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Exposures from man-made sources of radiation
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INTRODUCTION
1. Several practices and activities of man involving rcactors to cvaluate the total releases of radionuclides

the production and use of radionuclides have resuited
in releases of radioactive malerials to the environment.
Some of these activities have ccased, such as testing
of nuclear weapons in the atmosphere, and some are
continuing, such as clectrical cnergy generation by
nuclcar reactors and radicisotope production and
usage. In carrying out thesc aclivitics, scveral
accidents have occurred at nuclear installations and
waste storage siles and in the transport of weapons or
nuclcar matcrials, causing in somc cascs significant
contamination of the local environment. The purpose
of this Annex is to cvaluate and compare the
collective doses to the local and global populations
from these various man-made sources of radiation
cxposures.

2. Most of these subjects have been dealt with in
the past by the Committee in scparale assessmcents.
Aumospheric nuclear testing and nuclear power
production, in particular, have been cxiensively
analyscd. In this Annex, the evaluation procedures are
summarized, and the dose calculations are exiended.
For nuclear powcer production, cstimates of average
rcleases per unit clectrical energy generated are
combined with data on enecrgy gencrated by all

worldwide and the collective dose from the beginning
of this practice. For the first time since the Commitice
began its assessments of exposures from nuclear
power production, there is complete rcporting of
radionuclides rcleased from all reactors in opcration in
all countrics for the latest evaluation period. The
Commitlee acknowledges the cooperation of a great
many scientists and officials who have made these
data available for this evaluation.

3. A number of sources cannot be so systematically
cvaluated. These include rcleases from the use of
radioisotopes in industrics or hospitals, in which only
trace contamination and very low doses result, and in
the military fuel cycle, for which data have been
restricted and the dose cvaluations have therefore
remained incomplete and uncertain, In this Annex the
Commitice considers these various sources 1o the
extent possible to provide a comprehensive assessment
of exposurcs from man-made sources.

4.  Exposures from accidents of environmental
significance are summarized here. Most of the doses
resulting from these sources were evalualed in detail
at the time of occurrence, in particular the doses
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throughout the northern hemisphere from the Cherno-
byl accident, presented in the UNSCEAR 1988 Report
[U1]. However, further data arc hecoming available on
some accidents that occurred many ycars ago, when
the full disclosure of details was not possible. This
information is considered here to provide indications
of the population doses that were received. Evaluations
of doses to populations living ncar nuclear lest sites

have been undertaken, and some dose estimates have
been provided in published reports. These results are
also included in this Annex. For the various sources,
the collective doses evaluated arc those committed by
the specific releases. If less than the complete dosc
commitments have been evaluated, the integration
times are specified in the discussions for cach type of
source.

1. ATMOSPHERIC NUCLEAR TESTING

5. A very important concern of the Committee
since its inception has been to cvaluate the exposures
caused by nuclear explosions in the atmosphere. The
first atmospheric nuclear explosions took place in
1945. Subscquent testing of nuclear weapons in the
atmosphere occurred untit 1980, with periods of
intensive testing in the years 1952-1954, 1957-1958
and 1961-1962. A limited nuclear test ban treaty
(Treaty Banning Nuclear Weapon Tests in the
Atmosphere, in Outer Space and Under the Water)
was signed in August 1963, and much less frequent
testing in the atmosphere occurred subsequenty.

6. Exposures from nuclear wcapons lests in the
atmosphere have been reviewed by the Committce in
all its previous reports until the cessation of the
practice [U3-U10]. As there have been no lests in the
atmosphere since Oclober 1980, the most rccent
analysis prepared by the Committee, in the UNSCEAR
1982 Report [U3], remains complete and valid. Thesc
results and the generally applicable metbodologics of
exposure assessment are summarized here.

7.  The basic quantity of radiation dose evalualions
for radionuclides released to the environment is the
dose commitment. Dose commitments are calculated
from the input of radionuclides into the environment,
using transfer cocfficients relating appropriate
lime-integrated  quantities in  environmental
compartments and in man. Schematic represcntation of
the methodology uscd by the Committee for evaluating
cxposures {rom radionuclides rclcased in nuclear
testing is illustrated in Figure 1. Transfer coefficients
arc uscd to relate input, integrated concentrations of
radionuclides and dose in successive environmental
compartments. For example, the transfer coefficient
from dict to tissue is the ratio of the integrated
concentration of the radionuclide in tissuc to that in
diet and is designated P44, Transfers linking input to
dose are determined by the sequential multiplication of
wransfer cocfficients. Transfers by parallel pathways
are assumed 1o be independent and are thus additive.

For the transfers indicated in Figurc I, the dose
commitment for a specific radionuclide and a given
tissue, D, due to an environmental input Ag into the
atmosphere is given by

D¢ = Poy[P12Po3PyyPys + (1)

* PiyPys + Pys + P;pPys]Ag
8.  In this formula the transfer coefficient Py is the
integrated concentration of a radionuclide in air at a
specified locatjon or averaged for a broader region,
divided by the amount released. The first term in the
brackets relates the subsequent transfer to deposition,
diet, tissue and dose via ingestion. The second term
(P14 Py4s) is the wransfer from the atmosphere to tissue
and dosc via inhalation. The third term (P5) accounts
for direct (cloud gamma) irradiation from the radio-
nuclide in air. The fourth term is the component of
external irradiation from radionuclides dcposited on
the ground. Some minor pathways (e.g., resuspension)
have not been indicated in Figure I, but these are
taken into account in determining the integrated
concentrations in the compartments. To this extent, the
model indicales compartment interrelationships rather
than mechanical transfer pathways. Although the ter-
minology was developed for evaluations of doses {rom
radionuclides produced in atmosphcric nuclear testing,
the methodology is generally applicable to any source
of rclease of radionuclides to the air or terrestrial
environment.

A. ENVIRONMENTAL INPUT

9. A nuclear device derives its explosive cnergy,
usually expressed in kilotonnes or megatonnes of TNT
equivalent, from one or both of two nuclcargroccsscs:
fission of the heavy nuclides 35y and 2%y in a
chain reaction and fusion of the hydrogen isolopes
deuterium and tritium in a thermonuciear process.
Fission produces a whole spectrum of different
radioactive nuclides, while fusion in principle creates
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only tritium, However, because a thermonuclear device
needs high pressures and temperatures to ignile it, in
practicc a fission device is nceded as a primary stage
to provide these conditions. Also in practice, the
nuclear reactions do not proceed to ultimate comple-
tion, so somec residual amounts of tritium will also
remain. Thus, the explosion of a fusion charge always
implies that at lcast some residual radioactive material
is released. Many thermonucicar devices also produce
large amounts of radioactive debris in a second fission
stage, where high cnergy ncutrons from the fusion
rcactions arc utilized to split the atoms of a 238y
blanket In some fission charges a small thermonuclear
stage is used primarily to make ncutrons and boost the
utilization of the fissile material.

10. The cxact composition of products of the fission
pracess depends on the mixture of fissioning nuclides
(235U, 3%y and 238U) and on the ncutron cnergics
involved. However, for the purposc of estimating dose
commitments, it is sufficient to use average production
values per unit fission yicld. These are dominated by
the 238y high-cnergy neutron fission mode, as this
type of fission was the predominant onc in past atmo-
spheric testing.

11. Ncutron activation products are produced in
significant amounts in fusion explosions from
reactions of neutrons with surrounding materials, such
as nitrogen in the air and the construction materials of
the device. One very imFonam such product is e,
which is madc in the 4N(n,p)”C rcaction in the
atmosphere. The fusion yiclds are thus of interest for
cstimating doses from certain radionuclides. Fusion
yiclds are also important, as they are the second part
of the total yield, which govems the altitude to which
the nuclear cloud rises and, as a result, the time delay
before the debris reaches man.

12, A total of 520 atmospheric nuclear explosions
(including 8 undcrwater) have occurred at a number of
locations [D2, D8, Z1]. Bascd on a survey of
published estimates of nuclear yiclds of different tests
and mcasurements of deposited amounts of radioactive
materials, Bennett [BS] compiled a list of individual
yiclds of atmospheric nuclear cxplosions and the
partitioning of dcbris between different parts of the
almosphcre. As accurate data on individual tests have
not gencrally been available, this information is of
course somewhat uncertain. Summed yiclds during
certain periods of time, however, do agrec with
reporied total yiclds for these time intervals, and the
integrated depositions of long-lived fission products
are reasonably consistent with the estimates. The
estimates of fission, fusion and total yiclds exploded
in the atmosphere for each ycar since 1945 are
illustrated in Figure I

13.  There were two main periods when most of the
radioactive debris produced in nuclear explosions was
injected into the atmosphere, namely 1952-1958 and
1961-1962. About 42% of all fission yicld in the
almosphere was cxploded in the former period and
47% in the latter, adding up to 89% for the 11-ycar
period from 1952 through 1962. The corresponding
numbers  for fusion yicld are 25% and 72%,
respectively, giving a total of 97% for the 1952-1962
period. Less than 0.5% of the total fission yicld and
completely insignificant amounts of fusion yield were
exploded before 1952, leaving 11% and 3%,
respectively, for the period since 1962. About 90% of
the fission yicld was duc to explosions in the northern
hemisphere.

14. The total explosive yicld from past atmospheric
nuclear weapons tests amounts to 545 Mt, consisting
of 217 Mt from fission and 328 Mt from fusion. The
contributions of local, tropospheric and stratospheric
fallout to total fallout are 12, 10 and 78%,
respectively. Local fallout, which is loosely defined as
that part of the debris that deposits on the ground in
the vicinity of the test site, has not previously been
considcred by the Committee in its dose assessments
because nuclear wcapons tests were conducted in
isolated arcas.

15. The major radionuclides produced in atmospheric
nuclear testing from the standpoint of doses delivered
are listed in Table 1, along with the basic data of
radioactive half-life, mode of decay, fission yicld and
amounts rcleased into the atmosphere (local fallout
excluded).

B. DEPOSITS ON THE EARTH'S SURFACE

16. The Committec has traditionally estimated
collective elfective doses committed to the populations
of the 40°-50° latitude bands in the northern and
southern hemispheres (zones of maximum fallout), 10
the population of the whole northern hemisphere and
the whole southern hemisphere, and 1o the entire
world’s  population.  Fission products, residual
radionuclides of the weapons matcrials and activation
products have been considered in the dosc assessment.

17. The committed collective effective dose to those
populations from past atmospheric testing arises
mainly from cxternal irradiation from the radionuclides
deposited on the carth’s surface and internal exposure
from radionuclides incorporated into ingested foods.
Since the doses from these pathways arc strongly
related to the amounts of radionuclides deposited on
the ground, the first step in the dosc assessment

o —
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consists in estimating the deposition densitics in the
latitude bands considered for the radionuclides of
interest. For this purpose, the Committee has relied
upon extensive measurcments of 90Sr, 895; and Bzr
for the assessment of the activities of all radionuclides
present in the environment in a solid form. This is the
casc for all radionuclides considered in this Scction,
with the exception of 3H and MC.

18 The deposition of %St has been monitored
worldwide in a network of between 50 and 200 sta-
tions operated by and in cooperation with the Environ-
mental Mcasurements Laboratory (EML), formerly the
Health and Safety Laboratory (HASL) [H7]. The
global deposition of %St has also been estimated by
others, such as the United Kingdom Atomic Energy
Authority [C2], with a network of 8 stations in the
United Kingdom, and 18 stations elsewhere. When
results of these two networks are compared, the annual
values are found to differ by up to 50%, but the
integrated and cumulative depositions agree to within
2% [L2]. Because the United States network has been
the Jargest and most widely distributed, the data
collected by it have been adopted by the Committee.
The total hemispheric annual deposition values are
calculated by averaging the deposition density over all
collecting stations in cach 10° latitude band,
multiplying by the arca of the respective band and
then summing all nine bands of the hemisphere [L2].

19. Data on the time-integrated deposition of 0Sr in
cach 10° latitude band of the globe are given in
Table 2. Becausc the last atmospheric nuclear weapons
test occurred in 1980, and deposition of radioactive
acrosols takes place within a few years, it can be
considered that the deposition of "™ Sr produced by
past atmospheric tests is essentially complete. Also
shown in Table 2 are the areas of the latitude bands
and the population distribution in these regions. The
latitudinal population distribution is used lo calculate
the population-weighted deposition densities, which
arc then used as the basis for estimating the per caput
doses and dose commitments from “Sr. Owing to its
rather well-known gcographical distribution, ™ 'Sr is
used as a fallout indicator for all long-lived radio-
nuclides (defined here as those radionuclides with a
radioactive half-life greater than 100 days) from past
nuclear tests; “OSr deposition values are therefore the
basic information for estimating dosc commilments
from a number of radionuclides. For long-lived
nuclides that deposit over several years, the method of
using %St as an indicator and applying a production
ratio corrected for decay can be expected to yield
adequate estimates of deposition densities. The uncer-
taintics atlached to the deposition estimates increasc as
the physical half-life of the radionuclide considered
decreases.

20. Short-lived radionuclides (in this context,
nuclides with hall-lives from 8 to 100 days) show
different fallout patierns. These vary not only with the
half-life of the radionuclide but also with its decay
chain and the chemical properties of the clements
involved, becausc they determine the type of particles
that the radionuclide will tend to be incorporated into
and thus its subscquent dissemination pattern. As the
deposition of all short-lived nuclides that might be of
interest was not measured globally during the periods
of atmospheric lesling, a paticrn drawn mainly from
data on **Zr and #Sr has been used to infer deposi-
tion of all short-lived radionuclides [U3, U4].

21.  The population-weighted deposition densities of
95Zr in past tests are given in the last column of
Table 2. Zirconium-95 has been chosen as the indi-
cator for sbort-lived nuclides because it is a compara-
tively well-mapped radionuclide with a suitable balf-
life and it is commonly used in studies of fractionation
(deviations of actual radionuclide ratios in fallout
compared to what can be calculated from production
yields and decay). The corresponding deposition densi-
tics of other short-lived nuclides are calculated by
multiplying by an empirical factor that accounts for
the difference in half-life and possible fractionation
phenomena. However, the error introduced can be
quite large, as the empirical factors in most cases are
based on rather limited data and dcposition patterns
have varied among tests.

22. Theratios used 1o derive the population-weighted
deposition densities of the radionuclides formed in
atmospheric nuclear tests (based on St for the
long-lived radionuclides, with the exception of >H
and 1*C, and on % Zr for the short-lived radionuclides)
arec presented in Table 3, along with the popula-
lion-wcighted average deposition densities obtained by
this method for the 40°-50° latitude bands of cach
hemisphere, for each hemisphbere and for the world.

23. This method has not been used for °H or e,
because these radionuclides are readily recycled in the
biosphere and become homogencously disseminated in
the hemisphere in which they are released within a
time that is short in comparison to their radioactive
half-lives. The interhemispheric transfer of radio-
nuclides other than isotopes of the inert noble gases is
very limited because of tropospheric wind patierns and
efficient scavenging by precipitation in the tropical
latitudes. The dose commitments from >H and *4C arc
bascd on a comparison with the doses and production
rates of these radionuclides in their natural occurrence.

24. The quoticnt of the deposition density (integrated
deposition density rate) to the production amount
(integrated release rate) of the radionuclide forms the
transfer cocfficient Pg,. These values may be
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determined from the data in Tables 1 and 3. The
rclationship of Pg, values 1o the half-lives of the
radionuclides is illustratcd in Figure Il for the
temperate zone of the northern hemisphere. Owing to
the pattern of atmospheric testing, the dcposition
densitics and thus the Py, valucs are higher by a factor
of about 4 in the northern hemisphere than in the
southern hemisphere. The values in the temperate
zones arc about 1.5 times higher than the hemispheric
avcrages. Since the residence time of particulate debris
injected into the stratosphere is of the order of one 10
a few years, most of the longer-lived radionuclides are
deposited without appreciable decay. The PO" values
in this casc are approximately 5 kBq m™ per EBq
rcleased. Radioactive dccay before deposilion
appreciably lowers the values of Py, for radionuclides
with half-lives of less than one year. The variations
seen in Figure 1l of Py, values for a few radio-
nuclides (1 3Sb, 241Pu) illustrate the uncertainties in
production and deposition cstimates.

C. TRANSFER FROM DEPOSITION
TO DOSE

25. The assessments of doses from different
radionuclides were presented in  detail in  the
UNSCEAR 1977 Report [U4]_and the UNSCEAR
1982 Report [U3]). Mcasurements reported in the
scientific literature on which the estimates were based
and the computational techniques applied to derive
doses were listed and described. The results can be
summarized in terms of the transfer coefficients P,
which link the time-integrated deposition density on
the carth’s surface to the dose commitments in the
rclevant organs and tissues of man. Three principal
pathways are considered: external irradiation,
inbalation and ingestion.

26. The ingestion pathway is of significance for
radionuclides that arc efficiently transferred through
the chain formed by deposition to plant uptake to
grazing animals (in many cases)-dictary intake and are
absorbed from the gastro-intestinal tract to blood.
Some delay may be introduced in these transfers. One
important exception to this, however, is the short-lived
radionuclide ! lI, which can rather quickly be trans-
ferred via the pasture-cow-milk chain to man. For
most radionuclides, the intake amounts by ingestion
result primarily from the initial retention by crops and
pasture during deposition and only secondarily from
dclayed root uptake.

27. To make rcliable asscssments of doses through
the ingestion pathway, there is a need for exlensive
cmpirical data on the concentrations of the relevant
radionuclides in different types of food and the various
dicts in different population groups. Analyses of this

kind have been made in previous rcports of the
Committee, cssnccrally for 9Sr and %7 Cs, which
together with 9C, are the primary contributors to the
ingestion dose commitments (U3, U4). To evaluate the
P,5 transler cocfficients, regression analysis has been
applicd 1o modecls relating measured radionuclide
concentrations in diet to the annual deposition density
rates and the measured concentrations in relevant
organs.

28. The transfer of ®Sr and '3"Cs from deposition
to dict has becen modelled by a threc-component
model:

C, =bF, +b,F,_; +b; Z e MF, vl

i-n
n=l

where C; is the concentration of the radionuclide in a
food component or in the total dict in the year i due to
the deposition density rate in the year i, F in the
previous year, Fl 1» and in all previous years, rcduccd
by exponential decay. The exponcntial decay with
decay constant A reflects both radioactive decay and
environmental loss of the radionuclide, The
cocfficients b; and the paramcter A are determined by
regression analysis of mcasured deposition and dict
data.

29. The transfer cocfficient from deposition to dict
is given by

Psq c(dt/ F(1) dt
| [revar [T o
or Z C. /“ F
i=1 i=l

From the above model, the transfer coefficient can be
expressed as

Pyy =b; +by +bye™/(1-e7™) (4

where b; are the transfer components per unit annual
deposition: by is the transfer in the first year, primarily
from direct deposition; b, is the transfer in the second
year from lagged use of stored foods and uptake from
the surface deposit; and by is the transfer via root
uptake from the accumulalcd dcposn The units of P»3
and b; arc Bq a kg per Bq m2. In the exponential
term, K has units a”l and m is a constant equal to onc
year.

30. Results of regression fitling of this fallout model
to moniloring data have been presented in previous
UNSCEAR Reports [U3, U4, US]. Further analysis of
the available data is presented in Table 4. The fits to
the long-term monitoring results in Denmark are
shown in Figure IV. Relatively minor adjusiments in
parameler values are nceded in the fits to extended
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monitoring data, indicating, in particular, that the
projections of long-term transfers arc confirmed.

31. Adcquate representations of transfers to the total
dict or 10 scparalc components of the diet arc oblained
for rclatively uniform deposition during the year, as
occurrcd for fallout from atmospheric weapons testing,.
For deposition occurring within a much shorter time
period, such as following the Chernobyl accident, the
transfer is dependent on the particular agricultural
conditions at the time of deposition and on short-tcrm
restrictions on cenain foods in the diet that may be
imposcd. Thus, the first-year and sccond-ycar lagged
wansfers of 137Cs to dict in measurced concentrations
in 1986 and 1987 arc much lower than would be
expected from the fallout model. The discrepancy may
have been less in other countrics, depending on the
agricultural conditions, than is shown for Denmark in
Figurc IV. In contrast 1o wcapons fallout, the
deposition of Sy from the Chernoby! accident was
much less significant than that of B3¢,

32. From the results of the transfer factor analysis
given in Table 4, it is seen that transfers from
widespread but relatively normal arcas of transfer may
vary by *50% for total dict, with even greater
variations for some specific food groups. The foods
included in each major group differ in the various
locations, as do the consumption amounts of these
foods.

33. The transfer cocfficients, P,g, for 05y and 137Cs
are summarized in Table 5. Thesc are the averaged
resuits from Argentina, Denmark and the United States
of the transfers to the five food categories weighted
for consumption amounts. Because they come from
only three locations, the average values with standard
deviations are only genceral indications of the transfers
and variations to be expected. The results are similar
1o the prcvjouslgoadoplcd values of P,4: 4 mBq a 7kg']
Y3c‘lr Bq m™ for *“Sr and 9 mBq a kg'' per Bq m™ for
Cs [U3].

34. Figurc V shows the contributions 1o transfer in
the various periods. For 0sr, the major componcnt of
P,y (50%) ariscs from transfer from the deposit. For
! Cs, the major transfer is within the f{irst ycar of
deposition (45%), with diminishing transfer in the
sccond and subscquent years following deposition. The
contributions to transfers by the various food groups
arc indicated in Table S. For QOSr, milk and grain
products arc the most significant foods. For B3¢,
these calegories, along with mecat, account for the
major part of the transfer. It is reccognized that much
wider variations in transfer occur in certain arcas for
particular soil conditions and foods. This includes the
Arctic food chain (lichen-reindeer-man) and arcas
where the caesium-binding clay content of soils is low,

thus allowing higher and morc persistent uptake of
137¢s 10 plants. In thesc cases, order of magnitude
diffcrences in transfer may result. More detailed
cvaluations of the cxtent of these conditions are
necessary to determine the added contributions that
may be made to the colicctive doscs.

35. The transfer coefficicnts Py, linking concentra-
tions of radionuclides in dict to thosc in the body and
P4s. linking concentrations in the body 1o dose, have
been evaluated and the results published in the
UNSCEAR 1982 Report [U3] and the UNSCEAR
1977 Report {U4]. For some radionuclides, the
integrated dietary intake rates have been dctermined
dircctly. Relating these values to the deposition of the
radionuclide forms the transfer coefficient P,,. The
units of this expression are Bq per Bq m2. Values of
P,3 may be transformed to this by multiplication by
the consumption rate of foods, which is in effect the
transfer cocfficient Py4. As this is a convenient form
for estimating dose, all radionuclides considered in the
ingestion pathway evaluation are included in the listing
of P, values in Table 6.

36. The valucs of the dosc per unit intake of
radionuclides arc, in fact, the transfer coefTicients Pys.
These have been or are being re-evaluated, based on
the latest metabolic data, and compilations are
available [I13, N1]J. It is nccessary to state the specific
assumptions of absorption and retention of the
radionuclides; therefore, the P45 values used in the
cvaluations given here are included in Table 7. The
values of cffective dose use the weighting factors
dcfined by the ICRP in 1990 [112].

37. The overall transfer cocfficients P,¢, linking the
deposition to the dose from radionuclides produced in
atmospheric nuclcar testing, are compiled in Table 8.
The resuits for the ingestion pathway bave been
obtained by multiplication of the transfer cocfficients
P4 in Table 6 and P4 in Table 7. The valucs of Py
arc considercd to apply as averages to large
populations in the world. Adjustments arc nceded if
applications arc 1o be made to smaller groups for
which dict or local condilions of transfer may be
diffcrent.

38. For the inhalation pathway, the association is
between atmospheric concentrations and dose, Py, but
because there is a direct relationship between atmo-
sphceric concentration and deposition, the association
with dose from inhalation can also be made from the
deposition amount. The expression used is

Pas = P14Pys/Pyy ©)

where Py, is the average breathing rate of the
individual in the population, Py is the dose per unit
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intake factor for the organ or tissue considered and
Py, is the deposition vclocity averaged over all
weather conditions, including precipitation. The value
ol P, 4 has been taken to be 20 m3 d‘l, or 7,300 mda’!
for all populations. The valucs of Py, in nGy Bq'l,
are listed in Table 7. The transfer cocfficient Py,
varics with the precipitation rate at various locations
and also with the physical and chemical nature of the
radionuclide considered. The average valuc of Py, for
particulate material has been estimated to be
1.76 cm s}, 0r 5.56 10° m a”L. Although this value is
based on obscrvations in New York City over several
years [BS], measurements in the United Kingdom [C3]
and Swcden [B6, D1] are in reasonable agreement,
after normalization to the samc annual precipitation.
Furthermore, since the yearly rainfall in New York
City is fairly close 1o the population-weighted average
for the whole world, the New York value is con-
sidcred adequate for global average calculations. The
transfer cocfficients P,¢ evaluated for the inhalation
pathway are listed in Table 8.

39. In addition to experiencing internal irradiation
from inhaled or ingested radionuclides, pcople are also
irradiated externally from gamma-emitting nuclides
dispcrsed in the air and deposited on the ground. As
the dcebris normally spends much more time deposited
on the ground than dispersed in ground-level air, the
extcrnal dose due to irradiation from the ecarth’s
surface is normally much higher than the dose due to
irradiation while the debris is airborne. The average
ratio of the absorbed dose from ground surface
contamination to that from air immersion is propor-
tional to the balf-lifec of the radionuclide and is, for
cxample, of the order of 100 for short-lived 140B3 and
1,000,000 for long-lived *7Cs,

40. The Py transfer coefficients {or exteral irradia-
tion have been calculated by multiplying the dose rate
conversion factors for radionuclides deposited on the
ground, derived from Beck [B3], by the mean lifctime
of the radionuclide (half-life + In 2) and by an average
factor assuming 80% indoor occupancy in buildings
with a shiclding factor of 0.2. The latter factor is
0.7 Sv per Gy (equivalent dosc rate in the body per
unit absorbed dose rate in air) times 0.36 (0.2 outdoor
occupancy plus 0.8 indoor occupancy times 0.2 build-
ing shiclding). The Committee has in the past [U3,
U4] rounded this product to 0.3; the procedure here,
however, is to postpone the rounding to the final dose
cstimate. For short-lived radionuclides (all cxcept
l37Cs), the dosc-rate conversion factor applying to a
planc source is used. For 137¢5, the dose-rate conver-
sion factor applying to an cxponential concentration
profile in the ground of mean depth 3 cm is used. The
indoor occupancy, as well as the shiclding factor,
varics a great deal among different populations of the

world, and this is a source of uncertainty in the dose
assessments for cxternal irradiation. Also, the different
dynamic bechaviours of radionuclides dcposited in
urban and in rural environments have not been taken
into account for the dose estimates from radionuclides
produced in atmospheric nuclear testing. The transfer
coefficicnts Py are given in Table 8 for the cffective
dose commitment. The same numerical valucs can be
cxpected to apply more or less to the absorbed doscs
in individual organs in the body; howcever, since the
absorbed doscs per unit deposition densily have not
been specifically evaluated, there are no values given
in Table 8.

D. DOSE ESTIMATES
1. Regional and global exposure

41. The effective dose commitments from individual
radionuclides in past atmospheric testing (3H and Y4C
excepted) can be calculated by multiplying the
population-weighted integrated deposition density of
the radionuclide in the region of interest (Table 3) by
the appropriate P,¢ transfer coefficient (Table 8). As
an example, the effective dose commitment due to
ingestion of 137Cs in the population of the 40°-50°
latitude band in the temperate zone of the northem
hemisphere is 5,200 Bq m? times 54.6 nSv per
Bq m = 280 uSv. The results for each radionuclide
and for all pathways arc given in Table 9.

42, As indicated previously, the dose commitments
from 3H and 'C are derived from comparisons with
the natural doses and production rates by cosmic rays.
The dose calculations make use of the fact that the
dose commitment to production ratios for thosc
radionuclides are equal to the annual natural dose 1o
production ratios. The annual absorbed dose in tissue
from natural tritium has becn cstimated 10 be 10 nGy,
resulting from an annual production per hemisphere of
37PBq [U3]. Assuming a total relcase from
atmosphcric nuclear testing of 190 EBq to 1the
atmospherc of the northern hemisphere and 50 EBq to
that of the southern hemisphere [U3], the absorbed
dosc commitmenls in tissue from fallout tritium arc as
follows: northern hemisphere, 1.9 10%° Bq x
(108 Gy a'l) + (3.7 10'® Bqal) = 51 uGy, and
southern hemisphere, 0.5 102 Bq x (10'8 Gy al) ¢
3.7 10'% Bq a'!) = 14 uGy. It has not been possible
to account for latitudinal variations in the tritium
distribution. The simplification is made in assuming
fairly rapid mixing of tritium throughout the hemi-
sphere. The effective dose commitments from 3H are
51 uSv (northern hemisphere), 14 uSv (southern hemi-
sphere) and 47 uSv (world). The global value is the
population-weighted estimate, taking into account that
89% of the world population resides in the northern

RPN
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hemisphere and 11% in the southern hemisphere. On
the basis of the intake rates of hydrogen in water
[N8], the dosc commitment can be apportioned as 7%
arising from inhalation and absorption through the skin
and 93% from ingestion |U3).

43. Carbon-14 is produccd naturally by cosmic ray
ncutrons impinging on nitrogen in the upper atmo-
sphere. This means that the dose commitment from
14¢ injected into the atmosphere by nuclear tests can
be calculated in the same way as the dose commitment
from tritium produced in atmospheric tests. The annual
natural production of 14C of about 1 PBq and the
resulting cquilibrium specific activity in man yiclds an
annual dose to the gonads of 5 uGy [U3]. Based on
this, it can be concluded that the 220 PBq from
nuclear explosions have given a dose commitment to
the gonads of all populations of (5 uGya’l) =
(1 PBq ') x 220 PBq = 1,100 uGy. In the same way,
dose commitments to the lungs, bonc lining cells, red
bone marrow, thyroid and other tissues can be
assessed as 1,300, 4,800, 5,300, 1,300 and 2,900 uGy,
respectively [U3], yiclding an cffective dose commit-
ment of 2,600 uSv. The corresponding collective
cffective dose per unit release is 120 man Sv per TBgq,
assuming an cquilibrium world population of 10!
people reached in the next century and maintained
over the next thousands of years. Other published
cstimates range between 67 and 159 man Sv per TBq
[B10, 12, K2, K4, K5, M2, S1].

44. The 'C doses are due 1o ingested and inbaled
carbon. On the basis of the relative intake and reten-
tion of carbon in these pathways, the dose commit-
ments from ingestion are cstimated to be 10% times
larger than thosc arising from inhalation [K4]. The
dose commitments from '4C are dclivered over a very
long time period. From calculations based on an
cnvironmental compartment model for 14C that com-
prises 25 discrete carbon reservoirs (Figure V1) and
takes into account the dilution of ¥C by stable carbon
released during fossil fuel combustion, it is estimated
that only 5% of the dose commitment is delivered in
the first 100 years after the release of *C; about 71%
of the dose commitment will have been delivered
during 104 years after the release of He [M2]. The
deep occan, divided into 18 compartments, accounts
for the slow recycling of 4C into the biosphere.

45. The cffective dose commitments from atmo-
spheric nuclear testing for all of the 22 radionuclides
considered for the populations of the world and of the
40°-50° latitude bands ol cach hemisphere are pre-
sented in Table 9. The total effective dose commit-
ments are 4.4 and 3.1 mSv in the 40°-50° latitude
bands of the northem and southern hemispheres,
respectively, and the global average is 3.7 mSv.

46. The summary listing in Table 10 for the world
population shows that MC is the dominant contributor
to the total effective dose commitment, accounting for
70% of the effective dose commitment 1o the world’s
population. However, if only 10% of the "C dose
commilment is included in the comparison, that is, if
the dosec commitments arc truncated approximately to
the year 2200, at which time all other radionuclides
will have dclivered almost all of their dose, !4C
contributcs only 19% to the truncated cffective dose
commitment to the world’s population. Besides '*C,
the most important contributors to the effective dose
commitment to the world population are B3¢,
QSZr_95Nb, %Sr' 106Ru’ 54Mn, l“Cc, ]311 and 3H.

47. Including all of the C dose, 16% of the total
effective dose commitment to the world population is
delivered through cxtemal irradiation, 4% through
inhalation and 80% through ingestion. Including only
10% of the C dose, the corresponding numbers are
44%, 10% and 46%, respectively. Thus, ingestion is
the most important pathway, if e s fully included,
while ingestion and cxternal irradiation are about
equally important, if only 10% of effective dose
commitment from '*C is included. In both cases
inhalation contributes substantially less.

48. As the explosive power in past atmospheric tests
has been estimated to be 545 My, it may be concluded
that the past tests have given an average complete
cffective dose commitment of about 7 uSv Mt 1o the
world population. Of this, about 5 uSv Mt! is due to
¢ and about 2 uSv Mt! 1o fission products. The
transuranium clements have contributed about
0.1 uSv ML, Normalizing the fission product dose
commitment to the total fission yicld exploded of
217 Mt gives an estimate of about 5 uSv Mt! fission.

49. A summary of the global collective cffective
doscs committed from past atmospheric nuclear tests
is given in Table 11. For these calculations, some
assumptions about the global population have becn
made. For inhalation cxposure and other exposures
from radionuclides with half-lives of less than a few
years, the population of the world has been taken to be
3210° persons, as it was in the carly 1960s during
maximum f{allout. For 3H, %Sr, 37¢s and 2'“Pu, a
global population of 4 10° persons has been applied,
and for the very long-lived le, 239Pu, 240py and
1Am, the projected global population has been
assumed 1o be 1 10'° persons.

50. In Table 11 the radionuclides are listed in order
of their decreasing contributions to the collective
effective dose. The order is essentially the same as in
Table 10, with e bcin(? the dominant contributor and
37¢s, 51, %2r and %Ry following. The total global
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impact of all atmospheric nuclear explosions carmied
out for test purposes in the past is 3 107 man Sv.

2. Local exposure

51. Populations living near the sites wherc nuclear
wcapons tests took place rcccived relatively higher
doscs than the average values assessed above. In the
United States, about 100 surface or near-surface tests
were conducted at the Nevada test site between 1951
and 1962, with a total explosive fission yield of
approximatcly 1 Mt Dose reconstructions have been
undcrtaken for the populations living in the vicinity of
the Nevada test site during the period of atmospheric
testing [C7, W1} The local population size was
180,000 pcrsons, Preliminary results indicate that
thyroid doses of up to 1 Gy may have been received
by children, The collective dose from external
exposurc has been estimated to be approximately
500 man Sv [AS]. Ninety per cent of the collective
dosc was received during the years 1953-1957.

52. Following the nuclear test Bravo at Bikini in the
Pacific test site of the United States, residents of
Rongelap and Utirik Atolls were exposed to
uncxpected fallout. The islands are 210 and 570 km,
respectively, east of Bikini. Eighty-two individuals
were cvacuated from Rongelap S1 hours after the
cxplosion and 159 persons were removed from Utirik
within 78 hours. External cxposures, mainly from
shont-lived radionuclides, ranged from 1.9 Sv on
Rongelap (67 persons, including 3 in utero), 1.1 Sv on
nearby Allingnae Atoll (19 persons, including 1 in
utero) and 0.1 Sv on Utirik (167 persons, including 8
in utcro) [L3]. The collective dose was thus of the
order of 160 man Sv. Doses to the thyroid, caused by
scveral isotopes of iodine, tellurium and by cxternal
gamma radiation, were estimated to be 12,22 and

52 Gy on average and 42, 82 and 200 Gy maximum
1o adults and children of 9 years and 1 year, respect-
ively, on Rongelap [L3].

53. At the Semipalatinsk test site in the Kazakh
region of the former USSR, atmospheric tests were
conducted from 1949 through 1962, and about 300
underground tests were conducted from 1964 until
1989 [TS]. In total, 10,000 people in settlements
bordering the testing site werce exposed to some extent.
The collective dose due to external irradiation was
estimated lo be 2,600 man Sv, 80% of which resulting
from testing in the period 1949-1953, due to external
irradiation and 2,000 man Sv duc to internal exposure
from the ingestion intake of radionuclides [TS]. The
collective absorbed dose to the thyroid was of the
order of 10,000 man Gy.

54. The United Kingdom conducted a programme of
nuclear warhead development tests between 1953 and
1963 in Australia, at the Monte Bello Islands and at
Emu and Maralinga on the mainland. In all, twelve
major nuclear tests involving atomic explosions with
total yields of about 100 kt, 16 kt and 60 kt were
performed at the three sites, respectively [D3]. The
collective cflective dose to the Australian population
from these test series has been estimated to be
700 man Sv [W3]. In addition, several hundred
smaller scale experiments were performed  at
Maralinga [D3] which resulted in the dispersal of
about 24 kg of 23%9py over some hundreds of square
kilometres. This arca remains contaminated and
potential doses 1o future inhabitants of the Maralinga
and Emu arcas have been assessed with a view to
rchabilitation of the two sites [D3, H3, W2]. Annual
effective doses of scveral millisievert would be
expected to result from continuous occupancy within
the two areas, with maximums of scveral hundred
millisievert in the immediate vicinity of the two sites.

II. UNDERGROUND NUCLEAR TESTS

55. About 1,400 nuclear test cxplosions have been
carricd out beneath the carth’s surface. Particularly
since 1963, when the limited nuclcar test ban trealy
banning atmospheric tests was agreed, the practice
became more frequent. Prohibiting atmospheric tests
was a crucial slep in lessening the doses o the world's
population from tests of weapons. In fact, a well-
contained under-ground nuclear explosion delivers
extremely low doses or dose commitments to any
group of people. However, there have been occasions
when, owing to venling or the diffusion of gases,

radioactive malterials leaked from underground tests,
resulting in the dissemination of radioactive debris
over at least regional distances.

A. WEAPONS TESTS

56. Estimates of annual yiclds and numbers of
underground tests have been compiled from data
coliected by the National Defence Research Establish-
ment in Sweden [N10]. The total annual yiclds are
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presented in Table 12. The basis for these cstimates
arc cither announcements made by the testing nation
or simple calculations cmploying a formula of the
following form:

yicld (kt) = 10M -2 (©)

where M stands for the scismic surface or body wave
magnitude and a and b arc constants that vary with
wave type, cxplosion location and observing labora-
tory. The total yicld of underground tests is estimated
to be 90 Mt, or about onc sixth of the total yiceld
cxploded in the atmosphere.

57. More than 500 tests were conducted underground
at the Ncvada test site in the United States, but only
32 are reported to have led to off-site contamination as
a result of venting [H4). Table 13 shows, as an
example, the atmospheric rcleases of B from these
32 underground tests. The total amount of 134
rcleased into the atmosphere was about S PBq, which
is five orders of magnitude smaller than the amount
produced by atmospheric testing (6.5 10° PBq, from
Table 1). The amount of B or of any other radio-
nuclide released into the aunosphere by underground
tests carried out at sites other than the Nevada test site
is not availablc.

58. The collective effective dose per unit release of
311 would be expected 10 be much greater for the
venting of underground tests than for atmospheric
tests, because the release from underground tests
occurs al ground level instcad of higher in the
atmosphere. Estimates of collective effective dose per
unit relcasce to the lower layers of the atmosphere were
madc in the UNSCEAR 1988 Report l_,U”; these
cstimates are 1 10! man Sv per Bq for B released
in the Chernobyl accident and 4 10 3 man Sv per Bq
for 13 released from nuclear power stations. In order
o account for the low population densities in the
vicinity of weapons tests sites, it is assumed that a
lower figure, 1 10""* man Sv per Bq, is appropriate
for releases of ' from underground tests. This
figure, combined with a release of S PBq, Icads 10 a
collective effective dose from 3!l releases from
venling underground tests carried out at the Nevada
lest site of 50 man Sv. Extrapolating lo the total
number of underground tests (1,400) at ail locations
would indicate that 15 PBq, in total, of 131] has been
released, and the collective dose is of the order of
150 man Sv. In comparison, the corresponding
collective effective dose  from 3! from past
atmospheric tests is estimated 10 be 164,000 man Sv

(Table 11).

59. Othcer than these rather unusual events, where
amounts of radioactive materials have been collected
on filters, it is reasonable to assume that a few high-
vield underground tests have leaked radioactive gases

such as tritium or noble gases such as 133%¢. There
have been suggestions that observed peak concentra-
tions in atmospheric tritium (HT or HTO) and ¥’ Ar
(produced in Ca(n,(1)37Ar rcactions underground)
could have been duc to leakages from underground
explosions [B7, LS, M1]. Traces of short-lived radio-
nuclides resulting from tests in the USSR were ob-
scrved in Finland and Sweden in 1966 [K1, P2] and in
1971 [E1, K6]. The collective dosc 1o the population
of Sweden was estimated to be 3 man Sv from the
venling of an underground test at Semipalatinsk in
1966 and 0.1 man Sv or less on seven other occasions
when radionuclides from underground tests were
detected in that country [D10].

60. The total '31] produced in the underground
cxplosions could be estimated to be 90 Mt total yicld
times the normalized fission production of 4,200 PBq
Mt! (Table 1), which is 380 EBq. The fractional
release is thus 4 10 of the amount produced. This
same estimate of the release fraction may be applied
to the noble gases, of which 133xe is the predominant
radionuclide. The normalized fission production of
133Xe is 14.5 EBq Mt (6.54% fission yicld [R1],
adjusted for the half-life and yicld of %St production
given in Table 1). Total production of '33Xe in
underground tests is then estimated to be 1,300 EBq,
of which 50 PBq may have been released (90 Mt x
14.5 EBq Mr! x 4 10'5). The normalized collective
dose from noble gases estimated for surface releases
(applicd to releases from nuclear power reactors) is
0.1 man Sv PBq'l [U1]. The collective dose due to
noble gases released from underground tests is then
50 PBq x 0.1 man Sv PBq! = 5 man Sv. This esti-
mate is very uncertain. The collective dose per unit
relcase may be overestimated because of the remote
locations of the test sites; however, there is even
greater uncertainty in the release fraction.

61. The same estimation procedures applied to *H
produced in underground testing would indicate a total
release of 10 PBq and a collective dose of 0.001
man Sv. This is 2 negligible component of the collec-
tive dose under the assumptions made. The analysis
indicates that relcases of ' are of the most
significance and that the total collective dose from
reicased radioactive materials from the 1,400 undcr-
ground tests conducted thus far is of the order of
200 man Sv. Evaluations have not yet been made of
potential exposures resulting from residual debris
underground at the sites of the explosions.

B. PEACEFUL NUCLEAR EXPLOSIONS

62. It is 10 be expected that shallow underground
explosions conducted for excavalion purposcs or
deeper underground explosions in mining operations
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also involve rcleases of radioactive maltcrials to the
cnvironment. Programmes to develop applications of
peaceful nuclear cxplosions were carried out during
the 1960s in the United States and USSR, About 100
test  explosions were performed. The presumed
advantages of nuclcar cxplosions have, however, been
outwcighed by the residual contamination and other
disadvantagcs.

63. Doses to local or global populations from
pcaceful nuclear cxplosions have resulted primarily
from cratering experiments. There were 6 such tests at
the Nevada Test Site between 1962 and 1968 and a
reported 9 experiments worldwide [US]. The collcctive
dosc 1o the local population (180,000 persons) living
ncar the Nevada site has bcen estimated o be
3 man Sv from the Sedan 104 kt cratering experiment
in 1962 [AS]. The total from all tests, pcaceful and
military, conducted at the Nevada site from 1961 to
1975 was 5.7 man Sv [AS]. Thercfore the total local
collective dose from peaceful nuclear explosions can
be estimated to be no more than 5 man Sv at Ncvada
and perbaps 10 man Sv worldwide.

64. The long-range dose commitment from the
Schooner cratering experiment in the United States in
1968 was estimated in the UNSCEAR 1972 Report
[US]. Tungsten-181, formed in the neutron shicld used
to minimize the formation of activation products, was
dctected in scveral locations in Europe after this cvent.
The cffective dose commitment was cstimated to be
12 nSv from radionuclides other than *H in the popu-
lation of the 40°-50° latitude band of the northern
hemisphere (630 million gcrsons at the time) [US].
The estimated release of “H of 15 PBq [US] would
have resulted in a dose commitment of 4 nSv (0.27
nGy PBq! {rom comparison with natural >H dosc and
releasc in the northern hemisphere) in the population
of the northern hemisphere (3,160 million persons at
the time). The collective dose from this test is thus
estimated to be 20 man Sv. If it may be considered
that this result is representative of the other cratering
experiments, the collective dose worldwide from
cratering experiments is 180 man Sv. The collective
dose from peaceful nuclear explosions is thus
estimated to be the same order of magnitude as that
from venling underground military tests.

IIl. NUCLEAR WEAPONS FABRICATION

65. The production of radioactive malerials for
military use and the [abrication of weapons has
involved routine and accidental rclcases of
radionuclides and exposures of local or rcgional
populations. These dose commitments and collective
doses have not becn cstimated beforc by the
Committee because no data were available. Some of
the secrecy of this industry is being reduced, however,
and information on discharges and doscs (rom recent
(and, in some cascs earlier) operations is being
provided. With this information and some rough
estimates of the total amounts of radioactive materials
produced, the doscs {rom the weapons industry can be
estimated.

66. The radioactive components of nuclcar weapons
arc the fissile nuclides 2%Pu and 235U; the fertile
nuclide 23SU, which fissions only if irradialed by
higb-energy necutrons; tritium; and in somec presumably
older constructions small amounts of materials such as
210pg, which are used to initiate the chain reaction in
the fission bomb, Tritium is used in boosted fission
bombs, where the efficiency is incrcased by ncutrons
from a comparatively small thermonuclear rcaction
fuclled by tritium. Tritium is probably also used in the
main thermonuclear stage of some types ol hydrogen
bombs.

67. Doses arise in scveral stages of the nuclear
weapons production line. As in the nuclear encrgy fuel
cycle, production starts with the mining and milling of
uranium. After that there is the need to convert the
uranium to uranium hexafluoride gas, which is the
form of uranium used at the gas diffusion or centri-
fugation plant where the 35U content is enriched. If
this process is carried to enrichments of the order of
90%, weapons-grade uranium is produccd, which can
be used directly to fabricate nucicar weapons compo-
nents. Alternatively, the enrichment can be omitted or
carried 10 only a few per cent. The uranjum is then
used to fuel reactors, which coupled to reprocessing
and purification yiclds plutonium and tritium for the
weapons. Some doses also derive from the weapons
fabrication and assecmbly, as well as from the
maintenance, transportation and recycling of weapons.
Doses resulting from routine relcases are considered in
this Chapter.

A. PRODUCTION AMOUNTS

68. The total amounts of radioaclive matcrials
produced for weapons use are not known from directly
reported information. An assessment has becn made of
plutonium in prescnt weapons stockpiles by consider-
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ing the amounts of long-lived fission products in high-
level waste in the United States and by analysing the
global atmospheric  inventory  of BKr [HS).
Krypton-85 is a noble gas and a long-lived fission
product that is rcleased 1o the atmosphere when
reactor fuel is reprocessed, for cxample, 10 extract
plutonium. Corrccting the global inventory mainly for
the hitherto modest civilian reprocessing yiclds a
number that may bc scen to be a measure of the
global plutonium stockpile. The estimated stockpiles in
the United States and the former USSR were estimated
to be around 100 tonnes in cach country.

69. According to United Nations studies in 1981 and
1990 on nuclcar weapons, the nuclcar arsenals
comprise more than 40,000 wcapons with a total
explosive yield of 13,000 Mt (Ul1, U12]. If it is
assumed that the first fission stage in all these
weapons is based on plutonium, a total inventory of
weapons plutonium of 200 tonnes implies that, on
average, 5 kg is used in cach device. This is a rcason-
able figure [ES], which thus lends some credibility to
the estimated total production.

70. Tritium is also produced for wecapons usc. It
decays with a half-life of 12.32 years, which mcans
that tritium must be produced continually to preserve
the weapons stockpile. It has been estimated (or the
United States that an annual production of 3 kg of
tritium is just enough to balance the decay [C11], and
from this the total amount of tritium in the Uniled
States stockpile can be easily calculated to be about
55 kg. The world tritium stockpile can then be
assumed to be twice as much, or around 110 kg. If it
is assumed that this tritium was first produced in the
early 1960s and has becn maintained since then, a
total tritium production of 110 + 30 x 6 = 290 kg
results. If a further reasonable assumption is made,
that is, that tritium is produced at the same (atom)rate
as plutonium in the reactor, these 0.29 tonnes of
tritium are equivalent to a production of (239/3) 0.29
= 23 tonnes of plutonium.

B. RELEASES AND DOSE ESTIMATES

71. In the United States, weapons production
activities have been centred at locations reporting
mainly through four regional offices of the Department
of Encrgy: Albuquerque, Oak Ridge, Richland and
Savannah River. Doscs reported from these centres
between 1976 and 1982 are considered to contribute
about 90% of the population dose f{rom aclivities
related to weapons research and production, Litlde
information is available on doses or releases befare
1976, Efforts are being made, however, 1o reconstruct
doses 1o the public living near nuclear installations,

and some data from carlicr periods are becoming
available.

72. The Hanford nuclear weapons facility in the
United States released substantial quantities of
radioaclive materials into the atmospherc and the
Columbia River from its plutonium production reactors
and fuel reprocessing facilitics. Two plutonium
production recactors startcd operating at Hanford in
December 1944, Two [ucl reprocessing plants began
extracting plutonium in the same month, and a third
production reactor was added in 1945 [C5]. The
atmospheric rcleases of Bl from reprocessing
facilitics were estimated from the quantity of reactor
fuel rcprocessed and the time interval between
removal from the reactors and reprocessing, Table 14
presents the estimated annual releases of P into the
atmosphere from 1944 1o 1956 [CS]. The largest
relcases of 3! occurred between 1944 and 1946
during the effort to develop and produce the first
arsenal of nuclear weapons. At that time, fuel rods
were reprocessed soon after their removal from the
reactors in order to maximize plutonium production,
and there was no filtering or chemical processing of
1311 before atmospheric release. About 18 PBq of 131
was released into the atmosphere between 1944 and
1946, while the release from 1947 to 1956 amounted
to about 2 PBq (Table 14). The total atmospheric
release of 1311 was 20 PBq between 1944 and 1956.
Preliminary calculations indicate that the maximum
thyroid doses were of the order of 10 Gy in 1945
[C5]. The collective effective doses, based on a value
of 4 1013 man Sv per Bq of BIT released from
nuclear installations and a population density of 25
persons per km> [U1, W4]J, are roughly estimated to
be 7,000 man Sv for 1944-1946 and 1,000 man Sv for
1947-1956. These figures do not include the contri-
butions from other radionuclides in the airborne dis-
charges, which have not yet been reported, or from the
liquid releases to the Columbia River. The dose recon-
struction effort, which is scheduled to be finished in
1994, will produce more complete and accurate dose
cstimates.

73. The Chelyabinsk-40 centre, located near the town
of Kyshtym, was the [irst Soviet nuclear installation
dedicated to the production of plutonium for military
purposes. A uranium-graphite reactor with an open
cooling water system was commissioned in Junc 1948,
and a fucl reprocessing plant started operating in
December 1948 [N5]. Liquid rcleases to the Techa
River from 1949 to 1956 amounted to 100 PBq, with
95% of this release being discharged from March 1950
to November 1951 [K7]. The main contributors to the
activity associated with the radioactive materials
relcased were 2°Sr (8.8%), %Sr (11.6%), 137¢g
(12.2%). rarc-carth isotopes (26.8%), *>Zr-%Nb
(13.6%) and ruthenium isotopes (25.9%) |K7]. These
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large rcleascs appear to have resulted in large parnt
from a lack of waste treatment capability and from the
storage of radioactive wasics in open, unlined carthen
reservoirs [T4]. A hydrological isolation system,
including a small reservoir called Lake Karachay, was
built after 1952 to contain the low- and intermediate-
level wastes.

74. The population along the Techa River was
exposcd to both external and internal irradiation.
External irradiation was causcd by gamma radiation
from 137Cs, 19%Ru and %Zr in the flood-plain arcas, in
vegetable gardens ncar the houses, and inside the
houses. Internal irradiation was mainly due to the
consumption of water and of local foodstuffs
contaminated with 898r, QOSr, 137Cg and some other
radionuclides. Tissue and effective doses, presented in
Table 15, have been estimated for the populations
living along the 240-km-long Techa River [A4].
Avcrage cumulative cffective doses are estimated to
have ranged up to 1,400 mSv in the village of
Metlino, located 7 km downstream from the point of
discharge. The evacuation of the populalion of that
village started in 1953; from 1955 to 1960, inhabilants
of another 19 seitlements were moved away from the
river. Altogether, 7,500 persons were evacuated [K7].
It appears from Table 15 that all villages along the
Techa River within about 50 km of the plutonium
production centre were evacualed. The collective
effective dose can be assessed from the distribution of
estimated cumulative effective doses to individuals,
which are as follows [A4]: 0-50 mSv, 10% of
population; 50-100 mSv, 44%; 100-200 mSv, 18%;
200-250 mSv, 15%; 250-500 mSv, 2%; 500-
1,000 mSv, 3%; and >1,000 mSv, 8%. Assuming that
the 11% of the exposed population who received
cumulative effective doses greater than 500 mSv is
identical with the 7,500 persons who were evacuated,
the collective effective dose received by the population
living along the Techa River is about 15,000 man Sv.
This value does not include the contributions from the
airborne discharges, which have not been reported, or
from the contamination of the Isct River, into which
the Techa River discharges its waters.

75. These data from Hanford and Chelyabinsk give
some indications of doses from the earlier practice of
nuclear weapons fabrication, but it is difficult to extra-
polate this information to the total weapons industry.
Another method of estimating dose is 1o relate the
radioactive malterial production amounts to the doses
involved in producing and utilizing nuclcar fucls in the
civilian fuel cycle. Plutonium production reactors,
which are optimized for the purpose, produce about
1gof B%py per MW 4 (thermal power), which, if a
thermal conversion of 0.33 is assumcd, can be
expressed, for comparison, as 1.1 tonne per GW a of
clectrical power. This means that the plutonium and

tritium in present arsenals correspond 1o (200 +
23)/1.1 = about 200 GW a (clcctrical power) of
reactor operation. According to the UNSCEAR 1988
Report [U1], 1 GW a of clectrical power in the
civilian fucl cycle yiclds a collective dose of 4 man Sv
locally and regionally and 200 man Sv globally. The
total collective effective dose committed from wea-
pons plutonium and tritium production may thus be
cstimated to be 800 man Sv locally and regionally and
40,000 man Sv globally.

76. The cstimated annual collective doses from
weapons production activities in the United States, as
reflected in reports of the Department of Encrgy for
the four main locations between 1976 and 1982, were
5.8,8.2,5.2,2.2,2.4,2.3 and 1.7 man Sv, respectively
[D7]. The United States nuclear weapons stockpile
grew by the mid-1960s to somewhat above 30,000
weapons [C12]. Since then, as older weapons have
been retired, the stockpile has decreased, to some
25,000 weapons. However, some of the rctired
weapons have becn replaced, and tritium has been
produced continually to balance the radioactive deccay.
From the reported variation with time of the annual
doses since 1976, it can be assumed that the collective
dose per year of practice increases as one goes back
in time. Assuming that the mean annual population
dose commitment from 1965 to 1990 was 10 man Sv
and that during this period, on average, 1,000 weapons
were produced annually, an average population dose
commitment of 0.01 man Sv for each weapon pro-
duced is estimated. With a total United States produc-
tion of 30,000 + (20 x 1,000) = 50,000 weapons, the
total estimate would be 500 man Sv. With similar
doses from weapons production in the Soviet Union,
the collective dose committed to the local and regional
population from nuclcar weapons production in the
world would become 1,000 man Sv, in agreement with
the cstimate based on plutonium and tritium produc-
tion in the previous paragraph.

77. This cstimate of about 1,000 man Sv for the
local and regional collective dose from the global
nuclcar weapons industry in more recent praclice is
admitledly uncertain, as it is based on many assump-
lions and fecw data. The global component of the col-
lective effective dose is also rather uncertain, as it
mainly arises from radon releases from mill tailings in
the next 104 yecars. The amounts of enriched uranium
produced for weapons purposcs are not known, and
this part of the military fuel cycle has not yct been
assessed. However, cven if the committed collective
dose from nuclear weapons research, development and
production is taken to be roughly 100,000 man Sv,
this represents less than 1% of the committed col-
lective dose from atmospheric testing, which according
to Table 11 was about 3 107 man Sv.
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1V. NUCLEAR POWER PRODUCTION

78. The generation of clectrical cnergy by nuclear
rcactors has continually increased since the beginning
of this practice in the 1950s. In 1989, the clectrical
energy generated by nuclear reactors amounted to
212 GW a, representing 17% of the world's clectrical
cnergy gencerated in that year and 5% of the world's
encrgy consumption [I7].

79. The nuclear fucl cycle includes the mining and
milling of uranium ore, its conversion to nuclear fuel
matcrial, which usually includes the enrichment of the
isotopic content of B3y, the fabrication of fuel ele-
ments, the production of cnergy in the nuclear reactar,
the storage of irradiated fuel or ils reprocessing with
the recycling of the fissile and fertile materials
recovered, and the storage and disposal of radioactive
wastes. Radioactive matcrials are transported between
installations in the entire fuel cycle.

80. Radiation cxposures of members of the public
resulting from ecffluent discharges of radioactive
malerials from installations of the nuclear fuel cycle
were assessed in previous UNSCEAR Reports (U1,
U3, U4, U5}, in which discharge data for 1970-1974,
1975-1979 and 1980-1984 were included. In this
Annex, similar data are presented for the years 1985-
1989, as well as the trend with time of the normalized
annual releases since 1970. The doses are estimated
using the same environmental and dosimetric models
as in the UNSCEAR 1988 Report [Ul]. In this
Chapter doses to the public from routine cffluent
discharges are considered.

81. The doses to the exposed individuals vary widely
from installation to installation and from onc location
to another, and the individual dose generally decrcascs
rapidly with distance {rom a given source. In this
Annex, an indication is given of the range of
individual doses associated with each type of
installation, To evaluate the total impact of
radionuclides rcleased at each stage of the nuclear fucl
cycle, results are normalized in terms of the collective
effective dosc per unit quantity of electrical cnergy
produced, expressed as man Sv per GW a. The
estimated amounts of natural uranium, uranium oxide
(U30g), fuel, and units of enrichment required to
generate 1 GW a of electrical energy arc presented in
Table 16 for several reactor types {02, O3],

A. MINING AND MILLING

82. Uranium mining opcrations involve the removal
from the ground of large quantitics of ore conlaining
uranium and its decay products al concentrations of

between a tenth of a per cent and a few per cent. In
comparison, the average concentrations of uranium in
soils of normal natural background arcas are of the
order of 1 ppm. Uranium is mined using underground
or open-pit techniques. The annual quantities of
uranium produced in 1975-1989 arc presented in
Table 17 [O2]. The total amount of uranium produced
worldwide remained fairly stable between 1985 and
1990, at about 50,000 tonnes, extracied from about 20
million tonnes of ore. Milling operations involve the
processing of these large quantitics of orc to extract
the uranium in a partially refined form, known as
yellow cake.

1. Effluents

83. Radon is the most important radionuclide
released from uranium mines. Data on radon emissions
from mines in Australia, Canada and the German
Democratic Republic for the period 1985-1989 are
collected in Table 18. Releases nommalized to the
production of uranium oxide (U30g) ranged from 1 to
2,000 GBq ! and were, for most mines, much greater
in Canada and in the German Democratic Republic
than in Australia. The production-weighted average of
the normalized radon release is 300 GBq t! of
uranium oxide. Since about 250 t uranium oxide are
required to produce 1 GW a of electrical energy
(Table 16), the avcrage radon release, normalized to
the generation of clectri-cal energy, is approximately
75 TBq (GW a)'l. This is greater, by a factor of al-
most 4, than the value adopted in the UNSCEAR 1982
Report and the UNSCEAR 1988 Report. Previous data
have been both limited and variable. The present
databasc is somewhat more extensive, and a produc-
tion-weighted average has been calculated.

84. Relcases of natural radionuclides in uranium
milling have been reported for miils in Australia and
Canada. Results for airborne releases are shown in
Table 19. The rcleases normalized 10 clectrical energy
gencrated are comparable to values adopted in the
UNSCEAR 1982 Report and the UNSCEAR 1988
Reporl. Some variability is inherent, given the limited
data available. Mill sites in dry arcas give rise 10
cffectively no liquid cffluents. The run-off water of
mills in  wet climates, however, will contain
radionuclides and may necd treatment before rclease
into watercourses. Liquid releases have been reported
for two Canadian uranium mills and are prescented in
Table 20. There is no obvious explanation for the
relatively large amounts of uranium in releases,
compared to the other radionuclides of that decay
series.
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85. The extraction of uranium during milling is madc
as complele as possible but cannot rcach 100%. Typi-
cally, the residual tailings from the mill will contain
from 0.001% to 0.01% uranium, depending on the
grade of orc and the extraction process. More import-
antly, mill tailings contain the totality of the decay
products of 234y that were present in the ore extracled
from the mine. Because the two precursors of 222pp
arc present in the mill tailings, namely 226Ra, with a
half-lifc of 1,600 years, and >3CTh, with a hal[-lifc of
80,000 ycars, mill tilings constitute a long-term
source of atmospheric 22pn., Tailings are discharged
from mills into open, uncontained piles or bchind
engincered dams or dikes with solid or water cover.
All 1ailings piles act as sources of airborne releases of
222Rn, although the release rales can be low if the
tailings are covered with walter.

86. Mecasurements over barc tailings piles [A8, BS,
C8, S8] show that the exhalation rate of 222Rn is
about 1 Bq m s per Bq g™! of 226Ra. Since the
concentration of 225Ra in uranium ore with 1% U;0¢
is approximately equal to 100 Bq g'l, the release rates
of #2Rn over bare tailings resulling from the
treatment of uranium ore with 0.1%-3% U3O§ are
cxpected to range between 10 and 300 Bq m” s
taking the current average ore grade to be 0.2% U5 Oy,
the average cxhalation rate of 2Rn is expected lo be
20 Bq m~ s, Reported emission rates of 222Rn for
1985-1989 from mill tailings in Argentina, Australia,
Canada and the German Democratic Republic are
presented in Table 21. The emission rates per unit arca
range from 0.1 to 43 Bq m=2 57!, with most of the
values centred on 10 Bq m2 s", which is an
improvement ovcer the emission rales expected from
barc tailings. Assuming, as in thc UNSCEAR 1988
Report, that the production of a uranium minc
generates tailings of about 1 ha (GW a)! and that the
relcase rates of 2-2Rn remain unchanged during five
years, a typical emission rate per unil arca of
10 Bq m?s! corresponds to a normalized releasce of
222Rn of about 20 TBq (GW a)’\. This applics to mill
tailings of an operating mill.

87. It is likely that further treatment will be carried
out to minimize the releases of 222Rn from abandoncd
tailings piles. As reported in thc UNSCEAR 1988
Report, scveral techniques were analysed in a study by
the Nuclear Energy Agency of the Organization for
Economic Coopcration and Development (OECD)
[O1] for a number of sites. The radon exhalation rate
varicd by factors of more than 108, according to the
trcatment assumcd, showing that this is clearly a
crucial parameter in the assessment of the impact of
taitings piles. In the UNSCEAR 1988 Report, it was
assumed that somc reasonably impermeable cover
would be uscd and that the radon exhalation rate from
abandoned 1ailings piles would be 3 Bq m? sl

Becausc of the assumed protection against crosion and
of the long radioactive half-lifc of 23 , the radon
exhalation rate would rcmain essentially unchanged
over at Icast 10,000 ycars and would only decrease by
a factor of 2 over the next 80,000 ycars. Further
trcatment of the abandoned tailings piles by future
generations in the next millennium would probably
causc a variation in the cxhalation rate, which could
be cither a decrease or an increase. Two extreme
options can be envisaged:

(3) to uncover the tailings piles so that the radon
cxhalation rate would be incrcased to its initial
valuc of about 20 Bq m?2 st

(b) to trcat the tailings in such a way that the
resulting exhalation rate is decreased to 0.02 Bg
m2 s, which is the average value correspond-
ing to soils in normal background arcas.

88. In this Annex, it is assumed that the average
222Rn exhalation rate from abandoned tailings piles is
3 Bq m2 57! [corresponding to a normalized emission
rate of 1 TBq a™ (GW a)™'] and that this value will
remain unchanged over the next 10,000 ycars. These
assumptions of the long-term release of radon are the
same as in the UNSCEAR 1988 Report [U1]. It is,
however, recognized that the 222Rn exbalation rate
could range between 0.02 and 20 Bq m?sl any time
in the next 10,000 years and beyond. Normalized
relcascs of radionuclides assumed for the mining and
milling opcrations are summarized in Table 22.

2. Dose estimates

89. In the dose estimation procedurc used in the
UNSCEAR 1988 Report, a reference mine and mill
sitc was considercd with population densities of
3 km? at 0-100 km and 25 km™ at 100-2,000 km.
The collective doses resulting from airborne discharges
were then calculated using an atmospheric dispersion
model with the characteristics of a semi-arid arca and
an cffective rclease height of 10 m. The resultant
collective cffective doses per unit release are shown in
Table 22, along with the collective effective doses per
unil clectrical energy generated for the radionuclides
relcased during the operation of the model mine and
mill and from the abandoncd tailings piles. The total
collective cffective dose per unit electrical encrgy
generated is cstimated 1o be 1.5 man Sv (GW a)!
during the operation of the mine and mill and to be
essentially due to the radon releases. This is greater by
a factor of 3 than the estimate given in the UNSCEAR
1988 Rcport, since additional data have indicated
higher average normalized releases. The uncertainties
exist not only {rom normalized releases but also from
conditions of the model site and the population
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distributions. There may be wide deviations from the
above assumptions for actual sites. The doscs from
liquid clfluents arc negligible in comparison to the
doscs {rom airborne cfflucnts.

90. The collective cffective dose per unit clectrical
cnergy generated that is due to the relcases of radon
from abandoncd tailings piles is estimated 1o be
dclivered at a rate of 0.015 man Sv (GW a)~1 per year
of release. The rate of releasc as a function of time is
assumcd to be constant, and given the very long radio-
active half-lives of the radon precursors, the normal-
ized collective cffective dose commitled is propor-
tional to the assumed duration of the release. Taking
this period to be 10,000 ycars for the sake of illustra-
tion, the result is an estimated 150 man Sv (GW a)'l.
This figure is highly dependent on future management
practices; its estimated range is from 1 to 1,000
man Sv (GW a)'l.

B. URANIUM FUEL FABRICATION

91. The uranium orc concentrate produced at the
mills is further processed and purificd and converted
to uranium tetrafluoride (UF,), and then to uranium
hexafluoride (UF) if it is to be enriched in the isotope
235U, before being converted into uranium oxide or
mclal and fabricated into fuel ciements. Uranium
cnrichment is not necded for gas-cooled, graphite-
moderated reactors (GCRs) or heavy-water-cooled,
heavy-water-moderated reactors (HWRs). Enrichments
of 2%-5% are required for light-water-modcrated and
cooled reactors (PWRs and BWRs) and for advanced
gas-cooled, graphitc-modcrated reactors (AGRs).

1. EMluents

92.  Auvailablc data on airborne and liquid discharges
from installations of this stage of the fuel cycle are
given in Table 23. Emissions of radionuclides from
the conversion, cnrichment, and fucl (fabrication
processes arc gencrally small and consist cssentially of
the long-lived uranium isotopes, B34y, 35y, and P8y,
along with 2*Th and *™Pa, which are the short-
lived decay products of 238y, The long half-life of

prevents the activity build-up of any other
radionuclide of the 238U scrics. The solid wastes
arising during uranium [uel fabrication arc trivial in
quantity by comparison with thosc from the uranium
mines and mills.

93. The normalized cffluent discharges from modecl
fuel conversion, cnrichment and fabrication facilities,
which are taken to be the same as in the 1988
UNSCEAR Report, are presented in Table 24.

2. Dose estimates

94. Collective doses resulting from the airborne
rcleases were estimated for the model facility specified
in the UNSCEAR 1988 Rcport, with a constant
population density of 25 km'2 out to 2,000 km. The
normalized collective clfective dose is estimated to be
2.8 10 man Sv (GW a)'l, with inhalation the most
important pathway of exposurc. The collective doses
duc to liquid discharges are much less than those from
airborne dischargcs, as was asscssed in the UNSCEAR
1982 Rceport for the same relative releascs.

C. REACTOR OPERATION

95. Nearly all the clectrical energy gencrated by
nuclear means is produced in thermal reactors. The
fast neutrons produced by the fission process are
slowed down to thermal energies by use of a modcra-
tor. The most common materials used as modcrators
are light water (in PWRs and in BWRs), heavy water
(in HWRs) and graphite (in GCRs and light-water-
cooled, graphite-moderated reactors [LWGRs]). The
clectrical energy gencrated by these various types of
reactors from 1970 to the end of 1989 is illustrated in
Figure VII. During this period the number of nuclear
reactors incrcased from 77 to 426; the installed
capacity, from 20 to 318 GW; and the energy genera-
ted, from 9 to 212 GW a [I10]. Basic data on nuclear
rcactors in operation in 1985-1989 arc presented in
Table 25.

96. The uranium fucl for the nuclear reactors is
contained in discrete pins, which prevent lecakage of
the radioactive fission products into the coolant circuit.
The heat generated in the fucl pins by the slowing
down of the fission fragments is removed by forced
conveclion, the most usual coolants being light water
(in PWRs, BWRs and LWGRs), hecavy watcr (in
HWRs), and carbon dioxide (in GCRs). The thermal
energy carried by the coolant is then transformed into
electrical energy by means of turbine generators.

97. 1Inaddition to the reactor types mentioned above,
there arc five fast breeder reactors (FBRs) in operation
in the world. In that type of reactor, fission is induced
by fast ncutrons, there is no moderator and the coolant
is a liquid metal, The main advantage of the FBR lics
in its ability to produce more nuclear fucl than it
consumes.,

1. EfTluents

98. During the production of power by a nuclear
reactor, radioactive fission products arc formed within
the fuel and ncutron activation products in structural
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and cladding materials. Radioactive contamination of
the coolant occurs because fission products diffuse
into the coolant from the small fraction of fuel with
deflective cladding, and particles arising from the
corrosion of structural and cladding matcrials arc
activated as they arc carricd through the core. All
rcactors have treatment systems for the removal of
radionuclides from gascous and liquid waslcs.

99. The amounts of diffcrent radioactive matcrials
rcleased from the reactors depend on the reactor type,
its design and the specific waste trcatment plant
installed. As in the previous UNSCEAR Reports,
annual relcase data have been compiled for cach type
of rcactor. Annual relcases are reported in this Annex
for the period 1985-1989. These include:

(a) noble gascs (argon, krypton and xenon) relcased
lo awmosphere (Table 26); the radionuclide
compositions of the noble gases discharged from
PWRs and BWRs in the United States in 1988
are given in Tables 27 and 28, respectively;

(b) tritium in airborne effluents (Table 29);

(c) carbon-14 released to the atmosphere, available
for a few rcactors (Table 30);

(d) iodine-131 in airborne effluents (Table 31);
releases of other radioactive isotopes of iodine
from PWRs and BWRs in the United States in
1988 arc presented in Table 32;

(¢) particulates in airborne efflucnts (Table 33);

(f) tritium in liquid cfflucnts (Table 34);

(g) radionuclides other than tritium in liquid
effluents (Table 35); the radionuclide compo-
sitions of the activitics rclcased in liquid
effluents from PWRs and BWRs in the United
States in 1988 are given in Tables 36 and 37,
respectively.

100. For cach effluent category, the reported
discharges from individual reactors in a given year
vary over scveral orders of magnitude according lo
design, type of waste treatment, and level of irregular
operations and maintenance. Even for reactors of the
same type, the variations arc enormous. As an
cxample, the statistical distribution of the 1311 released
from PWRs in the Uniled States during 1988 is
illustrated in Figure VIII. For the distribution assumed
to be lognormal, a very large gecometric standard
deviation of 13 is obtained. Neither the amount of
clectrical encrgy gencrated nor the age of the reactor
appears to have a clear cffect on the quantitics of
radioactive malcrials rcleased in a given year. The
normalized rcleases of radionuclides in airborme
cffluents from PWRs in the United States in 1988 are
illustrated in Figure 1X. Both the total and normalized
rcleases scem to be independent of the amount of
electrical energy generated in that year or of the age
of the reactor. This may indicate that cffluent
treatments in all reactors are maintained to current standards.

101. The trends in normalized relcases from all
reactors worldwide of the major components of
radionuclides in airbome and iiquid cffluents are
illustrated in Figures X to XVI. Deviations from the
general patierns may reflect abnormal operation,
special maintenance or the like in specific reaclors.
Some variability may also reflect data that are too
incomplcte to provide representative averages. The
data become increasingly incomplete for years before
1985. For the pcriod 1985-1989, although some
componcents of discharges are not measured, the
reporting of available data is nearly complete for all
reactors in operation in the world.

102. Because of the variability in annual releases,
normalized releases have been averaged over five-year
periods in order to assess the collective doses. The
normalized releases for the data available since 1970
arc presented in Table 38. Data are available for all
types of rcactors and effluent categories for 1985
1989, except By discharged from FBRs. A rclease
equal to that from PWRs is assumed. Estimated values
only arc available for >H releases from LWGRs [I14].
For some carlicr periods the data are less complete for
some rcactor types. In order to include estimates for
those periods as well, the more recent data or the data
for PWRs arc used.

103. The trends in the principal components of
releases from reactors, averaged over all reactor types
and over five-year time periods from 1970 to 1989,
arc shown in Figure XVII. Atmospheric discharges of
noble gases and iodines, as well as liquid discharges
of radionuclides other than tritium, bave been decreas-
ing, and there bave been less obvious changes for the
other components. The downward trends no doubt
reflect improvements in the quality of nuclear fuel as
well as in the performance and standards of reactors
in operation.

104. The ecstimates of normalized rclease of
radionuclides from reactors may be combined with the
clectrical encrgy gencraled to obtain estimales of the
total relcases from all reactor operations in the world.
A record of energy genceration by reactors worldwide
is compiled by the International Atomic Energy
Agency (IAEA) [I10]. Since this record is not
complete, especially for carlier ycars of operating
experience in some countrics, data provided separately
to the Committee and a few estimated values have
been added to provide the summary listing given in
Table 39. The average normalized rclcase values in
Table 38 are assumed to be the most representative
and are applicd throughout cach five-ycar period. The
total relcascs from all reactors for the entire period of
their usage, during which time 1,844 GW a of clectri-
cal encrgy was generated, and the average normalized
rclcases are given in Table 40,
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2. Local and regional dose estimates

105. National authoritics usually  require  thal
environmental monitoring programmes be carried out
in the vicinity of a nuclear reactor. In general, the
activity concentrations of radionuclides in cffiuent
discharges are too low to be measurable except close
to the point of discharge. Dosc cstimates for the
population  therefore  rely on  modelling  the
cnvironmental transfer and transport of radioactive
materials.

106. In the UNSCEAR 1982 Report and the
UNSCEAR 1988 Report, the Commitice used a modcl
site that is most representative of northern Europe and
the north-castern United States, since those arcas
contain a large proportion of all power-producing
reactors. The cumulative population within 2,000 km
of the model site is about 250 million, giving an
avcrage population density of 20 km2. Within 50 km
of the site, the population density is taken to be
400 km'? in order to reflect siting practices. This
model sitc bas also been used in this Annex, along
with the environmental and dosimetric models of the
UNSCEAR 1988 Rcport. With the cxception of *H
and 14C, most of the collective doses arc delivered to
populations in local and regional arcas surrounding the
model sitc. The collective cffective dose per unit
release for the radionuclides or for the radionuclide
compositions representative for cach reactor type are
presented in Table 41.

107. Estimates of collective effective dose per unit
clectrical cnergy gencrated resulting from cffluent
discharges from rcactors in 1985-1989 arc given in
Table 42. Thesc are obtaincd by multiplying the
normalized rcleases (Table 38) by the collective
cffective dosc per unit release (Tabic 41). The total for
all reactor operation is 1.4 man Sv (GW a)'l.

108. A similar procedure may be used 1o cvaluate the
coliective dose from the entire period of reactor
opcration. The average normalized releases in
five-ycar periods (Table 38) are multiplied by the
annual cnergy generation of the different reactor types
(Table 39) and by the factors of collective dose per
unit release (Table 41). The results for cach reactor
type are combined in Table 43. The total collective
effective dose from all reactor operations through 1989
is cstimated to have been 3,700 man Sv. The
contributions by cach reactor type (not indicated, but
determined from the calculation) arc 45% from
HWRs, 29% from BWRs, 14% from PWRs, 9% (rom
LWGRs, 4% from GCRs and 0.3% (rom FBRs.

109. The estimated collective cffective doses {rom
effluent discharges from rcactors have changed over

the course of time, as the amounts of clectrical energy
generated and the releascd amounts per unit encrgy
generated have changed. Figure XVIH shows the
trends for the various cffluent categories. The
collective doses from atmospheric discharges of noble
gases and of iodine and from liquid discharges of
radionuclides other than tritium decreased or remained
stable from before 1970 through 1985-1989. The other
components of the local and regional collective dose
increased with time as the quantity of electrical energy
generated increased, also shown in Figure XVIIL

110. Individual doscs resulting from routine releascs
of radioactive cffluents from reactors arc usualiy low.
For the model site, the annual cffcctive doses 1o most
exposed individuals are estimated to be 1 uSv for
PWRs, 7 uSv for BWRs, 10 uSv for HWRs, 10 uSv
for GCRs, 20 uSv for LWGRs and 0.1 uSv for FBRs.

D. FUEL REPFROCESSING

111. At the fuel reprocessing stage of the nuclear fuel
cycle, the clements uranium and plutonium in the
irradiated nuclear fuel arc recovered 1o be uscd again
in fission reactors. Spent fuel clements arc preferably
stored under water for a minimum -of four to five
months, in order to ensure that the short-lived 3]
decays to a very low level. Since one reprocessing
plant can serve a large number of nuclear reactors, the
quantities of radionuclides passing through the plant
are high in absolute terms.

112. Reprocessing is, at present, carricd out in only a
few countries and is limited to a small portion of the
irradiated fuel. Known reprocessing capacities, as
summarized in Table 44, amount to about 3,300 t of
uranium per annum. The annual throughputs of
irradiated fuel from civilian power programmes to fucl
reprocessing plants in France, Japan and the United
Kingdom are illustrated in Figure XIX. In the 1980s
the total throughput at thesc plants ranged from an
equivalent of 5 1o 85 GW a of clectrical energy,
representing 5% of the annual worldwide nuclear
clectrical cnergy production in that period. The
fraction of irradiated fucl that is reprocessed has been
dccreasing slightly with time, as encrgy production has
expanded somewhat more than the throughput of fucl
at the rcprocessing plants. The fraclional amounts
reprocessed in terms of cnergy production equivalent
were 0.078, 0.066 and 0.04 during 1975-1979,
1980-1984 and 1985-1989, respectively. The data for
ycars before 1975 are incomplete.

113. Scveral countries have taken decisions not to
reprocess fucl. In these countrics, the fucl will either
be disposed of or stored retricvably; in the latler case
the possibility of reprocessing at some later date
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would not be precluded. The current strategy for the
management of spent fucl in different countries is
summarized in Table 45; in cach casc the amount of
irradiated fucl produced in 1990 is indicated, based on
the amount of nuclear energy generated in that year.
For the countries included in Table 45, the gencration
of spent oxide fucl in 1990 was about 11,000 t of
uranium.

1. EfMuents

114. The radionuclides of principal concern in
cffluents from rcj)roccssing {)lanls arc the long-lived
nuclides: 3H, 1 C, 85Kr, 291, 134Cs, 137¢5 and
isotopes of transuranium elcments. The reported
releases of radionuclides to the atmosphere and to the
sea from the Scllaficld, Cap de La Hague and
Tokai-Mura rcprocessing plants for 1985-1989 are
listed in Table 46. In this Table, the values for the
clectrical energy generated that correspond to the
annual throughput of fucl were estimated from the
8Kr discharges, using production rates of 14 PBq
(GW a)! for GCRs and 11.5 PBq (GW a)! for
PWRs. The variations with time of the normalized
rcleases of 3H and 'Cs in liquid effluents from the
Cap de La Hague and Scilaficld reprocessing plants
arc illustrated in Figure XX. The annual total releases
follow a similar pattern. Discharges of tritium have
been increasing slightly, but 1375 releases have been
decreasing. Stricler controls on rcleases from the
Scllaficld plant have, since the carly 1980s, reduced
the 137Cs releases to levels comparable to those from
the Cap de La Haguc plant. The normalized releases
from the Tokai-Mura plant have been comparable to
those from the European plants for 3H but scveral
orders of magnitude less for B37¢s,

115. The data in Table 46, along with those quoted in
previous UNSCEAR Reports [U1, U3, U4] and addi-
lional data from Japan [N13], have becen uscd to
dctermine the average normalized releases of radio-
nuclides during the five-year periods. The limiled data
prior to 1975 have been combined with later data to
provide estimates for 1970-1979. The values are given
in Table 47. The normalization is relevant to the equi-
valent cnergy production of the fucl reprocessed.
Tritium rcicases in liquid cfflucnts incrcased in the
most recent five-year period, but there have been
decreases for most other radionuclides, particularly for
e (by a factor of 80), for gy (by a factor of 13)
and for rO“’Ru (by a factor of 9).

116. The total amounts of radionuclides relecased from
fucl reprocessing can be estimated by completing the
record of amounts of fuel reprocessed prior to 1975.
For this purposc the ratio of 0.078 times the annual
clectrical ecnergy generated by reactors has been used.

The cnergy gencrated by rcactors was given in
Table 39. The fucl reprocessed (energy cquivalent)
times the average normalized releases of Table 47 give
estimates of the total annual relcases, which are shown
in Table 48. Whencver the measured results from all
three reprocessing plants in France, Japan and the
United Kingdom were available, those results, instead
of estimated values, were used in Table 48. Measured
results were available for >H and ®Kr in airborne
cffluents and 3H, OOSr, ’06Ru, 13¢5 in liquid efflucnts
since 1975, for 1291 in airborne effluents in 1980-1984
and in liquid cffluents in 1983-1986. The avcrage
normalized releases for the entire period of fucl
reprocessing operations given in Table 48 comrespond
10 1,844 GW a of electrical encrgy generated and an
amount of fuel reprocessed cquivalent to 101 GW a.

2. Local and regional dose estimates

117. The collective doses from the reprocessing of
nuclear fuel arise from local and regional exposures
and from exposures to the globally dispersed radio-
nuclides. Estimates of the local and regional dose
commitments are given in this Section and the giobal
contribution in Section E. The local and regional
collective doses per unit release of radionuclides were
evaluated in the UNSCEAR 1988 Report [U1]. These
values arc included in Table 49 along with the
normalized release amounts derived in Table 46. The
product of these two quantities gives the collective
effective dose per unit energy cquivalent of fuel
reprocessed. Since the total fuel reprocessed in
1985-1990 was 4% of the total, the collective dose
normalized to the total energy generated in the period
is less by the factor 0.04. The total normalized
collective effective dose (relative to tolal energy
generated) is 0.05 man Sv (GW a)‘1 from airborne
effluents and 0.2 man Sv (GW a)’l from liquid
cfflucnts.

118. The cvaluation of the collective dose for the
entire period of fuel reprocessing is straightforward
from 1be estimates of annual rcleases of radionuclides
presented in Table 48. The quantitics in this table are
multiplied by the factors of collective dose per unit
relcase in Table 49. The results are presented in
Table 50. The collective dose from the start of the
reprocessing practice is estimated to be 4,600 man Sv.
The main components (over 90%) ol the dosc are
137¢s and %Ry in liquid cffluents,

119. Annual individual doses to critical groups have
been evaluated for the three reprocessing plants for
which release data arc available. Individual doses for
Sellafield have been derived from environmental
monitoring data, combined with information on the
babits of local critical groups [C4}. The main path-
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ways considered are the consumption of locally caught
fish and shellfish, whole body external irradiation from
intertidal arcas and extemal irradiation of the skin of
fishermen while handling nets and pots. Annual
individual doscs 1o critical groups by the ingestion
pathway peaked at about 3.5 mSv in the carly 1980s
and later declined, to about 0.2 mSv in 1986. The
estimated annual individual doses 1o the critical group
for whole body exposure to external irradiation also
pcaked in the carly 1980s at about 1 mSv and
decrcased to about 0.3 mSv in 1986. Finally, the
mecasured beta dose rates from ncts and pots have
suggested that skin exposure to fishermen would be no
more than 0.1 mSv a’! [C4]. The exposure pathways
for critical groups arc similar for the fucl reprocessing
plant at Cap de La Hague. The cstimated annual
individual doses for 1986 arc 0.2 mSv for the
consumption of fish and shellfish and 0.05 mSv for
whole body external irradiation. The annual doses to
critical groups ncar the Tokai-Mura rcprocessing plant
arc of the order of 1 uSv [S3].

E. GLOBALLY DISPERSED
RADIONUCLIDES

120. The radionuclides giving rise to global collective
doscs arc those that are sufficiently long-lived and that
migrate readily through the environment, achicving
widespread dxslnbut:on The radionuclides of interest
are 3H, "¢, 8Kr and 291 The very long-lived 1291
poscs a special probiem because of the uncertaintics
involved in the prediction of population size, dictary
habits and cnvironmcental pathways over periods of
lens of millions of ycars. In this Annex, the global
dose commllmcnls are truncated at 10,000 ycars. By
that time, 3H and ®Kr have decayed to insignificant
levels and 'C has decayed o about 30% of its initial
valuc. Results for alternative integration periods were
presented in the UNSCEAR 1988 Report [U1]. The
limit of 10,000 ycars was chosen to correspond to the
maxxmum period of integrity of tallm;,s piles {rom
which 2%Th continues to support 222Rn cmanation.
Beyond 10,000 years cither complete crosion or
massive covering of the tailings would occur due to
the cxpected intervention of an ice age. The
uncertainties of dose calculations become exceedingly
great as intcgration periods arc cxtended over
thousands of ycars.

121. The collective effective dose per unit electrical
cnergy gencrated is cvaluated in Table 51, The
normalized rclease from rcactors and reprocessing
plants, the latier less by a factor of 0.04 when
normalized for the total cnergy gencerated, representing
the fraction of fucl reprocessed, is multiplicd by the
factors of collective dose per unit release. For tritium,
the collective dose per unit release to air is taken 1o

correspond to the quoticnt of the annual dose rate to
the hcmisphcric production rate of natural tritium (10
nSval + 37 PBq) times lhc world population of the
northern hcmlsphcrc &) 10° x 0.89). The result is
0.0012 man Sv TBq'!. For releasc to sca, calculations
with a global circulation model have shown that the
nommh/Ld collective dosc is a factor of 10 less [N8].

¢, the collccuvc dosc per unit releasc is taken to
bc 85 man Sv TBq , which over the 10,000-ycar
period is 71% of the nommalized collective dose
committed for all time (scc paragraph 44). For 8Ky
and %1, the collective dosc factors arc taken to be as
cevaluated in the UNSCEAR 1988 Report [Ul]. The
normalized collective dose, truncated at 10,000 years,
from globally dispersed radionuclides is 53 man Sv
(GW a)! and is due almost cntircly to }C.

122. The total collective effective dose from globally
dispersed radionuclides {or the entire period of nuclear
power production can be ¢valuated by multiplying the
total rclease of these radionuclides by the collective
dose per unit release. The results of this calculation
are given in Table 52. The total is 123,000 man Sv,
over 99% of which is due to 1C.

F. SOLID WASTE DISPOSAL
AND TRANSPORT

123. The solid wastes that arise from reactor
opcrations as well as from the handling, processing
and disposal of spent fucl are generally characterized
as low-level wastes, intcrmediate-level wastes, and
high-level wastes. Low-level wastes and intermediate-
level wastes arc gencrally disposed of by shallow
burial. Burial facilities range from simple trenches or
pits containing untreated wastes and capped with soil
(typically used for low-level wastes) to concrete
structures containing conditioned wastes and capped
with soil (typically used for intermediate-level wastes).
Some low-level wastes were disposed of at sea at
morc than 50 sitcs from 1946 10 1982 [I11]). Various
solutions are cnvisaged for the disposal of high-level
wastes, but none have yect been implemented.
Decommissioned rcactors will become part of solid
wasle management programmes in the future. Several
rcactors have been shut down, but nane have yet been
dismantled or transformed into a wasle disposal site as
yet.

124, Doses from solid waste disposal arc usually
assumed to result from the migration of radionuclides
through the burial site into groundwater. The
normalized collective cffective dose attributable 10
wastes from rcactor operation is almost entircly due to
¢ and roughly amounts to 0.5 man Sv (GW a)); the
corresponding value for wastes from the handling and
processing of spent fuel is 0.05 man Sv (GW a)‘l.
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Thesc cstimates arc highly uncertain as they depend
critically on the assumptions uscd for the containment
of the solid wastes and for the sitc characlteristics.

125. Materials of various types arc transported
between the installations involved in the nuclear fuel
cycle. Members of the public in the vicinity of the
trucks, boats or trains carrying the radioactive
matcrials arc cxposed to small doscs of extemal
irradiation. On the basis of fragmentary data, the
normalized collective cffective dose was estimated to
be 0.1 man Sv (GW a)y! in the UNSCEAR 1988
Report. The same valuc is used in this Annex.

G. SUMMARY OF DOSE ESTIMATES

126. A summary of the main contributions to the total
collective effective dosc, normalized per unit electrical
cnergy generated, is shown in Table 53. The local and
regional normalized collective ceffective doses, which
are cffectively reccived within one or two years of
discharge, amount to 3 man Sv (GW a)! and are
principally due to routine aunospheric releases during
rcactor and mining opcrations. Even though the
contributions from the various components of the
nuclear fuel cycle arc different from those reported in
the UNSCEAR 1988 Report, the total remains the
same, as the decreases in the dose cstimates from
rcactor opcration and fucl reprocessing have been
compensated by increases in the dose estimates from
mining and milling. Globally dispersed radionuclides
in c[fluents from the nuclear f{ucl cycle and long-term
rcleases from solid waste disposal result in small
exposures to members of the public over a very long
time (10,000 ycars or more). The normalized collec-
tive cffective dosc reccived within 10,000 ycars

amounts to about 200 man Sv (GW a)'! and is mainly
duc to the release of radon from mill tailings and to
the release of C from fucl reprocessing plants and
from rcactors.

127. The assessment of the local and regional
collective dose for the entire period of nuclear power
production has been determined for reactor operation,
3,700 man Sv (Table 43), and for fucl reprocessing,
4,600 man Sv (Tablc 50). It can be assumed that the
normalized collective cffective dose from mining and
milling, given as 1.5 man Sv (GW a)'1 in Table 53, is
also representative of earlier periods. The total colicc-
tive dosc from this fxzorlion of the fucl cycle is thus
1.5 man Sv (GW a)™" x 1,844 GW a = 2,700 man Sv.
The total for the entire fuel cycle is 2,700 + 3,700 +
4,600 = 11,300 man Sv. The average normalized col-
lective dose for the entire period of the practice is
estimated to be 11,000 man Sv + 1844 GWa =
6 man Sv (GW a)'l. This long-term average is higher
than the value for present practicc owing to the
declining releases from reactors and fuel reprocessing
operations.

128. The cstimation of collective effective doses from
globally dispersed radionuclides and {rom long-term
releases  from  solid  wasle disposal is rather
speculative, as it depends heavily on future waste
management practices and on the evolution of the
world's population over the next 10,000 years.
Multiplying the figure of 200 man Sv (GW a)'1
obtained in this Anncx as well as in the UNSCEAR
1988 Report by 1,844 GW a yiclds a collective
cffective dose from these sources of about
400,000 man Sv. About 25% of the total is due to '*C
rcleased from rcactors and rcprocessing plants
(Table 52) and the remaindcer to radon released from
mill ailings.

V. RADIOISOTOPE PRODUCTION AND USE

129. Radionuclides are uscd for a varictly of purposcs
in industry, medicine and research [16], and both the
number of uses and the quantitics used bave been
continually increasing. For example, in Japan, the
number of establishments using radionuclides and/or
radiation gencrators has grown over the years, {rom
about 100 in 1960 10 about 5,000 in 1990 [J2].
Exposures of the public may result {rom activitics
associated with the production, use and waste disposal
of the radioactive matcerials. The doses from the use of
radjoisolopes in consumer products were considered in
the UNSCEAR 1982 Report [U3]. The doses cvaluated
in this Chapter are those resulting from reieases 0 the
environment, which may occur during production, use

or disposal. Radionuclides produccd for scaled sources
are not considered, since they are not normally
relcased. Radiopharmaccuticals, ¢ and 3H arc
usually cventually  released, and  with  some
approximation the total production can give an
estimate of the total release.

A. PRODUCTION AMOUNTS
AND RELEASES

130. The amounts of radioisotopes produced for
commercial or medical purposes arc not well
documented. Likewise, the rcicascs during production
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or use arc not widely rcported. The cvaluation of
doscs must thercfore remain rather approximate, with
only preliminary, very uncertain results having becn
used. Statistics on radioisotope production and usc are
available only for Japan [J2]. Tablc 54 gives the
annual uscs of radioisotopes in 1989 in hospitals,
schools, rescarch institutions and industries. From the
population of Japan (118.9 million) the usage per 106
population may be determined: for example, 5.2, 6.1,
14 and 34 GBq per 108 population for 14C, 12SI, 3y
and 3], respectively.

131. The production of compounds labelled with 14C
has been estimated for the United States in 1978 to be
about 7 TBq [N9}, corresponding to 30 GBq per 10°
population. This is six times the normalized usage in
Japan. The production amount of ¢ in the United
Kingdom is not available, but the reported releases in
airborne and liquid effluents from the commercial
production plant were reported to be 3.2 TBq in 1987
[H6]. This corresponds to 55 GBq per 106 population.
The net production must be substantially greater. It is,
however, supporting users in many other countries as
well as in the United Kingdom. By assuming that 10%
of the 1C is lost at production and normalizing to the
population of Europe (roughly 10 times that of the
United Kingdom), the estimate of normalized produc-
tion becomes SO GBq per 106 population.

132. To obtain approximate figures of production,
usage and ultimate release amounts, the 1€ estimate
of the United States is assumed and applied at the
rates of 100% to the population of developed countries
(1.2 10° population) and 10% to the population of
dcveloping countries (3.7 10° population). The annual
production and release of radioisotopes relative to ¢
are determined from the values given in Table 54 for
Ja{)an. Thus, for example, the production of 3H and
Bl is three and six times greater, respectively, than
the production of 1C.

133. The annual global production and ultimate
release of these radionuclides may be estimated to be
30 GBq per 106 population (14C) times an equivalent
world population of 1.6 10° persons times the relative
production fractions. The results for several radio-
nuclides are given in Table 55. Other radionuclides not
included in this Table, especially those in solid form,
arc unlikely to be released or widely dispersed from
the end-uses.

134. Additional data on the production and release of
radioisotopes are available for B administered to
patients in medical facilities. The total amount of 131]
produced for medical purposes in Swedcn during 1986
was 0.9 TBq [N15]. Radioactive discharges of 134
from hospitals in Australia in 1988-1989 have been

rcported as 2,9 TBq [A9]. These amounts, corres-
ponding 10 110 and 190 GBq per 108 population, give
some corroboration to the value used in Table 55
(200 GBq per 108 population). About two thirds of
orally administered "'l is excreted via the urine of
treated patients in the first day [E2]; however, only
very low concentrations of BI have been measured in
surface waters in Germany [A7] and in the sewage
systems of cities in Sweden [E2] and in the United
States [S5]. Wastc treatment systems in hospitals with
hold-up tanks may reduce the amounts of '3 dis-
charged in liquid effluents to S 10 of amounts
administered to patients [J3].

B. DOSE ESTIMATES

135. Since the environmental levels of radioisotopes
used for medical, educational or industrial purposes
are in general undetectable, only approximate, cal-
culated estimates can be made of the collective doses.
The results are given in Table 55. The estimates
assume no partial retention of the radionuclides in
end-products and no hold-up prior to wide dispersion
and the exposure of local, regional or giobal
populations. This could result in overestimated doses,
significantly so for radioiodines that have short half-
lives. The dosc coefficients listed in Table 55 are
those derived and used for radionuclides produced and
released in nuclear power production. Tritium and the
noble gases are assumed to be released to the atmo-
sphere, 1C 10 be rcleased in both airborne and liquid
cffluents and 3! and 1] to be released to rivers.
There could be occasional release of iodine in airborne
effluents, for example from incineration of waste
materials. This would be easily detected, but since it
is so seldom reported, it can be assumed that this is
not an important source of release. The dose coeffi-
cient for 2°1 is based on age-weighted dosc-per-unit-
intake values [N1] and the 1251 half-life of 13 hours,
with other model parameters the same as for 1311,

- 136. The total local and regional collective effective

dose from releases of radioisotopes used in onc year
in medical and industrial applications is of the order of
100 man Sv. If it can be assumed that the practice of
these radioisolope uses bas been building up over the
past 40 years, the collective dose committed from all
past releases would be 20 times the present annual
value, or 2,000 man Sv in total. The giobal component
of the collective effective dose, arising almost entirely
from MC, is 4,000 man Sv from one year of
radioisotope usage and 80,000 man Sv committed
from the entire practice to date. The contribution of
this source to man-made exposures in general is thus
relatively unimportant on an annual basis. The doses
from '4C are at low dose rate but extend over a long
period of time.
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VI. ACCIDENTS

137. A number of accidents have occurred at both
civilian and military nuclear installations and in the
transport of nuclear maltcrials. In some cases, there
was subslantial contamination of the environment.
These accidents are discussed in this Chapter, and the
magnitudc of population doses incurred are estimated.

A. CIVILIAN NUCLEAR REACTORS

138. The two principal accidents involving installa-
tions of the civilian nuclear fuel cycle took place at
the Three Mile Island reactor in the United States in
March 1979 and at Chernobyl in the USSR in April
1986.

1. Three Mile Island

139. The accident at Three Mile Island has been the
subject of many reports, particularly from the United
States Nuclear Regulatory Commission and the Presi-
dent’s Commission [K3). The cause of the accident
was the failure to close a pressure relief valve, which
led to severe damage of uncooled fuel. The accident
re cascd large amounts of radioactive materials from
failed fuel to the containment, but the environmental
releases were relatively small (about 370 PBq of noble
gases, mainly 133%e, and 550 GBgq of B into the
atmospherc).

140. Individual doses averaged 15 uSv within 80 km
of the plant, and the maximum cffected dosc that any
member of the public could have received is estimated
to have been 850 uSv from external gamma irradia-
tion [K3]. The collective effective dose due to the
relcase has been estimated to be 20 man Sv within
80 km of the plant [K3]. The contribution to the
cffective dose commitment due to 33Xe dispersion
beyond 80 km may have been cqual to that within
80 km [U3], which gives a total of 40 man Sv.

2. Chernobyl

141. The worldwide cxposures from the Chernobyl
accident were cvaluated in detail in the UNSCEAR
1988 Report [U1]. In the course of a low-power engi-
neering test, uncontrollable instabilities developed and
causcd cxplosions and fire, which damaged the rcactlor
and allowed radioactive gases and particles to be
relicased into the environment. The fire was extin-
guished and the releases stopped by the tenth day after
the accident. The death toll within three months of the
accident was 30, all of them members of the operating
staff of the reactor or of the fire-fighting crew.

142. The total rclease of radioactive materials is
estimated to have been 1-2 EBq [13}, the principal
radionuclides being 31 (630 PBq), *Cs (35 PBy)
and 7Cs (70 PBq) [115]. The proportional amounts
dispersed beyond the USSR were determined to be
34% for 3 and 56% for 37Cs (115).

143. About 115,000 residents were relocated from a
30 km exclusion zone surrounding the reactor. The
external radiation doses to most of those cvacuated
was less than 0,25 Sv, although a few in the most con-
taminated arcas might have reccived doses up to
0.3-0.4 Sv. The collective dose from external radiation
to the evacuces is estimated to have been 16,000
man Sv. Individual thyroid doses to children may have
been 2.5 Gy and higher in some cases, with an
average thyroid dose of 0.3 Gy and a collective
thyroid dose of 400,000 man Gy [C10].

144, The radiation situation beyond the 30 km zone
surrounding the reactor was determined primarily by
the wind directions. When rainfall occurred at the time
that the radioactive cloud was passing, the deposition
density of 137Cs and other fission radionuclides was
enbanced. In the USSR, an area of about 10,000 km?
was contaminated with 137Cs to levels in excess of
560 kBgq m'z, and an area of 21,000 km? received
upwards of 190 kBq m? [I15]. A government
commission determined that 786 settlements, located
in Belarus, the Russian Federation, and Ukraine, with
a population of 270,000, were to be considered as
"strict control zones". Protective measures preventing
the consumption of contaminated foodstuffs werce
applicd in the strict control zones. The average
effective dose received by the populations in the strict
control zones is estimated to have been 37 mSv in the
year following the accident and 23 mSv in 1987-1989
[115]. An intcrnational review project was conducted
in 1990 to investigate environmental levels, doses and
the health of residents of unevacuated settlements [I1].
The project corroborated results of measurcments and
dose evaluations. Dict and body measurements showed
that agricultural practices and protective measures
were cffective in limiting exposures. The doses
determined by whole body counting were less than
expected from calculation by environmental modcls.
Estimation of thyroid doses requires interpretation of
early dircct measurements and calculation of presumed
Bl intakes; these doses are thus subject 1o
considerable uncertainties,

145. Detailed information on environmental
contamination levels and radiation doses received by
populations in the northern hemisphere was made
available to the Committee by many countries, cither
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dircctly to the UNSCEAR sccretariat or in published
reporis. This information cnabled the Committee, in
the UNSCEAR 1988 Rcport [Ul], to calculate
first-year radiation doscs in the USSR, all other
Europcan countrics and a few other countries in the
northern hemisphere. The projected doses beyond the
first ycar were based on the cnvironmental behaviour
of '¥'Cs dctermined in many ycars of measurements
following atmosphcric nuclcar testing.

146. The colleclive cffective dosce from the Chernobyl
accident was estimated to be approximately 600,000
man Sv [U1). Of this amount, 40% is expected to be
received in the territory of the former USSR, 57% in
the rest of Europe and 3% in otber countries of the
northern hemisphere.

B. MILITARY INSTALLATIONS

147. There have been two accidents at military plants
that are known to have caused measurable exposures
of the public: an accident at Kyshtym in the southen
Ural Mountains of the USSR in September 1957 and
the Windscale reactor accident in the United Kingdom
in October of the same year.

1. Kyshtym

148. In the carly 1950s high-level radioactive wastes
from the Chclyabinsk-40 plutonium production centre
near Kyshtym were stored in watcr-cooled tanks
encased in concrete. The corrosion and failure of
process monitoring equipment led to a breakdown in
the cooling system of a 300 m? tank, allowing the 70-
80 tonnes of waste, stored mainly in the form of
nitrate and acetate compounds and containing about
1 EBq of radioactive materials, to heat up. The water
in the tank evaporated, and as the sediments dried out,
they reached temperatures of 330-350°C. On 29
September 1957 the contents of the tank exploded
with a power estimated to have been equivalent to 70-
100 tonnes of TNT [R3]. About 90% of the
radioactive materials contained in the tank deposited
locally, while the remainder (about 100 PBq) was
dispersed away from the site of the explosion {A4,
B11, B12, N2, N3, R3, T1, T4]. The main contributors
to the total activity associated with the radioactive
materials released were *44Ce + 144pr 66%), S7r +
PNb (24.9%), St + PY (5.4%) and " Ru + 1°°Rh
(3.7%). In addition. B37¢s (0.036%), %sr (traces),
4Tpm (traces), 35gy (traces) and 9:240p, (traces)
were also relecased [B11]. With the exception of
caesium, the radionuclide composition is similar to
that of fission products that had been cooled for about
one year, Waste treatment at the reprocessing plant
involved concentrating the radionuclides by means of

precipitation with sodium hydroxide. Cacsium was
practically the only clement with radionuclides that
remained in the solution; il was later concentrated
scparately [R3].

149. The radioactive cloud reached a height of about
1 km. Wind conditions were relatively stable during
the dispersion of the cloud over a relatively flat
surface, and there was no precipitation. This resulted
in an oblong fallout arca, extending to about 300 km
from the plant, with a clearly dcfined axis and mono-
tonic decrease in the deposition density along the axis
and perpendicular to it. Virtually all of the deposition
occurred within 11 h. The boundarics of the contami-
nated area were taken to correspond 10 a Dgr deposi-
tion density of 4 kBq m™, wice the level of global
fallout.

150. Redistribution of the deposited radionuclides
occurred to some cxtent, most noticeably in the first
few days after the accident. The main sources of the
redistribution were the crowns of trees and the soil
surfaces. On the whole, the delineation of the fallout
area was practically complete by 1958, when wind
migration was redistributing less than 1% of the
original fallout. Over the next 30 years, wind transfer
did not affect appreciably the distribution of the con-
tamination [T1]. The contaminated area was estimated
to comprise between 15,000 and 23,000 kmz, with a
population of about 270,000, in the provinces Chelya-
binsk, Sverdlovsk and Tyumeng&Bll, N3). There were
1,154 people in areas with a ™ Sr deposition density
greater than 40 MBq m2, 1,500 in areas with a
deposition greater than 4 MBq m'2 and 10,000 in arcas
with a deposition greater than 70 kBq m*? [B11, N3].

151. External irradiation was the main route of
exposure during the first few months after the acci-
dent; subsequently, the ingestion of %St in foodstuffs
became predominant. During the initial period, the
dose rate in air was about 1.3 4Gy b’ from gamma
emitting radionuclides in areas with a sy deposition
density of 40 kBq m2, with maximum values of about
5 mGy b! near the plant, where the deposition density
of ®Sr rcached 150 MBq m*? [B11]. Within 10 days
of the accident 1,154 persons [B11, B12, N3, R3]
were cvacuated from the sctticments in the most
severely affected arca, which had a Mgy dcposition
density greater than 40 MBq m2. Subscquently, moni-
toring of the radioaclive contamination levels in
foodstuffs and agricultural produce was carried out to
assure that an annual *Sr intake of 50 kBq a"! would
not be exceeded. A ban on foods was imposed with
concentration limits of ®Sr relative to the mass of
calcium in foods of 7.4 Bq g! initially and 2.4 Bq g
at a subsequent period. This led 1o the destruction of
more than 10,000 tonnes of agricultural produce in the
first two vears following the accident and to the
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decision to carry out a further systematic evacuation of
the population from areas with a ®Sr deposition den-
sity greater than 150 kBq m [R3]. The resettlement,
which began 8 months after the accident, was com-
pleted 18 months after the accident. Altogether, 10,730
persons were evacuated [B11). The collective dose is
cvaluated in Table 56. The average dose received by
the population group cvacuated within 10 days of the
accident was 170 mSv from external jrradiation and
1,500 mSv to the gastro-intestinal tract; the average
cffcctive dosc was 520 mSv. The collective dose
reccived by the evacuated individuals amounted to
about 1,300 man Sv.

152. The doscs received by the populations that were
not evacuated are also presented in Table 56. About
half of the effective dose had been delivered within
onc year, more than 90% within 10 years and ncarly
all within 30 years of the accident. The effective dose
per unit deposition density was estimated to be 320
uSv per kBq m2 over 30 years, with just over 20%
duc to external irradiation. The collective effective
doses received by the non-evacualted population (about
260,000 pecrsons) have been reported to be 1,100
man Sv [N3] and about 5,000 man Sv [B1]. It is diffi-
cult to judge the validity of these figures, as the
information on the correspondence of " Sr deposition
densities with populations is very coarse. However, it
is indicated that average cffective doses received over
30 years are estimated to have been 20 mSv for a
%oup of about 10,000 people living in areas with a

Sr deposition density between 40 and 70 kBq m
and 4 mSv for a group of 2,000 people living in areas
with a deposition density between 4 and 40 kBq m~
[B11]. On the basis of the relationship between popu-
lation and the deposition density of 0gr described
above, it can be assumed that the number of people
living in areas with deposition densities between 40
and 70 kBq m2 was 10,000 and that the number of
people living in arcas with deposition densitics
between 4 and 40 kBq m% was 250,000, resulting in
a collective effective dose over 30 ycars of 1,200
man Sv.

153. A less serious accident occurred in 1967, as a
conscquence of the disposal of radioactive wastes
containing 4 EBq of %5r and !37Cs radioactive wastes
in Lake Karachay [A3, N4, T4]. On that occasion,
dust from the lake bed or the shore-line, containing
about 20 TBq of ®Sr and '37Cs, was dispersed by the
wind over an arca of 1,800 km? and to a distance of
up to 75 km. The contaminated territory included
portions under the radioactive plume of the 1957
accident. The maximum deposition density of 0Sr was
0.4 MBgq mZ, and the 37Cs/sr activity ratio was 3.
Specific information on the doses resulting from that
accident is not available; it is expected that they are
included in the doses from the much more serious

accident that occurred in 1957 at the same site.
However, because the 137Cs/%Sr activity ratios were
very different in the 1957 and 1967 accidents, it would
be possible, as evidenced by recent measurcments
[A3], to scparate the contributions from the two
accidents by analysing soil samples.

2. Windscale

154. The accident at Windscale in October 1957
began during a routinc release of the Wigner energy
stored in the graphite of the gas-cooled reactor. Owing
to errors in operation, the fuel became overheated and
caught firc. The fire lasted for about three days. Major
releases of radionuclides occurred mainly in two
periods: when the air flow was re-started through the
core soon after the accident started, in an attempt to
cool it, and when water was pumped into the reactor
to extinguish the fire on the second day of the acci-
dent [C13]). The release of B[ is estimated to have
been 740 TBq, accompanied by 22 TBq of !37Cs,
3 TBq of 1%Ru and 1.2 PBq of 3*Xe [C10). In addi-
tion to the fission products, other radionuclides were
released, the most notable being 210Po, which was
being produced by neutron irradiation of bismuth
ingots in the core. The release of 210p5 amounted to
8.8 TBq [C10, C14). The Windscale reactor has not
been used again since.

155. The contamination of pasture land was wide-
spread, the majority of the released radioactive
materials having passed south-south-east of Windscale,
in the direction of London, and eventually over Bel-
gium before having turned northwards, to Norway. At
the time of accident, the radionuclide identified as
being of principal concem was 1311 and the main
pathway to man was identified as the ingestion of
cow’s milk. The prompt imposition of a ban on milk
supplics had the effect of reducing B intakes via the
pasture-cow-milk-pathway {C10]. Extensive environ-
mental measurements were made in the United King-
dom at the time of the accident. Maximum doses to
persons close to the site were estimated to have been
of the order of 10 mGy to the thyroid of adults and
perhaps 100 mGy to the thyroid of children [B2, C9].
Thyroid doses to adults in Leeds and London were
estimated from measurements of 3! in the thyroids to
have been 1 mGy and 0.4 mGy, respectively [B2],
with young children having received doses twice as
great.

156. The collective effective dose reccived in the
United Kingdom and in Europe from all radionuclides
and pathways was eslimated to have been 2,000
man Sv, of which about 900 man Sv was due 10 inha-
lation and 800 man Sv was due 1o the ingestion of
milk and other fondstulfs. External irradiation from
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ground dcposits of radionuclides was ecstimated to
have contributed 300 man Sv. The main contributors
to the collective cffective dosc were 1311 (37%) and
210p5 (37%), followed by ¥7Cs (15%) [C10].

C. TRANSPORT OF NUCLEAR WEAPONS

157. Fourteen accidents involving aircraft carrying
nuclear weapons or components of nuclear weapons
arc known to have occurred, the two most publicized
being the aircraft crash near Palomares, Spain, in
January 1966 and the crash at Thule, Greenland, in
January 1968. Appreciable amounts of B9y were
released locally 1o the environment. A number of
nuclear weapons have also been lost at sea.

158. The accident at Palomares, on the Mediterranean
coast, occurred on 17 January 1966, when two United
States military planes collided in the process of a mid-
air refuelling operation. The parachutes of two of the
four thermonuclear weapons carricd by one of the
planes failed to deploy, resulting in the detonation of
their conventional explosives and the release of their
fissile material upon hitting the ground. Partial ignition
of the fissile material formed a cloud that contami-
nated 2.26 km? of uncultivated farm land and urban
land with 2°Pu and 2*°Pu [116-120]. The other two
bombs were recovered intact, one in a dry river bed
near the mouth of the Almanzora River and the other
in the sea.

159. Where the deposition density of alpha emitiers
was greater than 1.2 MBq m? (an area of 22,000 mz),
the contaminated vegetation and a surface layer of

soil, approximately 10 cm deep, were collected, sepa- -

rated and disposed of as radioactive waste. Arable land
with levels below 1.2 MBq m? was imigated,
ploughed to a depth of 30 cm, harrowed and mixed.
On rocky hillsides, where ploughing was not possible,
soil with a plutonium level greater than 0.12 MBq m?
was removed to some extent with hand tools [117].

160. Estimates of the doses from inhalation and from
ingestion have been derived from measured
concentrations of 2%Pu and 2*0Pu in ground-level air,
in agricultural foodstuffs and in pcople. The urine and
lungs of Palomares inhabitants have been sampled and
measured for plutonium since 1966. Of the 714 people
examined up to 1988, only 124 showed concentrations
of plutonium in urine greater than the minimum
detectable activity. Iranzo et al. [118] estimated that
the 70-year committed effective doses for 55 of these
people ranged from 20 to 200 mSv owing to the acute
inhalation of radioactive particles at the time of the
accident or immediately afterwards. The highest
estimated 70-ycar committed effective dose was

240 mSv 10 a onc-ycar-old child [118]. From data in
this reference, the collective effective dose due to
acute inhalation of radioactive particles immediately
after the accident can be estimated to have been about
1 man Sv,

161. The resuspension of soil particles has been
monitored since 1966 at four locations [I17]. The
average annual concentrations of 8%y and 2%0py
during the period 1966-1980 were 5.5 uBq m™ at the
location representative of the urban centre and 52
1Bq m? at the location representative of the most
exposed farming arca [I17]. The corresponding SO-
year effective dose per year of intake by inhalation of
radioactive particles resuspended from soil are 4 and
35 uSv per year of intake for peoplc in the urban arca
and in the most exposed farming area, respectively.
Assuming that (a) the total number of persons exposed
is 714; (b) 90% of that exposed population resides in
the urban area and the remainder in the most exposed
farming area; and (c) the amount of 3%y and 240py
available for resuspension decreases exponentially with
a half-time of 100 years, the collective effective dose
due to the resuspension of radioactive particles is
roughly estimated to be 1 man Sv.

162. The main crops in the cultivated area of the
Palomares region are tomatoes, barley and alfalfa
[120]. From the plutonium concentrations in those
products, it can be inferred that resuspension of the
plutonium particles in soil plays a more important role
than absorption through root uptake in the contami-
nation of agricultural products cultivated in the area
{120]. Tranzo et al. [I20] estimated that the individual
committed effective dose due to a yearly consumption
of unwashed contaminated tomatoes would be 1.5 uSv
and that the collective effective dose from a yearly
consumption of tomatoes grown on one hectare of
contaminated soils would be 10 man Sv. Assuming
that (a) the cultivated area used for the production of
tomatocs is 100 hectares (1 km?) and (b) the amount
of plutonium available for the contamination of agri-
cultural crops decreases exponentially with a hal{-time
of 100 years (rcflecting the predominant role of resus-
pension), the collective effective dose due to the
ingestion of tomatoes contaminated as a result of the
accident is crudely estimated to be about 1 man Sv.
The contamination of barley and alfalfa also results in
the contamination of products used for human con-
sumption (milk and mcat), but the doses due to
ingestion of those products are much lower than those
due to the ingestion of tomatoes because of the filter-
ing effect of the animals.

163. Some of the plutonium deposited on land was
transferred to the Mediterrancan Sea when the
Almanzora River, which flows through the village of
Palomares, flooded [G1]. This transfer, however, is not
significant from a radiological point of view.
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164. Necar Thulc, the high-explosive components of
four weapons detonated in an airplane crash, contami-
nating about 0.2 kmZ. About 10 TBq of plutonium was
recovered in the surface layer of the snow pack, and
about 1 TBq was cstimated to be trapped in the ice
[L1]). A radioccological investigation conducted during
the summer of 1968, when the ice bad broken up,
showed that the accident had mcasurably raiscd the
plutonium level in the marine environment as far as
20 km from the point of impact. The highest concen-
trations were found in bottom sediments, in bivalves
and in crustacea. Larger animals such as birds, scals
and walruses showed plutonium levels hardly different
from the fallout background [Al, A2].

165. Accidents have also happened during the
transport of nuclear wcapons by sca. At least 48
nuclcar weapons and 11 reactors have been reported to
be lying on the ocean floor [E3]. The most serious
losses were two nuclear-powered submarines, cach
carrying several nuclcar weapons; onc sank off the
coast of Bermuda in October 1986 and the other in the
Norwegian Sca in April 1989. Anothcr loss occurred
ncar the coast of Japan in 1965, when an airplane with
a 1 Mt bydrogen bomb rolled off an aircraft carrier.
No information has been rcported on the number of
dcaths or on the extent of environmental contamina-
tion associated with those accidents that resulted in the
loss of nuclear weapons. However, some information
is available about an accident that took place aboard
a missile-carrying nuclcar submarine in July 1961 in
the Atlantic Ocean [K8]. In that accident, a depres-
surization in the primary coolant of one of the two
nuclear reactors led to substantial radioactive
contamination in the submarine and to a rcactor shut-
down. To prevent rcactor meltdown, a temporary
cmergency cooling system was fabricated; this
requircd welding work to be carried out in the reactor
compartment itself, which led to eight deaths within a
few wecks of the accident [K8].

D. SATELLITE RE-ENTRY

166. In 1964, when a SNAP-9A satellite containing
238pyasa power source re-cntered the atmosphere and
then burned up, about 600 TBq of that radionuclide
were injected into the stratosphere [H1]. A similar
device re-entcred the atmosphere intact, produced no
rclcases and fell into the Pacific Ocean in April 1970.
Another generator fell into waters off the coast of
California in May 1968, when a weather satcllite
exploded during launch. It was recovered in October
1968. In January 1978, the Cosmos 954 satcllite
re-cntered the atmosphere, partially bumed and
scattered debris in the Northwest Territories of
Canada. Detailed information on the characteristics of
the radioisotopes and reactor-powered devices used in

satcllites, as well as on the malfunctions that have
occurred, has been gathered by OECD [04].

167. The collective dosc from the SNAP-9A re-entry
may be cvaluated by applying transfer coefficients to
the relcased amount. The transfer cocfficient P,g from
deposition of 238py 10 dose via the ingestion gathway
has been estimated to be 0.6 nSv per Bq m™ (Table
8). The transfer coefficient Py, for 238py, which has a
half—lifc 87.7 years, would be expected to be 5 kBq
m™ per EBq released (Figure III) for temperate lati-
tudes. The dose commitment for these latitudes would
then be estimated to be 0.6 PBq x Py, x Pys = 1.8
nSv. The hemisphere average is less by a factor of 1.5
and the opposite hemisphere average is less by a fac-
tor of 4. Since re-entry was in the southern hemi
phere, the averages for the hemispheres are 1.2 nSv
(south) and 0.3 nSv (north). The population-weighted
world average is 0.4 nSv (89% of the population lives
in the northern hemisphere). For the relatively long
half-life of 238Pu, a world population of 6 10° may be
taken to apply to this exposure [U3]. The collective
effective dose from the ingestion pathway due to the
re-entry of the SNAP-9A is thus estimated to be 2.4
man Sv.

168. The transfer coefficient P,s for the inhalation
pathway has an estimated value of 800 nSv per
Bq m? (Table 8). The dose commitment for the
southem hemisphere temperate region is thus 0.6 PBq
x Pgy X Pyg = 2,400 nSv. The avcrage values for the
hemispheres are then 1,600 nSv (southern hemi-
sphbere), 400 nSv (northern hemisphere) and 530 nSv
(world). The collective dose from the inhalation
pathway, with a population of 4 10° applicable at the
time of rc-entry, is 2,100 man Sv. The inbalation
pathway is the dominant contributor to the collective
dose. This is comparable to the collective effective
dose derived for 28Pu produced in atmospheric nuc-
lear testing, which released 0.33 PBq, about half the
total of the satellite re-entry, but with injection mostly
into the atmosphere of the northern hemisphere.

169. Similar procedures may be used to estimate the
collective dose from the Cosmos 954 re-entry. The
fuel core was estimated to contain 20 kg of enriched
uranium [G3]. With a stcady power output of 100 kW
over the 128 day lifetime of the satellite, the burn-up
of the fucl was estimated to be 2 10'8 fissions per
gram of uranium [G3). The estimated radionuclide in-
ventory in the core at re-entry is presented in Table 57
[T6]. From analysis of recovered debris, it has been
assumed that 75% of the radionuclide amounts were
dispersed in the high atmosphere on re-entry of the
space craft and 25% was deposited on the ground in
the uninhabited impact area. The absence of the
volatile elements iodine and caesium in surface
samples indicates that 100% of the radionuclides of
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these elements were dispersed on burn-up of the fucl

corc in the atmosphere. The collective dose is

cstimated in Table 57 from the widely dispersed

material using the transler factors of Figure Il and

Table 8. The result is 16 man Sv, mainly to the

Egpulation of the northern hemisphere from 37Cs and
Sr and ovcer a longer term from 23%py,

E. INDUSTRIAL AND MEDICAL SOURCES

170. Three notable accidents involving small scaled
sources used for industrial or medical purposes have
occurred since 1982 {U1]. In December 1983, at Ciu-
dad Juarez, Mexico, a non-licensed teletherapy source
containing 16.7 TBq of €Co was sold to a scrapyard
[M4]. It is believed that the source was broken and
that its 6,000 pellets began to be dispersed during
transport [M4). The consequences of this accident
were the contamination of thousands of tonnes of
metallic products that were sold in Mexico and the
United States, as well as the contamination of several
foundries and streets and hundreds of houses. About
one thousand people were exposed to substantial Jevels
of radiation. It is estimated that seven persons reccived
between 3 and 7 Sv; 73 persons received between 0.25
and 3 Sv, and 700 persons received between 0.005 and
0.25 Sv [M4]. There were no deaths.

171. In 1984, at Mochammedia, Morocco, a source of
1921y used to make radiographs of welds at a construc-
tion site became detached from the take-up line to its
shielded container. The source dropped to the ground

and was noticed by a passer-by, who took it home.
Eight persons, an entire family, dicd from the radiation
over-cxposure, having sulfered doses of 8-25 Sv [14,
$10). Estimates of doses to the individuals arc un-
available, so only a rough approximation can be made
of the collective dose. Assuming 10 Sv on average to
each person, the collective dose to those who dicd
would have been 80 man Sv.

172. In Scptember 1987, at Goiania, Brazil, a
50.9 TBq ! Cs source was inadvertently removed
from a therapy unit and dismantled by junk dealers
[C6, IS, R4, V1]. The therapy unit was located in the
abandoned and partly demolished Goiania Radio-
therapy Institute. The dismanding of the source
resulted in localized contamination of an inhabited
area of the city. As the result of the direct handling of
the source or parts of it, either during its dismantling
or subsequently, 129 people were exposed, cither ex-
ternally or internally. Some suffered very high external
contamination owing to the way they had handled the
caesium powder, such as having daubed their skin.
Internal exposures resulted from cating with contami-
nated hands. The dose estimates varied from zero up
to 5.3 Sv. Fifty-four persons were hospitalized and
four died [I5]. The estimated collective doses were
56.3 man Sv from external exposures and 3.7 man Sv
from internal exposures, including 14.9 man Sv (ex-
ternal) and 2.3 man Sv (internal) to the four persons
who died [D%]. In the course of the decontamination
programme, seven houses were demolished and large
amounts of soil had to be removed. The total volume
of waste removed was 3,100 m3 [V1].

CONCLUSIONS

173. A number of events, activitics or practices
involving radiation sources have resulted in the release
of radioactive materials to the environment. The
conscquent cxposures of the population have been
cvaluated in this Annex. Estimates have been made of
the total amounts of radioactive matcrials relcased in
the event or since the beginning of the practice and of
the collective doses that have been received or
committed.

174. The most significant causc of exposure has been
the testing of nuclear weapons in the atmosphere. A
large number of tests were performed in the 1950s and
to the end of 1962, with less frequent testing occurring
until 1980, when the practice stopped altogether. The
Committee has repeatedly evaluated the exposures
from this source. The extensive measurements aliow
a rather sysiematic and complete assessment o be

made. In this Annex the transfer cocfficients that de-
scribe the movement of radionuclides in the environ-
ment to man and to the dose are summarized,
extended and updated. The collective effective dosc
committed to the world population by atmospheric
nuclear testing is estimated to be 3 10’ man Sv. Of
this total, 86% is duc to long-term, low-level exposure
from Y4C. Over the next 10,000 years a collective dose
o0f2.2 107 man Sv will have been received. This value
is recorded in Table 58, which summarizes the esti-
mated collective doses from all sources.

175. The underground testing of nuclcar weapons
does not generally cause the population to be exposed
to radiation. It is only when there is some Icakage or
venting of gases or aerosols, as has occurred on some
occasions, that relatively low exposures may result.
The Committee estimates the colicctive effective dose
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from undcrground testing to be of the order of
200 man Sv.

176. The Commitice has not previously estimated the
expasures of populations that result from the
production of materials and the fabrication of nuclear
wecapons. Data arc still not readily available, but initial
estimates of collective doscs have been made, namely
of the order of 24,000 man Sv to local and regional
populations and 40,000 man Sv from global, long-term
exposurc. Efforts arc under way o reconstruct
cxposures that occurred in the carly years of this
activily, so somc refincment and cxtension of the
estimates can be anticipated.

177. A major aclivity utilizing radioactive materials is
the generation of clectrical cnergy- with nuclear
reactors. The release of radionuclides during routine
opcration of the nuclear fuel cycle is relatively low,
however, and the doses can only be calculated using
representative models for the sites and the dispersion
processes through the environment. The releases and
collective doses since the beginning of the practice in
the 1950s have been at least two orders of magnitude
less than those for atmospheric nuclear testing. The
global, long-term collective cffective dose to be
received within 10,000 years is estimated to be
400,000 man Sv. Twenty-five per cent of this is duc
to C releascd from reactors and reprocessing plants
and 75% is due 1o *2Rn released from uranium mill
tailings piles.

178. A number of radioisotopes are used for
industrial, educational and medical purposes. Those
used in solid forms may not be released from end-
uses; however, the gases, tritium, 14¢ and radioiodines
can be cxpected to be cventually released and dis-
persed. Data are generally unavailable on production
amounts and release fractions of the radionuclides.

Based on assumed valucs, the Committee estimates the

global, long-term collective effective dosc from this

source to be 80,000 man Sv, with nc§ligiblc contribu-
(o

tions from all radionuclides cxcept lac,

179. The accidents that have resulted in environmental
contamination and cxposures of population groups
include those at civilian nuclear reactors (Three Mile
Island and Chernobyl), at military installations (Wind-
scale and Kyshtym), those that occurred in the trans-
port of nuclear weapons (Thule and Palomares) and in
satellite re-entry (SNAP-9A and Cosmos 954) and
those that involved the loss or misuse of industrial and
medical sources (Ciudad Juarez, Mohammedia and
Goiania). With the exception of the Chemobyl
accident and the re-entry of satcllites, the environ-
mental contamination has been localized, and for all
except the Chernobyl accident the collective radiation
doses have been relatively low. Nevertheless, injuries
and deaths have resulted from some of these accidents.

180. The 1total collective dose from all sources of
man-made environmental exposures is dominated by
atmospheric nuclecar testing. This source contributes
95% of the total collective dose indicated in Table 58.
The annual collective effective dose to the world’s
population from natural sources of radiation exposure
of 12,000,000 man Sv may help to put these estimales
into perspective. Atmospheric nuclear testing was
equivalent to three years of natural exposure of the
world population at the time of the exposures. Other
sources, of the order of a few tens or hundreds of
thousands of man sievert, are comparable to hours or
days of natural background exposure. The Committee
bas made the estimates in Table 58 with the objective
of documenting each source of exposure and providing
a perspective on the magnitudes of radionuclide
releases and collective doses involved.
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Table 1

Radionuclides produced und globally dispersed in utmospheric nuclear testing

Estimates of amounts released into the aimosphere

(excluding local fallout) *

Radio- Half-life Decay mode Fission yield
naclide %) Toral Normalized release (PBq Mi'Y)
E?, 112,
&7 el {F8q) Fission Fusion
H-3 1232a [ - 240 0.026 740
C-14 5730 8 8 0.22 b 0.67
Mn-54 31254 ECy - 52 - 159
Fe-55 274 a EC - 2 - 6.1
Sr-89 50.55d [ 2.56 91.4 590 .
Sr-90 286 a B .50 0.604 3.90 .
Y91 58.514d 8 3.7 116 748 .
795 64.03 d 8,y 5.0 143 922 .
Ru-103 39.25d By 5.20 238 1540 -
Ru-106 INed By 244 11.8 76.4 -
Sb-125 273a B,y 0.29 0.524 3.38 -
1131 8.02d 0,y 2.90 651 4200 -
Cs-137 30.14 8 By 5.57 0912 5.89 -
Ba-140 12754 By 5.18 732 4730 -
Ce-141 32.504d B,y 4.58 254 1640 .
Ce-144 28494d B.y 4.69 29.6 191 -
Pu-239 24100 a a,y - 0.00652 - -
Pu-240 6560 a ay - 0.00435 - -
Pu-241 1448 [ - 0.142 - -

For the non-gasecous fission products a total non-local fission explasion yield of 155 Mi, obtained from measured st deposition, was assumed in deriving
the 1otal amounts released.
For simplicity it is assumed that all *C is due to fusion. as (usion produces up to 6 times more neutrons than fission for the same energy release. The

production reaction is UNp)iiC.
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Table 2

Latitudinal distributlon of *°Sr and %°Zr dceposition from atmospheric nuclesr testing

Latirude Area Population Integrated deposition Iniegrated deposition density
band of band distribution (PBg) (Bgm?)
(degrees) (1012 m?) (%) Og g 93zp
Northern hemisphere

80-90 39 0 1.0 260

7080 11.6 0 79 680

60-70 18.9 0.4 329 1740

50-60 25.6 132 73.9 2890

40-50 315 15.5 101.6 3230 38000
3040 36.4 204 85.3 2340

20-30 40.2 327 7.2 1770

10-20 428 11.0 50.9 1190

0-10 4“1 6.3 357 810

Total 255 100 460 2140 ¢ 25000 ©

Southern hemisphere

0-10 44.1 54.0 21.0 480

10-20 428 26.7 17.8 420

20-30 408 149 28.1 700

3040 36.4 13.0 22.6 760

40-50 315 09 28.1 890 8300
50-60 25.6 0.5 121 470

60-70 189 0 6.7 350

70-80 11.6 0 25 220

80-90 39 0 03 80

Total 255 100 144 540° 5000 ¢
Global 510 89 (nonthern) 604 1960 ¢ 23000 °

11 (southern)

Population-weighted values.
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Table 3

Estimates of population-weighted deposition densities of the mnjor radionuclides produced in atmospheric testing
(*H and '*C not Included)

Population-weighted deposition density (Bg m')

Radio- R‘:;‘a R';l,'.n Norihern hemisphere Southern hemisphere
nuclide oS to °Zr World
40°-50° Entire 40°-50° Entire
Mn-54 29 9400 6200 2600 1600 5700
Fe-SS 21 6800 4500 19500 1100 4100
Si-89 0.52 20000 13000 4300 2600 12000
S1-90 1.0 3230 2140 890 540 1960
Y-91 0.66 25000 17000 5000 3300 15000
2:-95 1.0 38000 25000 8300 5000 23000
Nb-85 1.7 64000 43000 14000 8500 39000
Ru-103 0.75 28000 19000 6200 3800 17000
Ru-106 7.5 24000 16000 6700 4100 15000
Sb-128 0.89 2900 1900 90 480 1700
1-131 0.50 19000 13000 4200 2500 11000
Cs-137 1.6 5200 3400 1400 860 3100
Ba-140 0.62 23000 16000 5100 3100 14000
Ce-141 0.55 21000 14000 4600 2800 13000
Ce-144 15 48000 32000 13000 8100 29000
Pu-238 0.00046 1.5 0.98 0.41 0.25 0.90
Pu-239 0.011 35 23 10 6 ps)
Pu-240 0.0072 23 15 6 4 14
Pu-241 0.23 730 480 200 120 440
Am-241 0.0077 ¢ 5 17 7 4 15

a

Upon decay of #!'pu.
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Table 4
Components of the transfer cocfficient Py, from deposition density to dict for %S¢ and 137Cs

s Pics
Counery Transfer factor parameters ‘y Transfer facior parameters *
b, b, by IS Py b, by by A Py
Milk products
Argentina 1.2 1.1 0.1 0.1 37 2.9 0 0.2 0.1 8.8
Denmark L5 0.9 03 0.1 49 30 2.1 0.06 0.08 59
United States 0.7 0.3 02 0.1 26 3.4 1.8 0.2 0.3 57
Average 37 6.8
Grain producls
Argentina 16 1.5 0.06 0.02 6 20 6.9 [} 8.9
Denmark 3.1 9.8 0.1 0.02 17.2 3.4 232 0.0003 43 26.6
United States 0.7 1.5 0.2 0.08 4.1 21 8.0 0.3 0.2 1.7
Average 9.1 15.7
Vegetables
Arpgentina 0.02 0 0.1 0.26 0.4 21 23 0 4.4
Denmark 0.4 0 0.1 0.05 31 24 0 0.02 0.02 33
United States 0.3 0.06 0.3 0.08 4.0 1.2 0 0.1 0.19 1.8
Average 25 32
Fruit
Argentina 03 0.2 0.04 0.09 1.0 0.5 26 0 3.1
Denmark 0.9 0.005 0.05 0.05 20 18 1.2 0.1 03 35
United States 0.1 0 0.1 0.06 25 1.6 0.0 11 0.5 33
Average 1.8 33
Meat
Argentina 0.7 0.8 0.03 0.02 3 2.1 0 37 0.7 2.2
Denmark 0.5 0.04 0.0 0.09 0.9 134 (1} 803 20 26.2
United States 0.002 0.1 0.04 0.1 0.4 1.5 0 17.7 13 7.9
Average 1.4
Tota! diet
Sum of weighted components b
Argentina 0.8 0.7 0.07 7 4.9 25 0.3 8.0
Deamark 1.3 1.9 0.2 5.6 4.4 4.5 12.1 114
United States 0.4 0.3 02 26 22 1.7 i3 5.8
Average 36 8.4
Fit on total diet
Argentina 1.1 0.6 0.04 003 3.0 6.3 1.8 0 8.1
Denmark 1.3 20 0.1 0.06 ss 4.1 6.5 0.02 0.02 11.4
United States 0.5 0.4 .2 008 0 1.6 20 0.8 0.4 5.1
Average 3.8 8.2

The transfer cocfficients for the first year, by, second year, b, and subsequent years, by, and the lotal transfer factor, Pay, have the units mBq a kg'! per Bq
m2. The units of the expanential decay constant, A, are a"l. The regression fits are for the periods: Argenlina 1964-1979, Denmark 1962-1985 and United States
1960-1983 (PSr, New York) and 1961-1977 (*¥7Cs, Chicago).

Fractional amounts by weight of the five food goups, milk products, grain procucts, vegetables, fruit and meat, 1n the total diet are. respectively, {U3}:
Argentina: 0.26, 0.2, 0.24, 0.2, 0.08 (*°Sr); 0.26, 0.2.0.31, 0.16, 0.08 (!Cs);

Denmark 0.35, 0.16, 0.24, 0.1, 0.15 (®Sr and 1*7Cy)

United States:  0.31, 0.15, 0.19, 0.15, 0.19 (%0Sr) in New York: 0.33, 0.14, 0.19. 0.17, 0.17 (**'Cs) in Chicago.
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Table §

Transfer of fallout *%Sr and 137Cs from deposition to diet @

. - Corniribution 10 component iransfer from food categories (%)
Component Transfer Contrib. 2
]
Joctor total transfer Milk Grain Vegetables Fruit Meat
%g¢
Dircet deposition 08 =04 2% 43% 8% 6% 8% 5%
Lagged transfer 1.0=08 % 2% n% 0.4% 2% 3%
Trans{er from deposit 1.8+ 06 516 2% 2B% 2%6% 10% 4%
Toal transfer 36=17 10052 32% 429% 15% 7% 4%
137C.
Direct deposition 38=14 45% %% 119 13% 5% 35%
Lagged transfer 2915 35% 15% Nn% 8% 6% 0%
Transfer from deposit 17+10 20% 15% 4% % 1% 67%
Total transfer 84228 100% 25% 30% 10% 6% 29%

Average consumption-weighted results for Argeatina, Denmark and the United States.
®  The units are mBq a k.g‘1 per Bq m2

Table 6
Transfer coeflicients P, from deposition to intake Into the body by ingestion for fallout radionuclides derived
from measurements In the temperate zone of the northern hemisphere
Radio- Deposition density ° Integrated intake rate Transfer coefficiens
nuclide (Bq m™) (B9 (Bq per Bq m™)
Fe-55 4500 55000 © 10
Sr-89 20000 700 © 0.03
S$r-90 3230 6140 ¢ 19
1-131 19000 1370 ¢ 007/
Cs-137 5200 21800 ¢ 42
Ba-140 23000 120 ¢ 0.005
Pu.238 1.5 0.075° 0.05%
Pu-239 35 24° 0.7%
Pu-240 3 16 ¢ 0.7¢
Pu-241 730 29 0.04 2
Am-241 25 s 0.2°¢

0.1 oGy Bq”! [N1].

P S

Derived in [U3).

Value from [U3]; measurements only for milk.
Inferred from transfer coeficient value (Bq s kg™ per Bq m'z) in Table 4 times an average food consumption rate of 500 kg al,
Inferred from transfer coefficient value and deposition density.
Derived fram P,q value of 0.63 mBq a 1! per Bg m [U3] for transfer to milk times an average milk consumption rate of 0.3 | al,

Values from Table 3 (40°-50°) except for Fe-55 {entire) northemn hemisphere.
Inferred from estimated dose 1o red bone marrow in the northern hemisphere of 6 4Gy [U3, U4)] and dose to red bone marrow per unit intake by ingestion of
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Table 7
Transfer cocfliclents P ¢ from intake to dose for radionuclides produced In atmospheric nuclear testing ¢
[N1]

Comminied equivalent dose per unit intake (nSv Hq™!)
Radio- Absorption
nuclide fraction Bone Red Effective dase per
surfaces Breast Colon Gonads Liver Lungs bone Thyroid unis intake
marrow (nSv Bq")
Ingestion
Fe-55 0.1 0.1 0.10 0.31 0.11 0.35 0.10 0.11 0.11 0.15
Sr-89 03 48 0.26 21 0.26 0.26 0.26 33 0.26 34
St-90 0.3 390 1.3 19 1.3 1.3 1.3 180 1.3 28
1-131% 1.0 0.15 0.20 0.9 0.09 0.10 0.18 0.16 1218 61
Cs-137 1.0 12 12 14 135 14 13 13 13 13
Ba-140 0.1 0.53 0.16 2% 0.565 0.12 0.069 0.42 0.056 37
Pu-238 0.00001 160 0.00018 57 23 29 0.00009 13 0.00008 12
Pu-239 0.00001 180 0.00012 53 26 31 0.00008 14 0.00008 12
Pu-240 0.00001 180 0.00018 53 26 31 0.00008 14 0.00007 13
Pu-241 0.00001 3.5 0.000003 0.27 0.056 0.53 0.000005 0.28 000001 0.14
Am-241 0.000S 9000 0.016 59 130 1600 0.017 720 0.0066 290
Inhslation ¢
Mn-54 0.1 1.3 0.85 1.3 0.49 24 6.4 1.1 0.74 1.7
Fe-55 0.1 0.18 0.17 0.28 0.18 0.58 1.0 0.18 0.19 0.33
Sr-89 0.01 0.16 0.0086 14 0.0086 0.0086 83 0.11 0.0086 12
S:-90 0.01 65 0.24 2 0.24 0.24 2900 30 0.24 350
Y-91 0.0001 0.32 0.0089 15 0.0073 0.32 99 0.32 0.0084 14
795 0.002 23 1.2 3.9 0.33 21 40 1.3 1.2 6.3
Nb-95 0.01 0.51 0.4 1.9 0.24 0.66 8.3 0.44 0.36 16
Ru-103 0.05 0.24 0.31 31 0.19 0.50 16 0.32 0.26 25
Ru-106 0.05 1.6 1.8 37 1.2 23 1000 1.8 1.7 130
Sb-125 0.0 11 0.41 33 0.23 0.85 n 0.53 0.33 3.4
1-131 1.0 0.052 0.073 0.025 0.024 0.037 0.65 0.057 270 13
Cs-137 1.0 7.9 7.8 9 8.3 8.6 8.7 8.2 8.0 8.5
Ba-140 0.1 23 0.3 4.4 0.37 0.3 1.7 1.2 0.27 1.1
Ce-141 0.0003 0.26 0.044 4.1 0.031 0.26 17 0.085 0.025 26
Ce-144 0.0003 4.9 0.35 34 12 2% 790 29 0.29 100
Pu-238 0.00001 T20000 0.4% 33 10000 130000 310000 58000 0.38 61000
Pu-239 0.0000) 820000 0.39 3 12000 150000 320000 66000 0.37 64000
Pu-240 0.00001 820000 0.43 31 12000 150000 320000 66000 0.37 64000
Pu-241 0.00001 18000 0.023 0.18 270 3000 3100 1400 0.093 930
Am-241 0.0005 2200000 27 32 32000 380000 18000 170000 1.6 70000

Values are for adults except for ingestion of 1; the absorption fractions correspond to values used in previous UNSCEAR assessments [UL, U3J; the
committed equivalent dases (from [N1]) are for a period of S0 years after intake for sdults and to age 70 years for children (for ingestion of g

1311 age and milk consumption weighted valucs; 0-1 year, 1-9 yecars, 9-19 years, and adult age groups arc 2, 16, 20, 62% of populstion with milk consumption
330, 180, 150, 901 a°, respectively; the dose factors for the four age groups are the average for 3-month-old and 1-year-old children; for S-year-old children;
for 15-year-old children; and for adults.

€ Absorption assumptions are Class D (days): 1311 Y7¢s and 1%Ba; Qass W (weeks): >Mn, $3Fe, 1255b and X! Am; and Class Y: (years) all othet radionudlides.
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Table 8

Transfer cocfTiclents P, from depositon te dose for radionuclides produced in atmospheric nuclear testing

Transfer coefficiens to equivalent dase (nSv per Bq md)

Radio-
nuclide Transfer codfficiers
:f;;:a Breast Colon Gonads Liver Lungs R:irl::;‘ Thyroid for dffective dase
(nSv per Bq m?)
Ingestion
Fe.55 1.5 1.3 4] 15 47 13 15 1.5 20
$r-89 0.17 0.0091 0.74 0.0091 0.0091 0.0091 0.12 0.0091 0.12
Sr-90 722 24 35 24 24 24 330 24 52
I-131 0.011 0.014 0.0063 0.0059 0.0069 0.012 0.011 84 4.2
Cs-137 50 50 59 57 59 55 ss 55 S5
Ba-140 0.0026 0.00077 0.13 0.0027 0.00058 0.00033 0.0020 0.00027 0.018
Pu-238 8.0 “ 2.9 0.12 1.5 : 0.65 ¢ 0.60
Pu-239 130 0.00008 37 1.8 b2} 0.00005 9.8 37 8.4
Pu-240 130 0.00013 37 1.8 2 0.00006 9.8 0.00005 9.1
Pu-241 0.14 § 0.011 0.0022 “ ¢ .01 N 0.0056
Am-241 1800 0.0032 12 2% 320 0.0034 140 0.00132 58
Inhalation
Mn-54 0.017 0.011 0.017 0.0064 0.032 0.084 0.014 0.010 0.022
Fe-55 0.0024 0.0022 0.0037 0.0024 0.0076 0.013 0.0024 0.0025 0.0043
Sr89 0.0021 0.0001 0.18 0.0001 0.0001 11 0.0014 0.0001 0.16
Sr-90 0.85 0.0032 0.26 0.0032 0.0032 38 0.39 0.0032 4.6
Y91 0.0042 0.0001 0.20 0.0001 0.0042 1.3 0.0042 0.0001 0.18
Zr-95 0.030 0.016 0.051 0.0043 0.028 0.53 0.017 0.016 0.083
Nb-95 0.0067 0.0053 0.025 0.0032 0.0087 0.11 0.0058 0.0047 0.021
Ru-103 0.0032 0.0041 0.041 0.0025 0.0066 0.21 0.0042 0.0034 0.033
Ru-106 0.021 0.024 0.49 0.016 0.030 13 0.024 0.022 1.7
Sb-125 0.014 0.0054 0.043 0.0030 0.011 0.29 0.0070 0.0043 0.045
1-131 0.0007 0.0010 0.0003 0.0003 0.0005 0.0085 0.0008 3.5 0.17
Cs-137 0.10 0.10 0.12 0.11 0.11 0.11 0.11 0.11 0.11
Ba-140 0.030 0.0039 0.058 0.0049 0.0039 0.022 0.016 0.0035 0.014
Ce-141 0.003 0.0006 0.054 0.0004 0.0034 0.22 0.0011 0.0003 0.034
Ce-144 0.06 0.0046 0.45 0.0028 0.34 10 0.038 0.0038 13
Pu-238 9450 0.0058 0.43 130 1710 4100 760 0.0050 800
Pu-239 10800 0.0051 0.41 160 1970 4200 870 0.0049 840
Pu-240 10600 0.0056 0.41 160 1970 4200 870 0.0049 840
Pu-241 236 0.0003 0.0024 35 39 41 18 0.0012 12
Am-24] 28900 0.035 0.42 420 4990 240 2230 0.021 920
External exposure
Mn-54 9.9
95 3.7
Nb-95 1.0
Ru-103 0.72
Ru-106 29
Sb-125 16
I-131 0.12
Cs-137 97
Ba-140 1.1
Ce-141 0.081
Ce-144 0.47

Less than 0.00001.



Tabie 9

Effective dose commitments from radionuclides produced in atmospheric nuclear testing

Radio-

Effective dase commitment eSv)

elid North temperate zone (40°-50°) South temperate zone (40°-50°) World population
nuchae
External Ingestion Inhalation Total External Ingestion Inhalation Total External Ingestion Inhalation Total
H-3 48 36 51 13 0.95 14 44 33 47
C-14 2600 0.26 2600 2600 0.26 2600 2600 0.26 2600
Mn-54 93 0.21 94 26 0.06 26 57 013 57
Fe-S5 14 0.03 14 38 0.01 38 8.2 0.02 8.2
Si-£9 23 31 55 0.5] 0.68 1.2 14 19 33
S1-9%0 170 15 180 46 4.1 50 102 9.0 111
Y-91 4.6 4.6 1.0 1.0 28 28
7595 140 31 144 1] 0.69 32 8S 1.9 87
Nb.95 67 1.4 68 15 0.30 15 40 0.82 41
Ru-102 20 093 21 4.5 0.20 4.7 12 0.56 13
Ru-106 70 41 110 20 11 31 44 26 69
Sb-125 47 0.13 47 13 0.04 13 27 0.08 28
1-131 23 79 32 85 0.50 17 071 19 1.4 48 20 51
Cs-137 510 280 0.58 790 140 16 0.16 210 300 170 0.35 470
Ba-140 25 0.42 0.34 26 5.6 0.09 0.07 58 15 0.25 0.21 16
Ce-141 1.7 07 2.4 0.37 0.16 0.53 1.0 0.43 15
Ce-144 23 63 B6 6.1 17 23 14 38 52
Pu-238 0.0009 1.2 1.2 0.0002 0.30 0.30 0.0005 0.72 0.72
Pu-239 0.29 29 30 0.08 8.4 8.5 0.18 18 18
Pu-240 0.21 19 20 0.05 5.0 5.1 0.13 12 12
Pu-241 0.004 89 89 0.001 24 2.4 0.003 54 54
Am-24] 15 23 24 0.41 6.4 6.8 0.87 14 15
Total (rounded) 1000 3190 220 4400 260 2760 60 3100 600 2980 140 3700

821

LAOdmy €661 YVIISNN




ANNEX B: EXPOSURES FROM MAN-MADE SOURCES OF RADIATION

Table 10
Contributions to the totul efTective dose commitment to the world population from atmospheric nuclear testing

Effective dose Contribution 1o 1val (%} Effective dose Contribution to 1otal (%)
Radio- commitment Radio- commitment
nuclide wSv) Including Including nuclide (eSv) Including Including
100% ¢ 10% He 100% Hc 10% e
C-14 25850 70 19 Pu-230 18 05 13
Cs-137 470 13 35 Ba-140 16 0.4 1.2
Sr-90 110 30 8.1 Am-141 15 0.4 1.1
75-95 §7 2.4 6.4 Ru-113 13 0.3 0.9
Ru-106 69 1.9 5.1 Pu-240 12 0.3 0.9
Mn.54 57 1.5 4.2 Fe-55 8 0.2 0.6
Ce-144 52 1.4 38 Pu-241 s 0.1 0.4
1-131 51 1.4 kX3 Sr89 3 0.09 0.2
11-3 47 1.3 35 Y91 3 0.08 0.2
Nb-95 41 1.1 3.0 Ce-141 1 0.04 0.1
Sb-125 P a7 20 Pu-238 i 0.02 0.05
Total effective dose commitment 3700 ;Sv

Table 11
Collective effective dose W the world population committed by atmospheric nuclear testing

. Collective ¢fJective dose (1000 man Sv) Coniribution to total (%)
Radio-
nuclide External Ingestion Inialation Total Including 100% “C | Inciuding 105 c
C-14 25800 26 25800 86 39
Cs-137 1210 677 1.1 1890 6.3 28
Sr-90 406 29 43S 15 6.6
495 72 6.1 278 0.93 4.2
Ru-106 140 82 22 0.74 33
H-3 176 13 189 0.63 28
Mn.54 181 0.4 181 0.61 27
Ce-144 44 122 165 0.58 2s
1-131 4.4 154 6.3 164 0.55 2
Nb-95 129 2.6 131 0.4 2
Sb.125 88 0.2 &8 0.30 1.3
Pu.239 1.8 50 58 0.20 0.88
Am-241 8.7 EE) 53 0.18 0.80
Ba-140 49 0.81 0.66 51 0.17 0.77
Ru-103 3 1.8 41 0.14 0.62
Pu.240 1.3 a8 39 .13 0.59
Fe-55 26 0.06 26 0.09 0.40
Pu-241 0.0l 17 17 0.06 0.26
Str8¢ 4.5 6.0 11 0.04 0.16
Y-91 8.9 8.9 0.03 0.13
Ce-jd1 33 1.4 4.7 0.02 0.07
Py-238 0.003 2.3 23 0.01 0.03
Total (rounded) 2160 27200 440 20000 100 100

3

Corresponds 1o dose delivered by "C bhefore the year 2200.
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Table 12

Estimated number and yields of underground nuclear explosions

[N10, S2]
Y Number of Yield Y. Number of Yield Year Number of Yield

cr explosions (M1) il explosions (M) explosions (M1)
1957 5 0.002 1969 55 4. 1981 St 1.8
1958 15 0.03 1970 52 6.6 1982 58 1.8
1959 197} 36 6.9 1983 56 1.2
1960 1972 40 2.5 1984 58 23
1961 12 0.1 1973 30 1.7 1985 35 1.2
1962 61 1.0 1974 34 4.2 1986 pk] 0.8
1963 43 1.0 1975 38 15 1987 47 22
1964 48 1.0 1976 42 5.4 1988 40 1.6
1965 51 1.8 1977 45 3.5 1969 27 0.7
1966 59 3.7 1978 55 27 1990 18 1.1
1967 51 22 1979 54 3.9 1991 14 03
1968 60 4.8 1980 51 29 1992 8 11
Total 1352 test explosions Total yicld 90 Mt
Table 13

Atmospheric releases of fodine-131 to the atmosphere from underground tests carried out at the Nevada test site
in the United States

[H4]

Name of test Year of test Atmaspheric release (TBg)
Antler 1961 0.2
Feather 1961 0.04
Pampas 1962 0.0004
Plaue 1962 04
Eel 1962 0.4
Des Maines 1962 1200
Bandicoot 1962 330
Yuba 1963 0.0008
Eagle 1963 0.08
Pike 1964 13
Alva 1964 0.001
Drill 1964 0.5
Parrol 1964 0.2
Alpaca 1965 0.0009
Tee 1965 0.06
Diluted Waters 1965 0.7
Red Hot 1966 7
Pin Stripe 1966 7
Double Play 1966 4
Derringer 1966 0.009
Nash 1967 0.5
Midi Mist 1967 0.01
Hupmobiie 1968 4
Pod 1969 0.03
Scuttle 1969 0.0001
Snubber 1970 0.2
Mint Leaf 1970 3
Bancherry 1970 3000
Drngonal Line 1971 0.0
Riola 1980 0.02
Total (rounded) 5000
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Table 14

Estimated annual releases of M o the atmosphere from the Hanlord plutonivm production plant In the

United States [C5)

Year Annual release (TBy) Veur Annual release (T8q) Year Annual release (TBy)
1944 1800 47 900 1952 40
1945 13000 1948 40 1953 25
1946 2800 1949 230 1954 20
1950 100 1955 30
195) 630 1956 15
Tota) 1943-1946 17600 Total 1947-1956 2030

Table 15

Estimated cumulative doses from radionuclides released into the Techa River from the Chelyabinsk plutonium
production plant in the former USSR

(Ad]
Distance downsiream Absorbed dose (mGy) Effective
Village from the point of discharge dose
(k) Red bone Hone lining Gl ract Other (mSv)
marrow cells
Metlino * 7 1640 2260 1400 1270 1400
Techa-Vrod © 18 1270 1480 1190 1150 1190
Asanovo ° 2 1270 1900 1040 900 1000
Nadirovo © 49 950 1800 620 440 560
Mustyumovo % 610 1430 290 120 240
Brodokalmak 109 140 310 0 33 58
Russkaya Techa 138 220 530 100 37 82
Novopetropavioskoc 152 280 680 130 43 100
Schutikha 202 80 180 26 2 3%
Zatechenskoe 237 170 400 84 32 66
°  Village was evacuated.
Table 16
Estimated uranium and fucl requirements to generale 1 GW a of electrical energy
(02, 03)
Amount required for | GW vewr
Reacior
type Naneal uranim Uranium axide © Enrichment Fuel
7 (1) (swep b 17}
LWR ¢ 220 260 130000 37
1TWR 4 180 210 - 180
Magnox ¢ 330 290 - 330
AGR/ 220 260 130000 38

~ A n N oo o

Denved from the amounts of natural uranium usaing a U304 heavy metal ratio of 1:18.

Separauve work unts.

Assuming average fuel irradiation of 30 GWdAL! (thermal encrgy), theemal cftficiency of 335 and an average fuel enrichment of 3% with 0.255% 1ails.
Assuming a fuel imadiation of 7.3 GWdAU (thermal encrgyd and & thermid efficiency of 305,
Assumung a fuel imadiation of 4.5 GWAAU (thermal encrgy) snd o thermul efficiency of 6%,
Assuming an average fuel irudistion of 24 GWJAU (thermal energy), a thermid efficiency of 40% and average enrichment of 2.7% and tails of 0.25%.




Table 17

Production of uranium

(02]
Annual production of uranium (1) *
Country
1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 "

Argentina 22 40 100 126 134 187 123 155 172 129 126 173 95 142 150
Australia 359 356 516 705 1561 2922 4422 321 4324 3206 4154 3780 3532 3800
Belpum 20 40 45 45 40 40 40 40 40 40
Brazi) is 4 242 189 17 115 18 0 0 0
Canada 560 4aB50 5790 6800 6820 7150 7720 8080 7140 1170 10880 11720 12440 12400 11000
France 1731 187) 297 2183 2362 2634 2552 2859 2 3168 3189 3ns 3376 3394 3190
Gabon 500 830 Yo7 1022 1100 1033 1022 970 1006 918 910 900 8} 930 950
Germany, Fed. Rep.of 57 38 15 a5 25 a5 36 34 47 32 30 26 53 38 30
India 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
Japan 3 2 1 2 2 5 3 5 4 4 7 6 8 0 0
Namibia 654 2340 2697 3840 4042 3971 3776 3719 3700 3400 3300 3500 3600 2600
Niger 1306 1460 1609 2060 3620 4128 4363 4259 3426 3276 3181 ino 2970 2970 3000
Pakistan 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30
Portugal 115 88 95 98 114 82 102 113 104 115 119 110 141 144 150
South Africa 2488 2758 3360 3961 4797 6146 6131 5816 6060 5732 4880 4602 3963 3850 24
Spain 126 170 177 191 190 190 178 150 170 196 201 215 23 228 216
United States 8900 2800 11500 14200 14400 16800 14800 10300 8200 5700 4300 5200 5000 5050 4600
Yugoslavia 30 59 72 80 85

Total 19348 23170 28577 34)21 38339 44243 44197 41456 36994 38851 34874 37208 36691 26628 33941

Data only include uranium produced in WOCA (Woxld Outside Centrally planned cconomies Area).

ate believed 10 be China, Czechoslovakia, the German Democratic Republic and the USSR (14).

Data for 1989 are estimates.

Estimate of wanium production in non-WOCA countrics in 1990 is about 18,000 t uranium per year with a decreasing trend; the main producers

LYOdTH £661 YVIIOSNN
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Tabic 18

Radon emissions from uranium mines

[A6, A9, D4, N12, 005, R2, W5)

Ore grade Production of Lmission of Normalized emission
Mine Yeur U;0,° 2Ry of 22pn
(% of UyOy " (Ti3q) (GBg 1))
Australin
Ranger 1985 0.32 4500 as® 10 ¢
1986 0.35 4700 73 16 ¢
1987 0.38 5000 89 ® 18¢
1988 0.42 6400 120 % 19°¢
1989 0.41 6000 130 pe
Otympic ¢ 1988 0.1t 600 16 7
1989 0.11 1200 1 27
Nabarick © 1985 1.42 1600 21 13
1986 1.42 1600 21 13
1987 1.42 1600 21 13
1988 142 900 12 13
Cunsda
Amok 1985 0.37 560 1 1.2
1986 0.40 850 1 1.2
1987 0.42 §70 1 1.2
1988 0.49 Y00 1 11
1989 0.57 740 1 14
Rabbit Lake 1985 0.22 8§90 1600 1800
1986 0.46 1500 1600 1100
1987 0.51 2300 1600 680
1988 0.7 2800 1600 560
1989 0.84 2011 1600 760
Denison Mine 1985 0.08 2600 1100 500
19806 0.08 2040 1100 530
1987 0.08 1900 1N 570
1988 0.08 2060 1100 520
1989 0.08 2000 1100 540
Panel Minc 1985 0.10 WMo 96 97
1980 .10 980 96 98
1987 0.9 820 9% 120
1988 0.08 780 9% 120
1989 0. 850 96 110
Stanleigh Mine 1985 0.07 810 120 150
1986 0.07 750 120 160
1987 0.07 500 120 240
1988 0.07 60 120 270
1989 0.9 570 120 210
German Democratic Republic
Thuringan Mincs 1985 0.n2 3600 540 150
1980 (VR0 3500 610 170
1987 0.08] 3500 660 190
1988 0.09] 3400 130 210
1989 0.000 3300 690 210
Auc 1985 0483 840 1600 1900
1986 0.466 750 1700 2300
1987 0.478 o 1400 2000
1988 0.463 v 1400 1950
1989 0.481 0690 650 A
Konigstein 1985 - 670 160 240
19806 005 300 500
1987 540 300 560
1988 520 260 500
1989 S0 50 500
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Table 18 (conlinued)

Ore grade Production of Iimission of Normalized emission
Mine Vear U,0,° *2fn of 2Rn
(% of U;09 I (Ttig) (GBg i)
Freital 1985 0.087 160 10 61
1986 0100 180 8 45
Ju87 0.116 190 7 36
1988 0.112 170 6 36
1989 [N 130 5 40
“ The mill throughpul was used when the mine throughput was not available.
b Estimated from 1989 vulue.
¢ Estimated from 1989 valuc, normalized 1o U350y production.
¢ Mcuallwgcal plant; production commenced in June 1988,
“ Mining ccased in 1990. Mill feed was taken from stockpile, and tuilings were 1ciurned to mine pit.
/" Emission of radon cstimated from annual average conceniration in cxhiust atr.
Table 19
Rudionuclides released in airborne eMuents from uranium mills
[A6, N12, 05, R2]
Ore Ore U;0,4 Annual emission (GHq)
Mine Year grade throughput production
) ) " 20, 2i0p, n2p, 26p, Loy, 218y,
Austrulia
Ranger 1985 0.32 I 3200 43000 12
1986 0.35 0.97 3300 46000 1
1987 0.38 0.87 3300 44000 0.8
1988 0.42 0.78 3300 44000 0.8
1989 0.41 0.98 4000 54000 2
Olympic ° 1988 0.11 0.5 550 10 85 8000 0.05 0.05 0.1
1989 0.1l L 1200 2) 140 16000 0.1 0.1 0.2
Nabarick ® 1985 1.42 012 1700 21000 0.7
1986 1.42 0.12 1700 21000 0.7
1987 1.42 012 1700 21000 0.7
1988 1.42 0.07 990 12000 0.4
Cunuda
Key lake 1985 0.28 0.19 S30 0.000 0.0004 0.02
1986 023 0.25 580
1987 0.19 0.28 530 0.11 0.002 0.011 3Ls
1988 0.2 0.24 480
1989 0.2¢ 0.24 S8O 0.009 0.024 0.041 0.85
Rabbit Lake 1985- 0.53 0.36 1900 92X}
1989
Total release (Gidg) 012 ‘ 339200 0.18 0.20 41.0
U304 production {1} 1640 27000 2870 3400 2700
Narmahzed release (CGilig l']) VLOOVOT 13 0.00006 0.00006 0.00a15
Normalized release [GBg (GW )] 0.2 3000 0.02 0.02 0.4

muliing.

Mill operations ceased in July J988.

Data for Olympic mull are not generally representative and wre, therefore, not included 1n total.
ymp: 8 yrep

Metaliwgcal plant; production commenced in June 1988, enusstons of “'Pb aad *"Fo are for the particular process and are nol representative of normal
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Table 20

Rudionuclides released in lHguid cffluents from urnnium mills

[A6]
Ore Ore U0, Annual emission (Glig)
Mine Year grade throughput production N
(%) (M) ) Hopy 26Ra o7y, B2y
Conuda
Amok 1987 042 0.206 86S 0.3 0.13 0.2 16
1988 (.49 0.183 897 0] 0.02 0.035 6.5
1988 0.57 0.13 741 0,05 0.0 0.029 2.6
Key Lake 1985 2N 0.195 5304 0.34 0.23 0.6} 1.7
1986 23 0.249 5782 0.16 0.19 0.16 L1
1987 1.87 0.282 5213 0.15 0.19 0.06 1.3
1988 1.94 0.242 4695 0.06 1.2 0.11 0.5
1989 2.40 0.243 5832 0.07 0.17 0.07 0.7
Total release (GBg) .23 214 1.32 35.40
U404 production (1) 29400 29300 29400 29400
Normalized release {GBqg v) 0.00004 0.00007 0.0000S 0.0012
Normalized release [GBq (GW )'!) 0.01 0.02 0.01 0.3
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Table 21
Radon cmisstons from urnnium mill tailing piles

Mill Year Tailings area I:'mi:sim‘y rate 22Rn emission
tha) (Hg m* 5°%) The)
Argentins [C18)
San Rafacl 1986 5.0 8.2 13
1987 5.0 11.5 18
Los Adobes 1486 1.0 8.1 18
Don Otto 1986 1.5 43.) 100
Los Gigantes 1985 5.0 0.7 1
1986 5.0 08 1
La Esida 1986 1.0 11.0 3
Malargue 1988 3.0 10.7 10
1986 3.0 123 11
1987 30 10.2 9.5
Australin {A9, C8, D4, L4, 05, R2)
Ranger * 1985 07360 0/01°% 11
1986 0/360° vro1t 1
1987 0/360° 0/01°% n
1988 1107250 09/01°% 40
1989 120/240 % 09/0.1° 4s
Olympic ¥ 1988 s 1.6 6
1989 KAl 1.6 13
Nabarick € 1985 6.2 0.1 0.2
1986 6.2 0.1 0.2
1987 6.2 2 4.2
1988 6.2 Z 4.2
1989 6.2 21 4.2
Canada |AG]
Key Lake 1985-1989 36 6 68
Rabbit Lake .
Tailings pond 1985-1989 53 3.7 62
Open pit 1985-1989 118 20 73
Pancl mine 1985 58 10 173
1986 60 10 189
1987 67 10 211
1988 74 10 233
1989 80 10 252
Stanieigh mine 1985 is 10 110
1986 38 10 120
1987 43 10 136
1988 37 10 148
1989 St 10 158
Quirke mine 1985 107 10 337
1086 11 10 350
1987 118 10 363
1988 123 10 382
1989 127 1w 400
German Democrotic Repuhlic [W5)
Crossen [RE) 20 12/ 450
Scelingsstadt 1989 2507 1/ 00

-

Subaqucous 1ailings deposition until 1988, then combination of subagqueous and subucnal tuilings deposition,
Subaerial 13ilings deposition, using # rotational cycle to produie tayenng of uhings.

Subsiqueous tailings depositon prior to 1987: subicriad tubings deposition thereafior.

Submerial subaqueous values.

About 50% of the tailing piles are covered with water.

Subaerial value.

> o

e A
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Table 22
Normalized releases of radionuclides in uirborne ¢luents and collective doses from i maodel uranium mine and
mill °
Normalized release Nurmalized collective effective dase
[GBg (GW a)!) Collective {man Sv (GW ayl)
Radio- duse par wnil
nuclide Mill 1ailings release Mill 1ailings
Mine Mill ( Se1n .') Mine Al
H TN v ’
In vperation Abandoned q In operation Abandoned
Pb-210 0.02 1 0.00002
Po-210 0.02 i 0.00002
Rn-222 75000 3000 20000 1000 & 0.015 1.1 0.045 03¢ 150 ¢
Ra-226 0.02 0.6 0.00001
Th-230 0.02 30 0.0006
U-234 0.4 8 0.003 .
U.238 0.4 7 0.003

Normalized cmissions in liquid cfTlucnts (0.01 for 0pg M0py 4nd BN, 0,02 for PORa: 0.3 for 34U and PN contribute neglipbly to the collective dose.
Annual activity released: the ratc of activity is assumed to remain constant over more than 10.000 years,

Dosc commitment corresponding 1o a live-year release.
Dose commitment corresponding 10 a §0.000-year releuse.

Table 23

Uranium-238 released in efMluents from fuel conversion, enrichment and Mbrication plants -

[A6, B3, M3]

Airborne discharges (Glig) Liquid discharges (GBq)
Installation Year .
..'SU ."JJU
Cunuda
Blind River refinery 1985 0y 0.2
Capacity: 18,000 t of uranium as 1986 IRY 0.08
U0, 1987 1.1 0.1
1988 1.0 .2
1989 0.Y 0.1
Pon Hope UO, plant 1986 0.4 0
Capaaity: 2,800 ¢ of uranium as 1987 [1X1] 0
U0, 1988 0.4 0
1989 (U o
Port Hope UF plant 1986 31 5.3
Capaoty: 10,000 1 o uraruum a> 1987 26 26
UF, 1988 5 37
1989 0.7 2.6
Toronto fucl fabrniaction plant 1987 < 0.001 0.02
Capacity: 1050 1 of ursnium as [£133 < 0.001 0.02
uo, 1989 < 0001 0.02
Port Hape fuel fabrication plant 1987 0.001 0.01
Capactty: Y00 ¢ of wramum as 1988 0.001 0.01
U0, 1989 0.001 0.0]
Airborne discharges (GBg) Liquid discharges (GBg)
Uranium Uranic u Uranic |} Uranic « Uranic B
Republic of Korcu
Koxea Nuclear Fuel Company 1488 007 03 [(XF L) 0.013
{fabrication) 1989 u.3 0.1 003 0.013




138

UNSCEAR 1993 REPORT

‘Tuble 23 (continued)

Airborne discharges (Glig) Liquid discharges (GBq)
Instullation
Uranium Uranic u Uranic B Uraric a Uranic
United Kingdum
Capenhurst (eanichment) 1985 0.006 0.9 09
1986 0.0} 2 2
1987 002 3 3
1988 0402 1.7 L7
1989 < 09 <09
Springficlds (conversion, fabrication) 1985 | 1 700 160000
1986 | 1 600 115000
1987 ! 1 500 77000
1988 1 ! 400 110000
1989 ! 2 400 114000

Table 24

Normualized releases of rudionuclides from model fuel conversion, enrichment and fabrication facility

Atmaspheric discharges [MBg (GW a)"/ Jrom

Agquatic discharges [MBq (GW o)’} from

Radio-

nuclide Conversion Enrichment Fubrication Comversivn Enrichment Fabrication
Ra:226 0.11

Th-228 0.022

Th-230 0.4

Th-232 0.022

Th-234 130 1.3 0 170
U-234 130 1.3 0.33 a4 10 170
U-235 6.1 0.00 0.0014 4.3 0.5 1.4
11228 130 1.3 0.34 94 10 170




ANNEX B: EXPOSURIS FROM MAN-MADL SOURCES OF RADIATION 139
Tuble 25
Worldwide Installed capacity nnd electrical energy generated
(19]
Startup Capucity Elecirical energy generated (GW a)
Couniry Reactor . i
year (cw 1085 1086 1087 1958 1989
PWRs
Beigum Docl 14 197485 27 1.893 .23 2.062 2275 2.079
Tihange 14 1975185 2791 1.440 2026 2,483 2.386 2388
Brazl Angra 1 1982 0.620 0.362 0.015 0.104 0.065 0.194
Bulgaria Kazloduy-1-2 1974178 0.816 0.677 0.606 0.639 0.548 0.555
Kozloduy-3-4 1980/82 0.816 0.712 0.669 0.659 0.687 0.601
Kozloduy-5 1987 0.953 - . 0.016 0.449 0.383
China, Taiwan Province Maanshan 1 1984 0.89 0.355 0.190 0.541 0.587 0.619
Maanshan 2 1985 0.89 0.484 0.308 0.735 0.619 0.603
Czechoslovakia Bohunice 14 197885 1.632 0.993 1.242 1.220 1.217 1.290
Dukovany 14 1985/87 1.632 0.228 0.654 1.139 1.261 1327
Finland Lowviisa 1-2 19780 0.89 0.816 0.765 0.819 0.794 0.814
France Belleville 12 1987/88 2.62 - - 0.071 0.955 1.559
Blayais 14 1981/83 3.04 2921 2.887 2.509 2.228 2704
Bugey 2-5 1978779 3.64 2.605 2.658 2,140 1.952 2273
Catenom }-2 1986/87 26 - 0.025 0.998 1.532 0.978
Chinon Bi-B4 1982187 3.55 1.257 1.499 1.674 2125 2340
Chooz-A (Ardennes) 1967 0.305 0.193 0.156 0.094 0.198 0.186
Cruas 1-4 19884 3.555 2547 2541 2.392 2025 2555
Dampierse §-4 198781 3.560 2742 2762 2.295 2.118 2655
Fessenheim 1.2 M 1.76 1.366 1.2717 1.276 1,168 1.016
Pamanville 1.2 1985/86 2.66 0 0.792 1.631 1.630 1.552
Gravelines 1-0 1980785 5.46 3952 4.098 3.617 3.694 3.882
Nogent 1-2 1987/88 2.62 . - 0.055 0.886 1.215
Piluel 1-4 1984486 5.32 1.586 4.5717 5.537 4.836 5.667
St. Alban 1.2 1985/86 267 0.147 0.891 1.490 1.113 1.473
St. Laurent BI-2 1081 1.795 1.247 1.2712 1.168 1.236 1.329
Tricastin 14 198L/8 1 3.66 2946 2 2.587 2309 2575
Germany, Fed. Rep. of Biblis A-B 1974776 2.386 1.752 1.563 1.494 1.322 1.324
Brokdorf 1486 1.326 - 0.034 1.082 0.980 1.026
Emsland lys8 1.242 - - - 0.650 1125
Grafenthainlzd 198} 1.235 1112 0.995 0.954 1,005 1073
Greifswald 7371 1632 1.117 L 1.117 1117 1.129
Grohnde 1984 1.3 1.241 1.165 1.101 1.165 1.173
Isar 2 1988 1.31 - - . 0.688 0.882
Milheim-Karhich 1986 1.219 - 0.155 0.332 0.688 0
Neckarwestheim 1-2 1970/89 202 0.703 0.474 0.616 0.602 1.449
Obrighaim 1968 0.34 0.296 0.304 0.283 0.299 0.292
Philippsburg 2 1984 1.268 1068 1.168 1.098 1109 1.10§
Stade 1972 0.04 0.555 0.573 0.506 0.507 0.478
Unterweser 1978 1.23 1.134 0.831 0.990 1.040 1.055
Hungary Paks 1-4 1982/87 1.66 0.696 0.797 1.179 1.441 1.490
Italy Enrico Fermi 1964 0.26 0.148 0.230 0.018 0 0
Japan Genkui 1-2 1975/80 1.058 .793 .856 0.872 0.665 0.619
lkats 1.2 197781 1.076 0.841 0.961 0.965 0.808 0.835
Mihsma §.3 196 1.57 1.154 1.468 1124 1.09) 1.178
Ohi 1.2 1977778 223 1.443 1.712 1.788 1.072 1.435
Scndat J-2 198385 1.692 0.994 1.379 1.392 1.495 1.413
Takshama 14 1974/84 N 1471 2.485 2.391 2.215 2472
Tomari-1 1988 0.55 . - - 0.006 0.412
Tsurugn-2 1986 LS 0.177 0.999 0.906 0.857
Netherlands Borssele 1973 0.481 0.372 0.408 0.337 0.346 0.391
Republic of Korea Kori 1 197 0.556 0.361 0.374 0.520 0.254 0.312
Kori 2 1983 0.605 0426 0.450 0.487 0.514 0.578
Kori 34 JUBS 1L.7Y 0.20) 1.218 1332 1.373 1.458




140

UNSCEAR 1993 REPORT

Tubie 25 (continucd)

. . Llecirical energy gen W g
Couniry Reactor Sari-up C“'/’f"'"." c £y generated (GW a)
year fiw) 1985 1986 1087 1988 1989
Republic of Korea Uichin 1.2 1988789 1.84 - . 0.114 0.831
(continued) Yongpwing 1.2 1986 1.8 0.282 1.172 1.425 1.388
South Africa Kocherg 1-2 1984/8S 1,844 0.616 1.008 070 1,201 1.269
Spain Almaraz 1-2 1981/83 1.86 1.263 1,284 1.552 1.449 1.496
Asco | 1983 0.93 0.506 0.586 0.730 0.761 0.771
Asco 2 1985 0.93 0.030 0.613 0.680 0.784 0.768
José Cabrera | 1968 0.153 0.032 0.120 0.125 0.130 0.129
Tiillo 1 1988 Lo+ . - - 0.179 0.816
Vandcllos 2 1987 0.996 - - 0.005 0.582 0.670
Sweden Ringhals 2 1971 08 0.440 0.453 0.48]1 0.481 0.413
Ringhals 3 1980 0915 0.695 0.712 0.704 0.702 0.665
Ringhals 4 1982 0915 0.676 0.641 0.647 0.758 0.632
Switzerland Beznau 122 1969771 0.7 0.603 0.60] 0.572 0.593 0.579
Gisgen 1979 0.94 0.770 0.771 0.789 0.783 0.785
USSR Asmenia 1-2 1976/79 0.752 0.601 0.343 0.540 0.550 0.150
Balakovo 1-3 198588 2.85 0.006 0.504 1.090 2230 2150
Kalinin 1.2 1954/86 1.9 0.543 0.657 1.522 1.400 1.500
Khmelnitsks 1 1987 0.95 . . 0.005 0.450 0710
Keln 14 1973/84 1.644 1.239 1.355 1.460 1.430 1.430
Novovoronezh 3-5 1971780 1L.72 1.907 1.380 1.710 1.310 1.280
Rowno 1-3 1980/R0 1.69S 1.210 0.696 1.302 1.380 1.440
South Ukruine 1-3 1982/RY 285 1.503 1.408 0.916 1.240 1.000
Zaparorzhe 1-5 19849 4,75 0.559 1.279 2236 2.850 2430
United States Arkinsas One-) 1474 0.836 0.593 0.410 0.544 0.452 0.386
Arkansas One-2 1978 0.858 0.537 0.607 0.754 0.565 0.625
Beaver Valley 1-2 197687 1.643 0.674 0.546 0.726 1.309 0.953
Braidwood 1 1987 112 - - 0,166 0.391 0.531
Braidwood 2 1988 112 - B - 0.154 0.815
Byron 12 198587 221 0.194 0.844 1.054 1,445 1.714
Calliway | J984 1118 0.918 0.822 0,722 0.930 0.953
Calvert Cliffs 1-2 1975776 1.68 1.138 1.465 1.153 1.343 0.319
Catawba 1 1985 1129 0.293 0.594 0.731 0.872 0.888
Catiwba 2 1986 1.129 . 0.151 0.818 0.620 0.745
Crystal River 3 1977 0.521 0.327 0.303 0.413 0.658 0.334
Davis-Besse 1 1977 0.86 0.222 0 0.578 0.133 0.536
Diablo Canyon 1.2 YRS 216 0.659 1.378 1.600 1.31§ 1.60S
Donald Cook 1-2 1975778 208 0.890 1.254 1.148 1.118 1.381
Farley 1 w77 0.824 0.670 0.655 0.736 0.674 0.688
Farley 2 1981 0.53 0.625 0.680 0.561 0.748 0.642
Fort Cathoun | 1973 0.478 0.350 0.412 0.349 0.300 0.376
1L 3. Robinson 2 1970 0.665 0.508 0.548 0.484 0.363 0.319
1{addam Neck 1967 0.565 0.529 0.244 0.290 0.378 0.338
Indian Point 1-2 1962773 0.864 0.701 0.437 0.588 0.692 0.511
Indian Poim 3 1976 0.965 0.540 0.631 0.554 0.766 0.567
Kewaunce 1974 0.503 0.422 0.440 0.458 0.447 0.427
Maine Yankee 1972 0.81 0.611 0.713 0.462 0.526 0.792
McGuire ] 198 1129 0.774 0.593 0.839 0.845 0.891
McGuire 2 1983 1.129 0.630 0.710 0.865 0.920 0.847
Mulbstone 2 1978 0.663 .40 (.590 0.787 0.655 0.544
Milistone 2 14986 1,142 - 0.669 0.770 0.877 0.809
North Anni 1-2 1978730 153 1.440 1.408 1.053 1.687 1.164
Oconee 1-2-3 1973773 2538 1039 1.902 1.567 2134 2.088
Palisades 1971 0.73 0.608 0.09¢ 0.301 0.392 0.415
Palo Verde | 1985 L2214 0.129 0718 0.601 0.761 0.205
Palo Verde 2 1986 1.221 - 0.303 0.93S 0.770 0.536
Palo Verde 3 1987 1221 . - . 1,146 0.152
Poinl Beach 1-2 1970772 0.97 0.794 0.82) 0.819 0.862 0.810
Praine Island 1-2 1973774 1.003 0.832 0.876 0.919 0.850 0.945
R. .. Ginna 1969 0.47 413 0.412 0.434 0.403 0.351
Rancho Seco | 974 0.873 0.221 0 1} 0.326 0.165
Salem ) 1976 1,106 1.028 0.809 0.710 0,647 0.709
Salem 2 1981 1106 0.575 0.607 0.708 0.683 0.893
San Onolre | 1467 0.436 0.281 0.101 0.309 0.158 0.135
San Onofre 2-3 1982783 2,18 1017 1.499 1.572 1.729 1.607
Sequoyah -2 1980781 2.296 1307 0 0 0.464 1.783
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Table 25 (continued)
& i ; W
Start-up Capacity Elecirical encrgy generated (GW a)
Counmry Reactor e

veur GH) 1985 1956 1987 1988 1989
United States Shearon llarsis 1 1987 0.80 - 0.386 0.610 0.644
{continued) South Texas 1 1988 1.25 - - - 0.319 0.720
South Texas 2 1989 1.25 - . - - 0.346
St Luae | 1976 0.839 0.670 0.805 0.653 0.714 0.793
St. Lude 2 1983 0.839 0.697 0.702 0.679 0.846 0.621
Surry 1-2 1972112 1.562 1.106 1.026 1.076 0.714 0.464
Three Mile Itand | 1974 0.808 0.093 0.550 0.575 0.624 0.524

Three Mile Istand 2 1978 0 0 0 0 0 0
Trojan 975 1095 0.789 0.810 0.498 0.724 0.633
Turkey Point 3 1972 0.666 0.39) 0.515 0.101 0.396 0.412
Turkey Point 4 1973 0.666 0.591 0.199 0.303 0.373 0.241
Virgil C. Summer | 1982 0.885 0.598 0.817 0.590 0.579 0.618
Vogtle 1, 2 1987/8Y 2.166 - - 0.447 0.776 0.994
Walcrford 3 1985 1.075 0.317 0.834 0.849 0.748 0.869
Wolf Creek 1985 1.135 0.435 0.795 0.742 0.762 1.108
Yankce NPS 1960 0.167 0.135 0.159 0.130 0.128 0.149
Zion 1-2 1973 208 1.138 1300 1.278 1.484 1.449
Yugoslavia Krsko 1981 0.62 0.439 0.436 0.458 0.449 0.508
Total annual clectrical cnergy generated (GW a) 199.54 95.01 106.94 119.15 130.10 137.79

BWRs

China, Taiwan Province Chin Shan 1 1977 0.604 0.431 0.469 0.456 0.401 0.318
Chin Shan 2 1978 0.604 0.490 0.433 0.427 0.426 0.349
Kuosheng 1 1981 0.951 0.677 0.833 0.729 0.638 0.608
Kuosheng 2 1982 0.951 0.708 0.717 0.741 0.685 0.597
Finland ™GO 1-2 1978780 0.71 1.236 1.290 1.297 1312 1.242
Gcermany, Fed. Rep. of Brunsbiuel 1976 0.771 0.642 0.643 0.597 0.581 0.468
Gundremmingen B,.C 1984 2.488 2.089 1.863 1.798 1.659 2.002
Isar | 1977 0.87 0.723 0.818 0.644 0.594 0.594
Krimmel 1983 1.26 1.062 1.083 1.048 1.052 0.941
Philippsburg 1 1974 0.863 0.699 0.596 0.741 0.708 0.703
Wirgassen 1971 0.64 0.530 0.551 0.540 0.531 0.432
India Turapur-1,2 a6y 0.30 0.212 0212 0.155 0.217 0.140

ltaly Caorso 1981 0.86 0.454 0.605 0 0 0
Japan Fukushima Daiichi 1-6 1970779 4.536 2.930 3,260 .27 3.296 3173
Fukushim:: Daini 1-4 1981/86 4.286 2.426 2474 3.067 3.309 2718
Hamaoka 1-3 1974/86 231 1.008 0.856 1.813 1.475 1.724
Kashiwazak Kanwa 1.5 1984/89 2134 0.566 0.765 1.050 0.794 0.854
Onugawa-1 1983 0.497 0372 0.3584 0.361 0.389 0.344
Shimane 1-2 1973788 1.3 0.433 0.243 0.344 0.419 0.967
Tokai 2 1978 1.08 0.794 0.662 0.804 0.695 0.963
Tsurugn 1 1969 0.341 0.194 0.261 0.268 0.254 0.281
Mexico Laguna Verde (Mark) 1989 0.65 - - - - 0.036
Netherlands Dodewaard 068 0.05 0.049 0.046 0.047 0.049 0.041
Spain Confrentes 1084 0939 0.701 0.761 0.786 0.815 0.805
S. Mariu de Garong N 0.46 0.198 0.390 0.293 0.307 0.401
Sweden Barsebeck 1 1975 0.6 0.468 0.499 0.520 0.501 0.494
Barscheck 2 1976 0.0 0.492 0.471 0.508 0.501 0.480
Forsmark | 1980 0.97 0.638 0.835 0.741 0.782 0.701
Forsmark 2 1981 0.97 0.655 0.798 0.748 0.796 0.678
Farsmark 3 1985 1.06R 0.474 0.921 0.804 0.852 0.841
Oskarshamn 1 1971 0.442 0.314 0.358 0.369 0.327 0.363
Oskarshamn 2 1974 0.605 U.455 0.488 0.483 0.504 0.452
Oskarshamn 3 1988 1.16 0.439 0.957 0.806 0.838 0.889
Ringhals | 1974 0.7s 0.590 0.510 0.556 0.536 0.554
Switzerland Leibstadt 1984 099 0.773 0.713 0.823 0.842 0.799
Miihleberg 1972 0.322 0.285 0.24) 0.28 0.285 0.262
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Table 25 (continucd)

. . Elecirical energy generated (GW g
Country Reactor Nart-up Cap?clry ca e { )
year (@ 1085 1086 1987 1988 1989
United States Big Rock Paint 1962 0.067 0.0:41 0.058 0.043 0.044 0.048
Browns Ferry 1-3 1973176 3.195 0.387 0 0 0 0
Brunswick 1.2 1975776 1.58 0.798 1.017 1113 0.957 0.958
Qlinton |} 1987 0.946 . - 0.186 0.669 0.327
Cooper 1974 0.764 0.122 0.463 0.630 0.480 0.547
Dresden 2-3 1920171 1.548 0.857 0,703 0.886 0.970 1.127
Duane Amnold-} 1974 0.538 0.222 0.364 0.29] 0.402 0.359
Enrico Fernu 2 1986 1.093 . 0 0.159 0.463 0.597
Fitzpatrick 1975 0.757 0.476 0.687 0.479 0.497 0.703
Grand Gulf 1 1984 1.142 0.493 0.468 0.882 1.095 0.596
Haich 1-2 1974778 1.525 1.157 0.829 1.237 0.956 1.213
Hope Creck 1 1986 1.031 - 0.118 0.834 0.739 0.755
Humboldt Bay 2 1963
Lacrosse 1968 0.048 0.037 0.018 0.015
Lasalle 1-2 1952/84 2072 0.948 0.894 0.991 1.269 1.448
Limerick 1 1985 1.055 0.133 0.823 0.010 0.762 0.599
Millstone ) 1970 0.654 0.524 0.599 0.500 0.632 0.530
Monlicelio 197} 0.536 0.489 0,386 0.404 0.522 0.303
Nine Mile Point 1 1969 0.61 0.563 0.359 0.527
Nine Mile Point 2 1987 Lon - . 0.030 0.290 0.490
Opyster Creck 1969 0.62 0.428 0.150 0.355 0.405 0.275
Peach Bottom 2-3 1973 2.086 0.651 1.342 0.355 0 0.471
Perry | 1986 1.14] - - 0.095 0.826 0.612
Pilgrim | 19N 0.67 0.565 0.117 0 0 0.195
Quad Cities -2 1972 1.538 1.214 1.045 1.074 1123 1.144
River Bend 1985 0.936 0.003 0.342 0.567 0.828 0.546
Susquchanna 1-2 1982/84 207 1.439 1.290 1.682 1.635 1.514
Vermont Yankec 1972 0.504 0.342 0.235 0.404 0.470 0.412
WPPSS-2 1984 1.095 0.591 0.592 0.685 0.685 0.700
Tolal annual clectrical encrgy generated (GW a) 73.56 37.65 40.00 42,95 44.09 43.98
1IWRs
Asgentina Atucha-! 1974 0.335 0.168 0.252 0.160 0.092 0
Embalsc 1983 0.6 0.431 0.350 0.522 0.521 0.532
Canada Bruce |3 1971178 3.394 2.558 2.447 2.167 2008 1.830
Bruce 58 198487 3.371 1.297 2.061 2.592 2.698 3.005
Gentilly-2 1982 0.64 0.364 0.433 0.532 0.603 0.556
Pickening 1-4 1971/73 2.00 0.710 0,783 0.919 0.872 1.205
Pickering 5-8 1982780 2064 1.227 1.670 1.786 1.934 1.719
Point Lepreau 1982 0.635 0.619 0.596 0.583 0.609 0.601
India Kalpakkam }-2 1983 0.44 0.094 0.176 0.247 0.217 0.096
Rajasthan 1-2 197280 0.414 0.135 0.123 0.137 0.184 0.159
Pakistan Karuch 1971 0.125 0.030 0,060 0.035 0.022 0.0080
Republic of Korea Wolsong 1 1982 0.629 0,599 0.505 0.589 0.504 0.577
Total annual clectncal energy gencrated (GW ) 14.58 8.20 9.40 10.24 10.24 10.28
GCRs
France Bugey | 72 0.8 0.317 0.179 0.211 0.289 0.203
Ghinon A2-3 1965466 0.54 0.081 0 0.012 0.109 0.150
St. Laurent AL-2 1969774 0.84 0.40] 0.514 0.492 0.628 0.316
Japan Tokai-1 1968 0.159 (L.0VE 0.099 0.092 0.116 0.053
Spain Vandellos 1 1972 0.48 0.334 0.338 0.346 0.349 0.280
United Kingdom Berkeley 1962 0.138 0118 0.091 0.109 0.142 .050
Bradwell 1962 0.245 0213 0.181 0213 0.194 0.092
Calder 11all 1950 0198 0.104 0.161 0.153 0.149 0.159
Chapelcross 1958 0192 0.163 0.166 0.168 0.164 0.156
Dungeness A 1968 0.424 0.381 0.300 0.349 0.238 0.251
Dungeness B1-2 19B3/8S 0.7 0.278 0.277 0.111 0.260 0.100
Hanlepool Al-A2 1983/84 .54 0.150 0319 0.24) 0.221 0.464
Heysham 1A-B, 2A-B 19RASS 207 0.254 0.272 0.467 0.665 1.322
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Tuble 25 (continucd)
. ? g ;W
Sart-up Capacity Llccirical energy generated (GW a)
Couniry Reactor A Gw)

year (@ 1985 1986 1987 1988 1989

United Kingdom (continued) | 1linkley Point A 1965 0.47 0.401 0.406 0.423 0.416 0.315
Hinkley Point B, A-B 1976 1.12 0.855 0.764 0.549 0.819 0.763

THunierston Al 1964 0.3 0.256 0.261 0.259 0.227 0.231

lunterston B1-2 1976717 1.15 0.931 0.935 0.901 0.868 0.878

Oldbury-A 1967 0.434 0.379 0.278 0.368 0.385 0.333

Sizewell-A 1966 0.42 0.307 0.22 0.315 0.305 0.296

Torness A-B 1988/89 1.28 - - - 0.261 0.662

Trawsfynydd 1965 0.39 0.368 0.334 0.353 0.230 0.297

Wylfa 9 0.84 0.763 0.468 0.514 0.705 0.755

Total annuzl clectrical encrgy generated (GW a) 13.76 .28 6.67 6.64 1.74 8.13

LLWGRs

USSR Beloyursky 2 1967 0.146 0.174 0.117 0.100 0.081
Bilibino 14 1974776 0.034 0.040 0.039 0.040 0.035 0.033

Chernobyl 1-4 1977581 2775 3.335 0.240 1.549 2240 2310

Ignulina 1-2 108387 2.76 1.082 1.128 1.540 1.460 1.900

Kursk 1-4 197685 37 2.370 2.776 2.950 3.270 2940

Leningrad 1-4 1973581 33 3.200 3.356 3.273 3.170 3.110

Smotensk 1-3 1982489 1.85 1.207 1.198 1.577 1.650 1.620

Total annual clectrical cnergy penerated (GW a) 14.98 11.41 8.74 11.08 11.93 11.994

FBRs

France Creys-Malville 1985 1.2 [} 0.106 0.093 0 0.201
Phenix 1973 0.233 0.132 0.173 0.178 0.168 0.069

USSR Beloyarsky 3 1980 0.56 0.435 0.392 0.445 0.429 0.422
United Kingdom Dounseay 1975 0.25 0.102 0.102 0.096 0.070 0.119
Total annual electrical energy generated (GW a) 2243 0.669 0.773 0.811 0.668 0.810

a

A dash indicates thal the reactor is nol yet in operation.
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Tuble 26 (continucd)
Release (GBq)
Country Reactor
1985 1986 1987 1988 1989
South Africa {C20) Kocberg 1-2 207000 33700 55000 50800
Spain [C2]] Almaraz -2 169000 270000 6590 29500 3950
Asca | 4760 10800 9650 57100 §4900
Asco 2 1590 18500 14400 62100 60600
José Cabrera 1 41500 141000 142000 99300 96900
Tello 1 - - - 300 2990
Vandellos 2 . - 0 17600 26300
Sweden [N14] Ringhals 2 3600 106100 14000 15000 5400
Ringhals 3 9100 63200 31000 620 6800
Ringhals 4 440 206400 76000 57300 6000
Switzerland [DS, Dé] Beznau 1-2 14500 32000 18000 18000 44000
Gésgen 15000 7000 4200 6800 12000
USSR [G2, 114} Armenia 1-2 66000 55400 577000 57700 62200
Balakovo 1-3 0 66200 173000 173000 60500
Kalinin 1-2 270000 270000 248000 56700 51300
Khmelnitski 1 - - - 119000 96200
Kola 14 1040000 534000 564000 415000 423000
Novovoronerh 3-5 43000 41000 27200 29700 32400
Rowvno 1-3 88100 59900 55500 241000 136000
South Ukraine 1-3 200000 123000 41400 47100
Zaporozhe 1-5 110000 407000 275000 110000 78700
United States [T3] Arkansas One-| 300000 63300 12100 45900 86200
Askansas Onc-2 330000 128000 7620 79900 102000
Beaver Valley 1-2 1450 25800 8330 3480 S800
Braidwood ] - - 10.4 1550 43200
Braidwood 2 . - - 1410 18800
Byron 1-2 10320 23500 48100 65900 30200
Callaway 1 61800 192000 107000 25500 26700
Calvert Cliffs 3-2 147000 283000 168000 211000 121000
Catawba 1 10200 50300 89200 57700 11700
Catawba 2 - 50300 §9200 57700 11700
Crystal River 3 38900 102000 40700 126000 167000
Davis-Besse ! 4370 0.02 14100 4030 14000
Diablo Canyon 1-2 21200 85900 26400 12100 12400
Donald Cook 1-2 183000 12200 32400 9550 4300
Farley 1 62900 47400 ' 48100 35500 3700
Furley 2 23500 68100 26700 21900 5900
Fort Calhoun ! 54800 21000 15700 29000 6100
H. B. Robinson 2 19200 24400 28500 38500 1000
Haddam Neck 102000 86200 132000 94300 633000
Indian Point 1-2 69600 75900 173000 8400 32
Indian Point 3 57000 71400 67300 11500 11600
Kewaunee 1840 2420 1180 1080 2400
Maine Yankee 16300 39600 28500 2660 750
McGuire 1 71400 38900 75500 72200 26600
McGuire 2 71400 38900 75500 72200 26600
Milistone 2 14800 3700 14700 23500 9100
Milistone 3 - 884 3890 3120 11000
North Anna 1.2 298000 211000 38900 17900 53300
Oconee 1-2-3 870000 899000 389000 958000 332000
Palisades 136000 64000 64800 89900 5600
Palo Verde 1 9360 98800 47000 68100 23700
Palo Verde 2 - 72900 202000 110000 15900
Palo Verde 3 - - 0.93 5030 30600
Point Beach 1-2 4290 1030 1780 2990 560
Prairie lsland 1.2 1700 1120 324 525 6400
R. E. Ginna 15000 7730 6550 1910 18600
Rancho Scco 1 173000 3440 0.80 56200 74000
Salem | 62200 51400 135000 19600 51400
Salem 2 42600 21700 39200 43700 2700
San Onofre | 142000 15200 36300 111000 33500
San Onalre 2-3 936000 305000 807000 189000 91000
Sequoyah -2 169000 4.8 0 8330 142000
Shearon Harris 1 . - 83300 42600
South Texus 1 . - 31700 16500

South Texas 2

4300
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Tuble 26 (continucd)

Release (GBq)
Country Reactor
1085 1956 1987 1988 1989
United States (continued) St Lucdie } 1880000 1230000 230000 52500 168000
St. Lucie 2 353000 369000 318000 339000 82100
Sunry 1.2 76600 73600 11400 13500 5100
‘Ihrec Milc Island | 000 141000 29200 69200 7700
Three Mile Island 2 0 10,4 0 16.3 0
Trojan 40700 34900 9440 15700 2000
Turkey Point 3 48800 135000 34700 46300 62600
Turkey Point 4 66600 37400 29100 48500 63300
Virgl C. Summer 1 5180 514 23500 12300 67300
Vogile 1-2 - . 3960 4260 20200
Watetford 3 304000 414000 208000 196000 20700
Wolf Creek 6300 1170 6400 29300 23700
Yankee NT'S 54400 18900 14200 7620 4500
Zion 1-2 144000 118000 4370 48500 41400
Yugoslavia [F1] Krsko 0 0 0 0 0
Total release {(GBQ) 12900000 12000000 8320000 7640000 6970000
Normalized release {GBq (GW a)"] 137000 112000 70600 58700 50600
Average normalized relcase 1985-1989 {GBq (GW a)"] 81000
BWRs
China, Taiwan Province [T2] Chin Shan 1-2 499000 254000 84000 62200 46900
Kuosheng 1-2 407 136 4510 7840 5330
Finland [F2] TVO -2 0 5800 6000 180 195000
Germany, Federal Republic of Brunsbiiel 19000 820 6600 23000 7900
[B4, B9) Gundremmingen 8,C 21 4800 19000 3900 15000
Isar 1 27000 1900 860 860 360
Kslimmel 950 210 14000 9700 1000
Philippsburg 1 35 29 760 480 10
Wirgassen 11000 9300 2900 3100 1400
India Tarapur-1,2
haly [C22] Caorso 420 1360 3370 5550 1060
Japan [J1] Fukushima Daiichi 1-6 740 290 190 4.1 0
Fukushima Daini 1-4 0 0 0.0034 0 )
Hamaoka }-3 0 0 0 0 0
Kashiwazald Kariwa 1§ 0 0 0 0 0
Onagawa-1 0 0 0 0 0
Shimane 1-2 0 0 0 0 0
Tokai 2 0 0 150 0 0
Tswugs 1 1.6 3.1 1.7 1] 0.26
Mexico [C19] Laguna Verde (Mark 1I) . . - . 0
Netherlands [MS5) Dodewaard 2800 11000 4300 3200 5400
Spain [C21] Confrentes 49500 59200 113000 97500 49500
S. Maria de Garona 70500 76400 58600 68200 74700
Sweden [N14] Barsebeck 1 160 640 630 530 5800
Barsebeck 2 290 80700 980 528000 1560000
Forsmark | 70800 81 330 740 304000
Forsmark 2 232000 205000 199000 2718000 721000
Forsmark 3 660 24600 4850 11500 10300
Oskarshemin 1 533000 S08000 301000 305000 201000
Oskarshamn 2 30400 25000 14500 15900000 2410000
Oskurshamin 3 17200 265000 49000 106000 131000
Ringhals } 1280000 1240000 482000 490000 132000
Switzerland [DS, D6} Letbatadt 12 1800 160 13000 63000
Miihleberg 83000 62000 1400 200000 120000
United States | T3] g Rock Point 2320000 2320000 309000 287000 262000
Browns Ferry 1-3 977000 83600 11.9 0 0
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‘T'able 26 (continucd)
Release (GRq)
Country Reactor
1985 1986 1087 1988 1989
United States (continued) Bruaswick 1-2 648000 1670000 977000 58500 50300
Clinton | - - 253 161 450
Cooper 51300 63600 44400 67000 12700
Dresden 2-3 109000 16200 10200 6220 1360
Duanc Arnold-] 9290 11500 8100 26100 1620
Enrico Fermi 2 - 0 0 411 6070
FFuzpatrick 540000 98100 175000 144000 20700
Grand Gulf 1 5590 4960 7100 3490 5330
Hateh 1-2 466000 733000 781000 128000 18600
Hope Creck 1 . 1410 44000 6510 12400
Humboldi Bay 3 0 0 0 2400 240
Lacrosse 317000 131000 86200 0 0
Lasalle 1.2 7220 110000 241000 140000 40000
Limerick 1 0 13.7 892 6250 9550
Millstone | 41100 122000 216000 32400 6700
Monticello 138000 131000 146000 - 218000 147000
Nine Mile Point | 26400 18200 7300 666 0.006
Ninc Mile Point 2 - - 22 1490 3120
Oyster Creek 1530000 2840000 125000 187000 12000
Peach Bottom 2-3 4770000 1030000 426000 44000 97700
Perry 1 - 45.5 392 46300 7100
Pilgim 1 121000 4660 0 0 25100
Quad Cities 1-2 109000 54800 13800 139 10600
River Bend | 62900 514 759 3070
Susquehunna 1-2 19100 8700 4550 2680 4400
Vermont Yankee 127000 57720 0 1] 38100
WPPSS-2 7840 6130 19800 33400 202000
Total release (GBq) 15300000 13000000 5020000 19600000 6880000
Normalized reiease [GBq (GW 2)}) 409000 328000 117000 446000 157000
Average normalized relcase 1985-1989 [GBq (GW a)°!) 290000
ITWRs
Aspentina [C15, C18) Atucha-] 5500 6200 1400 3500 600
Embalse 150000 420000 310000 96000 130000
Canada [A6] Bruce 14 789000 555000 519000 1500000 491000
Bruce 58 106000 127000 139000 154000 106000
Gentilly-2 120000 50000 49000 83000 0
Pickering 1-4 192000 183000 289000 233000 340000
Pickering 5-8 176000 269000 231000 215000 218000
Point Lepreau 800 5000 100 300 0
India Kalpakkam 1-2
Raasthan 1-2 Not reporied
Pakistan Karach Not reported
Republic of Korea [M3) Woisong | 137900 125400 151300 171800 91000
Toral release (GBq) 1650000 1740000 1690000 2460000 1380000
Normalized releasc [GBq (GW 2)™') 210000 192000 172000 250000 137000
Average normalized reicase 1985-1989 [GBg (GW a)"!) 191000
GCK»
France |E4) Bugey | 130000 - 122000 37000 53000 96000
Chinon AZ:3 25000 0 5000 36000 63000
St Laurent Al-2 243000 256000 118000 179000 140000
Japan [J1] Tokai-1 280000 250000 230000 260000 210000
Span [C21] Vandetios | 45200 16600 29500 27600 12000
United Kingdom Berkeley 00 240000 290000 380000 70000
[N6, P1. S4) Bradwell TN 630000 730000 680000 320000
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Table 26 (continucd)
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Release (GBg)
Country Reactor
1985 1986 1987 1988 1989

United Kingdam (continued) Calder Hall 2530000
Chapeleross 3000000 J000ON0 3100000 3000000 3000000
Dungeness A 1200000 1000000 1100000 760000 830000
Dungeness B1-2 20000 50000 10000 20000 7200
Hartlepool A1-A2 10000 20000 10000 10000 20000
lHeysham 1A-B, 2A-B 10000 10000 10000 10000 7600
linkley Point A 3100000 3100000 3700000 3200000 2400000
Ibnkley Point B. AB 70000 140000 120000 110000 69000
{lunterston A} 725000 735000 730000 640000 650000
{lunterston B1-2 56000 32000 46000 59000 37000
Oldbury-A 130000 70000 160000 180000 150000
Sizewell-A 1700000 1400000 1900000 1800000 1800000
Torness A-B - - - 4300 4600
Trawsfynydd 5000000 5000000 5000000 900000 1600000
Wylfa 70000 70000 5000 70000 70000

Total release (GBq) 16900000 16200000 17300000 12400000 14100000

Normalized release [GBq (GW a)')) 2370000 2480000 2670000 1630000 1730000

Average normalized relcase 1985-1989 [GBq (GW a)'}] 2150000

LWGRs

USSR (G2, 114] Beloyarsky 2 12700000
Bilitvno 14 307000
Chernobyl 1-4 2550000 3120000
Ignalina 1-2 4900000 3170000 1170000 2460000 2260000
Kursk 1-4 2330000 8510000 6970000 6200000 7030000
Leningrad 1-4 7830000 4700000 4440000 3510000 2930000
Smolensk 1-3 2910000 3490000 3940000 2130000 3250000

Total release (GBg) 20500000 19900000 16500000 14300000 31600000

Normalized release [GBq (GW 2)°') 1800000 2300000 1800000 1500000 2600000

Average normalized release 19651989 (GBq (GW a)!} 2000000

FliRs

France [S6] Creys-Malville 5000 38000 29000 31000 36000
Phenix 5200 6300 6100 5100 4600

USSR Beloyarsky 3

United Kinpdom Dounreay

Total release (GBq) 10200 44300 35100 36100 40600

Normalized release [GBq (GW 8)}) 71000 160000 130000 210000 150000

Average normalized release 1985-1989 [GBq (GW a)!] 150000

A dash indicates that the reactor was not yet in operation.




Table 27

Isotopic composition of noble gases released from PWRs In the United States, 1988 [T3]

Reacior

Release (TBq)

pp e g, Emp, L 82y, 1Blmy, 3y, 133my, 1Sy, 135y, 138y, b
Arkansas One | ¢ 0.119 0.137 . - 0.0618 429 0.0374 2.96 -
Askansas One 2 0.00073 0.00066 0.00907 0.00043 0.00321 1.42 66.2 0.0833 122 -
Beaver Valley 1-2 0.0112 2.35 0 . . 0.139 0.858 0.00107 0.125 0.00087 -
Braidwood | 0.0122 0.0066 0.00069 0.00002 0.0006 0.0197 1.49 0.00999 0.0141 - .
Rraidwond 2 0.0290 0.00054 0.00044 0 0.00002 0.0327 1.35 0.00403 0.00138 - -
Byron 1.2 0.024} 0.392 0.0147 01.00021 0.00936 0.249 64.0 0.463 0.633 - -
Callaway | 0.0226 3.03 0.0925 . 0.0269 0.0888 20.7 0.0947 1.38 -
Calvert Qiffs 1.2 0.00228 1.6 1.65 0.3 0.165 0,944 181 1.44 118 0.00012 -
Catawha | 0.222 0,0770 0.0342 0.00485 0.038} 0.45] 55.9 0.574 0.666 0.00021 0.00013
Catawbo 2 0.222 0.0770 0.0342 0.00485 0.0381 0.45) 55.9 0.574 0.666 0.00021 0.00013
Crystal River 3 0.907 0.255 - - 1.59 121 0.150 267 - -
Davis-Besse | . 0.182 . . 0.0269 0.0007) an 0.00588 0.0414 - -
Diablo Canyon 1.2 0.0766 0.332 0.00281 0.00006 0.00429 0.577 10.7 0.0339 0,433 0.00016 0.00004
Nonald C. Cook 1-2 0.0144 0.0562 0.00537 0.0047 0.0261 0.0299 9.07 0.0463 0.300 0.005 0.00385
Fort Calhoun 0.0640 0.225 0.00027 . - 0.633 279 0.126 0.0599 - -
H.B. Robinsen 2 0.176 4.26 0172 0.00577 0.0102 0.166 310 0.244 2.23 0.00287 -
Haddam Neck 0.0264 7.8 0.128 0.114 0.168 0.150 84.0 0.288 201 0.0202 0.0502
Harris 1 00131 - 1.80 0.59%9 200 - 718 1.20 4.18 - 0.599
Indsan Paint 1.2 0.0274 . 0.00799 0.00169 0.0106 . 7.59 0.0161 0.418 0.0185 0.00013
Indian Point 3 0.0133 0.121 0.0054 0.00219 0.0077 0.308 10.6 0.0747 0.205 0.00049 0.00012
Joseph M. Farley 1 0973 25.4 0.0226 0.00232 0.00747 0.0426 6.77 0.0807 223 0 0.00302
Joseph M. Farley 2 1.32 16.9 - - - . 2.74 0.00703 0.881 - 0.00197
Kewaunee 0.0028 0.00696 0.00007 - 0.00005 0.238 0.00053 0.00184 -
Maine Yankee . 0.0577 0.00013 - 0 0,00334 248 0.0183 0.101 - .
McGuire | 0.324 1.37 0.182 0.0261 0.172 0.39 66.2 0.903 2.62 0.00051 0.00004
McGuire 2 0,324 1.37 0.182 0.0261 0.172 0,39 66,2 0.903 2,62 0.00051 0,00004
Millstone 2 . 0.157 0 . . 0.0907 27.1 0,0633 4,77 -
Millstone 3 . . 0.00008 - - 0.00751 2.87 0.0186 0.22 - .
North Anna 1-2 0.00003 0.135 0.0011 0.00001 0.00002 0.0722 12.5 0.0216 0.0962 - -
Oconee 1-3 0.189 62.5 0.357 0.0566 0.325 13.8 866 6.92 692 0.0466 .
Patisades 0.0337 0.098) 0.0298 0.0662 0.0766 0.0257 88.8 0.0264 0.179 0.242 0,164
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Table 27 (continued)

Release (TBq)

Reacior

IIA' a GiK’ H}nK, H7’\»’ GSKr IJlm'\r‘ I.U'\-‘_ IJJM.‘re l'".\'c 135-.‘»‘ I.‘JX‘ b
Palo Verde 1 0.0208 0.955 0.0158 0.00003 0.00129 0.259 58.1 0.230 2.54 - 5.88
Palo Verde 2 0.0640 1.62 0.037 0.00067 0.0925 2.04 104 0.411 1.54 - 0.00129
Palo Verde 3 0.29} 0.00244 0.00403 - 0.00114 0.00899 4.58 0.00411 0.154 - 0.0000)
Point Beach 1.2 0.0725 0.0364 0.0271 0.0548 0.0625 - 2.1 0.0124 0.131 0.0940 0.266
Prairie lsland 1-2 - 0.00458 . - - - 0.0007 0 0.00002 - -
R.E. Ginna 0.0440 . 0.00264 0.00592 0.00798 0.00729 1.28 0.00104 0.466 0.0655 0.0240
Rancho Seco | 0.00088 0.0744 0.100 0.0001R 0.0881 0.566 540 0.357 0.936 0.00001
Salem | 0.00028 0.0407 0.0133 . - 0.290 8.5 0.0366 0,703 0.00001 -
Salem 2 0.00057 0.0673 0114 0.0209 0.154 0.0981 414 0.225 1.27 0.185
San Onofre 1 0.0002) 0.426 0.13? 0.004 0.0426 0.145 108 0.988 a7 0.00004¢ -
San Onofic 2-3 0.640 0.592 1.21 0.223 0.6 0.570 174 0.23% 1.8 0.120 0.0346
Stquo_\'.\h 1.2 0.00021 0.0744 (.G 48 . 0.00055 0.0403 7499 0.0788 0.126 - -
South Texas 1 2R 0.00633 G.O0R14 0.0119 - .54 0.00218 0.0474 0.00172 -
St. Lucie | 0112 . 0.195 0.00618 0.248 0.00042 444 0.202 1.51 . .
St Laae 2 0.06006 00158 2.76 0.0117 1.18 0.128 296 3.2 5.2 - -
Summer | 00128 0.151 0.0751 0.00019 0.108 0.0562 1.0 0,0392 0.840 - -
Surry 1.2 0.0451 0.153 0 0.00034 0.00055 0.0729 13.1 0.0223 0.169 0.00024 -
Three Mile Island ) 0.120 0.320 0.0496 0.00002 0.00407 0.437 66.2 0.533 133 0.00001 -
Thiee Mile Island 2 - 0.0163 - . - - - - - - -
Trojan 0.0313 0.101 0.0131 0.0036 0.00433 0.0929 14.2 0.0503 0.239 0.0264 0.0094
Turkey Point 3 0.0212 0.0511 0.0221 0.00031 0.00148 0.577 44.4 0.257 0.692 - -
Turkey Point 4 1.08 0.0559 0.0235 0.00027 0.00284 0511 45.5 0.278 0.718 - -
Vogtle | 1.17 0 0 - 0.00001 - 287 0.00201 0.232 - -
Waterford 3 0.0195 0.477 0.0133 - 0.00581 0.648 188 0.189 6.96 - -
Wolf Greek 1 0.0260 0.04213 0.0283 0.00001 0.0407 0.151 28.0 0.283 0.696 - -
Yankee Rowe 1 0.0320 0.152 0.0718 0.0625 0.131 0.0407 m 0.0766 1.44 1.76 0.0303
Zion 1-2 0.00385 0.126 0.00042 - 0.00048 0.0238 51.4 0.0132 2.05 - -
Total release (TBq) 6.1 145 10.1 1.66 6.80 28.9 3400 22.2 147 2.59 7.07
Normalized activity 0.87 35 0.24 0.040 0.16 0.69 82 0.53 3s 0.062 0.17

(TBq (GW a))

«

Discharge of 3’Ar from ooe reactor (Yankee Rowe 1): 0.0263 THq, tesulting in 3 normalized activity of 0.00063 TBq (GW 3)’'.
Discharpas of 137X¢ from two reactars (Haddam Neck: 0.0135 THq; Trojan: 0.00762 TBq), resulting in a normalized activity of 0.00051 TBq (GW l)‘l.

A dash indicates no value reported.
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‘Fable 28

Isotopic composition of noble gases released from BWRs

in the United States, 1988 [T3)

Release (THq)

freactr Tar Blopy By, S3mpy ke LN 8%y 2 Imye Py, 133my, Bye 135mye H7ye aych
Big Rock Poum - - . 418 20.8 13.1 - 1.58 - 19.7 339 - 140
Browns Ferry 1-3 - - - - . - - . - . - - -
Brunswick 1-2 0802 - 262 0.296 226 - 16.1 0.0418 22.6 313 8.51 1.87
Chnton 1 . . - - . . - - - 0.161 . . -
Couoper 0.511 282 0990 1?7 327 14.1 - 485 0.0426 488 1.75 17.0 138
Dresden 1-2 0 00048 0.0320 0 0.0607 - - 0.833 - 4.14 0.272 - 0.866
Duane Arnald - 0.00028 0.581 0.781 1.19 - - 8.47 0.0270 13.4 0.547 - 0.762
FEdwin I, Hatch 1.2 0.496 326 677 RN 6.66 2.52 R7.2 0.0925 9,99 4.44 0.0121 ERY)
Fermi 2 . 0.MSK . . - - - - 0.0253 . . .
Grand Gulf ) 00747 . 0.023 0.0422 0,025] 216 - 0.00105 . 0.0400 0.034] - 0.0947
Hope Creek | 0.0651 - 0.0651 0.261 0.261 1.76 - 0.120 - 0.229 0.392 2.02 1.24
Humboldt Bay 2 - 2.40 - - - - - - - - - . .
James A. Fitzpatrick 0496 - - 15.4 6.14 20.7 . 0.466 52.2 2.19 38.9 1.91 - 5.58
Lacrosse - . - . - . . . . . . . - -
lLasalle 1-2 0.307 - 0.0017 19.4 0.0503 24.2 - - 89.5 - 6.73 - .
Limerick 1 0 - - - - - 2,96 0.00265 1.57 0.75) . -
Millstone | - - 1.36 0.178 1.17 0.0929 - - 15.0 . 1.97 1.3 - 5.40
Monticello 0.470 625 0.470 227 1.54 41.1 0.304 59.9 0.295 229 319 537 40.0
Nine Mile Pam 1 - - 0,00001 . - - - - 0.544 - 0.122 . . -
Ninc Mile Poim 2 0.221 0.0000] 00122 0.0280 0.0176 - - 0 - 0.0214 0.110 0.310 0.75¢
QOyster Creek 1 . - 12.6 280 2.8 . 333 . 66,2 5.96 - 7.55
Peach Bottom 2-3 - . . . . . . . . - - - -
Perry 1 0.0381 - - 1.95 0.105 0.655 - 0.0984 29.2 0.540 9.21 .07 0.0295 0.247
Pilgrim 1 B - - - - . . . R R . . .
Quad-Cities 1-2 - - - - - 0.0625 - - 0.0636 0.0132 - -
River Bend 1 - - - - - - - - - - 0.0759 - - -
Susquchanna 1-2 - . . - - - - - 2.68 - - - - -
Vermont Yankee - - - - - - - . - . . . . .
WNP-2 0.0229 - 0.00126 1.62 0.614 1.92 - 0.231 20.9 1.48 4,26 1.67 - 0.611
Total release (TBqg) 2.46 1.08 221 66,9 67.5 19 601 361 427 471 207 63.7 81.5 21
Normalized activity 0,15 0.063 1.3 4.0 4.0 6.5 36 0.22 26 0.28 12 38 49 13

[TBq (GW a)]

<

Discharge of ®Kr from one reactor (Monticello): 1.3875 TBq, resulting in a normalized activity of 0.08299 TBq (GW a)'!.
Discharge of 139 ¢ from one reactor (Mouticello): 4.107 TBq, resulting in a normalized activity of 0.24566 TBq (GW a)'.

A dash indicates no value reparted.
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Tuble 29
Tritium relensed from reactors in alrborme eMuents

Release (GBq)
Country Reactor
1985 1986 1987 1988 1989
PWRs
Belgium [M6) Docl 14 540 $80 630 1580 1410
Tihange 14 0 0 0 0 0
Brazil [C1] Angra | 8.4 479 299 82 160
Bulgaria [C16) Kazloduy-1-5 Not reported
China, Taiwan Province T2} Maanshan }-2 .4 184 22 740 947
Czechoslovakia [N11] Bohunice 1-4 370 3400 2400 1600 1480
Dukovany 14 37 190 404 404 409
Finland {F2) Loviisa 1-2 2900 1800 1800 1700 1100
France {[4) Belleville 1-2
Blayais 14
Bugey 2-5
Catienom 1-2
Chinon 13-4
Chooz-A (Ardennes)
Cruas 1-4
Dampicrre 1-4 Included with noble gases
Fesseahaim 1-2
Famanwille 1-2
Gravelines 1-6
Nogent 1-2
Puluel 1-4
Si. Alban 1-2
St. Lauremt B1-2
Tricastin 14
Germany, Federal Republic of Biblis A-3 3640 1800 720 670 1000
|B4, BY, S7) Brokdoef - 4 89 180 100
Emsland - - - 230 500
Grafenrheinfeld 640 700 710 500 500
Graifswald
Grohnde 45 200 340 580 500
Isar 2 - B - 20 400
Milheim-Karlich - 3 48 520 300
Neckarwestheim 1.2 420 1200 980 610 1000
Obrighcim 310 200 170 160 200
Philippsburg 2 140 400 1000 1100 1100
Stade 830 1100 1600 760 800
Unterweser 1700 1800 1300 1300 800
Hungary {F3) Paks 1-4 760 570 1000 610 680
haly [C22) Ensico Fermi (Trino) 370 00 180 43 31
Japan [J1] Genkai 1-2
Ikia 1-2
Mihama -3
Oh 1.2 Not measured
Senda 122
Takahama 14
Tomari-1
Tsuruga-2
Netherlands [MS5} Dorssele 330 S00 390 480 340
Republic of Korea [M3) Kori | 5 2
Kon 2 6S 167 10 87
Kori 34 3260
Ulchun -2 - - - 2 98
Yonggwang 1-2 - 48 593 1260 650
South Africa [C20] Koeberg 1-2 1190 2330
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Table 29 (continued)

153

Release (Glig)

Couniry HKeoctor
1985 1956 1087 1988 1689

Spain {C21] Almaraz 1-2 100 160 1050 1360 2070
Asco 1 280 3su 480 1370 1680
Asco 2 4 230 250 200 270
José Cabrera | 510 270 580 260 1530
Trillo 1 - - - 20 0
Vandclios 2 - - 0 2 70

Sweden [N14] Ringhals 2
Ringhals 3 Not measured
Ringhals 4

Switzestand [DS, D6) Beznau -2 Not measured
Gosgen

USSR [G2, 114] Armenia 1-2
Balakovo 1-3
Kalinin 1.2
Khmelnitski 1
Kala 14 Reporied to be « 0
Novovoronczh 3-5
Rowno 1-3
South Ukraine 1.3
Zaporozhe 1-5

United States [T3] Arkansas One-) 355 223 250 128 600
Arkansas One-2 127 81.4 177 185 450
Beaver Villey 1-2 570 733 2630 1600 2980
Brardwood | - - 1.64 101 320
Bruidwood 2 - - - 98.4 140
Byron 1-2 315 98 36.3 59.9 6810
Caliaway | 190 59 825 566 1440
Catvert Cliffs §-2 121 137 355 1160 750
Catawba | 574 105 551 1120 880
Catawba 2 - 105 551 1120 880
Crystal River 3 762 614 544 367 1270
Dawis-Bessc | 607 381 344 1850 700
Diablo Canyon 1-2 366 574 788 2420 1410
Donuld Cook 1-2 8§03 247 426 223 650
Fatley 1 4292 3411 1469 4290 4260
Fatley 2 12210 4551 4107 2210 3450
Fort Calhoun ) 353 511 113 142 140
H. B. Robinson 2 3218 127 514 283 620
Haddam Neck 3286 357 2327 3400 5070
Indisn Point §-2 64.8 114 314 62.5 11
Indian Paint 3 67.0 137 121 169 82
Kewaunee 218 1939 1340 265 370
Maine Yankee 101 24 113 238 470
McGuire | 932 1130 928 888 980
McGuite 2 932 1130 925 888 980
Millsionc 2 4630 4290 4920 3850 2420
Millstone 3 - 30600 2330 2650 680
Nocth Anna 1-2 330 2710 640 3490 4510
Oconee 1-2-3 1580 1600 2960 1700 4370
Palisades is8 116 118 154 410
Pido Verde } 151 16900 9880 15700 5770
Pulo Verde 2 - 3620 13800 10300 132300
Palo Vcrde 3 - . 115 14100 6770
Poant Bruch 122 2480 4330 4370 4660 5250
Praine [sland 1-2 70 4180 2280 5590 4370
R. E. Ginna RN ] 2850 6730 6220 3200
Rancho Sceo 1 1230 910 485 648 1390
Salem  } 937 2360 7360 14800 7360
Salem 2 1110 5770 18200 13700 8070
San Onolre | 1070 63 559 759 1250
S.un Onolre 2-3 295 559 3120 099 1500
Secquoyah 1.2 3620 1040 544 507 2080
Sheuron Harris ) - - 0 0 0
South Texas | - - - 636 230
South Texas 2 - - - - 440
St. Luae } 13800 1510 2830 5400 11500
St. Luce 2 5990 1490 2530 3160 2880
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Table 29 (continucd)

—_———————

Release (GBg)

Couniry Reactor
1985 1986 1987 1988 1989
United States (continued) Sunry 1-2 1210 1070 1130 1030 1020
‘Theee Mile Island | .87 410 36.1 223 180
Three Mile Island 2 733 1480 1310 22 530
Trojan 884 1090 1040 2380 2700
Turkey PPaint 3 8440 11000 15100 7440 160
Turkey Paint 4 S810 11000 15100 7440 160
Virgl C. Summer | 10.2 0.00 20.1 559 39
Vogtle 1-2 - - 2090 3080 33700
Watcrford 3 0 4480 22800 9100 4660
Waolf Creek 1530 1950 2770 5400 4550
Yankee NPS 195 381 3130 169 250
Zion 1.2 688 2600 3070 13700 2560
Yugoslavia {F1] Krsko 2200 1530 2470 345 590
Total release (GBy) 110000 156000 191000 203000 201000
Normalized relcase [GBq (GW a)°!) 2230 2920 3140 2850 2620
Average normalized release 19585-1989{GRq (GW a)'l] 25800
BWRs
China, Taiwan Province [T2) Chin Shun 1.2 1280 1650 1260 237 334
Kuosheng 1-2 353 259 323 5110 1100
Finland [F2] VO 1.2 140 200 150 150 110
Germany, Federal Republic of Brunsbanel 470 240 230 150 140
[B4, B9) Gundremmingen B.C 7% 120 140 140 220
Isar | 520 520 230 320 410
Kriimmel S0 730 260 230 100
Philippsburg 1 120 9 3 51 69
Wirgissen 1000 410 450 660 920
India Tarapur-1,2
laly [C22] Caorso 545 40 20 8 2
Japan {J1] Fukushima Daiichi 1-6
FFukushima Daini 1-4
[amaok: 1-3
Kashiwazaki Kariwa 1S Not measwed
Onagawa-1
Shimane 1-2
Tokat 2
Tsurugn |
Mexico [C19] [aguna Verde (Mark 1) - - . 1120
Netherlands [M5] Dodewaard 130 180 100 140 140
Spain [C21]) Confrentes 43 70 190 170 80
S. Mana dec Garona 250 190 210 30 620
Sweden [N14] 13arsebeck |
Barsebeck 2
Vorsmark )
Forsmark 2
Forsmark 3 Not measwed
Oskarshamn |
Qskarshamn 2
Oskarshamin 3
Ringhals 1
Switzerland DS, D6 leibstadt Not measured
Mihleberg
United States [T3) 1hg Rock Point 937 as2 56 196 190
Browns Ferry 1.3 277 JOR 43.7 21.9 7.4
Brunswack 1-2 141 262 224 205 340
Qunton | - . 9.69 326 32

-t
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Table 29 (continued)
Release (GBy)
Counmy HKeactor
1988 1986 19587 1088 1989
Uniled States (continued) Couper 18.6 14.4 0 0 0
Dresden 2-3 1800 344 696 962 530
Duune Arold-) 79 533 562 881 610
Ennico Fermi 2 - 0 0 0 0
Fuzpatrick 87.0 350 396 411 470
Grand Gul(' 1 8.1 103 121 138 120
Hatch 1-2 984 1230 2620 1810 2000
Hope Creck 1 - 170 170000 6030 1020
Humboldt i3ay 3 1.47 1.47 1.46 1.47 1.50
Lacrosse 1290 448 529 47.4 39
Lasaile 1-2 85.1 296 1240 0.12 pas
Limenck { o 0 5660 2370 660
Millstone 1 3070 2420 6920 2670 4260
Monlicello 2710 2170 4480 3020 3420
Nin: Mile Point 1 1220 2950 1720 147 290
Ninc Mile P'oint 2 - - 0.91 320 370
Opyster Creck 45) 714 291 463 380
- Peach Bowom 2-3 1420 973 1100 260 210
Perry 1 - 55.1 710 174 0
Pilgrim | 240 175 213 5.92 180
Quad Cities }-2 1930 2510 2510 1670 2890
River Bend 1 226 157 107 220
Susguchunna 1-2 2880 1580 1730 759 2130
Vermont Yaunkee 327 105 418 1624 2050
WPPss-2 286 192 810 318 620
Total release (GBq) 26100 22800 207000 32600 28400
Normalized release [GGBq (GW a)"] 1130 950 §200 1230 1080
Average noemalized release 1985-1989 {GBq (GW 1)) 2500
IIWRs
Argentina [C15, C18] Atucha-l 250000 320000 460000 810000 700000
Embalse 30000 27000 33000 49000 86000
Canada {AS6] Bruce 14 1481000 1809000 2116000 2120000 2324000
Bruce 58 98000 163000 462000 480000 760000
Gentilly-2 49000 137000 123000 117000 137000
Pickering -4 285000 346000 654000 962000 1184000
Pickering 5-8 144000 187000 231000 196000 278000
Paint Lepreau 110000 200000 220000 220000 210000
India {B14] Kalpukkum -2 167000 653000 727000 1338000 1148000
Rujusthan 1-2 637000 667000 1123000 1032000 1476000
Paldstan [P3] Karachi 235000 183000 199000 117000 1430000
Republic of Korea [M3| Wolsang 1 89720 241600 313300 299000 225600
Total release (GBq) 2680000 4930000 6660000 7740000 9960000
Normalized release (GBg (GW a]"] 446000 522000 649000 754000 968000
Average normalized release 1985-19689 [GBy (GW n)"] 480000
GCRs
France [E4] Bugey 1
Chinon A2-3 Included with noble gases
St. Laurent AL-2
Japan {J1] Tokai-1 Not measured
Spain {C21] Vandellos | 25000 7310 9 16 18
United Kingdom Berkeley
(N6, P1, $4] Dradwell
Culder Hail 2500
Chapelcross
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Country

Reactor

Release (GBg)

19085

1986 1987 1988 1989

United Kingdom (continucd)

Dungeness A
Dungeness B1-2
1lanlepod A1-A2
Jeysham 1A-B, 2A-18
Hinkiey Point A
1linkley Paint B, A1
HHunterston Al
Hunterston B1-2
Oldbury-A
Sizewell-A

Torness A-B
Trawsfynydd

Wylfa

1200
5500
400

1500 2000 4100 1000
8200 6000 5500 5400

- . 1000 3200

Total release (GBg)

32100

17000 8010 10600 12100

Normalized release [GBg (GW a)}]

16900

11100 5320 6230 5480

Average normalized release 1985-1989 [GBg (GW a)}]

9020

LWGRs

USSR (G2, 114]

Beloyarsky 2
Bilibino 14
Chernobyl 1-4
Tgnalina 1.2
Kursk 1-3
Leningrad 1-4
Smolensk 1-3

Only average normalized release reporied

Total release (GBq)

Normalized releasc [GBq (GW 4)°']

Average normalized relcase 1985-1989 [GBg (GW a)! 26000
FRRs

France Creys-Mulville

Phenix
USSR Deloyarsky 3
United Kingdom [N6] Dounreay 13600 190 23000 350
Total release (GBq) 1600 | 190 23000 350
Normalized reicase [GBg (GW a)™}] 130000 2000 330000 2900
Average normalized release 1985-1989 [GBq (GW a)!) 96000

o

A dash indicates 1hat the reacior was not yel in operation,

Ry
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‘Table 30

Carbon-14 discharged ws CO, from resctors into the atimosphere

Reiease (Glig)
Country Reacior
FLAN 1986 1087 1088 10890
I'WRs
Finland [F2) Loviisa 1,2 320 300 320 83 300
Germany, Federal Republic of Biblis A-13 2 53 44 a5 46
|B4, B9} Brokdor! - - 12 86 180
Emsland - - . 29 100
Grafentheinfeld 91 95 92 75 230
Grohnde 17 - 58 61 88
Isas 2 . - - 370 380
Milheim-Kiirlich - 10 20 % 1.4
Neckarwestheim 1.2 30 32 49 63 93
Obrigheim i3 20 13 99 9.1
Philippsburg 2 5.6 69 54 48 n
Stade 49 55 12 46 19
Unerweser 75 26 28 46 33
Hungary {F3] Paks 1. 2, 3, 4 65 59
Yugoslavia [F1] Krsko 529 270 454 208 356
Total release (GRq) 1160 930 1160 1260 1960
Normalized release [GBq (GW a)°}) 130 130 120 99 140
Average normalized release [GBq (GW a)?) 120
BWRs
Germany, Federal Republic of Brunsbittel 260 720 420 590 280
(B4, B9] Gundremmingen 70 750 810 740 940
Isar 320 350 330 390 400
Kahl 0 0 0
Kriammel 190 410 40 320 n
Lingen 0 1] 0
Philippsburg 1 S0 270 320 350 &9
Wi gassen 360 340 180 190 170
Total release (GBq) 215 2840 2500 2580 1940
Normalized release [GBq (GW a)']] 370 510 470 500 380
Average normalized release [GBq (GW a)"] - 450
HWR,
Aspentina [C15, C18] Atucha 370 381 268 146 0
Embalse 355 318 472 458 467
Canada [A6] Pickenng A 13300 13000 11800 4400
Pr. Lepresu 234 443 kXX 36 43
Totai release (GBq) 990 14400 14100 12400 4910
Normalized release (GBq (GW a)''] 810 300 6400 5900 2100
Average normalized release [GBq (GW a)'] 4800
GCR.
United Kingdom |N6, $4] Heysham 1A-13, 2A-B 76 528
Hunterston Al TI
Hunterston B1-2 1000
Total reiease (GBq) 76 1610
Normalized release [GBq (GW 1)} 110 660
Average normalized release [GBq (GW a)"] 540
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Tuble 31

Tlodine-131 refeased from reactors In nirborne ¢Muents

Release (GBq)
Country Keactor
1085 1986 1087 1988 1989
PWRs
Belgium |M6] Doxl 14 0.56 0.22 0.042 0.15 0.18
Tihange 14 0.16 0.6 0.14 1.36 0.31
Brazil [C1] Angra | 0 0 0 0 0
Bulgaria [C16] Kozloduy-1-2 5.08 3.08 13.7 4.58 107
Kozloduy-3-4 K2} 273 4.92 232 1.67
Kozloduy-5 - 0.60 1.38
China, Taiwan Province T2 Maanshan 1-2 0.0057 0.00004 0 0.024 0
Czechoslovakia [N11] Bohunice 1-4 2.2 2.4 1.8 1.4 1.48
Dukovany 14 .09 1.7 1.7 0.93 211
Finland [F2] Loviisa 1-2 0.0067 0 0.038 0.08 0.24
France [E4] Belleville 1-2
Blayais 14
Bugey 2-5
Canenom 1-2
Chinon [31-134
Chooz-A (Asdenncs)
Cruas 1-4
Dampierre 1-4 Included with particulates
Fessenheim -2
Flamansille 1-2
Gravelines 1-6
Nogent 1-2
Paluel 1-4
St. Alban 12
St. Lauremt B1-2
Tricastin 14
Germany, Federal Republic of Biblis A-B ¢ 0.1 0.037 0.055 0.078 0.021
[B4, B9, S7) Brokdoe! - 0 0 0
Emsland - - - 0 0
Grafenthanfeld 0.00007 0.13 0.00002 0 0.011
Graflswald 39 5.7 8.6 103 6.7
Grohnde 0.0042 0.0029 0.00091 0.0082
Isar 2 - . - 0 0
Midheim-Karhich - 0.084 0.00012 0.00091 0
Neckarwestheim 1.2 0.018 0.16 0.00014 0.00013 0.012
Obrigheim 0.008 0.000:44 0.00004 0.00019 0
Philippsbutg 2 0.003 0.00035 0.00092 0.00047 0.00065
Siade 0.039 0.008 0.072 0.01 0.033
Unterweser Q.0008 0.011 0.004] 0.0056 0.003
Hungary [F3] Paks 1-4 0.1 0.12 0.22 0.2 0.22
haty [C22] Enrico Fermi (Trnino) 0.00019 0.0015 0.00099
Japan [J1} Genkai -2 [} 0.0085 0 0 0
Ikata 1-2 0.(K)X058 0.034 0 0 0
Mihama -3 0.027 0.007 0.0037 0.0013 0.0025
Ohs 1-2 0.0059 0.23 0.0016 0.056 0.0012
Sendar 1-2 0 0.011 0 0 0
Takahama 1< 0.02] 0.11 0.0027 0.02 0.00022
Tomari-1 - . - 0 0
Tsurug-2 0.033 0.001 0 0
Netherlands [MS5) Borsscle L0028 0.011 0.002 0 0.0085
Republic of Korea [M3} Kori 1 1.5] 0.54 [} 0.013
Kon 2 0004 0.002 0.013
Kon 34 0.028 0.052 0.2 0.174 0.096
Wichin 1-2 - - - 0.0007
Yonggwang 1-2 . 0.00004 0.013 0.0004
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Table 31 (continucd)

Release (GBy)
Country Reacror
1985 1086 1957 1988 1989
South Africa [C20] Kocherg 142 0.18 0.38 1.5 1.183
Spain [C21) Almaraz 1-2 0.295 0.315 V] 0.004 0.002
Asco 1 0.114 0.04 0.015 0.1 0.183
Asco 2 0.006 0.003 0.003 0.013 0.019
José Cubrera | 1.18 0.199 0.393 0.234 0.848
Trillo 1 . - - 0.015 0.027
Vindelios 2 - - 0 0.2 0.09
Sweden [N14] Ringhals 2 0.053 0.097 0.29 0.48 0.09
Ringhals 3 0.0024 0.53 0.57 0.063 0.01
Ringhals 4 0.0036 0.1 L1 1.6 0.03
Switzerland {DS5, D6) Beznau 1-2 0.0093 0.021 0.024 0.07 0.6
Gosgen 0.078 0.0093 0.0034 0.007 0.029
USSR [G2, 114] Armenia 1-2 1.5 4.05 111 5.51 5.55
Batakovo 1-3 0 0.44 1.89 203 0.22
Kalipin 1-2 .13 0.95 3.38 0.27 135
Khmclnitski 1 - - 0 0.078 0.30
Kola 14 0.5 0.77 1.60 1.13 6.35
Novovoronezh 3-5 0.67 12.2 0.068 0.14 0.027
Rowvno 1-3 0.085 0.20 3.1 4.18 123
South Ukzuine 1-3 0.047 0.17 0.021
Zaporozhe 1-5 0.141 0.052 4.07 0.23
United Siates [T3) Askansas One-| 0.12 0.14 0.0088 0.030 0.02
Askansas One-2 0.11 0.0060 0.0009 0.0098 0.017
Beaver Valley 1-2 0.016 0.18 0.45 0.046 0.0014
Braidwood | - - 0.0003 0.012 0.0085
Braidwood 2 - - - D.0028 0.0081
Byron 1-2 0.078 2.01 0.34 . 047 0.028
Caliaway | 0.011 0.043 0.015 © 0.0007 0.0057
Calvert Qs 1-2 1.92 322 3.39 4.63 1.776
Catawba 1 0.021 0.095 0.047 0.028 0.025
Calawb: 2 - 0.005 0.047 0.028 0.025
Crystal River 3 0.015 0.025 0.081 0.037 0.075
Dasis-Besse | 0.019 0.040 0.018 0.11
Diabio Canyon 1.2 0.008Y 0.05) 0.068 0.026 0.034
Donald Cook 1-2 a8l 0.60 1.97 0.25 0.024
Fatley 1 0.21 0.027 0.0098 0.044 0.0013
Farley 2 0014 0.050 0.0054 0.00009 0.00002
Fort Calhoun 1 0.26 0.052 0.19 0.011 0.0047
1. B. Robinson 2 0.50 0.36 0.77 0.040 0.00011
Haddam Neek 0.028 0.29 0.021 1.35 0.53
indian Point 1-2 0.047 0.069 0.065 0.0015 0.046
Indian Point 3 0.067 0.18 0.076 0.13 0.05
Kewaunee 0.0014 0.0013 0.0023 0.013 0.46
Maine Yankee 0.011 0.U80 0.048 0.016 0.007
McGuire | 0.30 0.17 0.30 0.21 0.13
MeGure 2 030 0.17 0.30 0.21 013
Millstone 2 022 0.20 0.24 1.88 1.4
Millstone 3 - 0.0093 0.071 0.35 0.45
North Anna 1-2 0.99 0.7 0.47 0.058 0.14
Oconee 1-2-3 0.4 0.80 0.51 207 0.83
Palisudes 0.76 0.032 .77 0.78 047
Palo Verde | 0.053 0.29 249 0.058 0.022
P'alo Verde 2 - 0.1 0.50 1.68 0.11
Palo Verde 3 - - 0.0046 0.2
Point Beuch 1-2 0.13 0.041 0.1 0.020 0.012
Prassie istund 1-2 0.27 0.08! [\l 0.00004 0.00017
R. Ii. Ginna 0.036 0.010 0.084 0.0016 0.017
Rancho Seco 1 0.24 0.055 0 0.0073 0.0098
Sulem | 0.20 0.043 0.061 0.025 0.13
Salem 2 0.017 012 0.058 0.033 0.003
Sun Onalic | 0.052 0.0074 0.015 0.38 0.077
Sun Onolre 2-3 16.4 5.88 15.1 277 17.8
Scquoyuh 1-2 W8S [} O 0.0013 0.011
Sheuron Harns |} - 0 0.00003
South Texus | - 0.030 0.13
South Texas 2 - - -
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Release (GBg)
Country Reuctor
1985 1986 1987 1988 1989
United States (continued) St. Ludc 1 6.70 9.95 1.46 0.24 0.21
St. Ludie 2 3.96 1.55 2.04 1.05 0.31
Surnry 1.2 0.94 0.65 0.67 0.35 0.014
Three Mile Island 1 0 0.0012 0.0047 0.047 0.3
Three Mile Island 2 0 0.0002 0
Trojan 0.19 0.24 0.068 0.11 0.1576
Turkey Point 3 0.26 0.64 0.42 0.14 0.011
Tuwkey Point 4 0.26 0.072 0.47 0.14 0.01055
Virgl C. Summer 1 0.0007 0.0011 0.017 0.084 0.06
Vogtle 1-2 - - 0.0005 0.0004 0.003
Waterford 3 0.13 0.19 0.031 0.032 0.024
Wolf Creck 0.00006 0.0078 0.0008 0.0021 0.00065
Yankee NPS 0.026 0.0070 0.0010 0.0019 0.0033
Zion 1-2 0.070 0.11 0.0082 0.043 0.075
Yugoslavia [F1} Krsko 109 13 10.5 16.3 12
Total release (GBq) 7.2 B1.3 93.5 7.5 n2
Noarmalized release [GBq (GW 2)7) 1.1 1.0 11 0.80 0.71
Average normalized refease 1985-1989 [GBq (GW a)"] 0.93
HWRs
China, Tsiwan Province [T2} Chin Shan 1-2 30.3 209 574 7.14 3.96
Kuosheng 1-2 0.0044 0.00033 0.0047 033 0.26
Finland {F2] TVO 1-2 0.0030 0.078 0.036 0.0025 0.12
Germany, Federal Republic of Brunsbiitel 0.2 0.044 0.04 0.088 0.076
B4, B9) Gundremmingen B.C 0.003 0.46 0.11 0.0j8 0.012
Isar 1 0.011 0.54 0.12 0.15 0.0083
Kriimmel 0.011 0.0057 0.092 0.13 0.08
Philippsburg 1 0.019 0.011 0.00092 0.12 0.0063
Wirgassen .8 0.4 0.25 0.16 0.3
India Tarapur 1-2 Not reporied
ltaly {C22) Caotso 0.20 0.50 0.02 0.03 0.007
Japan [11) Fukushima Daiichi j-6 0.13 0.37 0.035 0.041 0.0096
Fukushims Daini 1-4 1] 0.089 0.0000] 0 0.00001
Hamaoka 1-3 0.0029 0.093 0.00067 0.00048 0
Kashiwazalka Kaniwa 1,5 0 0.063 0 0 1]
Onagawa-1 [} 0.015 0 0.00037 0
Shimane -2 0 0.035 ] 0 0
Tokm 2 [} 0.018 0.07 0 0
Tsurugn 1 0.0002 0.011 0.00026 0 0
Mexico [C19] Laguna Verde (Muck I - - - - 0.0001
Netherlands [MS5] Dodewaard 0.08 0.04 0.03 0.04 0.0
Spain [C21) Conlienles 0.118 .17 1.6} 1.83 0.14
S. Marnia de Gurona 0.013 .14 0.12 0.16 0.03
Sweden {N14] Barsebeck 1 0.03 0.030 0.012 0.034 0.05
Bursebeck 2 0.0 0.067 0.008 0.037 0.2
Forsmark | 0.0} 0.18 0.023 0.017 0.03
Forsmark 2 0.66 0.21 0.053 0.081 0.16
Forsmark 3 0.03 2.40 0.64 0.86 1.1
Oskarshumn | 0.20 0.24 0.082 0.14 0.1
Oskarshamn 2 0.05 0.45 0.055 5.60 1.6
Oskarshomn 3 0.002 2.80 0.13 32.00 0.88
Ringhals 1 5.70 0.86 0.31 0.4) 0.47
Swizerland | D35, D6J Leibsindt 0.00 0.70 0.00 0.52 2
Maihleberg 0.06 5.40 0.04 0.57 0.46
Ursted Srates [ T3] Big Rock Point 2.50 1.00 0.16 0.08 0.096
Browns Ferry 1-3 0.44 0.06 0
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Release (Glig)

Country Reaclor
1985 1986 1987 1088 1989
United States (continued) Brunswick 1-2 1.48 0.56 1.85 0.84 0.56
Qlinton | - . 0.00 0.0t 0.0062
Cooper 0.09 0.28 0.19 0.36 0.19
Draaden 2.3 229 0.47 0.67 4.03 0.17
Duane Amold-1 0.03 0.26 1.67 0.25 0.0068
Enrico Fermi 2 - 0.00 0.00 0.01
Fitzpatrick 1.73 0.44 1.09 0.62 0.023
Grand Gulf | 0.01 0.00 0.11 0.00 0.023
Ilateh 1-2 0.22 0.87 13.10 0.35 0.12
Hope Creck 1 -
Humboldt Bay 3 0.00 0.00 0.00
Lacrosse 0.18 0.20 0.07
Lasalle 1-2 0.31 242 0.58 0.29 0.21
Limerick 1 0.00 0.00 0.21 0.13
Millstone 1 0.43 0.40 0.69 0.11 0.087
Monticello 249 213 5.85 1.59 3.36
Ninc Mile Point 1 083 0.28 025
Nine Mile Point 2 . - 0.00 0.00 0.017
Opyster Creck 109 243 4 1.95 1.49
Peach Bottom 2-3 220 3.20 0.56 0.032
Perry | - . 0.00 1.67 031
Pilgnim 1 1.78 0.30 0.01 0.19
Quad Gities 1-2 1.78 0.76 0.76 (V2] 0.096
River Bend 1 0.00 0.00 0.02 0.001
Susquchanna 1.2 0.04 0.00 0.00 0.03 0.019
Vermont Yankee 0.01 0.00 0.37 0.13 0.2
WPPSS-2 0.07 0.15 0.24 13 1.43
Total retease (GBq) 167 754 41.1 66.6 0.9
Normalized release |GBq (GW 1)) 4.5 1.9 0.98 1.5 0.49
Average normalized release 1985-1989 [GBq (GW a)) 1.8
HWRs
Argentina |C1S, C18] Atucha-1 0.59 0.59 0.06S 0.3 0.0013
Embalse 023 25 0.0019 0.37 0
Canada (A6) Bruce 14 0 0.1 .01 0.1 0
Bruce S8 0.1 0.1 0.1 0.1 0.1
Gennliy-2 0 0.2 0 0 0
Pickenng 1-4 0.4 0.1 0.1 0.9 L1
Pickenng 5-8 0 0.1 0.1 0.1 0.1
Point Lepreau 0 0 0 0.1 0
India Kalpakkam 1-2
Ragasthan 1-2 Nol reported
Palastan [P3] Karachi 0.015 0.04)
Republic of Kotea [M3] Wolsong 1 0.00004
Total release (GBq) 1.04 ENE] 0.47 1.90 130
Normalized release [GBq (GW 1)) 0.14 0.43 0.050 0.20 0.13
Average normalized release 1985-1989 [GBg (GW a)}) 0.19
GCRs
France [EA4] Bugey 1
Chinon A2-3 Included with pariiculates
St Laurent A)-2
Japan |11) Tokai-1 0.0017 0.016 0.0031 0.00081 0
Spain [C21) Vandellos 1 0.002 0.017 0.011 0.047 0.099
United Kingdom Berkeicy
[N6, P1, 83) Bradwell
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Table 31 (continucd)

Release (GHq)

Country Reacior
1985 1986 1987 1988 1989
United Kingdom (conlinucd) Calder Nall 0.63
Chapeleross
Dungeness A
Dungeness B1-2 1.9 1.9 1.9 1.9 1.9
Hantlepoot Al-A2 0.2 0.3 0.3 03 03
Heysham 1A-B, 2A.DB 0.9 1.2 1.2 1.2 1.2
Hinkley Point A
thnkley Point B, AB 0.4 0.4 0.4 04 0.4
Hunterston Al
Hunterston B1-2 2.3 0.1 0.1 0.1
Oldbury-A
Sizewell-A
Torness A-B . - -
Trawsfynydd
Wylfa
Total release (GBq) 5.70 393 3.91 3.95 4.53
Normalized release [GBq (GW 3)™] 20 1.3 1.4 12 L1
Average normalized release 1985-1989 [GBq (GW a)”] 1.4
LWGHKs
USSR (G2, 114] Deloyarsky 2 17.2
Bilitino 14 0
Chemobyl 1-4 8.10 13.4
Ignalina 1-2 80.0 149 11.9 73 263
Kursk 1-4 64.8 35.1 39.2 16.2 5.4
Leningrad 1-4 459 29.7 210 13.5 27
Smolensk 1-3 4.3 13.5 18.9 8.17 4,2
Total release (GBq) 203 227 97.0 115 45.5
Normalized release [GBq (GW 2)™') 18 27 10 12 3.8
Average normalized release 1985-1989 |Gliq (GW a)'!) 14
FRRs
France [S6] Creys-Malville Not reported
Pheix
USSR (114] Beloyarsky 3 Not reported
United Kingdom {N6} Dountcay Not reported

Total retease (GBq)

Normalized telcase [GBq (GW a)!)

Average normalized release 1985-1959 |GBq (GW a)™!)

A dash indicates that the reactor was not yet in operation.
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Table 32
Isotopie composition of fodine refeased from reactors In the United States, 1988
(T3]
HRelease (Glig)
Reactor
IJII IJJI l-ul ”/I IJS,
I'WRs

Arkansas One 1 0.030 0.00016 0.00111 - .
Arkansas One 2 0.00981 0.00008 0.00142 - -
Beaver Valley 1.2 0.0459 ‘ 0.00659 - 0.00079
Braidwood 1 0.0119 - 0.0047 0.888 -
Braidwood 2 0.00252 - 0.00058 . 0.00012
Byron 1-2 0.474 0.0165 0.138 0.00093 0.0414
Callaway 1 0.00069 - . - -
Catvert Cliffs 1-2 4.63 - 4.33 - 0.00332
Catawba 1 0.0282 0.00009 0.0167 0.00005 0.00007
Catawba 2 0.0282 0.00009 0.0167 0.00005 0.00007
Crystal River 3 0.0365 - 0.00269 . .
Davis-Besse 1 0.0176 . 0.00607 - .
Diablo Canyon 1-2 0.0259 - 0.0134 - -
Donald C. Coock 1-2 0.251 - 0.0301 . 0.00246
Fort Cathoun 0.0114 - 0.0847 - .
H.B. Robinson 2 0.0396 - 0.0252 - B
Haddam Neck 1.35 - 0.0944 - 1.44
Hamis 1 - 0.00013 - - -
Indian Point 1-2 0.00149 - 0.110 - .
Indian Point 3 0.126 - 0.0202 - .
Joseph M. Farley 1 0.0437 0.0000S . .
Joseph M. Farley 2 0.00009 - 0 - -
Kewaunee 0.0128 0.196 0.00093 - -
Maine Yankee 0.0164 - 0.004 - -
McGuire 1 0.206 0.0444 0.0677 0 0.00003
McGuire 2 0.206 0.0344 0.0677 0 0.00003
Millstone 2 1.88 - 0.966 . .
Millstone 3 0.350 - 0.1647 . -
Noeth Anna 1-2 0.0577 0.00025 0.448 - 0.00044
Oconee 1-3 3.07 0.0540 0.707 0.00692 0.174
Palisades 0.747 0.0263 0.172 - 0.0187
Palo Verde 1 0.0577 - 0.0188 - 0.0258
Palo Verde 2 1.68 0.0001 0.0247 . 0.00042
Palo Verde 3 0.00455 0.00025 0.00474 - 0.00041
Point Beach 1-2 0.0201 0.0177 0.0566 - 0.0034
Prairie Island 1-2 0.00004 0.00074 - .
R.E. Ginna 0.0016 - 0.104 . -
Rancho Seco | 0.00733 0.00155 - -
Salem 1 0.0249 - - .
Salem 2 0.0326 - - - -
San Onofte 1 0.38) 0.144 0.0396 - 0.0198
San Onofre 2-3 oM 0.0167 0.599 . 0.0692
Sequoyzah 1.2 0.0013+ - - - -
South Texas | 0.0303 - 0.00947 - -
St. Luge 1 0.237 1.584 1.58 - -
St. Luac 2 1.055 - 1.44 . .
Summer 1 0.0834 0.00851 0.0418 0.00008 0.00389
Surry 1-2 0.383 0.0403 0.174 0.00034 0.0154
Three Mile Island 1 0.0460 0.00012 0.0285 - 0.0414
Three Mile Island 2 . - - - .
Trojan 0.107 0.00001 0.0377 - 0.00026
Turkey Point 3 0334 - 0.157 - 0.0729
Tuwkey Point 4 0.142 - 0.156 - 0.0729
Vogic 1 0.00035 0.00179 . .
Waterford 3 0.0322 0.0002 - -
Wolf Creek 1 0.06209 - - -
Yankee Rowe 1 0.00186 - 0.0006 . 0.00006
Zion 1-2 0.0426 0.0611 0.0151 0.00973 0.00673
Total release (GBg) 20.1 228 11.1 0.93 201
Normalized acuvity {GBg (GW 2)'!) 0.50 0.054 0.29 0.022 0.048
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Table 32 (continucd)

Release (GRy)

Reacior
IJI, U.’I IJJ, lJl, IJ),
BWHs

Big Rock Point 0.0796 - 0.759 - 0.929
Browns Ferry 1-3 - - - - -
Brunswick 1.2 0.840 141 L6l 0.840 1.69
Qlinton 1 0.00007 - 6017 0.00285 -
Cooper 0.365 0.00342 0.0747 - 0.0414
Dresden 1-3 4.03 - 1,447 - 249
Duanc Amold 0.246 - 0.0725 . 0.0117
Edwin 1. Hatch 1 -2 0.347 - 0.995 - 0910
Formi 2 0.015 0.00037 0.236 - 0.00312
Grand Gulf 1 0.00225 . 0.0109 . .
Hope Creek ) - - - - -
Humboldt Bay 3 . . - - -
James A Fitzpatrick 0.622 - .77 . -
Lacrosse - - - - -
Lasalle 1-2 0.2589 0.588 14.9 0.115 1.43
Limerick 1 0.208 - 0.136 - .
Millstone 1 0.110 0.537 - .
Monticello 1.59 7.84 - 114
Nine Mile Point 1 - - - -
Nine Mile Point 2 0.00094 0.00858 - -
Oyster Creek | 1.95 8.66 . 14
Peach Bottom 2-3 - - - . -
Perry 1 1.67 0.00246 1.24 - 0.0182
Pilgrim 1 - - - - -
Quad-Gities 1-2 0225 1.32 - 3.38
River Bend 1 0.0177 0.176 - -
Susquehanna 1.2 0.0262 - - - -
Vermont Yankee 0.128 - 0.184 - -
WNP-2 3.33 0.249 1.49 - 0.0503
Total relcase (GBg) 16.1 2.54 43.5 0.95 255
Normalized activity [GBq (GW a)}] 0.96 0.15 26 0.057 1.5

A dash indicates no value reported.




=

ANNEX B: EXPOSURES FROM MAN-MADE SOURCES OF RADIATION 165
Table 33
Particulates released from reactors in airborne cfMucents
Release (GBg)
Country Reactor
1085 1986 1987 1988 1989
PWRs
Belgium [M6] Docl 14 0.33 0.53 0.18 0.12 0.03
Tihange 14 0.025 0.073 0.062 0.095 0.071
Brazil [C1) Anga 1 0.0007 0 0 1] 0
Bulgaria [C16) Kozloduy-1-2 1.56 121 5.28 1.96 132
Kozioduy-2
Kozloduy-3-4 1.74 3.16 0.90 0.74 0.74
Kazloduy-4
Kozloduy-5 - - 0.41 119
China, Taiwan Province [T2) Maanshan 1-2 0.038 0.0030 ] 0.018 0.033
Czechoslovakia [N11) Bohunice 1-4 1713 0.44 Q.16 0.2 0.38
Dukovany 14 0.031 0.06 0.08 0.04 0.172
Finland [F2] Loviisa 1-2 0.043 0.091 0.068 0.058 1.8
France {E4] Belteville 1-2 - - 0.013 0.082 0.13
Blayais 14 25 26 0.33 0.41 072
Bugey 2-5 0.7 1.5 0.84 0.85 0.69
Cattenom 1-2 - 0.0041 03 0.19 0.18
Chinon B1-B4 0.3 1.1 1.5 0.36 0.56
Chooz-A (Ardennes) 0.07 0.26 0.096 0.1 0.19
Cruas -4 0.07 0.28 0.093 0.069 0.09
Dampicrre 1-4 1.5 7.1 0.59 0.41 0.75
Fessenheim 1-2 0.12 0.17 0.11 0.026 0.025
Flamanvilie 1-2 0.089 0.097 0.29 0.1
Gravelines 1-6 1.9 2.1 1.7 0.69 1.1
Nogent 1-2 - - 0.0047 0.084 0.096
Paluel 1-4 0.26 0.48 0.59 0.43 0.51
St. Alban 1-2 0.033 0.18 0.11 0.083 0.11
St. Lawent Bi-2 0.7 1.5 0.6 0.52 0.44
Tricastin 14 0.6 0.7 0.22 0.18 0.23
Germany, Federal Republic of Biblis A-B 0.31 0.1 0.17 0.32 0.077
[B4, B9, §7) Brokdorf - 0 0.00003 0.00023 0
Emsland - - . 0 0.00032
Grafenrheinfeld 0.002 0 0.0017 0.0014 0.00096
Greifswald 0.5 0.5 . 05 0.6 0.6
Grohnde 0.00054 0.00069 0.00065 0.00088
Isar 2 - . 0.00014 0.00005
Milheim-Kirlich - 0 0 4] 0
Neckarwestheim 1-2 0.014 0.022 0.032 0.0063 0.0044
Obrigheim 0.024 0.032 0.012 0.014 0.013
Philippsburg 2 0.00005 90.0001 0.00013 0.0011
Stade 0.028 0.026 0.0i3 0.031 0.052
Unterweser 0.008 0.0056 0.0076 0.0028 0.0014
Hungary {F3] Paks 1-4 0.12 1.02 221 1.57 4.12
lialy [C22] Enrico Fermi (Trino) 0.00067 0.0045 0.0017 0.0009 0.0006
Japan [§1) Genkai 1-2
Ikata 1-2
Mihama 1-3
Ohi 1-2 ,
Sendai 1-2 Not measured
Takahama 14
Tomarn-1
Tsuruga-2
Netherlands [MS] Borssele 0 0.004 0 0 0
Republic of Korea [M3] Kori 1 0.13 0.14 0.015 0.009 0.034
Kori 2 0.002 0.003 0.003 0.001 0.0002
Kori 34 0.002 0.0i6 0.0001 0.001
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Release (GBq)
Country Reacior
1985 1986 1987 1988 1989
Republic of Korea (continued) Uichin -2 - - - 0 0.139
Yoaggwang 1-2 . 0.00007 0.001 0.007 0.002
South Africa [C20] Koeberg 1-2 0005 0.0007 0 0.0002
Spain [C21] Almaraz 1-2 247 0.67 0.003 0.04 0.05
Asco 1 0.06 224 4.45 0.04 0.04
Asco 2 0.007 0.01 0.02 0.03 0.03
José Cabrera | 0.23 0.1 0.08 0.12 0.18
Trillo 1 - - - 0.005 0.005
Vandellos 2 - - 0 0.0002 0.01
Sweden [N14) Ringhals 2 0.008 0.006 0.005 0.012 0.0045
Ringhals 3 0.004 0.002 0.011 0.006 0.0034
Ringhals 4 0.001 0.002 0.012 0.008 0.0058
Switzeriand [DS5, D6] Beznau 1-2 0.0009 0.0007 0.00085 0.011 0.00065
Gispgen 0.01 0.0057 0.00078 0.0023 0.0014
USSR {G2, 114] Armenia 1-2 7.50 7.48 243 324 319
Balakovo 1-3 0 104 0.43 0.49 0.15
Kaliain 1-2 0.009 0.088 0.059 0.19 0.05
Khmelnitski 1 - - 0.063
Kola 14 0.22 0.43 0.91 0.89 11.3
Novovoronezh 3-§ N8 28.1 3.10 5.31 132
Rowvno 1-3 0.74 0.84 0.14 0.20
South Ukraine 1-3 0.19 2.43 0.16
Zaparozhe 1.5 0.00072 0.04] 0.044 0.067 0.19
United States [T3) Arkansas One-1 0.012 0.0067 0.0024 0.0080 0.01
Arkansas One-2 0.010 0.0027 0.0010 0.0058 0.005
Beaver Valley 1-2 0.043 0.11 0.052 0.085 0.4086
Braidwood 1 - - 0.0002 0.89089 0.0009
Braidwood 2 - - . 0.0007 0.0029
Byron 1-2 0.0026 0.01} 0.0048 0 0.001
Callaway 1 0.0006 0.0011 0.0014 0.012 0.0004
Calvert Chifts 1-2 0.059 0.0074 0.0037 0.4] 0.004
Catawba 1 0 0.15 0.23 0.12 0.003
Catawba 2 . 0.15 0.23 0.12 0.003
Crystal River 3 0.012 0.0i3 0.048 0.0097 0
Divis-Besse | 0 0.0059 0 0.003
Diablo Canyon 1-2 0 0.0026 0.019 0.022 0.002
Donaid Cook 1-2 278 0.25 0.41 0.079 1.246
Farley | 0.0004 0.0029 0.0043 0.016 0
Farley 2 0.0003 0 0.0002 0.00001 0.00001
Fort Calhoun | 0.0081 0.0026 0 0.0001 0
. B. Robinson 2 0.0074 0.0078 0 0.0011 0.00509
Haddam Neck 0.014 0.056 0.029 0.019 0.03
Indian Point 1-2 210 309 0.52 0.34 0.094
Indian Point 3 0.0033 0.0033 0.0007 0.0004 0.0003
Kewaunee 0.0089 0.21 0.45 0.38 0.19
Maine Yankee 0.0042 0.020 0.044 0.0010 0.0018
McGuire ] 0.18 0.96 1.95 0.021 0.01
McGuire 2 0.18 0.96 1.95 0.021° 0.01
Milistone 2 0.020 0.0026 0.0004 0.019 0
Millstone 3 - 0.0044 0.12 0.016 0.02
North Anna 1-2 227 0.052 0.17 0.027 0.02
Oconee 1-2-3 0.044 0.75 4.89 2.96 0.49
Palisades 1.06 0.080 0.25 0.23 0.17
Palo Verde 1 0.0004 0.0022 0.056 0.0096 0.006
Palo Verde 2 - 0.015 0 0.048 0.002
Palo Verde 3 - - 0.00004 0.02
Point Beach -2 0.21 0.021 0 0.062 0.108
Praine Island 1-2 0.00)1 0.0007 0.0086 0.0028 0.00061
R. E. Ginna 0.0003 0.0046 0.24 0.000S 0.014
Rancho Seco 1 0.053 0.0004 0.00006 0.010 0.0002
Salem ) 1.44 0 [¢] 0.054 0.004
Salem 2 320 0 0.0019 0.0041 0.029
San Onofre 1 0.001) 0.0004 0.0003 0.019 0.005
San Onofre 2-3 0.19 on 0.4] 0.096 0.001
Sequoyah -2 0.022 0.058 0.019 0.0057 0.005
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Table 33 (continucd)
Release (Glig)
Couniry Reacior
1985 1986 1987 1088 1989
United States (conlinued) Shearon llarris 1 - - 0.0002 1.00 0.00003
South Texas 1 - - - 0 0.02
South Texas 2 - - . - 0.053
St. Lude | 2.6 0 0 0 0.003
St. Lude 2 315 0.0074 0.0037 0.0037 0
Suny 1.2 0.044 0.13 0.10 0.39 0.046
Three Mile Island } 0.0011 0.013 0 0 [\]
Three Milc Island 2 0.0017 0.0060 0.0027 1.00 0.00013
Trojan 0.016 0.017 0.028 0.040 0.0014
Tuwkey Point 3 0.030 0.074 0.041 0.034 0.099
Turkey Point 4 0.030 0.019 0.041 0.034 0.00051
Virgl C. Summer | 0.0002 0 0.0095 0.0019 0
Vogtle 1-2 - - 0.0003 0.0003 0.043
Walesrfoed 3 0 0.0059 0.0068 0.014 0.004
Wolf Creck 0 0 0.0072 0.001 0.0002
Yankee NP'S 0.0020 0.0005 0.0005 0.0003 0.0034
Zion 1-2 0.87 1.54 0.14 0.48 0.013
Yugosiavia [F1] Krsko 0.535 0.102 0.396 0.1 0.073
Total release (GBgq) 303 487 154 60 65
Normalized release (GBq (GW a)™!) 36 5.0 14 0.50 0.51
Average normalized release 1985-1989 [GBq (GW a)"] 20
BWRs
China, Taiwan Province [T2) Chin Shan 1.2 1.51 8.21 0.63 0.60 0.37
Kuosheng 1-2 0.036 0.0056 0.0027 0.027 0.021
Finland [F2} TVO 1-2 1.1 0.95 0.2 0.2 0.18
Germany, Federal Republic of Brunsbattel 0.021 0.008 0.03 0.023 0.052
B4, B9 Gundremmingen B.C 0 0.031 0.0034 0.0031 0
lsar 1 0.15 0.23 0.019 0.028 0.0085
Krammel 0.052 0.035 0.022 0.0025 0.0054
Philippsburg 1 0.11 0.029 0.02 0.017 0.013
Wirgassen 0.22 0.22 0.21 0.24 0.28
India Tarapur-]
Tarapur-2
haly [C22) Caorso 0.08 0.33 0.069 0.03 0.036
Japan [J1} Fukushima Daiichi 1.6
Fukushima Daimi 1-4
Hamaoka 1-3
Kashiwazaki Karniwa LS Not measured
Onagawa-]
Shimane 1-2
Tokai 2
Tsuruga 1
Mexico [C19) Laguna Verde (Mark 1) - . . - 00122
Netheslands [MS]) Dodewaard 0.062 0.028 0.019 0.038 0.041
Span [C21} Conlrentes 0.16 0.13 0.07 0.15 0.1
S. Maria de Garona 0.27 0.15 0.23 0.14 0.05
Sweden {N14}
Barscbeck 1 3.96 0.45 0.3 0,066 0.2
BRarsebeck 2 0.2 0.22 0.087 0.124 48
Forsmark | 15.4 1.4 0.54 0.25 0.2
Forsmark 2 5.21 17 23 0.94 0.6
Forsmark 3 0.45 103 156 112 61
Oskarshamn 1 6.15 7.9 bl 45 7.3
Oskarshamn 2 1.5 0.32 1 179 64
Oskarshamn 3 0.013 1.7 0.026 n 14
Ringhals 1 0.93 4.19 0.35 1.95 87
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Table 33 (continucd)

Release (GBg)
Country Reactor
1985 1986 1987 1988 1989
Switzerland [DS, D6) Leibatadt 0.0012 0.00038 0.037 0.012 0.056
Mihleberg 0.07 12 0.19 0.13 0.078
United States [T3) Big Rock Point 0.49 1.80 0.93 1.80 0.084
Browns Ferry 1-3 0.48 0.039 0.066 1.07 0.0069
Brunswick 1-2 0.85 117 4.88 s 1.23
Qlinton | - - 0.0080 219 0.34
Cooper 0.76 0.15 0.80 0.39 0.0046
Dresden 2-3 3.48 216 4.70 4.66 424
Duane Arnold-1 0.30 245 3.40 0.33 0.1
Ensico Fermi 2 . 0.00001 0.32 0.088 0.62
Fizpatrick 4.45 2.76 3.94 1.97 261
Grand Gulf 1 0.020 0.013 0.048 0.016 0.017
Hatch 1-2 250 0.35 0.59 1.24 0.09
tHope Creck 1 - 0
Humboldt Bay 3 0.0028 0.0061 0.0025 1.01 0.0014
Lacrosse 0.096 0.020 0.016 1.00 0.00048
Lasalle 1-2 0.55 0.20 1.26 0.21 0.09
Limerick 1 0.28 0.043 0.038 0.15
Millstone 1 1.49 135 0.23 0.17 0.26
Monticelio 1.19 0.40 0.56 1.33 0.86
Nine Mile Point 1 0.45 0.37 0.35 1.07 0.11
Nine Mile Point 2 - - 191 0.025 0.17
Oyster Creek 3.33 155 0.60 0.40 0.39
Peach Bottom 2-3 0.34 0.21 0.185 1.06 0,098
Perry 1 - 0.00004 0.0003 0.041 0.01
Pilgrim 1 0.32 0.16 0.0175 1.01 0.2
Quad Cities 1-2 20.6 335 27 0.69 1.4
River Bend 1 0.0009 0.011 0.018 0.014
Susquchanna 1-2 0.94 0.12 0.22 0.041 0.022
Vermont Yankee 0.20 0.47 0.10 0.12 0.13
WDPPSS-2 8.92 244 261 15.02 29
Total release (GBq) 96.1 171 385 422 338
Normalized release [GBq (GW 1)) 33 5.6 12.4 13.0 103
Average normalized telease 1985-1989 {GBq (GW a)'} 9.1
HWRs
Argentina [C1S5, C18] Atucha-] 0.022 0.0044 0.014 0.0023 0.00075
Embalse 0.22 0.039 0.95 0.089 0
Canada [A6) Bruce 14 0.3 0.4 0.8 1 0.1
Bruce 58 0.2 0.3 0.3 0.2 0.2
Genully-2 0 0 0 0 0
Pickenng 1-4 0 11 11 0.8 1
Pickenng 5-8 0 0 0 0 0
Point Lepreau 0 0 0 0 0
India {B14] Kalpakkam 1-2
Rajasthan 1.2 on 0.20 0.35 0.35 0.15
Palosian Karachi Not reported
Republic of Korea [M3] Wolsong 1 0.006 0.006
Total relcase (GBq) 0.97 2.04 3.51 244 1.46
Normalized release [GBy (GW |)"] 0.12 023 0.37 0.26 0.14
Average normalized release 1985-1989 [GBq (GW )] 023
GCRs
France [E4) Bugey 1 0.2 0.15 0.13 0.12 0.33
Chinon A2-3 0.1 0.5 1.3 0.25 0.21
St. Lawent Al-2 1.2 1.3 0.5 0.4 0.26
Japan [J1] Tokai-1
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Table 33 (continucd)

Release (GBg)
Country Reactor
1085 1086 1087 1988 1989
Spain [C21) Vandellos 1 0.05 0.07 0.08 0.19 0.27
United Kingdom Berkeley 0 0 0 0.03 0.006
[N6, P), S4) Bradwell 0.1 0.1 0.1 0.08 0.06
Calder Hall 0.6
Chapelcross
Dungeness A 0.2 0.2 0.2 0.2 0.2
Dungeness 31-2 0.1 0.3 0.1 0.1 0.1
Hantlepool Al-A2 1] 0 0 0.04 0.04
Heysham 1A-B, 2A-B 0 0 0.1 0.05 0.05
Hinkley Paint A 0.3 03 0.3 0.3 0.3
Hinkley Point B, AB 0.5 0.6 0.6 0.5 0.5
Hunterston Al 0 0.065 0.084 0.098 0.1
Hunterston B1-2 0.2 0.2 07 0.14 0.083
Oidbury-A 0.2 .2 0.3 0.1 0.1
Sizewell-A 15 1.4 0.4 0.6 0.5
Toeness A-B - . - 0.17 0.023
Trawsfynydd 0.5 0.5 0.6 0.3 0.2
Wylfa 0.1 0.1 0.1 0.2 0.1
Total release (GBq) 425 6.01 5.16 3.87 4.04
Normalized release [GBq (GW a)°!] 0.62 0.96 0.83 0.53 0.51
Average normalized release 1985-1989 [GBq (GW ) 0.68
LWGRa
USSR [G2, 114) Beloyarsky 2 28.5
Bilibino 14 0
Chemobyl 1-4 14.8 49.7
Ignalina 1-2 38.0 8.78 3133 3.55 1.74
Kursk 1-4 153 48.6 91.8 43.2 203
Leningrad 1-4 9.45 1.29 5.40 4.05 9.45
Smolensk 1-3 4.40 12.2 8.64 11.2 4.86
Total release (GBq) 220 76.9 109 62.0 115
Normalized release [GBq (GW )™} 20 9.1 12 6.5 9.6
Average normalized release 1985-1989 [GBg (GW ) 12
FBRs
France {S6) Creys-Malville 0.002 0.04 0.007 0.007 0.008
Phenix 0.03 0.02 0.02 0.02 0.02
USSR Beloyarsky 3
United Kingdom [N6] Dounreay 0.013 0.010 0.032 0.056
Total release (GBq) 0.032 0.073 0.037 0.059 0.084
Normalized release [GBq (GW a)™'] 0.24 0.19 0.10 0.25 0.22
Average normalized release 1985-1989 [GBq (GW a)!) 0.19

A dash indicates that the reactor was not yet in operation.
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Tuble 34
Tritlum relensed from reactors in Hquid eMuents

Release (GBq)
Country Reactor
1985 1986 1987 1988 1989
I'WHs
Belgium [M6] Doel 14 46700 44300 49400 72800 56800
Tihange 14 46200 54500 58000 69200 49600
Brazil {C1} Angra 1 Not reported
Bulgaria [C16] Kozioduy 1-5 Not reported
China, Taiwan Province [T2) Maanshan 1-2 6600 4120 15400 14600 17400
Czechoslovakia [N11] Bohunice 1-4 12560 14590 13650 828D 10440
Dukovany 14 6900 2800 13700 14600 18000
Finland [F2] Lowviisa 1.2 9300 13000 13000 16000 15000
France [EA) Belleville 1.2 -7 - 200 19000 29000
Blayais 14 £0000 87000 78000 63000 60000
Bugey 2-5 79000 87000 64000 62000 51000
Catenom 1-2 - 100 12000 23000 24000
Chinon B1-B4 22000 40000 48000 50000 47000
Chooz-A (Asdennes) 98000 111000 107000 71000 110000
Cruas 14 57000 48000 50000 49000 36000
Dampierre 1-4 67000 77000 57000 54000 64000
Fessenheim 1-2 30000 38000 36000 33000 24000
Mamanville 1-2 100 7000 42000 36000 33000
Gravelines 1-6 $5000 114000 97000 §2000 91000
Nogent 1-2 . - 1000 15000 22000
Paluel 1-4 31000 68000 86000 100000 100000
St. Alban 1-2 3000 16000 29000 21000 37000
St. Laurent B1-2 30000 40000 43000 31000 43000
Tricastin 14 2000 61000 54000 55000 54000
Germany, Federal Republic of Biblis A-B 32000 29000 24000 24000 25000
[Bs, B9, §7 Brokdorf . 100 25000 940 13000
Emsland . - . 1700 13000
Grafenrheinfeld 22000 14000 16000 14000 14000
Greifswald
Grohnde 7200 8000 16000 13000 13000
Isar 2 - - - 1800 7100
Mitheim-Karlich . 1900 4900 10000 1700
Neckarwestheim 1-2 13000 11000 12000 7400 17800
Obrigheim 5300 4100 5700 3800 4400
Philippsburg 2 13000 22000 13000 13000 21000
Stade 6200 7100 6100 6000 4600
Unterweser 27000 14000 14000 12000 15000
Hungary [F3] Paks 1-4 8600 7200 11800 16400 14900
haly {C22) Enrico Fermi (Trino) 23800 69 5350 63 67
Japan [J1] Genkai 1-2 21000 32000 29000 17000 26000
Ikata 1-2 31000 33000 33000 21000 34000
Mihama 1.3 16000 22000 24000 21000 13000
Ohi 1-2 29000 41000 33000 30000 26000
Sendai 1-2 20000 27000 34000 41000 38000
Takahama 14 37000 44000 48000 70000 40000
Tomari-1 - B - 440 2100
Tsuruga-2 - 5600 23300 4070 12000
Netherlands (MS] Barssele 5700 8400 4600 6900 5700
Republic of Korea [M3] Koei 1 18900 10900 7810 16000
Kon 2 10800 14000 18300 12100 25700
Ko 34 12200 24500 26600 30300 32600
Wlchin 1-2 - - - 2430 6900
Yonggwang 1-2 - 3970 17700 7740 35100
South Africa |C20) Kocberg 1-2 15100 10800 32400 37300
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Table 34 (continucd)
Release (GHq)
Country Reactor
1985 1986 1087 1988 1089

Spain {C21) Almaraz 12 36100 15000 31100 47000 49000
Asco 1 9130 11000 13000 18400 16100
Asco 2 3180 20000 16200 18300 23500
José Cabrera 1 2540 1180 20 10 2150
Trillo 1 - - - 677 10200
Vandellos 2 - - 0.4 4680 10600

Sweden [N14] Ringhals 2 19500 13400 30500 13100 12600
Ringhals 3 10800 19600 19200 20000 23000
Ringhals 4 14600 13500 14600 19100 21700

Switzerland [DS, D6) Beznau 1-2 34000 41000 37000 22000 10000
Gosgen 23000 15000 12000 14000 12000

USSR {G2, 14) Armenia 1-2
Balakovo 1-3
Kalinin 1-2
Khmelnitski 1 Average normalized release
Kola 14 estimated to be 30000 GBq (GW o)t
Novovotonezh 3-5
Rowno 1-3
South Ukraine 1.3
Zapotozhe 1-5

United States [T3) Arkansas One-1 12100 7840 5550 9250 14097
Arskansas One-2 8920 8510 13000 9030 16280
Beaver Valiey 1-2 5550 7620 21200 15100 22977
Braidwood 1 - - 1520 10100 20646
Braidwood 2 - - - 9030 20646
Byron 1-2 9660 2480 15200 37400 47730
Callaway 1 21800 16100 16600 - 33000 22533
Calvert Cliffs 1-2 17900 27200 27300 23100 8732
Catawba 1 6480 4370 13500 13100 16465
Catawba 2 - 4370 13500 13100 16465
Crystal River 3 6510 6400 13200 18900 12728
Davis-Besse 1 2490 773 9100 1300 8843
Diablo Canyon 1-2 15800 25800 25600 15900 34595
Donald Cook 1-2 42200 25700 72900 40700 32338
Farley 1 22300 26400 23600 19100 25863
Farley 2 18600 23000 18700 27900 22496
Fort Calhoun 1 6180 6810 8440 8580 8436
H. B. Robinson 2 11400 12700 10100 196800 6068
Haddam Neck 213000 95500 117000 43700 178000
Indian Point 1-2 13000 12400 20800 16200 20720
Indian Point 3 12600 21000 12600 21200 12897
Kewaunce 14000 10900 13000 12300 12617
Maine Yankee 6810 13000 4370 10800 15614
McGuire ) 14900 16900 18200 15600 15651
McGuire 2 14900 16900 18200 19600 15651
Millstone 2 6140 10400 10600 9580 13542
Milistone 3 - 20000 21800 20200 25789
Noxth Anna 1-2 54800 57700 30900 71800 51800
Oconee 1-2-3 45900 49600 35100 26300 37740
Palisades 15900 2340 4400 10500 2982
Palo Verde 1 0 0 0 0 0
Palo Verde 2 - 0 ] 0 0
Palo Verde 3 - - 0 0 0
Point Beach 1-2 29800 30000 26200 13200 20683
Praine Island 1.2 25800 24800 16500 15000 17168
R. E. Ginna 18500 13200 20900 12900 21904
Rancho Seco ) 3330 2410 (3 3740 2697
Salem 1 34200 15200 14000 23500 22533
Salem 2 21300 16200 24500 13600 18907
San Onofre 1 88100 16800 84000 56600 35594
San Onolre 2-3 17600 27400 30300 23800 48100
Sequoyah 1-2 23400 9100 4400 7440 42550
Shearon Harris 1 - - 9180 14800 16946
South Texas 1 - - - 7360 11729
South Texas 2 - - - - 10064
St. Lude 1 10600 10300 12500 10200 14985
St. Lude 2 13500 10300 12500 10200 14985
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Table 34 (continued)

Release (GBq)
Country Reactor
198$ 1986 1987 1988 1989
United States (continued) Surry 1-2 28800 32300 30200 18300 15873
Three Mile Island 1 335 6250 7290 11200 13801
Three Mile Island 2 0.08 0.06 0.05 0.2 0.036
Trojan 9810 5290 6480 13900 11800
Turkey Point 3 16000 13500 950 11100 8473
Turkey Point 4 16000 13500 9950 11100 8473
Virgl C. Summer 1 11500 13900 27200 27900 25345
Vogtle 1-2 - - 11900 14400 33966
Waterford 3 940 15900 19400 18600 13256
Wolf Creek 6770 13900 11700 15000 21756
Yankee NPS 8440 6510 8100 7250 6216
Zion 1-2 24300 26400 24300 35900 38739
Yugoslavia [F1] Krsko 10900 13000 10500 16300 12000
Tokal release (GBq) 2350000 2350000 2650000 2580000 2970000
Normalized release [GBq (GW 2)}) 25000 24200 25100 22600 24200
Average noemalized refease 1985-1989 [GBq (GW a)"] 25000
BWRs
China, Taiwan Province (T2) Chin Shan 1-2 174 33 673 205 1720
Kuosheng 1-2 95.1 112 944 529 1150
Finland [F2} TVO 1-2 1200 1600 1900 1300 1300
Germany, Federal Republic of Brunsbiittel 870 500 500 S10 210
B4, BY) Gundremmingen B,C 1200 1200 1600 1200 1500
Isar 1 470 650 750 810 510
Krammel 760 1000 950 880 690
Philippsburg 1 900 770 620 550 480
Wiirgassen 710 490 390 410 960
India Tarapus-1
Tarapur-2
haly {C22] Caorso 1120 1200 97 29 6.3
Japan [11] Fukushima Daiichi 16 4100 3400 2300 2600 2600
Fukushima Daini 1-4 410 440 700 960 1500
Hamaoka 1-3 2400 1700 1700 1500 1300
Kashiwazaki Kariwz 1S 44 16 36 0 170
Onagawa-1 24 4] 63 110 75
Shimane -2 310 120 280 130 280
Tokai 2 590 740 520 480 1100
Tsuruga 1 350 410 350 440 240
Mexico [C19) Laguna Verde (Mark [I) - . - - 1120
Nethetlands [MS) Dodewaard 170 270 170 150 200
Spain [C21) Confrentes 540 120 70 30 70
S. Mana de Garona 250 100 160 490 60
Sweden [N14) Barsebeck 1 20 950 490 280 400
Barsebeck 2 290 950 490 280 400
Forsmark ] 580 441 630 708 760
Forsmark 2 580 441 630 705 760
Forsmark 3 150 1060 330 390 550
Oskarshamn 1 260 386 610 35 490
Oskarshamn 2 260 386 610 735 490
Oskarshamn 3 110 330 33s 430 220
Ringhals 1 525 527 533 639 665
Swizerland [DS, D6) Leibstadt 270 400 320 300 440
Miihlcberg 260 520 440 410 540
United Siates [13) Big Rock Point 47.0 13.0 217 12.8 23.6
Browns Ferry 1-3 1230 293 75.1 540 0.7
Brunswack 1-2 366 214 734 1150 259

am
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Table 34 (continued)
Release (GHg)
Couniry Reactor
1985 1986 19087 1988 1989
United States (continued) Qlinton 1 - - 69.2 107 55.1
Cooper 187 206 186 154 202
Dresden 2-3 276 470 825 636 677
Duane Amold-} 1.32 o 0 0 0
Ensico Fermi 2 - 11.1 38.9 .5 48.1
Fitzpatrick 155 185 91.8 328 27.1
Grand Gulf 1 191 544 677 496 488
Hatch 1-2 2120 1060 1040 1630 1650
Hope Creck 1 . 0.26 353 346 870
Humboldi Bay 3 40.0 247 0.03 0.03 0.042
Lacosse 4740 2130 1720 170 103
Lasalle 1-2 14.4 507 40.7 64.8 39.6
Limerick 1 42.6 76.2 223 0 999
Milistone 1 662 197 659 1400 1690
Monticello 0 o 0 0 ]
Nine Mile Point 1 0 81.0 0 0 0
Nine Miic Point 2 - - 17.1 293 300
Oyster Creek 0 396 725 599 147
Pcach Boltom 2-3 1870 1650 1720 359 740
Perry 1 - 0.1 108 272 258
Piigrim 1 289 370 119 212 §7.7
Quad Gities 1-2 126 238 256 269 1077
River Bend 1 169 256 357 592
Susquchanna 1-2 338 570 692 537 1014
Vermont Yankee 0 1] 1] . 0 0
WPPSS-2 555 4700 2080 51.1 75.1
Total release (GBq) 33500 34700 32200 28300 34200
Nermalized release [GBq (GW 1)) 900 870 750 640 780
Average normalized release 1985-1989 [GBg (GW a)'!) 790
HOWRs
Asgentina [C1S5, C18] Atucha-} 320000 280000 360000 590000 300000
Embalse 16000 79000 160000 170000 220000
Canada [A6] Bruce 14 1066000 1376000 1110000 1550000 1639000
Bruce 58 31000 42000 520000 58000 48000
Gentilly-2 31000 42000 520000 58000 48000
Pickering 1-4 333000 84000 444000 592000 592000
Pickering 5-8 377000 844000 1687000 1073000 85000
Point Lepreau 23000 110000 96000 120000 320000
India [B14] Kalpakkam 1-2 16870 30450 30410 63200 90690
Rajasthan 1-2 6470 15380 4950 28670 23550
Pakistan [P3] Karachi 36800 49000 39600 25400 10000
Republic of Karea [M3) Wolsong 1 12000 36810 50780 74520 60440
Total release (GBq) 2270000 2990000 5020000 4400000 3440000
Normalized reiease [GBq (GW &)™) 276000 316000 489000 429000 334000
Average normalized rcicase 1985-1989 [GBg (GW a)!) 374000
GCRs
France [F4) Bugey 1 17000 2000 100 9000 0
Chinon A2-3 500 300 0 3000 1000
St Laurent Al-2 5000 N
Japan [J1] Tokai-1 31 0.2 n 0.05 5.2
Spain [C21) Vandellos ] 6210 283 3530 7480 834
United Kingdom Berkeley 500 100 1200 270 3530
[N6, P, S4) Bradwl) 1300 6200 1600 790 960
Calder Hall
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Table 34 (continucd)

Release (GBq)
Country Reactor
1985 1986 1987 1088 1989
United Kingdom (continucd) Chapelcross 900 200 700 550 630
Dungeness A 800 2400 200 340 200
Dungeness B1-2 46400 29700 6800 22900 16200
Ilartlepool Al-A2 22400 45800 31900 33800 112000
Tleysham 1A-B, 2A-B 24700 58200 82900 112000 195000
Hinkley Point A 22600 2100 5400 2760 1140
Hinkley Point B, AB 336000 257000 169000 272000 266000
Hunterston Al 1900 1100 1300 2200 760
Hunterston B1-2 342000 366000 269000 292000 333000
Oldbury-A 800 900 900 890 720
Sizewell-A 9900 3100 2300 760 2100
Toeness A-B - - -
Trawsfynydd 2400 600 3500 350 490
Wylfa 7000 8700 6200 7300 3000
Total release (GBq) 848000 785000 567000 769000 937000
Normalized relcase [GBq (GW 2)}] 119000 131000 97800 115000 132000
Average normalized release 19851989 [GBq (GW a)!) 120000
LWGRs
USSR [G2, 114) Beloyarsky 2
Bilibino 14
Chemnobyl 1-4
Ignalina 1-2 Only average normalized release reporied
Kursk 1-4
Leningrad 1-4
Smolensk 1-3
Total release (GBq)
Normalized release [GBq (GW 2)°!)
Average normalized release 1985-1989 (GBq (GW a)'l] 11000
FHRs
France [S6} Creys-Malville 0 300 100 0 2900
Phenix 1] 0 0 0 0
USSR Bcloyarsky 3
United Kingdom Dounreay
Total release (GBq) [ 300 100 0 2900
Noarmalized release {GBq (GW a)™!] 0 1100 370 0 11000
Average normalized reicase 1985-1989 (GBq (GW a)!) 3000

A dash indicates that the reactor was not yet in operanon.
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Table 35
Radionuclides excluding tritium released from reactors in liquld cfTluents
Release (GHig)
Couniry Reacior
1985 1986 1987 1988 1089
PWRs
Belgium [M6] Docl 14 140 213 3.7 11.0 .S
Tihange 14 524 51.3 62.2 57.4 713
Brazil [C]] Angra 1 Not reported
Bulgzria [C16] Kozloduy-1-2 0.81 0.83 0.71 0.88 0.83
Kozloduy-2-4 0.78 0.65 0.76 0.80 0.60
Kozloduy-S . - 1.24 109
China, Taiwan Province {T2] Maanshan 1-2 33 295 101 0.23 161
Czechostovalda [N11) Bohunice -4 0.64 0.33 0.81 022 0.08
Dukovany 14 0.012 0.036 0.021 0.30 0.30
Finland [F2] Lowviisa 1-2 18 1?7 13 15 21
France [E4) Believille 1-2 - - 1 3 24
Blayais 14 87 104 75 5 56
Bugey 2-5 177 176 168 117 160
Cattenom 1-2 - 0.4 8 3 10
Chinon B1-B4 61 89 56 63 56
Chooz-A (Ardennes) 8 9 10 7 17
Cruas 1-4 26 19 12 11 11
Dampierre 1-4 22 138 212 15 35
Fessenheim 1-2 37 42 27 2 23
Flamanville 1-2 0.5 39 62 381 23
Gravelines 1-6 120 153 109 96 130
Nogent 1-2 - . 1 6 2
Paluel 1-4 98 175 160 54 57
St. Alban 1-2 6 73 88 30 23
St. Lawent B1.2 369 58 17 10 18
Tricastin 14 140 62 53 35 36
Germany, Federal Republic of Biblis A-B 24 23 3.8 0.12 126
[B4. B9, 7] Brokdorf . 0 0 0 0
Emsland - - - 0.023 0.013
Grafearheinfeld 0.035 0.15 0.071 0.054 0.068
Grafswald
Grohnde 0.11 0.011 0.084 0.082 0.25
Isar 2 - - - 0.0039 0.02
Milhcim-Karlich - 0.25 0.13 0.019 0.38
Neckarwestheim 1-2 0.3 0.16 0.1 0.033 0.07
Obrigheim 0.77 0.58 041 0.38 0.41
Philippsburg 2 0.047 0.25 0.32 0.69 0.29
Stade 1.2 1.5 13 1 0.56
Unterweser 072 0.23 0.23 0.1 0.23
Hungary [F3} Paks 1-4 1.31 1.09 319 204 291
haly [C22) Enneo Fermi (Trino) 61 42 34 36 22
Japan [J1} Genkai 1-2 0 0 0 0 0
Kkata i-2 0 0 0 0 0
Mihama 1-3 0.022 0.015 0.017 0.021 0.0065
Ohs 1-2 0.021 0.016 0.0044 0.00021 0
Sendar 1-2 0 0 0 0 0
Takahama 14 0.0081 0.013 0.0027 0 0
Tomari-1 - - - 0 0
Tsuruga-2 - 0.00013 0.0017 0.00014 0.00059
Netherlands [MS}) Borssele 5.7 2.7 1.9 20 3.7
Republic of Korea [M3] Kort 1 0.33 0.85 0.71 3.09 209
Kon 2 0.80 0.63 0.33 0.23 0.14
Kon 34 0.60 3.35 4.31 0.40 0.26
Ulchin 1-2 - - - 215 173
Yonggwang 1-2 - 0.214 1.69 209 1.34
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Tuble 35 (continued)

Release (GBg)
Country Reactor
1985 1986 1987 1988 1089

South Africa [C20] Kocberg 1-2 3.36 7.8 1.47 1.69

Spain [C2)] Almarsz 1-2 75.4 30.1 17 18.9 18.7
Asco 1 70.6 97.7 89.1 264 103
Asco 2 1.88 84.1 217 316 5.6
José Cabrera | 9.76 173 11 20 449
Trillo 1 - - - 3.5 L1
Vandellos 2 . - 0.03 8.34 246

Sweden [N14] Ringhals 2 47.5 102 102 48.8 525
Ringhals 3 2009 578 26.7 82.0 377
Ringhals 4 58.7 269 46.1 46.8 41.4

Switzerland (DS, D6] Beznau 1-2 8.9 0.00001 8 59 21
Gasgen 0.16 0.089 0.0026 0.0081 0.0096

USSR [G2, 114} Armenia 1.2
Balakovo 1-3
Kalinin 1-2
Khmeinitski 1 - -
Kola 14
Novovoronezh 3-5
Rowno 1-3
South Ukrainc 1-3
Zaporozhe 1-5

United States [T3] Arkansas One-1 131 188 90.7 138 5.5
Arkansas One-2 161 127 68.5 165 98.1
Beaver Valley 1.2 4.18 4.40 248 n 2.2
Braidwood 1 . - 1.85 317 925
Braidwood 2 . - - 112 93.2
Byton 1-2 603 150 91.8 518 235
Callaway 1 0.18 1.42 18.2 286 0.37
Calvert Cliffs 1-2 88.1 66.2 192 977 76.6
Catawba 1 46.6 14.1 242 20.1 12.7
Catawba 2 - 14.1 24.2 20.1 12.7
Crystal River 3 559 30.0 353 8.55 8.713
Davis-Besse | 6.85 228 241 6.22 6.81
Diablo Canyon 1-2 118 411 106 74 59.6
Donald Cook 1-2 83.6 124 74 16.4 29.8
Farley 1 249 3 1.88 295 27
Farley 2 1.39 3.06 Ln 3.16 2
Fort Calhoun 1 106 3.10 151 114 2038
H. B. Robinson 2 348 9.657 212 35.7 10.4
Haddam Neck 312 11.47 15.8 2854 14.4
Indian Point 1-2 68.5 134 223 105 236
Indian Point 3 15.5 1.2 128 119 219
Kewaunce 50.0 19.7 41.7 18.5 45.1
Maine Yankee 115 11.1 326 129 6.77
McGuire 1 23.0 28.6 58.1 95.1 57
McGuire 2 2.0 286 58.1 95.1 57
Millstone 2 170 166 151 329 392
Milistone 3 - 111 200 117 220
North Anna 1-2 188 48 49.2 16.0 429
Oconee 1-2-3 154 112 107 115 141
Palisades 216 5.18 3.42 127 0.14
Palo Verde 1 0 0 0 0 0
Palo Verde 2 - 0 0 0 0
Palo Verde 3 - . 0 0 0
Point Beach 1-2 703 592 7.9 5 206
Prairie Island 1-2 1.02 2 223 9.44 6.4
R. E. Ginna 19.3 239 218 1.27 3
Rancho Seco } 0.27 0.054 0.021 0.21 0.08
Salem | 107 161 123 119 115
Salem 2 104 226 151 120 132
San Onolre 1 288 315 312 26.3 254
San Onofte 2-3 414 303 19.9 429 M4
Sequoyah 1-2 537 6.1) 17.2 16.6 13.1
Shearon Harris 1 - - 336 297 8.95
South Texas 1 - - - 8.29 112
South Texas 2 - . - - 0.43
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Table 35 (continucd)

Release (GBg)
Couniry Reactor
1085 1086 1987 1988 1089
United States (continued) St. Luae 1 101 93.6 2.0 9.77 9.47
St. Lucie 2 102 B9.9 20.1 9.58 9.36
Surry 1-2 316 324 191 89.2 143
Three Mile Island 1 0.23 0.52 1.63 1.72 0.6
Three Mile Island 2 0.0066 0.0069 0.0043 0.041 0.012
Trojan 17.2 92.77 7.73 7.44 5.96
Turkey Point 3 16.6 9.36 13.8 12.1 5.85
Turkey Point 4 16.6 9.36 138 12.1 5.85
Virgl C. Summer 1 26.2 12.1 18.1 279 50.7
Vogtle 1-2 - . 21.3 61.4 14.9
Waterford 3 10.7 149 47.4 522 47.4
Wolf Creek 3.5 83.6 10.7 14.0 26.8
Yankee NPS 0.63 0.50 0.58 2.63 0.18
Zion 1-2 877 59.2 58.1 132 127
Yugoslavia [F1] Krsko 13.4 4.54 1.88 jor} 0.63
Total release (GBg) 5650 5500 4320 4460 3840
Normalized release [GBq (GW 2)}] 66 s6 40 38 31
Average normalized release 1985-1989 {GBq (GW a)'l] 45
BWRs
China, Taiwan Province [T2] Chin Shan §-2 10.1 10.1 120 8.77 14.6
Kuasheng 1-2 8.84 3.8} 115 414 . 91.8
Finland {F2) TVO 1-2 14 35 36 7 33
Germany, Federal Republic of Brunsbittel 0.81 0.49 0.4 1.1 0.35
[B4, B9} Gundremmingen B,C 27 4.8 0.84 0.54 0.22
Isar 1 0.54 0.87 0.56 1.6 0.27
Krimmel 0.36 0.042 0.013 0.062 0.022
Philippsburg 1 0.78 0.97 0.56 0.5 0.44
Wirgassen 1.9 1.2 0.55 L1 0.96
India Tarapur-1
Tarapur-2
Taly [C22) Caorso 20 58 16 15 12
Japan (1] Fukushima Daiichi 1-6 0.037 0.01 0.0067 0 V]
Fukushima Daini 1-4 0 o] 0 0 1]
Hamacka -3 0.056 0.03 0.014 0.012 0.011
Kashiwazaki Kariwa 1.§ 4} 0 0 0 0.00073
Onagawa-{ 0 0 0 0 0
Shimane 1-2 0.007 0.0089 0.0081 0.0059 0.0034
Tokai 2 0.13 0.12 0 0 1]
Tsuruga 1 0.019 0.012 0.0093 0.011 0.0036
Mexien [C19) Laguna Verde (Mark M) - - - . 15.03
Netherlands {MS5} Dodewaard 15 9.6 14 11 11
Spain [C21]) Confrentes 0.96 0.63 0.38 1.26 0.24
S. Maria de Garona 8 1.13 119 2 0.32
Sweden [N14] Barsebeck 1 324 80 334 128 14.4
Barsebeck 2 324 80 334 12.8 144
Forsmark 1 180 33 122 163 185
Forsmark 2 180 233 122 163 185
Forsmark 3 20 174 14 4 4
Oskarshamn 1 30 41 29 49 149
Oskarshamn 2 30 41 29 49 149
Oskarshamn 3 2 3 2 7 13
Ringhals 1 548 63.4 429 30.4 56.5
Switzerland [DS5, D6) Leibstadt 0.6 0.0004 0.026 0.41 0.48
Mihieberg 24 13 6.6 14 4.6
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Table 35 (continucd)

Country Release (GBg)
Reactor
1985 1986 1987 19588 1089
United States |T3) Big Rock Paint 5.66 262 10.1 8.07 8.58
Browns Ferry 1-3 49.6 19.9 12,0 8.95 6.33
Brunswick 1-2 4.26 4.66 26.5 30.8 57.7
Qlinton 1 . . 0.57 4.07 0.64
Cooper 481 2738 83.3 86.2 81
Dresden 2-3 75.1 7.92 14.0 49 24.2
Duane Amold-1 0.030 0 0 0 0
Ensico Fermi 2 . 0.14 0.78 274 6.2
Fitzpatrick 6.66 0.7 2.90 1.80 20
Grand Gulf 1 7.88 111 135 147 11.8
Hatch 1-2 2715 29.2 30.2 364 9.18
Hope Creck 1 - 28.0 59.9 2.8 38.9
Humboldt Bay 3 4.63 1.74 0.44 0.28 0.31
Lacrosse 67.7 185 429 16.5 6.25
Lasalle 1.2 142 0.66 329 407 14.8
Limerick 1 0.81 0.21 276 0 4,14
Millstone 1 17.2 28.6 422 40.0 335
Monticello 0 0 0 0 ]
Ninc Mile Point | 0 0.025 0 0 0
Nine Mile Point 2 - - 48.1 114 8.14
Opyster Creek 0 0 0.25 0.9 1.85
Pecach Bottom 2-3 79.9 17.0 12.2 7.47 4.18
Perry 1 - 0.14 0.54 9.25 429
Pilgrim 1 39.2 7.81 54.4 1.32 0.92
Quad Gities 1-2 540 8.713 263 207 17.9
River Bend 1 3.92 2.95 20.6 41.1
Susquchanna 1-2 235 2.3 11.5 3.51 3w
Vermont Yankee 0 0 0 0 0
WPPSS-2 0.40 0.86 0.45 0.23 1.86
Total relcase (GBq) 1740 1750 1140 1460 1380
Normalized relcase [GBq (GW 3)!} 46 44 27 3 32
Average normalized releasc 1985-1989 [GBq (GW a)'!} 36
OWRs
Asgenuna [C1S, C18} Atucha-] 51 42 100 96 59
Embalse 1.9 7.1 4.5 27 5.8
Canads [AG6) Bruce 14 90 120 50 130 20
Bruce 5-8 7 13 3 8 9
Gentilly-2 9.7 35 12 28 11
Pickering 1-4 32 20 3 23 44
Pickering S-8 10 20 20 60 10
Point Leprcau L6 1.1 0.4 19 11
India [B14) Katpakkam 1-2 13.4 2.2 46.0 48.1 27.6
Rajasthan 1-2 2.81 3.50 0.39 3.05 4.53
Pakastan [P3] Karachi 38.1 200 40.0 4.0 13.0
Republic of Korea [M3] Wolsong 1 07 2.56 1.54 123 0.16
Total relcase (GBq) 258 276 301 421 195
Normalized release (GBq (GW 2)] 1 29 2 41 19
Average normalized release 1985-1989 [GBq {(GW ayl 30
GCRs
France [E4) Bugey 1 43 76 35 15 4
Chinon AZ-3 5 n 5 2 3
St. Lawent Al-2 57
Japan (J1] Tokai-] 0.1 0.059 0.067 0.031 0.015
Span {C21} Vandellos 1 154 133 129 97.6 12.6

- ——
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Tuble 35 (continucd)
Release (GHg)
Couniry Reacior
1985 1986 1987 1958 1989
United Kingdom Berkeley 290 320 240 330 230
[N6, P1, 84} Bradwell 1510 120 710 440 395
Calder Hall
Chapelcross 2000 86 500 170 20
Dungeness A 2190 2100 570 410 230
Dungeness B1-2 8 % 18 51 2
Hartlepool A1-A2 18 65 M 24 bl
Heysham 1A-B, 2A-B 9 15 24 3 57
Hinkley Point A 3720 450 960 500 900
ilinkley Point B, AB 50 a9 19 2% 32
Hunterston Al 3.6 16 11 1 0.62
Hunterston 131.2 9 40 30 30 40
Oidbury-A 1120 690 560 30 410
Sizewell-A 1010 760 710 460 360
Torness A-B - . -
Trawsfynydd 430 200 180 380 280
Wylfa 48 61 58 5 64
Toxal release (GBq) 12800 6840 4780 3570 32
Normalized release [GBq (GW a)"] 1800 1140 800 580 470
Avcrage normalized release 1985-1989 {GBq (GW a)‘I] 960
LWGRs
USSR [G2, 114] Beloyarsky 2
Bilibino 14
Chemobyl 1.4
Ignalina 1-2 Not reported
Kursk 1-4
Leningrad 1-4
Smolensk 1.3
Total release (GBq)
Normalized release (GBq (GW 1))
Average narmalized release 1985-1989 [GBg (GW a)!)
FBRs
France [S6] Creys-Malville 0 3 0.1 0.1 0.1
Phenix 0 0 0 0 0
USSR Beloyarsky 3
United Kingdom Dounreay
Total release (GBq) 0 31 0.1 0.1 0.1
Normalized release [GBq (GW n)"] 0 110 0.4 0.6 0.4
Average normalized release 1985-1989 [GBq (GW a)! ki)
g [GBq l

® A dash indicates that the reactor was not yal 1n operation.




Table 36
Composition of radionuclides, excluding tritium, released in liquid effluents from PWRs in the United States, 1988 (T3]

PART A
Release (GBq)
Reactor

MNa S 30Mn 33Fe Srn Sco Sco 5%Fe Co 52n s, s, 92 SN 9Szr
Askansas One | 00366 117 10.8 16,0 . 0.0659 303 0.151 3.34 0.118 0.699 0.0155 0.123 0.291 0.164
Arkansas One 2 0.588 6.18 5.96 1.712 . 0.00337 25.7 0.280 2.49 . 0.0511 0.00163 0.320 236 1.68
Beaver Valley 1-2 0.00053 0.00102 0.0216 0.562 - 0.0077 1.65 . 0.784 0.00086 . . - 0.00039 .
Braidwood 1 0.102 0.206 792 . . 0.250 297 0.213 518 . 0.0247 - . 0.0648 0.0355
Braidwood 2 0.0944 0.206 599 . . 0.130 96.9 0.0951 k%) . - . . 0.0629 0.0338
Byton 1-2 0.00048 6.99 1.08 . . 0.0385 221 1.02 1.1 0.030) . . . 1.44 0.899
Callaway | . . 0.0696 0.555 . 0.00152 0.139 0.00053 0.389 . 0.174 0.0688 . 0.0211 0.00633
Calvert Qliffs 1-2 0.0455 316 0.326 . . 0.00981 17.7 0.00799 1.22 . 0.136 0.0182 - 117 0.614
Catawba | 0.0124 1.94 0,792 6.73 . 0.0176 4.33 0.377 2.00 0.0149 0.00225 0.0005 0.00205 0.241 0.152
Catawba 2 0.0124 1.94 0.792 6.73 . 0.0176 433 0.377 2,00 0.0149 0.00225 0.0005 0.00205 0.241 0.152
Crystal River 3 . 0.0214 0.118 0.525 - - 1.62 . 1.47 . 0.156 0.00773 0321 0.0311 0.00633
Davis-Besse 1 . 0.00507 0.0336 1.428 - 0.0115 1.21 0.00028 2.09 0.00017 0.00426 0.00131 . . 0.0107
Diablo Canyon 1-2 0.0277 0.692 1.33 13.0 0o | o8 316 0.210 7.4 0.00334 0.0725 0.00514 0 . 0.360
Donald C.Cook 1-2 0.0150 0.263 0.884 1.37 . 0.0183 2.70 . 2.49 0.0659 0.0136 0.00607 - 0.0054 0.0054
Fort Calhoun - 0.0121 0.644 . - 0.00128 1.59 - 0.302 - 0.1125 0.0157 - 0.0108 0.00161
11.B. Robinson 2 0.00351 0.707 0.37 18.3 - 0.0228 596 0.0367 5.25 0.00158 - 0.0011 0.00004 0.0344 0.00585
Haddam Neck . - 0.107 2,00 - 0.00507 0.696 . 3.81 - 0.00333 0.0411 - 0.00107 0.00107
Harris | - 1.61 0.186 0.0781 . 0.00288 2.27 0.0276 0.241 . - 0.00009 - 0.0142 0.0142
Indian Point 1-2 - 7.81 0.353 24.8 . 0.0137 17.9 0.257 16.9 0.00239 0.00714 0.00083 - 0.592 0.0936
Indian Point 3 0.00268 0.662 0.0566 433 . 0.00045 1.47 0.167 0.562 . 0.00018 - - 0.0345 0.00795
Joseph M. Farley 1 0.00037 0.264 0.0187 0.364 - 0.00071 0.264 0.00551 0.511 0.00025 . 0.00064 - 0.107 0.0288
Jeseph M. Farley 2 0.00286 0.19%9 0.0253 0.755 - 0.00024 0.240 0.0100 052 0.00038 . . - 0.104 0.0214
Kewaunee 00114 0.309 0.186 293 - 00134 9.92 0.0718 2.32 . 0.0474 0.00052 - 0.0503 0.0353
Mainc Yankee - 0.548 0.0216 1.61 . 0.00309 2.32 0.00903 1.84 . 0.257 0.00455 - 0.0186 0.0186
McGuirc | 0.074 111 3.05 15.4 0.00011 0.135 38.1 0.662 13.7 0.110 0.00287 0.00035 0.0326 224 135
McGuire 2 0.074 111 308 15.4 0.00011 0.135 38.1 0.662 13.7 0.110 0.00287 0.00035 0.0426 224 1.35
Milistone 2 0.0488 126 292 9.92 - 0.381 154 0.37 71.0 . 0.255 0.0829 0.492 1.02 0.474
Millstonc 3 0.688 1.32 14.5 8.95 . 0.221 29.6 0.773 228 0.0747 0.0229 0.00466 0.525 211 0.784
North Anna 1-2 0.2446 - 0.0829 - - - 0.618 - 4.96 - - - 0.00681 0.129 0.0158
Oconee 1-3 0.0788 B.84 0310 3.12 . 0.0429 23.2 0.112 4.48 . 0.0225 0.00588 0.340 1.81 112
Palisades - 0.0212 0.0181 - - - 0.253 - 0.302 - 0.0951 0.0258 - 0.0014 -

JHOdT €661 YVIDSNN




Table 36 (conlinued)

Release (GBq)

Reacrtor

Na Ser Hrin e 3ptn $co co e %¢co 95zn s s, 225 nb 9z2r
Palo Verde } - . . - - - - - - - - -
Palo Verde 2 - - - - - B - - - - - - -
Palo Verde 3 - - - - - - - - - - - - - - -
Point Beach 1-2 1.41 0.00196 0.0057 - - 0.00188 0.252 - 0.755 - 0.0992 0.0130 - 0.005% -
Prairie Island 1-2 0.00068 0.0607 0.0148 8.33 - 0.00008 0.313 0.114 0.148 0.00127 0.0844 0.00237 0.00041 0.0112 0.00168
R.E. Ginna 0.00999 0.00496 0.00091 - - 0.031R - 0.0596 - 0.00418 0.00167 - 0.0017 0.00171
Rancho Seco 1 - . 0.00095 - - 0.0003 - 0.0451 - - 0.00069 - - -
Salem 1 0.511 0.881 374 11.0 - 0.148 47.0 0.00984 10.2 0.0203 0.463 0.0873 0.00073 0.566 0.455
Salem 2 0.385 0.117 6.44 13.0 0.11914 0.168 48.8 0.00108 11.0 . 0.625 0.152 0.0130 0.242 0.117
San Onofre 1 - 0.157 0.0194 0.153 - 0.00145 1.91 0.0067 0.829 0.00152 0.0013 0.00374 - 0.00696 0.0115
San Onofre 2-3 0.0144 0.518 0.796 1.02 0.0248 8.73 0.0309 0.810 0.00051 0.400 0.00303 0.403 0.211
Sequoyah 1-2 . 0.00106 0.0607 2.71 0.0022 0.00296 - 9.07 - 0.0170 0.0122 . 0.00013 -
South Texas | 0.00157 0.718 0.122 - - - 5.37 0.0414 0123 - - - - 0.134 0.137
St. Lucie 1 0.00455 0.655 0.0481 1.22 - 0.00018 227 0.00121 1.82 - - 0.0303 - 0.275 0.144
St. Lucie 2 0.00455 0.65> 0.0481 1.22 - 000018 227 000121 1.82 . - 0.00099 - 0.275 0.142
Summer | 0.00984 1.02 0.636 2.26 - 0.0332 8.66 0.0677 2.65 0.0240 - - - 0.315 0.315
Surry 1.2 0.0246 5.96 0.411 10.5 - 0.0259 125 0.245 16.4 0.00329 - - 0.00022 0.448 0.229
Three Mile Island 1 - 0.0714 0.00287 0.282 . 0.847 0.00065 0.0231 - 0.00083 0.00013 . 0.0111 0.00422
Thiee Mile Istand 2 . . . . B - . . . - . 0.0224 . -
Trojan - 0.755 0.0470 2.78 - 0.00186 0.936 0.0250 1.30 - 0.0814 0.0140 - 0.223 0.121
Turkey Point 3 0.00092 0.289 0.555 1.72 - 0.00012 0.966 0.0186 6.81 0.00063 0.00722 0.00194 - 0.00825 0.0023
Turkey Point 4 0.00092 0.289 0.555 1.72 - 0.00012 0.966 0.0186 6.81 0.00063 0.00722 0.00194 - 0.00825 0.0023
Vogtle | 0.144 9.69 1.75 729 - 0.0836 35.1 1.18 1.92 00522 - . - 1.1 0.736
Waterford 3 0.0522 2.38 0278 4.70 - 0.0266 18.9 0.303 1.47 0.00622 0.0163 0.00042 0.0121 1.03 0.599
Walf Creek 1 0.00016 0.729 0.448 2.83 - 0.0261 5.44 0.322 234 0.0128 0.103 0.00117 0.00647 0.196 0.0681
Yankee Rowe 1 - 0.0374 0.00307 0.151 - - 0.00433 0.00869 0.00544 0.00932 0.0295 0.0131 - 0.00374 0.00374
Zion 1-2 0.0966 9.81 0.659 272 - 0.0659 47.0 1.06 29.7 - - - - 1.74 1.10
Total release (GBq) 483 115 78.7 232 0.12 2.27 1110 9.36 315 0.68 4,10 0.67 227 235 13.9
Normalized activity 0.12 2.8 1.9 5.6 0.0029 0.054 26.7 0.22 1.6 0.016 0.099 0.016 0.055 0.56 0.33

(GBq (GW a)')
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Table 37 (continued)

PART C

Release (GBq)

[GBq (GW a)")

Reactor 134c 134, D3, 136, 1 18, 139g,, 140g, 140, , Miq, 193¢, 144¢, 187y 295,
Big Rock Paimt 0.145 0.0102 1.37 - - . - - - - . .
Browns Ferry 1-3 1.36 - - - 3.59 - - - . - - - - -
Brunswick 1-2 1.27 0.00126 0.107 0.0105 4.48 0.0025 0.0025 - - 0.0318 0.00825 0.294
Qlinton | - - - - - - - - - -
Cooper 5.96 - - 0.0074 10.2 - - 0.0777 0.0825 - - - - .
Dresden 1-3 - - - 0.592 0.0125 - 0.00004 - . . .
Duane Arnold . - . . . . - - - - - .
Edwin I. Haiwch 1-2 9.88 0.253 0.134 0.116 149 0.0107 0.0134 0.0131 0.00603 0.00364 0.0094 0.252
Fermi 2 . - - - - - . - - - 0.0662 - -
Grand Guif | 00147 0.0007 0.0138 0.00056 . 0.00079 - - 0.00396 -
Hope Creck 1 - - 0.00005 0.00304 0.00045 0.00013 - 0.00163
Humboldt Bay 3 0.00081 - 0.240 - - .
James AL Fizpatrick 0.171 0.0022 0.418 . . . . 0.0124
Lacrosse 0.0566 - . 2.52 . . - - - - 0.00463
Lasalle 1-2 0.68) 0.0722 1.82 0.0777 0.00017 0.00017 0.0281 - - .
Limerick 1 . . . - . - - B . -
Millstone 1 0.0426 - 285 - - - - 0.00025 -
Monticdlo - - - . - - . - - - - . .
Nine Mile Point 1 - - - . - - - - - - - - - -
Nine Mile Point 2 - - - . - . - - - - - 0.0074 -
Oyster Creek 1 0.0140 - - - 0.147 - - - 0.0244 - - - - -
Peach Bottom 2-3 1.62 - - - 281 . - - - - - - -
Penty 1 - - - - 0.00411 - - - 0.0204 - - - - .
Pilgim 1 0.0140 - - - 0.588 - - - - B - . . .
Quad-Cities 1-2 0.00677 - - - 0.348 - - - 0.0018 - - - . .
River Bend 1 - - - - . . - - - - - 0.00625 0.0114 -
Susquchanna 1-2 0.015$ - - 0.0148 - - - - . - - - .
Vermont Yankee - - - - - - - - - - . - -
WNP-2 0.0107 N - - 0.0138 . - - - - - . . .
Total release (GBq) 213 0.254 0.254 0.206 49.0 0.101 0.0164 0.093 0.138 0.033 0.00013 0.119 0.0310 0.560
Normalized activity 1.3 0.015 0.018 0.012 29 0.0061 0.00098 0.0056 0.0082 0.0020 0.00001 0.0071 0.0019 0.034

A dash indicates no value reported.
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Tablc 38

Average releases of rudionuclides from reuctors per unit electrical energy generuted

Normalized release {Thy (GW :.)'l}
Years
PWRs HBWRs GCRs 1IWRs LWGRs FHhRs Towal *
Notile gases
1970-1974 530 43000 580 4800 s000 b 150 8 13000
1975-1979 430 8500 3700 460 s0m0 & 150 & 3300
1980-1984 220 2200 2300 210 5500 150 ® 1200
1985-1989 81 290 2100 190 2000 150 330
Tritium
1970-1974 5.4 1.8 9.9 680 268 96 b 48
1975-1979 1.8 3.4 76 540 2% ¢ 9 b 38
1980-1984 5.9 3.4 5.4 670 2% 96 ® a4
1985-1989 28 25 9.0 480 b 9 30
Carbon-14
1970-1974 on?t 0.52% 0.22% 63°% 138 0.12° 0.71
1975-1979 0.22 0.52°¢ 0.22% 63°% 1.3% 0.12°% 0.70
1950-1984 0.35 0.33 0.35 % 6.3 1.3% 0.12% 0.75
1985-1989 0.12 0.45 0.54 48 13 0.12° 0.52
lodine-131
1970-1974 0.0033 0.15 0.0014 ® 0.0014 0.050 ¢ 0.0033 ® 0.047
1975-1979 0.0050 0.31 0.0014 ® 0.0031 0.080 ® 0.0050 ® 0.12
1980-1984 0.0018 0.0093 0.0014 0.0002 0.080 0.0018 ® 0.0089
1985-1989 0.0009 0.0018 0.0014 0.0002 0.014 0.0009 ® 0.0018
Particulutes
19701974 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 0.0040
Tritium (liguid)
1970-1974 1 kXY 9.9 150 ne 29 19
1975.1979 38 14 25 350 ne 29¢% 42
1980-1984 27 2 9% 290 nt 29b 38
1985-1989 28 0.79 120 370 nt 29 41
Other (liquid)
1970-1974 020° 20°¢ 5S¢ 0.60 0.20° 020 21
1975-1979 0.18 0.29 4K 04 0.18 % 0.18% 0.70
1980-1984 0.13 0.12 45 0.026 013 0.13% 0.38
1985-1989 0.045 0.036 0.96 0.030 0.045 % 0.028 0.079

3

Weighted by the fraction of energy generaled by the reactor types.

Estimated value.

Dats available for one year only.
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Table 39
Electrical energy generated by nuclenr reactors worldwlide

Elecicical energy generated (GW a)

Year
PWRs BWKs GCHRs HIWhs LWGRs FHRs Toral
Befare 1970 5.53 3.18 18.92 0.41 0.74 0 28.8
1970 2.54 1.53 167 0.18 0.17 0 B.1
197 4.07 347 4.16 0.57 0.17 0.008 12,5
1972 5.52 5.30 S.18 0.85 0.17 0.006 17.0
1973 7.90 6.63 4.44 1.82 0.82 0.005 21.6
1974 12.12 8.20 5.28 2.02 .84 0.11 28.6
1975 20.34 10.16 S.19 1.93 1.49 0.15 39.3
1976 22,70 13.38 5.58 2,45 215 0.11 46.3
1977 29.84 14.14 5.88 21 279 0.036 55.4
1978 34.00 18.86 5.68 3.51 3.44 0.17 66.0
1979 33.37 20.89 579 4.60 4.74 02 69.6
1980 40,08 21.18 5.56 4.8) 4.74 0.55 76.9
1981 50.94 2293 5.38 5.19 6.03 0.58 91.0
1982 56.06 25.20 6.00 503 6.68 0.52 9.5
1983 63.92 26.04 6.48 6.52 8.94 0.54 1124
1984 26.80 31.27 7.00 1.29 8.87 0.61 1338
1985 94.82 37.76 2.46 8.29 11.41 0.67 160.4
1986 105.3 40.07 6.89 9.53 8.74 0.77 1713
1987 117.3 43.15 6.86 10.33 11.05 0.81 189.5
1988 128.6 4“2 793 10.77 11.93 0.67 204.1
1989 135.9 .23 8.13 10.33 11.99 0.81 2114
Total 1050 442 137 99.5 108 14 1844
Table 40
Estimaled rcleases of radionuclides from reactors worldwide
Release (THq)
Year
Noble 3 I 1 s Tritium Other
gases 17} C ! Particulates (liquid) (liquid)
Before 1970 160000 519 10.6 0.59 0.26 341 112
1970 72500 179 35 0.26 0.1 104 239
1971 161000 462 1.5 0.56 0.22 203 31.0
1972 244000 670 10.7 0.85 0.32 285 40.6
1973 312000 1360 188 Ll 0.42 490 40.5
1974 385000 1830 pagi] 1.36 0.56 587 493
19725 123000 1330 5.1 4.40 0.6] 1610 326
1976 157000 1650 315 57 0.79 1900 36.)
1977 172000 1880 36.2 6.19 0.86 2290 39.5
1978 218000 2540 47.2 8.20 .12 2830 413
1979 243000 3000 548 9.13 1.25 3110 429
1980 94200 3740 5497 0.60 1.18 3110 33.7
1981 107000 4100 68.] 0.79 1.32 3530 347
1982 118000 3030 0.7 0.88 1.46 3680 8.5
1983 135000 5160 86.3 1.08 1.56 4390 42.1
1984 151000 5780 98.] 1.18 1.86 5080 47.}
1985 59600 3700 868 0.32 0.68 6520 13.6
1986 54700 5330 4913 0.30 0.69 7150 13.5
1987 61300 5820 10 0.35 0n 7780 14.2
1988 66700 GORD a7 0.38 0.81 8360 159
1959 67800 5910 106 0.38 0.83 B410 16.4
Total release (TBg) 3160000 65800 1130 437 17.7 71700 759
Average naemahized release 1720 36 v62 0.024 0.010 39 0.41
[TBq (GW a))
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Table 41

Collective dose per unit release of radionuclides trom reactors

Iype of release

Radionuclide

Compusition for reaclor fype

Collective dose per wnit release
(man Sv f’Bq'l)

Airborne Noble gscs PWR o2t
BWR 0.26
GCR 0.011
Trtum 11
Carbon-14 1800 ¢
lodines ¢ PWR 310
BWR 520°
GCR sio®
Particulates 5400
Liquid Tritium 0.81
Other than Uitum PWR 208
BWR 170
GCR 40

N o8

a

Also assumed for LWGRs and FBRs.

Also assumed for

IIWRs.

Local and regional,
Expressed in terms of 'l releascd.

Table 42

Normalized collective elTective doses {rom radionuclides released from reactors, 1985-1989

- " . . . w ]
Elecirical Collective effective dose por unit elecirical encrgy generated [man Sv (GW o)™}
Reactor eneey Airhorne efflucnts Liguid effluonis
npe generated
(%) Noble gases ‘u Hee B3y Particulates ‘u Other
PWR 62.13 0.010 0.030 0.22 0.0003 0.011 0.020 0.0009
BWR 235 0.075 0.028 0.81 0.0009 0.049 0.0006 0.0061
GCR 3.98 0.0 0009 0.97 0.0007 0.0038 0.097 0.038
HWR 5.26 [FAR) 53 8.6 0.0001 0.0011 0.30 0.0006
LWGR 5.86 .22 0 R 0.0069 0.065 0.0089 0.0009
FBR 0.40 0.018 11 0.22 0.0005 0.0010 0.0023 0.0006
Weighted average .039 0.3 0.9 0.0008 0.022 0.033 0.004
Total 1.4

a

Local and regional compunenis only.
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Tuble 43

Collective effective dose from radionuclides relensed Irom reactors worldwide

Collective effective dvse (man Sy)
Year
Noble BN 4 1) sarticudates Tritium Other
gases Tritium C 1 Particulares (iguid) (liquid) Total
Beforc 1970 38 517 19 0.30 14 0.28 53 70
1970 18 20 6.3 0.13 0.61 0.08 13 28
1971 41 5.1 13 0.29 1.2 0.16 21 63
1972 62 7.4 19 0.44 1.7 0.23 30 94
1973 78 15 34 0.57 23 0.40 33 133
1974 96 17 40 0.70 3.0 0.48 4.0 161
1975 5 15 45 23 33 1.3 1.6 94
1976 33 18 57 0 4.3 L5 1.8 119
1977 36 21 65 3.2 4.6 1.9 20 133
1978 47 28 85 4.2 6.1 23 22 175
1979 S3 33 9 4.7 6.7 25 23 201
1980 16 41 107 0.32 6.4 2.5 L5 176
1981 18 45 123 0.39 2 2.8 1.6 198
1982 20 44 127 0.43 1.9 30 1.7 205
1983 2 57 155 0.53 8.5 3.6 1.9 249
1984 2% 64 177 0.57 10 4.1 21 283
1985 6.9 52 156 0.15 37 53 0.62 2s
1986 6.6 59 164 0.14 37 58 0.62 240
1987 215 64 182 0.16 4.1 6.3 0.65 264
1988 79 67 192 0.17 4.4 6.8 0.71 279
1989 8.0 65 190 0.17 4.5 6.8 0.72 215
Total 668 724 2085 23 9s 58 4] 3665
Table 44
Fuel reprocessing capacities in 1989
(18]
Keprocessing capacity (1 al)
Fuel reprocessing plant
Metal Oxide FBR
France
Marcoule UP§ (GCR fuel) 600
Cap de La Hague UP2 (LWR fuel) 400
Marcoule APM 5
Germany, Federal Republic of
Karlssuhe 35
Japan
Tokai-Mura 210
India
Tarapur (HWR and LWR fuel) 100
Trombay {Rescach reactor fuel) 50
USSR
Kyshtym 400
United Kingdom
Sellafield (Magnox reactor fuel) 1500
Dounrecay 1
Total 2150 1145 6
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Table 45
Munagement strutegles for spent fuel @
[18]
Indicative amounis of spent fuel generated in 1990 (1 a”’)
T N I L
Meial Oxide b Metal Oxide b

Argentina € X x 170 170
Belgium x 170 170
Brazil x 9
Bulgaria X 57 57
Canada ¢ X 2500
China X
Czechoslovakia X 10 10
Finland X X 8 8
France X 150 1200 150 1200
Germany X x 670 670
Hungary X 54 4
India ¢ x 200 200
Japan X 33 1000 33 1000
Mexico X 24
Nethertands x 14 14
Pakistan © x 23
Republic of Korea ¢ x 300
South Africa X 36
Spain x 230
Sweden x X 340
Switzerland x 100 100
USSR x 420 420
United Kingdom x 1300 140 1300 140
United States x 2900
Yugoslavia X 19

Total {rounded) 1500 11000 1500 4900

: Based on energy peneraled in 1990 and the data in Table 16.

LWR oxide fuel unless otherwise indicated.

-

a

HTWR fucl.

In the casc of India, about 190 t, in the case of the Republic of Korea, about 100 t1s HIWR fucl.




Table 46

Radionuclides released In efMuents from fuel reprocessing plants, 1985-1989

[B13, C17, N7, N13, S3, S9]

Electrical Release (TBy)
Reprocessing plant Year g:::flved Airborne effluents Liquid effluents
{GW) J’{ llC JSK, IN, lJl, IJ7C’ Jll Ilc oos, lOdRu 129, IJ7CJ
France 19RS 6.11 32 70300 2600 0.7 76 LEN] 0.13 29
Cap de La Hague 1986 2.52 6 29000 2300 0.7 78 470 0.13 29
1987 3.04 15 35000 3000 65 76
1988 235 21 27000 2500 48 85
19RQ 3.65 25 42000 3700 41 13
United Kingdom 198§ 1.70 268 7.0 23800 0.007 0.002 0.002 1062 13 52 81 <0.] 325
Sellaficld 1986 381 171 5.4 53300 0.03 0.003 0.007 2150 2.6 18.3 28 0.12 17.9
1987 2.43 78.3 9.5 34000 0.019 0.004 0.004 1375 21 15.0 221 0.1 11.8
1988 2.84 185.6 3.6 39800 0.024 0.002 0.005 1724 3.0 10.1 23.6 0.13 13.3
1989 3.69 677 39 51700 0.024 0.002 0.004 2144 2.0 9.2 25.0 0.17 28.6
Japan 1985 1.2 28 10000 0.0010 e 260 0.000002 : : 0.00008
Tokai-Mura 1986 1.2 27 13000 0.0023 : 240 0.000025 . . 0.00017
1987 0.93 a7 12000 0.00014 B 260 0.000009 B A 0.00015
1988 0.17 25 2700 0.00009 B 74 ¢ a a 0.00009
a
1989 11 37 9800 0.00024 240 0.00004
Total reiease (TBq) 1494 29.4 453400 0.108 0.013 0.022 23630 124 412.6 1090 0.880 483.7
Blectrical energy generated (GW a) 36.74 14.47 36.74 19.07 19.07 14.47 36.74 23.1 36.74 21.70 21.70 36.74
Normalized relcase {TBq (GW a)"] 41 2.0 12300 0.0057 0.0007 0.0015 643 0.54 11 39 0.032 13

Less than detection limit.
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Table 47
Normalized releases of radionuclides from fucel reprocessing plants

Normalized release [Thq (GW a)l] *
Years Airborne effluents

J” “C "5A'.r 120, IJI, 117(::
1970-197% 88 1.8 14200 0.002 0.098 011
1980-1984 52 34 12700 0.004 0.019 0.038
1985-1989 41 2.0 12300 0.006 0.0007 0.002

Liquid efflucnts

J” ”C 90& ’“Ru 1291 '"C.r
1976-1979 400 0.54 % 140 340 0.046 1000
1980-1984 405 054 ° 43 120 0.040 270
1985-1989 643 0.54 1n 39 0.032 13

b

Normalization is for eacrgy equivalent of fuel reprocessed.
Estimated value.




Table 48

Estimated releases of radionuclides from fuel reprocessing plants worldwide

Fuel Release in airborne effluents (TBqg) Release in liquid effluents (TBq)
Year reprocessed
(GW a) JH llC GSKr 129, IJI, l'”CJ JH IIC 90& IOGR“ 1291 I'"CJ
Before 1970 22 198 4.0 32000 0.004 0.22 0.25 898 1.2 306 753 0.10 2250
1970 0.6 56 1.1 8990 0.001 0.06 0.07 252 0.34 86 212 0.03 633
197 1.0 86 1.7 13800 0.002 0.10 0.11 389 0.52 133 326 0.04 975
1972 13 117 2.3 18900 0.002 0.13 0.15 530 071 181 444 0.06 1330
1973 1.7 149 30 2400 0.003 0.17 0.19 674 0.90 230 565 0.08 1690
1974 22 197 39 31800 0.004 0.22 0.25 891 1.2 304 147 0.10 2240
1975 48 447 R.S 68000 0.008 0.47 0.53 1810 2.6 541 1590 0.22 5260
1976 4.0 436 7.1 57000 0.007 0.40 0.45 1460 22 421 1320 0.18 4320
1977 39 m 10 SRB00 0.007 0.39 0.44 1250 2.1 500 1360 0.18 4530
1978 4.0 227 7.1 56800 0.007 0.39 0.44 1810 22 3 1610 0.18 4130
1979 48 an 84 68100 0.008 0.47 0.53 1840 2.6 367 1140 0.22 2620
1980 5.5 265 19 68900 0.03 0,10 0.21 1980 2.9 381 727 0.22 3000
1981 74 473 25 95600 0.02 0.14 0.28 2810 4.0 304 861 0.29 2400
1982 8.2 370 28 103600 0.03 0.16 031 2760 4.4 405 890 0.33 2050
1983 1.5 278 25 93800 0.03 0.14 0.28 3000 4.0 346 890 0.30 120
1984 3.1 358 17 65400 0.04 0.10 0.19 3080 2.7 182 699 0.20 464
1985 9.0 303 18 104100 0.05 0.006 0.014 3920 4.8 128 521 0.23 354
1986 1.5 180 15 95300 0.04 0.005 0.011 4690 4.0 96 498 0.25 47
1987 6.4 97 13 81000 0.04 0.004 0.010 4640 34 80 252 0.20 19
1988 5.4 209 11 68700 0.03 0.004 0.008 4300 29 58 211 0.17 22
1989 8.4 706 17 103500 0.05 0.004 0.013 6080 45 50 332 0.27 42
Total 101 5890 243 1318000 0.41 37 4.7 49100 54 5840 15900 39 39600
Average normalized release
for fuel reprocessed 58 2.4 13000 0.0040 0.036 0.047 490 054 58 160 0.038 3%
[TBq (GW a)']
Average normalized release .
for encrgy generated 32 0.13 720 0.0002 0.002 0.003 27 0.029 32 8.6 0.002 21
[TBq (GW a)"!]

961
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Table 49
Normalized local and regional collective effective dose from fucl reprocessing, 1985-1989

Radio- Normalized release * Collective dase Normalized collective dose [man Sv (GW a)!}
nuclide per unii release
[TBg (GW a)!} (man Sy TBq") For fuel reprocessed For energy generated *
Airborne efMuents
H-3 41 0.0027 0.11 0.004
C-14 2.0 0.4 0.81 0.033
Kr-85 12300 0.0000074 0.091 0.004
1-129 0.0057 44 0.25 0.010
1-131 0.0007 04 0.0003 0.00001
Cs-137 0.0015 1 0.017 0.0007
Total 0.05
Liquid efMuents
H-3 643 0.0000013 0.0012 0.00005
C-14 0.54 0.4 0.21 0.009
Sr-90 il 0.012 0.13 0.005
Ru-106 39 0.07 28 0.1
1-129 0.032 - - .
Cs-137 13 0.08 L1 0.042
Toral 0.17

Normalized for the energy equivalent of fuel reprocessed.
The fraction of fuel reprocessed during 1985-1989 was 0.04.




Table 50
Fstimated local and regional collective dose from radionuclides released from fuel reprocessing plants worldwide

861

LYOJHY €661 YVIOSNN

Collective effective dose (man Sv)
Year Airborne Liquid
3" e 63'\-’ 129, IJII LVCI Jl’ IJC 90& lOﬂRu 29] lJ?CS
Before 1970 0.5 1.6 0.24 0.17 0.088 27 0.002 0.5 37 53 0 180
1970 0.2 04 0.07 0.05 0.025 0.8 0.0005 0.1 1.0 15 0 51
1971 0.2 0.7 0.10 0.07 0.038 1.2 0.0007 0.2 1.6 23 0 78
1972 0.3 0.9 0.14 0.10 0.052 1.6 0.001 0.3 2.2 31 0 106
1973 04 1.2 118 0.13 0.066 2.1 0.001 0.4 28 40 0 135
1974 0.5 1.6 0.23 0.17 0.088 27 0.002 0.5 3.6 52 0 1M
1975 1.2 A4 0.50 0.36 0.19 59 0,003 1.0 6.5 111 0 421
1976 1.2 2.9 042 0.30 0.16 4.9 0.003 0.9 5.1 92 0 346
1977 08 28 0.44 0.30 0.15 48 0.002 0.8 6.0 95 0 362
1978 0.6 2.8 0.42 0,30 0.16 4.9 0.003 0.9 8.8 113 0 330
1979 1.1 34 0.50 0.36 0.19 58 0.003 1.0 4.4 80 0 210
1980 0.7 74 0.51 1.47 0.042 23 0.004 1.2 4.6 51 0 240
1981 13 10.1 0.71 0.93 0.056 3.1 0.005 1.6 36 60 0 192
1982 1.0 111 0.77 1.16 0.062 3.4 0.005 18 4.9 62 0 164
1983 0.7 10.1 0.69 1.31 0.057 3.1 0.005 1.6 4.1 62 0 98
1984 1.0 7.0 0.48 1.63 0.039 2.1 0.006 1.1 22 49 0 37
1985 08 73 0.77 2.24 0.002 0.2 0.007 1.9 1.5 36 0 28
1986 0.5 6.1 0.71 1.87 0.002 0.1 0.008 1.6 1.2 35 0 38
1987 03 52 0.60 1.59 0.002 0.1 0.008 1.4 1.0 18 0 1.6
1988 0.6 4.4 0.51 1.33 0.001 0.1 0.008 1.2 0.7 15 0 1.7
1989 1.9 6.9 0.77 210 0.002 0.1 0.011 1.8 0.6 23 0 33
Total 16 97 9.8 18 1.5 52 0.09 22 70 1110 0 3200
Total 4600
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Table §1

Normulized colleciive effective dose from globally dispersed radionuclides
for a time period of 10,000 ycars

Radi Normalized activity released {TBy (GW a)"] Collective dose per Normalized
l:': unit release collective dase
puclide Reaciors © Reprocessing planis b Total © (man Sv TBq”) [manr Sv (GW a)'I]
13 7 654 ¢ 98 0.0012 °/ 0.09
C-14 0.52 254 0.62 85 ¢ 53
Kr-85 12300 490 0.0002 0.1
1-129 0.038 0.0015 48 0.006
Total 53
?  Normalization for total energy gencrated.
b Normalization for fuel reprocessed.
¢ Normalizalion for 1otal encrgy generated; the contribution from reprocessing plants is weighted according 10 the fraction of fuel reprocessed (0.04).
4 Release to sea: 643 TBq (GW a)'!; remainder released 1o air.
¢ For release to air or fresh water; less by a factor of 10 for release to sea.
! For world population of § 107 at time of release.
& For world population of 10'C.
Table 52

10,000 years

Estimated releases of globaily dispersed radionuclides and collective effective dose for a time period of

Release (TBg)
Year
I M ‘!SKJ’ 1291
Before 1970 1960 158 32000 0.11
1970 592 5.0 8990 0.030
197 1140 9.7 13800 0.046
1972 1600 13.8 18900 0.063
1973 2670 o X 24000 0.080
1974 3210 271 31800 0.11
1975 5200 36.2 68000 0.2
1976 5460 40.8 57000 0.19
1977 5720 453 58800 0.19
1978 74¢0 56.4 56800 0.19
1979 8370 65.8 68100 0.3
1980 9050 81.2 68900 0.25
1981 10990 97.3 95600 0.32
1982 10900 103 103600 0.35
1983 12800 116 93800 0.33
1984 14300 118 65400 0.24
1985 15500 110 104100 0.28
1986 17400 11 95300 0.29
1987 18300 117 81000 0.23
1988 19000 120 68700 0.20
1989 21120 17 103500 0.32
Total release (TBq) 193000 1440 1318000 43
Dcse commitment per unit release (nGy TBq'™!) 0.0007 * 8.5 0.000043 04
Population b 101 b 10'0
Collective effecuve dose {man Sv) 180 22000 260 17
Totai collective effective dose (man Sv) 123000

2

Release 1o stmosphete or fresh water; factor of 10 Jess for 1clease 10 sea surface.

5 Global populstion in year of release (19703.7 109, 1975 4.1 10°, 1980 4,5 10°, 1985 4.9 ]00. 1989 5.2 IOQ): assuming 3.6 10° persons [or releases before 1970.
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Tuble 53

nuclear fuel cycle

Normalized collective clfective dose to members of the public from rudionuclides released in eMuents from the

Sowrce

Normalized collective
effeciive dose
[man Sv (GW o)’}

tuscul und regiunal component

Mining 1.}
Milling 0.05
Mine and mill tailings (relcases over § years) 0.3
Fucel {abrcation 0.003
Reactor operation

Aimosphernic 13

Aquatic 0.04
Reprocessing

Atmospheric 0.05

Aqualic 0.2
Transportation 0.1

Total (rounded) 3
Solid wuste disposal and global commpunent

Mine and mill tailings (reeases of tadon over 10.000 ycars) 150
Reactor operation

Low-level waste disposal 0.00005

Intermediate-level wasie disposal 0.5
Reprocessing solid waste disposal 0.05
Globally dispersed radionuclides (truncuted to 10,000 years) 50

Total (roundcd)

200
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Tuble 54
Unscaled radioisotopes vsed in Japan in 1989
(2]
Quantities of radivisotopes used (GHy)
Radio-
nuclide Hospitals Educational Research Indusiry Toral
and clinics organizations institutions and other
-3 25 334 1168 123 1650
C-14 13 16 469 118 616
p-32 24 407 543 2 95
S-35 10 111 134 8 263
Ca-45 2 11 6 1 20
Cr-51 25 114 M 8 236
Fe-59 6 0.7 1 0.3 8
Ga67 16660 0.6 0.2 1.2 16660
Se-75 10 (0.05) (0.1) - 10
Kr8lm * 813 . - - 813
K:-85 - . 14 20z 216
Te-99m © 163200 22 12 265 163500
Te-%9m 63770 1 (0.4) EA 63840
In-111 344 0.2) (0.07) (0.07) 344
1-123 8353 4 (0.5) 2 8359
1-125 273 133 174 149 729
1-131 3964 12 32 3 4011
Xc-133 32060 kX 3 3 32100
Pm-147 . - . 75850 75850
T-201 15200 (0.4) 1 2 15200
Generator.

b Solution.

Table 55
Production and dose estimates for radioisotopes used in medical, educational and industrial applications

Radio- Annual normalized Annual global production b Collective dose caq]’ﬁcicnl Annual collective effective
nuclide produciion ® aud releuse {man Sv PHq™) dose
(G8q per 1 population) (P8q) (man Sv)
H-3 80 0.13 11 1.4
C-14 30 0.0s 1800 © 86 ¢
K85 10 0.02 0.18 0.004
[-123 400 0.7 0.022 0.01
1-125 40 0.06 120 7
I-131 200 0.3 30 9
Xe-133 1600 26 0.14 0.4
Total 100

b

Developed countnies only.

Equivalent to 1.6 10° population (1.2 10° mcs 1005 usige in developed countries plus 3.7 10° nmes 10% usage in developing countries),
Local and regional (short-term) dose. Long-term coticcure dose coetficient s 85,000 man Sv PB::.]'l and annual colleclive effective dosc 1s 4,000 man Sv.




202

UNSCEAR 1993 REPORT

Table 56

Callective effective dose from the Kyshiym accident

Number of ”'P,gs,'"f'" dzr.unry Average cffective dose (mSv) Collective dose
individuals of "3 in regions (man $1)
(kitg m'? External Total
Evacuated populution
1150 ° 20000 170 520 600
0% 2400 140 440 120
2000 ¥ 670 39 120 240
4200 ¢ 330 19 56 235
3100 ¢ 120 6.8 23 7
Total 1300
Non-evacuuted populution
10000 40-70 20 200
250000 4-40 4 1000
Total 1200
°  Evacualed 7-10 days after the accident.
& Evacuated 250 days after the accident.
¢ Evacuated 350 days after the accident.
¢ Evacuated 670 days after the accident.
Table 57

Estimutes of collective effective dose from re-entry to the atmosphere and burn-up of the Cosmos 954 satcllite

Core inventory Transfer Deposition * b Transfer Dase Collective
R X al re-entry coefficient cocfficient commiiment ective
Radionuclide 1767 °;{£ p Py € ‘L‘ V
T8q) (Bq m per EBg) (Bq m'3} (nSv per Hq m’z) (nSv) (man Sv)
Sr-90 31 5300 0.012 56.6 0.70 20
Zs-95 310 270 0.063 3.78 0.2¢4 0.62
Nb-95 220 270 0.045 1.02 0.045 0.12
Ru-103 120 120 0.011 0.75 0.008 0.02
Ru-106 5.4 2000 0.008 4.6 0.04 0.10
1131 180 29 0.005 4.5 0.02 0.06
Cs-137 12 5400 0.017 143 25 71
Ba-140 400 3 0.009 1.13 0.01 0.03
Ce-141 230 83 0.021 0.12 0.002 0.01
Ce-144 93 1600 0.1 1.8 0.20 0.52
Pu.239 0.27 5400 0.00] 848 0.93 5.7
Total 16

L

o

For temperate lstitudes of the northern hemisphere.
Assuming 100% of 131 2nd V7G5 and 75% of other radsonuclides in core inventory at the time of re-entry were released to the atmosphere.
From Table 8, all pathways combined.

Average value for temperale latitudes of northern hemisphere; divide by 1.5 10 obtain average for northern hemisphere; divide northern hemisphere average

value by 4 10 vbtain average value for southern hemisphere.

Assuming global popuiation of 4.3 10° distributed 89% 10 northern henusphere and 115 1n southern hemisphere; for 3%y, the global population is assumed

10 be 101
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Table 58
Estimates of radionuclide released and collective effective dose from man-made environmental sources of
rudiation

. . B
Release (PBg) Co”“m:,,znk;",; < dose
Sowrce
n o Noble g By wigs | kecaland Global
gases regional
Atmospheric nuclear testing
Global 240000 220 604 650000 910 22300000
Local
Semipalatinsk 4600
Nevada 500 %
Australia 700
Pacific test site 160 %
Underground nuclear testing 50 15 200
Nuclear weapons fabrication
Early practice
Hanford 8000 <
Chelyabinsk 15000 ¢
Later practice 1000 10000
30000 -
Nuciear power production
Milling and mining 2700
Reactor operation 140 11 200 0.04 3700
Fud reprocessing 57 0.3 1200 6.9 0.004 40 4600
Fud cycle 300000 ¢ 100000
Radioisotope production and use 2.6 1.0 52 6.0 2 80000
Accidents
Three Mile Isiand 370 0.0006 40
Chemobyl 630 70 600000
Kyshtym 5.4 0.04 2500
Windscale 1.2 0.7 0.02 2000
Palomares ’ 3
Thule 0
SNAP 9A 2100
Cosmos 954 0.003 0.2 0.003 2
Ciudad Juarez 150
Mchammedia 80
Goiania 0.05 60
Total 380000 23100000
Total collective effective dose (man Sv) 23500000

Truncated at 10,000 years.

External dose only.

From retease of 311 10 the atmosphete.

From reicases of radionuciides into the Techa River.
Long-tetm collective dose from release of 280 from tailings.

a n o o
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Figure 1.

Compartment model used to assess doses [rom releases
of radjoactive materials to the atmosphere from nuclear testing.
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Fission und fusion yiclds of atmospheric nuclear explosions.
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Figure III.
Transfer factor Pgz from production of rudionuclides in atmospheric nuclear testing
to deposition on the carth’s surface in the lemperate zone of the northern hemisphere.
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Figure IV.
Strontium-90 and caesiuvm-137 in the towl dict of Denmark
Points: measured values; lines: resulls of application of regression models
Lo the unnual deposition densities.
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Figure V.
Contributions to strontium-90 and caesium-137 in total diet per unit deposition density
derived from regression model results of measurements in Argentina, Denmark and the United States.
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Figure V1.
Environmental compartment model of the carbon cycle.
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Figure 1X,
Normalized release of radionuclides from PWRs in the United States during 1988,
averuged for reactors of the same age (slart-up year).
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Figure X.
‘Irends in releuse of noble gases in airborme effluents from reactors.
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Figure XI.
Trends in release of trittum in airborne effluents from reactors.
For LWGRs, only estimated average value is availuble.
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Figure XII,
Trends in release of carbon-14 in airborne cfMuents from reactors.
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Trends in release of iodine-131 in airborne efTlluents from reactors.
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Trends in release of tritium In liquid efMuents from reactors.
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Figure XVIIL
Normalized release of radionuclides averaged over [live-year periods for all reactors.
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Figure XVIIL
Locul and regional collective effective dose from release of radionuclides from reactors.
The trend in the total electricsl encrgy generuled by nuclear means Is indicated
by the heavy line (numcrical values on lefl axis apply with units 0.1 GW a).
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