
Point Beach 1-2 32300 29 100 15 400 17 200 17 200 19 600 15500 6 360
Prairie |Idand 1-2 14 700 20 600 17 500 17 800 13800 28900 23200 20900
Rancho Seco 1 507 36.4 895 275
H. B. Robinson 2 13 100 6 960 14 600 31300 7990 36 700 36 600 33300
Salem 1-2 24 300 38800 17 400 33300 40 600 14 300 1720 2320
San Onofre 1-3 87 000 86 300 144 000 52 700 33000 36 200 53700 11 400
Seabrook 1 4180 14 280 18 500 20800
Sequoyah 1-2 31600 61 100 53300 20 700 18 200 46 700
South Texas 1-2 30200 40 300 50400 8360 27 900 137 000 59800 60 600
St Lucie1-2 21000 30000 29 600 18 800 19 200 27 800
Surry 1-2 41 000 33800 36 000 48 700 36 200 30800 36 700 41100
ThreeMileldand 1 7 810 13 300 20 700 13900 13200 19 500 6180 27 600
Trojan 8100 6 250 7 250 45100 336 106 138 150
Turkey Point 3-4 23800 7 550 16 400 19 000 27 800 11 700
Virgil C. Summer 1 15 600 30100 22 500 17 700 27 800 11 300 21 400 34100
Vogtle 1-2 43 400 40500 54 800 28 200 38900 35800 60 500 54 400
Waterford 3 26 300 12 700 18 300 18 100 24700 43700 19 200 12 500
Watts Bar - - - - 8260
Wolf Creek 21 800 26 500 16 700 37000 20 000
Y ankee NPS 7 110 7510 2330 185 22,6 7.03 542 2.96
Zion 1-2 25200 34400 19 300 45900 25100 46 300 46 800 8550
BWRs
China[T2]
Chin Shan 1-2 1890 1390 1530 1090 973 1260 1480 350
Kuosheng 1-2 1020 2670 3960 2800 4850 729 367 160
Finland [F1]
Olkiluoto 1-2 1300 1900 1800 3600 2800 1500 2400 1300
Germany [B3]
Brunshiittel 170 290 240 74 23 120 350 240
Gundremmingen B,C 2200 3000 2 800 4800 4500 6 400 11 000 13 000
lsar 1 460 400 460 640 1100 1300 1000 1200
Krimmel 960 950 650 610 130 580 680 470
Philippsburg 1 460 630 620 760 470 570 540 490
Wirgassen 330 460 410 440 330 35 38 14
India
Tarapur 1-2
Japan [J1, J5]
Fukushima Daiichi 1-6 2700 2400 2100 1900 1400 1100 1100 1400
Fukushima Daini 1-4 1100 870 460 580 580 490 570 1000
Hamaoka 1-4 2100 1300 1000 1400 1300 1000 680 600
Kashiwazaki Kariwa 1-7 150 42 390 160 160 130 170 80
Onagawa 1-2 68 58 38 90 15 8.5 21 44
Shikal - - 3 16 57 140 170 200
Shimane 1-2 430 510 430 570 1000 730 1200 720
Tokai 2 980 1600 1400 1300 830 1500 1700 1200
Tsuruga l 160 470 380 210 97 110 170 190
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Table 35 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997

Mexico [C5]

Laguna Verde 1-2 498 82 158 0.00005 1970 1960 531 781
Netherlands [N7]

Dodewaard 147 152 245 163 90 26 19 18
Spain [C2]

Confrentes 64.7 235 310 516 385 99.4 160 511

S. Mariade Garona 157 73.7 427 177 371 121 165 231
Sweden [N3]

Barsebeck 1-2 1100 1000 1500 580 530 554 1100 760

Forsmark 1-3 1900 3500 2 600 2920 2370 2340 1990 2000

Oskarshamn 1-3 2600 2500 1700 740 1130 1190 1380 1360

Ringhals 1 711 882 1270 500 860 832 790 490
Switzerland [F3]

L eibstadt 930 810 950 620 570 470 710 1100

Muhleberg 330 380 200 300 200 340 290 320
United States[T3]

Big Rock Point 21.8 9.29 40.0 5.85 155 3.99 8.79 5.03

Browns Ferry 1-3 7.66 221 1050 459 1630

Brunswick 1-2 1830 2960 1570 1750 2580 2040 1750 962

Clinton 1 96.2 165 87.3 0 0 0 0 0

Cooper 188 335 541 400 129 2780 198 218

Dresden 2-3 755 474 158 862 551 96.1 425 462

Duane Arnold 1 - - - 0 0 0 0 0

Enrico Fermi 2 276 74.7 130 138 90.0 0 0 0

Fitzpatrick 114 282 105 53.3 239 135 168 0

Grand Gulf 1 699 799 851 2330 5980 4850 7990 6 360

Hatch 1-2 836 1080 1650 1880 1700 1700 1180 890

Hope Creek 1 437 907 4630 2280 6070 1710 418 457

Lasalle1-2 138 0 0.0011 0 537 0

Limerick 1-2 1120 507 389 951 2100 1650

Millstone 1 749 311 272 907 747 485 271 30

Monticello 0 0 0 0.0007 0 0 0 0

Nine Mile Point 1-2 229 288 331 877 654 707

Oyster Creek - 223 - 0 0 - 226 0.37

Peach Bottom 2-3 870 540 655 267 95.2 1480 3420

Perry 1 325 392 343 346 343

Rilgrim1 136 377 054 139 34.7 650 542 875

Quad Cities1-2 966 164 463 1360 1740 834 818 1040

River Bend 1 3090 1130 866 1120 2400 758 202 296

Susquehanna 1-2 2150 1710 2850 2510 3760 2940 1240 1280

Vermont Y ankee 0 0 0.0015 0 0 0 0 0

WPPSS 2 279 67.0 400 1260 307 192 152

HWRs

Argentina [C3]

Atucha 1l 530 000 550 000 770 000 920 000 2200 000 500 000 550 000 1200 000

Embalse 220000 520 000 160 000 200 000 140 000 230 000 320 000 160 000
Canada[AZ2]

Bruce 1-4 1221000 | 3241000 | 1700000 | 1480000 | 1440000 | 1900000 | 1200000 310 000

Bruce 5-8 481 000 488 000 410 000 658 000 555 000 380 000 230000 680 000

Darlington 1-4 12 600 71000 46 000 57 700 130 000 140 000 120 000 112 000

Gentilly 2 163 000 248 000 263 000 241 000 134 000 200 000 120 000 140 000

Pickering 1-4 407 000 395 000 3034000 518 000 555 000 440 000 430 000 350 000

Pickering 5-8 30000 32000 44000 12 600 118 000 110 000 160 000 50 000

Point Lepreau 160 000 110 000 320 000 470 000 260 000 170 000 480 000 500 000
India[B4]

Kakrapar 1-2 - - -

Kalpakkam 1-2 142 800 211 500 366 000 428 600 266 400

Narora 1-2 9950 15380 34 200 58 680 49 020

Rajasthan 1-2 23690 31170 30190 65 450 19010
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Table 35 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
Japan [J1, J5]
Fugen 3100 1600 3400 3200 4200 3800 5500 5100
Pakistan [P2]
Karachi 127 000 94 300 46 300 56 200 118 000 168 000 105 000 39100
Republic of Korea [K1]
Wolsong 1-2 51 800 93200 42 000 46 300 180 000 170 000 50 000 94 700
Romania
Cernavoda - - - - - - 8210 11 600
United Kingdom [M7, N5]
Winfrith 39330 13280 13790 74010 59 980 1610 3900
GCRs
France[E1]
Bugey 1 0 0 0 0 9600 100 2800 8200
Chinon A2-3 2000 0 0 0 0 0 0 0
St Laurent A1-2 - - - - - - -
Japan [J1, J5]
Tokal 1 0.037 14 0.83 24 51 9.2 16 20
Spain [C2]
Vandellos 1 141 74.3 18 300 105 114 456 206
U.K.[M7, N4, N5]
Berkeley 1350 272 157 265 291 39.5 37.2 55.2
Bradwell 1380 1370 3920 3030 2170 2080 1360 1460
Calder Hall - - -
Chapelcross 280 1870 690 500 490 500 368 198
Dungeness A 713 492 451 4430 547 296 1380 135
Dungeness B1-B2 7200 76 100 93 300 268 900 236 200 15 080 252 000 247 000
Hartlepool A1-A2 166 100 140 900 276 900 349 800 289 400 239 000 353 000 367 000
Heysham 1A-B, 2A-B 202 100 416 000 525 000 854 700 732 600 584 800 710 000 816 000
Hinkley Point A 913 780 706 779 713 757 670 810
Hinkley Point B, A-B 295 600 277000 317 000 390 000 336 000 431 000 319 000 385 000
Hunterston Al 520 250 170 360 200 41.0 229 9.9
Hunterston B1-B2 353 000 257 000 245 000 362 000 423000 449 000 399 000 413 000
Oldbury A 1750 271 215 229 263 233 186 178
Sizewd| A 5010 5610 5080 2790 3 570 17 400 1130 5060
TornessA-B 82 000 132 000 250000 235000 220000 270 000 298 000 324 000
Trawsfynydd 2520 360 222 74.7 122 232 103 298
Wylfa 5380 5680 2750 5920 6980 7 560 9880 7020
LWGRs
Lithuania
Ignalina 1-2
Russian Federation [M6]
Bilibino 1-4
Kursk 1-4 Only average normalized release reported
Leningrad 1-4
Smolensk 1-3
Ukraine [G3] .
Chermobyl 1-3 Only average normalized release reported
FBRs
France [E1]
Creys-Malville 70 20 10 1 22 28 630 1
Phenix
Kazakhstan

Bn-350




ANNEX C: EXPOSURES TO THE PUBLIC FROM MAN-MADE SOURCES OF RADIATION 271
Table 35 (continued)
Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
Russian Federation
Beloyarsky 3
United Kingdom
Dounreay PFR
Release (TBQ)
Summary Reactor
parameter 1990 1991 1992 1993 1994 1995 1996 1997
All reactors
Total release PWRs 2935 3084 2995 2954 2560 2677 2814 2551
(TBq) BWRs 39.6 41.4 453 47.3 60.0 485 49.8 431
HWRs 3622 6115 7283 5290 6225 4412 3780 3656
GCRs 1128 1316 1740 2479 2262 2018 2349 2575
LWGRs 0 0 0 0 0 0 0 0
FBRs 0.070 0.020 0.010 0.001 0.022 0.028 0.63 0.001
All 7725 10 560 12 060 10770 11110 9155 899% 8814
Annual PWRs 23 24 22 21 18 19 19 18
normalized BWRs 0.85 0.81 0.95 0.93 114 0.85 0.95 0.82
release HWRs 367 536 682 426 452 361 321 316
[TBqg(GW a)7] GCRs 163 183 215 271 247 236 314 284
LWGRs - - - - - - - -
FBRs 10 - - - 26 - 1.6 -
All 41 53 60 51 52 42 41 41
Average PWRs 22 19
normalized BWRs 0.94 0.87
release HWRs 490 330
1990-1994 GCRs 220 280
and 1995-1997 LWGRs - -
[TBg (GW &)Y FBRs 18 17
All 51 41
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Table 36
Other radionuclides released from reactors in liquid effluents

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
PWRs
Armenia[A5]
Armenia 2 229 15.4
Belgium [M1]
Dod 1-4 155 22.3 44 236 8.6 37.8 18.9 26.4
Tihange 1-3 415 437 53.6 40.9 238 225 52.3 24.3
Brazil [C7]
Angral 0.430 0.197 0.167 0.548 0.182 0.214 0.19 1.08
Bulgaria [C6]
Kozloduy 1-6 2.07 2.46 2.03 2.07 1.63 361 253 2.38
China[C8, T2]
Guangdong 1-2 - - - 89.2 289 9.32 11.3
Qinshan - - 0.732 0.650 0.45 0.412 0.500 0.336
Maanshan 1-2 0.313 0.736 2.75 411 0.433 0.336 0.168 0.522
Czech Republic [N2]
Dukovany 1-4 0.19 0.34 0.094 041 0.31 0.17 0.095 0.077
Finland [F1]
Loviisal-2 18 52 35 19 041 0.073 0.056 0.012
France [E1]
Belleville 1-2 25 10 11 16 79 4.0 6.1 33
Blayais 1-4 73 40 25 11 10 14 49 22
Bugey 2-5 255 104 51 26 18 9.6 12 9.6
Cattenom 1-4 12 13 15 9.0 16 7.0 3.8 23
Chinon B1-B4 107 96 20 95 7.3 10 10 32
Chooz-A (Ardennes) 18 13 10 55 75 20 44 18
Chooz B1-B2 0.2 19
Cruas1-4 17 13 9.0 59 6.1 39 44 238
Dampierre 1-4 46 20 10 7.6 9.6 9.0 7.0 7.8
Fessenheim 1-2 34 18 13 6.8 59 22 2.7 6.1
Flamanville 1-2 32 40 11 6.9 7.9 34 20 238
Golfech 1-2 0.28 0.07 0.7 11 23 438 17 238
Gravelines 1-6 173 73 23 12 9.5 18 14 58
Nogent 1-2 28 6.0 3.0 3.0 17 3.0 3.0 32
Palud 1-4 180 62 24 9.9 85 9.2 46 6.5
Penly 1-2 26 20 4.0 3.8 33 18 16 17
St Alban 1-2 61 30 6.0 34 2.8 3.0 3.0 5.4
St. Laurent B1-B2 23 20 6.0 8.6 54 23 2.0 3.0
Tricastin 1-4 83 40 24 8.9 6.7 6.4 52 8.6
Germany [B3]
BiblisA-B 0.52 0.56 0.46 0.48 0.83 0.73 0.52 0.34
Brokdorf 0 0 0 0 0 0.11 0.026 0.022
Emdand 0.0087 0.0033 0.00065 0.0006 0.0007 0.00021 0.00001 0
Grafenrheinfeld 0.044 0.047 0.012 0.032 0.017 0.017 0.011 0.03
Greifswald 37 0.62 0.32 0.17 0.16 0.038 0.16 0.16
Grohnde 0.03 0.093 0.013 0.04 0.049 0.13 0.11 0.046
Isar 2 0.06 0.0039 0.0095 0.0083 0.0004 - 0.00029 0.012
Mulheim-Karlich 0.32 0.066 0.24 0.14 0.15 0.036 0.0089 0.0084
Neckarwestheim 1-2 0.091 0.098 0.045 0.021 0.016 0.028 0.104 0.026
Obrigheim 0.23 0.15 021 0.11 0.24 0.52 0.36 0.23
Philippsburg 2 0.39 0.18 0.49 0.61 0.92 0.44 0.29 0.43
Stade 0.52 0.49 0.45 0.32 0.049 0.37 0.18 0.13
Unterweser 0.15 0.36 021 0.23 0.11 0.16 0.20 0.12
Hungary [F2]
Paks 1-4 2.03 351 224 1.82 2.40 1.20 0.81 0.67
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Table 36 (continued)
Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997

Japan [J1, J5]

Genkai 1-4 0 0 0 0 0 0 0 0

Ikata 1-3 0 0 0 0 0 0 0 0

Mihama 1-3 0.016 0.0005 0.0030 0.0003 0.0001 0.0005 0 0

Ohi 1-4 0.0007 0 0.00008 0.0001 0 0 0 0

Sendai 1-2 0 0 0 0 0 0 0 0

Takahama 1-4 0 0 0 0 0 0 0 0

Tomari 1-2 0 0 0 0 0 0 0 0

Tsuruga 2 0.0043 0.00004 0 0.0002 0 0.00009 0 0
Netherlands [N7]

Borssele 19 13 0.83 0.58 0.73 0.62 0.38 13
Republic of Korea [K1]

Kori 1-4 48.7 0.61 494 1.03 1.80 0.86 0.43 0.11

Ulchin 1-2 1.48 1.67 054 0.93 1.40 0.57 0.26 0

Y onggwang 1-4 118 0.41 0.24 0.13 0.23 0.21 0.22 0.016
Russian Federation [M6]

Balakovo 1-4 0.17 021 0.25 0.13 0.74 0.33 0.19 0.65

Kalinin 1-2 0.25 0.46 1.60 1.68 1.64 153 1.46 118

Kolal-4 0.15 0.09 0.17 0.16 0.07 0.01 0.12 0.15

Novovoronezh 2-5 0.16 0.19 0.37 0.34 0.34 0.16 0.10 0.70
Slovakia[N2, 4]

Bohunice 1-4 0.15 0.97 0.29 0.2 0.14 0.15 0.085 0.078
Slovenia[S1]

Krsko 154 153 2.50 2.90 1.60 0.70 7.90 1.20
South Africa[C11]

Koeberg 1-2 1.56 1.16 249 213 59.8 59.7 575 474
Spain [C2]

Almaraz 1-2 28.7 17.6 124 7.87 174 244 144 12.7

Asco 1-2 332 333 24.68 284 31.9 52.1 124 19.8

José Cabrera 1 12.6 7.53 4.66 1.69 384 0.231 0.194 0.202

Trillo1 0.74 0.25 0.43 1.05 0.97 0.685 0.761 134

Vandellos 2 15.6 8.95 14.6 10 309 17.3 11.2 19.3
Sweden [N3]

Ringhals 2-4 235 75.9 102 91.4 98.1 81.1 482 47.3
Switzerland [F3]

Beznau 1-2 6.2 43 12 85 3 21 3.0 18

Gosgen 0.011 0.0014 0.0034 0.13 0.005 0.20 0.20 0.20
Ukraine[G3]

Khmelnitski 1 0.0096 0.0093 0.0078 0.0071 0.0067 0.0033 0.0062 0.0016

Rovno 1-3 0.48 0.55 0.48 0.99 3.05 8.10 2.61 1.94

South Ukraine 1-3 0.023 0.024 0.018 0.014 0.0067 0.0083 0.01 0.0086

Zaporozhe 1-6 0.13 0.42 0.17 0.81 0.20 0.47
United Kingdom [M7]

Sizewell B - - - - - - 19.9 21.3
United States[T3]

Arkansas One 1-2 96.6 142 201 82.4 52.4 829 49.1 24.6

Beaver Valley 1-2 94.1 11.6 12.6 14.7 7.62 14.8 41.4 13.7

Braidwood 1-2 158 747 387 353 38.2 29.7

Byron 1-2 437 248 152 46.6 66.8

Callaway 1 1.43 0.59 0.17 148 0.36 0.38 295 7.19

Calvert Cliffs1-2 52.3 58.8 53.1 57.0 389 20.6 12.7 17.8

Catawba 1-2 724 28.2 34.4 331 222 232 114 49

Comanche Peak 1-2 0.44 1.80 14.8 155 9.2 4.6 55 42

Crydtal River 3 229 6.66 60.3 19.6 433 230

DavisBese1 522 6.81 4.07 1.93 59.9 2.90 91.2 9.94

Diablo Canyon 1-2 104 31.3 275 36.4 84.7 405 14.3 8.6

Donald Cook 1-2 59.6 381 41.4 19.9 2.46 10.9 794 49.3
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Table 36 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
United States (continued)
Farley 1-2 6.18 17.4 139 133 11.3 11.0 5.03 7.37
Fort Calhoun 1 29.8 77.0 21.8 19.2 133 52.1 114
R. E. Ginna 5.55 5.62 12.7 5.07 3.38 1.46 4.79
Haddam Neck 99.5 275 6.40 309
Harris 1 27.0 245 11.6 2.88 59 6.0 2.7 24
Indian Point 1-3 50.7 58.7 64.5 30.7
Kewaunee 7.62 8.70 2.38 4.44 3.32 3.04 215 0.58
Maine Y ankee 6.92 15.3 9.29 5.99 6.27 9.12 5.91 3.29
McGuire 1-2 148 77.0 24.2 21.1 322 298 3.52 2.85
Millstone 2-3 416 187 168 127 479 61.6 26.5 10.8
North Anna 1-2 25.0 11.8 184 17.9 19.8 13.0 244 4.6
Oconee 1-2-3 115 51.8 95.5 174 135 144 12.7 12.6
Palisades 0.29 0.42 0.14 0.52 0.52 0.55 0.10 0.40
Palo Verde 1-3 0 0 0 0
Point Beach 1-2 0.43 218 159 8.58 5.56 5.59 1.78 8.95
Prairieldand 1-2 481 6.85 24.6 7.22 195 16.5 20.7 323
Rancho Seco 1 0.0077 0.0075 0.018 0.015
H. B. Robinson 2 133 8.73 8.14 2.02 1.97 325 2.95 0.99
Salem 1-2 227 209 255 254 185 126 184 215
San Onofre 1-3 224 19.6 17.3 53.0 105 12.1 6.9 12.2
Seabrook 1 0.082 451 4.40 3.40
Sequoyah 1-2 451 54.8 53.7 56.2 74.1 88.1
South Texas 1-2 485 370 143 321 18.0 327 38.9 235
St Lucie1-2 59.0 26.2 37.9 53.1 120 76.3
Surry 1-2 170 105 14.6 0.77 24 21 7.2 15.0
ThreeMileldand 1 0.88 1.30 0.96 3.28 1.92 255 0.16 0.26
Trojan 5.33 215 331 3.92 0.48 4.08 1.82 0.73
Turkey Point 3-4 10.4 27.2 221 17.6 225 2.76
Virgil C. Summer 1 13.2 225 8.25 7.14 17.3 423 5.83 234
Vogtle 1-2 47.3 11.3 7.12 56.3 283 15.0 37.6 21.3
Waterford 3 27.0 337 485 22.3 389 140 30.2 50.0
Watts Bar - - - - 181
Wolf Creek 11.7 784 10.8 26.1 406
Y ankee NPS 2.20 0.49 0.23 0.027 0.011 0.014 0.016 0.008
Zion 1-2 132 62.2 67.0 38.2 41.6 40.1 331 6.22
BWRs
China[T2]
Chin Shan 1-2 20.3 6.15 3.39 213 297 229 2.08 225
Kuosheng 1-2 9.06 422 17.3 8.70 258 5.39 234 3.52
Finland [F1]
Olkiluoto 1-2 31 22 17 95 11 24 16 95
Germany [B3]
Brunsbiittel 0.17 0.46 0.17 0.088 0.023 0.058 0.11 0.037
Gundremmingen B,C 0.49 0.5 0.51 0.55 0.99 0.48 0.64 11
Isar 1 0.28 0.069 0.16 0.25 0.25 0.15 0.16 0.14
Krimmel 0.016 0.015 0.012 0.012 0.009 0.016 0.014 0.0028
Philippsburg 1 0.65 0.25 0.18 0.52 0.42 0.25 0.84 0.92
Wiirgassen 04 0.52 0.61 0.42 1 0.12 0.11 0.098
India[B4]
Tarapur 1-2 1430 1420 1120 1210 762
Japan [J1, J5]
Fukushima Daiichi 1-6 0 0 0 0 0 0 0 0
Fukushima Daini 1-4 0 0 0 0 0 0 0 0
Hamaoka 1-4 0.0091 0.0052 0.0024 0.0006 0 0 0 0
Kashiwazaki Kariwa 1-7 0 0 0 0 0 0 0 0
Onagawa 1-2 0 0 0 0 0 0 0 0
Shikal - - 0 0 0 0 0 0
Shimane 1-2 0.0006 0.0015 0.0024 0.0022 0.0005 0.00007 0 0
Tokai 2 0 0 0 0 0 0 0 0
Tsuruga 1 0.0013 0.0065 0.0025 0 0 0 0 0
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Table 36 (continued)
Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997

Mexico [C5]

Laguna Verde 1-2 18.8 9.5 11.2 5.66 235 20.1 114 0.88
Netherlands [N7]

Dodewaard 9.12 9.24 8.35 6.68 8.89 12.9 133 55
Spain [C2]

Confrentes 0.1 0.18 0.15 0.13 0.11 0.063 0.119 0.392

S. Mariade Garona 0.57 0.24 3.58 0.58 1.64 0.591 0.765 0.650
Sweden [N3]

Barsebeck 1-2 454 104 105 26.1 26.6 57.8 194 58.3

Forsmark 1-3 230 245 118 156 118 60.5 724 115

Oskarshamn 1-3 140 167 129 102 68.3 97.6 130 51.1

Ringhals 1 70.0 54.0 111 118 247 69.5 479 155
Switzerland [F3]

Leibstadt 0.49 0.24 0.17 0.18 05 04 04 04

Muhleberg 4.7 2 18 37 19 17 20 37
United States[T3]

Big Rock Point 135 451 555 3.59 5.30 3.83 8.98 0.90

BrownsFerry 1-3 11.2 31.0 89.2 178 415

Brunswick 1-2 16.9 16.1 1.83 3.85 1.67 154 1.48 054

Clinton 1 0.92 1.26 0.67 0 0.00004 0 0.00003 0

Cooper 75.4 84.8 147 85.7 125 493 41.8 481

Dresden 2-3 26.3 282 0.82 5.99 148 2.30 0.98 053

Duane Arnold 1 0 0 0 0 0 0 0 0

Enrico Fermi 2 8.07 7.96 0.0056 0.055 0.40 0 0 0

Fitzpatrick 1.01 114 0.43 0.070 0.028 0.002 0.33 0

Grand Gulf 1 239 324 4.44 6.14 8.87 131 14.2 481

Hatch 1-2 12.6 282 34.2 31.3 36.8 14.3 145 10.8

Hope Creek 1 55.1 29.2 11.3 134 332 52.0 28.9 10.1

Lasalle1-2 091 0 0.011 0 0.16 0

Limerick 1-2 12.7 124 1.09 5.37 18.3 16.5

Millstone 1 522 50.3 17.1 474 2.20 0.95 1.06 0.88

Monticello 0 0 0 0 0 0 0 0

Nine Mile Point 1-2 242 6.22 9.62 433 3.96

Oyster Creek 0.0025 0.89 - 0 0 - 0.10 0

Peach Bottom 2-3 0.50 1.38 0.97 2.09 5.95 1.80 1.25

Perry 1 226 437 221 5.74 425 1.78 145

Pilgrim 1 0.59 1.48 0.12 0.85 0.10 2.83 0.34 4.89

Quad Cities 1-2 4.18 271 1.45 227 222 232 0.93 1.08

River Bend 1 27.3 134 61.4 36.0 168 109 16.9 19.6

Susguehanna 1-2 6.29 2.30 1.79 1.82 4.44 215 2.07 0.36

Vermont Y ankee 0 0 0.001 0 0 0 0 0

WPPSS 2 0.57 1.28 351 7.62 1.05 0.96 0.41

HWRs

Argentina [C3]

Atuchal 130 93 93 60 660 330 680 230

Embalse 35 20 2 2 16 43 46 20
Canada[A2]

Bruce 1-4 20 20 30 265 444 29 20 21

Bruce 5-8 4.0 3.0 5.0 5.15 59 9.6 45 14.8

Darlington 1-4 330 710 27 11 16 12 20 9.8

Gentilly 2 42 3.0 14 9.0 6.9 42 6.5 5.0

Pickering 1-4 52 44 48 348 37 17 13 7.3

Pickering 5-8 10 10 22 555 6.7 6.7 0 52

Point Lepreau 20 4.0 2.0 524 73 59 32 2.7
India[B4]

Kakrapar 1-2 - - -

Kalpakkam 1-2 264 23.6 26.3 353 255

Narora 1-2 0.04 0.94 145 11.3 314

Rajasthan 1-2 3.63 293 2.09 240 177
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Table 36 (continued)

Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
Japan [J1, J5]
Fugen 0.014 0.0047 0.011 0.0016 0 0 0 0
Pakistan [P2]
Karachi 85 133 13.0 222 8.9 52 4.8 5.3
Republic of Korea [K1]
Wolsong 1-2 0.20 0.20 0.30 0.55 0.43 0.17 0 0
Romania
Cernavoda 1 - - - - - - 0.04 7.15
United Kingdom [N5]
Winfrith 3994 665 115 55 63 29
GCRs
France [E1]
Bugey 1 0.2 2 1 0.9 3.7 0.6 25 6.9
Chinon A2-3 0.9 1 2 14 33 4.0 0.6 04
St Laurent A1-2 - - - - - - - -
Japan [J1, J5]
Tokai 1 0.034 0.016 0.016 0.0067 0.0015 0.0089 0.0064 0.0029
Spain [C2]
Vandellos 1 8.77 9.29 30.7 17.9 304 19.8 58.3
U.K.[M7,N4,N5]
Berkeley 329 496 156 378 144 134 49 72
Bradwell 324 453 1380 603 725 809 756 849
Calder Hall - - -
Chapelcross 110 110 70 270 310 160 111 40
Dungeness A 395 374 507 1720 996 802 836 792
Dungeness B1-B2 8.9 10.3 8.0 19 51 27 18 27
Hartlepool A1-A2 20 36 49 52 11 8.1 20 11
Heysham 1A-B, 2A-B 73 34 55 48 53 18 6910 19.7
Hinkley Point A 751 729 610 686 724 981 570 707
Hinkley Point B, A-B 38 27 16 15 21 17 9.0 15
Hunterston A1 320 280 210 290 210 150 141 165
Hunterston B1-B2 50 40 20 34 31 23 5.9 4.1
Oldbury A 429 372 397 505 394 363 186 273
Sizewell A-B 428 467 383 274 292 411 589 233
TornessA-B 18 7.0 15 9.8 15 23 18 38
Trawsfynydd 334 259 167 41 24 25 21 10
Wylfa 72 88 a4 68 54 53 61 46
LWGRs
Lithuania[E2]
Ignalina 1-2 258 31 22.6 4.2 7.7 16.6 5.9 6.1
Russian Federation [M6]
Bilibino 1-4 0.10 0.10 0.11 0.06 0.07 0.06 0.08 0.04
Kursk 1-4 0.03 0.0004 0.002 0.001 0.007 0.03 0.007 0.004
Leningrad 1-4 0.003 0.0004 0.003 0.003 0.008 0.001 0.003 0.003
Smolensk 1-3 0.09 0.08 0.04 0.02 0.03 0.02 0.03 0.03
Ukraine [G3]
Chernobyl 1-3 61.8 36.3 24.8 17.0 189 281 451 40.0
FBRs
France[E1]
CreysMalville 0.10 0.11 0.083 0.013 0.017 0.010 0.021 0.017
Phenix
K azakhstan [A6]
Bn-350 22.6 215 17.4 15.2 141 7.8 74 74




ANNEX C: EXPOSURES TO THE PUBLIC FROM MAN-MADE SOURCES OF RADIATION 277
Table 36 (continued)
Release (GBQ)
Country/reactor
1990 1991 1992 1993 1994 1995 1996 1997
Russian Federation [M6]
Beloyarsky 3 3.47 5.46 8.79 351 1.89 1.59 1.23 2.67
United Kingdom
Dounreay PFR
Release (GBQ)
Summary Reactor
parameter 1990 1991 1992 1993 1994 1995 1996 1997
All reactors
Total release PWRs 4609 3546 2 356 1718 1980 1454 1605 685
(GBg) BWRs 2329 2461 2040 2055 2044 662 620 511
HWRs 4588 1613 394 286 888 462 786 310
GCRs 3693 379 4125 5030 4079 4008 10350 3275
LWGRs 87.8 39.6 476 21.3 26.7 448 51.1 46.2
FBRs 26.2 271 26.3 18.7 16.0 94 8.7 10.1
All 15330 11480 8989 9130 9034 6 640 13420 4837
Annual PWRs 34 25 16 11 13 10 10 45
normalized BWRs 48 47 41 40 39 12 12 10
release HWRs 465 141 37 23 65 38 67 27
[GBq (GW a)7] GCRs 533 526 511 550 445 470 1380 361
LWGRs 8.2 38 54 22 35 56 5.8 59
FBRs 61 70 50 38 33 24 22 23
All 72 51 39 39 39 28 56 21
Average PWRs 19 8.1
normalized BWRs 43 11
release HWRs 130 44
1990-1994 GCRs 510 700
and 1995-1997 LWGRs 48 5.8
[GBqg (GW &)Y FBRs 49 23
All 48 35
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Table 37

Normalized releases of radionuclides from nuclear reactors

Normalized release [TBq (GWa)?]

Release Year
PWR BWR GCR HWR LWGR FBR Total @
Noble gases 1970-1974 530 44000 580 4800 5000° 150° 13 000
1975-1979 430 8800 3200 460 5000° 150° 3300
1980-1984 220 2200 2 300 210 5500 150° 1200
1985-1989 81 290 2100 170 2000 820 330
1990-1994 27 350 1600 2100 1700 380 330
1995-1997 13 180 1200 250 460 210 130
Tritium 1970-1974 5.4 1.8 9.9 680 26° 96° 48
1975-1979 7.8 34 7.6° 540 26° 96° 38
1980-1984 5.9 34 54 670 26° 96° 44
1985-1989 2.7 21 8.1 690 26° 44 40
1990-1994 2.3 0.94 47 650 26° 49 36
1995-1997 2.4 0.86 39 330 26 49° 16
Carbon-14 1970-1974 0.22° 0.52° 0.22° 6.3° 1.3° 0.12° 0.71
1975-1979 0.22 0.52°¢ 0.22° 6.3° 1.3° 0.12° 0.70
1980-1984 0.35 0.33 0.35° 6.3 1.3° 0.12° 0.74
1985-1989 0.12 0.45 0.54 4.8 1.3 0.12° 0.53
1990-1994 0.22 0.51 14 16 1.3° 0.12° 0.44
lodine-131 1970-1974 0.0033 0.15 0.0014° 0.0014 0.080° 0.0033° 0.047
1975-1979 0.0050 041 0.0014° 0.0031 0.080° 0.0050° 0.12
1980-1984 0.0018 0.093 0.0014 0.0002 0.080 0.0018° 0.030
1985-1989 0.0009 0.0018 0.0014 0.0002 0.014 0.0009° 0.002
1990-1994 0.0003 0.0008 0.0014 0.0004 0.007 0.0003° 0.0007
1995-1997 0.0002 0.0003 0.0004 0.0001 0.007 0.0002 0.0004
Particul ates 1970-1974 0.018°¢ 0.040°¢ 0.0010° 0.00004 ° 0.015° 0.0002° 0.019
1975-1979 0.0022 0.053 0.0010 0.00004 0.015° 0.0002° 0.017
1980-1984 0.0045 0.043 0.0014 0.00004 0.016 0.0002° 0.014
1985-1989 0.0020 0.0091 0.0007 0.0002 0.012 0.0002 0.004
1990-1994 0.0002 0.18 0.0003 0.00005 0.014 0.012 0.040
1995-1997 0.0001 0.35 0.0002 0.00005 0.008 0.001 0.085
Tritium 1970-1974 11 39 9.9 180 11° 2.9° 19
(liquid) 1975-1979 38 14 25 350 11° 2.9° 42
1980-1984 27 21 96 290 11° 2.9° 38
1985-1989 25 0.78 120 380 11° 0.4 41
1990-1994 22 0.94 220 490 11° 18 48
1995-1997 19 0.87 280 340 11° 1.7 38
Other 1970-1974 0.20° 20° 55¢ 0.60 0.20° 0.20° 21
(liquid) 1975-1979 0.18 0.29 4.8 0.47 0.18° 0.18° 0.70
1980-1984 0.13 0.12 45 0.026 0.13° 0.13° 0.38
1985-1989 0.056 0.036 12 0.030 0.045° 0.004 0.095
1990-1994 0.019 0.043 0.51 0.13 0.005 0.049 0.047
1995-1997 0.008 0.011 0.70 0.044 0.006 0.023 0.040

a Waeighted by thefraction of energy generated by the reactor types.

b Estimated value.

C

Data available for one year only.
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Table 38

Collective effective dose per unit release of radionuclides from reactors

) . Collective dose per unit release ®
Type of release Radionuclide Pathway (man v PBY)
Airborne Noble gases
PWR Immersion 0.11°°(0.12)
BWR Immersion 0.43 (0.26)
GCR Immersion 0.90 (0.011)
Tritium Ingestion 21(11)
Carbon-14 Ingestion 2709 (1 800)
lodine® External 45
Ingestion 250
Inhalation 49
All pathways 300 (340-510)
Particulates External 1080
Ingestion 830
Inhalation 33
All pathways 2000 (5 400)
Liquid Tritium Ingestion 0.65 (0.81)
Particulates Ingestion 330 (20-170)
a Previoudy assessed values [U3] indicated in parentheses unless unchanged.
b Alsoassumed for LWGRsand FBRs.
¢ Alsoassumed for HWRs.
d Local andregional.
e Expressedintermsof .

Table 39

Normalized collective effective doses from radionuclides released from reactors, 1990-1994

. Collective effective dose per unit electrical energy generated [man Sv (GWa) ]
Electrical
Reactor
o energy
P generated Airborne effluents Liquid effluents
(%)

Noble gases °H kca 131 Particulates °H Other
PWR 65.04 0.003 0.005 0.059 0.0001 0.0004 0.014 0.006
BWR 21.95 0.15 0.002 0.14 0.0002 0.36 0.0006 0.014
GCR 3.65 144 0.010 0.38 0.0004 0.0006 0.14 0.17
HWR 5.04 0.23 14 0.43 0.0001 0.0001 0.32 0.043
LWGR 4.09 0.19 0.05 0.35 0.002 0.028 0.007 0.002
FBR 0.24 0.042 0.10 0.032 0.00009 0.024 0.0012 0.016
Weighted average 0.11 0.075 0.12 0.0002 0.080 0.031 0.016
Total 0.43

a

Local and regional components only.
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Table 40

Radionuclides released from fuel reprocessing plants

Fuel Release in airborne effluents (TBQ) Releasein liquid effluents (TBq)
Year reprocessed
(GW a) 3H 14C 85Kr 129| 131| 137CS 3H 14C 909. 106Ru 129| 137CS
France (Cap de La Hague) [C4]
1970 2300 0.00026 61 2 100 89
1971 0.9 4400 0.0074 0.00081 78 8.3 143 243
1972 31 8900 0.1 84 16 140 33
1973 26 8500 0.026 110 19 132 69
1974 7.1 27 000 0.019 <0.00001 281 52 269 56
1975 33 24000 0.067 411 376 415 34
1976 18 13000 0.00021 0.011 264 20 278 35
1977 14 23 25000 0.0022 0.00007 <0.00001 331 36.4 270 51
1978 1.6 44 29000 0.01 0.0001 <0.00001 729 70 401 39
1979 29 7.1 24000 0.0074 0.028 539 56 374 23
1980 2.8 9.2 30000 0.017 0.00033 <0.00001 539 294 387 27
1981 33 10 36 000 0.0098 0.00031 <0.00001 710 271 331 39
1982 37 6.3 51 000 0.015 0.00018 810 86.3 469 51
1983 52 8.3 50 000 0.021 0.0005 <0.00001 1170 141.8 337 0.1 23
1984 48 85 27000 0.027 0.00051 <0.00001 1460 109.6 351 0.1 30
1985 9.3 33 71000 0.021 0.00057 0.00008 2600 47 437 0.13 29
1986 7.2 6.1 29000 0.011 0.00041 <0.00001 2310 68.5 403 0.13 10
1987 9.1 15 35000 0.014 0.00054 <0.00001 2960 57 525 7.6
1988 7.1 21 27 000 0.021 0.00059 2540 395 259 0.20 85
1989 10.8 25 42 000 0.027 0.00077 <0.00001 3720 285 275 0.26 13
1990 12.3 25 26 63 000 0.018 0.00053 <0.00001 3260 15.8 150 0.33 13
1991 185 28 23 100 000 0.023 0.00074 <0.00001 4710 29.8 18 0.46 5.6
1992 16.4 30 2 95 000 0.011 0.00038 <0.00001 3770 175 11 0.48 3.0
1993 215 42 38 120 000 0.010 0.00058 <0.00001 5150 24.6 8 0.65 44
1994 343 55 54 180 000 0.021 0.00049 <0.00001 8090 15.6 14 11 11
1995 434 84 85 230 000 0.032 0.00078 <0.00001 9610 29.6 15.2 15 4.6
1996 43.0 75 12 260 000 0.038 0.0015 <0.00001 10500 9.94 10.6 16.9 17 24
1997 49.8° 76 17 300 000 0.017 0.0012 <0.00001 11900 9.65 37 19.6 16 25
Japan (Tokai) [J1, J5]
1977 0.04 0.25 810 0.00016 0 4.8 0.00014 0 0 0.00093
1978 0.11 0.93 1800 0.00081 0 30 0.00004 0.0044 0.0011 0.0010
1979 0.18 0.85 1800 0.00032 0 59 0.00009 0.0025 0.0018 0.00028
1980 0.61 35 7400 0.0007 0 160 0.00002 0.00044 0.00017 0.00022
1981 0.60 3.6 7 800 0.00041 0 140 0 0.00033 0.00004 0.00017
1982 0.54 4.1 7 800 0.00056 0 200 0.00001 0.00023 0.00001 0.00014
1983 0.01 15 180 0.00009 0 5.6 <0.00001 0 <0.0001 0.00002
1984 0.12 0.67 1300 0.00004 0 32 0.00006 0 <0.00001 0
1985 12 2.8 10000 0.001 0 260 <0.00001 0 0.00009 0.00008

08¢
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Table 40 (continued)

Fuel Release in airborne effluents (TBQ) Releasein liquid effluents (TBq)

Year reprocessed

(GW a) 3H 14C 85Kr 129| 131| 137CS 3H 14C 909. 106Ru 129| 137CS
1986 12 2.7 13000 0.0023 0 240 0.00003 0 <0.00001 0.00017
1987 0.93 37 12 000 0.00014 0 260 <0.00001 0 <0.00001 0.00015
1988 0.17 25 2700 0.00009 0 74 0 0 0 0.00009
1989 11 37 9800 0.00024 0 240 0 0 0.00001 0.00004
1990 15 42 13000 0.000024 0 - 360 - 0 0 0.00004 0
1991 15 32 0.34 15000 0.00030 0 - 330 - 0 0 0.00003 0.00003
1992 15 2.8 0.78 9800 0.00030 0 - 380 - 0 0 0.00007 0.00007
1993 0.8 22 0.31 5300 0.00024 0 - 160 - 0 0 0.00005 0.00005
1994 15 54 0.80 18 000 0.00033 0 - 490 - 0 0 0.00007 0.00007
1995 1.0 38 0.44 8600 0.00016 0 - 220 - 0 0 0.00008 0
1996 15 37 0.48 12000 0.00016 0 0.001 240 - 0 0 0.00005 0
1997 0 15 0.0047 16 0 0 - 36 - 0 0 0.00001 0

United Kingdom (Sellafield) [B5, J2]

1970 443 9.0 0.022 0.027 0.066 6200 1.0 230 1000 0.10 1200
1971 443 10.0 0.022 0.069 0.13 1200 1.0 460 1400 0.10 1300
1972 26 303 17.3 37000 0.022 24 0.015 1240 1.0 562 1130 0.10 1289
1973 443 243 0.022 0.13 0.068 740 1.0 280 1400 0.10 770
1974 443 17.3 0.022 0.0013 0.038 1200 1.0 390 1100 0.10 4100
1975 32 444 20.3 44000 0.022 0.0011 0.096 1400 1.0 466 762 0.10 5230
1976 32 444 323 44 000 0.024 0.009 0.11 1200 1.0 381 766 0.13 4289
1977 21 296 26.3 33000 0.018 0.0078 0.49 910 1.0 427 816 0.096 4480
1978 18 222 8.6 26 000 0.0078 0.045 051 1000 1.0 597 810 0.074 4090
1979 25 290 7.3 35000 0.017 0.091 051 1200 1.0 250 390 0.12 2600
1980 22 252 85 31000 0.045 0.0033 0.93 1280 1.0 352 340 0.14 2970
1981 3.7 459 19.3 52 000 0.027 0.90 0.19 1966 1.0 277 530 0.19 2360
1982 31 360 95 44000 0.033 0.017 0.054 1750 1.0 319 420 0.10 2000
1983 3.0 268 7.3 41 800 0.027 0.015 0.046 1831 1.0 204 553 0.20 1200
1984 2.7 349 7.3 37 100 0.030 0.006 0.040 1586 1.0 72 348 0.10 434
1985 17 268 7.3 23800 0.021 0.006 0.036 1062 13 52 81 0.10 325
1986 38 171 57 53300 0.030 0.003 0.038 2150 26 18.3 28 0.12 17.9
1987 24 783 9.8 34000 0.019 0.0035 0.0071 1375 21 15 221 0.10 11.8
1988 2.8 186 36 39700 0.024 0.0022 0.0038 1724 3 10.1 236 0.13 133
1989 3.7 677 4.2 51 700 0.024 0.0021 0.0026 2144 2 9.2 25 0.17 28.6
1990 3.8 593 4.1 37 600 0.012 0.0012 0.0028 1699 20 4.2 16.5 0.11 235
1991 45 619 5.8 44 600 0.012 0.0019 0.0036 1803 24 4.1 18.7 0.16 15.6
1992 2.7 324 25 27 400 0.019 0.0016 0.0020 1199 0.8 4.2 12.6 0.07 153
1993 57 860 114 57 000 0.039 0.0020 0.0007 2309 20 17.1 171 0.16 21.9
1994 3.8 550 4.2 38 000 0.024 0.0017 0.0007 1680 8.2 28.9 6.7 0.16 13.8
1995 6.9 580 4.2 97 000 0.020 0.0011 0.0006 2700 12 28 7.3 0.25 12
1996 7.1 530 38 100 000 0.025 0.0023 0.0009 3000 11 16 9.0 041 10
1997 6.8 170 18 95 000 0.025 0.0026 0.0006 2600 44 37 9.8 0.52 7.9

a Edimated based on normalized ®Kr release of 6,020 TBq (GW a)™.
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Table 41

Normalized releases and collective doses in fuel reprocessing

Normalized release [TBq (GWa) ]

Fuel
Year reprocessed Airborne effluents Liquid effluents
(vaa) 3H 14C 85Kr 129| 131| 137CS 3H 14C 909. 106Ru 129| 137CS
1970-1979 29.2 93 7.3 13920 0.006 0.12 0.09 399 04 131 264 0.04 1020
1980-1984 36.3 48 35 11 690 0.007 0.03 0.04 376 0.3 45 112 0.04 252
1985-1989 62.5 24 21 7263 0.003 0.0003 0.002 378 0.8 75 33 0.03 74
1990-1994 131 24 04 6300 0.001 0.00009 0.00008 270 0.8 20 21 0.03 1.0
1995-1997 160 9.6 0.3 6900 0.001 0.00005 0.00001 255 04 0.8 05 0.04 0.2
Collective effective dose per unit release (man Sv TBg'?)
Fudl Airborne effluents Liquid effluents
Year reprocessed 34 uc 8Ky 129) 13 370g 34 uc wg 106, 129) 3
(GWwa) 0.0021 0.27 0.0000074 44 0.3 74 0.0000014 1.0 0.0047 0.0033 0.099 0.098
Collective effective dose (man Sv) #
Fuel Airborne effluents Liquid effluents
Year reprocessed
(vaa) 3H 14C 85Kr 129| 131| 137CS 3H 14C 909. 106Ru 129| 137CS
Pre-1970 2.3° 0.5 45 0.2 0.6 0.08 16 0.001 0.9 14 20 0.009 230
1970-1974 7.0 14 14 0.7 19 0.25 4.9 0.004 27 4.3 6.1 0.03 704
1975-1979 222 4.3 44 23 5.9 0.79 15 0.01 8.7 14 19 0.09 2220
1980-1984 36.3 37 35 31 11 0.28 11 0.02 12 7.6 13 0.1 895
1985-1989 62.5 31 36 34 9.5 0.006 0.80 0.03 48 22 6.9 0.2 46
1990-1994 131 6.6 13 6.1 84 0.003 0.08 0.05 98 12 0.9 04 12
1995-1997 160 32 13 8.2 6.9 0.002 0.02 0.06 66 0.6 0.3 0.6 39
Total 420 23 158 24 44 14 34 0.18 236 31 49 14 4110
280 4430

4710

a
b

Collective doses prior to 1970 and in 1970-1974 and 1975-1979 are estimated using the normalized rel ease estimates of 1970-1979.

Estimated to be 8% of electrical energy generated.
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Table 42

Normalized activity releases of globally dispersed radionuclides from reactors and reprocessing plants

Normalized release [TBq (GWa)?]

Years Fromreactors Fromreprocessing plants
3H 14C 3H 3H (tO %a) 14C 85Kr 129|
Pre-1970 67 0.71 93 399 7.7 13920 0.046
1970-1974 67 0.71 93 399 7.7 13920 0.046
1975-1979 80 0.70 93 399 7.7 13920 0.046
1980-1984 83 0.74 48 376 3.9 11 690 0.042
1985-1989 82 0.53 24 378 29 7 260 0.029
1990-1994 84 0.44 24 272 11 6330 0.030
1995-1997 54 0442 9.6 255 0.7 6 900 0.038
a Edimated value.
Table 43
Activity releases of globally dispersed radionuclides from reactors and reprocessing plants
Electrical energy Fuel Release (TBQ)
Years generated reprocessed
(GWa) (GWa) °*H °H (to sea) ¥c 8Ky 129
Pre-1970 28.8 2.30 2146 919 38 32060 0.11
1970-1974 87.7 7.04 6543 2809 116 97 970 0.32
1975-1979 277 222 24200 8858 364 308 900 101
1980-1984 514 36.3 44 330 13 640 523 424 400 153
1985-1989 937 62.5 77 960 23660 672 454 000 1.79
1990-1994 1147 130 98 900 35390 650 823700 3.87
1995-1997 767 160 42 830 40770 442 1102 000 6.14
Total 3757 420 296 900 126 000 2805 3243000 14.8
Table 44

Collective dose commitment (10,000 years) from globally dispersed radionuclides released from reactors and
reprocessing plants

Collective effective dose (man Sv) P

Normalized

Years collective effective dose
°H °H (to sea) ¥c BKr 29 Total [man Sv (GWa) "]

Pre-1970 4.3 0.2 2670 64 21 2740 95
1970-1974 13 0.6 8140 196 6.4 8350 95
1975-1979 48 1.8 25510 618 20 26 200 95
1980-1984 89 2.7 36580 849 31 37550 73
1985-1989 156 47 47 070 908 36 48180 51
1990-1994 198 7.1 45 470 1650 77 47 400 41
1995-1997 86 8.1 30930 2200 123 33350 43
Total 594 25 196 400 6 490 295 203 800 54

a  Collective dose per unit release (man Sv TBgY): *H, 0.002; *H (to sea), 0.0002; *“C: 70; ®Kr, 0.002; **I, 20.
b  Assumesworld population at time of release: 5 10° (for *H and ®Kr); 10' (for **C and ).
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Table 45

nuclear fuel cycle ®

Normalized collective effective dose to members of the public from radionuclides released in effluents from the

Normalized collective effective dose [man Sy (GWa)?]

Source
1970-1979 1980-1984 1985-1989 1990-1994 1995-1997
Local and regional component

Mining 0.19 0.19 0.19 0.19 0.19
Milling 0.008 0.008 0.008 0.008 0.008
Mine and mill tailings (releases over five years) 0.04 0.04 0.04 0.04 0.04
Fuel fabrication 0.003 0.003 0.003 0.003 0.003
Reactor operation

Atmospheric 2.8 0.7 04 04 04

Aquatic 04 0.2 0.06 0.05 0.04
Reprocessing

Atmospheric 0.3 0.1 0.06 0.03 0.04

Aquatic 8.2 18 0.11 0.10 0.09
Transportation <0.1 <0.1 <0.1 <0.1 <0.1

Total (rounded) 12 31 0.97 0.92 0.91

Solid waste disposal and global component

Mine and mill tailings (rel eases of radon over 10,000 years) 75 75 75 75 75
Reactor operation

Low-level waste disposal 0.00005 0.00005 0.00005 0.00005 0.00005

Intermediate-level waste disposal 0.5 0.5 0.5 0.5 0.5
Reprocessing solid waste disposal 0.05 0.05 0.05 0.05 0.05
Globally dispersed radionuclides (truncated to 10,000 years) 95 70 50 40 40
Total (rounded) 100 80 60 50 50

a Analyssisbased on reported releases per unit electrical energy generated and presently adopted dose coefficients. These results may, therefore, differ

somewhat from earlier evaluations by the Committee.
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Table 46

Local and regional component of the collective effective dose to members of the public from radionuclides
released in effluents from the nuclear fuel cycle

Normalized collective effective dose Collective effective dose
Electrical [man Sv (GWa) "] (man Sv)
Years energy
generated Mining, milling, Mining, milling,
(GWa) fuel fabrication, oRira;Iioén r rglcj n fuel fabrication, OR;a;I%n r rglcj n
transportation P eprocessing transportation P eprocessing
Pre-1970 28.8 0.24 39 8.4 7 110 240
1970-1974 87.7 0.24 6.7 8.4 21 590 740
1975-1979 276.6 0.24 20 8.4 66 550 2330
1980-1984 513.7 0.24 0.9 1.9 120 460 990
1985-1989 936.0 0.24 0.4 0.2 220 390 150
1990-1994 1146.7 0.24 0.4 0.1 280 490 150
1995-1997 767.2 0.24 0.4 0.1 180 320 100
Total 900 2900 4700
Table 47

Estimated amount of *!| used in medical radiation therapy

Health Fraction Treatments per 1,000 population Total activity
care of world administered *
level population Thyroid cancer Hyperthyroidism (TBq)

| 0.26 0.038 0.15 410
I 053 0.01 0.02 190
1l 011 0.0027 0.017 15
% 0.10 0 0.0004 -

600

Total (rounded)

a Assumestotal world population of 6 10° and average amounts administered per treatment of 5 GBq (thyroid cancer) and 0.5 GBq (hyperthyroidism).
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