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INTRODUCTION 

1. Scvcral practiccs and activitics of man invol\ling 
Ihc production and use of radionuclidcs havc rcsul~cd 
in rclcascs of radioac~ivc matcrials to tllc cnvironnicnt. 
Somc of thcsc activities havc ccascd, such as tcsting 
of riuclear weapons in the atmosphcrc, and son~c  arc 
continuing, such as clcctrical cncrgy gcncration by 
nuclcar rcactors and radicisotopc production and 
usagc. In carrying out thcsc ac~ivitics, scvcral 
accidents havc occurrcd at riuclcar i~lstallations and 
wastc storage sites and in Ihc transport of wcapons or 
nuclcar matcrials, causing in sonic cascs significant 
contamination of the local environnirnt. The purpose 
of this Anncx is to cvaluatc and comparc the 
collcctivc doscs to the local and global populatioris 
from thcsc various man-made sources of radiation 
cxposurcs. 

3. Most of thesc subjects have hccn dcalt with in 
dic past hy thc Committee in scparatc asscssmcnts. 
Ataiosphcric nuclcar testing and ~~uc lca r  powcr 
production. in particular, havc bccn cxtcnsivcly 
analyscd. In this Anncx, the evaluation procedures arc 
summarizcd, and the dose calculations arc cxtcndcd. 
For nuclcar powcr production, cstimatcs of avcrage 
rclcascs per unit clcctrical cricrgy gcncratcd arc 
conihincd witti data on energy gcncratcd by a l l  

rcactors to cvaluatc thc total relcascs of radionuclidcs 
worldwide and the collec~ivc dose frorn t11c bcginning 
of this practice. For Lhc first timc since thc Comniit~cc 
began its assessments of cxposurcs from nuclcar 
powcr production, there is complete reporting of 
radionuclidcs rclcascd from all rcactors in operation in 
all countries for the latcst cvaluation pcriod. Thc 
Committcc acknowlcdgcs the cooperation of a grcat 
many scicntisls and oflicials who havc niadc thcsc 
data available for this cvaluation. 

3. A number of sources cannot bc so systc~iiatically 
cvaluatcd. Thcsc include rclcascs from thc usc of 
radioisotol)~~ in industrics or hospitals, i n  which only 
trace costamination arid very low doscs rcsult, and in 
the military fucl cyclc, for which data havc bccn 
rcstrictcd arid the dose evaluations havc thercforc 
rcmaincd incomplete and uncerlain. In this Anncx thc 
Committcc considers thcsc various sourccs to thc 
cxtcnt possiblc to providc a coniprchcnsivc asscssnicnt 
of cxposurcs from man-made sourccs. 

4. Exposures from accidcnls of cnvironmcntal 
significance are sumrnarizcd hcrc. Most of thc doscs 
resulting frorn thcse sources wcrc cvaluatcd in dclail 
at the tinic of occurrcncc, in particular dlc doscs 
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throughout thc northcrl~ hc~nispl~crc from thc Cllcrno- 
by1 accident, prcscntcd in thc UNSCEAR 1988 Rcport 
(UlJ .  Howcvcr, furdlcr data arc hcco~uing available on 
somc accidcr~ls that occurrcd many ycars ago, whcn 
tllc full disclosure of details was not possible. This 
information is considcrcd here to providc indic a t' lons 

a 1011s of the population doscs tl~at wcrc rcccivcd. Evalu t '  
of doscs lo populations living near nuclcar tcst sitcs 

havc bccn undcrtakcn. and sonlc dosc cstimatcs havc 
bccn providcd in published rcporLs. Thcsc rcsults arc 
also includcd ir~ this Anncx. For thc various sourccs, 
the collcctivc doscs cvaluatcd arc lhosc committed by 
thc spccific rclcascs. If lcss than thc complctc dosc 
commitments have bccn cvaluatcd, the integration 
times arc spccificd in the discussions for cacl~ typc of 
source. 

I. ATMOSPI-IERIC NUCLEAR TESTING 

5. A very important conccrn of the Conllnittcc 
sincc its inccption has bccn to cvaluate the cxposurcs 
causcd by nuclear explosions in the atmosphcrc. The 
first atmosphcric nuclcar explosions took placc in 
1945. Subscqucnt testing of nuclcar weapons in tltc 
atmosphcrc occurrcd until 1980, with periods of 
intensive testing in the years 1952-1954, 1957-1958 
and 1961-1962. A limitcd nuclcar tcst ban trcaty 
preaty Banning Nuclear Wcapon Tests in the 
Atmosphcrc, in Outcr Space and Under the Water) 
was signed in August 1963, and much less frequent 
tcsting in the atmosphcrc occurrcd subsequently. 

6. Exposures from nuclcar wcapons tests in the 
atmosphere have been rcvicwcd by the Committee in 
all its previous reports until the cessation of the 
practice [U3-UlO]. As there havc bccn no tests in the 
atmosphcrc since October 1980, thc most recent 
analysis prcparcd by thc Committee, in thc UNSCEAR 
1982 Rcport [U3], rcniains complctc and valid. Thcsc 
rcsults and the gcncrally applicable mcthodologics of 
exposure assessment arc summarized here. 

7. Thc basic quantity of radiation dose evaluations 
for radionuclidcs rclcascd to thc cnvironmcnt is the 
dose commitment. Dosc commitnicnts are calculatcd 
from the input of radionuclides into thc cnvironmcnt, 
using transfer cocfficicnts relating appropriate 
time-integratcd quantities in cnviro~~nicntal  
compartments and in man. Schematic reprcscntation of 
the methodology uscd by the Committee for evaluating 
cxposurcs from radionuclidcs rclcased in nuclcar 
testing is illustrated in Figurc I. Transfer cocfficicnls 
are used to rclatc input, intcgratcd concentrations of 
radionuclidcs and dosc in successive cnvironn~cnlal 
comparlmcnt~. For example, thc transfcr coefficicnt 
from dict to tissue is the ratio of the intcgratcd 
concentration of the radionuclidc in tissuc to that in 
dict and is designated P34. Transfcrs linking input to 
dose are detcrmined by the sequential multiplication of 
transfcr cocfficicnts. Transfers by parallel pathways 
are assumcd to be indcpcndent and are thus additive. 

For thc transfers indicated in Figurc I, thc dose 
commitment for a spccific radionuclidc and a given 
tissuc, D,, duc to an cnvironmcntal input A,, into the 
atmosphcre is given by 

8. In this fonnula the transfcr coefficicnt Pol is thc 
integratcd concentration of a radionuclide in air at a 
specified locat-ion or averaged for a broader region, 
divided by the anlount released. The first term in the 
brackets relates thc subsequent transfcr to deposition, 
diet, tissue and dose via ingestion. The second tern1 
(P14 P45) is the transfer from h e  atmosphcre to tissue 
and dose via inhalation. The third tern1 (PIS) accounts 
for direct (cloud gamma) irradiation from the radio- 
nuclidc in air. Thc fourh term is the component of 
cxtcn~al irradiation from radionuclides dcpositcd on 
the ground. Some minor pathways (e.g., resuspcnsion) 
havc not been indicated in Figure I, but thcsc are 
taken into account in determining thc inlegrated 
conccntrations in the compartments. To &is extent, the 
model indicatcs companmcnt interrelationships rathcr 
h a n  mechanical transfer pathways. Although thc tcr- 
minology was developed for evaluations of doses from 
radionuclidcs produced in atmosphcric nuclcar testing, 
the methodology is gcncrally applicable to any source 
of rclcase of radionuclidcs to the air or terrestrial 
environment 

A. ENVIRONMENTAL INI'UT 

9. A nuclcar device derives its explosive cncrgy, 
usually exprcsscd in kilotonncs or mcgatonrics of TNT 
cquivalcnt, from one or both of two nuclcar rocesscs: S fission of the hcavy nuclidcs x S ~  and 9 ~ u  in a 
chain reaction and fusion of the hydrogen isotopes 
deuterium and tritium in a thermonuclear process. 
Fission produces a whole spectrum of diffcrcnt 
radioactive nuclides, while fusion in principle crcatcs 



only tritium. Howcvcr, bccausc a thcrmonuclcar dcvicc 
needs high prcssurcs and tcnlpcralurcs to igliilc it, in 
practicc a fission dcvicc is nccdcd as a primary stage 
to providc thcsc conditions. Also in practicc, thc 
nuclcar rcactions do not procccd to ultimatc complc- 
tion, so  solnc rcsidual amounts of tritium will also 
rcrnain. Thus, thc explosion of a fusion chargc always 
i~nplics that at least some rcsidual radioactivc rnatcrial 
is rclcascd. Many thcmmonuclcar dcviccs also producc 
largc amounts of radioactivc dcbris in a sccond fission 
stagc, whcrc high cncrgy ncutrons froni thc fusion 
rcactions arc utilizcd to split tlic atoms of a ' 3 8 ~  

blarlkct In some fission chargcs a small thcnnonuclcar 
stagc is uscd primarily to make ncutrons and boost the 
utilization of the fissilc rnatcrial. 

10. Thc cxact composition of products of thc fission 
proccss dcpcnds on thc mixture of fissioning nuclides 
( 2 3 5 ~ ,  2 3 9 ~ u  and u g ~ )  and on thc neutron cncrgics 
involvcd. Howcvcr, for thc purposc of cstimating dosc 
commitmcnts, it is sufficient to use avcrage production 
valucs pcr unit fission yicld. Thcsc are dominated by 
LIIC 2 3 8 ~  high-cncrgy neutron fission modc, as this 
typc of fission was thc predominant onc in past amo-  
sphcric testing. 

11. Neutron activation products are produccd in 
significant amounts in fusion cxplosions from - 

reactions of ncutrons with surrounding matcrials, such 
as nitrogcn in the air and thc construction matcrials of 
thc dcvicc. One vcry im ortant such product is 14c, 
which is made in the L N ( n , p ) t k  rcaction in the 
atmosphcrc. Thc fusion yiclds arc thus of interest for 
estimating doscs froni certain radionuclidcs. Fusion 
yiclds are also important, as thcy are the sccond part 

13. l'llcrc wcrc two 111;lin pcriods wllcn most of LIlc 
radioactivc dcbris produccd in nuclcar cxplosions was 
injcctcd illto thc at~nosphcrc, namcly 1952- 1958 and 
1961 -1962. About 42% of all fission yicld in thc 
atmospl~crc was cxplodcd in the fonilcr pcriod and 
47% in t l ~ c  I;~ttcr, adding up to 89% for tllc 11-ycar 
pcriod from 1952 Ihrough 1962. Thc corresponding 
nun~bcrs for fusion yicld are 25% and 72%, 
rcspcctivcly, giving a total of 97% for thc 1952-1962 
pcriod. Lcss than 0.5% of tllc total fission yicld and 
con~plctcly insignificant amounts of fusion yicld wcrc 
cxplodcd bcforc 1952, leaving 11% and 3%, 
rcspcctivcly, for thc pcriod sincc 1962. About 90% of 
thc fission yicld was duc to cxplosions in the northcrn 
hcmisphcrc. 

14. Thc tolal cxplosivc yicld from past atmospheric 
nuclcar wcapons tcsts amounts to 545 Mt, consisting 
of 217 MI from fission and 328 Mt from fusion. The 
contributions of local, tropospheric and stratospheric 
fallout to total fallout arc 12, 10 and 7 8 1 ,  
rcspcctivcly. Local fallout, which is looscly defined as 
that part of the dchris that dcposits on thc ground in 
the vicinity of thc tcst sitc, has not previously bccn 
considcrcd by the Committee in its dosc assessments 
bccausc nuclcar wcapons tests wcre conducted in 
isolatcd arcas. 

15. Thc major radionuclidcs produccd in ahospheric 
nuclear tcsting from the standpoint of doscs dclivcrcd 
are listcd in Table 1 ,  along with h e  basic data of 
radioactivc half-life, modc of decay, fission yield and 
amounts rclcascd into the atmosphcrc (local fallout 
excluded). 

of thc total yicld, which govcrns thc altitude to which 
thc nuclcar cloud rises and, as a rcsult, the tirnc dclay 
bcforc the dcbris rcachcs man. B. DEI'OSITS ON THE FXRTH'S SURFACE 

12. A total of 520 atmosphcric nuclcar cxplosions 
(including 8 undcrwatcr) havc occurred at a numbcr of 
locations [D2, D8, Zl]. Bascd on a survey of 
published cstimatcs of nuclear yiclds of diffcrcnt tcsts 
and mcasurcments ofdcposited amounts of radioaclivc 
niatcrials, Bcnnctt [BS] compilcd a list of individual 
yiclds of atmosphcric nuclcar cxplosior~s arld thc 
partitioning of dcbris bctwccn diffcrcnt parts of thc 
atmosphcrc. As accurate data on individual tcsk havc 
not gcncrally bccn availablc, this information is of 
course somewhat uncertain. Summcd yiclds during 
ccrlain pcriods of time, howcvcr, do agrcc with 
rcportcd total yicids for thesc tinlc intervals, and tlrc 
intcgratcd depositions of long-lived fission products 
are reasonably consistent with the cstimales. Thc 
estimates of fission, fusion and total yiclds exploded 
in the ahosphere for each year sincc 1945 arc 
illustrated in Figure 11. 

16. Thc Committee has traditionally estimated 
collcctivc cffcctivc doscs committed to t t~c populations 
of thc 40"-50" latitudc bands in ihc northcrn and 
southcm hcmisphcrcs (zoncs of maxinlum fallout), to 
thc population of thc wholc northcrn hcmisphcrc and 
Lhc wholc southcm hcmisphcrc, and to the entire 
world's population. Fission products, residual 
radionuclidcs of thc wcapons materials and activation 
products haw bccn considcrcd in the dosc asscssmcnt. 

17. Thc committed collcctivc cffcctivc dosc to thosc 
populations from past atmosphcric tcsting ariscs 
mainly fro111 cxtcmal irradiation Gom thc radionuclidcs 
deposited on the carh's  surface and intcrnal cxposurc 
from radionuclidcs incorporalcd into ingcstcd foods. 
Since the doscs from these pathways arc strongly 
related to tile amounts of radionuclidcs dcposilcd on 
the ground, the first step in the dosc asscssmcnt 
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! consists in cstimating thc dcpositiol~ dcnsitics in the 
latitudc bands col~sidcrcd for UIC radior~uclidcs of 
intcrcst. For this purposc, thc Committee has rclicd 
up011 extcnsivc rncasurcmcnts of S 9 ~ r  and "zr 
for t l~c  asscssmcnt of thc activities of all radionuclidcs 
prcscnt in thc cnvironmcnt in a solid forni. This is thc 
casc for all radior~uclidcs col~sidcrcd in this Section, 
with Ihc cxccption of 3~ and I4c. 

18. Thc dcposition of ? S r  has bccn monitored 
worldwide in a nctwork of bctwccn 50 and 200 sta- 
tions opcratcd by and in cooperation with thc Environ- 
nicntal Mcasurcmcnts Laboratory (EML), formcrly thc 
Hcalth and Safety Laboratory- (HASL) [H7]. - ~ h c  
global dcposition of % ~ r  has also bccn cstimatcd by 
others, such as the Unitcd Kingdom Atomic Energy 
Authority [C2], with a nctwork of 8 stations in the 
Unitcd Kingdom, and 18 stations clscwhcrc. When 
r c s u l ~  of these two nctworks arc comparcd, thc annual 
values are found to differ by up to SO%, but the 
intcgratcd and cumulative depositions agree to within 
2% [L2]. Because thc Unitcd Statcs nctwork has bccn 
the largest and most widcly distributed, UIC data 
collcc~ed by it have becn adopted by the Committee. 
The total hcmisphcric annual dcposition valucs arc 
calculatcd by averaging the dcposition dcnsity ovcr all 
collecting stations in cach 10" latitude band, 
multiplying by the arca of thc rcspcctivc band and 
thcn summing all ninc bands of thc hcn~isphcrc [L2]. 

19. Data on tbc time-integrated dcposition of g O ~ r  in 
cach 10' latitudc band of thc globc arc given in 
Table 2. Because the last atmosphcric nuclcar weapons 
tcst occurred in 1980, and dcposition of radioactivc 
acrosols takes placc within a fcw ears, it can bc 
considcrcd that the dcposition of 'Sr produced by 
past atmosphcric tcsts is essentially complctc. Also 
shown in Tablc 2 are the areas of t h ~  latitudc bands 
and thc population distribution in these rcgions. Thc 
latitudinal population distribution is uscd to calculate 
the population-weightcd deposition dcnsitics, wtiich 
are thcn uscd as thc basis for estimating thc pcr caput 
doscs and dose commitments Cram %r. Owin to i ~ s  
rathcr wcll-known geographical distribution, 'Sr is 
uscd as a fallout indicator for all long-lived radio- 
nuclidcs (dcfincd here as thosc radior~uclidcs with a 
radioactivc half-life greater than 100 days) frorn past 
nuclear tests; g O ~ r  dcposition valucs are thcrcfore the 
basic information for estimating dose commitnicn~s 
from a numbcr of radionuclidcs. For long-livcd 
nuclides that deposit ovcr scvcral ycars, thc mcthod of 
using %r as an indicator and applying a production 
ratio corrcctcd for decay can be cxpcctcd to yicld 
adequate estimates of dcposition dcnsitics. The unccr- 
tainlics atlachcd to the deposition estin~atcs i~rcrcasc as 
the physical half-life of the radionuclidc considcrcd 
decreases. 

20. Short-livcd radionuclidcs (in this col~tcxt, 
nuclides with h;~lf-lives from 8 to 100 days) show 
diffcrc~lt fallout pattcrns. These vary not only wid] thc 
I~alf-lifc of thc radionuclide but also w i u ~  its dccay 
chain and thc chcmical propcrtics of thc e l c n ~ c n ~ r  
involved, bccausc tt~cy dctcnninc thc typc of particles 
h a t  thc radionuclidc will tcnd to bc incorporated into 
and thus its subscqucnt dissclnination pattcrn. As thc 
dcposition of all short-livcd nuclidcs that might be of 
intcrcst was not lncasurcd globally during thc periods 
of atmos )lleric tcsling, a pattcrn drawn mainly fro111 
data on "Zr and 8 9 ~ r  has becn used to infer dcposi- 
tion of all short-lived radionuclides [U3, U4]. 

21. Thc population-wcightcd deposition dcnsitics of 
" ~ r  in past t a t s  arc given in the last column of 
Tablc 2. Zirconium-95 bas bcen chosen as the indi- 
cator for short-livcd nuclidcs bccause it is a compara- 
tivcly well-mapped radionuclide with a suitable half- 
life and it is conlmonly used in studies of fractionation 
(deviations of actual radionuclidc ratios in fallout 
comparcd to what can be calculatcd from production 
yields and dccay). The corresponding deposition dcnsi- 
tics of othcr short-lived nuclidcs are calculatcd by 
multiplying by an empirical factor that accounts for 
the diffcrcnce 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. The ratios used to derive the population-weighted 
dcposition dcnsitics of thc radionuclides formcd in 
atmosphcric nuclear tcsts (bascd on %r for the 
long-livcd radionuclides, with thc exception of 3~ 
and "c, and on 9 5 ~ r  for the short-livcd radionuclides) 
arc prcscntcd in Tablc 3, along with thc popula- 
lion-wcightcd avcrage dcposition densities obtained by 
this mcthod lor thc 40"-50" latitudc bands of cach 
hcn~isphcre, for each hcmisphcrc and for the world. 

23. This method has not bccn used for 3~ or 14c, 
bccausc thcsc radionuclides arc rcadily recycled in the 
biosphcrc and become hon~ogcncously disseminated in 
the hcrnisphcrc in which they are rclcascd within a 
time that is short in comparison to thcir radioactive 
half-lives. The intcrhcmisphcric transfer of radio- 
nuclidcs o~hcr  tl~an isotopes of the inert noblc gases is 
very limited bccause of tropospheric wind patterns and 
efficient scavenging by precipitation in the tropical 
latitudes. The dose commitments from 3~ and " C  arc 
bascd on a con~parison with thc doses and production 
rates of these radionuclides in thcir natural occurrcncc. 

24. The quoticnt of Lhc dcposition dcnsity (intcgratcd 
dcposition dcnsity rate) to the production amount 
(intcgrated release rate) of the radionuclidc forms the 
transfer cocfficicnt Pm. These values may be 



dctcrmincd from UIC dala in Tablcs 1 and 3. Thc 
relationship of Pm valucs to the half-livcs of thc 
radionuclidcs is illustratcd in Figurc Ill for thc 
tcmpcratc zonc of thc northcm hcmisphcrc. Owing to 
thc pattcm of atnlosphcric testing, the dcposition 
dcnsitics and thus thc Pa valucs arc highcr by a factor 
of about 4 in the northcnl hemisphcrc than in thc 
southcm hcmisphcrc. The values in thc tcmpcratc 
7ones arc about 1.5 times highcr than thc hc~nisphcric 
avcragcs. Since thc rcsidcncc time ofparticulatc debris 
injcctcd into the stratosphcrc is of the ordcr of onc to 
a fcw ycars, most of thc longcr-lived radionuclidcs are 
dcpositcd wiihout apprcciablc dccay. The Pa valucs 
in tl~is case are approximately 5 kBq m-' pcr EBq 
rcleascd. Radioactivc dccay before dcposilion 
appreciably lowcrs the valucs of PE for radionuclides 
with half-lives of lcss than one ycar. Thc variations 
seen in Fi ure 111 of Pm values for a few radio- B nuclides (l ' ~ b ,  2 4 1 ~ u )  illustrate the uncertainties in 
production and deposition cstimatcs. 

C. TRANSFER FROM DEPOSITION 
TO DOSE 

25. The assessmcnh of doses from different 
radionuclides wcrc prcsented in detail in the 
UNSCEAR 1977 Report [U4].and the UNSCEAR 
1982 Rcport [U3]. Mcasurcmcnts rcportcd in the 
scicntific litcraturc on which the estimates were bascd 
and the computational techniques applicd to dcrivc 
doses were listed and described. The results can be 
summarizcd in terms of the transfer cocfficicnts P5, 
which link thc time-integatcd dcposition density on 
thc carth's surface to thc dosc commitments in the 
rclevant organs and tissues of man. Three principal 
pathways are considcrcd: external irradiation, 
inhalation and ingestion. 

26. The ingcstion pathway is of significance for 
radior~uclidcs that arc cflicicndy transfencd through 
lhc chain formed by deposition to plant uptake to 
grazing animals (in many caws)-dictary intakc and are 
absorbcd from thc gastro-intestinal tract to blood. 
Somc delay may bc introduccd in these transfcn. Orlc 
important exce tion to this, however, is the short-lived 
radionuclide ''I, which can ralher quickly be trans- 
fcncd via the pasture-cow-milk chain to man. For 
most radionuclidcs, the intakc amounts by ingestion 
result primarily from the initial rctcntion by crops and 
pasturc during dcposition and only secondarily from 
dclaycd root uptake. 

27. To make reliable asscssmcnts of doscs through 
the ingestion pathway, thcre is a need for cxtcnsivc 
empirical data on the conccntrations of the rclevant 
radionuclides in different types of food and the various 
dicLs in different population groups. Analyses of this 

kind l~nvc bccn made in previous rcporls of thc 
Committee, cs ccially for and 1 3 7 ~ s ,  which 
toptllcr with lgC, are the primary contributors to the 
ingestion dosc conin~itmcnts [U3, U4]. TO cvaluatc thc 
P2S t ra~~sfcr  cocfficicnts, rcgrcssion analysis has bccn 
applicd to rllodcls rclating rncasurcd radionuclidc 
conccntrirtions in dict to thc annual dcposition dcnsity 
rates and thc mcasurcd conccntrations in rclcvant 
organs. 

28. T l ~ c  transfer of 9 0 ~ r  and I3'cs from dcposition 
to dict has bccn modellcd by a Ihrcc-component 
modcl: 

where Ci is thc concentration of the radionuclidc in a 
food conlponcnt or in thc total dict in the ycar i due to 
thc dcposition density rate in the ycar i, F ~ ,  in the 
previous ycar, Fiel, and in all prcvious ycars, reduced 
by expo~lcntial dccay. The exponcntial decay with 
dccay constant A rcflects both radioactive dccay and 
cnvironmcntal loss of thc radionuclide. Thc 
cocficicnki bi and the paramctcr A arc determined by 
regression analysis of mcasurcd dcposition and diet 
data. 

29. The tra~isfcr cocfficicnt from dcposition to diet 
is givcn by 

From thc above model, the transfcr coefficient can bc 
exprcsscd as 

where bi arc thc transfer components per unit annual 
dcposition: b l  is thc transfer in thc first year, primarily 
from dircct dcposition: b2 is the transfcr in  the second 
vcar from Iirggcd use of storcd foods and uptakc from 
h c  surfacc dcposit: and b3 is the transfcr via root 
uptake from Ihc accumulated dcposit. The units of Pz3 
and bi arc Bq a kg-' per Bq n ~ - ~ .  In the exponcntial 
term, A has units a-' and m is a constant equal to onc 
ycar. 

30. Rcsults of regression fitting of this fallout modcl 
to monitoring data have bccn prescntcd in prcvious 
UNSCEAR Rcporls [U3, U4, US]. Furthcr analysis of 
Lhc available data is presentcd in Table 4. The fils to 
the long-tcrm monitoring results in Dcnmark are 
shown in Figure 1V. Relativcly minor adjustmcnh in 
paramctcr values arc ncedcd in the fib to cxtcnded 
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monitoring data, indicating, in particular, that tlrc 
projections of long-tcr111 transfcrs arc corrfirmcd. 

31. Adcquatc rcprcscrrtations of tralrsfcrs to thc total 
dict or to scparatc components of thc dict arc obtaincd 
for rclativcly unifor111 dcposition during thc ycar, as 
occurrcd for fallout from atnlosplrcric wcaporLc tcsting. 
For dcposition occurring within a much shorter timc 
pcriod, such as following thc Chcrnobyl accidcnt, thc 
transfcr is dcpcndcnt on t l ~ c  particular agricultural 
conditions a t  thc til~lc of deposition and on short-tcrnl 
restrictions on certain foods in thc dict that nlay bc 
in~poscd. Thus, thc first-year and sccond-year lagged 
transfcrs of 13'cs to dict in mcasurcd conccntrations 
in 1986 and 1987 arc much lowcr than would bc 
cxpcctcd from the fallout modcl. The discrepancy may 
have bccn less in other countries, dcpcnding on thc 
agricultural conditions, than is shown for Dcnmark in 
Figurc IV. In contrast to wcapons fallout, the 
deposition of %r from the Chcnlobyl accidcnt was 
much lcss sipificant than that of 1 3 7 ~ s .  

3 2  From the rcsults of the transfer factor analysis 
given in Table 4, i t  is sccn that transfers from 
widcsprcad but relatively norn~al arcas of transfcr rnay 
vary by 250% for total dict, with cvcn grcatcr 
variations for somc specific food groups. The foods 
included in each major group diffcr in the various 
locations, as do the consumption anlounts of thcsc 
foods. 

33. Thc transfcr cocfficicnts, Pv3, for 9 0 ~ r  and I3'cs 
are summarized in Table 5. T ~ S S C  arc the averaged 
rcsults from Argentina, Denmark and thc Unitcd Slatcs 
of thc transfers to the five food catcgorics wcightcd 
for consumption amounts. Because they come from 
only three locations. the average valucs with standard 
dcviations are only gcncral indications of the transfcrs 
and variations to bc cxpccted. Thc rcsults are similar 
to the previous1 adoptcd valucs of P, 4 mBq a kg-' 56 2: er Bq m-2 for Sr and 9 mBq a kg per Bq m-? for 
h c s  [U,, 

34. Figurc V shows the contributions to transfcr in 
the various pcriods. For * ~ r ,  the major component of 
P7 (50%) ariscs from transfcr from the deposit. For 
ldCs, thc major transfcr is within thc first year of 
dcposition (45%), with diminishing transfcr in thc 
sccond and subscqucnt ycars following dcposition. Thc 
contributions to transfcrs by thc various food groups 
arc indicated in Tablc 5. For milk and rain 

IF7 products are Lhc niost significant foods. For Cs, 
thcsc categories, along with mcal, accourrt for the 
major part of the transfcr. I t  is rccognizcd that much 
wider variations in transfcr occur in certain areas for 
particular soil conditions and foods. This includes the 
Arctic food chain (lichen-rcindccr-man) and arcas 
where the cacsium-binding clay content of soils is low, 

thus allowing higl~cr and nlorc pcrsistcnt uptakc of 
1 3 7 ~ ~  to plants. 111 thcsc cascs, ordcr of rnagnitudc 
difkrcnccs in transfcr may rcsult. Morc dclailcd 
cvaluations of tlrc cxtcnt of these conditions arc 
ncccssary to dctcrnlinc thc addcd conlributior~s that 
lrray bc madc to thc collcctivc doscs. 

35. Thc tralisfcr coeflicicnts PU, linking conccntra- 
lions of radionuclidcs in dict to those in thc body and 
PjS, linking conccntrations in the body to dose, havc 
bcen cvaluatcd and the rcsultc publishcd in thc 
UNSCEAR 1982 Rcport (U3) and the UNSCEAR 
1977 Report [U4]. For some radionuclidcs, b c  
intcgratcd dictary intake ratcs have been dctcrmincd 
dircctly. Rclating thcse valucs to thc dcposition of the 
radionuclide forms thc transfcr cocfficicnt P24. The 
units of h i s  cxprcssion arc Bq per Bq m-?. Values of 
Pv may be transformed to this by multiplication by 
thc consumption rate of foods, which is in effect the 
transfer cocfficicnt P34. AS this is a convcnicnt form 
for estimating dose, all radionuclides considered in h e  
ingestion pathway evaluation are included in the listing 
of P24 valucs in Table 6. 

36. Thc valucs of the dosc pcr unit intakc of 
radionuclidcs arc, in fact, the transfer coeflicients P45. 
Thesc have becn or are being re-evaluated, based on 
the latest metabolic data, and compilations are 
available [I13, Nl].  It is ncccssary to state the specific 
assumptions of absorption and retention of the 
radionuclidcs; therefore, the P45 valucs used in Lhe 
evaluations given here are included in Table 7. The 
valucs of effective dose use the weighting factors 
dcfincd by thc ICRP in 1990 [I12]. 

37. The overall transfer cocfficients Px, linking the 
dcposition to thc dose from radionuclides produced in 
atmospheric nuclcar tcsting, arc compilcd in Table 8. 
Tbc rcsults for the ingestion pathway have bcen 
obtaincd by niultiplication o l  the transfcr cocfficients 
P2j in Table 6 and P45 in Table 7. The valucs of P3 
arc considcrcd to apply as averagcs to large 
populations in ttrc world. Adjustments arc nccdcd if 
applications arc to be made to smallcr groups for 
which dict or local conditions of transfer may bc 
diffcrcnt. 

38. For thc ir~lralation pathway, the association is 
bctwcen alrnosphcric concentrations and dose, PIS, but 
bccause there is a direct relationship bctwcen atmo- 
spheric concentration and dcposition, thc association 
with dosc fronl inhalation can also be nladc from thc 
dcposition anlounl The cxprcssion used is 

wl~crc PI4  is the avcragc breathing rate of thc 
individual in Lhc population, PdS is the dosc pcr unit 
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intake factor for the organ or tissue considcrcd and 
P12 is the deposition vclocity averaged ovcr all 
wcadicr conditions, including prccipitation. Thc value 
of PI4  has bccn taken to bc 20 ni3 d-l, or 7,300 m3 a-I 
for all populations. The valucs of P45, i n  nGy B ~ - ' ,  
arc listcd in Table 7. Thc transfcr cocfficicrlt PI2 
varics with thc prccipitation retc at various locatio~is 
and also with the physical and chcniical naturc of the 
radionuclidc considcrcd. The avcragc valuc of P12 for 
particulate material has bccn estimated to be 
1.76 cm s-l, or 5.56 1 6  m a-l. Although this valuc is 
based on observations in New York City ovcr several 
years [B5], measurements in the United Kingdom [C3] 
and Sweden [B6, D l ]  are in reasonable agrcement, 
aftcr normalization to the samc annual precipitation. 
Furthcrmorc, since the pearly rainfall in New York 
City is fairly close to the population-wcightcd average 
for the wholc world, the New York valuc is con- 
sidered adequate for global average calculations. The 
transfcr coefficients Pa evaluated for the inhalation 
pathway are listed in Table 8. 

39. In addition to experiencing internal irradiation 
from inhalcd or ingestcd radionuclidcs, people are also 
irradiatcd externally from gamma-emitting nuclides 
dispcrscd in the air and deposited on the ground. As 
the dcbris normally spcnds much more time deposited 
on thc ground than dispersed in ground-lcvcl air, the 
cxtcrnal dose due to irradiation from the earth's 
surface is nornially much highcr than thc dose due to 
irradiation while the dcbris is airborne. The avcragc 
ratio of h e  absorbed dose from ground surface 
contamination to that frorn air immersion is propor- 
tional to thc half-Iifc of thc radionuclidc and is, for 
cxamplc, of thc order of 100 for short-livcd 1 4 0 ~ a  and 
1,000,000 for long-lived 137~s .  

40. The Pv transfer coefficients for external irradia- 
tion have becn calculated by multiplying the dosc rate 
convcrsion factors for radionuclidcs dcposiled on the 
ground, derived from Beck [B3], by the mcan lifctime 
of thc radionuclide (half-life ; In 2) and by an avcrage 
factor assuming 80% indoor occupancy in buildings 
with a shielding factor of 0.2. The lattcr factor is 
0.7 Sv per Gy (equivalent dosc ratc in thc body pcr 
unit absorbed dosc ratc in air) timcs 0.36 (0.2 outdoor 
occupancy plus 0.8 indoor occupancy times 0.2 build- 
ing shielding). The Committcc has in the past [U3, 
U4] rounded this product to 0.3; the procedure hcre, 
howcvcr, is to postponc the rounding to the final dosc 
cstimatc. For short-lived radionuclidcs (all cxcept 
1 3 7 ~ s ) ,  the dosc-rate conversion factor applying to a 
plane source is used. For 1 3 7 ~ s ,  thc dosc-ratc convcr- 
sion factor applying to an exponential concentration 
profilc in the ground of mean depth 3 cm is used. The 
indoor occupancy, as well as the shielding factor, 
varics a great deal among different populations of the 

world, arid this is a source of uncertainty in thc dosc 
assessnicnts for cxtcrnal irradiation. Also, the different 
dynariiic t)cllaviours of radionuclidcs dcpositcd i l l  

urbari and in rural cnvironmcnts havc not bccn takcn 
into account for thc dose cstimatcs from radionuclidcs 
produced in atrnospllcric nuclcar testing. The tri~nsfcr 
coefficic~its P2.j arc givcri in Tablc 8 for thc cffcctive 
dosc cornriiitmcnt. The samc numerical values call be 
cxpcctcd to apply more or lcss to the absorbcd doscs 
in individual organs in the body: howcvcr, sincc the 
absorbcd doscs per unit deposition dcnsity havc not 
bccn specifically evaluated, there are no values given 
in Tablc 8. 

D. DOSE ESTIMATES 

1. Regional and  global exposure 

41. The effcctivc dosc commitments from individual 
radionuclidcs in past atmospheric testing ( 3 ~  and 14c 

cxccptcd) can be calculated by multiplying the 
population-weighted integrated deposition density of 
Ihe radionuclidc in the region of interest (Table 3) by 
the appropriate P2.j transfcr coefficient (Tablc 8). As 
an example, the effective dose commitment due to 
ingestion of I3'cs in Ihe population of the 40"-50" 
latitude band in the temperate zone of the northern 
hemisphere is 5,200 Bq m-2 times 54.6 nSv per 
Bq m-2 = 280 pSv. The rcsults for each radionuclidc 
and for all pathways arc givcn in Table 9. 

42. As indicated previously, the dose commi~mcnts 
from 3~ and 14c arc dcrived from comparisons with 
the natural doses and production rates by cosmic rays. 
The dose calculations make use of the fact that the 
dose commitrncnt to production ratios for those 
radionuclides arc equal to the annual natural dose to 
production ratios. The annual absorbcd dose in tissue 
from natural tritium has bccn cstimatcd to be 10 nGy, 
resulting frorn ari annual production per hcmisphcrc of 
37 PBq [U3]. Assuming a total relcasc from 
atmospheric nuclcar tcsting of 190 EBq to thc 
atmosphcrc of thc northcrn hcmispherc and 50 EBq to 
that of the soud~cni hcmisphcrc [U3], thc absorbcd 
dosc commitmcnls in tissue from fallout tritium arc as 
follows: northcrn heniisphcre, 1.9 1 p B q  x 
(loa8 Gy a-') + (3.7 lot6 Bq a-l) = 51 pGy, and 
southern hcmispllcrc, 0.5 10" Bq x (10.' Gy a-I) i 
(3.7 1016 Bq a*') = 14 pGy. I t  has not bccn possiblc 
to account for latitudinal variations in the tritium 
distribution. Thc simplification is made in assuming 
fairly rapid mixing of tritium throughout the hcmi- 
sphcrc. The effective dose commitmcnls from 3~ arc 
51 pSv (northcrn hcn~ispherc), 14 pSv (southcrn hcmi- 
sphere) and 47 pSv (world). The global value is the 
population-weighted cstimate, taking into account h a t  
89% of the world population resides in the northcrn 
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hcmisphcrc and 11% i n  the sou(llcrn hcn~isphcrc. On 
Lhc basis of thc intake ralcs of hydrogen in watcr 
[NU], thc dosc cotn~ni~ucnt  can bc apportioned as 7% 
arising from inh;llatior~ and al~sorptior~ througl~ thc skill 
and 93% from ir~gcstion IU3]. 

43. Carbon-14 is produced naturally by cosmic ray 
ncutrons in~p ing i~~g  on nitrogen in thc upper atmo- 
sphcrc. This means that thc dosc colntiiitnicnt from 
14c injected into thc atmospllcrc by nuclcar tests can 
be calculated in the samc way as the dosc commitmcnt 
from tritium produced in atniosphcric tcsts. Thc annual 
natural production of 14c of about 1 PBq and the 
resulting cquilibrium spccific activity in man yields an 
annual dose to thc gonads of 5 pGy [U3]. Bascd on 
this, it can be concluded that the 220 PBq from 
nuclear explosions have givcn a dosc commitmcnt to 
the gonads of all populations of (5 pGy ael) + 
(1 PBq a-l) x 220 PBq = 1,100 f l y .  In the samc way, 
dose commitments to the lungs, bonc lining cells, red 
bonc marrow, thyroid and other tissues can be 
assessed as 1,300, 4,800,5,300, 1,300 and 2,900 pGy, 
respectively [U3], yiclding an cffcctivc dose commit- 
mcnt of 2,600 pSv. Thc corresponding collective 
cftcctivc dose per unit rclcasc is 120 man Sv per TB 
assuming an equilibrium world population of 10 % 
peoplc reached in thc next century and maintained 
over the ncxt thousands of ycars. Other published 
cstimatcs range bctwccn 67 and 159 rnan Sv per TBq 
[BlO, 12, K2, K4, K5, M2, Sl]. 

44. The 14c doscs arc duc to ingestcd and inhalcd 
carbon. On the basis of thc rclalivc intakc and rctcn- 
lion of carbon in these pathways, thc dose commit- 
ments from ingestion arc cstimatcd to bc lo4 times 
larger than thosc arising from inhalation [K4]. The 
dose commitments from 14c arc dclivcrcd over a very 
long time period. From calculations based on an 
cnvironmcntal compartmcnt model for "C that com- 
priscs 25 discrctc carbon rcscnroirs (Figure VI) and 
bkcs into account thc dilution o f 1 4 c  by stable carbon 
rclcascd during fossil fuel combustion, i t  is cstimatcd 
that only 5% of the dose commitmcnt is dclivcrcd in 
thc first 100 years aftcr thc rclcasc of "c; about 71% 
of the dosc conimitmcnt will havc been delivered 
during lo4 ycars aftcr h e  rclcasc of I'c [M2]. Thc 
dccp ocean, dividcd inlo 18 cornparlnlcnls, accounts 
for the slow recycling of I4c into thc biosphcre. 

45. The cffcctivc dosc con~mit~iicnls frorn atnio- 
sphcric nuclcar tcsting for irll of Uic 22 radionuclidcs 
considcrcd for thc populations of thc world and of the 
40"-50" latitudc hands of cach hcrnisphcrc arc prc- 
scnted in Tablc 9. The tot;tl cffcctive dosc comn~it- 
mcnts are 4.4 and 3.1 mSv in the 40"-50" latitude 
bands of the northcrn and southcrn hcniisphcres, 
respectively, and the global average is 3.7 mSv. 

46. Thc summary listing in Tablc 10 for thc world 
population shows that "C is the dominant contributor 
to lhc tcltal cffcctivc dose cornmitmcnt, accounting for 
70% of thc cffcctivc dosc con i~ i i i~ icn t  lo the world's 
pol)ulation. Howcvcr, i f  only 10% of the I'c dosc 
conimitmcn~ is i~~cludcd in Ihc coniparison, U~at is, if 
Ihe dosc commitnicnts arc truncated approximately to 
the year 2200, at which linic all othcr radionuclidcs 
will havc dclivcrcd almost all of their dose, I4c 
contributcs only 19% to the truncated cffcctive dosc 
comniitmcnt to thc world's population. Besides I'c, 

the most important contributors lo the effective dose 
comniitmcnt to the world population are 1 3 7 ~ ~ 1  

9 S ~ r - 9 5 ~ b ,  " ~ r ,  1 0 6 ~ u ,  5 4 ~ n ,  1 4 4 ~ c ,  1 3 1 ~  and 3 ~ .  

47. Including all of the 14c  dosc, 16% of the total 
effective dose commitment to the world population is 
delivered through external irradiation, 4% through 
inhalation and 80% through ingestion. Including only 
10% of the 14c dose, the corresponding numbers arc 
44%, 10% and 46%. respectively. Thus, ingestion is 
the most important pathway, if I'c is fully included, 
while ingestion and external irradiation are about 
equally important, if only 10% of effective dose 
commitn~ent from 14c is included. In both cases 
inhalation contributes substantially less. 

48. As the explosive power in past atrnosphcric tcsts 
has been cstimatcd to be 545 Mt, it may be concluded 
that the past tests have given an average completc 
cffcctivc dosc conimitmcnt of about 7 pSv MI-' to the 
world population. Of this, about 5 pSv Mt" is due to 
14c and about 2 p S v  Mt-l to fission products. The 
transuranium clcnients havc contributed about 
0.1 f i v  ~ 1 - l .  Normalizing the fission product dose 
commitmcnt to the total fission yield explodcd of 
217 MI givcs an cstimatc of about 5 pSv Mt-l fission. 

49. A summary of the global collcctivc cffcctivc 
doscs committed Gom past atrnosphcric nuclear tcsts 
is givcn in Tablc 11. For these calculations, somc 
assumptions about thc global population havc bccn 
made. For inhalation cxposure and othcr cxposurcs 
from radionuclidcs with half-livcs of less than a fcw 
years, the population of the world has bccn taken to bc 
3.2 lo9 pcrsons, as i t  was in the early 1960s during 
maximum rallout. For 3 ~ ,  %r, 1 3 7 ~ ~  and 2 4 t ~ u ,  a 
global population of 4 lo9 pcrsons has bccn applicd, 
and for the very long-livcd I4c,  2 3 9 ~ u  , 2 4 0 ~ u  and 
2 4 1 ~ m ,  UIC projcctcd global population has bccn 
assumed to bc 1 10" pcrsons. 

50. In Tablc 11 the radionuclidcs arc listed in order 
of their decreasing contributions to the collective 
effective dosc. The order is cssc~~tially the same as in 
Table 10, with 14c bcin the dominant contributor and 
1 3 7 ~ s ,  " ~ r  and '"Ru following. The total global 
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impact of all atrnosphcric nuclcar cxplosions canicd 
out for tcst purposes in the past is 3 10' Illan Sv. 

2. h c n l  exposure 

51. Populations living near thc sitcs whcre nuclcar 
wca pons tests took place rcccivcd rclativcl y higher 
doscs than thc avcragc valucs assessed above. In the 
Unitcd States, about 100 surface or near-surface tests 
wcrc conductcd at the Nevada tcst site bctwcen 1951 
and 1962, with a total explosive fission yield of 
approximatcly 1 Mt Dose reconstructions have becn 
undcrtaken for the populations living in the vicinity of 
the Nevada tcst site during the pcriod of atmosphcric 
testing [C7, Wl]. The local population size was 
180,000 pcrsons. Preliminary results indicate that 
thyroid doscs of up to 1 Gy may havc been rcceived 
by children. The collective dose from external 
cxposurc has been estimated to be approximately 
500 man Sv [As]. Ninety per cent of the collective 
dose was received during the years 1953-1957. 

52  Following thc nuclear test Bravo at Bikini in Lhc 
Pacific tcst site of the United States, rcsidcnts of 
Rongelap and Utirik Atolls wcre exposed to 
uncxpcctcd fallout. The islands are 210 and 570 krn, 
rcspcclively, cast of Bikini. Eighty-two individuals 
wcrc cvacuatcd from Rongclap 51 hours after the 
cxplosion and 159 pcrsons wcre rcmovcd from Utirik 
within 78 hours. External exposures, mainly from 
short-livcd radionuclides, ranged from 1.9 Sv on 
Rongclap (67 persons, including 3 in utcro), 1.1 Sv on 
nearby Allingnae Atoll (19 pcrsons, including 1 in 
utcro) and 0.1 Sv on Utirik (167 pcrsons, including 8 
in utcro) [L3]. The collcctivc dosc was thus of the 
ordcr of 160 man Sv. Doscs to the thyroid, causcd by 
scvcral isotopes of iodine, tellurium and by cxtcnlal 
gamma radiation, wcre estimatcd to bc 12, 22 and 

5 2  Gy on avcragc and 42, 82  and 200 Gy maxinlunl 
to adults and children of 9 ycars and 1 ycar, rcspcct- 
ivcly, on Rongclap I W]. 

53. At tllc Scn~ipalatinsk test sitc in the Kazakh 
rgion of thc f o n ~ ~ c r  USSR, atmosphcric tcsts wcrc 
conducted lro~ri 1949 through 1962, and about 300 
underground tcsts wcrc conductcd from 1964 until 
1989 ITS]. 111 total, 10,000 people in scttlcmcnts 
bordcring thc tcstirlg sitc wcrc exposed to sonic cxtcnt. 
The collcctivc dosc due to cxtcnial irradiation was 
estirnatcd to bc 2,600 man SV, 80% of which rcsulting 
from tcsting in thc period 1949-1953, due to cxtcrnal 
irradiation and 2,000 man SV duc to internal exposurc 
from the ingestion intake of radionuclides ITS]. The 
collcctivc absorbcd dose to the thyroid was of the 
ordcr of 10,000 man Gy. 

54. Thc Unitcd Kingdom conductcd a prograrnmc of 
nuclcar warhead dcvclopn~cnt tcsts between 1953 and 
1963 in Australia, at the Montc Bello Islands and at 
Emu and Maralinga on the mainland. In all, twclve 
major nuclcar tcsts involving atonlic explosions with 
total yiclds of about 100 kt, 16 kt and 60 kt wcrc 
performed at thc thrce sitcs, respectively [D3]. The 
collective cffcctivc dose to the Australian population 
from these tcst series has been estimated to be 
700 man Sv [W3]. In addition, several hundred 
smaller scale cxpcrimcnts wcre performed at 
Maralinga ID31 which resulted in the dispersal of 
about 24 kg of 2 3 9 ~ u  over some hundreds of squarc 
kilomctrcs. This arca remains contaminated and 
potential doscs to future inhabitants of the Maralinga 
and Emu arcas havc bccn assessed with a view to 
rehabilitation of the two sitcs [D3, H3, W2]. Annual 
effective doscs of scvcral millisievert would bc 
expectcd to rcsult from continuous occupancy within 
the two arcas, with n~axinlums of scveral hundred 
millisicvcrt in thc in~n~cdiatc vicinity of thc two sitcs. 

11. UNDERGROUND NUCLEAR TESTS 

55. About 1,400 nuclear tcst explosions have been 
carricd out beneath the earth's surface. Particularly 
since 1963, whcn thc limitcd nuclcar tcst ban treaty 
banning atrnosphcric tcsts was agrccd, tllc practicc 
bccamc more frcqucnt. Prohibiting atmosphcric tcsts 
was a crucial stcp in lessening Ihc doscs to thc world's 
population from tcsts of weapons. I n  fact, a wcll- 
contained under-ground nuclcar cxplosion dclivcrs 
extrcmely low doses or dose con~mitments to any 
group of people. Howcver, therc have becn occasions 
whcn, owing to venting or the diffusion of gases. 

radioactivc materials leaked from underground tcsts, 
rcsulting in the dissemination of radioactivc dcbris 
over at lcast regional distances. 

A. WEAI'ONS TESTS 

56. Estin~atcs of alirlual yiclds and nunibcrs of 
underground tcsts have bccn compilcd froni data 
collected by thc National Dcfcnce Research Establish- 
ment in Swcdcn [NlO] .  Thc total annual yiclds arc 
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prcscnlcd in Tablc 12. Thc basis for tl~csc csti~natcs 
arc cithcr announccrticnts madc by t l~c  tcsting nation 
or simple calculations cniploying a formula of thc 
followi~~g form: 

yicld (kt) = 10("-a)h (()I 

whcrc M stands for UIC scisniic surface or body wavc 
magnitudc and a and b arc constants d ~ a t  vary wilh 
wavc typc, explosion location and observing labora- 
tory. The total yicld of undcrground tcsts is cstimatcd 
to bc 90 MI, or about onc sixth of d ~ c  total yicld 
cxplodcd in thc atmosphcrc. 

57. More than 500 tcsts wcrc conductcd undcrground 
at thc Ncvada tcst sitc in thc Unitcd Statcs, but only 
32 are rcportcd to havc led to off-sitc contamination as 
a result of vcnting [H4]. Tablc 13 shows, as an 
cxample, h e  atrnosphcric rclcascs of l3lI from hcsc 
32  underground tcsts. The t o ~ l  amount of 13'1 
rclcascd into thc atmosphcrc was about 5 PBq, which 
is five orders of magnitude smallcr than the amount 
produccd by atrnosphcric tcsting (6.5 10' PBq, from 
Tablc 1). Thc amount of 1311 or of any other radio- 
nuclidc rclcascd into the atrnosphcre by underground 
tcsts carricd out at sitcs othcr than thc Ncvada tcst site 
is not available. 

58. The collcctivc cffcctivc dose pcr unit rclcase of 
13'1 would bc cxpcctcd to bc much grcatcr for the 
vcnting of undcrground tests than for atmospheric 
tcsts, bccausc thc rclcasc from undcrground tcsts 
occurs at ground lcvcl instcad of higher in the 
atniospherc. Estimates of collcctive cffcctivc dosc pcr 
unit rclcasc to thc lowcr laycrs of thc atmosphcrc wcre 
made in thc UNSCEAR 1988 Rcpor~ Ul];  these I cstirnatcs arc 1 10-l3 man Sv per B Tor 'I rclcascd 
in the Chcrnobyl accident and 4 10') man Sv per Bq 
for 1311 rclcascd from nuclcar powcr stations. In ordcr 
to account for the low population densities in the 
vicinity of wcapons tcsts sitcs, it is assumed that a 
lowcr figurc, 1 10-l4 man Sv per Bq, is appropriate 
for rclcascs of 1311 from undergrour~d tcsts. This 
figurc, combincd with a rclcasc of 5 PBq. lcads to a 
collcctivc cffcctivc dose hom 1311 rclcascs from 
venting undcrground tcsts carricd out at thc Ncvada 
tcst sitc of 50 man Sv. Extrapolating to h e  total 
numbcr of undcrground tcsls (1.400) at all localions 
would indicatc that 15 PBq, in total, of l3ll has becn 
rclcascd, and the collcctivc dosc is of lhc ordcr of 
150 man Sv. I n  comparison, thc concsponding 
collcctivc cffcctivc dosc from 13'1 from past 
atmosphcric tcsls is cstimatcd to bc 164,000 man Sv 
(Tablc 11). 

59. Olhcr than thcsc rather unusual events, where 
amounts of radioactive matcrials have been collcctcd 
on filtcrs, it  is rcasonablc to assume that a few high- 
yicld undcrground tcsts havc leaked radioactive gascs 

such as tritium or noblc gascs such as 1 3 3 ~ c .  Thcrc 
havc bccn suggestions that obscntcd pcak concentra- 
tions in atnios hcric tritium (HT or HTO) and 3 7 ~ r  
(produced in 'Ca(n,c~)~~Ar rcaclions underground) 
could havc bccn duc to lcakagcs from undcrground 
cxplosions [B7, 15, MI 1. Traccs of short-lived radio- 
nuclidcs resulting from tcsls in the USSR wcrc ob- 
scrvcd in Finland and Swcdcn in 1966 [ K l ,  P21 arid in 
1971 [E l ,  K6]. Thc collcctivc dosc lo thc population 
of Swcdcn was cstimatcd to be 3 man Sv from thc 
venting of an undcrground test at Scmipalatinsk in 
1966 and 0.1 man Sv or lcss on scvcn othcr occasions 
when radionuclidcs from undcrground tests wcrc 
detected in that country [DIO]. 

60. Thc tobl ')'I produccd in the undcrground 
cxplosions could be estimatcd to bc 90 Mt total yicld 
times the normalized fission production of 4,200 PBq 
MI-' (Tablc l), which is 380 EBq. The fractional 
rclcasc is thus 4 lo-' of thc amount produced. This 
same estimate of the release fraction may bc applied 
to the noble gascs, of which 1 3 3 ~ e  is the predominant 
radionuclidc. The normalized fission production of 
1 3 3 ~ e  is 14.5 EBq MI-' (6.54% fission yicld [Rl] ,  
adjustcd for the half-life and yicld of " ~ r  production 
given in Tablc 1). Total production of 1 3 3 ~ e  in 
underground tests is thcn cstimatcd to be 1,300 EBq, 
of which 50 PBq may have bccn rclcascd (90 Mt x 
14.5 EBq MI-' x 4 lo-'). The nonnalizcd collcctivc 
dose from noblc gascs cstimatcd for surface rclcases 
(applicd to rclcascs from nuclear powcr rcactors) is 
0.1 man Sv P B ~ - '  [UI]. The collcctive dose due to 
noble gascs rclcascd from underground tests is then 
50 PBq x 0.1 man Sv P B ~ "  = 5 man Sv. This esti- 
mate is vcry uncertain. The collcctive dose per unit 
rclcasc may be ovcresrimated hecause of the remote 
locations of the test sites: howcver, thcrc is even 
greater uncertainty in the rclease fraction. 

61. The same estimation procedures applied to 3~ 

produccd in underground testing would indicate a total 
release of lo4 PBq and a collcctive dose of 0.001 
man Sv. This is a negligible componcnt of the collec- 
tive dose undcr the assumptions made. The analysis 
indicates thal rclcascs of 13'1 arc of the most 
significance and that thc total collcctive dosc from 
rclcased radioactive matcrials from the 1,400 undcr- 
ground tests conducted thus far is of the ordcr of 
200 man Sv. Evaluations havc not yet bccn made of 
potential exposures resulting froni rcsidual dcbris 
underground at the sites of thc explosions. 

B. PEACEFUL NlJC1,FAR EXI'1,OSIONS 

62. It is to be expected thal shallow underground 
explosions conductcd for excavation purposcs or 
deeper underground explosions i n  mining operations 
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also involve rcleascs of radioactivc matcrials to the 
cnvironnicnt. Programmes to dcvclop applications of 
pcaccful nuclcar cxplosions wcrc carricd out during 
thc 1960s in IIIC Unitcd Statcs and USSR. About 100 
tcst cxplosioris wcrc pcrfornlcd. Thc prcsunicd 
advantages of nuclcar cxplosions havc, howcvcr, bccn 
outwcigllcd by thc rcsidual contan~ination and othcr 
disadvantages. 

63. Doscs to local or global populations from 
pcaccful nuclcar cxplosions have rcsultcd primarily 
from cratering cxperimcnts. Thcrc wcre 6 such tcsts at 
thc Ncvada Test Site between 1962 and 1968 and a 
rcportcd 9 cxpcrimcnrs worldwide [US]. The collcctive 
dosc to thc local population (180,000 pcrsons) living 
ncar thc Ncvada sitc has bccn cstimatcd to be 
3 nian Sv from the Sedan 104 kt cratcring cxpcrinicnt 
in 1962 [AS]. The total from all tcsts, pcaccful and 
military, conducted at the Ncvada sitc fro111 1961 to 
1975 was 5.7 man Sv [AS]. Thcrcforc the total local 
collcclivc dosc from peaceful nuclcar explosions can 
be estimated to be no more than 5 man Sv at Ncvada 
and perhaps 10 man Sv worldwidc. 

64. Thc long-range dose commitment from thc 
Schooncr cratcring cxpcrimcnt in the Unitcd Statcs in 
1968 was cstiri~atcd in the UNSCEAR 1972 Rcport 
[U5]. Tungsten- 181, formcd in thc ncutron sliicld uscd 
to rnininlizc tllc formation of activation products, was 
dctcctcd in scvcral locations in Europe aftcr this cvcnt. 
Thc crfcctivc dosc coninlitmcnt was cstimatcd to bc 
12 nSv froni radionuclidcs othcr than 3~ in rhc popu- 
lation of thc 40"-50" latitude band of the northcrn 
bcniisphcrc (630 niillion persons at thc time) [Us]. 
Thc cstimatcd rclcasc of H of 15 PBq [U5] would 
have rcsultcd in a dose commitment of 4 nSv (0.27 
nGy P B ~ ' ~  from cornparison with natural 3~ dosc and 
rclcasc in thc northcrn hcmisphcrc) in the population 
of thc northcrn hcmisphcre (3,160 million pcrsons at 
the time). Thc collcctivc dose from this tcst is thus 
cstimatcd to bc 20 man SV. If it may be considcrcd 
that this rcsult is rcprcscntative of thc othcr cratcring 
experirncnls, ttlc collcctivc dosc worldwidc froni 
cratering cxperirncnts is 180 man Sv. Thc collcctive 
dosc fronl pcaccful nuclcar explosions is thus 
cstimatcd to be the samc ordcr of magnitude as that 
from vcnting undcrground military tests. 

111. NUCLEAR WEAPONS FABRICATION 

65. Thc production of radioactive matcrials for 
military use and the fabrication of wcapons has 
involved routinc and accidental rclcascs of 
radionuclidcs and exposures of local or rcgional 
populations. Tbcse dose commitments and collcctive 
doses have not becn estimated bcforc by the 
Committee because no data wcrc available. Some of 
the secrecy of this industry is bcing rcduccd, howcvcr. 
and information on discharges and doscs frorn rcccnt 
(and, in some cases earlier) opcrations is being 
provided. With this information and some rough 
cstimatcs of thc total amounts of radioactive niatcrials 
produced, thc doscs from the wcapons industry can bc 
estimated. 

66. The radioactive com ncnts of nuclcar wcapolu 
arc the Tssile nuclides 'Pu and ='u; tbc fertile 
nuclide 2 3 6 ~ ,  which fissions only if irradialed by 
high-cncrgy neutrons; tritium; and in sonic prcsuniably 
oidcr constructions sniall amounts of matcrials such as 
'lOpo, which arc used to initiatc thc chain rcaction ill 

thc fission bomb. Tritium is uscd in boostcd fission 
bombs, whcre the efficiency is incrcascd by ncutrons 
from a comparatively small thcrmor~uclcar rcaction 
fuclled by tritium. Tritium is probably also uscd in the 
main thermonuclear stage of some types of hydrogen 
bombs. 

67. Doscs arisc in scvcral stages of thc nuclcar 
wcapons production line. As in the nuclear cncrgy fucl 
cycle, production starts with thc mining and milling of 
uranium. Aftcr that thcrc is the need to convert thc 
uranium to uranium hcxafluoride gas, which is the 
form of urariium uscd at the gas diffusion or ccntri- 
fugation plant whcre the 2 3 5 ~  contcnt is cnrichcd. If 
h i s  process is carricd to enrichments of the ordcr of 
90%, wcapons-grade uranium is produccd, which can 
be uscd directly to fabricate rluclcar weapons conipo- 
ncnts. Altcrnativcly, thc emichmcnt can be omittcd or 
camcd to only a fcw pcr cent. The uranium is lllcn 
uscd to fucl reactors, which couplcd to rcproccssing 
and purification yiclds plutonium and tritium for lhc 
wcapons. Soriic doscs also derive froni thc wcapons 
fabrication arid asscnibly, as well as from the 
maintcnancc, transportation and recycling of wcapons. 
Doscs rcsultirlg from routine rclcascs are considcrcd in 
this Chaptcr. 

A. 1'llOl)lJCTION AMOIJNTS 

68. Thc total amounts of radioactive matcrials 
produced for wcapons use are not known from directly 
reported information. An assessment has bccn made of 
plutonium in prcscnt wcapons stockpiles by considcr- 



ing thc amounts of long-livcd fission products in high- 
lcvcl waste in thc Unitcd Statcs and by analysillg t l~c 
global atmosphcric irlvcntory of "I;, [HS). 
Krypton-85 is a noblc gas and a long-livcd fission 
product that is rclcascd to UIC atmosphcre whc~i 
rcactor fucl is rcproccsscd, for cxamplc, to cxtract 
plutonium. Correcting the global invcntory mainly for 
UIC hihcrto modcst civilian rcproccssing yiclds a 
numbcr that may bc sccr~ to bc a mcasurc of t l~c  
global plutonium stockpilc. Thc cstimatcd stockpiles in 
thc Unitcd Statcs and thc fonncr USSR wcrc cstimatcd 
to bc around 100 tonncs in cach country. 

69. Accordirlg to Unitcd Nations studics in 1981 and 
1990 on nuclcar wcapons, the nuclcar arscnals 
comprise more than 40,000 wcapons with a total 
explosive yield of 13,000 Mt [ U l l ,  U121. If it is 
assumed that the first fission stage in all these 
weapons is bascd on plutonium, a total invcntory of 
weapons plutonium of 200 tonncs implies that, on 
average, 5 kg is used in cach dcvice. Tbis is a reason- 
able figure [ E l ,  which thus lends sonic credibility lo 
the estimated total production. 

70. Tritium is also produccd for wcapons usc. It 
dccays with a half-life of 12.32 years, which mcans 
that tritium must bc produccd continually to prcscntc 
Lhc wcapons stockpilc. It has bccn estimated for thc 
Unitcd Statcs that an annual production of 3 kg of 
tritium is just enough to balance thc dccay [C l l ] ,  and 
from this the total amount of tritium in the Unitcd 
States stockpilc can be easily calculated to be about 
55 kg. The world tritium stockpilc can thcn bc 
assumcd to be twice as much, or around 110 kg. If i t  
is assumed that this tritium was first produccd in thc 
early 1960s and has bccn maintaincd since thcn, a 
total tritium production of 110 t 30 x 6 = 290 kg 
results. If a furthcr reasonable assuinption is made, 
that is, that tritium is produccd at the same (a1om)rale 
as plutonium in the rcactor. thcsc 0.29 tonncs of 
tritium are equivalent to a production of (23913) 0.29 
= 23 tonnes of plutonium. 

B. HELFASES AND 1)OSE ESTihlATES 

71. In the Unitcd States, wcapons production 
activities have bccn ccntrcd at locations reporting 
mainly through four regional officcs of thc Dcpartn~cnt 
of Energy: Albuquerque, Oak Ridge, Richland and 
Savannah River. Doscs reported from Uiesc ccntrcs 
between 1976 and 1982 are considered to contribute 
about 90% of the population dose from activities 
rclated to wcapons rcscarch and production. Little 
information is available on doses or releases bcfore 
1976. Efforts are being made, howcver, to reconstruct 
doscs to the public living ncar nuclcar installatio~is, 

and some data from carlicr pcriods arc bccorning 
availablc. 

72. Thc Hanford nuclear wcapons facility in thc 
Unitcd Slatcs rcleascd substantial quaatitics of 
radioactive materials into the atmosphcrc and the 
Columbia Rivcr from its plutoniunl production rcactors 
and fucl rcprocessing facilitics. Two plutonium 
production rcactors startcd operating at Hanford in 
Deccmbcr 1944. Two fucl rcproccssing plants began 
extracting plutonium in the same month, and a third 
production rcactor was added in 1945 [C5]. Thc 
atmospheric rclcases of 13'1 from reprocessing 
facilitics were estimated from the quantity of rcactor 
fucl rcproccsscd and the time interval bctwecn 
removal from thc rcactors and rcprocessin . Table 14 
prcscnts the cstimatcd annual relcascs of 15'1 into the 
atmosphere from 1944 to 1956 [C5]. Thc largcst 
rclcases of l3'1 occurred between 1944 and 1946 
during the effort to dcvclop and produce the first 
arsenal of nuclcar weapons. At that time, fuel rods 
were reprocessed soon after their removal from the 
rcactors in ordcr to maximize plutonium production, 
and there was no filtering or chemical processing of 
1311 bcforc atmospheric release. About 18 PBq of 13'1 
was rcleascd into the atmosphere between 1944 and 
1946, while the rclcasc from 1947 to 1956 amountcd 
to about 2 PBq (Table 14). The total atmospheric 
relcasc of 13'1 was 20 PBq between 1944 and 1956. 
Prcliminary calculations indicate that the maximum 
thyroid doses were of the ordcr of 10 Gy in 1945 
[O-1. The collective effective doscs, bascd on a value 
of 4 man Sv. per Bq of 13'1 rcleascd from 
nuclcar installations and a population density of 25 
persons per km2 [Ul,  W4], 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 bccn rcportcd, or from the 
liquid rcleascs to the Columbia Rivcr. The dose recon- 
struction effort, which is scheduled to bc finishcd in 
1994, will produce more complete and accuratc dose 
cstimalcs. 

73. Thc Chclyabinsk-40 ccntrc, located ncar thc town 
of Kyshtym, was the first Sovict nuclear installation 
dedicated to the production of plutonium for military 
purposes. A uranium-graphite rcactor with an opcn 
cooling water system was commissioned in Junc 1948, 
and a fucl rcprocessing plant startcd opcrating in 
Deccmbcr 1948 INS]. Liquid rclcascs to the Techa 
Rivcr from 1949 to 1956 amounted 10 100 PBq, with 
95% olthis release being discharged from March 1950 
to November 1951 [K7]. Thc main contributors to the 
activity associatcd with the radioactive materials 
rcleascd were 8 9 ~ r  (8.8%), (11.6% , 13'cs 
2 . 2 % )  rare-earth isotopes (26.8%). "Zr-"Nb 
(13.6%) and ruthenium isotopes (25.9%) [K7]. These 
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largc rcleascs appear to havc rcsultcd in largc part 
from a lack of waste treatment capability and from the 
storage of radioactive wastes in open, unlillcd carthcn 
reservoirs [T4]. A hydrological isolation system, 
including a small reservoir callcd Lake Karachay, was 
built after 1952 to contain thc low- and intcmicdiatc- 
lcvel wastes. 

74. Thc population along thc Tccha Rivcr was 
cxposcd to both external and intcrnal irradiation. 
External irradiation was causcd by gamma radiation 
from 13'cs, l o 6 ~ u  and OSzr in the flood-plain areas, in 
vcgctable gardens ncar the houses, arid inside the 
houses. Intcrnal irradiation was mainly due to the 
consumption of water and of local foodstuffs 
contaminated witb a 9 ~ r ,  %r, 1 3 7 ~ ~  and sonic other 
radionuclidcs. Tissue and effective doscs, prcscntcd in 
Table 15, havc becn estimated for the populations 
living along the 240-km-long Techa Rivcr [A4]. 
Average cumulative cffective doses are cstimatcd to 
have ranged up to 1,400 mSv in the village of 
Mctlino, located 7 km downstream from the point of 
discharge. The evacuation of the population of that 
village started in 1953: from 1955 to 1960, inhabitants 
of another 19 settlements were moved away from the 
river. Altogether, 7,500 persons were evacuated [2(7]. 
It appears from Table 15 that all villagcs along the 
Tccha River within about 50  km of the plutonium 
production centre wcre evacuatcd. The collcctive 
effective dose can be assessed from the distribution of 
estimated cumulative effective doscs 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 cffective doses greater than 500 mSv is 
identical with the 7,500 persons who wcre evacuated, 
the collcctivc effective dose rcccivcd by the population 
living along the Tccha River is about 15,000 Inan Sv. 
This value docs not include the contributions from the 
airborne discharges, which have not bcen rcportcd, or 
from the contamination of the Isct Rivcr, illto which 
thc Tccha Rivcr discharges its waters. 

75. Thcse data from Hanford and Chelyabinsk give 
some indications of doses from the carlicr practice of 
nuclcar wcapons fabrication, but it  is difficult to extra- 
polate this information to the total weapons industry. 
Another method of estimating dose is to relatc the 
radioactive material production amounts to thc doses 
involvcd i n  producing and utilizing nuclcar fuels in the 
civilian fucl cyclc. Plutonium production reactors, 
which are optimized for the purposc, produce about 
1 g of U 9 ~ u  per MW d (thermal powcr), which, if a 
lbcrmal conversion of 0.33 is assumcd, can be 
expressed, for comparison, as 1.1 tonne pcr GW a of 
electrical power. This means that the plutonium and 

tritium in present arscnals conespond to (200 + 
23)ll.l = about 200 GW a (clcctrical powcr) of 
reactor operation. According to the UNSCEAR 1988 
Rcport [Ul ] ,  1 GW a of electrical powcr in the 
civilian filcl cyclc yiclds a collective dosc of 4 man Sv 
locally and regionally and 200 man SV globally. Thc 
total collcctivc cffcctivc dosc committcd fro111 wca- 
pons plutonium and tritium production may thus be 
cstimatcd to be 800 man Sv locally and regionally and 
40,000 man Sv globally. 

76. TIic estimated annual collcctivc doses from 
weapons production activities in the Unitcd Statcs, as 
reflcctcd in reports of the Department of Energy for 
the four niain locations between 1976 and 1982, wcre 
5.8, 8.2,5.2,2.2,2.4,2.3 and 1.7 man Sv, rcspectivcly 
[D7]. The Unitcd Statcs nuclear weapons stockpile 
grcw by the mid-1960s to somewhat abovc 30,000 
weapons [C12]. Since thcn, as older weapons bavc 
been retired, the stockpile has decreased, to some 
25,000 weapons. Howcvcr, some of the rctircd 
weapons have bccn replaced, and tritium has becn 
produccd continually to balance the radioactivc dccay. 
From the rcportcd 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 Uiat the mean annual population 
dose commitment fro111 1965 to 1990 was 10 man Sv 
and that during this period, on average, 1,000 wcapons 
were produccd annually, an average population dosc 
con~mitnicrit of 0.01 nian Sv for each weapon pro- 
duced is cstimatcd. With a total Unitcd States produc- 
tion of 30,000 + (20 x 1,000) = 50,000 weapons, the 
total estimate would be 500 man Sv. With similar 
doscs from wcapons production in the Soviet Union, 
the collective dosc committed to the local and regional 
population from nuclcar wcapons production in the 
world would become 1,000 man Sv, in agrccmcnt with 
the estimate bascd on plutonium and ~ i t i u m  produc- 
tion in the previous paragraph. 

77. This cstiniate of about 1,000 man Sv for the 
local and regional collective dose from the global 
nuclear wcapons industry in more recent practice is 
admittedly uncertain, as i t  is bascd on many assump- 
tions and few data. Tllc global componcnt of the col- 
lective effective dosc is also rather uncertain, as it 
mainly arises from radon releases from mill tailings in 
the next 10' years. The amounts of enriched uranium 
produccd for wcapons purposes arc not known, and 
this part of tllc military fucl cyclc has not yet bcen 
asscssed. Howcvcr, even if the committcd collective 
dosc from nuclcar wcapons research, development arid 
production is takcn to be roughly 100,000 man Sv, 
this rcprescnls less than 1% of the committed col- 
lective dosc from atniosplieric testing, which according 
to Table 11 was about 3 lo7 man Sv. 



1V. NUCLEAR POWER PRODUCTION 

78. Tlrc generation of clccbical crrcrgy by nuclcar 
reactors has contirrually increased since tlrc beginning 
of this practice in the 1950s. In 1989, thc clcctrical 
cncrgy generated by nuclcar reactors amounted to 
212 GW a, representing 17% of the world's clcctri~il  
cncrgy generated in that year and 5% of the world's 
cncrgy consumption 1171. 

79. The nuclcar fucl cyclc includes the mining and 
milling of uranium orc, its conversion to nuclcar fucl 
material, which usually includes the enrichment of the 
isotopic content of 2 3 5 ~ ,  the fabrication of fucl ele- 
ments, the production of cncrgy in the nuclcar reactor, 
the storage of irradiated fucl or its reprocessing wilh 
h e  recycling of the fissilc and fertile matcrials 
rccovcrcd, and the storage and disposal of radioactive 
wastes. Radioactive materials are transported between 
installations in the entire fucl cycle. 

50. Radiation exposures of members of the public 
resulting from effluent dischargcs of radioactive 
materials from installatiorls of the nuclear fuel cycle 
were assessed in previous UNSCEAR Rcports [Ul,  
U3, U4, U5], in which discharge data for 1970-1974, 
1975-1979 ar~d 1980-1984 were included. In this 
Annex, similar data are prcsentcd for the years 1985- 
1989, as well as the trend with time of the normalized 
annual releases since 1970. The doses are cstiniatcd 
using the same environmental and dosimctric models 
as in the UNSCEAR 1988 Report [Ul]. In this 
Chaptcr doses to the public from routine cfflucnt 
discbarges are considered. 

81. The doses to the exposed individuals vary widely 
from installation to installation and from one location 
to another, and the individual dose generally dccrcascs 
rapidly with distance from 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 released at each stage of the nuclear ft~cl 
cycle, results are normalized in temis of the collcctivc 
effective dose pcr unit quantity of clcclrical cncrgy 
produced, expressed as man Sv per GW a. The 
estimated amounts of natural uranium, uranium oxidc 
(U308), fuel, and units of enrichment required to 
generate 1 GW a of electrical energy arc prcsentcd in 
Table 16 for several reactor types [ 0 2 ,  031. 

A. hIININC AND MILLING 

82. Uranium mining operations involve the removal 
From the pound of large quantities of ore containing 
uranium and its decay products at concentrations of 

bctwccu a tenth of a per cent and a few pcr cc~rt. In 
con~parison, tlrc avcragc conccnbatior~s of uranium in 
soils of normal natural background arcas arc of the 
order of I ppm. Uranium is nii~rcd using underground 
or open-pit tecl~niques. The a ~ ~ ~ r u a l  quantitics of 
urarriuni produccd in 1975-1989 arc prcscntcd in 
Table 17 [02].  The total amount of uranium produccd 
worldwide remained fairly stable between 1985 and 
1990, at about 50,000 tonncs, extracted from about 20 
million tonncs of ore. Milling operations involve thc 
processing of these large quantitics of ore to extract 
the uranium in a partially refined form, known as 
yellow cake. 

83. Radon is Lhc most important radionuclidc 
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 normalized to the 
production of uranium oxidc (Ug08) ranged konl 1 to 
2,000 GBq t" and were, for most mines, much greater 
in Canada and in the German Democratic Republic 
than in Australia. The production-weighted average of 
the normalizcd radon release is 300 GBq t1 of 
uranium oxide. Since about 250 t uranium oxide are 
required to produce 1 GW a of electrical energy 
(Table 16), the average radon release, normalized to 
the generation of clcclri-cal energy, is approximately 
75 TBq (GW a)-'. 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 bccn both limited and variable. The present 
database is somewhat more extensive, and a produc- 
tion-weighted average has been calculated. 

84. Releases of natural radionuclides in uranium 
rnilling have becn reported for mills in Australia and 
Canada. Results for airborne rclcascs are shown in 
Table 19. The releases normalizcd to electrical cncrgy 
generated are comparable to values adopted in the 
UNSCEAR 1982 Report and the UNSCEAR 1988 
Report. Some variability is inherent, given the limited 
data available. Mill sites in dry areas give rise to 
effectively no liquid effluents. The run-off water of 
mills in wct climates. however, will conbirr 
radionuclides and may need treatment before release 
into watercourses. Liquid rcleascs have becn reported 
for two Canadian uranium niills and are presented 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. Thc cxlraction ofuraniurii during niilling is niadc 
as coniplctc as possiblc but cannot rcach 100%. Typi- 
cally, thc rcsidual tailings from t l~c  mill will contain 
from 0.001% to 0.01% uraniuni, dcpcnding on ~l ic  
grade of orc and tile cxtraction proccss. Morc import- 
antly, mill tailings contain thc totality of t l~c  dccay 
products of 2 3 4 ~  that wcrc prcscnt i n  t l~c  orc cxtrartcd 
fro111 the milic. Bccausc thc two precursors of 2 2 2 ~ n  
arc prcscnt in thc mill tailin s, namcly 2 2 6 ~ a ,  with a 
half-life of 1,600 ycars. with a half-life of 
80,000 ycars, mill tailings constitute a long-tcnn 
sourcc of atmospheric 222Rn. Tailings arc discharged 
from mills into opcn, unconklincd pilcs or bchirid 
cnginccrcd dams or dikes with solid or water covcr. 
All tailings pilcs act as sourccs of airbornc rcleascs of 
711 
---Rn, although thc rclcasc ratcs can be low if thc 
tailings arc covcrcd with walcr. 

86. Mcasurcnicnts ovcr barc tailings pilcs A8, B8, 
571 

C8, S8] show that the exhalation ratc of ---hi is 
about 1 Bq m-' s-' per Bq g-l of ' ' )6~a.  Since the 
concentralion of 2 2 6 ~ a  in uranium ore with 1% U30R 
is approximately cqual to 100 Bq g-I, the rclcasc ratcs 
of 222Rn ovcr barc tailings rcsulting from chc 
trcatment of uranium ore wilh 0.1%3% U 0 arc 
cxpcctcd to range bcaccn  10 and 300 Bq L-' s-I; 
taking the current avcrage ore radc to bc 0.2% U308. 
the average exhalation rate of '"Rn is cxpcctcd to be 
20 Bq m-' s-l. Rcportcd emission ratcs of 222Rn for 
1985-1989 Goni mill tailings in Argentina, Australia, 
Canada and the German Democratic Republic arc 
prcsentcd in Tablc 21. Thc emission ratcs per unit arca 
range from 0.1 to 43 Bq m" s-l, with most of thc 
valucs centred on 10 Bq m-' s- ' ,  which is an 
improvcmcnt ovcr the cmission ratcs expcctcd from 
barc tailings. Assuming, as in chc UNSCEAR 1988 
Report, that the production of a uranium minc 
gcncrates tailings of about 1 ha (GW a)-1 and that the 
rclease rates of '22Rn rcmain unchangcd during fivc 
ycars, a typical emission ratc pcr unit arca of 
10 Bq m-2 i1 concsponds to a noniializcd rclcasc of 
"'Rn of about 20 TBq (GW a).'. This applics to mill 
tailings of an operating mill. 

87. It is likcly that furthcr trcatmcrit will be carricd 
out to rninimizc thc rclcascs of222Rn from abandoncd 
tailings pilcs. As rcported i n  thc UNSCEAR 1988 
Report, scvcral tcchniques wcrc analysed in a study by 
thc Nuclear Encrgy Agency of the Organization for 
Economic Coopcration and Dcvclopmcnt (OECD) 
(01 ] for a numbcr of sites. Thc radon cxhalariori ratc 
varicd by factors of more than lo6, accordilig to thc 
trcatment assumcd, showing that this is clearly a 
crucial parametcr in the asscssmcnt of the impact of 
tailings piles. I n  the UNSCEAR 1988 Rcport. i t  was 
assumed that some reasonably impcrmcable covcr 
would be uscd and that Ihe radon cxhalation ratc froni 
abandoned tailings piles would be 3 Bq m-2 s-l. 

Bccausc of tlic assu~ncd protection against crosion and 
of tlic long radioactivc half-lilc of 23()Th, thc radon 
cxhalation rate would rcniain essentially unchangcd 
ovcr at Icast 10,000 ycars and would only dccrcasc by 
a factor of 2 over the ncxt 80,000 ycars. Furthcr 
trcatmcrit of d ~ c  aha~~doncd tailings pilcs by futurc 
gc~icratio~is in lhc ncxt niillcnnium would probably 
causc a variation in ttic cxhalation ratc, which could 
bc cid~cr a dccrcase or an increase. Two cxtrcmc 
options can bc cnvisagcd: 

(a) to ulicovcr the tailings pilcs so that thc radon 
cxhalatio~i ratc would be incrcascd to its initial 
valuc of about 20 Bq m-' s-I; 

@) to trcat the tailings in such a way that h c  
rcsulting exhalation rate is dccreascd to 0.02 Bq 

-1 s , which is the avcrage valuc concspond- 
ing to soils in noniial background areas. 

88. In this Annex, it  is assumed that thc avcragc 
"'Rn cxhalation rate from abandoncd tailings piles is 
3 Bq m-* sml [corrcspondin to a normalizcd crnission P ratc of 1 TBq am' (GW a)- ] and that chis value will 
rcmain unchangcd over the ncxt 10,000 years. These 
assumptions of the long-tcrm releasc of radon arc the 
same as i n  the UNSCEAR 1988 Report [Ul]. I t  is, 
howcvcr, recognized that the u'~n cxhalation ratc 
could range bctwccn 0.02 and 20 J3q rn-' s-' any time 
in the ncxt 10,000 ycars and beyond. Normalized 
relcascs of radionuclidcs assumed for the mining and 
milling operations arc summarized in Tablc 22. 

2. Dose estimates 

89. In the dose estimation procedurc uscd in the 
UNSCEAR 1988 Report, a refcrencc minc and mill 
sitc was considcrcd with population densities of 
3 km-' at 0-100 km arid 25 k ~ i i - ~  at 100-2,000 km. 
Thc collcctivc doses rcsulting from airbornc discharges 
wcrc thcri calculated using an atmospheric dispersion 
modcl with the characteristics of a semi-arid arca and 
an cffcctivc rciease hcight of 10 m. The resultant 
collcctivc cffcctive doscs per unit release arc shown in 
Tablc 22, along with the collcctivc cffcctivc doscs per 
unit electrical cncrgy gcncratcd for the radionuclidcs 
rclcascd during the operation o r  the modcl mine and 
mill and from the abandoned tailings pilcs. The toial 
collective cffcctive dose pcr unit clcctrical encrgy 
gcncratcd is estimated to bc 1.5 man Sv (GW a)-' 
during Ihc opcration of thc riiinc and niill ;~nd to be 
essentially duc to thc radon rclcascs. This is greater by 
a factor of 3 than the estimate given in thc UNSCEAR 
1988 Rcport, since additional dara havc indicated 
highcr avcrage normalized rcleascs. The unccriainties 
cxist not only from normalized rclcases but also from 
conditions of the model sitc and the population 



distributions. Thcrc may bc widc deviations fro111 thc 
abovc assumptio~is for actual sitcs. Thc dmcs from 
liquid cfflucnts arc ncgligiblc in coml)arison to thc 
doscs Sro~ii airbornc cfflucnts. 

90. Thc collcctivc cffcclivc dosc pcr uriit clcclrinl 
cncrgy gcncratcd that is duc to thc rclcascs of radon 
from abandoncd tailings pilcs is csti~natcd to hc 
dclivcrcd at a ratc of 0.015 man Sv (GW a)-' pcr ycar 
of rclcasc. Thc ratc of rclcasc as a function of timc is 
assumcd to bc constant, and givcn thc vcry long radio- 
active half-livcs of thc radon precursors, thc normal- 
ized collcctivc cffcctivc dosc committed is propor- 
tional to thc assunicd duration of thc rclcasc. Taking 
this pcriod to bc 10,000 years for thc sake of illustra- 
tion, the result is an cstimatcd 150 man Sv (GW a)-'. 
This figure is highly dcpcndcnt on future management 
practiccs; its estimated range is from 1 to 1,000 
man Sv (GW a)-'. 

13. URANIUM FUEL FABRICATION 

91. Thc uranium orc conccntratc produced at the 
mills is furthcr proccsscd and purificd and convcrtcd 
to uranium tctrafluoridc (UF4), and thcn to uranium 
hcxafluoridc (UF6) i f  i t  is to be cnrichcd in the isotopc 
2 3 5 ~ ,  bcforc bcing convcrtcd into uranium oxide or 
nictal and fabricatcd inlo fucl clcnicnts. Ura~iiurn 
cnrichmcnt is not nccdcd for gas-cooled, graphite- 
niodcratcd rcactors (GCRs) or heavy-watcr-cooled. 
hcavy-watcr-modcratcd rcactors (HWRs). Enrichments 
of 2%5% arc rcquircd for light-watcr-modcratcd and 
coolcd rcactors (PWRs and BWRs) and for advanced 
gas-coolcd, gaphitc-modcratcd rcactors (AGRs). 

92. Available data on airbornc and liquid dischargcs 
from installations of this stagc of the fucl cyclc arc 
givcn in Tablc 23. Emissions of radionuclides from 
the convcrsion, cnrichmcnt, and fucl fabrication 
proccsscs arc gcncrally small and consist csscntiallv of 
the long-lived uranium isotopes, ' 3 4 ~ ,  2 3 5 ~ ,  and 2 i 8 ~ ,  
along with 234Th and 2 3 4 m ~ a ,  which are the short- 
livcd dccay products of 2 3 8 ~ .  Thc long half-life of 

prcvcnts thc activity build-up of any othcr 
radionuclidc of the 2 3 8 ~  scrics. Tbc solid wastcs 
arising during uranium fucl fabrication arc trivial in 
quantity by con~parison with thosc from thc uranium 
mines arid mills. 

93. The normalized cfflucnt discharges from niodcl 
fucl convcrsion, cnrichmcnt and fabrication facilities, 
which are takcn to be the same as in (he 1988 
UNSCEAR Report, are prescntcd in Table 24. 

94. Collcctivc doscs resulting froni thc a irhornc 
rclcascs wcrc csti~lialcd for lllc niodcl facility specified 
in UIC UNSCEAR 1988 Rcport, with a corlstant 
population dcrisity of 25 km-2 0111 to 2,000 km. l l i c  
nornializcd collcctivc cffcctivc dosc is csti~natcd to bc 
2.8 man Sv (GW a)-', with inhalation thc niost 
important pathway of cxposurc. Tlic collcctivc doscs 
duc to liquid discl~argcs arc much lcss lhari thosc froni 
airbornc dischagcs, as was asscsscd in t l~c  UNSCEAR 
1982 Rcport for thc sarnc rclativc rclcascs. 

C. RFACTOH OPERATION 

95. Nearly all thc clcctrical cncrgy gcncratcd by 
nuclcar means is produccd in thcrmal rcactors. Thc 
fast ncuuons produced by the fission proccss are 
slowcd down to thermal cncrgics by usc of a modcra- 
tor. The most common matcrials used as modcrators 
are light water (in PWRs arid in BWRs), hcavy watcr 
(in HWRs) and graphite (in GCRs and light-watcr- 
coolcd, graphite-modcratcd rcactors [LWGRs]). The 
electrical encrgy gencratcd by thcsc various typcs of 
reactors from 1970 to the end of 1989 is illustrated in 
Figure VII. During this pcriod thc nu~nbcr of nuclcar 
rcactors incrcascd froni 77 to 426: thc installed 
capacity, from 20 to 318 GW; and the cncrgy gcncra- 
tcd, from 9 to 212 GW a [IlO]. Basic dala on nuclcar 
rcactors in opcration in 1985-1989 arc prcscntcd in 
Table 25. 

96. The uranium fucl for thc nuclcar rcactors is 
contained in discrcte pins, which prevent Icakagc of 
the radioactivc fission products into the coolant circuit. 
The heat gcncratcd in thc fucl pins by the slowing 
down of the fission fragnicnts is rcmovcd by forccd 
convection, the most usual coolants bcing light watcr 
(in PWRs, BWRs and LWGRs), hcavy watcr (in 
HWRs). and carbon dioxide (in GCRs). Thc thermal 
energy carried by the coolant is thcn transformed into 
electrical energy by means of turbine generators. 

97. In addition to lhc rcactor typcs mcntioncd abovc, 
thcrc arc fivc fast brccdcr rcactors (FBRs) in opcration 
in thc world. In that typc of rcactor, fission is induccd 
by fast neutrons, thcrc is no niodcrator and thc coolant 
is a liquid mct:iI. Thc nlain advantage of thc FBR lics 
in its ability to producc morc nuclcar fucl than it 
consurncs. 

98. During thc production of power by a nuclcar 
rcactor, radioactivc fission products arc formcd within 
h e  fucl and ricutron activation products in structural 
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and cladding matcrials. Radioactive contamination of 
thc coolant occurs bcrausc fission products diffusc 
into the coolant from ttic small fraction of fucl with 
dcfcctivc cladding, and particlcs arising from the 
corrosion of stn~clural and claddilig matcrials arc 
activated as lllcy arc rarricd through thc corc. All 
rcactors havc trcatrncnt systcms for thc removal of 
radionuclidcs from gascous and liquid wastcs. 

99. Thc aniounls of diffcrcnt radioactive matcrials 
rclcascd from thc rcactors dcl)cnd on thc rcactor lypc, 
iLs dcsign and tllc spccific wastc trcatmcnt plant 
installed. As in thc prcvious UNSCEAR Rcports, 
annual rclcasc data havc bccu conlpilcd for cach typc 
of rcactor. Annual rclcascs arc rcportcd in this A~ulcx 
for thc period 1985-1989. Thcsc includc: 

(a) noble gascs (argon, krypton and xcnon) rclcascd 
to atmosphcrc (Tablc 26): thc radionuclidc 
compositions of the noblc gascs dischargcd from 
PWRs and BWRs in the Unitcd States in 1988 
are givcn in Tables 27 and 28, rcspcctivcly; 

(b) tritium in airbornc effluents (Tablc 29); 

(c) carbon-14 rclcascd to thc atmosphere, available 
for a fcw rcactors (Tablc 30); 

(d) iodine-131 in airbornc cfflucnts (Tablc 31): 
rclcases of othcr radioactivc isotopes of iodinc 
from PWRs and BWRs in the Unitcd Statcs in 
1988 arc prcscntcd in Tablc 32; 

(c) particulatcs in airbornc cfflucnts (Tablc 33); 

( f )  tritium in liquid cfflucnts (Tablc 34); 
(g) radionuclidcs othcr than tritium in liquid 

effluents (Tablc 35); the radionuclide compo- 
sitions of thc activities rclcascd in liquid 
effluents from PWRs and BWRs in the Unitcd 
Statcs in  1988 arc givcn in Tablcs 36 and 37, 
rcspectivcl y. 

100. For cach effluent category, the rcportcd 
discharges from individual reactors in a givcn ycar 
vary ovcr scvcral orders of magnitude according to 
design, type of wastc treatment, and levcl of irregular 
operations and maintcnancc. Evcn for rcactors of the 
samc type, thc variations arc enormous. As an 
cxample, thc statistical distribution of the 1311 rclcascd 
from P W b  in the Unitcd Statcs during 1988 is 
illustrated in Figure VIII. For thc distribution assumcd 
to be lognornial, a very largc gcomctric standard 
deviation of 13 is obtained. Ncithcr the amount of 
clcctrical cncrgy gcncratcd nor thc age of the rcactor 
appcars to havc a clear cffcct on the quantities of 
radioactivc matcrials released in a givcn ycar. The 
normalized rclcascs of radionuclidcs in airbornc 
cfflucnts from PWRs in Lhc Unitcd Statcs i n  1988 arc 
illuslratcd in Figurc 1X. Both ttlc total and normalizcd 
rclcascs sccm to be indepcndcnt of the amount of 
clcclrical cncrgy generated in that ycar or of thc age 
of the rcactor. This may indicatc that cfflucnt 
tmtments in all rracim are maintahlcd to cunrnt standards. 

101. The lrcnds in normalizcd rclcascs from all 
rcactorj worldwide of Ulc major cornpollenis of 
radiol~uclidcs in airborne and liquid cfflucn~r are 
illustralcd ia Figurcs X to XVI. Deviatiolls from thc 
gcllcral p;illcr11s nlay rcflcct abnormal opcration, 
spccial l l~aintcna~~cc or thc likc in spccific rcactors. 
Some variability may also rcflcct data that arc too 
incomplctc to providc rcprcscntativc avcragcs. Thc 
data bccomc increasingly incon~plctc for ycars before 
1985. For the pcriod 1985-1989, although somc 
components of dischargcs arc not mcasurcd, thc 
reporting of available d a u  is nearly complctc for all 
reactors in  opcration in thc world. 

102. Bccause of thc variability in annual releases, 
normalized rclcascs have becn averaged ovcr five-year 
periods in ordcr to asscss the collective doscs. Thc 
nornializcd rclcascs for the data availablc since 1970 
arc prcscntcd in Tablc 38. Data are availablc for all 
typcs of rcactors and cfflucnt catcgorics for 1985 
1989, cxccpt I3l1 discharged from FBRs. A release 
equal to that from PWRs is assumed. Estimated values 
only arc available for 3~ rclcascs from LWGRs [IlJ]. 
For sornc carlicr pcriods thc data arc less complete for 
somc rcactor typcs. In ordcr to includc estimates for 
those pcriods as well, the morc recent data or the data 
for PWRs are used. 

103. Thc trcnds in tlic principal components of 
rclcascs from rcactors, averaged ovcr all rcactor typcs 
and ovcr five-year time pcriods from 1970 to 1989, 
arc shown in Figure XVII. Atrnosphcric dischargcs of 
noblc gascs and iodincs, as well as liquid discharges 
of radionuclidcs other than tritium, have bccn dcacas- 
ing, and thcrc havc bccn lcss obvious changcs for thc 
othcr conlponcnts. The downward trcnds no doubt 
rcflcci in~provcmcnts in  thc quality of nuclcar fucl as 
well as in  the pcrforniancc and standards of rcactors 
in opcration. 

104. Tllc cstiniatcs of normalized rclcasc of 
radionuclidcs from rcactors may be combincd with the 
clcctrical cncrgy gcncratcd to obtain cstiniatcs of the 
total relcascs from all rcactor operations in the world. 
A record of cncrgy gcr~cration by reactors worldwide 
is conipilcd by thc International Atomic Energy 
Agcncy (IAEA) [IlO]. Since this record is not 
coniplclc, especially for carlicr ycars of operating 
cxpcric~~cc in some countrics, data providcd separately 
to thc Cornrnittce and a few estimated valucs havc 
bccn added to providc tllc summary listing givcn in 
Tablc 39. The avcrage nor~nalizcd rclcasc valucs ill 

Tablc 38 are assumcd lo hc thc most rcprcscntativc 
and arc applicd Ihroughout cach five-ycar pcriod. Thc 
total rclcascs from all rcactors for Qe cntirc pcriod of 
their usagc, during which time 1,844 GW a of clcctri- 
cal energy was gcncratcd, and the avcrage nonnalized 
rclcascs arc givcn in Table 40. 
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2. 1~)clrl and n.gionnl dose estinlates 

105. Natiollal authorities usually rcquirc that 
c~~vironmcntal nionitorillg progranilncs hc carricd out 
in LIIC vici~lity of a nuclcnr rcactor. 111 gcncral, thc 
activity conccntrations of radionuclidcs in cfflucnt 
dischargcs arc too low to bc ~ncasurahlc cxccpt close 
to dlc point of discharge. Dosc csti~natcs for the 
population thcrcforc rcly on modclli~lg thc 
cnvironmcnbl transfcr and transport of radioactivc 
materials. 

106. In the UNSCEAR 1982 Rcport and the 
UNSCEAR 1988 Rcport, thc Committee uscd a modcl 
sitc h a t  is most rcprcscntativc of northcrn Europe and 
thc north-castcrn Urlitcd States, sincc those arcas 
contain a largc proportion of all powcr-producing 
reactors. The cunlulative population within 2,000 km 
of the modcl sitc is about 250 million, giving an 
avcragc population dcnsity o r 2 0  km'2. Wi~hin 50 tan 
of thc site, thc population dcnsity is taken to be 
400 km-' in ordcr to rcflcct siting practices. This 
modcl sitc has also bcen uscd in this Annex, along 
with thc cnvironmcntal and dosimetric models of the 
UNSCEAR 1988 Rcport. With thc cxccption of 3~ 
and 14c,  most of the collcctivc doscs arc dclivcrcd to 
populations in local and rcgional arcas surrounding thc 
modcl sitc. Thc collcctivc cffcctivc dosc per unit 
rclcasc for thc radionuclidcs or for the radionuclidc 
con~positions rcprcscrltativc for cach rcactor typc arc 
prcscntcd i n  Tablc 41. 

107. Esliniatcs of collcctivc cffcctivc dose pcr unit 
clcctrical cncrgy gcncratcd rcsulting horn cfflucnt 
discharges lronl rcactors in 1985-1989 arc given in 
Tablc 42. Thcsc are obtaincd by n~ultiplying the 
normalizcd rclcascs (Tablc 38) by thc collcctivc 
cflcctivc dosc pcr unit rclcasc (Tablc 41). Thc total for 
all rcactor opcration is 1.4 man Sv (GUr a)-I. 

108. A similar proccdurc may be used to cvaluatc the 
collcctivc dosc from thc entire pcriod of reactor 
opcration. The avcragc normalizcd rcleascs in 
five-ycar pcriods (Tablc 38) arc multiplicd by thc 
annual cncrgy gcncration of the diffcrcnt rcactor types 
(Tablc 39) and by h e  factors of collcctive dose per 
unit rclcasc (Tablc 41). Thc rcsulb for cach rcactor 
typc are comhincd in Tablc 43. Thc total collcctivc 
cffcctivc dosc from all rcactor operations through 1989 
is cstimatcd to havc bccn 3,700 man Sv. Thc 
contributions by cach rci~ctor typc (not indicated, but 
dctcrniincd from thc calculation) arc 45% fro111 
HWRs, 29% from BWRs. 14% from PWRs, 9% from 
LWGRs, 4% from GCRs and 0.3% Croni FBRs. 

109. The estimated collcctivc cffcctivc doses from 
el'fluent dischargcs from reactors have changcd over 

Ihc course of t i~nc ,  as thc a r l ~ o u ~ ~ t s  of clcctrical crlcrgy 
gcncratcd and the rclcascd aniounts pcr unit cncrgy 
gcncratcd havc changcd. Figurc XVIII shows thc 
trcnds for d ~ c  various cfllucrll catcgorics. Thc 
collcctivc doscs from at~nospllcric dischargcs of l~oblc 
gascs and of iodinc and from liquid dischargcs of 
radio~luclidcs othcr tl~arl tritiunl dccrcascd or rcn~aincd 
stablc from bcforc 1970 through 1985-1989. Thc othcr 
compoacnts of tlrc local and rcgional collcctivc dosc 
incrcascd with t i~nc  as thc qua~~lity of clcctrical cncrgy 
gcncratcd incrcascd. also shown in Figurc XVIII. 

110. individual doscs rcsulting fro111 routine rclcascs 
of radioactivc cCflucn& from rcactors arc usually lour. 
For the modcl sitc, thc annual cffcctivc doscs to most 
exposed individuals are cstiniatcd to be 1 pSv for 
PWRs, 7 ~ S V  for BWRs, 10 pSv for HWRs, 10 p!Sv 
for GCRs, 20 pSv for LWGRs and 0.1 pSv for FBRs. 

D. FUEL KEI'KOCESSING 

111. At the h c l  rcproccssing stagc of the nuclear fuel 
cycle, the elements uranium and plutonium in thc 
irradiatcd nuclear fuel arc rccovered to be uscd again 
in fission reactors. Spent fuel clcmcnts arc preferably 
stored under watcr for a niinimum .of four to five 
months, in ordcr to cnsurc that thc short-livcd 1 3 1 ~  

decays to a very low Icvcl. Sincc one rcproccssing 
plant can serve a largc number of nuclear reactors, the 
quantities of radionuclidcs passing through thc plant 
are high in absolute terms. 

112. Rcproccssing is, a t  prcscnt, carricd out in only a 
fcw countries and is lilnitcd to a small portion of thc 
irradiated fucl. Known rcprocessing capacities, as 
summarized in Table 44, amount to about 3,300 t of 
uranium pcr annum. Thc annual throughputs of 
irradiated fuel from civilian power programmes to fucl 
rcprocessing plants in France. Japan and the United 
Gngdom are illustrated in Figure XIX. In the 1980s 
the total throughput at these plants ranged from an 
equivalent of 5 to 8.5 GW a of clectrical cncrgy, 
rcprescnting 5% of the annual worldwidc nuclear 
clcctrical cnergy production in that pcriod. The 
fraction of irradiatcd fuel that is rcproccsscd has bccn 
dccrcasing slightly with time. as cncrgy production has 
expandcd somcwbat morc than thc throughput of fucl 
at the rcprocessi~~g plants. Thc fractional amounts 
rcproccsscd in tcnns of cncrgy production cquivalcrlt 
wcrc 0.078, 0.066 and 0.04 during 1975-1979, 
1980-1 983 and 1985-1989, rcspcctivcly. Thc data for 
ycars bcforc 1975 arc i~~coruplctc. 

113. Scvcral countrics havc bkcn dccisio~a not to 
rcproccss fucl. In thcsc countrics, the fucl will cirhcr 
be disposcd of or storcd rctricvably; i n  the latter casc 
h e  possibility of rcproccssing at sonic latcr date 
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would not bc prccludcd. Thc current stratcgy for thc 
managcnicnt of spcrit ft~cl in diffcrcrit cou~~trics is 
surnniarizcd in  Tablc 45: in cach casc thc amount of 
inadiatcd fucl produccd in  1990 is indicatcd. hascd on 
Ihc amount of nuclcar clrcrgy gcncratcd in that ycar. 
For thc countrics includcd in Tablc 45, thc gcncration 
of s p c ~ ~ t  oxidc fucl in 1990 was about 11,000 t of 
uranium. 

114. Thc radionuclidcs of principal concern in 
cfflucnts from re roccssing lants are h e  long-livcd 
nuclidcs: 'H, C "10, '"1, 13'~s,  1 3 7 ~ s  and 
isotopcs of transuranium elements. The reported 
rclcascs of radionuclidcs to the atmosphere and to the 
sea from UIC Scllaficld, Cap de La Hague and 
Tokai-Mura rcproccssing plants for 1985-1989 are 
listcd in Table 46. In this Tablc, thc valucs for the 
electrical energy gcneratcd that correspond to tbc 
annual throughput of fucl wcre cstimatcd from the 
85k discharges, using production rates of 14 PBq 
(GW a)" for GCRs and 11.5 PBq (GW a)-' for 
PWRs. The variations with time of h e  normalized 
rclcascs of 3~ and 1 3 7 ~ s  in liquid effluents from the 
Cap dc La Hague and Scllaficld rcprocessing plants 
arc illustrated in Figurc XX. Thc annual total releases 
follow a similar pattcrn. Discharges of tritium havc 
becn increasing slightly, but 13'Cs rclcascs have bccn 
dccrcasing. Strictcr controls on rclcascs from the 
Scllaficld plant havc, sincc the early 1980s, reduced 
thc 13'cs rclcascs to lcvcls comparablc to thosc from 
h c  Cap dc La Haguc plant. Thc normalized rclcascs 
from tbc Tokai-Mura plant havc bccn comparable to 
thosc from h c  Europcan plants for 'H but several 
ordcrs of magnitude lcss for 1 3 7 ~ ~ .  

115. The data in Table 46, along w i h  those quotcd in 
prcvious UNSCEAR Rcports [ U l ,  U3, UJ] and addi- 
tional data lrom Japan [N13], havc bccn used to 
dctcrmine ~ h c  avcragc normalizcd rclcases of radio- 
nuclidcs during chc five-ycar pcriods. The limitcd data 
prior to 1975 havc bccn combincd with latcr data to 
provide cstimatcs lor 1970-1979. Thc valucs arc givcn 
in Tablc 47. Thc normalization is rclcvant to the cqui- 
valcnt cncrgy production of thc fucl rcprocessed. 
Tritium rclcascs in liquid cfflucnb inncascd in the 
most rcccnt five-year pcriod, but thcre have bcen 
dccrcascs for most othcr radior~uclidcs, particularly for 
1 3 7 ~ s  (by a factor of 80), for %r (by a lactor of 13) 
and for '06Ru (by a liictor o l  9). 

116. The tohl aniounls of radionuclidcs rclcascd from 
fucl rcproccssing can bc cstimated by cor~iplcting thc 
record of amounts of lucl rcproccsscd prior to 1975. 
For h i s  purposc the ratio of 0.078 tirncs the a~lrlual 
clcctrical cncrgy gcncratcd by rcactors has been used. 

The cncrgy gcricratcd by rcactors was b' 71vcn in 
Tablc 39. Thc fucl rcproccsscd (cncrgy cquivalc~~t) 
tirncs thc avcragc normalizcd rclcascs ofTablc 47 givc 
estir~iatcs of UIC tol;ll annual rclcascs, which arc shown 
in Tablc 48. Whcncvcr tllc rncasurcd rcsults from all 
thrcc rcproccssiag p l a ~ ~ t s  in Francc, Japa~l and thc 
Unitcd Kingdo~n wcrc available, thosc rcsults, instcad 
of csti~riatcd values, wcrc uscd in Tablc 48. Mcasurcd 
results wcrc available for 3~ and "1(r i n  airbornc 
cfflucnts and 3 ~ - ~ ,  9 0 ~ r ,  I o 6 ~ u ,  1 3 7 ~ s  in liquid cfflucnts 
since 1975, for lZ9l in airbon~c cfflucnts in 1980-1984 
and in liquid cfflucnts in 1983-1986. Thc avcrage 
normalizcd rcleascs for tbc cntirc pcriod of fucl 
rcproccssing operations givcn in Tablc 48 corrcspond 
to 1,844 GW a of electrical cncrgy gcneratcd and an 
amount of fuel rcproccsscd equivalent to 101 GW a. 

2. Local and regional dose estimates 

117. Thc collcctive doscs from the rcproccssing of 
nuclear fuel arise from local and regional exposurcs 
and from cxposurcs to the globally dispersed radio- 
nuclides. Estimates of tbc local and regional dosc 
commitments arc givcn in chis Section and the global 
contribution in Section E. Thc local and regional 
collective doscs per unit rclcasc of radionuclidcs wcre 
evaluated in tlie UNSCEAR 1988 Rcport [Ul]. Thcsc 
valucs arc includcd in Tablc 49 along with the 
normalizcd rcleasc amounts dcrived in Tablc 46. Thc 
product of these two quantities gives chc collcctivc 
effective dosc pcr u ~ ~ i t  cncrgy cquivalcnt of fuel 
rcproccsscd. Sincc the total fucl rcproccsscd in 
1985-1990 was 4% of the total, h e  collcctive dosc 
normalized to the total cncrgy generated in h e  pcriod 
is lcss by the factor 0.04. The total normalizcd 
collective cffectivc dose (relative to tokl encrgy 
gcncratcd) is 0.05 man SV (GW a)-' from airborne 
cfflucnts and 0.2 man Sv (GW a)-' from liquid 
efflucnls. 

118. The evaluation of the collcctive dose for thc 
entire pcriod of fucl rcproccssing is straightforward 
from the estimates of annual rclcascs of radionuclidcs 
prcscntcd in Tablc 48. The quantities in h i s  table arc 
multiplied by the factors of collcctive dose per unit 
rclcase in Table 49. Tbc rcsults arc prcsentcd in 
Tablc 50. The collcctive dose lrom the start of the 
rcprocessing practicc is cstiniatcd to be 4,600 man Sv. 
The main cornponcnts (ovcr 90%) o l  thc dosc arc 
13'cs and lo6Ru in liquid cKluc11ts. 

119. Annual individual doscs to critical groups have 
been evaluated for the thrcc rcproccssing plants for 
which rclcasc data arc availi~ble. Individual doscs for 
Sellafield havc bccn dcrivcd lrom environmental 
monitoring data, con~bincd with information on thc 
habits of local critical groups IC4). The main path- 



ways considcrcd arc tllc consumptio~~ of locally caught 
fish and shcllfisl~, wholc body cxtcrnal irradiation fron~ 
intertidal arcas and cxlcn~al irradiation of thc skin of 
fishcr~ncn whilc handling nets and pots. Annual 
individual doscs to critical groups by thc ingestion 
pathway pcakcd a t  about 3.5 rnSv in thc carly 1980s 
and latcr dcclincd, to about 0.2 mSv in 1986. Tile 
cstimalcd annual individual doscs to thc critical group 
for wholc body cxposurc lo cxtcrnal irradiation also 
pcakcd in thc carly 1980s at about 1 rnSv and 
dccrcascd to ahout 0.3 mSv in 1986. Finally, thc 
nicasurcd bcta dosc ratcs from ncb arid pots have 
suggcstcd that skin cxposurc to fishcrrncn would bc no 
morc than 0.1 mSv a-I [C4]. Thc cxposurc pathways 
for critical groups arc siniilar for thc fucl rcproccssing 
plant at Cap dc La Hague. The cstimatcd annual 
individual doscs for 1986 arc O.2mSv for the 
consumption of fish and shellfish and 0.05 rnSv for 
wholc body cxtcmal irradiation. Thc annual doscs to 
critical groups ncar the Tokai-Mura rcproccssing plant 
arc of the ordcr of 1 pSv (S31. 

E. GLOUA1,LY DISPERSED 
R4DIONUC1,IDES 

120. Thc radionuclidcs giving rise to global collcctivc 
doscs arc thosc that arc sufficicnlly long-livcd and that 
migratc rcadily through t l ~ c  cnvironmcnt, achieving 
widcsprcad distribution. The radionuclidcs of intcrcst 
arc 3 ~ ,  I 4 c ,  85Kr and 1 2 9 ~ .  Thc vcry long-lived 1 2 9 ~  

poscs a spccial problcm bccausc of the unccrtaintics 
involvcd in thc prediction of population size, dictary 
habits and cnviror~rncnt~l pathways ovcr pcriods of 
tcns of millions of ycars. In this Anncx, the global 
dosc commitmcnb arc trur~catcd at 10,000 ycars. By 
that timc, 3~ and %r have dccaycd to insignificant 
lcvcls and "C has dccaycd to about 30% of ils initial 
valuc. Rcsults for altcmativc intcgration pcriods wcrc 
prcscntcd in the UNSCEAR 1988 Report [UI]. Thc 
lirnit of 10,000 ycars was choscn to corrcspond to thc 
maximum pcriod of integrity of tailings pilcs from 

733 
which 23% continua to support ---Rn emanation. 
Bcyond 10,000 ycars cithcr complctc crosion or 
massive covcring of thc tailings would occur due to 
lbc cxpcctcd intcrvcntion of an ice age. The 
unccrtaintics of dosc calculations bccornc cxcccdingly 
great as intcgration pcriods arc cxtcndcd over 
thousands of ycars. 

121. Thc collcctivc cffcctivr dosc pcr u l l i t  clcctrical 
cncrgy gcncratcd is cvaluatcd i n  Tablc 51. The 
nornializcd rclcasc from rcactors and rcproccssing 
plants. thc lattcr lcss by a factor of 0.01 whcn 
normalii.cd for UIC total cncrgy gcncratcd, rcprcscnting 
the fraction of fucl rcproccsscd, is multiplicd by the 
factors of collcc~ivc dosc pcr unit rclcasc. For triliuni, 
thc collcclivc dose pcr unit rclcase to air is takcn lo 

corrcspond to thc quoticilt of tlic annual dosc rate to 
the hcmisphcric production ralc of nalural tritium (10 
nSv a-' i 37 PBq) ~ i r ~ i c s  tllc world population of ~ h c  
nortllcrn hen1isl111crc (5 lo9 x 0.89). nit r r s ~ ~ l t  is 
0.0012 man Sv TB~. ' .  For rclcasc to sca, calculations 
with ;I global circulatior~ modcl havc shown tllat ~ h c  
normnlizcd collcctivc dosc is a faclor of 10 less [N8]. 
For I 4 c ,  I ic collcclivc dosc pcr unit rclcasc is takcn to 
bc 85 man Sv TB~. ' ,  which ovcr thc 10,000-ycar 
pcriod is 71% of thc normalizcd collcctivc dosc 
committed for all tirnc (scc paragraph 44). For 
and 1 2 9 ~ ,  thc collcctivc dosc factors arc Lakcn to bc as 
cvaluatcd in thc UNSCEAR 1988 Rcport [Ul]. Thc 
normalizcd collcctivc dosc, truncarcd at 10,000 ycars, 
from globally dispcrscd radionuclidcs is 5 3  man Sv 
(GW a)-' and is duc almost cntircly to I4c. 

122. The total collcctivc cffcctivc dosc from globally 
dispcrscd radionuclidcs for thc cntirc pcriod ofnuclcar 
power production can be cvaluatcd by nlultiplying thc 
total rclcasc of thcsc radionuclidcs by the collective 
dosc pcr unit rclcasc. Thc rcsulls of this calculation 
are given in Tablc 52. Thc total is 123,000 man Sv, 
ovcr 99% of which is due to I4c. 

F. SOLID WASTE DISPOSAL 
AND TR4NSI'ORT 

123. The solid waslcs that arisc fiom reactor 
operations as wcll as from thc handling, proccssing 
and disposal of spent fucl arc gcncrally characterized . 
as low-level wastes, intcm~cdiatc-lcvcl wastcs, and 
high-lcvcl wastcs. Low-lcvcl wastcs and intcrmcdiatc- 
lcvcl wastes arc gcncrally disposcd of by shallow 
burial. Burial facilities rangc froni simplc trcnchcs or 
pits containing untrcatcd wastcs and cappcd with soil 
(typically used for low-lcvcl wastes) to concrete 
structures containing conditioned wastcs and cappcd 
with soil (typically uscd for intcrmcdiatc-lcvcl wastcs). 
Some l~w- lc \~c l  wastcs wcrc disposcd of at sea at 
morc than 50 sitcs froni 1946 to 1982 111 I] .  Various 
solutions arc cnvisagcd for thc disposal of high-lcvcl 
wastcs, hut nonc havc yct hccn implcmcntcd. 
Dccomrnissioncd rcactors will bccoinc part of solid 
waste managcnicnt programrncs in thc future. Scvcral 
rcactors havc bccn shut down, hut rionc havc ye[ bccn 
dismantlcd or transfornicd into a waslc disposal site as 
yct. 

124. Doscs from solid waslc disposal arc usually 
assumed lo rcsull from thc migration of radionuclidcs 
through Ihc burial site in10 groundwater. The 
normalizcd collcctivc cffcctivc dosc attribuhblc to 
wastcs from reactor operation is alrtiost cntircly due to 
"C and rouchly amounts lo 0.5 man Sv (GW a)-'; the 
corresponding value for waslcs from thc handling and 
processing of spcnl fucl is 0.05 man Sv (GW a)-'. 
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Thcsc cstin~atcs arc highly uncertain as thcy dcpcnd amounts to about 200 man Sv (GW a)" and is mainly 
critically on tbc assuln])lions uscd for thc co~~tainmcnt duc to thc rclcasc of radon from mill tailings and to 
of thc solid waslcs and for Ihc sitc charactcristics. Ihc rclcasc of 14c from fucl rcproccssing plants and 

from rcactors. 

125. Malerials of vi~rious lypcs arc transported 
bctwccn thc installations i ~ ~ ~ o l \ l c d  in tlic nuclcar fucl 
cyclc. Mcnihcrs of UIC public in the vicinity of thc 
trucks, boals or trains carrying thc radioactivc 
materials arc cxposcd 10 small doscs of external 
irradiation. 011 thc basis of fragmcntary data, thc 
nornializcd collcctivc cffcctivc dosc was cstimatcd to 
be 0.1 man Sv (GW a)-' in the UNSCEAR 1988 
Rcport. Tbc samc valuc is uscd in this Anncx. 

126. A summary of thc main contributions to thc total 
collcctive cffcctivc dosc, nornializcd per unit clccrical 
cncgy  gcncratcd, is shown in Tablc 53. Thc local and 
rcgional normalizcd collcctivc cffcctivc doses, which 
are cffcctivcly rcccivcd wilhin one or two ycars of 
discharge, amount to 3 man Sv (GW a)-' and are 
principally due to routine a~nosphcric rclcascs during 
rcactor and mining opcrations. Evcn though the 
contributions from thc various conlponcnk of the 
nuclcar fuel cyclc arc diffcrcnt from thosc rcportcd in 
thc UNSCEAR 1988 Rcport, UIC total rcniains the 
same, as Ihc dccrcascs in thc dosc cstimatcs from 
rcaclor opcration and fucl rcproccssing havc bccn 
compcnsatcd by incrcascs in tllc dosc cstimatcs from 
mining and milling. Globally dispcrscd radionuclidcs 
in cfflucnts from tbc nuclcar fucl cyclc and long-term 
rclcascs from solid wastc disposal rcsult in small 
cxposurcs to nicn~bcrs of thc public ovcr a vcry long 
time (10,000 ycars or niorc). The normalizcd collcc- 
tivc cffcctivc dosc rcccivcd within 10,000 ycars 

127. Tbc asscssmcat of tllc local and rcgional 
collcaivc dosc for thc cr~tirc pcriod of l~uclcnr powcr 
production has bccn dctcr~iii~icd for rcactor opcration, 
3,700 rnan Sv (Tablc 43), and for fucl rcproccssing, 
4,600 man Sv (Tablc 50). It can bc assunicd that the 
nornializcd collcctivc cffcclivc dosc froni mining and 
milling, given as 1.5 rnari Sv (GW a)-' in Tablc 53, is 
also rcprcscntativc of carlicr pcriods. Thc total collcc- 
tivc dosc froni this ortion of the fucl cyclc is thus 7 1.5 man Sv (GW a)- x 1,844 GW a = 2,700 man Sv. 
The total for the cntirc fucl cyclc is 2,700 + 3,700 + 
4,600 = 11,300 man Sv. Thc avcragc nornlalizcd col- 
lective dosc for thc entire pcriod of thc praclicc is 
estimatcd to bc 11,000 mall Sv t 1,844 GW a = 
6 man Sv (GW a).'. This long-tcrm average is higher 
than the value for present practice owing to the 
declining rclcascs from rcactors and fucl rcproccssing 
opcrations. 

128. The cstirnation of collcctivc cffcc~ivc doscs from 
globally dispersed radionuclidcs and from long-tcrm 
rclcascs from solid wastc disposal is rather 
speculative, as it  dcpcnds hcavily on future waste 
managcrnent practices and OII thc evolution of thc 
world's population ovcr tllc next 10,000 years. 
Multiplying the figure of 200 man Sv (GW ayl  
obtaincd in this Anncx as wcll as in Ihc UNSCEAR 
1988 Rcport by 1,844 GW a yiclds a collcctivc 
cffcctivc dosc froni thcsc sourccs of about 
400,000 man Sv. About 25% of thc total is due to 14c 

rclcascd from rcactors and rcproccssing plants 
(Tablc 52) and thc rcmaindcr to radon rclcascd froni 
mill tailings. 

V. RADIOISOTOPE PRODUCTION AND USE 

129. Radionuclidcs arc uscd for a varicty of purposes 
in industry, nicdicinc and rcscarch 1161, and both thc 
numbcr of uscs and thc quantities uscd havc bccn 
continually incrcasing. For example, in Japan, the 
numbcr of cslablishmcn~s using radionuclidcs andlor 
radiation gcncrators has grown ovcr thc ycars, from 
about 100 in 1960 to about 5,000 in 1990 [JZ]. 
Exposurcs of t11c public may rcsult from acrivitics 
associated with Ihc production, usc and wastc disposal 
of thc radioactivc rnatcrials. Thc doscs from ll~c use o l  
radioisotopcs in consulllcr produck wcrc coi~sidcred in 
the UNSCEAR 1982 Rcport IU3j. Thc doscs cvaluatcd 
in this Chaptcr arc thosc resulting from rcleascs to the 
cnvironmcnt, which may occur durilrg production, use 

or disposal. Radionucl idcs produccd for scalcd sources 
arc not considcrcd, since thcy arc not nomially 
rclcascd. Radiopharniaccuticals, 14c and 3~ arc 
usually cvcntually rclcascd, and with somc 
approximation UIC total production can givc an 
cstiniatc of thc tot;~l rclcasc. 

130. The aniourils of radioisotopcs produccd for 
comnicrcial or mcdical purposcs arc not wcll 
documcntcd. Likcwisc, thc rclcascs during production 
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or use are not widely rcported. The evaluation of 
doses nlust Lherefore remain rather approximate, with 
only preliminary, very uncertain results having becn 
used. Statistics on radioisotopc production and use are 
available only for Japan [J2]. Table 54  gives the 
annual uses of radioisotopes in 1989 in hospitals, 
schools, research institutions arid industries. From the 
population of Japan (118.9 million) the usage per lo6 
popula~ion nlay be determined: for exaniple, 5.2, 6.1, 
14 and 34 GBq per lo6 population for 14c. 12'1, 3~ 

and l3'1, respectively. 

131. The production of compounds labelled with I 4 c  
has been estimated for the United States in 1978 to be 
about 7 TBq [N9], corresponding to 30 GBq per lo6 
population. This is six times the normalized usage in 
Japan. The production amount of 14c 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 lo6 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 ''c 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 bccomes 50  GBq per lo6 population. 

132. To obtain approximate figures of 
1BrodUction~ usage and ultimate release amounts, the C estimate 

of the United States is assumed and applied at the 
rates of 100% to the population of developed countries 
(1.2 lo9 population) and 10% to the population of 
developing countries (3.7 lo9 population). The annual 
production and release of radioisotopes relative to 14c  
are determined from the values given in Table 54 for 
Ja an. Thus, for example, the production of 3~ and 
13r1 is three and six times greater, respectively, than 
the production of 14c. 

133. The annual global production and ultimate 
rclcase of these radionuclides may be estimated to be 
30 GBq per lo6 population (I4c) times an equivalent 
world population of 1.6 lo9 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, 
are unlikely to be released or widely dispersed from 
the end-uses. 

134. Additional data on the production and release of 
radioisotopes are available for l3'1 administered to 
patients in medical facilities. The total amount of 
produced for medical purposes in Sweden during 1986 
was 0.9 TBq [N15]. Radioactive discharges of 
from hospitals in Australia in 1988-1989 have been 

rcported as 2.9 TBq [A9]. These amounts, corres- 
ponding lo 110 and 190 GBq pcr lo6 population, give 
sonlc corroboratio~~ to the value used in Table 55 
(200 GBq per lo6  population). About two thirds 01 
orally administered is excreted via the urine of 
treated patients in Uie first day [E2]: howcvcr, only 
very low concentrations of have been measured in 
surface waters in Gcmiany [A71 and in the sewage 
systems of cities in Sweden [E2] and in the United 
States [SS]. Waste treatment systems in hospitals with 
hold-up tanks may reduce the amounts of 13'1 dis- 
charged in liquid effluents to 5 of amounts 
administered to patients [J3]. 

B. DOSE ESTIhiATES 

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 global 
populations. This could result in overestimated doses, 
significantly so  for radioiodines that have short half- 
lives. The dose 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, 14c to be released in both airborne and liquid 
effluents and l3'l and "'I 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 in1 rtant source of release. The dose coeffi- 
cient for ''1 is based on age-weighted dose-per-unit- 
intake values [ N l ]  and the 12'1 half-life of 13 hours, 
with other model parameters the same as for 13'1. 

. 136. The total local and regional collective efTective 
dose from releases of radioisotopes used in one year 
in medical and industrial applications is of the order of 
100 man Sv. If i t  can be assumed that the practice of 
these radioisotope uses has becn 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 global component 
of the collective effective dose, arising almost entirely 
from 14c, 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 14c  are at low dose rate but extend over a long 
period of time. 



114 UNSCEAR 1993 REPORT 

VI. ACCIDENTS 

137. A number of accidcnts havc occurred at both 142. The total release of radioactive tt~aterials is 
civilian and n~il ihry nuclear installations and in the estiniatcd to have bccn 1-2 EBq [I3 , the principal 
transport of nuclear materials. In some cases, there radionuclides being "'1 (630 PBq), "Cs (35 PBq) 
was subslitntial contamin;ition of the environment. and 1 3 7 ~  (70 PBq) [I15]. The proportional amounts 
These accidents are discussed in this Chapter, and the dispersed bcyond the USSR were detcmiined to be 
magnitude of population doses incurred are estimated. 34% for l3'l and 56% for 1 3 7 ~ s  (1151. 

143. About 115,000 residents were relocated from a 
A. CIVILIAN NUCLEAR REACTOKS 30 km exclusion zone surrounding the reactor. The 

external radiation doses to most of those evacuated 
138. The two principal accidents involving installa- was less than 0.25 Sv, although a few in the most con- 
lions of the civilian nuclear fuel cycle took place at taminated areas might have received doses up to 
the Three Mile Island reactor in the United States in 0.3-0.4 Sv. The collective dose from external radiation 
March 1979 and at Chernobyl in the USSR in April to the evacuees is estimated to have bccn 16,000 
1986. man Sv. Individual thyroid doses to children may have 

been 2.5 Gy and higher in some cases, with an 

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 eased 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 1 3 3 ~ e ,  and 550 GBq of 1 3 1 ~  into the 
atmosphere). 

140. Individual doses averaged 15 @v within 80 km 
of the plant, and the maximum effected dosc that any 
member of the public could have received is estimated 
to have been 850 pSv from external gamnia irradia- 
tion [K3]. The collective effective dosc due to the 
rclcasc has bccn estimated to be 20 man Sv within 
80 km of the plant [U]. The contribution to the 
effective dose commitment due to 1 3 3 ~ e  dispersion 
bcyond 80 km may have bccn equal to that within 
80 km [ ~ 3 ] ,  which givcs a total of 40 man Sv. 

2. Chernohyl 

141. The worldwide exposures from the Chernobyl 
accidcnt were evaluated in detail in the UNSCEAR 
1988 Rcport [Ul]. In the course of a low-power engi- 
neering test, uncontrollable instabilities developed and 
causcd explosions and lire, which damaged the reactor 
and allowcd radioactive gases and particles to be 
reicascd into the environment. The fire was extin- 
guished and the releases slopped by the tenth day after 
the accidcnt. The death toll within three months of the 
accident was 30, all o l  them members of the operating 
staff of the reactor or of the fire-fighting crew. 

average thyroid dosc of 0.3 Gy and a collective 
thyroid dose of 400,000 man Gy [ClO]. 

144. The radiation situation bcyond 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 1 3 7 ~ s  and other fission radionuclides was 
enhanced. In the USSR, an area of about 10,000 km2 
was contaminatcd with 1 3 7 ~ s  to levels in excess of 
560 kBq m-', and an area of 21,000 km2 received 
upwards of 190 kBq m-2 pl5]. A government 
commission determined that 786 settlements, located 
in Bclarus, the Russian Federation, and Ukraine, with 
a population of 270,000, were to be considered as 
"strict control zones". Protective measures preventing 
the consunlption of contaminatcd foodstufk were 
applied in the strict control zones. Tbe average 
effective dose received by the populations in the strict 
control zones is estimated to havc been 37 mSv in the 
year following the accident and 23 mSv in 1987-1989 
[IlS]. An international review project was conducted 
in 1990 to investigate environmental levels, doses and 
the health of residents of unevacuated settlements [Ill. 
The project corroborated results of measurements and 
dose evaluations. Diet and body measurements showed 
that agricultural practices and protective measures 
were effective in limiting exposures. The doses 
determined by whole body counting were less than 
expected from calculation by cnvironmenlitl models. 
Estimation of thyroid doses requires interpretation of 
early direct measurements and calculation of presumed 
I3'l intakes; these doses are thus subject to 
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, either 



ANNEX B: EXPOSURES FROM MAN -MADE SOURCES OF RADIATION 115 

dircctly to thc UNSCEAR sccrctariat or in published 
rcports. This i~~formation cnablcd Ulc Conm~ittee, in 
the UNSCEAR 1988 Rcport [Ul],  to calculate 
first-year radiation doscs in thc USSR, all othcr 
Europcan countries and a fcw otlicr countries in the 
northcrn hcmisphcre. The projcctcd doscs beyond the 
first car wcrc bascd on UIC cnvironnicntal bchaviour 
of "CS determined in many years of measurements 
following atmospheric nuclcar testing. 

146. The colleclive cffcctive dosc from the Chernobyl 
accident was estiniatcd to be approximately 600,000 
man Sv [Ul]. Of this amount, 40% is expected to be 
received in the territory of the former USSR, 57% in 
the rest of Europc and 3% in other countries of the 
northern hemisphere. 

I3. hllLITARY INSTALLATIONS 

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

1. Kyshtym 

148. In the early 1950s high-level radioactive wastes 
from the Chclyabinsk-40 plutonium production centrc 
near Kyshtym were stored in watcr-cooled tanks 
encased in concrete. Thc corrosion and failure of 
process monitoring equipment led to a breakdown in 
the cooling system of a 300 m3 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 tomes of TNT [W]. About 90% of the 
radioactive materials contained in thc tank deposited 
locally, while the remainder (about 100 PBq) was 
dispersed away from the site of the explosion [A4, 
B11, B12, N2, N3, R3, TI ,  T4]. The main contributors 
to the total activity associated with the radioactive 
matcrials released were 1 4 4 ~ e  + ' "~r  66%), 9 5 ~ r  t 6 " ~ b  (24.9%), m ~ r  + (5.4%) and 6 ~ u  + lo6~h 

o). In addition. 1 3 7 ~ s  (0.036% 8 9 ~ r  (traccs), "g (traces), "'EU (traces) and Jbv2aPu (traces) 
were also rclcascd [Bl l ] .  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. Cacsiun~ was 
practically thc only elcnicnt with radionuclidcs that 
remained in the solution; it was later conccntratcd 
scparatcly [W]. 

149. Thc radioactive cloud rcachcd a height of about 
1 km. Wind conditions wcrc rclativcly stablc during 
the dispersion of thc cloud over a relatively flat 
surface, and thcrc was no prccipilation. This rcsultcd 
in an oblong fallout arca, cxtcnding to about 300 knl 
from the plant, with a clearly dcfincd axis and mono- 
tonic decrease in the dcposition dcnsity along the axis 
and pcrpcndicular to it. Virtually all of thc dcposition 
occurred within 11 h. The boundarics of the contanii- 
nated area were taken to concspond to a dcposi- 
tion dcnsity of 4 kBq m-?, twice the lcvcl of global 
fallout. 

150. Redistribution of thc deposited radionuclides 
occurred to some cxtent, most noticeably in the first 
few days after the accidcnt. 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, whcn 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 [TI]. The contaminated arca was estimated 
to comprise betwccn 15,0d0 and 23,000 km2, with a 
population of about 270,000, in thc provinces Chclya- 
binsk, Sverdlovsk and Tyumen B11, N3]. Therc were 
1,154 people in areas with a 'Sr deposition density 
greater than 40 MBq m-2, 1,500 in areas with a 
deposition greater than 4 MBq mv2 and 10.000 in areas 
with a deposition greater than 70 kBq mm2 [ B l l ,  N3]. 

151. External irradiation was the main route of 
exposure during the rust few months after thc acci- 
dent; subsequently, the ingestion of m ~ r  in foodstuffs 
became predominant. During the inidal period, the 
dose rate in air was about 1.3 pGy h-' trom gamma 
emitting radionuclidcs in areas with a %r deposition 
dcnsity of 40 kBq m-?, with maximum values of about 
5 mGy h" ncar the plant, whcrc the dcposition dcnsity 
of %r rcached 150 MBq m-2 [Bll]. Within 10 days 
of the accident 1,154 persons [ B l l ,  B12, N3, R3] 
were evacuated from the settlements in the most 
severely affectcd area, which had a m ~ r  dcposition 
density greater than 40 MBq m-*. Subsequently, moni- 
toring of the radioaclive contamination lcvcls in 
foodstuffi and agricultural produce was carried out to 
assurc that an annual m ~ r  intake of 50 kBq a-I would 
not be exceedcd. A ban on foods was imposcd with 
concentration limits of W ~ r  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 to the destruction of 
more than 10,000 tonnes of agricultural produce in the 
first two years following the accident and to the 



decision to carry out a further syste~uatic evacuation of 
the population froni areas will a %r deposition dcn- 
sity greater than 150 kBq m-2 IR3]. The resettlement, 
which began 8 months after the accidcnt, was com- 
pletcd 18 months after the accidcnt. Altogcthcr, 10,730 
pcrsons werc evacuatcd [Bll] .  The collective dose is 
evaluated in Table 56. The average dose received by 
the population group evacuatcd widiin 10 days of the 
accident was 170 mSv from external irradiation and 
1,500 mSv to the gastro-intestinal tract; the average 
effective dose was 520 mSv. The collective dose 
received by the evacuated individuals amounted to 
about 1,300 man Sv. 

152. The doses received by the populations that were 
not evacuated are also presented in Table 56. About 
half of the effective dose had bccn delivered within 
one year, more than 90% within 10 years and nearly 
all within 30 years of the accident. The effective dose 
per unit deposition density was estimated to be 320 
pSv per kBq m'2 over 30 years, with just over 20% 
due to external irradiation. The collective effective 
doses received by the non-evacuated population (about 
260,000 pcrsons) have been reported to be 1,100 
man Sv [N3] and about 5,000 man Sv [Bl]. It is diffi- 
cult to judge the validity of these fi ures, as the 
information on the correspondence of 'Sr deposition 
densities with populations is very coarse. However, it 
is indicated that average effective doses received over 
30 years are estimated to have been 20 mSv for a 
g o u p  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-' 
[Bl l ] .  On the basis of the relationship between popu- 
lation and the deposition density of 9 0 ~ r  desciibed 
above, it can be assumed that the number of people 
living in areas with deposition densities between 40 
and 70 kBq m-2 was 10,000 and that the number of 
people living in areas with deposition densities 
bctwecn 4 and 40 kBq m'2 was 250,000, resulting in 
a collective effective dose over 30 years of 1,200 
man Sv. 

153. A less serious accident occurred in 1967, as a 
conscqucnce of the disposal of radioactive wastes 
containing 4 EBq of %r and 13'cs radioactive wastes 
in Lake Karachay [A3, N4, T41. On that occasion. 
dust Gom the lake bed or the shore-line, containing 
about 20 TBq of%r and 1 3 7 ~ ~ ,  was dispersed by the 
wind over an area of 1,800 km2 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 was 
0.4 MBq m'2, and the 1 3 7 ~ s p ~ r  activity ratio was 3. 
Specific infornlation on the doses resulting from that 
accident is not available; i t  is expected that they are 
included in the doses From the much more serious 

accident that occurred in 1957 a t  the same site. 
However, because the 137~s/%r activity ratios were 
very different in the 1957 and 1967 accidcnlr, it would 
be possible, as evidenced by recent measurements 
IA.31, to separate the contributions from the two 
accidents by analysing soil samples. 

2. Windscale 

154. The accident at Windscale in Octobcr 1957 
began during a routine release of the Wig~ier energy 
stored ill the graphite of the gas-cooled reactor. Owing 
to errors in operation, the fuel became overheated and 
caught fire. The fire lasted for about three days. Major 
releases of radionuclides occurred mainly in two 
periods: when the air flow was re-started dirough 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 131~ is estimated to have 
been 740 TBq, accompanied b 22 TBq of 13'cs, 
3 TBq of l o 6 ~ u  and 1.2 PBq of E3Xe [CIO]. In addi- 
tion to the fission products, other radionuclides were 
released, the most notable being 210~o,  which was 
being produced by neutron irradiation of bismuth 
ingots in the core. The release of 2 1 0 ~ o  amounted to 
8.8 TBq [ClO, 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 concern 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 1311 intakes via the 
pasture-cow-milk-pathway [ClO]. Extensive environ- 
mental measurernents werc made in the United King- 
dom at the time of the accident Maxirnunl 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 tbe thyroid of children IB2, C9]. 
Thyroid doses to adults in Leeds and London were 
estimated from measurements of 1311 in the thyroids to 
have been 1 mGy and 0.4 mGy, respectively [B2], 
with young childrcn having received doses twice as 
great. 

156. The collective eflective dose received in the 
United Kingdom and in Europe from all radionuelides 
and pathways was estimated to have bcen 2,000 
man Sv, of which about 900 man Sv was due to inha- 
lation and 800 man Sv was due to the ingestion of 
milk and other foodst~ffs. External irradiation from 
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ground deposits of radionuclides was estimated to 
have contributed 300 man Sv. The niain contributors 
to file collective effective dosc wcrc 13'1 (37%) and 
'loPo (37%), followcd by I3'cs (15%) [ClO]. 

C. TRANSI'ORT OF NUCLEAR WEAPONS 

157. Fourteen accidents involving aircraft carrying 
nuclear wcapons 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 2 3 9 ~ u  were 
released locally to 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 carried 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 fomicd a cloud that contami- 
nated 2.26 krn2 of uncultivated farm land and urban 
land with 2 3 9 ~ ~  and 2"~u [I16-1201. The other two 
bombs were recovercd 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 emitters 
was greater than 1.2 MBq rn-* (an area of 22,000 m2), 
the contaminated vegetation and a surface layer of 
soil, approximately 10 cm deep, were collected, sepa- a 
rated and disposed of as radioactive waste. Arable land 
with levels below 1.2 MBq mm2 was irrigated, 
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 3 9 ~ u  and 2 4 0 ~ u  in ground-level air, 
in agricultural foodstuffs and in people. 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. p18] estimated that 
the 70-year commined 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 tbe 
accidcnt or immediately afterwards. The highest 
estimated 70-year committed effective dose was 

240 mSv to a one-year-old child [I18]. From data in 
this refcrcncc, the collccdvc effective dosc due to 
acute i~lhalation of radioactive particles immediately 
after the accidcnt can be estin~ated to have bccn about 
1 man Sv. 

161. The rcsuspcnsion of soil particles has been 
monitored since 1966 at four locations [117]. The 
average annual concentrations of 2 3 9 ~ u  and "OPU 

during the period 1966-1980 wcrc 5.5 pBq nlJ at the 
location representative of the urban centre and 52 
pBq m-3 at the location representative of the most 
exposed farming arca p17]. The corresponding 50- 
year effective dose per year of intake by inhalation of 
radioactive particles rcsuspcnded from soil arc 4 and 
35 pSv per year of intake for people 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 ex osed 
farming area; and (c) L e  amount of 2 3 9 ~ u  and e40Pu 
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 
[I20]. 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 
[I20]. Iranzo et al. [I201 estimated that the individual 
committed effective dose due to a yearly consumption 
of unwashed contaminated tomatoes would be 1.5 pSv 
and that the collective effective dose from a yearly 
consumption of tomatoes grown on one hectare of 
contaminated soils would be lo4 man Sv. Assuming 
that (a) the cultivated area used for the production of 
tomatoes is 100 hectares (1 km2) and @) the amount 
of plutonium available for the contamination of agri- 
cultural crops decreases exponentially with a half-time 
of 100 years (reflecting 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 meat), 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 Mediterranean Sea when the 
Almanzora River, which flows through the village of 
Palomares, flooded [GI]. This transfer, however, is not 
significant from a radiological point of view. 
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164. Near Thule, the high-explosive components of 
four weapons detonated in an airplane crash, contami- 
nating about 0.2 km2. About 10 TBq of plutonium was 
recovcrcd in the surface laycr of the snow pack, and 
about 1 TBq was esti~~iatcd to be trappcd in the ice 
[Ll]. A radioecological i~~vcqtigation conductcd during 
the summer of 1968, when the ice had broken up, 
showcd that the accidcnt had measurably raised the 
plutonium level in the marine environment as far as 
20 km from fie point of inlpact. The highest concen- 
trations were found in bottom sediments, in bivalves 
and in crustacca. Larger animals such as birds, seals 
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 sea. At least 48 
nuclear weapons and 11 reactors have been reported to 
be lying on the ocean floor [E3]. The most serious 
losses wcre two nuclear-powered submarines, each 
carrying several nuclear wcapons; one sank off the 
coast of Bermuda in Octobcr 1986 and the other in the 
Norwegian Sea in April 1989. Another loss occurred 
near the coast of Japan in 1965, when an airplane with 
a 1 Mt hydrogen bomb rolled off an aircraft carrier. 
No information has been reported on the number of 
deaths 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 nuclear submarine in July 1961 in 
the Atlantic Ocean [Kg]. In that accident, a depres- 
surization in the primary coolant of one of the two 
riuclear reactors led to substantial radioactive 
contamination in the subniarine and to a reactor shut- 
down. To prevent reactor meltdown, a temporary 
cmcrgency cooling system was fabricated; this 
required welding work to be carried out in the reactor 
compartment itself, which led to eight deaths within a 
few weeks of the accidcnt [Kg]. 

D. SATELLITE REENTRY 

166. In 1964, when a SNAP-9A satellite containing 
2 3 8 ~ u  as a power source re-cntcrcd the almosphere and 
h e n  burned up, about 600 TBq of that radionuclide 
wcre injected into the stratosphere [HI]. A similar 
device re-entered the atmosphere intact, produced no 
releases and fell into the Pacific Ocean in April 1970. 
Another generator fell into waters off the coast of 
California in May 1968, when a wealher satellite 
exploded during launch. I t  was recovered in Octobcr 
1%8. In January 1978, the Cosmos 954 satellite 
re-cntered the atmosphere, partially burned and 
scattered debris in the Northwest Territories of 
Canada. Detailed information on the characteristics of 
the radioisotopes and reactor-powered devices used in 

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

167. The collective dose froni the SNAP-9A re-entry 
may bc evaluated by applying transfer coeIIicicnts to 
the relcascd anlotint. The transfer coeflicicnt PZ from 
deposition of 2 3 8 ~ u  to dose via the ingestion pathway has bccn estimated to be 0.6 nSv er Bq m- (Table 
8). The transfer coefficient P, for '38Pu, which has a 
half-life 87.7 years, would bc expected to be 5 kBq 
rn-2 per EBq released (Figure 111) for temperate lati- 
tudes. The dose commitment for these latitudes would 
then be estimated to be 0.6 PBq x Pm x PZS = 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 238~u ,  a world population of 6 lo9 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 PZ5 for the inhalation 
pathway has an estimated value of 800 nSv per 
Bq rn-2 (Table 8). The dose commitment for the 
southern hemisphere temperate region is thus 0.6 PBq 
x P, x Pu = 2,400 nSv. The average values for the 
hemispheres are then 1,600 nSv (southern hemi- 
sphere), 400 nSv (northern hemisphere) and 530 nSv 
(world). The collective dose from the inhalation 
pathway, with a population of 4 lo9 applicable at the 
time of re-entry, is 2,100 man Sv. The inhalation 
pathway is the dominant contributor to the collective 
dose. This is com arable to the collective effective 2' dose derived for ' 'PU 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 atniosphere of the northern hemisphere. 

169. Similar procedures may be used to estimate thc 
collective dose from the Cosnios 954 re-entry. The 
fuel core was estimated to contain 20 kg of enriched 
uranium [G3]. With a steady power output of 100 kW 
over the 128 day lifetime of the satellite, the bum-up 
of the fuel was estimated to be 2 1018 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 elcments iodine and caesium in surface 
samples indicates that 100% of the radionuclides of 
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these elements were dispersed on burtl-up of the hrel and was noticed by a passer-by, who took it home. 
core in the aln~osphcrc. The collective dose is Eight persons, an entire family, dicd from the radiation 
estimated in Table 57 from the widely dispcrscd over-exposure, havi~lg suffered doses of 8-25 Sv [I4, 
material using the transfer factors of Figure LII and SlO]. Estimates of doses to the individuals arc un- 
Table 8. The result is 16 man Sv, main1 lo thc available, so only a rough approximation can be made 

opulation of the northern hemisphere from 'lCs and of the collective dose. ksumillg 10 SV 011 average to 
'Sr and over a longer term from 2 3 9 ~ u .  each person, the collective dose to those who died 

would have bcen 80 man SV. 

E. INDUSTRIAL AND MEDICAL SOURCES 

170. Three notable accidents involving small scaled 
sources used for industrial or medical purposes have 
occurred since 1982 [Ul]. In December 1983, at Ciu- 
dad Juarcz, Mexico, a non-licensed teletherapy source 
containing 16.7 TBq of M l ~ o  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 tomes 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 levels 
of radiation. I t  is estimated that seven persons received 
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 Moharnmedia, Morocco, a source of 
192~r 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 

172. In Sc  tcmber 1987, at Goiania, Brazil, a f' 50.9 TBq ~ C S  source was inadvertently removed 
from a therapy unit and dismantled by junk dealers 
[C6, 15, R4, Vl]. The therapy unit was located in the 
abandoned and partly demolished Goiania Radio- 
therapy Institute. The dismantling 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, either 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 eating 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 [Vl]. 

CONCLUSIONS 

173. A number of events, activities or practices 
involving radiation sources have resulted in the release 
of radioactive materials to the environment. The 
consequent exposures of the population have bcen 
evaluated in this Annex. Estimates have been made of 
the total amounts of radioactive materials released in 
the event or since the beginning of the practice and of 
the collcctive doses that have been received or 
commirted. 

174. The most significant causc of exposure has been 
h e  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 exposurcs 
from this source. The extensive measuremen& allow 
a rather systematic and complete assessment to be 

made. In this Annex the transfer coefficients that de- 
scribe the movement of radionuclides in the environ- 
ment to man and to the dose are sunin~arized, 
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 due to long-term, low-level exposure 
from 14c. Over the next 10,000 years a collcctive dose 
of 2.2 lo7 man Sv will have been received. This value 
is recorded in Table 58, which summarizes the csti- 
mated collcctive doses from all sources. 

175. The underground testing of nuclear weapons 
does not generally causc the population to be exposed 
to radiation. It is only when there is some leakage or 
venting of gases or aerosols, as has occurred on some 
occasions, that relatively low exposures may result. 
The Committee estimates the collcctivc cffecti\*e dose 



from underground tcsting to be of b e  order of 
200 man Sv. 

176. Thc Commitlcc has nol previously cstiniatcd the 
cxposurcs of populations that rcsult from the 
production of rnatcrials and UIC fabrication of nuclcar 
wcapons. Data arc still not readily available, but initial 
estiniatcs of collcctivc doscs llavc bccn made, namely 
of thc ordcr of 24,000 man Sv to local and rcgional 
populations and 40,000 inan SV Goni global, long-term 
cxposurc. Efforts arc undcr way to reconstruct 
cxposurcs that occurrcd in thc carly years of this 
activity, so some refincmcnt and cxtcnsion of the 
estimatcs can be anticipated. 

177. A major activity utilizing radioactive materials is 
the generation of elcctrical cncrgy with nuclear 
reactors. The release of radionuclides during routine 
operation of the nuclear fuel cycle is relatively low, 
however, and the doscs can only be calculated using 
representative models for the sitcs and the dispersion 
processes through the cnvironmcnt 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 effective 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 14c releascd Goni rcactors and reprocessing plants 
and 75% is due to 2 2 2 ~ n  rcleased from uranium mill 
tailings pilcs. 

178. A number of radioisotopes are used for 
industrial, educational and mcdical purposes. Those 
used in solid forms may not be relcascd from end- 
uses; however, the gases, tritium, "C and radioiodines 
can bc cxpectcd to be cvcntually rcleased and dis- 
pcrsed. Data arc gcncrally unavailable on production 
amounts and release fractions of the radionuclides. 
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Bascd on assumed values, thc Committee estimatcs the 
global, long-term collective effective dose from this 
source to be 80,000 man Sv, with ne ligiblc contribu- 
tions from all radior~uclidcs except "C. 

179. Thc accidcnls that have resulted in environmental 
cor~tamination and cxposurcs of population groups 
include those at civilian nuclcar reactors (Three Milc 
Island and Chernobyl), at n~ilitary installations (Wind- 
scale and Kyshtym), those that occurrcd 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 Juarcz, Mohammedia and 
Goiania). With the exception of the Chernobyl 
accident and the re-entry of satellites, the environ- 
mental contamination has bccn localized, and for all 
except the Chernobyl accident the collective radiation 
doses have been relatively low. Nevertheless, injuries 
and deaths have resultcd from some of these accidents. 

180. The total collective dose h m  all sources of 
man-made environmental exposures is dominated by 
atmospheric nuclcar testing. This source contributes 
95% of the total collcctive 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 thesc estimates 
into perspective. Atmosphcric nuclear testing was 
equivalent to three years of natural exposure of the 
world population a t  the time of the exposures. Other 
sources, of the order of a few tens or hundreds of 
lhousands of nlan sievcrt, are comparable to hours or 
days of natural background exposure. The Committee 
has 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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T a b l c  1 
Rndionuc l ldcs  p r o d u c c d  n n d  plohnlly d l spc r scd  In r ~ l m o s p h c r l c  n u c l c n r  IcsLing 

' For thc non-gaseous tissicn produas a t o d  non-local fissim ewplcsirm yield of I55 MI. obtained from measured %r dcpsitim, u l r  assumed in da idng  
the lotal amounts r e l d .  * For simplicity i t  is assumed that all "C IS due lo fwtm, as fuslon produces up la 6 timca more neutrons lhan f i s i &  for Ihc samc energy rclcare. The 
production rcactim is "N[II.~)'~c. 

H o d &  
mclidc 

H-3 
c-14 

Mn-54 
Fc-55 
Sr-89 
Sr-90 
Y-91 
2-95 

Ku-103 
Ru-106 
Sb-125 
1-131 

0-137 
Ba-140 
G-141 
G-144 
Pu-239 
Pu.240 
Pu-241 

F k i o n  r.icld 

(70) 
I ~ I Z l  

2.56 
3.50 
3.76 
5.07 
5.20 
2.44 
0.29 
2.90 
5.57 
5.18 
4.B 
4.69 

HdJ-life 

iE71 

12.32 s 
5730 8 

3125 d 
2.74 a 

50.55 d 
28.6 a 

58.51 d 
64.03 d 
39.25 d 
371.6 d 
2.73 a 
8.02 d 

30.14 a 
12.75 d 
32.50 d 
2B4.9 d 
24100 a 
6560 a 

14.4 a 

Decay mode 

0 
8 

E C Y  
EC 
0 
0 
0 

O,Y 
0.7 
0.7 
0.1 
0.1 
O,Y 
O,Y 
4 7  
0.7 
( 5 Y  

(57 
0 

t.jrlnorrr of ornomu r e l e d  inlo flu otmosphr~c 

Tord 

CRd 

240 
0.22 
5.2 
2 

9 1.4 
0.604 
116 
143 
238 
11.6 

0.524 
65 I 

0.912 
73 2 
254 
29.6 

0.00652 
0.00435 

0.142 

(ucludinr lorn1 Jdlarr) ' 

N o r m l i d  rclcorc (PBq ~ i l )  

F k i o n  

0.026 
b 

590 
3.90 
746 
922 
1540 
76.4 
3.36 
4200 
5.69 
4730 
1640 
191 

F u i m  

740 
0.67 
15.9 
6.1 



Tnble 2 
Iullludinai dlstrll~u~lon of 9 0 ~ r  nnd 9 ' ~ r  dcposlllon frnm ntrnosphcrlc nuclcrir tcsting 

Lnrirvdc 

bond 

(dqrccsj 

Arrn 

of bnnd 

( l d '  m2) 

h'nrthrrn hernirphcrr 

Popdarwn 
tiishiburion 

(5) 

60-90 
70-80 
60-70 
50-60 
40-50 
3040 
20-30 
10-20 
0-10 

Tad 

lnrcsrarcd drposirion 

( m q )  

wSr 

3.9 
11.6 
18.9 
25.6 
31.5 
36.4 
40.2 
42.8 
W. 1 

255 

Southern hemisphere 

Inrcxrnrcd drpsirion d w j .  

(Bq m.'~ 

0 
0 
0.4 
13.7 
15.5 
20.4 
32.7 
11.0 
6.3 

100 

0-10 
10-20 
20-30 
3040 
40-50 
5040 
60-70 
7040 
60-90 

Total 

Global 

w> 9Jt 

1.0 
7.9 
32.9 
73.9 
101.6 
85.3 
71.2 
50.9 
35.7 

460 

44.1 
42.8 
40.8 
36.4 
31.5 
25.6 
18.9 
11.6 
3.9 

255 

510 

260 
680 
1740 
2890 
3230 
2340 
1770 
1190 
810 

2140 

54.0 
26.7 
14.9 
13.0 
0.9 
0.5 
0 
0 
0 

100 

69 (northern) 
I I (soulhem) 

38000 

25000' 

21.0 
17.8 
28.1 
27.6 
28.1 
121 
6.7 
25 
0.3 

144 

604 

480 
420 
700 
760 
890 
470 
350 
220 
80 

540 " 

1960 ' 

5000' 

23000 " 



Table 3 
Estimates of populution-wclghtcd dcposition densities or the ni~\jor nldionuclldes pmduccd In almosphcrlc testing 
('11 and I 4 c  not included) 

P o p d a ~ i o n r ~ ~ r ; ~ h r u I  dcposi~ion dcmiiy ( I lq  m-') 

n&ib R U ~ O  NU;O Northern hem;rphnc Souhcrn hcmisphne 
nuclide ro w> to OJ2r H b r  fd 

Wg-SOo Enrirc JOeJO* Enrirc 

Mn-54 2 9  9400 6200 2600 1600 5700 
Fe-55 2 1  6800 4500 1900 1100 4100 
St-69 0.52 20000 13000 4300 2600 12000 
Sr-90 1.0 3230 2140 890 540 1960 
Y-91 0.66 25000 17000 XKD3 3300 15000 
2r-95 1.0 36000 25000 6300 MOO 23000 
h'b-95 1.7 64000 43000 14000 8500 39000 
Ru-103 0.75 26000 19000 6200 3600 17000 
Ru-106 7.5 24000 16000 6700 4100 lS000 
St-125 0.69 2900 1900 790 460 1700 

1-131 050 19000 13000 4200 2500 11000 
G-137 1.6 5200 3 0 0  1400 660 3100 
Ba-140 0.62 23000 16000 5100 3100 14000 
G-141 0.55 21000 14000 4600 2800 13000 
G-144 15 4S000 32000 13000 8100 29000 
Pu-238 0.00016 1.5 0.98 0.41 0. ZS 0.90 
Pu-239 0.01 1 35 23 10 6 22 
Pu-240 0.00n 23 15 6 4 14 
Pu-24 1 0.23 730 480 200 120 440 
~ ~ - 2 4 1  o.mn zs 17 7 4 IS 
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Tahlc 4 
Componcnlr of lhc transfer cocmcicnt PU fmm dcposlUon dcnslty to dlel for 9 0 ~ r  and 1 3 7 ~ s  

Shc hPasfet cocficicnt~ for the first ycar, bl, ~ c c m d  year, b2, md subsequent ycarr, b) md lhc total transicr iaaa. I'=. have h c  units mBq a kg" per Q 

rn-'. Shc unita d the cxpmcnt~d d m y  cmrlant. I. arc a'l.l%c rcgrosion fits arc for thc periods: Argcnha 1964-1979, Denmark 1962-1985 and Unitcd Statu 
1960-1983 (%ir. Nnv Ymk) d 1961-1977 ("'G, Chicago). * Fraaimd amxmt~ by weight oC the five food gwp, milk p o d u c ~  grnn prxud& vcgctatiu, fruit and meal. In thc total &el are. ruprctrvcly, [U3]: 
Argentina: 0.26. 0.2 024. 0.2. 0.08 (?Sf); 0.26. 0.2031. 0.16. 0.06 (InG); 
h a r k  0.35, 0.16, 0.24, 0.1, 0.15 (%r and '"G) 
Urvted Sb tu :  0.31, 0.15, 0.19, 0.15, 0.19 (%r) in Ncw York. 0.33, 0.14. 0.19. 0.17, 0.17 (In&) in Chicago. 

Covnny 

JJ7cs 

TronrJcr farrlx paramcrcrs 

bl 

ws 

?'rat+ facra paranurcrs ' y  

Milk producla 

p?J bl bl 

7.7 
3.0 
3.4 

bl b3 

1.1 
0.9 
0.3 

Argentina 
Dcnrn.uk 
United Statu 

A &wage 

G n i n  produch 

X pa 

3.7 
4.9 
26  
3.7 

0 
2 1 
1.8 

0.1 
0.3 
0.2 

1.2 
1.5 
0.7 

b, 

0.1 
0.1 
0.1 

Argentina 
Dcnmark 
United Statu 

A w a g e  

X 

0.2 
0.06 
0.2 

6 
17.2 
4.1 
9.1 

1.6 
3.1 
0.7 

V r ~ ~ a b l c s  

0.1 
0.08 
0.3 

2 0  
3.4 
2 1  

8.8 
5.9 
5.7 
6.8 

1.5 
9.8 
1.5 

6.9 
23.2 
8.0 

2 1  
2 4  
1.2 

0.4 
3.1 
1.0 
25 

0.06 
0.1 
0.2 

Argentinn 
Dmmuk 
United S h t a  

A w a r e  

Fruit 

0 
0.0003 

0.3 

0.02 
0.02 
0.08 

2 3  
0 
0 

0 
0 

0.06 

0.02 
0.4 
0.3 

4.3 
0.2 

0 
0.02 
0.1 

0.1 
0.1 
0.3 

2 6  
1.2 
0.0 

0.5 
1.8 
1.6 

8.9 
26.6 
11.7 
15.7 

0.26 
0.05 
0. 08 

1.0 
LO 
2 5  
1.8 

Mrvl 

0.02 
0.19 

0 
0.1 
1.1 

Argentina 
Dcnmuk 
United Stales 

A ~ w a ~ e  

4.4 
3.3 
1.8 
3.2 

0.2 
0.005 

0 

0.3 
0.9 
0.1 

0.3 
0.5 

0 
0 
0 

3.7 
80.3 
17.7 

3.1 
3.5 
3.3 
3.3 

0.01 
0.05 
0.1 

Totsl dict 

Swn cf weiglrrad romponenu * 

0.09 
0.05 
0.06 

3 
0.9 
0.4 
I .4 

0.7 
2 0  
1.3 

Argcotina 
Dmmuk 
United S u t a  

A~wngc  

22.1 
13.4 
1.5 

26.1 
26.2 
7.9 

0.8 
0.04 
0.1 

0.7 
0.5 

0.002 

8.0 
11.4 
5.8 
8.4 

0.03 
0.01 
0.01 

2 5  
4.5 
1.7 

4.9 
4.4 
2 2  

Fir an rctal dicr 

0.02 
0.W 
0.1 

0.3 
12.1 
3.3 

57  
5.6 
26 
3.6 

0.07 
0.1 
0 2 

Argcotinr 
Demrrk 
U ~ t d  SLDIU 

Abwngc 

1.8 
6.5 
2 0  

0.8 
1.3 
0.4 

?.O 
5.5 
3.0 
3.6 

A r p t i o l  
Dcnmrr k 
United Stater 

A ~ w a g c  

0.7 
1.9 
0.3 

0 
0.02 
0.8 

6.3 
4.1 
1.6 

0.6 
2 0  
0.4 

1.1 
1.3 
0.5 

0.02 
0.4 

0.01 
0.1 
0.2 

8.1 
11.4 
5.1 
8.2 

0 03 
0.06 
008 
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Table 5 
Tmnsfer of fallout * ~ r  and 1 3 7 ~ s  from deposllion Lo dlet 

Avcragc conrumpticm-wci&ted rcsults for Argentina. Denmark and Ihc United States. 
?he units are mBq s kg-' p n  Bq m-?. 

Componeru 

Table 6 
Transfer coefllcienls Pz4 from deposilion to intake Into the body by ingestion for fallout radionuclides derived 
from measurements In the ternpernte zone or the northern hemisphere 

7io+ 
Jutor 

I Values from Table 3 (400.50') c x a p t  f a  Fc-55 (entire) nathcm hcmispherc. 

" '~r 

Radio- 
nuclide 

FC-ss 
S r 4 9  
Sr-90 
1-131 

Cb-137 
Ba-140 
PU-238 
PU -239 
Pu-240 
PU-241 
Am-241 

* M m e d  hom wtimatd dose to red bonc manow in the northun hcmisphcrc d 6 pGy [U3, UJ] and dow to red bone marrow per unit intake by ~ngcs t im d 
0.11 aGy B~-' (Nl]. 
Value f ian  [U3]; mcasurcmcnts only for milk. 
lnfencd f r m  tramfcr coetlicicnt value (Bq a kg.' pn Rq m - 3  in Table 3 times an average f m d  consurnptim Talc of 500 kg a.'. 

' Iafcned from transfer coeff~cimt value and deposition dcnsity. 
Dcrivcd f r m  Pn mlue d 0.63 ml3q a 1.' pcr Bq m-' [U3] for translcr to milk times an evnagc milk consumption rate of 0.3 1 d". 
Deri bed in  [U3]. 

Comibwion ro 
rdal nanr/a 

Dircn dcpmitim 
b g g e d  tramfu 
Tranlfa i ran  deposit 

T d d  translet 

Deposirion k ; r U  a 

(Bq m-') 

4500 
2W00 
3230 
19000 
5200 
Boo0 

1.5 
35 
23 
730 
2 5  

C o ~ i b w i o n  ro compmenr rrMsfo )%om food cnrei(oriu (5%) 

6% 
0.4% 
26% 

15% 

0.8 : 0.4 
1.0 : 0.8 
1.8 + 0.6 

3.6 : 1.7 

13'c. 

Inrcgra~d inrake rare 

(64 

5 5 m  
700 ' 
6140 * 
1370 ' 

21800 
120 ' 

0.075 ' 
24 ' 
16 ' 
29 
5 

, 

Milk 

8% 
2% 
10% 

7% 

. 
T r a m  coflicLN 

. (Bq per Bq m-') 

10 
0.03 
1.9 

0.07 f 
4.2 

0.005 
0.05 
0.7 
0.7 g 

0.04 * 
0.2 ' 

Vc8craMrr Groin 

2% 
3% 
515  

1W: 

5% 
3% 
4% 

4% 

Dired depositicm 
Lagged uansfa 
Trsnsfa f ran  deposit 

Total transfa 

36% 
15% 
15% 

25% 

F&I 

43% 
23% 
32% 

32% 

3.8 I 1.4 
2 9  2 1.5 
1.7 + 1.0 

8.4 z 2.8 

Mcnr 

38 % 
l2% 
2aZ 

42% 

11% 
71% 
4 4  

30% 

45% 
3 5 1  
20% 

Im 

13% 
8% 
7 2  

10% 

5% 
6% 
7% 

6% 

35%. 

6 7 1  

29% 



Table 7 
Trunsfcr cocmclcnk Pj5 I m n ~  Inbtke Lo dose Tor nldlonuclldes pmiuccd in atnlosphcrlc nuclear (csllng a 

IN11 

Values arc for adults crccpt f a  ingestton of '"1; h c  ahap t im fracticns carespond lo values uscd in prcviow WSCEAR atrorrncnu p l ,  U3]; h e  
u*nmirtcd tqruvalcn~ doses (from [NI]) arc f a  a period d 50 years af~cr inukc for adults and to age  70 years for childrcn ( f a  ingalim d "'9. 
"'L age and milk msurnptiaa weighted nlucr; 0.1 ycu. 1-9 years 9-19 yeols, and adull age groups arc Z 16, 20, 62% of populalim with milk cwcumprion 
330. 160. 150, 90 I a", rcrpcccivcly; thc dasc faaas  f a  the four agc groups arc thc average for 3-monlh-old and 1-ywr-dd children; for 5-ycclr-old children; 

R d i e  
nuclidc 

for IS-year-old childrcn; sod for adults. 
h a p d m  ouumptions arc Chu D (dnyr): '"L '"6 and !'%a: 0.u W (wccks): Y ~ n ,  "FG  band U'~m; and Class Y: (years) all a h n  radimudido. 

Ahorprion 
Jiarrinn 

lngcsli~n 

Commurcd eqvivalcnr dace pcr wir inrakr (nTv H ~ " )  

0.10 
0.26 
1.3 

0.18 
13 

0.069 
0.00009 
0.MHX)B 
0.OOM)B 
o.ooooos 

0.017 

0.35 
0.26 
1.3 

0.10 
14 

0.12 
29 
31 
31 
o.n 
1600 

Fc-55 
Sr49 
Sr-90 

1-131 
G-137 
&-I40 
h.U8 
Pu-239 
I\-240 
pu-241 
Am-241 

Longs 

' 

BMC 
* c u  

lnhdnlion ' 

Ejr r r r i~ r  dose p a  
wir inr& 
( d v  BqJ) 

Red 
bone 

rmp-row 

0.11 
3.3 
180 
0.16 
13 

0.42 
13 
14 
14 

0.28 
no 

0.1 
0.3 
0.3 
1.0 
1.0 
0.1 

0.00001 
0.00001 
0.00001 
o.ooo01 
0.0005 

3h)toid Brcasr 

0.11 
0.26 
1.3 

1218 
13 

0.056 
0.00008 
0.00008 
0.00007 
.oooooi 
0.0066 

0.11 
4.8 
390 
0.15 
12 

0.53 
160 
180 
180 
3.5 

POOO 

0.74 
0.19 

0.0086 
0.24 

0.0084 
1.2 

0.36 
0.26 
1.7 

0.33 
270 
8.0 
0.27 
0.015 
0.29 
0.36 
0.37 
0.37 
0.093 

1.6 

Mn-54 
Fc-55 
Sr49 
Sr-90 
Y-91 
Zr-95 
h b 9 5  
Ru-103 
Ru-106 
Sb-125 
1-131 

G-137 
Ba-140 
G-141 
G-144 
h-238 
Pu-239 
Ih-240 
Pu-241 
~ m - 2 4 1  

Cola 

0.15 
3.4 
28 
61 
13 
3.7 
12 
12 
U 

0.14 
290 

6.4 
1.0 
83 

2900 
99 
40 
8.3 
16 

lo00 
22 

0.65 
8.7 
1.7 
17 

790 
310000 
32WOO 
320000 
3100 
18000 

1.7 
0.33 
12 

350 
14 

6.3 
1 6  
2 5  
I30 
3.4 
13 
8.5 
1.1 
2 6  
100 

61000 
64000 
64000 

930 
7 o a ~  

0.10 
0.26 
1.3 

0.20 
12 

0.16 
0.00018 
0.00012 
0.00018 
0 . m 3  

0.016 

1.1 
0.18 
0.1 1 
30 

0.32 
1.3 

0.44 
0.32 
1.8 

0.53 
0.057 
8.2 
1.2 

0.085 
2 9  

58000 
66000 
66000 
1400 

17ooo0 

0.1 
0.1 
0.01 
0.01 

O.WO1 
0.002 
0.01 
0.0s 
0.05 
0.01 
1.0 
1.0 
0.1 

0.0003 
0 . W  
0.00001 
0.00001 
0.00001 
0.00001 
a0005 

Garads Lilw 

0.31 
21 
19 

a m  
14 
26 
!i7 
53 
53 

0.27 
59 

1.3 
0.18 
0.16 
65 

0.32 
23 
0.51 
0.24 
1.6 
1.1 

0.052 
7.9 
2 3  
0.26 
4.9 

720000 
820000 
820000 
38000 

mmo 

0.11 
0.26 
1.3 

0.09 
133 

0.565 
2 3  
2 6  
2 6  

0.056 
130 

0.85 
0.17 

0.0086 
0.24 

0.0069 
1.2 
0.4 
0.31 
1.8 

0.41 
0.073 
7.8 
0.3 

0.014 
0.35 
0.44 
0.39 
0.43 
0.023 
2.7 

1.3 
0.28 
14 
20 
I5 
3.9 
1.9 
3.1 
37 
3.3 

O.m 
9 

4.4 
4.1 
34 
33 
31 
31 

0.18 
32 

0.49 
0.18 

0.0086 
0.24 

0.0073 
0.33 
0.24 
0.19 
1.2 

0.23 
0.024 
8.3 

0.37 
0.031 
0.22 
loo00 
12000 
12000 
270 

32000 

24  
0 . S  

0.0086 
0.24 
0.32 
2 1  
0.66 
0.50 
2 3  
0.85 
0.037 
8.6 
0.3 
0.26 
26 

130000 
lSWO0 
150000 
3000 

3sooo0 
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1 

Table 8 
TransTer cocfflclents P2, Tmm dcposiUon to dmc Tor radlonuclidcs produced In ahmphcrlc  nuclear (cstlng 

L u s  than 0.00001. 

R d i o  
nuclide 

Tronsfer coq'jiriew fo cqu.~rrrlorr dnrc (kiv pa Ilq me') 

lngrslion 

. 

Ronc 
surfices 

Fc-55 
Sr-89 
Sr-90 
1-131 

Cs-137 
Ba-140 
h-238 
Pu-239 
Pu-24a 
Pu-241 
Am-241 

Colon Bre'cmr 

1.5 
0.17 
722 

0.011 
50 

0.0026 
8.0 
130 
130 
0.14 
1800 

Con& 

Inhalation 

1.3 
0.0091 

2 4  
0.014 

50 
0 . W 7  

0 . W 8  
0.0001 3 

0 

0.0032 

Mn-54 
Fc-55 
Sr-89 
Sr-90 
Y-91 
2-95 
h b 9 5  
Ru-103 
RU-106 
Sb-125 
1-131 

6-137 
Ba-140 
G-141 
G-144 
h - U B  
h-2.9 
Pu-240 
h-241 
h - 2 4 1  

Lirer 

4.1 
0.74 
35 

0.0063 
59 

0.13 
2 9  
37 
37 

0.011 
12 

0.017 
0.0024 
0.0021 

0.85 
0.0042 
0.030 
0.0067 
0.0032 
0.021 
0.014 
0 . W  
0.10 

0.030 
0. 003 
0.06 
9450 
10800 
10600 
236 

28900 

Lungs 
mmrow 

Erkmni expolure 

1.5 
0.0091 

24  
0.0059 

57 
0.0027 
0.12 
1.8 
1.8 

0.0022 
26 

0.011 
0.0022 
0.0001 
0.0032 
0.0001 
0.016 
0.0053 
0.0041 
0.024 

0.0054 
0.0010 
0.10 

0.0039 
0.0006 
0.0046 
0.0058 
0.0051 
0.0056 
0.0003 
0.035 

Mn-54 
3-95 
h'b95 
Ru-103 
Ru-106 
Sb-125 
1-131 

'3.137 
Ba-140 
G.141 
G-144 

Thyoid 

9.9 
3.7 
1.0 

0.72 
2 9  
16 

0.12 
97 
1.1 

0.081 
0.47 

fro& coflcicnr 
for flecriie dnre 
( ~ S I  p a  Bq m-'J 

4.7 
0.0091 

2 4  
0.0069 

59 
0.00058 

1.5 
22 
22 
d 

320 

0.017 
0.0037 

0.18 
0.26 
0.20 
0.051 
O.V? 
0.011 
0.49 

0.043 
0.0003 

0.12 
0.058 
0.054 
0.45 
0.43 
0.41 
0.41 

O.OC24 
0.42 

1.3 
0.0091 

2 4  
0.012 

55 
0.00033 

0.00005 
0.00006 

0.0034 

0.0061 
0.0024 
0.0001 
0.0032 
0.0001 
0.0043 
0.0032 
0.0025 
0.016 
0.0030 
0.0003 
0.11 

0.0049 
0.0061 
0.0028 

130 
160 
160 
3.5 
420 

1.5 
0.12 
330 

0.011 
55 

0.0020 
0.65 
9.8 
9.8 

0.011 
140 

0.032 
0.0076 
0.0001 
0.0032 
0.0042 
0.028 
0.0087 
0.0066 
0.030 
0.011 
0.0005 

0.11 
0.0039 
0.0034 
0.34 
1710 
1970 
1970 
39 

4990 

1.5 
0.W91 

24  
84 
55 

0.00027 

37 
0.00005 

0.00132 

0.084 
0.013 

1.1 
38 
1.3 

0.53 
0.11 
0.21 
13 

0.29 
0.008S 
0.11 
0.022 
0.22 
10 

4 100 
4200 
4200 

41 
240 

2 0  
0.12 
52 
4.2 
55 

0.018 
0.60 
8.4 
9.1 

0.00% 
56 

0.014 
0.0024 
0.0014 

0.39 
0.0042 
0.017 

0.0058 
0.0012 
0.024 

0.0070 
0.- 
0.11 
0.016 

0,0011 
0.038 
760 
870 
870 
18 

2230 

0.010 
0.0025 
0.0001 
0.0032 
0.0001 
0.016 

0.0047 
0.0034 
0.022 
0.0043 

3.5 
0.11 

0.0035 
0.0003 
0.0038 
0.0050 
0.0049 
0.0049 
0.00 12 
0.021 

0.022 
0.0043 
0.16 
4.6 

0.18 
0.083 
0.021 
0.033 

1.7 
0.WS 
0.17 
0.11 
0.014 
0.034 

1.3 
600 
840 
640 
12 

920 



T ~ h l e  9 
ETTccllve dose mniniitmcnls It-om I-adionuclldes produced In ~tniospherlc n u c l e ~ r  lestlng 

Radio- 
nuclidc 

11.3 
C.14 

Mn.54 
Fc-55 
SI -S9 
St -90 
Y-91 
7 ~ 4 5  
h%.95  
Ru-I03 
Ru-106 
Sb-125 
1-131 

Cs-137 
Ba-140 
Cc-141 
Cc-144 
Pu-2x8 
Pu-239 
Pu-240 
Pu-24 1 
,4111-24 1 

Total (rounded) 

Torol 

5 1 
26(M 
94 
14 
5.5 
IRO 
4.6 
144 
68 

2 1 
110 
47 
85 
790 
26 
2.4 
86 
1.2 
30 
20 
8.9 
24 

4400 

Exranol 

93 

160 
67 

20 
70 
4 7 
2.3 
510 
25 
1.7 
23 

loo0 

Eflccrivc date commirmcnf (1619 

Errend 

57 

85 
40 
12 
44 
27 
1.4 
300 
15 
1.0 
14 

600 

Nwrh tnnperorc 

Ingcsrim 

48 
2600 

14 
2 3 
170 

79 
280 
0.42 

0.0009 
0.29 
0.2 1 
0.001 

1.5 

3190 

Torn1 

14 
2MM 
26 
3.8 
1.2 
50 
1 .O 
32 
IS 

4.7 
31 
13 
19 

210 
5.8 

0.53 
23 

0.30 
8.5 
5.1 
2.4 
6.8 

3100 

Erranal 

26 

31 
1 5  

4.5 
20 
13 

0.50 
140 
5.6 

0.37 
6.1 

260 

:mc (403.50') 

lnholarim 

3.6 
0.26 
0.2 1 
0.03 
3.1 
15 
4.6 
3.1 
1.d 

0.93 
4 1 

0. I3 
3.2 

0.58 
0.34 
0.7 1 
63 
1.2 
29 
19 
8.9 
23 

2X) 

W a l d  

Ingarion 

44 
2600 

8.2 
1.4 
102 

48 
1 70 

0.25 

0.0005 
0.18 
0.13 
0.003 
0.87 

2980 

Sourh rcmpnnrc 

Ingarion 

13 
2600 

3.8 
0.51 
46 

17 
76 

0.09 

0.0002 
0.08 
0.05 

0.001 
0.4 1 

2760 

popularion 

Inhnlmim 

3.3 
0.26 
0.13 
0.02 
l .P 
9.0 
2.8 
1.9 

0x2 
056 
26 

0.08 
2.0 

0.35 
0.2 I 
0.43 
38 

0.72 
18 
12 
5.4 
14 

140 

t o w  (603507 

Inhnlnrim 

0.95 
0.26 
0.06 
0.01 
0.68 
4.1 
1 .O 

0.69 
0 30 

0.20 
11 

0.04 
0.71 
0.16 
0.07 
0.16 
17 

0.30 
8.4 
5.0 
2.4 
6.4 

60 

Torol 

47 
2600 
57 
8.2 
3.3 
111 
2.8 
87 
4 l 
13 
69 
28 
5 1 
470 
16 
1 5  
5? 

0.72 
18 
12 
5.4 
15 

3700 



Tuhlc 10 
Contril~ulions Lo Lhc I~)LJII cfTcrlivc dose roni1iiIL111cn1 Lo Lhc world poy~ul:~Lion  iron^ 11l111osphcrlc nuclear LcsLing 

Table 11 
Collective c~cc l ivc  dosc (u Lhc world population cor~i~i~iLlcd by alniospl~cric nuclcur tcsling 

Concsponds lo dose dclivcred hy 14c k$orr thc year :2lw) 

I f f i c r i ~  e dose 
cornmi~mm~ 

(1r.51 J 

16 
I6 
I5 
13 
I? 
6 
5 

3 
3 
1 
I 

Connibwion to ~oro l  (%) 

Hadic~  
r~ucl i~lc 

l'u-239 
U7-140 
An-24 I 
Ru-103 
Pu-240 
Fc-55 

l'u-24 I 
Sr49 
Y-91 

Cc-141 
Pu-238 

Total cffcc~ivc dosc conm~i~mmm 

lncludirrg 
lom "c 

0.5 
0.4 
0.4 
0.3 
0.3 
0.2 
0. I 
0.09 
0.06 
0.04 
0.02 

Radio 
nuclide 

C-14 
0-137 
9-90 
2r-95 

Ru-106 
11-3 

Mn.54 
G-144 
1-131 
hb95  
Sh-12-5 
Yu.239 
h - 2 4 1  
~a-140  
Ru-103 
Pu-240 
Fc-55 

Pu-241 
Sr-89 
Y-91 

0 - i 4 1  
l'u -136 

Taal (rounded) 

3700 $v 

Hodio 
nvrlidc 

'2-14 
CS-137 
Sr-90 
71-95 

Ru-106 
hfn-54 
G-144 
1-131 
11-3 

h%-95 
Sb-125 

Including 
10% 14c 

1.3 
1.2 
1.1 
0.9 
0.9 
0.6 
0.4 
0.2 
0.2 
0.1 

0.05 

Conrriburion 

lnrluding 1 W% "C . 

66 
6.3 
1.5 

0.93 
0.74 
0.63 
0.61 
0.55 
0.55 
0.44 
0.30 
0.20 
0.16 
0.17 
0.14 
0.13 
0.03 
0.06 
0.04 
0.03 
0.0: 
0.01 

100 

E/Jecri\.c dose 
comrnirmcrrr 

[rrS\.J 

ZSSO 
470 
110 
67 
69 
s7 
52 
5 1 
47 
41 
3 

Conrribwion ro rlrnl (CX.) 

lo rornl (95) 

Including 10% I'C 

39 
28 
6.6 
4.2 
3.3 
28 
2 7  
4,s 
Z5 
2 0  
1.3 
0.68 
0.60 
o.n 
0.62 
0.59 
0.40 
0.26 
0.16 
0.13 
0.07 
0.03 

100 

E.rrcrnal 

1210 

172 
140 

161 
51 

4.4 

129 
86 

49 
39 

3.3 

?1LO 

L r l i ~ r l i t r ~  
lorn, I ' c  

70 
13 
3.0 
2.4 
1.9 
1.5 
1.4 
1.4 
1.3 
1.1 
0.7 

Irrclurlitrg 
10% "c 

19 
35 
8. I 
6.4 
5.1 
4.2 
3.6 
3.6 
3.5 
3.0 
2.0 

Cullccrit~c elfcrrivc 

I~rgerrioa 

3800  
677 
406 

176 

154 

1 .X 
8.7 
o 81 

1.3 
'6 

0.01 
4.5 

O.(X13 

17200 

dose (1000 I ~ M  SI.) 

lnbaloriorr 

2.6 
1.1 
20 
6. I 
62 
13 

0.4 
I 1  
6.3 
2.6 
0.2 
56 
44 

0.66 
1.6 
36 

0.06 
17 
6.0 
6.9 
1.4 

2.3 

440 

Torn1 

Y 600 
1690 
435 
276 
'9 1 

169 
16 1 
165 
164 
13 1 
66 
-% 
53 
5 I 
5 1 
39 
26 
17 
I I 
6.0 
4.7 
2.3 

XI00 
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'I'r~blc 12 
Lslirnnlcd numher and ylcldr or undergrnund nuclc~tr cxplorlons 
IN1 0. S2] 

Table 13 
Atmospheric releases of iodine-131 to the ntrnospherc from underground tests cnrried out at the Nevada 1 s t  site 
In the United States 
[HJI 

Yea 

1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
196s 
1966 
1967 
1968 

Nu& of 
crplariom 

5 
15 

12 
61 
13 
48 

51 
59 
51 
60 

h'anu of t u t  

Anllcr 
Feather 
Pampas 
Rattc 
Eel 
Dcs Man- 
Bandicool 
Y uba 
Eagle 
Pike 
Alvd 

Drill 
Parrot 
Alpaca 
Tee 
D i l u ~ d  Waters 
Red I l d  
Pin Stripe 
h ~ b l c  Play 
Dcrnngcr 
Nash 
Mid M I ~ I  
ltupmohilc 
Pod 
Scucllc 
Snubber 
Mint l u f  
Banchcny 
Bsgonal l ~ n c  
hola 

Total (rounded) 

Total 

Yicld 
(hi0 

0.002 
0.03 

0.1 
1.0 
1.0 
1.0 
1.8 
3.7 
2 2  
4.6 

Yem O/ IW 

1961 
1961 
1962 
1962 
1962 
1962 
1962 
1963 
1963 
1964 
1964 
1964 
1964 
1965 
1965 
1965 
1966 
1966 
1966 
1966 
1967 
1967 
1966 
1969 
1969 
1970 
1970 
1970 
1971 
1960 

1352 tcst explosions 

A~marphcru relcue (TBq) 

0.2 
0.M 
0.0304 
0.4 
0.4 

1200 
330 

0.0006 
0.06 
13 
0.001 
0.5 
0.2 
0.0009 
0.06 
0.7 
7 
7 
4 
0.009 
0.5 
0.01 
4 

0.03 
0.0001 
0.2 
3 

3000 
0.05 
0 .E  

5(wX, 

Yew 

1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1971 
1978 
1979 
1960 

Total yield 90 MI 

h'umba or 
aplosions 

55 
52 
M 
40 
30 
34 
36 
42 
45 
55 
54 
51 

I'icld 
P I 0  

4.1 
6.6 
6.9 
2.5 
7.7 
4.2 
7.5 
5.4 
3.5 
2 7  
3.9 
2.9 

Year 

1961 
1982 
1963 
1964 
1985 
1966 
1967 
1988 
1969 
1990 
1991 
1992 

Number of 
aplosiom 

51 
56 
Sb 
56 
35 
23 
47 
40 
27 
16 
14 
6 

Yield 
( ,~I I )  

1.6 
1.6 
1.2 
23 
1.2 
0.6 
2 2  
1.6 
0.7 
1.1 
0.3 
1.1 
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'ri11)lc 14 
13~11~1in tcd  ~ r n n ~ r n l  rclcrrscs or I3'l t o  IIIC ~ t t n ~ o l ) l , c r c  r1n111 l l i c  I l i t~r l 'o r t l  p l u t o ~ i i u ~ n  p r o d u c t i o n  p l i r n t  In the 
Unitcul S b t l c s  IC5j 

T a b l c  15 
E s t i n r a t c d  c u n ~ u l u t i v c  doses Cram r a d i o n u c l i d e s  r e l c i ~ s c d  i n t o  t h e  'l'cchu I t i v c r  f r o n i  the C h c l y o b i n s k  p l u t o n i u m  

p r o d u c t i o n  p l i t n t  i n  the r o r n i c r  U S S R  

[A41 

Ycar 

1944 
1915 
1946 

7 ' ~ , i l  1944-3946 

Vlllagc was c\wuatcd. 

A~tnunl rclcrrrc (I'IIqJ 

IRM 
13000 
2R00 

17600 

Villog c 

Mclllno ' 
Tccha-Vrod ' 
hranwo ' 
Nadirovo 
!4ul)urnwo 
Brdololrnak 
Rurskaya Tccha 
Vo\opctropavios'woc 
Schut~kha 
*ht~chcnskcc 

T n h l c  16 
E s l i m n t c d  u r n n i u m  and  rue1 r c q u i r c l n e n l s  lo g c n c r i r l c  I GI+' u or c l c c t r i c i ~ l  cncrgy 
102, 031 

I'CIU 

1'147 
194s 
1949 
1950 
1951 

11;srurtce don~ru~rcorn 
/rots r11e poirir oJdiscJrargc 

Pin) 

7 

18 
27 
JY 
76 
109 
138 
152 
-0- , 1 
3 7 

Llcnv.ed from thc anlounlr d natural u:anlum u,lng .s 1I3O6: hcavy madl ratlo d 1:16. 
Scparauvr work um~s. 
ksumzng avcragc fud ~rradialion cf 30 Ci\Yd/l(l (thcrmd mcrw). thrrrngil ~llictcncy d' 33% and an avcragc Cue1 enrlchmcnl of 3% uith 0.25' tails. * h u m r n g  a Curl irr2dl:ltion d 7.3 C;N1d41! (thrrnmal cnrrgyl :ind a thrrrn:ll ~.i!;.lrn~:y ol. 311%. 

' &.,urnlng a fuel inad~ntion d 4.5 CiWdhC' (thrrrn.il mcrgy) :~nd r thcrn~:~l cn;c~cn:y o i  7(,T'. ' hssumtng an avcragc fuel ~rradiutlon d 24 (;WJALr (:hirl~~;ol r n v ~ ) ,  il th:rolel cl'Iiilc.nry d 405 and :svrragc cnrihnlmt of 2.7% and ti~ils of 0.3%. 

Hearror 

QP= 

LWK ' 
l r ~ ~  
Mapox ' 
AGU 1 

Arrnunl rrlcnrc CrflqJ 

YO0 
40 
2; 0 
100 
630 

T u c . ~ ~  I'I47-1956 

Eflccrive 
dose 

(&&,J 

I400 
1190 
loo0 
M O  
240 
5s 
62 
100 
-% 
66 

Absorbed d u e  0nG.v) 

i l ~ t ~ w n l  required /or I GII'.vew 

:020 

Ycrv 

1952 
1953 
I954 
1'155 
1956 

Hcd bone 
rnarrox. 

1640 
1270 
1270 
950 
GI0 
140 
2 0  
2 0  
SO 
110 

hrururul ururr~u~rr 

(1) 

2 0  
160 
330 
1 0  

Annul  rclcprc m y )  

40 

25 
20 
30 
15 

llonc lining 
cclls 

2 6 0  
1460 
1900 
IS00 
1430 
310 
530 
660 
IS0 
400 

U I ~ I I I U I ~  a r ~ d c  a 

IrJ 

260 
210 
300 
1(dI 

G.I. wacr 

1400 
1190 
1040 
620 
290 
70 
100 
130 
26 
84 

Eruidtmc~r~ 
rnwj * 
130000 

13DOO 

Orher 

1270 
1150 
900 
440 
120 
33 
37 
43 
22 
32 

Fucl 

(1) 

37 
160 
330 
38 



Data c d y  indudc uranium produced in  WOCA ( W a l d  Oulsidc Cmtrally planned ccmomics Arca). Fstirnatc oF wanium production in  .on-WOCX countries in  1990 is about 18.000 I uranium pm ycar uith a dccrcasing trend; Ihc main producers 
alc hclicvcd lo  hc G i n a ,  Czcchnrlwakia, thc Gcrmnn Dcmocralic RcpuMic and the lJSSl l  [14]. 
Data fa 1989 arc cstirnatcs. 

Cmmlry 

Argcnt~rn 
Auslralia 
l l r l l j u ~ n  
I3ranl 
Canada 
I'rancc 
Ciabm 
Germany, Fcd. R 7 . d  
India 
Japan 
Namibia 
Ni gn 
Pakistan 
Portugal 
South Africa 
Spain 
United Stales 
I ' u g ~ s l  a\ia 

Tom1 

Annual pro*lucrion of ~uaniwn ( I )  " 

1075 

27 

2540 
1731 
8110 

57 
2lX) 

3 

I :a 
30 

115 
2488 

1-3 
8900 

19348 

1976 

40 
35Q 

46.20 
1871 
8W 
38 

200 
2 

654 
1460 

30 
88 

2758 
170 

9800 

23 170 

1077 

I I X I  
3 .% 

57911 
2fW7 

907 
IS  

200 
I 

2340 
1609 

30 
9 5 

3.350 
177 

11500 

28577 

1976' 

126 
516 

35 
6800 
2183 
1U2Z 

35 
200 

2 
2697 
2060 

30 
98 

396 1 
191 

14200 

34121 

1979 

124 
705 

6820 
2362 
1 I W  

25 
200 

2 
3840 
3620 

30 
114 

4797 
190 

144(X) 

36339 

1 080 

I87 
1561 

20 

7150 
2634 
10.13 

35 
2 W  

5 
4042 
4128 

30 
82 

6146 
190 

16800 

44243 

1981 

I23 
2922 

40 
4 

7720 
2552 
1022 

36 
200 

3 
397 1 
4363 

30 
102 

6131 
178 

14800 

44197 

1982 

155 
4422 

45 
242 

8(#IO 
2859 

970 
34 

200 
5 

3776 
4259 

30 
113 

5816 
150 

10300 

41456 

1933 

172 
321 1 

45 
189 

7140 
327 1 
I006 

47 
200 

4 
3719 
3426 

30 
104 

6MO 
170 

8MO 

36994 

19.46 

173 
4 154 

40 

I I 5  
1 1720 
3248 

900 
26 

200 
6 

3UX) 

3110 
30 

110 
4602 

215 
5200 

59 

37208 

19SJ 

129 
4324 

40 
117 

11170 
3168 

9 18 
32 

200 
4 

3700 
3276 

30 
115 

5732 

196 
5700 

36851 

IPS5 

126 
3206 

40 
l 15 

10880 
31SQ 

940 
30 

2W 
7 

3400 
3181 

30 
119 

4860 
20 1 

4300 
30 

34874 

I037 

95 
3780 

40 
0 

12440 
3376 

BW.1 
53 

200 
6 

3.W 
2970 

30 

141 
3963 

2 23 
5000 

72 

36691 

1988 

142 
3532 

40 
0 

12400 
1394 
9x1 

38 
200 

0 
3600 
2970 

>O 
1 Y 

3650 
226 

5050 
80 

36628 

IP39 I' 

IS0 
3800 

J0 
0 

1 lo00 
3190 

9 .XI 
30 

700 
0 

3600 
3000 

30 
I -XI 

2900 
216 

4600 
85 

3394 1 



hlinc 

Ore p m l e  

(% 01 U , O ~  
)iiu 

Aurlruliu 

l ~ r6duct ;v t~  t,J 

"JOU a 
(1) 

Rangcr 

O()mpic 

Satarick ' 

P..~ni.uiwt IIJ 
-3.  
- - - l b ~  

I ~ I I C ~ )  

45  

73 
69 

120 * 
130 

16 
32 

2 1 
2 I 
2 1 
12 

h'ormnlkcd emission ,, ::2Rn 

( G B ~  I . ] )  

1985 
1986 
l'JR7 
1988 
1989 

196R 
1 969 

I965 
1961 
I987 
1966 

I0 ' 
16 ' 
18 C 

19 
?2 

27 
27 

13 
13 
13 
13 

Amok 

Rabbit L k c  

Dcnison Mine 

Pancl Mlnc 

Sranlagh htinc 

0.32 
0.35 
0..U 
0.42 
0.4 1 

0.11 
0.11 

1.42 
1.42 
1.42 
1.4? 

0.37 
0.40 
0.42 
0.49 
0.57 

0 . 3  
0.46 
0.51 
0.72 
0.64 

0.08 
0 (9 
0. w 
0.06 
0.0s 

0.10 
0.10 
0.W 
0.0s 
0. OY 

0.07 
0.07 
0.07 
0.07 
0.W 

1965 
1966 
1987 
I966 
1969 

l'l6S 
I966 
1987 
1066 
I069 

1065 
I986 
19x7 
1966 
1989 

1'185 
1986 
1967 
1966 
198'4 

1965 
1966 
1967 
196E 
1969 

4 5 0  
4700 
5000 
6400 
1OOO 

600 
1200 

1600 
1600 
1600 
9 W 

C;~I.IIIUII I)rn~ucrvtic Krpuhlic 

Curlada f 

660 
650 
670 
0 
740 

69 0 
1500 
X U  
a m  
2011 

26 W 
2W0 
1 9 0  
2060 
ZWX) 

9'10 
960 
820 
760 
650 

610 
750 
100 
4 0  
-90 

'Ihuringan hlrncs 

Auc 

Rmigstc~n 

1 
1 
1 
I 
1 

1600 
I600 
I600 
1600 
1600 

I100 
1100 
I I ~ ,  
I l a ,  
1100 

96 . 
96 
96 
96 
96 

I20 
1?0 
120 
120 
120 

1965 
1966 
1967 
1966 
1969 

1965 
1966 
1967 
1968 
I V H Y  

1985 
14Jl(b 
19K7 
1V8h 
lVR9 

1.2 
1.2 
1.2 
1.1 
1.4 

1800 
I I00 
660 
560 
760 

500 
530 
no 
520 
Y 0 

97 
98 
120 
120 
110 

150 
160 
240 
270 
210 

0 (H: 
0.ff1; 
0.W1 
0.a11 
O.Ul0 

0 483 
0.466 
0.475 
0.463 
0.461 

.%txl 
35W 
35W 
34  w 
3300 

640 
750 
710 
710 
69 0 

670 
605 
540 
520 
XH, 

540 
610 
660 
730 
690 

I 6 0  
1700 
I400 
1400 
650 

160 
.W0 
300 
260 
YO 

150 
170 
190 
210 
210 

I900 
2300 
2000 
1950 
2oal  

240 
500 
YO 
500 
500 



" l h c  n~ill throughput %;IS used whcn t l~c ntrnr throu&put u.3, not arailnblc. 
* Lttrnntcd l i m ~  1069 rxlue. 

Estimated [ran 1969 raluc. normdr~cd to LI,OH praluction. 
Mclallwgiul plant: product~on cornrncnccrl in Junc 1966. 
.Mining c u r d  in 1990. Mill icul  wid.\ tdkrn i r m  rtxkpilr., and tilllngs wcrc lrlunlcd to ltrirrc pit. ' llrn~arion 01 radon cslirnatcd from nnnu:ll a~eragc  conccnlr~tion in chhaust a t .  

I i i n e  

I'rcital 

1 

T l t b l c  19 
R t t d i o n u c l i d c s  rclc;lscd i n  n i r l ) o r n c  c l l l u c n l s  l i o n 1  u r i t n i u n i  ~ i i i l l s  

[A6, N12, 05, RZ] 

I'car 

1485 
l YSL 
1487 
1966 
1969 

' Mcrallurgcal plant; production conmlcnccd In Junr IYbb, cnuur.n, d ""1'b and ""l'o are lor lhc p;~rl~culnr proccss and are nM rcprcwntativc of normal 
nulling. 
Mill operatlmr ceahrd In July 1968. 
L)I.IA for 0Iynip:c rnlll s;c not gmcr;llly rep imrnl~t , \~ .  an! .it:. ~hcicri>rr, nnl tnr.ludcd rn lotul. 

Mine  

Orc .qrrnlc 

(T .I u,o~  

0.IW7 
0. I(H1 
0.116 
0.112 
0.III  

Orc 
xrudc 

(5) 
Year 

/ ' r ~ + / ~ ~ c l i , ~ t ~  of 

u ~ O #  ' 
(0 

160 
180 
19(1 
I70 
130 

b:#!oi.c.r;un of 
--'Ha 
3.7 

CI'III~) 

10 
6 
7 
6 
5 

r\u~l~.uliu 

h ' o r m n l d  cmicrion 
of ' 2 2 ~ n  

(cng r l )  

61 
45 
36 
.% 
40 

O r e  

rlvougl~pu 

~ J V ~ J  

"4“' 
prducriun 

11) 

85 
I40 

Knngcr 

Olymp~c " 

Nahrr~ck 

I 
0.97 
0.67 
0.76 
0.96 

0.5 
1.1 

0.12 
0.12 
0. 12 
0.07 

Cur~ildu 

: l n n w l  rmlsiotr (GOq) 

43000 
46000 
44000 
4J[KI0 
54000 

SOUJ 
16000 

? 1000 
?I(KX) 
21000 
12000 

1965 
1986 
1967 
1968 
19S9 

1986 
1964 

196.5 
1986 
1987 
1'488 

Kc)- lakc  

Kahhl Lake 

>jO,',, 

3200 
3400 
3300 
3300 
40W 

550 
12W 

17(U 
1700 
1700 
4Y (1 

0.32 
0.35 
0.36 
0.42 
0.41 

0.11 
0.1 1 

1.42 
1.42 
1.42 
1.32 

Ill 
2 1 

0.05 
0.1 

1985 
1986 
1987 
1988 
I489 

1465- 
!St39 

UOpo 

0.05 
0.1 

0.28 
0 . 3  
0.19 
0.2 

0.24 

0.53 

Total rclcnsc (GI%) 

L:,Oh producrrun (I) 

Numal~zcd r c l c ~ w  (CiUq I") 

h'orrnzl~zed rclwsc [CiUq (CiW A ) - ' ]  

-r?, 
---Rn 

1.2 
1 

0.8 
0.8 
2 

0.1 
0.2 

0.7 
0.7 
0.7 
0.4 

334200 

270LIO 

13 

3000 

0.12 

1640 

U.WW7 

0.02 

3 8  

0. I9 
0 . 3  
0 . 3  
0.24 
0.24 

0.36 

0.18 

%70 

O . W ( U ~  

0.02 

530 
560 
3 0  
4S0 
>SO 

lY(U 

0.20 

3 0 0  

0.- 

0.02 

92LXl 

tLO(IIU 

0.11 

U.110'1 

41.0 

1 7 0 0  

0 .ml5  

0.4 

0.00? 

0.021 

O.Ml(bl 

0.01 1 

0.01 1 

0.02 

3 1 5  

0.65 



"~'8 
p r l u c r i r m  

(0 

Ore 
rlvou,ql~pul 

( .h i t )  

hiine 

C n n d u  

Year 

i\nnunl r n l i u i m  ((;lfqJ Ore 
tr'uir 

(a J 
:/o,.,, 

0.13 
0.02 
0.01 

0 . 3  
0.19 
0.19 
I.? 

0.17 

2 15 

29W 

0.00007 

0.01 

h k  

Kcy Lkc  

XbHa 

0 . m ~  
0 163 
0.13 

0.195 
0.259 
0 .32  
0.242 
0.33 

2Wn 

0 . 3  
0.035 
0.029 

0.6 1 
0.16 
0.06 
0.11 
0.07 

1.32 

29400 

0.aK)OS 

0.01 

Total rclc~rc (GBq) 

U,08 prulua~cm (I) 

Sarnal~ud rclc~se (GBq I-') 

Sarnalizcd rclcasc [GBq (GW ;I)"] 

1967 
1966 
1966 

1985 
1966 
1987 
1966 
1969 

16 
6.5 
7.6 

1.7 
1.1 
1.3 
0.5 
0.7 

35.40 

;?9400 

0.0012 

0.3 

I .U 

29400 

0.WOG 

0.01 

66.5 
6'97 
74 1 

5301 
5752 
5273 
4695 
5632 

042 
(1.44 

0.57 

2.72 
3.31 
1.67 
1.94 
2.40 

0.3 
0.1 
0.05 

0.34 
0.16 
0.15 
0.06 
0.07 



-l'uhlc 21 
Itr~don c1111sslons rron~ umniun, mill hiling piles 

Suhqucous tailings dcps~ t~on  unlrl 1966. thcn comhrn;~trtm d' suk~qcrou~ :and \uhii.r!:ll t;illrngs dcpos~t~on 
Subaerial tailingr Jtpon~~on. ulng ;# rotat~on;rl cyclc lo p r ~ n l ~ ~ e  I:,).:rlng ol' t ;u I inp .  

Suhiqueous tla~lings Jrpori~~on prior tu 11167: \ub.:~rx.,l I;ulinp J<.pus!r!;m ~ t ~ ~ i i . . ~ l i o  
Suhaeriall~uhaqucous \alucs. 
A ~ L I  50% d the tailing pilu are covcrcd u ~ l h  uwcr 

f Suharrial raluc. 

hfill I'CIU 

r \ rpc~~lir~s  [C18] 

~nrissi~vr role 
(1181 III-? s-'1 

Tailings area 

(ha) 

,,, 
-'-Rn rmir.~im 

Wjd 

San Rnfacl 

L06 Adobes 
Dm Ouo 
Los Gigantes 

La h t d a  
Malarye 

8.2 
11.5 
8.1 

43.1 
0.7 
0.8 
11.0 
10.7 
12.3 
10.2 

13 
18 
18 
100 
1 
1 
a 

10 
11 
9.5 

l9R6 
I967 
19Rb 
1966 
1985 
IYW 
1986 
I985 
1986 
1987 

,\ust~-din IA9. CS, DS, L4, 05, It21 

5.0 
5.0 
7.0 
7.5 
5.0 
5.0 
1.0 
3.0 
3.0 
3.0 

010.1 
010.1 
010.1 * 

0.9 I 0.1 
0.9 10.1 * 

1.6 
1.6 
0. I 
0.1 
2. I 
2. I 
2 1 

0 1 3 6 0 ~  
0 I360 * 
0 1360 

1 1 0 1 2 . ~ ) "  
120 1140" 

75 
75 
6.2 
6.2 
6.2 
6.2 
6.2 

Rangcr ' 

0l.mpic * 

Nnbrick ' 

11 
11 
I1 
40 
45 
6 

13 
0.2 
0.2 
4.2 
4.2 
4.2 

1985 
1986 
1967 
I988 
1989 
1')88 
1969 
1965 
1986 
I967 
1968 
1969 

Cunudu IAO] 

6 

3.7 
20 
10 
10 
10 
10 
10 
I0 
10 
10 
10 
10 
10 
10 
1 0 
10 
10 

36 

53 
11.5 
- T C  - 
60 
67 
74 
SO 
-.  15 

36 
43 
47 

5(1 
107 
I l l  
115 
121 
127 

Key lakc 
R3hb.1 L k e  

Tail~ngs pond 
Opcn pit 

Pancl minc 

Sranicigh mnc 

Quirke mine 

68 

62 
73 
173 
169 
21 I 
233 
3 2  
1 lo 
120 
136 
148 
158 
337 
350 
363 
36 2 
400 

lcJ65-1969 

1985-1989 
1965-1989 

1965 
19S6 
1987 
1966 
I~)S'> 
1965 
1966 
1967 
1988 
1989 
1985 
IOdO 
I967 
1 968 
I989 

(;cI-IIIYII I ) ~ I I I I ~ C I ~ L I I ~ C  Kvpuhli~ [\VS] 

12 I 
12 1 

' 
30 ' 

Crnrscn 
Scclrngsl5d1 

350 
500 

I'iFv 
lvE9 



' Sormalizrd emissions in llqwd efflucntr (0.01 for 2101'o. 21Ul'b and 9%: 0.02 CN ' " ~ a :  0.3 ia %U and %r) con~rihutc ncdaghly to thc coilcctivc dcac. * t h u a l  m i n t y  relcascd: thc rxc  d ac~t\ity i s  asrunred to rrnuln cm,tmt obcr mm. than 10.000 ymrs. 
k c  cornrmlmcnl carcspandrng lo a f ivc-YC:~ rrlt3sr. 
Dare comnulmcnl carcspnrbng to a 10.0MJO.yc.11 rclc:~sr. 

H d i e  
nuclide 

Ph-210 
Po-210 
Rn-222 
Ra-226 
n - 2 3 0  
U-234 
U-736 

C'ollrrri~r 
rlure p u  iulir 

relcare 

(IIIIUI St. l7lq-') 

I 
1 

0.015 
0.6 
-10 
6 
7 

T u h l c  23 
U m n i u r n - 2 3 8  r c l o n s ~ d  i n  c f l l u c n l s  I ' ror~i  I'ucl c o n v e r s i o n ,  c n r i c h l i ~ c n l  i l n d  I ' : ~ l ~ r i c a i i o n  p l i ln l s  

[A6. 013. M3) 

rVomrulLctl rcle~atr 
/(;llq ((:\V ").I/ 

hftrrmrrlLcJ cullerrii r rflcrrit.r dcue 
1m11n .St* (GIV II).'] 

Liquid durhnrgcs (GAq) 

3 6  
l~ lo l lor ion  

Afi~ic 

1.1 

hiinc 

75000 

bfill 

0.02 
0.02 
3000 
0.02 
0.02 
0.4 
0.4 

hlill rrrilit~~s 

)'rw 

41ill 

0.~YW2 
0.WOO2 
0.045 

0.tIMKlI 
o.ooo(1 
0.003 
0.003 

It, ~ ~ p r r t ~ l i n ~ ~  

ZWW 

,lirbwnc d i ~ c / i a r g o  (Cllrl) 

113 

Blind Rlvcr rcfincry 
Gpacily: IB.OW) I d watuuni as 

UO, 

l'cft llopc U02 plant 
Gpanty :  2800 t o i  urantun~ as 

1102 

POII llopc LIF6 plant 
Gpaoly :  10.000 I d w:~tuwn :I, 

i r ~ ,  

T a m t o  fucl f a b r n r ~ ~ m  plan1 
Cap301y: 1.050 I of ur.tntuln ;IS 

110: 

Por~  llopc fuel f a h ~ c a ~ ~ o n  plan1 
(ipaoly: VOO I or uranium :Is 

\lo2 

, l lundav~d 

l ~ c a  * 

lu8C 
1960 
1967 
1068 
I969 

1986 
1'467 
1966 
1980 

196b 
1'487 
IUG 
19PV 

1067 
1968 
1969 

1967 
I'lfib 
198'4 

blill failinxs 

(:u~tudu 

0.u 
1 .O 
1.1 
1.0 
0.9 

0 4 

0.6 
0 4 

U. 2 

2. I 
2 (8 

2 5 
0.7 

< 0.001 
< 0.001 
c 0.(NJl 

0.WI 
0.all 
0.W I 

~\irbutzc discllnrger (GHqJ 

Hrpul~lir 111' tiul.ru 

In opernrion 

0.3 ' 

ilrrtrriutrr 

0.2 
0.06 
0.1 
0.2 
0.1 

0 
0 
0 
0 

5.3 
26 
3.7 
2.6 

0 . K  
0.02 
O . E  

0.01 
0.01 
0.01 

Liquid d u r l ~ o r ~ c r  (GBp) 

Abnndaned 

150 " 

IJmnC i r  

K a u  Nuclear Fucl Cnmpany 
( fah~cal~on)  

iIrur,ir a Uronic p 

U.07 
0. 3 

1'466 
I O R V  

ilrut~ic (I 

0.3 
0. I 

0 . t K P I  
0 01 

0.013 
0.013 



' I ' u ~ ~ c  21 
Nnrn~iiliz~ul rvlcnscs of ritdionuclidcs fro111 111odcl rucl conlSe~-sion, cn1.ic11111cnl nnd I'ul~rici~lion Incilily 

Irufcrllnriun 
rlirbwrlr d h c l l ~ ~ r x ~  fCIIqJ 

1l11ilrJ KisgJul l~ 

R a d G  
nuclLIe 

Ra.226 
7h-228 
1h-250 
T I -32  
T h . 3 4  
U - 3 4  
1:-35 
I ! - 3 8  

LW d i r r l w t u  (CBq) 

~ q u a r i c  discharges (hfBq (CM' o).'/ from 

l/rntric 0 Uru~r;um U r a r k  n 

C;lpcnhurr~ (cnnchn~rn~) 

Spnng~clds (cmvcrr im, fahrlc:~l~on) 

Cotrl r r ~ i o n  

0.11 

04 
4.3 
9.l 

A~mo~phcr i r  d i r c l t a r ~ u  [,%IMq ((;II' u)-'/ jrom 

llrrr,~ic I I  Uranic 

I 
I 
I 
1 
1 

Con~.cr~ iur~  

0.U22 
0.4 

0.022 
110 
130 
6 1 
I?O 

1965 
1986 
1967 
19% 
1969 

1985 
1966 
1987 
19m 
19SY 

Enrichment 

10 
0.5 
10 

0 iK)O 
0.01 
0 0: 
0 02 

1 
1 
I 
I 
2 

Etiriclmmc~r~ 

1.3 
1.3 

O.(L 
1.3 

Fobricarion 

170 
170 
1.4 
170 

F'c~bricu~io~t 

U..Q 
0.34 

U.0014 
u.34 

0.9 
2 
3 
1.7 

c 0.9 

700 
600 
m 
400 
400 

0.9 
2 
3 
1.7 
c 0.9 

160000 
11-000 
nam 

110000 
1 lJOOO 



corvlhy Hcocror 
.Vorf.~rp 

yc1r 
Cupurirv 

( G n l  

2.22 
2.026 

0.015 

0.606 
0.669 

0.190 
0.308 

1.242 
0.654 

0.765 

2SS7 
3.658 
0.025 
1.499 
0.156 
1-31 
2762 
1.277 
0.792 
4.098 

4 3 7  
0.891 
1.272 
1.771 

1.563 
0.031 

0.995 
1.117 
1.165 

0.155 
0.474 
0.304 
1.168 
0.573 
0.631 

0.797 

0.270 

0.856 
0.Y61 
1.466 
1.71? 
1.379 
2.465 

0.177 

0.408 

0.374 
0.450 
1.216 

Dclgurn 

Brazil 

Dulgdiia 

a i m .  Teiwn Province 

Gechorlovakia 

Finland 

France 

Germany. Fcd. Rep. of 

i lsmgary 

Italy 

Japan 

h'cthcrlands 

Republic d Korea 

llccrrical m c r p  gcncrald (CW a) 

I'WHs 

1974:65 
1975!65 

I962 

IY74rlS 
1960'82 

I967 

1964 
I'JSS 

1978185 
1965187 

197760 

1Y67/88 
1961/63 
I97W') 
10661S7 
I1J82/87 

1067 
S / 8 4  
IYSIIIF I 

11177 
198S/&6 
1')80/85 
I1>87/E8 
IU84W6 
lYSSl.56 

IQ61 
I1)SUB I 

197.lfl6 
1986 
I'fSb: 
l9Sl 

I117.1fl1J 
lVg4 
1968 
1966 

11>76/89 
I966 
10FJ 
1972 
1918 

198267 

1064 

197Yt;O 
1'17l/SI 
1'17Ufl6 
1'2771'78 
1982BS 
1Y7.ilt;J 

1988 
1')SL 

1973 

1077 
1963 
IUL15 

Doc1 14 
'lihang 1 4  

Angn l 

Kcnloduy-1-2 
Kdoduy3-4 
Kdoduy-5 

Maanshan 1 
Maansh..n 2 

Bohunicc 1-4 
Dukmany 1 4  

Loriiw 1-2 

I3cllerillc 1-2 
Ulayais 1-4 
Bugey 2-5 
Callenon) 1-2 
Chinon BI-134 
Chooz-A (Ardcnnes) 
Cruas 1-4 
Damp~crrc 1-1 
Fesscnhcim 1-2 
i.lnrnnni<llc 1.2 
Gra~cl in~s 1-6 
Nogcnt 1-2 
l':~luel 1-4 
St. Nbjn 1.2 
St. Lurmi 01-2 
Tricasun 1 4  

D~blis A-B 
Urokdaf 
Emsland 
Gralalcnrhclni:ld 
Grciiswald 
Grohnde 
lsnr 2 
Milhelm-Grl~ch 
Nccl;;irwc~rhc~rn 1-2 
Obr~ghc~m 
Phil~ppsburg 2 
Stadr 
Lin~crwan 

Phks 1-4 

linrico Fcrrni 

Gcnk~i I-: 
lkat:~ I-? 
Mih~rnn 1 .? 
Oh 1.2 
Scnda~ 1-2 
Takahanu 1 1  
Tm1.1r1-1 
Tsurup-2 

Uorsst.lc 

Kai I 
Kai ? 
Kui 3 4  

,9.,, 

2.&2 
2.483 

0.104 

0.639 
0.659 
0.016 

0.541 
0.735 

1.220 
1.139 

0.819 

0.071 
2.509 
2140 
0.996 
1.674 
0.W4 
2191 
2.295 
1.276 
1.631 
3.617 
0.055 
5.537 
1.490 
1.168 
2.587 

1.494 
1.OS2 

0.954 
1.117 
1.101 

0.332 
0.616 
0.283 
1.098 
0.506 
0.990 

1.179 

0.018 

0.872 
0.965 
1.124 
1.788 
3 9  
7,391 

0.999 

0.337 

0.520 
0.467 
1.332 

2 7  1 
279 1 

0.626 

0.816 
0.816 
0.Y53 

0.89 
0.80 

1.632 
1.632 

0.89 

2.62 
3.64 
3.64 
2.6 

3.55 
0.305 
3.555 
3.51, 
1.76 
2.66 
5.46 
2.62 
5.32 
267 
1.795 
3.66 

2386 
1.326 
1.242 
1.35 
1.632 

1.3 
1.31 
l.219 
2.02 
0.34 
1.266 
0.64 
1 . 3  

1.66 

0.26 

1.058 
1.076 
1.57 
Z2.a 
1.692 
3.22 
0.55 
1.115 

0.461 

0.556 
0.605 
1.79 

1.693 
1.440 

0.362 

0.677 
0.712 

0.355 
0.464 

0.993 
0.228 

0.816 

1-92] 
Z605 

1.37 
0.193 
1547 
2742 
1.366 

0 
3.952 

1.586 
0.147 
1.247 
9 

1.751 

1.1 12 
1.117 
1.241 

0.702 
0.296 
1.0r4 
0.255 
1.124 

0.696 

0.148 

0.793 
0.841 
1.154 
1.443 
0.9'44 
2.471 

0.372 

0.361 
0426 
0.201 

'5275 
2386 

0.065 

O..C18 
0.687 
0 . 4 9  

0.567 
0.619 

1.217 
I .  

0.794 

0.955 
2 2 8  
1.952 
1.532 
2.125 
0.198 
21322 
2 1  18 
1.168 
1.630 
3.694 
0.666 
4.836 
1.113 
1.136 
2.309 

1.322 
0.960 
0.650 
1.005 
1.117 
1.165 
0.688 
0.688 
0.602 
0.299 
1.109 
0.507 
1.040 

1.41 

0 

0.665 
0.806 
1.Wl 
1.072 
1.495 
2.215 
0.006 
0.901 

0.346 

0.254 
0.514 
1.373 

IOS6 

2079 
2368 

0.194 

0.555 
0.W1 
0.363 

0.619 
0.603 

1.290 
1.327 

0.614 

1.559 
2704 
2273 
0.978 
2-340 
0.186 
2555 
Z655 
1.016 
1.552 
3.862 
1.215 
1667 
1.473 
1.329 
2.575 

1.324 
1.026 
1.125 
1.073 
1.119 
1.173 
O.B2 

0 
1.49 
0.292 
1.105 
0.478 
1.055 

1.490 

0 

0.619 
0.835 
1.176 
1.435 
1.413 
2.472 
0.412 
0.657 

0.391 

0.312 
0.578 
1.458 

lOS7 I9S.P 1 PZlP 



u p  Cupncirv . Illcrcricol u lcrgg ~ r n n o r u l  (GI!' n) 
Corrorn l ~ r ( ~ i f o r  

)'CN ' 1985 lass 1087 19S9 1969 

Hrpuhl~c d Korea IJlclit i  1.2 11)6S/69 1.84 0.1 I 4  0.631 
(continued) Y(*~gl :w"n~ 1.2 ILJ86 1.8 0.282 1.172 1.425 I..WR 

South A f r i n  K w h r r g  1.2 IVFJIH5 1.844 0.616 1.008 0.710 1.201 1.269 

Spain A l a ~ n r : ~ ~  1.2 1961B3 1.86 1.263 1.234 1.552 1.449 1.496 
~ L w o  I 1983 0.93 0.506 0.586 0.730 0.761 0.171 
r k c u  2 lVS5 0.93 0.030 0.613 0.680 0.784 0.768 
Josi C:~hrcr:~ I 196s 0.153 0.03: 0.120 0.175 0.130 0.129 
.l'rrllo 1 1 9 s  1.W 0.179 0.816 
Vandcllos 2 IVS7 0.906 0.005 0 . 9 2  0.670 

Swedcn R~n$;rls 2 1974 0.8 0.400 0.453 0.481 0.461 0.413 
Winghall 3 19t;0 0.9 15 0.695 0.712 0.704 0.702 0.665 
Kln&als 4 1962 0.9 I S  0.676 0.64 1 0.647 0.758 0.632 

Suitzcrland I k m m  1-2 196'1171 0.7 0.601 0.601 0.572 0.593 0.579 
~ i a ~ "  !97v 0.94 0.770 0.771 0.769 0.783 0 . ~ 5  

USSR Armmi2 1-2 1976f79 0.752 0.601 0.343 0.540 0.550 0.150 
l h l a k w o  1-3 1965W6 1 8 5  0.006 0.594 l.WO 2.240 2150 
tb l in in  1.2 19SJiF.6 1.9 0.543 0.657 1.522 1.600 1 . m  
h r c l n ~ t r b  I 19S7 0.95 0.005 0.450 0.710 
K d n  1 4  197365 1.644 1.349 1.355 1.460 I .SO 1.430 
Sovovoronch 3-5 1971160 1.72 J 1.380 1.710 1.310 1.260 
Ko\no 1.3 lVS0fiG 1.695 1210 0.696 1.302 1.380 1.440 
South Ilkr:linc 1-3 I V S X O  2.S5 1.503 1.408 0.916 1.240 1.WO 
t p o r o r h r  1.5 I0P:R;Y 4.75 0.550 1.279 2 .U6 2650 2430 

United Stalcs kktns;ls One-I 107: 0.636 0.593 0.410 0.544 0.452 0.386 
Arli;~na;~s Onc-2 1V76 0.658 0.537 0.607 0.754 0.565 0.625 
Ik:~vcr Vnllry 1-2 IY76M7 1.643 0.674 0.546 0.726 1.309 0.953 
Ur:tidwmd I I967 1.12 0 . 6 6  0.391 0.531 
Uraidw~md 2 19E.S 1.12 0.154 0.815 
Uyron 1.2 
G l l ~ ~ u , : ~ y  I 
C:~lvcr~ C l i h  1-2 
Calawhn 1 
GI:~u~~:I 2 
Cryst~il l{ i\cr 3 
D ~ W S - I I C S ~ C  I 
D~;thlo Canyon 1-2 
Donald C m k  1-2 
13fIcy I 
lar lcy 2 
I:ort Cnlhoun I 
II. 13. H o h n w n  2 
I l ~ d J a m  Ncck 
Lnd~an I 'o~nt 1.2 
lnd~an l'oint 3 
Kcu.:~uncc 
Sla~nc Y:tnkrc 
McGutrc I 
Mc(iu~rc Z 
S~III>IOIIC 2 
\41lls11~11~ 3 
S u l h  AM., I .2 
Oconrc 1-2.) 
l'.~l~h:~dcs 
1';tlu Vrrdc I 
I*~I~> V C ~ ~ C  2 
I'alo Vcrdc 3 
I 'o~nl Ijvach 1-2 
l J r ; ~ ~ r ~ c  lslnnd 1-2 
N. 1:. (;ltina 
Kanct~t~ Scco I 
Salrrii I 
Salrnl 2 
S:in 0 n d . r ~  I 
Ssn Ondre 2.3 
Scquoyah I -?  

IVS5.C37 
IVW 

197506 
1985 
19% 
1'177 
1 9 n  

I V W 8 5  
1975f76 

l q n  
l"61 
107.1 
1070 
1067 

1967113 
1976 
1974 

!972 
19FI 
lUS3 
I1J75 
I'JU, 

197Sff0 
I973rl-i 

I971 
I')I 
1966 
1067 

I1J70172 
I973I74 

IVbY 
1974 
I076 
l 981 
1'167 

196?B2 
l0SO6 I 

2.21 
1.118 
1.65 
1.119 
1.129 
0.821 
0 . ~ 6  
2.16 
?.US 

0.621 
0.S3 
0.476 
0.665 
0.YS 
0364 
0.965 
0 . 3 3  
0.6 1 
l.l:V 
1.129 
0.663 
1.142 
1.63 

2.538 
0.73 
1.221 
1.221 
1.221 
0.9 7 
1.W3 
0.47 

0.673 
1.106 
1.106 
0.436 
2.15 
2.291 

0 . 1 ~ 4  
0.918 
1.138 
0.393 

0.327 
0.322 
0.650 
0.SVU 
0.670 
0.625 
0.350 
0.508 
0.529 
0.761 
0..UU 
0.422 
0.611 
0.774 
0.640 
0.401 

1 . 4 4  
I '  
0.605 
0. 120 

0.71)1 

0.632 
0.413 
0 . 2 1  
1.028 
U.575 
0.281 
1.017 
1.107 

0.841 

0.822 
1.465 
0.594 
0.151 
0.303 

o 
1.378 
1.254 
0.655 
0.680 
0.412 
0..546 
0.244 
0.437 
0.621 
0.440 
0.713 
0.59: 
0.710 
0.590 
0.669 
1.406 
1.002 
O.IW6 
0.715 
0.303 

0.821 
0 . 7 6  
0.412 

0 
0.609 
0.607 
0.101 
1.499 

0 

1.054 
0:722 
1.153 
0.731 
0.618 
0.1 13 
0.578 
1.600 
1.148 
0.736 
0.561 
0.349 
0.484 
0.290 
0.588 
0.554 
0.458 
0.462 
0.639 
0.865 
0.767 
0.770 
1.053 
1.867 
0.301 
0.601 
0.~13s 

0.810 
9 I 
0.434 

0 
0.710 
0.705 
0.309 
1.572 

0 

1.45 
0.930 
1.40 
0.672 
0.620 
0.658 
0.133 
1.315 
1.118 
0.674 
0.746 
0.300 
0.363 
0.378 
0.692 
0.766 
0.447 
0.526 
0.MS 
0.V20 
0.655 
0.877 
1.6E7 
2.134 
0.392 
0.761 
o . n o  
1.146 
0.862 
0.680 
l1.403 
0.326 
O,b47 
0.663 
0.158 
1.729 
0.461 

1.714 
0.953 
0.319 
0.668 
0.745 
0.334 
0.836 
1.605 
1.361 
0.666 
O.M? 
0.376 
0.319 
0.336 
0.51 1 
0.567 
0.427 
0.792 
0.8V1 
0.647 
0.544 
0.609 
1.164 
2.088 
0.415 
0.205 
0.96 
0.152 
0.810 
0.945 
0.351 
0.165 
0.709 
0.693 
0.135 
1.607 
1.783 



Ikl, lc 25 (coniinucd) 

Counm 

Uniled Stalcs 
(ccmtlnucd) 

Yugosla\<a 

Cuporin 
('''I 

0.66 
1.25 
1 . 3  

0.839 
0.839 
1.562 
0.608 

0 
1.ff15 
0.666 
O.GG6 
O.EE5 
2166 
1.075 
1.135 
0.167 
LaS 

0.62 

199.53 Tnral annual clcaricnl cncrgy gcncrntcd (GW a) 

i(rorior 

Shraron llarrir 1 
South 'lkxas 1 
Soulh 'l'cxas 2 
St. I-u.1~ 1 
St. 1-uclc 2 
Surry 1-2 
l l i r c ~  Milt ld~md I 
Thrcc hiilc Island 2 
Trojan 
'I'urkcy I'oinc 3 
'Twkcy Point 4 

Virgil C. Suninicr I 
Vogtlc 1. 2 
Watcrfad 3 
Wolf Clcek 
Yankcc XPS 
ZIm 1-2 

Krsko 

Siorr-up 
WNT 

1987 
1988 
1069 
1076 
1983 

1972fl3 
I974 
1976 
Ill75 
I972 
1973 
1982 

198769 
1965 
1985 
I'J60 
1973 

1061 

_ 
lVS5 

0.670 
0.697 
1.106 
tJ.UJ3 

0 
0.789 
0.391 
0.591 
0.598 

0.317 
0.435 
0.135 
1.138 

0.439 

95.01 

0.469 
0.433 
0.833 
0.717 

1.290 

0.6j3 
1.663 
0.818 
l.B3 
0.596 
0.551 

1 

0.605 

3.260 
2.474 
0.666 
0.765 
0.364 
0.243 
0.662 
0.2G1 

0.M6 

0.761 
0.390 

0.499 
0.471 
0.835 
0.798 
0.9?1 
0.358 
0.468 
0.957 
0.510 

0.773 
0.241 

China, Taiuan Province 

finland 

Gcrmany, Fed. Rcp. ol 

India 

Italy 

Japan 

Mcdw 

Nrthcrlands 

Spain 

Su,cden 

Suirzcrland 

\\'Us 

O.(U 
0.604 
0.951 
0.951 

0.71 

0.771 
2.468 
0.67 
1.26 

0.&4 
0.W 

0.50 

0.U 

4.546 
4.36 
2.377 
2 134 
0.497 
1 . 3  
1.iS 

O.34 1 

0.65 

0.05 

0.'JZV 
0.46 

0.6 
0.6 
0.97 
0.97 
I.iY,R 
0.G2 
0.WS 
1.16 
U 75 

U.99 
0.322 

1969 

0.644 
0.720 
0.346 
0.793 
0.621 
0.464 
0.624 

0 
0.633 
0.412 
0.211 
0.618 
0.994 
0.669 
1.108 
0.149 
1 .49  

0.96 

137.79 

(:'lrrrriral 

IPS6 

0.W5 
0.702 
1.026 
0.550 

0 
O.6lO 
0.515 
0.199 
0.817 

0.834 
0.795 
0.159 
1.- 

0.436 

106.94 

0.431 
0.490 
0.677 
0.70s 

1.236 

0.M2 
2.W9 
0.723 
l.W2 
0.699 
0.530 

0.212 

0.45: 

1.030 
2416 
1.006 
0.566 
0.372 
0.433 
0.794 
0.193 

O.iU9 

0.701 
0.l'lS 

0.468 
0.492 
0.636 
0.b55 
0.474 
0.314 
0.455 
0.43q 
0.590 

0.773 
0.35 

0.456 
0.427 
0.729 
0.741 

1.297 

0.597 
1.798 
0.644 
1.018 
0.741 
0.530 

0.155 

0 

3 
3.067 
1.813 
1.050 
0.311 
02344 
0.804 
0.266 

0.017 

0.786 
0.33 

0.5?0 
0 . W  
0.741 
0.746 
0.804 
0.369 
0.463 
O.8M 
0.556 

0.623 
0.31 

Chin Shan 1 
Chin Shan 2 
Kuoshcng 1 
Kuoshcng 2 

N O  1-2 

Urunsbiiuel 
Gundrernm~ngcn U.C 
isar 1 
Kri~rnn~d 
I'hilipprburg 1 
Wtirpsscn 

'I'ilmpur-1.2 

Caorso 

hkushima Dai~chi 1-6 
Fukushini:: Dalni 1.4 
l iamnoka 1-3 
Lshrwazah );ar~u,a 1.5 
0n:t g:$u.a- 1 
Shimnnc 1-2 
Tckai 2 
'Fsurup 1 

Lkun:~ Vcrdc (.M:lrk) 

Dalcuaard 

Conf'rcnlw 
S. M:iri:$ dc (inruns 

Iiarschcck I 
Barschcck 2 
1:nrs11i:~rk 1 
Forsn~r~rk 2 
Forsn~r~rt 3 
Osknrrhnmn I 
0,~karsh~nin 2 
Oskanhmn 3 
R~n$t:~ls 1 

L~tI-at;~dt 
Miihlchcrg 

1) 

I977 
I978 
lV81 
1982 

I978B0 

1976 
I964 
1977 
I983 
I Y 70 
1971 

196') 

11J81 

1970t70 
106116b 
I97llS6 
1'164169 

1983 
19736R 

I978 
1V69 

1 Y60 

1068 

I0R4 
I'J71 

I975 
I976 
lL180 
l0Sl 
I965 
1'171 
1974 
198.5 
1974 

1'164 
1072 

olcrg? gcnoarcd 

1967 

0.386 

0.653 
0.679 
1.076 
0.575 

0 
0.498 
0.101 
0.303 
0.590 
0.447 
0.649 
0.742 
0.130 
1.278 

0.468 

119.15 

0.401 
0.426 
0.638 
0.685 

1.312 

0.581 
1.659 
0.594 
1.052 
0.706 
0.531 

0.217 

0 

3.296 
3.309 
1.475 
0.794 
0.369 
0.419 
0.695 
0.254 

0.019 

0.615 
0.307 

0.501 
0.501 
0.782 
0.796 
0.852 
0.327 
0.504 
0.835 
0.536 

0.842 
0.285 

(GN' a) 

196s 

0.610 
0.319 

0.714 
0.646 
0.714 
0.624 

0 
0.724 
0.396 
0.373 
0.579 
0.776 
0.746 
0.762 
0.128 
1.484 

0.49 

130.10 

0.318 
03-9 
0.608 
0.597 

1.242 

0.468 
2002 
0.594 
0.941 
0.703 
0.432 

0.140 

0 

3.173 
2716 
1.724 
0.854 
0.-344 
0.967 
0.963 
0.281 

0.036 

0.041 

0.805 
0.401 

0.494 
0.480 
0.701 
0.678 
0.E.41 
0.X3 
0.452 
0.889 
0.554 

0.799 
0.X2 
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T ~ i l ~ l c  25 (conlinucd) 

C ~ ~ w r n  

llnilcd Stallcs 

Ncarror 

L31g Ruck I'oint 
13rouans l:crry 1-3 
Ilrunsu.~ck 1.2 
Clinton I 
Corl>cr 
Drmdm 2-3 
h 7 n c  AfndJ-l 
Fnrico Fcrrnl 2 
R~zpairick 
Grmd Gulf l 
Ilatch 1-2 
llopc Gcck 1 
llumhddt 13ay 3 
baossc  
Lawllc 1-2 
lirncrick I 
Millstone I 
.\ionliccllo 
Xinc Milr I'oini I 
Sine Mile Poinl 2 
Oystcr Crcck 
Pcach Bactom 2-3 
Prrry I 
P~lgini 1 
QIod Citicr 1-2 
Hi\.cr Bind I 
Susqucha~n 1-2 
Vcrrnonl Yankrc 
HTPSS-2 

Tdal annual clcctrical cncrgy gcneralcd (GW a) 

Il\\'Rs 

- u p  

\'Cur 

1962 
1973fl6 
1975fl6 

1987 
I974 

1970nl 
1974 
lllb% 
I975 
1964 

19 74/76 
1966 
I963 
1966 

19SM14 
1985 
1970 
1971 
1969 
1'167 
1'169 
1974 
1966 
1977 
1972 
1965 

198264 
1972 
1964 

73.56 

Copaciw 

fc"' 

0.M7 
3.195 
1.58 

0.946 
0.764 
1.545 
0.536 
1.093 
0.757 
1.142 
1.525 
1.031 

0.018 
2072 
1.055 
0.654 
0.536 
0.61 
1.072 
0.62 
2 .W 
1.141 
0.67 
1.536 
0.936 
107 
O..W 
1.ffI5 

37.65 

Ar~nt ina 

G n a 6  

Lndia 

Pahn~an 

Hcpuhlic d Korea 

lUS5 

O.(U 1 
0.357 
0.7'15 

0.122 
0.657 
0.222 

0.476 
0.493 
1.157 

0.037 
0.946 
0.132 
0.524 
0.469 
0.563 

0.4?6 
0.651 

0.565 
1.214 
0.003 
1.439 
0.342 
0.591 

0.168 
0.431 

2.558 
1.297 
0.364 
0.710 
1.227 
0.blV 

0.W4 
0.135 

0.030 

0.S119 

8.20 

40.00 

Alucha-l 
h h a l s c  

&ucc 1 4  
Drucc 5-6 
Gcnlilly-2 
Pickcnng 1-1 
P~ckcring 5 4  
I'oint 1-cprcau 

Lrlpsklmm 1-2 
Rajasth:~n I-? 

L~raeh~  

IVolsong I 

GCKs 

Ekrrrical 

/9.9(, 

0.058 
0 

1.017 

0.463 
0.703 
0.364 

0 
0.667 
0.468 
0.829 
0.118 

0.018 
0.894 
0.823 
0.599 
0.386 
0.359 

0.150 
1.342 

0.117 
1.045 
0.342 
1.290 
0.235 
0.592 

0.252 
0.350 

2.447 
ZOGl 
0.433 
0.763 
1.670 
0.596 

0.176 
0.123 

0.MO 

0.505 

9.40 Tcial annual clcctncal energy grncratrd (Gh' a \  14.58 

197: 
1963 

1117iOS 
I'IW67 

ldlS: 
1971173 
196366 

1'162 

I'lS3 
197?@0 

1971 

I9K2 

43.98 42.95 

0.335 
0.6 

3.30: 
3.371 
0.64 
2.M 

2OG4 

0.635 

0.44 
0.414 

0.125 

0.629 

0.160 
0.512 

2.167 
1592 
0.532 
0.919 
1.786 
0.563 

0.247 
0.137 

0.035 

0.589 

10.24 

0.179 
0 

0.514 

0.W9 

0.338 

O.OL)I 
0.181 
0.161 
0.166 
0.300 
0.277 
0.319 
U.272 

IYranrc 

Japan 

Span 

Uniicd Lngdcm 

1080 

0.048 
0 

0.958 
0.327 
0.547 
1.127 
0.359 
0.597 
0.703 
0.696 
1.213 
0.755 

1.446 
0.599 
0.530 
0.303 

0.490 
0.275 
0.471 
0.612 
0.195 
1.144 
0.546 
1.514 
0.412 
0.700 

44.09 

rncrg?. generared 

1087 

0.W3 
0 

1.113 
0.186 
0.630 
0.6E6 
0 
0.159 
0.479 
0.662 
1.?37 
0.834 

0.015 
0.991 
0.610 
0.500 
0.404 
0.527 
0.030 
0.355 
0.355 
0.095 

0 
1.074 
0.567 
1.682 
0.404 
0.685 

U..N 
0..% 
U.84 

0.159 

0.G 

0.138 
0.245 
0.1'16 
0.1'12 
0.424 
0.7: 
0.64 
2.07 

(GI!' a) 

l9BP 

0.044 
0 

0.957 
0.669 
0.460 
0.970 
0.402 
0.463 
0.497 
1.095 
0.956 
0.739 

1.269 
0.762 
0.632 
0.522 

0.290 
0.405 

0 
0.626 

0 
1.123 
0.626 
1.635 
0.470 
0.685 

0.092 
0.521 

1006 
2696 
0.603 
0.872 
1.934 
0 . W  

0.217 
0.184 

0.022 

0.504 

10.24 

0.317 
0.IS l 
0.461 

0.1WEi 

0.334 

O . I l &  
0.213 
0.164 
0.163 
0.361 
0.276 
0 1.56 
U.34 

Uupy I 
Olinon M - 3  
St. Lslurcnt AI-2 

T&:ti-I 

Vandrllos 1 

Ik.rkclcy 
Bradu,cll 
Caldcr l l ~ l l  
Chaprlcrolr 
Dungrness A 
h g c n c r s  U 1-2 
li;mlcpd Al .A2 
llcysham IA-U. 2 - U  

0.21 l 
0.012 
0.492 

0.092 

0.346 

0.109 
0.213 
0.153 
0.I6P 
0.349 
0.111 
0.241 
0.467 

0 
0.532 

1.630 
3.005 
0.556 
1.205 
1.719 
0.601 

0.096 
0.159 

0.0060 

0.577 

10.26 

1977 
1'1b5B6 
I V ~ I V ~ I  

1965 

1972 

I'JGI 
1'16: 
It!.% 
1'159 
1965 

I'IUWS 
1063S: 
I'JEZf?ib 

0.29 
0.109 
0.628 

0.116 

0.349 

0.142 
0.194 
0.149 
0.164 
0.236 
0.260 
0.221 
0.665 

0.203 
0.150 
0.316 

0.053 

0.280 

0.050 
0.092 
0.159 
0.156 
0.31 
0.100 
0.464 
1.322 
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A dash indicala lhnl the reaaw is  n a  y n  in oycralton. 

Corutrv 

Un~lcd K t n k J a  (mnlinucd) 

Taal annurl clcariml cncrgy grncralcd (G\V a) 

Hrnrror 

llinklcy I'ixnl A 
llinklcy I'oinl I l ,  A-U 
I lunlcrslon Al 
I lun~crs~on 131-2 
Oldhury-A 
Sircwcll-A 
Twncss A-U 
Trau-slynydd 
Wylh 

.Eurr.rrp 
\.Car 

1'165 
I971 
I'J6.1 

1'J76/37 
1967 
1966 

IPSSISY 
1065 
1971 

Capacity 

'(;'" 
0.47 
1.12 
0.3 
1.15 

0.434 
0.42 
1 . 3  
0.39 
0.61 

13.76 

. I:lccrrical a i e r p  ~cncrared (Glt' a) 

I.\VGKs 

,US5 

0.401 
0.655 
0.36 
0.931 
0.279 
0.M7 

0.366 
0.763 

7.28 

USSR 

1086 

0.406 
0.764 
0.31 
0.935 
0.376 
0.227 

0.334 
0.366 

6.67 

0.039 
0.240 
1.1?6 
2776 
3.356 
1.198 

8.74 

Beloy;~rsky 2 
Uilibino 1 4  
Chcrnobyl 1-4 
1p;~lina 1-2 
Kursk 1 4  
Leningrad 1-4 
Snrdcnsk !-3 

FllKs 

19.97 

0.422 
0.549 
039 
0.901 
0.366 
0.315 

0.353 
0.514 

6.64 

Tctal annual clcarical encrgy gcncr;ilcd (CW a) 

0.117 
0.WO 
1.549 
1.30 
2.950 
3.273 
1.577 

11.05 

France 

USSR 

U n i ~ d  K n g d a  

1961 
1974llO 
197715 1 
1063157 
1976&5 
I9 7315 1 
IOSZIFY 

198.9 

0.416 
0.619 
0 .27  
0.666 
0.3R5 
0.305 
0.261 
0.230 
0.705 

7.74 

14.96 

0.100 
0.035 
2.240 
1.460 
3.270 
3.170 
1.650 

11.93 

Gcys-Malvillc 
I'i~mix 

Bcloyarsky 3 

Dounrcay 

19N 

0.315 
0.763 
0 .31  
0.676 
0.333 
0.296 
0.662 
0.37 
0.755 

6.13 

11.41 

0.146 
0.044 
?.775 
276 
3.7 
3.7 
1.85 

O.OS1 
0.033 
2310 
1.900 
2940 
3.110 
1.620 

11.994 

Tctal annual clcarical cncrgy gencralcd (GW a) 

0.174 
0.040 
3.335 
1.0s: 
2.370 
3.200 
1.207 

1965 
1973 

1060 

I975 

7.243 

1.2 
0.233 

0.56 

0.25 

0.669 

0 
0.132 

0.435 

0.102 

0.773 

0.106 
0.173 

0.392 

0.102 

0.611 

0.093 
0.178 

0.445 

0.096 

0.666 0.610 

0 
0.168 

0.429 

0.070 

0.201 
0.069 

0.422 

0.119 
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C0Wln)' 

South Af~ica [QO] 

Spain [C211 

Swuicn IN141 

Swi~zcrland [DS. D6] 

USSR [GZ 114) 

Uniicd Stales [T3] 

K c ~ C I D ~  

Kocbcrg 1.2 

Nmaraz 1-2 
hrco I 
h 2  
Jori. Clhrera I 
Trillo 1 
Vandcllos 2 

K~ngh~ls 2 
Klnghals 3 
R~nbals  4 

Br7nau 1-2 
Ghgcn 

kmcnia 1-2 
Balakovo 1-3 
hlinin 1-2 
);hmclni~ski 1 
Kda 1-2 
Novovoronc~lh 3-5 
Rovno 1-3 
South Ubainc 1-3 
Zjporozhc 1-5 

Arkansas Onc-l 
hrkansas Onc-2 
kavcr Valley 1-2 
Braidwmd 1 
Braidu-md 2 
Byron 1-2 
Gllaway 1 
GIvcr~ Cliffs 1-2 
Gtaurha 1 
Cltawba 2 
Gpta l  Kivrr 3 
bGs-Brssc I 
DiaMo Cloyon 1-2 
Donald Cook 1-2 
Farlcy I 
I?-rlcy Z 
Fort Glhoun 1 
11. I). Robinson 2 
l loddam Neck 
Indian Point 1-2 
lnd~an Po~nl 3 
Kru;aunec 
Maine Yankee 
McGuirc 1 
McGuirc 2 
Millstone 2 
Millsionr 3 
Sorth Anna 1-2 
Oconcc 1.2-3 
I'.rlisadcs 
Palo Vcrdc 1 
Palo Vcrdc 2 
Palo Verdc 3 
Po~nl Beach 1-2 
Prair~e Island 1-2 
R. E. Ginna 
Rancho Scco 1 
Salcm I 
Salcm 2 
San Ondrc I 
San Ond'rc 2-3 
Svquoyah 1-2 
Sharon llarris 1 
Swih Icrar 1 
Soulh Tcxns 1 

IPS5 

169000 
4760 
ISYO 

41.W0 

3600 
V l  00 
4Y 0 

13.500 
15WO 

66000 
0 

270000 

1 04WOO 
43WO 
66100 
Zoo000 
l lWO0 

- W O  
330000 

14-50 

10320 
61800 
147000 
I0200 

3EWO 
4370 

7 - 1-00 7 

183000 
61900 
24500 
Y 800 
79200 
102000 
69600 
57000 
1640 

16300 
7 3400 
7 1400 
14600 

YS000 
670QOO 
136000 
9360 

4?VO 
1700 
15W0 

172000 
62200 
42600 
I42NIO 
936000 
16WOU 

Hcleare (Goy1 

1987 

33700 

6590 
9650 
14400 
142000 

0 

14000 
31000 
76000 

1 8a)O 
4200 

577000 
173000 
246000 

%4OOO 
27uK) 
55500 

275000 

l2lOO 
7620 
8330 
10.4 

45100 
107000 
168000 
89200 
69200 
40700 
14100 
26400 
32500 

' 48100 
26700 
15700 
28500 
I32000 
173000 
67300 
1180 

28900 
7.5500 
75500 
14700 
3s 90 
36900 

389000 
64800 
47000 
202000 

0.95 
1780 
32.4 
6550 
0.80 

135000 
39200 
36300 
807000 

0 

1986 

207000 

270000 
10600 
18500 
141000 

10100 
63200 
26400 

32000 
7000 

55400 
66200 
270000 

Y4000 
41000 
99900 
123000 
407000 

63300 
128000 
2600 

23500 
192000 
283000 
50300 
50300 
I02000 
0.02 

65900 
11200 
47400 
68100 
2l000 
24400 
66200 
75900 
71400 
24 20 
39600 
38900 
38000 
3700 
SS4 

21 1000 
899000 
64000 
98800 
72900 

1030 
1120 
7730 
34 40 
51 400 
3 1700 
15200 

305000 
44.8 

IPS9 

55000 

29600 
57100 
62100 
99400 

300 
17600 

15000 
620 

57300 

18000 
6800 

57700 
173000 
56700 
119000 
4 1 m  
29700 

24 1000 
41400 
11OOOO 

45900 
79900 
3480 
ISM 
1410 

65900 
25500 
21 1000 
57700 
57700 
126000 
4030 
12100 
9550 
35500 
21900 
29000 
38500 
9 4500 
E400 
11500 
1060 
2660 
72KX) 

72200 
23.500 
3 1 3  
17900 

95SWO 
89900 
66 100 
11OOOO 
5030 
2990 
5.25 
1910 

56200 
19600 
43700 
l l  IOU0 
169000 
8330 
63300 
31700 

1989 

50600 

3950 
64900 
60600 
96900 
2990 
26300 

5400 
6800 
MWX) 

44000 
12000 

62200 
60500 
51300 
96200 

423000 
32400 
136000 
47100 
76700 

86200 
102000 
5600 
43-00 
18MW) 
30200 
26700 
121000 
11700 
11700 
167000 
14000 
12400 
4300 
3700 
5900 
6100 
loo0 

633000 
3200 
11600 
2400 
750 

26600 
26600 
9100 
1 loo0 
53300 
332000 
5600 
21700 
15900 
30900 

560 
6400 
18900 
74D;X) 
51 400 
2700 
33500 
91000 
I4U)o 
42600 
l6XU 
4300 



Cowl@ 

llnild Stales (conlinunl) 

Yugorla\ia [Fl] 

Rrnrror 

SI. Lucic I 
St. 1-un'c 2 
Surry 1-2 
'Ihrcc Mllc Island 1 
'Ihrec Milc Island 2 
Trojan 
'Swkcy Point 3 
'I'wkcy Poin~ 4 

\'irgil C. Sumn>cr 1 
Vog~lc 1-2 
\Va~crfcxd 3 
\Volf Crcek 
Yankee hTS 
Lon 1-2 

ksko  

Total rclcav (GBq) 

Namalizcd rclwrc [GBq (GW a)"] 

Aversgc namnlircd relcase 1085-1969 [GL)q (G\V a).'] 

1989 

166000 
82100 
5100 
7l700 

0 
~ 0 0 0  
62900 
63300 
67300 
2n200 
20700 
23700 
4500 
41400 

0 

196.5 

168(HJW 
353000 
766IK) 
40W 

0 
40700 
56600 
66600 
51M) 

304000 
6360 
54400 
144000 

0 

6970000 

50600 

1?900000 

137000 

61000 

I YS6 

12300UJ 
361J000 
7Jb00 
14 1000 

10.4 
41900 
135000 
37400 
514 

4 14000 
1170 
16900 

1 16000 

0 

a i m .  Taiwan Province [TZ] 

finlaad m ]  

Germany. Federal RcpuMic d 
[04.  BY] 

India 

Italy [a21 

Japan [Jl] 

Mcnw [C19] 

Ne~hcrlandr. [MS] 

Spain [ D l ]  

Swdcn [N14] 

Svilnland [DS. DG] 

Ltnilcd Scam 1731 

I2000000 

I I2000 

ZSjO00 
136 

5600 

620 
4S00 
IOIY) 

210 
29 

'13W 

1300 

200 
0 
O 

0 
0 
0 
0 

3.1 

I I IK)O 

50200 
76 400 

640 
60700 

61 
265000 
24000 
508000 
ZWO 
2bSO00 
124(Hl(KI 

ISIXJ 
62LKMO 

U20000 
8.1600 

Release (CnqJ 

1967 

30000 
316000 
11400 
29200 

0 
9440 

34700 
29100 
23500 
3960 

206000 
6400 
14200 
4370 

0 

Chin Shan 1-2 
Kucrhcng 1-2 

W O  1-2 

Rrunsb~~tcl 
Gundrcmmingcn 0.C 
lsnr I 
kiinlnlel 
I'hilippshurg 1 
\VOrpsscn 

Tarapur-I.2 

Gorso 

FuLcshima Dat~cht 1-6 
FuLcshirnn Dani 1-4 
1 Iamaoka 1-3 
bsh~uazab Kar~u-a 1.5 
Onag~na-l 
Sh~nwnc 1-2 
Tokai ? 
Tsurup 1 

Lguna V n d c  (Marl 11) 

Ddcwanrd 

Gnlrcn~cr 
S. Mana Je Garona 

hrsebeck 1 
brxbcck 2 
1:orsmark 1 
Forsmark 2 
1;orsrnarL 3 
Orkarshanin 1 
0rkarsh;tnin 2 
Oskarshan~n 3 
H~nghals 1 

L . ih~>J t  
Mihlckrg 

Ihg Rock Po~nl 
Uruusru Ferry 1.2 

1969 

52.W 
339000 
13500 
69100 
16.3 

15700 
c63M) 

46500 
12300 
4260 

196000 
29MO 
7620 
48500 

0 

6320000 

70600 

84000 
4510 

6000 

6600 
I9000 
660 

l4OOO 
760 

3 0 0  

3470 

190 
0.0034 

0 
0 
0 
0 

150 
1.7 

43W 

113000 
56600 

630 
960 
330 

14YOOO 
4650 

301000 
14500 
4900U 

462000 

I 60 
1400 

309000 
11.9 

I!tVRs 

449000 
407 

0 

IYOOO 
I1 

27000 
950 
35 

11000 

470 

740 
0 
0 
0 
0 
0 
0 

1.6 

~1800 

4'~500 
70500 

160 
290 

70600 
232000 

600 
533000 
30400 
17?00 

12800(XI 

12 
83lW 

32WW 
V77LH)U 

7610000 

56700 

62200 
78.40 

180 

23000 
3900 
660 
97W 
460 
3100 

5550 

4.1 
0 
0 
0 
0 
0 
0 
0 

32W 

97500 
66200 

530 
526000 

740 
27MWM 
115W 

305000 
159oOOoO 
l~ffiU00 
490000 

13000 
ZWoOO 

267000 
0 

46900 
3330 

19000 

7900 
l5WO 
360 
1000 

10 
1400 

1060 

0 
0 
0 
0 
0 
0 
0 

0.26 

0 

9 0 0  

49500 
74700 

5600 
1560000 
30UXM 
721000 
I0300 

201000 
24lOOaO 
131000 
132000 

63000 
120MW) 

262Om 
0 



Counm 

IJnitcd Stalcs (ronlinud) 

Hrorr~lr 

I3runsuick 1-2 
Clinlon I 

w c r  
Drcsdcn 2-3 
D u ~ n c  Arnold-l 
Enrico Fcrmi 2 
kit7p11rick 
Grand Gulf 1 
Ilatch 1-2 
I lwc  Gcck 1 
l lumbdd~ Uny 3 
Lamossc 
Lassllc 1.2 
limcrick 1 
Millrtonc 1 
Mmticcllo 
K~nc Milc I'o~nt 1 
h'inc Milc Pmnl 2 
Oyslcr Crcck 
Pcach Dollom 2-3 
Pcrry 1 
P~lgrirn I 
Qu?d G ~ i c s  1.2 
River Bcnd 1 
Susqu&anna 1.2 
Vcrn~on~ Yankcc 
WPPSS-2 

Taal release (GBq) 

Namalized rc luw [GBq (GW a)") 

Avcrsgc namalizul rclcasc 1985-1989 [GBq (G\V a).'] 

1 QSJ 

646000 

5 I500 
)woo0 
9290 

54Ooo 
55W 

46(1ooo 

0 
3 17000 

7220 
0 

41 1W 
136OOO 
-3 400 

I54WX)O 
4770000 

121000 
109000 

19100 
127000 
7840 

I 5 U ) O  

409000 

IIl\'Us 

Hrlrnrr (Gnq) 

1087 

9770(Xl 
253 

JJ4W 
10200 
8100 

0 
17 .W 
7700 

781000 
44000 

0 
81200 
24 1000 

892 
216000 
146000 
7300 
222 

lUOOO 
42t000 

392 
0 

13800 
51.4 
4550 

0 
19600 

M2D000 

117000 

290000 

19.96 

167OOW 

63600 
I6700 
l 1500 

0 
96 100 
4960 

733000 
1410 

0 
131000 
110000 

13.7 
l2ZOOO 
131000 
16200 

26ioow 
lOZOO00 

45.5 
4660 
5JSOO 
62900 
6700 
57720 
6140 

13000000 

316000 

Argentina [C15. CIS] 

Gnada [A61 

India 

Pakistan 

Republic d Koru IM3] 

5500 
lSOOUO 

769000 
I MIOIJO 
1 2 0 0 ~ 1  
192000 
l7M00 
800 

Nucha-1 
E m b l u  

Brucc 1 4  
Urucc 5 4  
Gcnt~lly-? 
Pickcring 1-4 
Pickcnng 5-8 
Point Lrprrou 

L.1pkkam 1-2 
Uayr:hn 1-2 

Lwdch~ 

Wolwng I 

195.9 

58500 
161 

67aX) 
6220 
26 100 
41.1 

144000 
3490 

IZMXX) 
6510 
2400 

0 
l 'loo00 
6250 
3 2 W  

. 2lE4XM 
666 
1490 

187000 
43000 
46300 

0 
139 
75.9 
2660 

0 
33400 

19600000 

446000 

Taal rclcare ( G h )  

Kamalized rclurc [GEq (GW a).'] 

Avetagc ~arnalizcd relcau 1985-1989 [CiUq (Ci\\' a).'l 

GCK* 

19.99 

50300 
480 

12700 
1360 
1620 
6070 
20700 
53-W 
18600 
12400 
240 
0 

40000 
9550 
6700 

147000 
0.006 
3120 
12000 
97700 
7100 
25 100 
10600 
3070 
4100 
38100 
202000 

6880000 

157000 

6700 
47W00 

556000 
127000 
50000 
163000 
269000 
5000 

Nor rrporrd 

Noor r r p m d  

France [Ed) 

Japan [ J  I] 

Span [ C I ]  

llrurcd &ngdan 
156. PI. S4] 

1400 
310000 

519000 
139000 
49000 
289000 
23 loo0 

100 

127900 

166OOW 

:I(KKXJ 

172000 
O 

4 6 0 0 0  

XtXKJO 

16UJO 

2 4 W  
630000 

U.!gr? I 
Cninon X.3 
51 Lurcnl AI-2 

'rob21 - I 

V:;odcllol 1 

lkrkclry 
Uradwdl 

3500 
96000 

ISOOOOO 
154000 
63000 
23 3000 
215000 
300 

191000 

l WOO 

1740000 

192000 

37000 
5000 

I I8000 

UOOO 

3 5 0 0  

29WOO 
7 3 0 0  

I3~KHKI 
31Uo 
244000 

3 ~ M N ,  

453U 

.UIU(KI 
7J(XKKJ 

600 
130000 

491000 
106000 

0 
340000 
2lSOOO 

0 

151300 

169000 

172000 

53000 
36000 
179000 

X0000 

2 7 W  

380000 
680000 

96000 
63000 
140000 

210000 

12000 

70000 
320000 

171600 

2460000 

250000 

91000 

1380000 

137000 



A dash ind~catcs that ~ h c  rcanu n.as n a  y n  In gcratlan 

C O W I ~ ~ ,  

Unitcd C n g d a n  (continued) 

Xrarlor 

&ldcr Ilall 
Ch:~pclnors 
Dungcncss A 
Dungcncs 8 1 -2 
lla~tlcpod Al-A2 
Ilcpharn lA-B. 2 4 - D  
l l~nklcy P a n t  A 
l bnklcy Point B. AU 
I luntcrrton A1 
I luntcrrton BI-2 
Oldbury-A 
Sirewell-A 
lbrncss A-B 
Trawsfynydd 
Wylfa 

1985 

31)00000 
1200OW 
ZOO00 
IMXK) 
loo00 

31000W 
70000 

725000 
51000 
130000 
1700000 

5000000 
70000 

16900000 

2170000 

T a d  r d c a ~  (GBq) 

N u n u l i d  release [GBq (GW a)"] 

Avangc nurnalized release 1985-1989 [GBq (GW a).'] 

a 

2150000 

I.\FGHs 

Rclrasc (GBy) 

1969 

UW)0000 

760000 
20000 
loo00 
loo00 

3200000 
110000 
640000 
59000 
180000 
1600000 

4300 
900000 
loo00 

12400000 

1630000 

1986 

301K)OOO 
I000000 
50000 
Zoo00 
l o w 0  

3100000 
140000 
735000 
32000 
70000 

14000[K) 

5000000 
7OaM 

16?OW00 

2460000 

USSR (G2, 1141 

198P 

2530000 
MOOOOO 
830000 

n 0 0  
Moo0 
7603 

2400000 
69000 
650000 
37000 
150000 

1800000 
4600 

1600000 
70000 

14100000 

1730000 

1987 

3100000 
1100000 
loo00 
lDOOO 
loo00 

37axwx) 
12OOOO 
730000 
46000 
l6OOOO 

1900000 

sOOOCa 
5000 

17300000 

2670000 

2550000 
4900OOO 
~30000 
7630000 
2910000 

?0500000 

1600000 

Urloprsky 2 
Dilihno 1 4  
(hernoby1 1-4 
Iga l in ,  1-2 
Kwsk 1-4 
Leningrad 1-4 
Smdcnsk 1-3 

Taal rclasc (GBq) 

Nurnalized r c l a v  [GBq (GW a).'] 

Avrrmgc nurnJ i r td  r d w v  1965-1989 (GUq (GW ar'l 

F l l k ~  

UKMMO 

3170000 
851ooo0 
4700000 
3490000 

19000000 

L300000 

Ifan= IS61 

USSR 

Unitcd kngdcm 

1170000 
6 9 ~ 0 0 0 0  
4440000 
3940000 

16500000 

1600000 

29000 
6100 

35100 

13aX)O 

A ~ r t n g c  n u m a l i d  rclcav 1985.1969 (Gnq (GW a)-'] 
> 

Gcys-Mai\illc 
I'hcnix 

Bcloyarsky 3 

Dounrcay 

24dOOOO 
~ ~ 0 0 0 0 0  
3510000 
2130000 

14M0000 

I500000 

150000 

Taal  release (GBq) 

Nurnal~zed relcarc [GDq (GW a).'] 

31000 
5100 

36 100 

210000 

12700000 
307000 

~~XIIXI 

22- 
7 0 m  
2930000 
32M000 

31MXXX)O 

2600000 

5000 
5200 

36000 
4600 

U)600 

l5OOOO 

36IW)O 
631x1 

10330 

7 0 0 0  

44 200 

161X)00 



I h l ~ l e  27 
Isotopic composition of nohle gases mici~sed f r o n ~  PWRs in the Unitcd Stntcs, 1988 [T3] 

Rrocra  

kk8nsal One I 
Arkansas Onc 2 
Bcasn Valley 1-2 
Rraiduwd I 
Rraiduxrd : 
13ym 1.2 
Ca l l~u ry  I 
Cnlmt ClilTs 1.2 
Catnuha I 
Cct1au4.a 2 
Crystal Rivrr ? 
I)avis.[kssc I 
1)lnhlo Cnnycm I.? 
h l d  C Cwk 1-2 
h t  Glhcun 
H.R. Rohnsm 2 
I ladbm Scck 
Harris I 
lnLan Pcint 1.2 
Inthan Punt 3 
Jncph M. Farley I 
Jncph M. Fnrlry 2 
K e w u w  
Mninc Yankcc 
Mf iu i re  I 
McGuirc 2 
Millrtonc 2 
Millr~onc 3 
Nmch Anna 1-2 
Oconrc 1-2 
Palisades 

IJqy, b 

0.OM13 
0.OU)lZ 

0 IXXXH 
0.00385 

0.O.W 
0.599 

0.00013 
0.00012 
0.003(rr 
0.00197 

O.(I(KWN 
0.00004 

0.163 

"k.rr 

0.00087 

0.00012 
0.00021 
0.00021 

0 . 0  16 
0.003 

O.WZ87 
0.0202 

0.0185 
0 . W 9  

0 

0.00051 
0.00051 

0.0466 
0.242 

" ~ r  

c 

0.00073 
0.0112 
0.0123 
0.0290 
0.0243 
0.0226 

0.00225 
0.222 
0.222 

0.0760 
0.0144 
0.0640 
0.176 
0.0264 
0.0131 
0.0274 
0.0133 
0.973 
1.32 

O.OO2H 

0.324 
0.324 

0.00003 
0.189 

0.0337 

"'.YC 

2.96 
122 

0.12s 
0.0141 

0.00138 
0.633 
1.36 
13.8 

0.666 
0.666 
2.67 

0.04 14 
0.433 
0.3(U 
0.0599 
2.23 
2.01 
4.16 
0.4 18 
0.305 
2.23 

0.881 
0.00184 
0.101 
2.62 
2.62 
4.77 

0.221 
0.0962 
6.92 

0.179 

85mlCr 

0.137 
0.00907 

0 
0.00069 
0.00044 
0.0147 
0.0925 

1.65 
0.0342 
0.0342 
0.255 

O.N.181 
0.00537 
0.00027 
0.172 
0.125 
I .PO 

0.00709 
0.0054 
0.0226 

0.00007 
0.000 13 
0. I R? 
0.182 

0 
O.lKKXIR 
0.001 1 
0.357 

0.0298 

rJ3.~c 

42.9 
66.2 

0.8% 
1.49 
1.35 
64.0 
20.7 
181 

55.9 
5 5  9 
I21 

3.77 
10.7 
9.07 
27.9 
31.0 
84.0 
71.8 
7.59 
10.6 
6.77 
2.74 

0.238 
2.48 
66.2 
66.2 
27.1 
2.87 
17.5 
866 
88.8 

dJb 

0.119 
O.OUM6 

2.35 
0.0066 

O.O(n54 
I t  392 
3.03 
11.6 

0.0770 
0.0770 

0.907 
0. IF3 
0.333 
0.0.562 
0.225 
4.26 
7.18 

0.121 
25.4 
l6.'J 

O.lK&% 
0.0577 

1.37 
1.37 

0.157 

0.135 
62.5 

0.0981 

IUm.vr 

0.0374 
0.0833 
0.00107 
0.00999 
0.00103 
0.463 

0.0947 
1.44 

0.574 
0.574 
0.150 

0.00586 
0.0339 
0.0463 
0.126 
0.244 
0.285 
1.20 

0.0161 
0.0747 
0.0607 
0.00703 
0.00053 
0.0183 
0.903 
0.903 

0.0633 
0.0186 
0.0216 
6.92 

0.0264 

Rclcarc (Tllq) 

lJ1m.~c 

0.0618 
1.42 

0.139 
0.0197 
0.0.127 
0.249 
O.OS8 
0.944 
0.451 
0.451 
1.59 

0.00071 
0.577 
0.0299 
0.623 
0.166 
0.l.W 

0.30s 
0.0426 

O.O(X)OS 
0.00334 
0.3% 
0.3% 

0.0907 
0.00751 
0.0722 

13.8 
0.0257 

" ~ r  

O.O(X)43 

0.00002 
0 

O.(WKl21 

0.3.16 
0.lMU6 
0.W165 

O.MYm6 
O.lKU7 

0.00577 
0.1 14 
0 . 5 ~  

0.00 I69 
0.00219 
0.00232 

0.026 1 
0.026 1 

0.00001 
0.0.566 
0 . W 2  

" ~ r  

0.00321 

0.0006 
0.000M 
O.o(n.3 

0.0?69 
0.165 
0.038 I 
0.028 1 

0.0-39 
0.00129 
0.026 1 

0.0102 
0.168 
3.00 

0.0106 
0.0077 

0.00747 

0 
0.172 
0.172 

0.00002 
0.325 

0.0766 



IXsdurgc d "AS from oac rcactn (Yank- R w c  1): 0.0263 'IHq, tcsulting i n  a namalired activity d 0 . 0 6 3  IBq (GW a).'. 
Dischrrga d '"XC i r m  two rcadrrs (Iladdam Neck: 0.0135 l l l q ;  Trojan: 0.00762 TDq), resulting in a namalizcd activity of 0.00051 TBq (GW a).'. 
A dash indicates no baluc reputed. 

Rcoctm 

Palo Vndc I 
Palo \In& 2 
Palo Vrrdc 3 
Point Rcach I .? 
Prairic Island 1-2 
R.E. Ciinna 
Rancho S-o l 
Salrm I 
Salrm 2 
San OnoIrc 1 
San Onolrc 2.3 
Scquoyah 1.2 
Sou~h Tc\as 1 
St. Luric I 
St. I-~tnr 2 
Summcr I 
Surry 1-2 
'Ihrcc Milc Island I 
Thtcc Milc Island 2 
Trojan 
Turkcy Pant 3 
Turkcy Point 4 
Voplc I 
Watnford 3 
Wdf Gcck 1 
Yankcc R w c  1 
ti, 1-2 

Total rclcarc (TBq) 

Nanulizcd accisity 

lTBq (GW aytJ 

".4r a 

0.038 
0.0650 
0.291 
0.0725 

0 0440 
0.WIM 
0.000?8 
0.ocafl 
O.UK)2 1 
0.64n 

O.MFl21 
2fi. I 
0.112 
ll.(Kn'16 
0.0138 
0.0J5 I 
0.120 

0.03 13 
0.03 12 

1.08 
1.17 

0.0195 
O.O.%O 
0.0320 

0.00385 

36.1 

0.87 

a ' ~ r  

0.955 
1.62 

0.00244 
0.0.165 

U.OcU5.S 

0.0744 
0 0407 
O.lM7L 
0 426 
0.592 

0.0744 

0 0355 
0.151 
0. I53 
0.320 

0.0163 
0.101 
0.05l I 
0.0559 

0 
0.477 
0.0433 
0.152 
0.126 

145 

3.5 

0.0158 
0.037 

0.00103 
0.0271 

0.00264 
0.lOW 
0.0132 
0.1 14 
0.137 
1.21 

O.lWKl08 
II.MKl2.I 
0. 195 
2.76 

0.075 1 
0 

0.0496 

0.0131 
0.0221 
0.0235 

0 
0.0133 
0.0283 
0.0718 
0 . 0 4 2  

10.1 

0.24 

"i;r 

0.00003 
0.W067 

O.OY8 

O.(Wl592 
O.oOo1P 

0.0209 
O.O(P)d 
0.211 

0.lXS I4 
O.OM I8 
0.0137 
o.o(n19 
0.00024 
0.00002 

0.0026 
0.0001 
0.00027 

0 . 0 0 1  
0.0625 

1.66 

0.040 

8stir 

0.00 129 
0.0925 

0.001 14 

0.0625 

0.00795 
0 . 0 s  I 

0. 154 
0.04?6 
0.3 16 

0.00055 
0.01 19 
0.248 
l.lR 

0.108 
0.00055 
0.00107 

0.00433 
0.001 4s 
0.00284 
0.00001 
0.0058 1 
0.0407 
0.131 

0.00M8 

6.80 

0.16 

Rclca~c Wq) 

r31mSc 

0.259 
2.04 

0.W899 

0.00729 
0.566 
0.290 
0.LME I 
0.145 
0.570 
0.0403 

0.00043 
0.12R 
0.0.%2 
0.0729 
0.437 

0.0929 
0.577 
0.51 I 

0.648 
0.151 

0.0407 
0.0238 

28.9 

0.69 

I3'.vc 

58.1 
I hl 
4.55 
2.23 

0.0007 
1.26 
54.0 
1R.5 
41.4 
105 
174 
7.VV 
3.54 
44.4 
296 
11.0 
13.1 
66.2 

14.2 
44.4 
45.5 
2.87 
188 
28.0 
3.71 
51.4 

3400 

82 

'Jk.~c 

0.230 
0.4 1 1 

0.001 11 
0.0124 

0 
0.00104 
0.357 

0.0366 
0.225 
0.9U8 
0.225 

0.0788 
0.00? 18 
0.202 
3.22 

0.0392 
0.0223 
0.533 

0.0503 
0.257 
0.278 

0.00201 
0.189 
0.283 

0.0766 
0.0132 

222 

0.53 

IJ% 

2.54 
1.54 

0.154 
0.131 

0.00002 
0.466 
0.9.X 
0.703 
1.27 
3.?7 
11.6 

0.1 3 
0.0474 
7.5 1 
35.2 

0.840 
0.169 
1.33 

0.239 
0.692 
0.716 
0.232 
6.96 
0.696 
1.44 
2.05 

147 

3.5 

1 J.'-~~ 

0.0940 

0.0655 
0.00001 
0.00001 
0.185 

0.00001 
0.120 

0.00172 

O.OD324 
0.00001 

0.0263 

1.76 

2.59 

0.062 

'.?re 

5.88 
0.001 69 
0.00001 
0.266 

0.0240 

0.0.U6 

0.0094 

0.0-333 

7.07 

0.17 



1 

'I'nhle 28 
Isotopic composition of' nol~le ynscs relei~serl lroril U W l b  in the United States, 19118 1'13) 

Discharge o f  % from ooc rcaacr (Mon~iccllo): 1.3875 TZ)q, rcsulling in  a nwrnal~zcd a ~ t i v i l y  o f  0.08299 1% (GW a)". 
Discharge of 130xc frorn onc rcaam (Mcxn~iccllo): 4.107 TDq. resulting i n  a nvnilalircd a d i d l y  d 0.24566 7Uq (GW a)". 
A dash indicalcs no d u e  r c ~ r r l n l .  

Rrocrm 

B i g  Rock Pnnl  
Drouns Fnry  1-3 
~ r u n r u i c k  1-2 
C l in lm I 
(In,pcr 
lhesdtn 1.3 
1)usnc Arnc~ld 
Eduin I. llalch I.? 
I:crmi 2 
Grand Gulf I 
Iloyc Crecl; I 
I l u m h d d ~  nay .' 
Jamrs A. Fi~zpalrick 
Lanar>c 
Iasallc 1.2 
l ~ m m ~ c k  I 
M~l ls lonc I 
Mon~iccl l o  
Nine Mi lc  Prnnl I 
Ninc Mi lc  Point 2 
O y r l n  Crcck I 
Pcach & > I I ~  2.3 
Perry 1 
P ~ l g i m  I 
@ad-Cilin 1-2 
River Bend I 
Susquclunna I - ?  
Vcrmmt Ynnkcc 
WhT-2 

Tolal rclcosc (TDq) 

Normalized aaibily 

[TDq (GW a).'] 

l%cb 

140 

1.87 

13.R 
0.866 
0.762 

3.37 

O.(MJ7 
1.24 

5.55 

5.40 
40.0 

0.759 
7.55 

0.247 

0.6 1 1 

221 

13 

".ir 

0 603 

0 4'46 

0 0747 

0 496 

o.3tn 

0.221 

O.O.3fi I 

0.0'29 

2.46 

0.15 

8hy,-, 

0.21 1 

0 Of>2 I 

0.470 

I .05 

0.063 

85h; 

? 83 
0 1100G 
0 O(ll2F 
. 3 , -  -6 

2 40 

0 001 7 
0 

7.36 
0 25 

0.000(11 
0.00001 

0.W126 

22.1 

1.3 

85wK, 

4.18 

2 62 

U 990 
0.0?0 
0.281 
1, 77 

OOl5s 
0.02.3 

0.065 1 

15.4 

19.4 

0.1 78 
0.470 

0.0122 
12.6 

1.95 

1.62 

66.9 

4.0 

8Bhi 

13.1 

2.26 

3.27 
0.0607 

1.19 
6.66 

0.02.5 I 
0.26 1 

20.7 

24.3 

0.0929 
1.53 

0.0 176 
32.8 

0.655 

0.W25 

1.92 

I09 

6.5 

" ~ r  

20.8 

0.396 

3.17 
0 

0.781 
3.(W 

0.o122 
0.26 1 

6.14 

0.0 103 

1.17 
2.37 

0.0260 
2F.6 

0.105 

0.6 I 4  

67.5 

4.0 

Rclrare 

upKr a 

14.1 

3.16 
1.76 

4 1.1 

60: 1 

3.6 

Wq) 

JJI- .\ c 

2.52 

0.466 

0.305 

0.0984 

0.231 

3.6 1 

0.22 

IJ?yc 

6.51 

17.0 

0.0121 

2.02 

53.7 

0.310 

0.035 

8 1.5 

4.9 

"J.~c 

1.56 

IL.1 

4.85 
0.833 
F.47 
S7.3 

0.00105 
0.130 

52.2 

89.5 
3.W 
15.0 
59.9 

0.544 
0 

3.3.3 

29.2 

0 .066 

2.68 

20.9 

427 

26 

) ' l ~ c  

19.7 

22.6 
0.161 
4.85 
4.14 
13.4 
9.99 

0 .033 
O.O.UM 
0.329 

38.9 

6.73 
1.57 
1.97 
2.29 

0.122 
0.0314 
66.2 

9.21 

0.0132 
0.0759 

4.26 

201 

12 

IJ.I~ .\ c 

0.04 18 

0.0426 

0.0270 
0.0925 

2.19 

0.00365 

0.295 

0.540 

1.48 

4.71 

0.2R 

lJSm.~c 

33.9 

3.13 

1.75 
0.272 
0.L47 
4.44 

0.0.3 1 
0.392 

1.91 

0.751 
1.33 
3.19 

0.1 10 
5.96 

4.07 

1.67 

62.7 

3.8 
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It~clurlcd ~ i r h  noble gores 

Cuunrw Rcncror 

Ucldurn [M6[ 

Brazil [Cl  1 

Bulgdria [Clb] 

Ch~nn. Taiuan Ro\incc [TL[ 

G e c h m l w a b a  [NI I] 

Finland IF21 

France [Fd] 

Germany, Fdcral Republic d 
[B4. 09, S7j 

Ilungary IF31 

llaly [C22[ 

Japan 1111 

Nclherlnnds 1h1.51 

Rcpubllc d Korea [M3] 

Swth M i a  [ C O ]  

Rclcore (Glly) 

14.95 

Docl 1-4 
l i h ~ n g c  I 4  

A n g a  1 

K d d u y - 1 - 5  

hlannshan 1-2 

Dohunicc 1-4 
Dukomny 1-4 

Loviisa 1-2 

Ucllc\ille I-: 
Ulayais 1 4  
Ilugcy 2-5 
Gtlcnorn 1-2 
Chinon Dl-D4 
C h m - A  ( A f h n c s )  
C r u s  1-4 
Damplnrc I 4  
1:crrcnhcirn 1-2 
I3amanrillc 1.2 
Gravclincr 1-6 
Nogcnc 1-2 
l',tlucl 1-4 
SI. N b ~ n  1-2 
St. Lurcnl U 1-2 
Trims~in 1 4  

Biblir A-1% 
Rrokdaf 
Ilr~uland 
Cjrafcnrhc~nfcld 
Greifrwld 
Grohndc 
Irar 2 
hliilhe~m-);irl~ch 
Ncckarwcs~hc~rn I .2 
Obrtghcirn 
l'hil~ppsburg 2 
Sndc  
I lntcrucrcr 

I ' a b  1-4 

ENICO Fcrm~ (Tr~nu) 

Gcnka~ I-? 
kola 1-2 
h l ~ h a n l ~  1-3 
O h  1-2 
Scndm 1.2 
Tabham3 I 4  
Tannrl-l 
Trurup-2 

Uorsselc 

K a l  I 
lia~ 2 
KWI 3 4  
lllclun 1-2 
Y m g p m n p  1-2 

Kocbcrg 1-2 

I496 

I'\TKs 

540 
0 

8.4 

19617 

560 
0 

47.9 

1988 

Nor rcporrcd 

1969 

630 
0 

29.9 

22.4 

370 
37 

2O(KJ 

1560 
0 

62 

I64 

3400 
IVO 

16(U 

1410 
0 

160 

364U 

640 

45 

420 
340 
I40 
620 
1700 

760 

370 

422 

2400 
404 

1600 

1600 
4 

700 

200 

3 
1?00 
200 
400 
II(X) 
1800 

570 

300 

740 

1600 
404 

1700 

Nor m c r n ~ d  

947 

1460 
409 

11M 

720 
69 

710 

4.40 

38 
960 
170 

1000 
1600 
I300 

lOOD 

160 

320 

65 

670 
160 
230 
500 

560 
220 
520 
610 
160 
11M 
760 
1300 

610 

:3 

500 

46 

loo0 
100 
500 
500 

500 
400 
300 
loo0 
200 
1100 
800 
800 

660 

31 

390 

167 

593 

460 

5 
10 

2 
1260 

1190 

340 

2 
357 
3260 
96 
650 

23s 



~p -- -- 

'I'nl)lc 29 (continued) 

Cowrrv 

Spain 

Swcdcn IN141 

Su~tzcrlnnd [DS, L)6] 

USSR [GZ 1141 

Llnitd Stales [T3] 

N C  .wlur 

Aln~araz I-? 
k c 0  1 
h e o  2 
Josf Gbrcra I 
.rri110 I 
Vandcllos 2 

H~ngh:tls 2 
Rin&alr 3 
Ringhals 1 

LJcznau 1-2 
G&gcn 

Armenia 1-2 
Balakovo 1-3 
k l i n i n  1.2 
Unlclnitaki 1 
Kcda 1 4  
Novovoronczh 3-5 
R o ~ n o  1-3 
Soulh Lrhainc 1-2 
Z?porozhe 1-5 

h k a n w s  Onc-l 
A r b n w s  Onc-2 
B~.ai.cr V..llcy 1-2 
D r a ~ d w d  I 
Dr.~idwwd 2 
Byron I-? 
Cal i :~~3y I 
Cal.,crt Cliffs 1-2 
Gtau,ba 1 
G l a u b a  ? 
Crystal Rivrr 3 
Da\ir-Dcssc 1 
DIJMO Canyon 1-2 
Dmsld Cwk 1-2 
l ir ley I 
ITarlcy 2 
Fort Calhoun 1 
11. D. Hob~nson 2 
l laddam h'eck 
lndlhn Po~nt 1-2 
lnd~an I'o~nt 3 
Kaununec 
Mane Ynnkcc 
McGuire I 
hlcGure 2 
M~llstonc 2 
Millrtonc 3 
Nath  h i 1  1-2 
Ocmec I.?-3 
I'nliwdcr 
I1;~lo Vrrde 1 
I'alo Verdr 2 
IJalo \'crdc 3 
I'o~nt l3:ach I.? 
Pra~nc Idand 1-2 
K. E. G~nnir 
Rancho Sccu I 
Salcni 1 
Salem 2 
San Ond'rc 1 
S4n Ond'rc 2-3 
Scquoyah 1-2 
Shmron l larr~s I 
South Texas I 
Soutn Trxas 2 
St. Luoc I 
St. 1.ucie 2 

I(dnlre (Glly) 

10.97 

I050 
460 
250 
580 

0 

19S9 

1360 
1370 
200 
XIO 
20 
20 

198.5 

1 0  
260 
4 

510 

1969 

2070 
1680 
270 
1 M  

0 
70 

1986 

160 
350 
UO 
270 

Nor mcmured 

Nor mcasurrd 

Xcpor:ul ro be - 0 

355 
127 
570 

3 . 5  
190 
12 1 
5.74 

762 
607 
366 
603 
4292 
12210 
35.3 
3-75 
3766 
64.6 
67.0 
315 
101 
432 
932 

4630 

330 
LSSO 
I56 
151 

24SU 
1701) 
3:(U 
1 1 0  
047 
l l  10 
I070 
NS 

3620 

I1bW 
Sc) W 

250 
177 

2630 
1.64 

36.3 
6 3  
35.5 
55 1 
55 1 
544 
344 
768 
426 
1469 
4107 
113 
514 
3 2 7  
31.4 
121 
1340 
113 
9 21  
925 
4920 
3 4 0  
640 

39 60 
118 

9680 
13800 

115 
4370 
2280 
6734 
445 
7360 
16200 
559 

3120 
544 
0 

2830 
3 30 

123 
61.4 
733 

- . 
iY8 
754 
137 
105 
105 
614 
36 1 
574 
247 
.U I I 
Z551 
51.1 
127 
i 5 7  
114 
137 
1939 
2 4  

1130 
1130 
4290 

30600 
2710 
16W 
116 

16900 
3670 

4 4 0  
4160 
3 5 0  
910 
1760 
5770 

63 
559 
10.10 

1510 
1490 

128 
IE5 
1600 
101 
96.4 
59.9 
566 
1160 
1120 
1120 
367 
1650 
2420 
223 
4290 
2210 
142 
263 
Y M  
62.5 
169 
265 
2% 
668 
666 
38% 
2650 
3490 
1700 
154 

15700 
I 0XK) 
13100 
4660 
5590 
6220 
64 6 

l48W 
13700 
759 
69 9 
.507 
0 

636 

-54 00 
3160 

600 
460 
2960 
320 
140 

6810 
1440 
750 
660 
660 
1270 
700 
1110 
650 
4260 
Us0 
140 
620 

5070 
11 
62 
370 
470 
960 
960 

2.120 
660 

4510 
4370 
410 

5770 
13300 
6770 
52% 
4370 
32M 
1390 
7360 
6070 
12.50 
1500 
2080 

0 
230 
440 

11-X) 
2680 



Cowm 

Lln~lcd Slates (continud) 

Yugorh%ia [F I ]  

Hrrrctor 

Surry 1.2 
'Ihrcc hll lc Isl;md 1 
'Ihrcc hli lc Island 2 
'l'rnjan 
l'urkcy I'oinl 3 
' lwkcy I'oint 4 
Virgil C. Sumnicr I 
Voglle I -?  
\Va~cr lad 3 
\Volf Crcek 
Yankcc h'PS 
7 ~ m  1.2 

&sko 

Taa l  rclcase (GBq) 

~o rma l i r ad  r d u x  I G ~  (GW a)"] 

Amagc  namalizcd rclcrrc 1965-196Y[Gnq (GW a)"] 

Nclcntc (GI14 

I YS.7 

1210 
0.87 
733 
664 

6440 
5810 
10.2 

0 
1 5 N  
195 
686 

?00 

110000 

'2 

2600 

Qlina, Taiwan Provtncc IT?] 

Einlnnd IF21 

Germany. Fdcral  Rcpuhllc ol' 

p4, B9l 

lndia 

Italy ((221 

Japan [ J l ]  

Mcdm [CIY] 

Sethahn& [MS] 

Spain [ C I ]  

Swcdm [&I41 

Suitzrrland [D5, D6) 

L h t d  Statu [TZ] 

1989 

102.0 
160 
530 

2 7 0  
160 
160 
3.9 

33700 
4660 
4550 
250 
2560 

590 

M I 0 0 0  

2620 

IYS6 

1070 
Y I 0  
I4Rl  
1 OY0 
l l W 0  
I IWO 
0.W 

4 6 0  
1950 
36 1 
2600 

1530 

156000 

2920 

II\VHs 

Chin Shan 1.2 
Kuorhcng 1-2 

' IVO 1.2 

I3runrbG1trl 
Gundrcrnnllngcn I5.C 
 IS:^ I 
Kriimmcl 
l'hilippshurg 1 
W l r ~ ~ s r e n  

'h r~pw-1,2  

Go r ro  

1:uLushinw D31ich1 1-6 
I:ukushin~a Dxn i  1-4 

I lam~ok:~  1-3 
L ? s h i u . ~ w b  L r l u ~  1.5 
Onngawa. l 
Shlmnc 1-2 
.I~"k:m1 2 
.l'swug, I 

I ~ y n a  VnJc (.\ i;~ri 11) 

Dn lcmarJ  

Codrcntcs 
S. Marla Jc Ciarona 

IL rsckck  1 
Ik~rscbcck 2 
l,orrrnark I 
I'orsmark ? 
Forsmark 3 
Osk:lrrh;~nln I 
Osknrshnmn 2 
Oskarsh3nln 3 
Klnghalr I 

Iribstadt 
M W l c k r g  

l l ~ g  Hock I'olnl 
I jravns 1:crry 1-3 
Iirunruick 1-2 
Cl~nlon I 

1160 
35.7 

140 

470 
76 
520 
510 
120 
1 OW 

54 5 

I987 

1130 
36.1 
1310 
1030 
15100 
15100 
20.1 
2090 
22600 
2770 
3130 
3070 

2470 

191000 

3140 

1988 

10M 
223 
422 
73EO 
7440 
7440 
55.9 
ME0 
9100 
S1M 
169 

13700 

U S  

203000 

350 

1650 
3 9  

200 

240 
I20 
520 
730 
I G 

410 

40 

h'or m c m w d  

1260 
323 

150 

D O  
140 
D O  
260 
3 1 

450 

20 

130 

4 I 
2-5 0 

237 
5110 

1 SO 

1 50 
140 
320 
230 
5 1 

660 

8 

160 

70 
lQ0  

100 

190 
210 

334 
1100 

110 

140 
220 
410 
1W 
69 
920 

2 

No1 r n c a i w d  

Nor m c ~ t w d  

140 

170 
320 

Y32 
277 
I41 

1120 

140 

80 
620 

352 
IUH 
262 

2.56 
43.7 
224 
9.69 

196 
21.9 
m 5  
316 

190 
7.4 
340 
32 



ANNEX U: ESI'OSIJ IUiS I:ItOM MAN-MADE sO~JIIC'ES 01: I~ADIA'TION 
.-. ----- 

IS5 

Tiihlc 29 (conl inucd)  

Cornfry 

Uni~cd Slalw (con~inucd) 

- 

Hcnrror 

Coopcr 
I)r ca Jcn 2-3 
Du:tnc h o l d - l  
limrco Fcrmi 2 
I.it7palrick 
Grmd Gull I 
Il:~lch 1-? 
1 lope Grck 1 
Ilumbddt ilay 3 
Laaossc 
L?s;~Ilc 1-7 
L~mcrrck 1 
Mtlls~onc 1 
hlarliccllo 
Ninr Milc Pain1 1 
Nine Milc i'oinl 1 
Oyslcr Crcck 
I'cach Uoc~om 2-3 
Pcrry I 
Pilgrim 1 
Q u ~ d  Otics 1.2 
Kivtr l3cnd I 
Susquch~~nna 1-2 
Vcrmont Y;$nkcr 
\VI'I'SS-2 

Tmal rclcasc ( G q  

Normalized rclcasc [CDq (GW a)"] 

Avcragc numalizcd release 1965.1969 ItiUq (GtV a)-'] 

l4S.C 

16.6 
18W 
729 

87.0 
78.1 
Y64 

1.47 
1290 
65.1 

0 
2070 
27 10 
1220 

45 1 
1421) 

240 
1930 

2860 
327 
2% 

26 100 

1 I N  

h g n t i n a  [CIS. Cl8] 

Canada (A61 

lndta 10141 

Pzbs~an lP3) 

Republlc d Korw [M?I 

IlN'Us 

l OSF 

0 
962 
86 1 

0 
41 1 
138 
1810 
6030 
1.47 
47.4 
0.17 
2370 
2670 
3020 
147 
320 
463 
260 
174 
5.92 
1670 
107 
759 
I624 
318 

32MO 

1230 

1986 

14.4 
344 

533 
0 

350 
103 
1730 
170 
1.47 
448 
396 
0 

2:20 
2170 
2950 

71: 
973 
55.1 
175 

2.5 I0 
22.6 
1580 
105 
192 

12S00 

050 

I989 

0 
540 
610 
0 

470 
120 

2OcX-J 
1020 
1.50 
39 
2? 
660 

4260 
320 
290 
370 
360 
210 
0 

160 
2890 
220 

2130 
2050 
610 

4400 

1060 

Atucha. 1 
Embalse 

Urucc 1 4  
Urucc 5.6 
Gcn111Iy-2 
Pickcring 1.4 
I'rckcring 5-6 
I'o~nr Lrprcau 

I ldpakk~m 1-2 
K;~j:~s~han 1-2 

K:,rach! 

Wolsong 1 

Hrlrnrc (Gfiqj 

1067 

0 
696 
562 
0 

396 
121 

2610 
170000 

1.56 
529 
1240 
5660 
6920 
4 6 0  
1720 
0.91 
291 
1100 
710 
21.3 
I510 
157 

1730 
418 
810 

207000 

S?aO 

5 0 0  

Taal rclcssc (GDq) 

Namal~zed relctsc (GEq (GH' a).'] 

Avcregc numallzed rrlcarc 1985-1969 IGUq (G\C1 :I)"] 

YWOO 
30000 

IJSIOU) 
98000 
49000 

I . W 0  
l440UO 
11000 

167000 
637000 

3.W00 

69720 

36800W 

446000 

320000 
21000 

16090~X) 
164000 
137000 
46000  
IS7000 
3WO00 

65ZOOU 
607000 

I83000 

24 1600 

(;CUs 

SfiOOOO 

49300OO 

522000 

Francc [Ed] 

Japrn [JI] 

Span [QI] 

U~td h n g d a n  
[N6. 1'1. S4] 

460000 
33000 

?116000 
462000 
123000 
6Sj000 
231000 
220000 

727000 
l i 3 l m  

199000 

313300 

6660000 

M.19ooo 

Isugry 1 
Ch~fion A2-3 
51. Laurrn~ Al-2 

T&dr-l 

Vandcllos 1 

Uerkclcy 
Uradwcll 
Cddcr 1 I ; t I I  
Chaplcross 

810000 
49000 

2lZOOOO 
40000 
117000 
962000 
196000 
20000 

1338000 
l 0 3 2 W  

117000 

299000 

700000 
MOOO 

232J000 
760000 
137000 
llH4OOO 
27S000 
210000 

1146000 
1476OOO 

1430000 

* B O O  

7740000 

754000 

Included uirh noble ~ a r a  

Nor menrwed 

9960000 

968000 

3 U O  7310 9 16 16 

2503 



" A dash indrcalu that ~hc  rulcta was n a  ya In opcrettffl. 

Cowrny 

Uniled kngdcxn (mnlinurd) 

Xcorror 

I)ungeneu A 
1)ungrncss U I-? 
I lar t lcpd A1-A2 
I lcysham IA-U, U - 1 )  
I IinWry I 'c in~ A 
IltnkJcy Pan1 D. AU 
l lunlrrs~on A I  
l lun~nston Dl-? 
Olrlbury-A 
S~zcwcll-A 
Tancss A-I3 
Trau.sfynydd 
\Vylla 

Tocal rclusc (GBq) 

Narnrlircd rdcrsc [GBq (G\V a)"] 

Avnagc nmmalized rdnsc 1965-1989 lGl3q (GW a ~ ' ]  

Helcasr (GBqj 

1989 

loo0 
5400 

3200 

1:lW 

5480 

IPS5 

1200 
5500 
JW 

32100 

169W 

I.\VG u s  

9020 

USSR [GZ. I141 

IVY6 

15IU 
6200 

17000 

11100 

Brloyarsky 2 
I$llthino 14 
Chcrnohyl 14 
lysl ins 1-2 
Kwsk 1 4  
lxning2d ! 4 

Smdensk 1-3 

I987 

2000 
boo0 

6010 

5320 

Only r ~ ~ r r a g c  nor~nalkcd rclcnre rqa rcd  

TocsI r c lwv  ( G h )  

Namalized rclwsc [GUq (GW a)"] 

Average namdircd rclraw 1965-1969 (Ci13q (GW .)-'I 

1969 

41 00 
5500 

1WO 

10600 

6LW 

26000 

FllUs 

Francc 

USSR 

Unitcd Ln'gdan [Sb] 13600 

13600 

130000 

C r ~ y ~ - ~ l . ~ I v ~ l l c  
t'htnrr 

ncloyarsky 3 

Dnunrcay 

Taal rclusc (GBq) 

Numalizcd rclcarc [GBq (GW a)-'] 

Avrragc numaltzed rdwsc 1965-1989 [GDq (GW a).'] 96000 

190 

, 
190 

ZWO 

23000 

UDOO 

33aXX) 

350 

350 

2900 



'I'nhlc 30 
C n r h o n - 1 4  dlsch~~rgcd ILG COL frn111 r c r i c t c ~ r ~  i l l lo  t l lc  1111nosplicrc 

Counny Hcorrur 
Hclrnrr (GIlq) 

I VS5 

Finland [EZJ 

Germany. Fednal KcpuMic d 
[B-I. B91 

Hungary IF31 

Yugmlavia [ F I ]  

1 oss 

h11u 1.2 

BrMir A43 
Uroida l  
h l a n d  
GrafcnrhcinTcld 
Grahndc 
lsar 2 
hiGIham-Kirl~ch 
Xcckarwerlhc~m 1.2 
Obi ghcl rn 
Phillppshurg 2 
Stadc 
I h c r w c s n  

Paks 1. 2. 3. 4 

Krsko 

IPS6 1989 

Total rdease (GRq) 

Narnalizcd r e l a x  [GBq (GW a)"] 

Average nmal izcd  rclcax [GEq (GUT .?)"I 

I'H'KI 

320 

28 

9 1 
17 

30 
I3 
5.6 
49 
7.5 

529 

1160 

130 

II\VKs 

I V Y 7  

120 

63 

45 
86 
29 
75 
6 1 

370 
;?6 
63 
9.9 
46 
56 
46 

6 5  

206 

1260 

99 

UK, 

53 

95 

10 
32 
20 
69 
55 
26 

270 

930 

130 

300 

46 
180 
100 
230 
66 

360 
7.4 
93 
9.1 
71 
19 
33 

59 

356 

1960 

140 

Germany, Federal Republic of 
[B4. B9] 

320 

44 

I2 

92 
56 

20 
49 
13 
Y 
12 
28 

454 

1160 

120 

260 
no 
320 

190 

3 0 
-160 

21% 

370 

Brunsbu~tcl 
Gundrcmmingcn 
Isar 
bhl 
K r h m c l  

Lngcn 
P'nil~ppsburg l 
U'Grpsscn 

Tolal rclasc (GBq) 

h'ormalized rclcarc [GtQ (GW a).'] 

Avcragc namalized r c l c ~ x  [GDq (GW a)-'] - 
Il!+'Ks 

450 

720 
750 
350 

410 

170 
3 0  

2640 

510 

Argculina [CIS. C18J 

Gnacia [A61 

420 
610 
330 
0 

440 
0 

320 
160 

25m 

470 

Aluth;, 
Emtul,e 

Pickcring A 
1'1. Lcpreau 

Total rclasc (GBq) 

N u m a l i d  relcarc [GDq (GW a)"] 

Atrragc namaliud rdcasc IGl3q (GW al.'j 

590 
740 
390 
0 

320 
0 

350 
I90 

360 

500 

3711 
-35 

234 

280 
940 
400 
0 
TI 
0 
69 
170 

1940 

380 

WU 

610 

381 
116 

13300 
443 

GCKL 

4.SM 

14400 

73W 

U N I C ~  Gngdun IN6. S4j 

266 
472 

1300U 
332 

14100 

6.100 

Ilrysharn IA.13, 3 - U  
llun~crrlur~ Al 
I lunlcrrlon 131-2 

146 
456 

l lMM 
36 

Taal releax (GDq) 

h'amalizcd rclcau IGnq (GW n).'] 

Aveiagr narnal~rcd rclcnv [GlQ (GW a r l ]  
C 

0 
467 

4 0 0  
43 

l Z W  

59 W 

76 

4910 

2100 

528 
TI 
lo00 

76 

110 

1610 

660 

540 



Hdearc (GIII{J 
Caunrry Hrrrnrv 

I !IS5 IVY6 I087 1983 1989 

l'\\lus 

k lg iurn IM6] Ilul I4 0.56 0.22 0.042 0.15 0.18 
Ttmngc 1 4  0.16 0.6 0.14 1.36 0.31 

Bradl [Cl  J h g a  I 0 0 0 0 0 

Bulgaria [C16j Kdoduy-1-2 5.06 3.08 13.7 4.56 1.07 
Kuzlaiuy-2-4 3.73 2.73 4.92 232 1.67 
Kda luy -S  0.60 1.3 

China. T h a n  P1m5nce IT21 Maaruhan 1-2 0.0057 0.00004 0 0.024 0 

Gcchmlwakia Ih'll] Ilohunicc 1-4 2.2 2.4 1.8 1.4 1.48 
Dukovitny I 4  I).IW 1.7 1.7 0.93 211 

Finland In] l.o\iisa 1-2 0.0067 0 0.038 0.08 0.24 

France [U] Dcllcvillc 1-2 
Blayais 1 4  
B u ~ y  2-5 
Gllcnan 1-2 
Olinon I1 1-114 
(nmz-A (Ardcnncr) 
Cruis 1-4 
Darnpicrrc 1-4 
Fnscnhc~rn 1.2 
bl.1~rn:1n\?llc 1-2 
Cirwclincs 1-6 
Nogcnt I-? 
I'alurl 1-4 
St. Nban 1.2 
St. Isurcnt U I  -2 
Tncasttn I 4  

Gcrmany. Fodcral RcpvMlc d Uiblts A-U ' 0. I 0.037 0.055 0.078 0.021 
[OS. UP. S7j Brokdai 0 0 0 

b l a n d  0 0 
Grafcnrhc~nlcld 0.00007 0.13 O.MXX)? 0 0.01 1 
Grolsuald 3.9 5.7 8.6 10.3 6.7 
Grohndc O.IlO42 0.0029 0.00091 0.0082 
Is;,r ? 0 0 
Mii lhcini-Krl~rh 0.084 0.00012 0.0009 1 0 
h'cclwrwc~~hc~r~i 1.2 0.016 0.16 0.00014 0.00013 0.012 
Obrighrim 0.1115 0.0(11MJ 0.00004 0.00UI 9 0 
I'hilipprhurg 2 0.IK)> lI.WO25 0.00092 O.oOO.r7 0.00065 
Sladc 0.03') o.tr).s 0.072 0.01 0.033 
Un~crwcso 0.IKM~S 0.01 1 0.004 1 0.00% 0.003 

l lungary [ R ]  I'ah 1-4 0.1 0.12 0.22 0.22 0.22 

Ilaly lUq h ~ c o  k m t  ('l'rtno) 0.W19 0.U)IS 0.00099 

Japan [ J l ]  Gcnkar 1.2 0 0.W65 0 0 0 
katd 1-2 O.lNKKJ5 0.034 0 0 0 
M~hanla 1-2 0.027 0.(67 0.0037 0.(1013 0.0025 
Oh 1-2 U.OOSU 0 . 3  0.0016 0.056 0.0012 
Scndu 1.2 0 0.01 1 0 0 0 
lnlwhanu I 4  0.02 I 0. I I 0.0027 0.02 0.00022 
Tan:tr~-I 0 0 
7'suru&1-2 0.023 0.001 0 0 

Kclhcrlandr IhfS] Borssclc (l.(K13 0.01 1 0.WZ 0 0.0065 

Hrpubltc d Korca IM31 Kort 1 1.51 0.54 0 0.013 
K a t  ? 0.iU-L 0.W: 0.013 
KUI 3 4  0.UX U.052 0.2 0.174 0.096 
Ulchrn 1-2 0.0007 
Ycnggw.tng 1-2 0 . m  0.013 ~ O O O I  



Cowms 

Sou~h Africa [CO] 

Spin [C211 

Su*eden [$I41 

Switzerland jD5. W ]  

USSR [G2. 1141 

United S ~ a t u  IT31 

I(ror1or 

Kcxhcrg I .? 

Nn~araz I-? 
k c 0  1 
k c 0  2 
JosL: Crtbrcra I 
Al.rillo I 
Vi~ndcllos 2 

R~nghals 2 
Hitl&:tls 3 
Iltn&olr 4 

Bcmau 1-2 
Giagen 

Arn1cn1s 1-2 
Ilnlakovo I-.? 
kblinin I-? 
Kl-m~clnrtski 1 
Kda 14 
h'ovovoronc/.h 3-5 
HOMO 1-3 
South Vb.itnc 1-2 
Zapororhe 1-5 

Arhnsns Onc-l 
Arkansas One-2 
Bcaver Valley 1-2 
Ilraidwood I 
Braidwwd 2 
Byron 1.2 
Call3u3y I 
Glvcrl Cliiis 1-2 
Ca~awba I 
O~~au.b- 1 
Crys~al Hivcr 3 
Daiir-Brsc I 
Dinhio Ctnyon I -?  
Donald Cook 1-2 
Farlcy I 
hrlcy 2 
Fort Calhoun I 
11. 13. Rob~nson 2 
l lndd~nl Neck 
Ind~an l'o~nl I-:! 
lnd~nn Po~nt 3 
Krwauncc 
hi~inc Yankec 
hicGurc I 
htiC;urc 2 
h~~llz~onc : 
Millstone 3 
Nulh Ann:) 1 .? 
Oconce 1-2.3 
1';111wJcs 
I'alo Vcrdc I 
I'alo Verdc ? 
1';llo Verde 3 
I'c,lnl J3c.jch 1.2 
l'ra>r~c lslbnd I-? 
It. li. Gtnna 
Ran~ho Srco 1 
S:~lem 1 
Sslcnl l 
Sdn Onol'rc I 
Sun Onoirc 2-3 
Scquo):~h I-? 
Sh-ron liarr~r 1 
South l c x : ~ ~  1 
South Tesas ? 

I VS5 

0.2') 5 
0.114 
0.W6 
1.16 

0.053 
0.0024 
0.W.X 

0.0093 
0.078 

7.5 
0 

0.13 

0.4r 
0.67 
0.G5 
0.047 
0. I4 1 

0.12 
0.11 

0.016 

0.076 
0.01 1 
1.92 

0.01 1 

0.015 
0.019 
0.00SV 
3.61 
0.21 
0 01 1 
0.26 
0.50 

0.018 
0.047 
0.067 
0.0011 
0.01 1 
0.30 
0.3(1 
0.22 

0.')U 
0 14 

0.76 
0.051 

0. 13 
0.17 
0.036 
0.24 
0.20 
ll.017 
iJ.lx2 
16 4 

ll.(Fj5 

I(c1elzrc (GHq) 

lOS7 

0.28 

0 
0.015 
0.003 
0.392 

0 

0.29 
0.57 
1.1 

0.02: 
0.0031 

1.11 
1.89 
3.3s 

0 
1.60 

0.068 
3.11 

4.07 

0.0068 
0. M09 
0.45 

0.0003 

0.34 
0.015 
3.39 
0.017 
0.047 
0.08 1 
0.WO 
0.06s 
1.97 

0.0098 
0.00% 
0.19 
0 . n  
0.021 
0.065 
0.076 
0.0021 
0.048 
0.30 
0.30 
0.24 
0.07 1 
0.47 
0.51 
0.77 
2.09 
0.50 

0. I I 
(1 

0.084 
0 

0.01 I 
0.058 
0.015 
15.1 
0 
U 

1 US6 

0.18 

0.315 
0.04 
0. W3 
0. lY1l 

0.017 
0.53 
0.1 

0.02 1 
0.0093 

4.05 
0.44 
0.95 

0.77 
12.1 
0.20 
0.17 
0.052 

0. I4 
0.0060 
0. IS 

LO1 
0.042 
3.22 
0.0'15 
0.W5 
0.025 

0.05 1 
0.60 
0.027 
0.050 
0.052 
O..% 
0.29 
0.W9 
0.15 

0.0013 
0.U50 
0.17 
0.17 
0.20 

0.00'13 
0.70 
0.E6 
0.032 
0.29 
0.11 

0.01 1 
0.W 1 
0.010 
0.055 
0.043 
0.12 

0.(X)74 
5.M 

0 

l9.W 

1.5 

0.iXl4 
0.1 

0.013 
0.234 
0.015 
0.2 

0.58 
0.063 

1.6 

0.07 
0.007 

5.61 
203 
0.27 
0.078 
1.13 
0.14 
1.18 
0.021 

0.030 
0.0098 
0.046 
0.012 

JJ.0026 
0.47 

' 0.0007 
4.63 
0.0:s 
0.026 
0.037 
0.016 
0.026 
0.25 
O.M-4 

O.Oo(109 
0.01 1 
O.MO 
1.35 

0.00 15 
0.13 

0.013 
0.016 
0.21 
0.2 1 
1.68 
0.35 
0.058 
3.07 
0.75 
0.058 
1.68 

0.0046 
0.020 

O.Ool€Q4 
0.0016 
0.0073 
0 .03  
0.033 
0.3s 
2.77 

0.(013 

0.030 

1969 

1.163 

0.002 
0.163 
0.019 
0.646 
0.027 
0.09 

0 . 0  
0.01 
0.03 

0.6 
0.029 

5.55 
0.22 
1.35 
0.30 
6.35 
0.027 
1.U 

0.23 

0.02 
0.017 

0.0011 
0.0085 
0.0081 
0.026 

0.0057 
1.n6 
0 . 0 3  
0.025 
0.075 
0.11 
0.034 
0.024 
0.0013 

0.00002 
0 . m 7  
0.0001 1 

0.53 
0.G6 
0.05 
0.46 
0.007 
0.13 
0.13 
1.4 

0.45 
0.14 
0.63 
0.47 
0.E2 
0.1 1 
0.22 

0.012 
0.00017 
0.017 

0.0098 
0.13 
0.003 
0.077 
175 

0.01 1 
0 . W 3  

0.13 



Cormw 

United Slaica (continual) 

Yugorlaria [Fl] 

Heorrur 

St. 1-UL~C I 
St. 1-ucic 2 
Surry 1-2 
lkrcr Milc Island I 
'hrcc b11lc Island 2 
Trojan 
'I'urkcy I'o~nt 3 
l'urkcy I'oini 4 
Virejl C. Surnrncr 1 
Vogilc 1-2 
Waicricrd 3 
\Volf Creck 
Yankec M'S 
Zion 1-2 

ksko  

Total rclwsc (GBq) 

Namalizcd relnse [GRq (GW a)"] 

Avcragc narnalirul rcleasc 1965-1989 [GDq (GW a)-'l 

IYSS 

6.70 
3.96 
0.94 

0 
0 

0.19 
0.26 
0.26 

0.W07 

0.13 
0.00006 
0.026 
0.070 

10.U 

79.2 

1.1 

li\\'R5 

0.93 

I986 

9.95 
1.55 
0.65 

0.lX112 
0.0002 
0.24 
0.64 
0.072 

O.Wl1 

0.19 
0.0078 
0.0070 

0.11 

13 

19M 

0.24 
1.05 
0.35 

0.017 

0.11 
0.14 
0.14 
0.084 

0.0004 
0.032 

0.002 1 
0.0019 
0.013 

16.3 

Release (GU4 

1987 

1.46 
2.04 
0.67 

0.0047 
0 

0.068 
0.42 
0.47 
0.017 
0.0005 
0.031 
0.0008 
0.0010 
0.0062 

10.5 

61.3 

1.0 

China, Taiwan Province IT?] 

Finland [F2] 

Germany, Fcdcral Republic cf 
[B4, I391 

1989 

0.21 
0.31 
0.014 
0.3 

0.1576 
0.01 1 

0.01055 
0.06 
0.003 
0.024 

0.03065 
0.0033 
0.075 

12 

77.5 

0.80 

93.5 

1.1 

20.9 
0.00033 

0.078 

0.014 
0.46 
0.54 

0.0057 
0.01 1 
0.4 

72.2 

0.71 

India 

Italy [CZ] 

Japan [JI] 

hicuco [C19] 

Ncthcrlands [ M I  

Span [ D l ]  

Su.cdcn [K 141 

Su~izrrland IDS, D6] 

Vmtcd Slates [I31 

Chin Shan 1-2 
Kuoshcng 1.2 

TVO 1-2 

Drunsbiiitcl 
Gundrcrnrn~ngn B.C 
Isar 1 
khirncl  
Phllippsburg I 
Wiirpssrn 

30.1 
O.lfi4.4 

0.0030 

0.2 
0 .03  
0.01 1 
0.01 1 
O.Il1 'I 

0.8 

5.74 
0.0047 

0.036 

0.04 
0.11 
0.12 
0.092 

O.ODW2 
0 . 3  

Tarapw 1-2 

Gorso 

Fukushirna Daiichi 1-6 
I~ukushims Daini 1-4 
l i:~rnnoka 1-3 
Lshrwaz;lh k r ~ u . a  1.5 
On:l gau.3- l 
Sh~rnttnc 1.2 
'Ibkn~ 2 
'Tsurup 1 

L y n n  Vrrdc (M:i:k 111 

1)dcwnard 

Conl.rcnic& 
S. hi:tr~a dc Gjruna 

Dnrscbeck 1 
IPorscbeck 2 
Forrni~rk I 
I.%rsn~ark 2 
I:orsnlark 3 
Oskarsh:~mn 1 
Oskarsharnn 2 
0sk:irrhamn 3 
K~nghals 1 

In~hsindi 
htiihlckrg 

l31g Rock Pani 
browns Fcrr). 1-3 

7.14 
0.33 

0.0025 

0.088 
0.018 
0.15 
0.13 
0.12 
0.16 

3.96 
0.26 

0.12 

0.076 
0.012 
0.0063 
0.08 

0.0063 
0.3 

0.20 

0.13 
11 

0.002'4 
0 
0 
0 
0 

U.0002 

0.05 

0.116 
0.013 

0.03 
0.01 
0.01 
0.66 
0.03 
0.211 
0.05 
0.1m? 
5.70 

0.00 

0.W 

2.56 
0.14 

0.50 

0.37 
0.069 
0.M3 
0.063 
0.015 
0.035 
0.018 
0.01 1 

0.lW 

0.17 
(1. I4 

0.030 
0. (6 7 
0. I8 
0.21 
2.40 
0.24 
0.45 
2.80 
0.66 

0.70 
5.40 

1.00 
0.N 

Nor repwred 

0.02 

0.035 
0.00001 
0.00067 

0 
0 
0 

0.07 
0.00026 

0.03 

1.61 
0.12 

0.012 
0.008 
0.013 
0.053 
0. f14 
0.082 
0.055 
0.13 
0.31 

0.M) 
0.04 

0.16 
0 

0.03 

0.04 1 
0 

0.00016 
0 

0.00037 
0 
0 
0 

0.04 

1.63 
0.16 

0.034 
0.037 
0.017 
0.08 1 
0.66 
0.14 
5.60 

31.00 
0.41 

0.52 
0.57 

0.08 

0. W7 

0.0096 
0.00001 

0 
0 
0 
0 
0 
0 

0.0001 

0.04 

0.14 
0.03 

0.05 
0.2 
0.03 
0.16 
1.1 
0.1 
1.6 

0.6s 
0.47 

2 
0.46 

0.096 



Tuhic 31 (conl inucd) 

C o w  fry 

Unilcd Sta~es (conlinucd) 

Ncarror 

ijrunswick I-? 
a ~ n l o n  I 
C q c r  
Dradcn 2.3 
Dlunc Arnold-1 
Guico I7crmi 2 
I.i~zpa~nck 
&and Ciulf 1 
Ilalch 1-2 
I l q c  Gcck 1 
llwnbddr Day 3 
LOOSK 
b u l l c  1-2 
Lntcrick 1 
h!~lls~onc 1 
hfm~iccl lo 
N~nc  Mile Pan1 I 
N~nc Milc Point 2 
Oyslrr Crcck 
I'cach Bottom 2-3 
Pmy 1 
Pilgim 1 
b d  G l i u  1-2 
R ~ v a  Bend 1 
Surquchama 1-2 
Vcrmon~ Yankcc 
WPPSS.2 

Taal rclcax (GBP) 

Namalircd relcarc lGDq (GW r)"] 

Avengc namalizcd relcare 1965.1469 IGBq (GW a)"] 

1965 

1.46 

0.09 
229 
0.03 

1.73 
0.01 
0 . 3  

0.00 
0.16 
0.31 

0.43 
249 
0.63 

109 
Z20 

1.76 
1.76 

0.04 
0.01 
0.07 

167 

4.5 

1036 

0.56 

0.2R 
0.47 
0.26 
0.00 
0.44 
0.00 
0.87 

0.00 
0.20 
242 
0.00 
0.40 
213 
0.a 

24.3 
3.20 

0.30 
0.76 
0.00 
0.00 
0.00 
0.15 

Argentina 1C15. C161 

Gnada [AG] 

India 

Pahslan [P3] 

Rcpubl~c of Korea [M3l 

UH'Kr 

75.4 

1.9 

Hclellrc (Gltq) 

I087 

1.65 
0 . 0  
0.19 
0.67 
1.67 
0.00 
1.09 
0.11 
13.10 

0.M 
0.07 
0 , s  
0.00 
0.69 
5.85 
0.5 
0.00 
3.24 
0.56 
0.00 
0.01 
0.76 
0.00 
0.00 
0.37 
0.24 

Alucha. l 
Fmbalsc 

Bruce 1 4  
Brucc 5 4  
Gcnt~lly-2 
Rckcnng 1-4 
P~ckcnng 5-6 
I'cinr Lcpteau 

L l p k k n r n  1.2 
Kajasrhn 1-2 

L r a c h ~  

Wdrang I 

41.1 

0.96 

1.6 

Taal rclcarc (GBq) 

Namrlircd rclcasc [GBq (GW a)"] 

Avnagc namalired rclcarc IY65.1UH9 lGnq (GW a)-'] 

1058 

0.84 
0.01 
0. .M 
4.03 
0.25 
0.01 
0.62 
0.00 
0.35 

0.29 
0.21 
0.11 
1.59 

0.00 
1.95 

1.61 

0.22 
0.02 
0.03 
0.13 
3.33 

0.59 
0.23 

0 
0.1 
0 

0.1 
0 
0 

19E9 

0.56 
0.0062 

0.19 
0.17 

0.- 

0.023 
0.U22 
0.12 

0.21 
0.13 
0.067 
3.36 

0.017 
1.49 

0.032 
0.31 
0.19 
0.096 
0.001 
0.019 
0.2 
1.43 

66.6 

1.5 

1.04 

0.1: 

20.9 

0.49 

0.59 
2 5  

0. I 
0.1 
0.2 
0. I 
0.1 
0 

GCRr 

0.19 

Not r e p a t d  

3.73 

0.43 

f:rancc [FA] 

Japan I l l ]  

Spain lC2l l  

Unned kngdun 
[N6. PI, S4) 

0.WS 
0.0019 

. 0.1 
0.1 
0 

0.1 
0.1 
0 

0.015 

0.47 

0.050 

I3ugcy I 
Ch~non A24 
SI. lmwcnl Al.2 

I'oka~. I 

\';lndcllos 1 

Ikrkclcy 
Ijradwdl 

0.23 
0.37 

0.1 
0.1 
0 

0.9 
0.1 
0.1 

0.04 I 

0.0013 
0 

0 
a1 
0 

1.1 
0.1 
0 

0.00004 

1.90 

0.20 

Ir~clwled uirh partiruloru 

130 

0.13 

0.00 17 

U.002 

0.016 

0.017 

0.031 

0.01 1 

0.00081 

0.047 

0 

0.099 



Tuhlc 31 ( c o n ~ i n u c d )  

* A dash l n d l a l u  that the rcacta war not y a  In operatton 

Cowlf~y 

Uni~cd Ejnplom (wnlinucd) 

Xracror 

Qildcr llall 
Cl~npclcron 
I)ungcncu A 
Dungcncu U 1-2 
I lart lcpd Al-A2 
I lcysham 1A-D. 2A.U 
ILRLlcy I'onl A 
1Lnl;lcy I'dnl U. AU 
Ilun~eirton A1 
l luntcrrton 111-2 
OIJhury-A 
Sizcwcll-A 
Tuncsr 4\43 
Tmwsfynydd 
Wylla 

Tctsl release (GBq) 

Nomrlizcd rclule [GBq (GW a)"] 

Average nunulizcd rclule 1985.1989 [GBq (GW a r t ]  

198.5 

1.9 
0.2 
0.9 

0.4 

2.3 

Hclrocr (GfiqJ 

1987 

1.9 
0.3 
1.2 

0.4 

0.1 

IV86 

1.9 
0.3 
1.2 

0.4 

0.1 

5.70 

20 

L\%'GI& 

1.4 

3.91 

1.4 

3.93 

1.3 

198s 

1.9 
0.3 
1.2 

0.4 

0.1 

USSR [GZ 114) 

J9BP 

0.63 

1.9 
0.3 
1.2 

0.4 

3.95 

1.2 

149 
35.1 
?9.7 
13.5 

227 

27 

4.53 

1.1 

Avenge n u m a l i d  rclcarc 1965-1989 IGllq (GW a)"] 

ncloyarsky 2 
Dilihno 1-4 
Chcmobyl 1-4 
lgnalina 1-2 
Kwsk 1-4 
Lcningad 1-4 
Snldenrk 1-3 

14 

6.10 
80.0 
64.8 
45.9 
4.3 

Total rclwsc (GBq) 

Samalizcd rclcarc [GUq (C;W a)"] 

11.9 
39.2 
n . 0  
18.9 

97.0 

10 

203 

16 

77.3 
16.2 
13.5 
8.17 

1 IS 

12 

FllKs 

17.2 
0 

13.4 
2 6 3  
5.4 
2 7  
4.2 

45.5 

3.8 

France IS61 

USSR [ I  141 

Umtcd k n g d a n  IN61 

Taaf release (GBq) 

h'amallzcd rclcale [GUq (GW a)"] 

Avcrrgc n a m a l l d  rclcau 1965-1969 IGUq (GW a)-'] 
i 

Gcys.Malr~llc 
Phrnll 

Bclo)-rrrky 3 

Daonrczy 

Not rrporrcd 

Nor reported 

No1 reparred 
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Trlhlc 32 
Isotoplc c o n i p o s l l i o n  of l o t l l n c  n.lc:rscd r r o n ~  rc r ic to l - s  It1 t h c  U n i l c d  S b ~ l c s ,  1988 

in1 

Reactor 
Hrlcrur (Gltq) 

13II 

Arkansas One 1 
,bkansas One 2 
&aver Valley 1-2 
Braidwmd 1 
B r a i d u d  2 
Byron 1-2 
Gl lauay  1 
Glvcrr Clills 1-2 
Glawba l 
Grawba 2 
Gystal River 3 
D a ~ i s - k c  1 
DiaMo Canyon 1-2 
Donald C. Cock 1-2 
Fon Calhoun 
H.B. Robinson 2 
Haddam Neck 
Harris 1 
Indian Poinl 1-2 
Indian Point 3 
Joseph M. Farley 1 
Joseph M. Farlcy 2 
Kcuauncc 
Maine Yaokce 
McGuirc 1 
hlcGuire 2 
Millslooc 2 
Millstone 3 
N a ~ h  Anna 1-2 
Oconcc 1-3 
Palisades 
Palo Verde 1 
Palo Vcrdc 2 
Palo Vcrdc 3 
Point Beach 1-2 
Prairie lsland 1-2 
R.E. Gnna 
Rancho Seco 1 
Salem 1 
Salem 1 
San Ondrc 1 
San Oadre  2-3 
Squoyah 1.2 
South Texas 1 
St. Lude 1 
St. Luac  2 
Summer 1 
Suny 1-2 
Three M l c  Islmd 1 
Three Mile Islmd 2 
Trojan 
Turkey Point 3 
Turkey Point 4 
Vogrlc 1 
W-lcrfad 3 
Wolf Creek 1 
Yankee R o w  1 
&on 1-2 

Tual release (GBq) 

Narnallzcd sctiwry lGDq (GW a)"] 

134, 

0.868 

0.00093 

0.00005 
0.00005 

0 
0 

- .  

0.00692 

0.00006 
0.00034 

0.00973 

0.91 

0.022 

135/ lJJ1 

0.030 
0.0096 1 
0. (U 59 
0.01 19 

0.0032 
0.474 

0.00069 
4.63 

O.CQ82 
0.0262 
0.0365 
0.0176 
0.0259 
0 . 3  I 
0.01 14 
0.0396 

1.35 

0.00149 
0.126 
0.0137 

0.00009 
0.01s 
0.016-1 
0.206 
0.2M 
1.68 

0.350 
0.0577 
3.07 

0.747 
0.0577 

1.6s 
0.00455 
O.OZO1 

0.00004 
0.13016 

0.M733 
0.0IJY 
0.03:6 
0.36 1 
2.77 

0.0013: 
0 0303 
0.37 
1 .0SS 

0.oE.G 
0.35: 

O.(K66 

0.107 
0.144 
0.142 

0.00035 
0.03:: 

O.W?W 
0 tNl166 
0.LL;IL 

20.1 

0.50 

0.00079 

0.00012 
0.0114 

0.00332 
0.00007 
0.00007 

0.00246 

1.44 

0.00003 
0.00003 

0.00014 
0.174 
0.01 87 
0.W8 
0.00042 
0.00011 
0.0034 

0.0198 
0.0692 

0.00389 
0.01% 
0.0114 

0.00026 
0.0729 
0.0729 

0.00006 
0.00673 

2.01 

0.018 

lJJl 

I'\VUs 

0.00016 
0.00006 

0.0165 

0.00009 
0.00009 

0.00013 

0.196 

0.0144 
0.0144 

0.00025 
0.0540 
0.0263 

0.0001 
0.00025 
0.0177 

0.144 
0.0167 

1.56: 

0.00651 
0.0403 
0.00012 

0.0000 1 

0.061 t 

2.25 

0.054 

0.001 11 
0.00142 
0.00659 
0.0047 
0.00056 
0.136 

4.33 
0.0167 
0.0167 

0.00269 
0.00607 
0.0134 
0.0301 
0.0647 
0.0252 
0.0944 

0.110 
0.0201 

0. W005 
0 

0.00093 
0.004 

0.0677 
0.W77 
0.966 
0.1647 
0.448 
0.707 
0.172 
0.0188 
0.0247 

O.UW74 
0.0566 

0.00074 
0.104 

0.00155 

0.0396 
0.599 

0.00947 
1.58 
1.44 

0.01 16 
0.174 

0.0285 

0.0377 
0.157 
0.156 

0.W17Y 
0.0002 

0.WM 
0.0151 

11.1 

0.29 



- ~p - - 

Table 32 (continued) 

A dPrh indica~a no value reported. 

Rrarror 
Rrleme (GHrl) 

Big Rock Poinl 
B r m  Fnry 1-3 
Brunruick 1-2 
Clinton 1 
Co~pcr 
Dradcn 1-3 
Duane h o l d  
Edwin I. Hal& 1 -2 
Fmni 2 
Grand Gulf 1 
Hopc Gcck 1 
llumbddl b y  3 
Jam= A fitrpatrick 
haoue 
U l c  1-2 
Limerick 1 
Milluooe 1 
Mon~icdlo 
Nine Mile Point 1 
Nine Mile Point 2 
Oyrla Gcck 1 
Peach Boctom 2-3 
Pary 1 
Pilgrim 1 
Quad-Gliea 1-2 
R i v a  Bend 1 
S ~ ~ p c h a m n  1-2 
Vmont  Ya~~kce 
WNP-2 

Taal rdeorc ( 0  

N o m a l i d  adisity [GBq (GW a)"] 

IJJ, 1311 112, 

0.929 

1.69 

0.0414 
249 

0.0117 
0.910 

0.00312 

1.43 

7.14 

7.4 

0.0182 

3.38 

0.0503 

25.5 

1.5 

0.0796 

0.640 
0.00907 
0 3 5  
4.03 
0.246 
0 .37  
0.015 

0.00tZS 

0.622 

0 3 9  
0 .38  
0.110 
1.59 

0 . W 4  
1.95 

1.67 

0.225 
0.0177 
0.0262 
0.128 
3.33 

16.1 

0.96 

fJJI  

IlWHl 

1.41 

0.00342 

0.00037 

0.668 

0.03246 

0.149 

2.54 

0.15 

0.759 

1.61 
0.0177 
0.0747 
1.447 

0.0725 
0.995 
0 2 6  

0.0109 

1.77 

14.9 
0.136 
0.537 
7.84 

0.00856 
8.66 

1.24 

1.32 
0.176 

0.184 
1.49 

43.5 

2 6  

I34/ 

0.840 
0.00285 

0.115 

0.95 

0.057 
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Covnny Rcarror 

Bclgjum [M6] 

Brazil [Cl] 

Bulpria [Clb] 

Chlna, Taiwan Pronncc [TZj 

Gcchcslovalda [Kli] 

Finland [F2] 

France [EA] 

Germany, Federal Republic d 
[84, B9, S7] 

11wP.r~ i n ]  

lialy [G2]  

Japan [Jl] 

Netherlsndr [MS] 

RcpuM~c d Korea IM3] 

Rclcase (GBq) 

I' 

Doc1 1-4 
Xhangc 1 4  

Angra 1 

Kdoduy-1-2 
Kdoduy.2 
Kdoduy-3-4 
Kdoduy4  
Kdoduy-5 

Maanshan I-:! 

Dohunice 1-4 
Dukomny 1 4  

Lowlsa 1-2 

Bcllfi~llc 1.2 
Blayais 1 4  
Bugcy 2-5 
Caucna-n 1-2 
Olinoa B I-B4 
Qlmz-A (hrdcnncs) 
Guar 1 4  
Darnpierrc 1-4 
Fcsscnhcirn 1-2 
Rarn~nvillc 1-2 
Gmvclincs 1-6 
Nogcnr 1-2 
Paluel 1-4 
St. Alban 1-2 
St. Laurcnt B1-2 
Tricastin I 4  

Bibl~s A.B 
Drckdai 
Emsland 
Cmafenrheinfcld 
Grdfswald 
Cnohndc 
lsar 2 
Miilheirn-Grlich 
Ncchrwcstheirn 1-2 
Obrighc~m 
Phil~ppsburg 2 
Stadc 
Un~crwcscr 

P a b  1-4 

Enrico Fermi (Trino) 

Gcnkai 1-2 
Lkaia 1-2 
Miharna 1-3 
Oh 1-2 
Sendai 1-2 
l i b h a n u  1-4 
Tanan-1 
Tsurup-2 

Borsrelc 

K a l  1 
Kai 2 
Kui 3 4  

1985 1987 J 996 

W a  

0.33 
0.025 

0.0007 

1.56 

1.74 

0.038 

1.73 
0.03 1 

0.M3 

2 5  
0.7 

0.3 
0.07 
0.07 
1.5 

0. I2 

1.9 

0.16 
0.033 
0.7 
0.6 

0.31 

0.002 
0.5 

0.01d 
0.024 

0.P6 
0.008 

0.12 

0 . W 7  

1989 

0.18 
0.062 

0 

5.28 

0.90 

0 

0.16 
0.08 

0.068 

0.013 
0.33 
0.84 
0.3 
1.5 

0.096 
0.093 
0.59 
0.11 
0.097 

1.7 
0.0047 
0.59 
0.11 
0.6 
0.22 

0.17 
0.00003 

0.0017 
. 0.5 

0.00069 

0 
0.0 12 
0.012 

90.0001 
0.013 
0.0076 

221 

0.0017 

0.53 
0.073 

0 

1.21 

3.16 

0.0030 

0.44 
0.06 

0.09 1 

2 6  
1.5 

0.0041 
1.1 

0 . 1  
0.28 
7.1 
0.17 
0.069 
2 1  

0.48 
0.18 
1.5 
0.7 

0.1 
0 

0 
0.5 

0.00054 

0 
0.022 
0.032 

0.00005 
0.026 
0.0056 

1.02 

0.0045 

1969 

0 

0.13 
0.002 

0.12 
0.095 

0 

1.96 

0.74 

0.41 

0.016 

0.2 
0.04 

0.058 

0.062 
0.41 
0.85 
0.19 
0.M 
0.1 

0.069 
0.41 

0.026 
0.29 
0.69 
0.064 
0.43 
0.063 
0.52 
0.18 

0.32 
0.00023 

0 
0.0014 

0.6 
0 . m 5  
0.00014 

0 
0.0063 
0.014 

0.00013 
0.031 
0.0028 

1 . 9  

0.0009 

0.03 
0.071 

0 

1.32 

0.74 

1.19 

0.033 

0.36 
0.172 

1.8 

0.13 
0.R 
0.69 
0.16 
0.54 
0.19 
0.09 
0.75 
O.W? 

0.1 
1.1 

0.096 
0.51 
0.11 
0.44 
0.23 

0.077 
0 

0.00032 
0.00096 

0.6 
0.00068 
0.00005 

0 
0.0045 
0.013 
0.0011 
0.052 
0.0014 

4.12 

0 . W  

0.004 

0.14 
0.003 
0. W? 

0 

0.015 
0.003 
0.016 

0 

0.009 
0.001 
0.0001 

0 

0.034 
0.0002 
0.001 
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Table 33 (coniinucd) 

Coonm 

Rcpublic d Korea (ccmlinucd) 

Soulh Africa [ClO] 

Spain [Ql] 

Swcdcn lN14] 

Suitzcrland (D5. D6] 

USSR [ G z  1141 

U ~ t d  Slates ['I31 

Xcncror 

Uichin 1-2 
Ycmggwang 1-2 

Kocberg 1-2 

Almaraz 1-2 
rbco  1 
h c o  2 
JosC Cabrcra 1 
Trill0 1 
Vandellas 2 

Kinghals 2 
Ringhals 3 
Ringhds 4 

Ucrnau 1-2 
Giagcn 

knicn i s  1-2 
Balakovo 1-3 
L~l in in  1-2 
Ktunclni~slci I 
Kda 1-4 
Novovoronczh 3-5 
H O I ~ O  1-3 
Soulh Ubainc 1-3 
Zaparo7hc 1-5 

A r h n u s  Onc-l 
Arhnws  Onc-2 
Bcevcr Vallcy 1.2 
Brsidwmd I 
Braidwmd 2 
Byron 1-2 
G l I a u ~ y  1 
Caivcrt Clin's 1-2 
Gtawba 1 
G ~ a w b a  2 
G y s ~ a l  Rivcr 3 
D.sris-Dcsc I 
DiaMo Gnyon 1-2 
Donald Cmk 1-2 
Farley I 
Farlcy 2 
I'ort Calhoun 1 
I I .  B. Robinson 2 
Haddam h'cck 
lndian Poinl 1-2 
Indian Po~nl  3 
Kewnuncc 
Mainc Yankce 
McGure 1 
McGuirc 2 
Millstone 2 
Mills~onc 3 
N a ~ h  Anna 1-2 
Oconee 1-2-3 
Pal~sadcs 
l'alo Vcrdc 1 
f'alo Verdc 2 
f'alo Vcrdc 3 
I'oinl Ucach 1.2 
f'ra~nc Island 1-2 
R. E. Gtnna 
Rancho Scco 1 
Salem 1 
Salcm 2 
San Ondrc 1 
San Ondrc 2-3 
Scquoyah 1-2 

1989 

0.139 
0.002 

0.0002 

0.05 
0.01 
0.03 
0.18 

0.005 
0.01 

O.CGI5 
0.003 
0.0056 

0.00065 
0.0014 

31.9 
0.15 
a~ 
0.063 
11.3 
1.32 
0.20 

0.19 

0.01 
0.005 
0.4066 
0.OOm 
0.0029 
0.001 
0.0004 
0.004 
0.003 
0.003 

0 
0.003 
0.002 
1.246 

0 
0.00001 

0 
0.00509 

0.03 
0.094 
0. W03 
0.19 

0.0018 
0.01 
0.01 

0 
0.02 
0.02 
0.49 
0.17 
0.006 
0.002 
0.02 
0.108 

0.00061 
0.014 

0.0002 
0.004 
0.029 
0.005 
0.001 
0.005 

149.5 

247 
0.06 
O.(M7 
0.23 

0.008 
0.004 
0.001 

0. 000s) 
0.01 

7.50 
0 

0.009 

0.22 
27.8 

0.19 
0.00072 

0.012 
0.010 
0.043 

0.0026 
0.0006 
0.059 

0 

0.012 
0 
0 

2.78 
0.00M 
O.[X)03 
0.0061 
0.0074 
0.01 4 
210 

0.0033 
0.LX)SV 
0.W42 
0.18 
0.18 

0.020 

2.27 
0.014 
1.06 

O.(K)OJ 

0.21 
0.(YlI I 
0.0003 
0.053 
1.44 
3.29 

0.0011 
0.19 
0.022 

1 985 

0 
0.007 

0 

0.04 
0.04 
0.03 
0.12 
0.005 

0.0002 

0.012 
0.006 
0.008 

0.011 
0.0023 

32.4 
0.49 
0.19 

0.89 
5.31 
0.14 
0.16 
0.067 

0.0080 
0.0058 
0.085 

0.69069 
O.MM7 

0 
0.012 
0.41 
0.12 
0.12 

0.0097 
0 

0.022 
0.079 
0.016 

0.00001 
0.0001 
0.001 1 
0.019 
0.34 

0 . W  
0.38 

0.0010 
0.021 
0.021. 
0.0 19 
0.016 
0.027 
2% 
0.23 

O.OU96 
0.048 

0.00001 
0.062 

0.0028 
O.WO5 
0.010 
0.054 

0.0041 
0.019 
0.W6 

0.0057 

1986 

0.00007 

0 005 

0.67 
2.24 
0.01 
0.1 

0.006 
0.002 
0.002 

0.0007 
0.0057 

7.48 
104 

0.068 

0.43 
28.1 
0.74 
2.43 

0.041 

0.0067 
0.0027 
0.1 1 

0.01 1 
0.001 1 
0.0074 
0. I5 
0.15 
0.013 

0.0026 
0. ZS 

O.(X)29 
0 

O.~XI?6 
0.W76 
0.056 
309 

0.0033 
0.21 

0.010 
0.96 
0.96 

0.0026 
0.0044 
0.052 
0.75 
0.WO 

0.0022 
0.015 

0.02 I 
0.W07 
0.0046 
0.0001 

0 
0 

0.Wo.I 
0.1 1 

0.058 

H c l c ~ c  (GflqJ 

1987 

0.001 

0.W07 

0.003 
4.45 
0.02 
0.06 

0 

0.005 
0.01 1 
0.012 

0.00085 
0.00078 

24.3 
0.43 
0.059 

0.91 
3.10 
0.84 

0.044 

0.0024 
0.0010 
0.052 
0.0002 

0.0048 
0.0014 
0.0037 
0.23 
0.23 

0.046 
0.0059 
0.019 
0.4 1 

0.0043 
0.0002 

0 
0 

0.029 
0.52 

0.0007 
0.45 
0.014 
1.95 
1.95 

0.0004 
0.12 
0.17 
4.69 
0. Zi 
0.056 

0 

0 
0.0086 
0.24 

0.00006 
0 

0.0019 
0.0003 
0.41 
0.019 



Tnblc 33 ( con~inucd)  

Nor mcnsu-cd 

Covnrry 

U N I ~  SIPICS (conlinud) 

Yugoslavia [Fl] 

Hrwtor 

Shnron Ili~rris 1 
Sau~h l'cxnr 1 
Soulh Tcxns 2 
St. Ludc I 
St. Lude 2 
Suny 1-2 
Thrcc N l c  Idand I 
Thrcc M~lc Idmd 2 
Trojan 
Twkry Poinl 3 
Turkcy Point 4 
Virgjl C. Sunimcr 1 
Vogclc 1-2 
Wa~crfad 3 
\Vdf Crcck 
Yankcc XI'S 
Zm 1-2 

t h k o  

Total release (GBq) 

Ncrmdircd rclcasc [GBq (GW n).'] 

Average namdizcd rdcasc 1985-1989 [GBq (GW a)"] 

19S> 

22.6 
3.15 
0.014 
0.0011 
0.0017 
0.016 
0.030 
0.030 
0.0002 

0 
0 

0.WY 
0.67 

0.535 

303 

3.6 

LO 

1996 

0 
0.0074 

0.13 
0.013 

0.0060 
0.017 
0.074 
0.019 

0 

0.00SY 
0 

0.0005 
1 . 9  

Q 102 

a i m .  Tainan Rm5ncc [TI 

Fnland IF21 

Germany. Fcdcral Kcpublic d 
b4 B9l 

India 

llaly [C2]  

Japan [JI] 

Mcxico [C19] 

h'clhcriands [MS] 

Span [ G I ]  

Swcdcn [XI41 

Rrlracc (GMP) 

IVS7 

0.0002 

0 
0.M37 
0.10 

0 
0.0027 
0.028 
0.01 I 
0.01 1 
0.0095 
0.0003 
0.0068 
0.0072 
0.0005 
0.14 

0.396 

587 

5.0 

106s 

1.00 
0 

0 
0.0037 
0.39 

0 
1.00 

0.010 
0.034 
0.033 

0.0019 
0.0003 
0.014 
0.001 

0.0003 
0 . 6  

0.1 

U ~ ~ X s  

OIin Shan 1.2 
Kucuhcng 1-2 

7VO 1-2 

UrunsbG~tcl 
Gundrcmniingcn U.C 
Lrar l 
K r k - n d  
Phiiippsburg 1 
WGrpucn 

Fwapur-1 
Tarapw-2 

Gorro 

Fukush~ma Daiich~ 1.6 
FukuA~m Da~ni 1-4 
Ilam~oka 1-3 
Kash~uxwb Karl*? 1.5 
Onagawa-l 
Sh~rmnc 1-2 
TOk.12 
Tsurug I 

Laguna Vcrdc (Mark I I )  

Ddcuaard 

Codrent cs 

S. Mma dc Garona 

Uarwbci,k I 
Ibrscbeck 2 
Forsmark I 
Forsnwrk 2 
Forstnark 3 
Oskanbmn 1 
Orkarshamn ? 
Wsrshamn 3 
Ringhalr 1 

154 

1.4 

1 9BO 

0.00003 
0.02 
0.053 
0.003 

0 
0.016 

0 
0.00013 
0.0014 
0.099 

0.0005 1 
0 

O.M3 
0.M4 
0. OOO? 
0.00Y 
0.013 

0.073 

60 

0.50 

7.51 
0.036 

1.1 

0.02 1 
0 

0.15 
0.052 
0.11 
0.22 

0. 

65 

0.51 

8.21 
0.0056 

0.95 

0.008 
a03  1 
0 . 3  

0.035 
0.029 
0.22 

0.33 

0.062 

0.16 
0.27 

3.96 
0.2 
15.4 
5.21 
0.45 
6.15 
1.5 

0.013 
0.93 

0.63 
0.0027 

0.2 

0.03 
0.0034 
0.019 
0.022 
0.02 
0.21 

0.069 

0.028 

0.13 
0.15 

0.45 
0.22 
1.4 
7.7 
103 
7.9 
0.32 
1.7 

4.19 

0.60 
0.027 

0.2 

0 . W  
0.0031 
0.028 

0.0025 
0.017 
0.24 

0.03 

0.37 
0.E 1 

0.18 

0.052 
0 

0.0085 
0.0054 
0.013 
0.28 

0.036 

0.019 

0.07 
0.23 

0.3 
0.067 
O..% 
2 3  
156 
25 
1 

0.026 
0.35 

0.038 

0.15 
0.14 

0.M6 
0.124 
0.25 
0.94 
112 
4.5 
179 
79 

1.95 

0.0122 

0.00 1 

0.1 
0.05 

0.2 
48 
0.2 
0.6 
6 1 
7.3 
64 
14 
67 



Tnl)lc 33 (continued) 

Cnulm 

S\sil7~rllnd IDS, U6J 

Unircd Slat- IT31 

Hrarror 

Icihtadt 
Mailcbcrg 

Ilig Hock I'olnt 
I%rou.ns Ferry 1-3 
llrunruick 1-2 
a ~ n t o n  1 
Goper 
Drudcn 2-3 
Dwnc Arnold-l 
Fnrico Fcrmi 2 
F~tzpalrick 
Grand Gulf I 
Ilatch 1-2 
llopc Gcck I 
Ilunrbddt D.y 3 
Llaouc 
Llullc 1-2 
Limerick 1 
Millstone I 
Mmticclio 
Nine Milc Point 1 
Ninc Milc Point 2 
Oyster Crcck 
Pcach Butom 2-3 
I'erry I 
l'ilgim 1 
Qwll Gtiu  1-2 
River Bcnd 1 
Susquchanna 1-2 
Vermont Ynnkcc 
\VI'IJSS-2 

Tdal rclcarc (GUq) 

Hnmalizcd rclww [GBq (GW a).'] 

Average namdizcd rclurr 1985-1989 [GQ (GW a)") 

11 

193.5 

0.001? 
0.01 

0.49 
0.48 
0.85 

0.76 
3 . 4  
0.30 

4.15 
0.020 
2 50 

0.0028 
0.096 
0.55 

1.49 
1.19 
0.45 

3.33 
0 . 3  

0.32 
20.6 

0.94 
0.20 
8.92 

96.1 

3.3 

\\Ws 

IOH6 

0.00038 
I2 

1.60 
0.039 
1.17 

0.15 
216 
245 

0.00001 
276 
0.013 
0.35 

0.0011 
0.020 
0.20 
0.28 
1.35 
0.40 
0.37 

1.55 
0.21 

0.00004 
0.16 
3.35 

0.0009 
0.12 
0.47 
2.44 

19.93 

0.01 2 
0.13 

1.80 
1.07 
5.71 
2 19 
0.39 
4.66 
0.33 
0.088 
1.97 

0.016 
1.24 

1.01 
1.00 
0.21 
0.038 
0.17 
1.33 
1.07 

0.025 
0.40 
1.06 

0.04 1 
1.01 
0.69 
0.018 
0.04 1 
0.12 
15.02 

Nclcrc (Curl) 

1987 

0.037 
0.19 

0.93 
0.066 
4.88 

0.0080 
0.80 
4.70 
3.40 
0.32 
3.94 
0.048 
0.59 

0.0023 
0.016 
1.26 

0.043 
0.23 
0.56 
0.35 
191 
0.60 

0.185 
0.0003 
0.0175 
272 

0.01 1 
0.22 
0.10 
261 

171 

5.6 

0.014 
0.95 

0.8 
0.3 
0 

1.1 
0 
0 

0.35 

Argentina [ClS, C1Ej 

C n a b  [Ad] 

h d ~ a  [B14] 

l9RP 

0.056 
0.078 

0.084 
0.0069 

1.23 
0.34 

0.0036 
42.4 
0.11 
0.62 
261 
0.017 
0.09 

0 
0.0014 

0 . W 8  
0.09 
0.15 
0.26 
0.86 
0.11 
0.17 
0.39 
0.098 
0.01 
0.02 
1.4 

0.014 
0.022 
0.13 
2 9  

422 

13.0 

385 

12.4 

9.1 

0.022 
0.22 

0.3 
0.2 
0 
0 
0 
0 

0.22 

Atucha-l 
Ernblre 

Drucc 1-1 
nrucc 5 6  
Gcnt1lly.2 
P~ckcnng 1-4 
Y~ckenng 5-8 
I'oint Lcprcau 

Lilpkkam 1-2 
Hajarthan 1-2 

338 

10.3 

0.0034 
0.039 

0.4 
0.3 
0 

1.1 
0 
0 

0.20 

0.003 
0.089 

1 
0.2 
0 

0.8 
0 
0 

0.35 

Dabstan 

Rcpublic d Koru [M3] 

0.oOCnS 
0 

0.1 
0.2 
0 
1 
0 
0 

0. U 

Lirach 

Wolrong 1 

Nor rcpafed 

Taal rclcarc (GDq) 

Namalizrd rclarr [GBq (GW a)-') 

Avcrsge oamd~rcd rclcarr 19E5.1989 IGl3q (GW a)"] 

0.006 

0.97 

0.12 

CCHs 

Francc [I31 

Japan [Jl] 

0.23 

7.04 

0.23 

3.51 

0.37 

DUFY 1 
Cn~non N . 3  
St. Lnurenl A1-2 

Tckni-1 

0.15 
0.5 
1.3 

0. Z 
0.1 
1.2 

2 44 

0.26 

0.006 

1.46 

0.14 

0.13 
1.3 
0.5 

0.12 
0.23 
0.4 

0.33 
0.21 
0.26 



' A clash i n d ~ a t u  that thc ruccn w a s  n a  ycc In operation. 

Cowthy 

Spain [ e l ]  

United Kingdm 
[N6. 1'1, S4j 

Hcaror 

Vandellor 1 

llcrkclcy 
Uradwdl 
Caldu llall 
O~apc(aosr 
Dungcnru A 
Dungcncrs I3 1-2 
Iimlepod AI-A2 
llcyrham 1A-B. ?A-B 
ILnkJcy Ycint A 
1Lnklcy Pant U, AB 
lluntcrston A1 
Htm!crnon ~ i - 2  
Oldbury-A 
Siuwdl-A 
T a n o s  A-B 
Traurfynydd 
wywa 

T a d  rclcarc (GBq) 

Xamdizd rdcasc [GBq (GW a).'] 

Avcragc namrlircd rclusc 1985-1989 [GBq (GW a).'] 

LWCRn 

0.68 

Rclrrue (GRq) 

1087 

0.08 

0 
0.1 

0.2 
0.1 
0 

0.1 
0.3 
0.6 

0.084 
o.n 
0.3 
0.4 

0.6 
0.1 

5.16 

0.63 

1 OaS 

0.05 

0 
0.1 

0.2 
0.1 
0 
0 

0.3 
0.5 
0 

a 2  
a 2  
as 

0.5 
a 1  

4.25 

0.62 

1985 

0.19 

0.03 
0.08 

0.2 
0.1 
0. 01 
0.05 
0.3 
0.5 

0.098 
0.14 
0.1 
0.6 
0.17 
0.3 
0.2 

3.87 

0.53 

USSR IGZ 1141 

lo36 

0.07 

0 
0. I 

0.2 
0.3 
0 
0 

0.3 
0.6 

0.065 
0.22 
0.2 
1.4 

0.5 
0.1 

6.01 

0.96 

1989 

0.27 

0.0'26 
0.06 
0.6 

0.2 
0.1 

0.01 
0.05 
0.3 
0.5 

0.1 1 
0.083 
0.1 
0.5 

0.023 
a 2  
0.1 

4.01 

0.51 

&lo)arsky 2 
Bilitino I 4  
(hcmobyl 1-4 
Ignalina 1-2 
Kwsk 1-4 
Lcningad 1-4 
Smdcnsk 1-3 

TaaI rcluw (GBq) 

N a d i r c d  release [GBq (GW a)"] 

Avuagc n u m a l i d  rcluw 1985-1989 [GBq (GW a)"] 

14.8 
38.0 
153 
9.45 
4.40 

220 

20 

8.78 
48.6 
7.29 
12.2 

FURS 

12 

76.9 

9.1 

France jS6) 

USSR 

Umtd ljngdcm [N6j 

3.33 
91.8 
5.40 
8.64 

109 

12 

Gcp-Malvillc 
Phm~x 

0elo.yarrky 3 

Dounrcay 

3.55 
43.2 
4.05 
11.2 

Taal rclure (GBq) 

Namalizcd rclcarc [GBq (GW a).'] 

Avctagc narnal~zd relcav 1985-1989 [GBq (GW a).'] . 

28.5 
0 

49.7 
1.74 
20.3 
9.45 
4.86 

62.0 

6.5 

0.002 
0.03 

115 

9.6 

0.03? 

0.74 

0.01 
0.02 

0.013 

0.19 

0.073 

0.19 

0.007 
0.02 

0.010 

0.037 

0.10 

0.007 
0.02 

0.032 

0.008 
0.02 

0.056 

0.059 

0.3 

0.084 

0.22 



Corvlny Xcoctor 
Rc le~r r  fGBqJ 

19.95 

Dclgium [hi61 

nrazil [CIJ 

Uulgaria [Clb] 

China. Tawan Provincc [T2) 

Crcchoslwaba [XI I] 

Enland [F2] 

France [EJ] 

Germany, Fcdnal Rcpublic d 
[B4. 09, S7] 

Hungary IF31 

Italy [CL?] 

Japan [Jl] 

Ncthnlands [MS] 

Kcpubi~c d Korea [M3] 

South Africa ICO] 

- 198.9 

I'\CuJ 

Doel 1-4 
Tihangc 1-4 

h g r a  1 

Kdoduy 1-5 

M~snshan 1-2 

Bohunicc 1-4 
Rukomny 1 4  

h ~ i w  1 2  

Dellc~illc 1-2 
Dlayais 1-4 
Bugey 2-5 
G ~ ~ c n a n  1-2 
Chinon 81.84 
Chmz-A (Ardcnncs) 
Ciuas 14 
Dnrnpicrrc 1-4 
Fcsrcnhcirn 1-2 
Flamanville I-? 
Gnvdincr 1-6 
Kogcnt 1-2 
Paluel 1-4 
St. Nban 1-2 
St. Lawcnt Dl-2 
Trimstin 1-4 

Biblis A-B 
Brdcdaf 
Emsland 
Grdcnrhcinlcld 
Grcifswald 
Grohndc 
lsar 2 
h ~ i d h c i n i ~ ~ r l ~ c h  
Ncchrwcsrheirn 1-2 
Ohighcirn 
I'hilippsburg 2 
Stadc 
Unleruua 

Paks 1-4 

E ~ i c o  Fcrrni (Tr~no) 

G c h -  1-2 
Ikata 1-2 
Mihama 1-3 
Oh 1-2 
Scndai 1-2 
Takaham 1 4  
Tunart-1 
' irwug-2 

IJarasele 

t i a t  1 
Ka1 2 
) ;a1  34 
Ulchin 1-2 
Ymggwang 1.2 

Kabcrg 1-2 

1989 19116 

46700 
46100 

1987 

54300 
SJSOO 

Nor rcporral 

72600 
6 9 ~ ~  

49400 
58000 

G600 

12560 
6900 

9300 

80000 
79000 

2000 
98000 
7000 
17000 
-XmO 

100 
05000 

31000 
3000 

30000 
72000 

3000 

22000 

7200 

13000 
5300 
13000 
6200 
?lo00 

66 00 

3600 

21 000 
31000 
lGOOO 
29000 

XKilCl 
37000 

5700 

IPQOO 
10600 
1?2W 

56600 
49600 

4120 

14590 
2800 

13000 

87000 
87000 

100 
4o(yM 

11 1000 
48000 
77000 
38000 
7000 

114000 

65000 
16000 
40000 
61000 

29000 
100 

14000 

8000 

1900 
11000 
4100 
22000 
7100 
14MM 

7200 

69 

32000 
33000 
22000 
41000 
27000 
44000 

5600 

8400 

10900 
14000 
24600 

3970 

lSl00 

Nor reporred 

15440 

13650 
13700 

13000 

200 
76000 
64000 
12000 
48000 
107000 
SMXX) 

57000 
36000 
42000 
97000 
1000 

86000 
29000 
43000 
54000 

24000 
25000 

16000 

16000 

4900 
12000 
5700 
13000 
6100 
14000 

11800 

5350 

29000 
3 3 m  
24000 
33000 
34000 
48000 

23300 

4600 

18300 
%GOO 

17700 

lo800 

l4dOO 

8280 
I46Ml 

16000 

19000 
63000 
62000 
23000 
50000 
71000 
49000 
54000 
33000 
36000 
62000 
15000 
IOOOOO 
21000 
31000 
55000 

24000 
940 
1700 
14000 

13000 
1 800 
10000 
7400 
3800 
13000 
60m 
12000 

16400 

63 

17000 
21000 
21000 
Moo0 
41000 
70000 

440 
4070 

69 00 

7810 
12100 
30300 
2430 
7740 

3 2 W  

17400 

10440 
18000 

lSOOO 

29000 
MW)o 

51000 
24000 
47000 
11OOOO 
36000 
Moo0 
24000 
33000 
91000 
a 0 0 0  
1OOOOO 
37000 
43000 
54000 

25000 
13000 
13000 
14000 

13000 
7100 
1700 

17800 
4400 

21000 
4600 
15000 

14900 

67 

26000 
34000 
13000 
26000 
3 8 0  
40000 
2100 
12000 

5700 

16000 
25700 
32fQ3 
6900 

35100 

37300 



Cowtny 

Spdn I C I ]  

Swcdcn IN141 

Suilruland [DS, W ]  

USSR [GZ 114) 

Unilcd Stater IT31 

Hcocrar 

Nmaraz 1-2 
h c o  1 
I\Ko : 
lost Cabrcra 1 
Trillo I 
Vandcllor 2 

Ringhals 2 
Ringhals 3 
Ringhals 4 

h u  1-2 

'=F 

Armenia 1-2 
Balakwo 1-3 
Llinin 1-2 
Khmclnitski 1 
lida 1-4 
h'wovoronczh 3-5 
Rmao 1-3 
South Ubainc 1-3 
Pporozhc 1.5 

Arkansas Onc-1 
Arkanus One-2 
&vet Valley 1-2 
Braidwmd 1 
Braidwmd 2 
Byron 1-2 
Gllaway 1 
Glvcrt Cliffs 1-2 
Gtawba 1 
Glawba 2 
O y u l  River 3 
Davis.Bcrrc 1 
DiaMo Canyon 1-2 
h l d  Cmk 1-? 
Farlcy 1 
Farlcy 2 
Fm Glhoun 1 
H. B. Robinson 2 
Haddam Neck 
!adtan Po~nt 1-2 
lndran Point 3 
licmuncc 
Malnc Yankce 
M&rc 1 
McGuirc 2 
M~lls~onc 2 
Mlllstonc 3 
North Anna 1-2 
Ocmcc 1-2-3 
Pal~sadu 
Pdo Vcrdc 1 
Palo Vcrdc 2 
Palo Vcrdc 3 
I'otnt Dcach 1-2 
Pnrric Island 1.2 
R. E. Cnnna 
Rancho Scco 1 
Salcm 1 
Salcm 2 
San Ondrc 1 
San Ondrc 2-3 
Squoyah 1-2 
Shearon tlarrir 1 
South Texas 1 
South Tcxa~ 2 
St. Ludc 1 
St. Ludc 2 

Rdt luc  (Gnq) 

1985 

36 100 
9130 
3160 
2540 

19500 
10600 
14600 

WOO0 
,3000 

1968 

47000 
18400 
18.W 

10 
677 
4680 

13100 
ZWOO 
l9l00 

22000 
14000 

1986 

15WO 
11000 
2OMK) 
I160 

13400 
19600 
13500 

41000 
15000 

1089 

49000 
16100 
23-W 
2150 
1 0200 
10600 

12600 
23000 
21700 

lOaM 
12000 

1987 

31100 
13000 
16200 

20 

0.4 

M500 
19200 
14600 

37000 
I2000 

12100 
6920 
5550 

9660 
21600 
17900 
6460 

6510 
2490 
15800 
42200 
2300 
18600 
6160 
11400 

213000 
13000 
12600 
14000 
66 10 
14900 
14900 
6140 

9 M ) O  

45900 
U900 

0 

29600 
25800 
16.330 
3330 

34 200 
21300 
66100 
17600 
3400  

10600 
13500 

7840 
8510 
7620 

2480 
16100 
27200 
4370 
4370 
6400 
773 

5 6 0 0  
2.5700 
26400 
23000 
68 10 
12700 
95500 
12400 
21000 
1 OOOO 
13000 
16900 
16900 
10400 
20000 
57700 
49600 
2340 

0 
0 

30000 
24800 
13200 
24 10 
15200 
16200 
16800 
27400 
9100 

103M) 
10300 

5550 
13000 
2 1 ' ~ ~  
1520 

15200 
16600 
27300 
13500 
13500 
13200 
9100 
25600 
72900 
23600 
16700 
6440 
10100 
117000 
20600 
12600 
13000 
4310 
16200 
1 8 ~ ~ 0  
10600 
21600 
30900 
35100 
4400 

0 
0 
0 

26200 
16500 
2090 
677 

14000 
24500 
84000 
30300 
4400 
9160 

12500 
12500 

9250 
9030 
l5lOO 
10100 
9030 
37400 

. 33000 
U 100 
13100 
13100 
16900 
1300 

15900 
40700 
19100 
27900 
6560 
19600 
43700 
16200 
21200 
12300 
10600 
19600 
19600 
9580 
20200 
71800 
26300 
l 0500 

0 
0 
0 

13200 
15000 
12900 
3740 
23500 
13600 
MIdD 
23800 
7440 
14800 
7360 

10200 
IOZOO 

14097 
16250 
22977 
20646 
2DbM 
47730 
2153 3 
8732 
16465 
16465 
12720 
8843 

34595 
3U38 
25663 
22496 
6436 
6068 

178000 
20720 
12697 
12617 
15614 
15651 
15651 
U542 
3 7 8 9  
51600 
37740 
2962 

0 
0 
0 

2D683 
17168 
21904 
2 9 7  

- ~ ~ 3 3  
18907 
35594 
48100 
42550 
16946 
11729 
10064 
14985 
14985 



172 UNSCEAI~ 1993 I U - P ~ I ~ T  
-------.-- -. -- 

Tnblc 34 (conlinucd) 

Covlny 

LJnilcd Stales (continud) 

Yugorla\in [FI] 

Reortor 

Suny  1-2 
Three hhle l r lmd I 
Thrce %file Islmd 2 
Trojan 
Twkcy Point 3 
':.ukcy Point 4 

Virg'l C. Sumrnrr 1 
Vogllc 1-2 
W a l n f a d  3 
Wolf Creek 
Yankee h E  
ZIon 1-2 

k s k o  

T d a l  rclcaw ( G h )  

Sarna l i rcd  release [GDq (GW a)"] 

Avcragc n a m a l i d  release 1965-1969 [GBq (GW a r ' )  

Rclcnrc (GHy) 

1985 

26600 
335 
0.06 
9610 
1600 
1600  
llSOO 

940 
6770 
8440 
24300 

10900 

Z3M000 

26000 

3 0 0 0  

1986 

32300 
6250 
0.06 
5290 
13500 
13500 
13900 

15900 
13900 
6510 
26400 

13000 

7350000 

24200 

1987 

30200 
n 9 0  
0.05 
6460 
9950 
9950 

27200 
11900 
19300 
11700 
6100 
24300 

loso0 

26M000 

25100 

3 3  
112 

1600 

MO 
1200 
650 
1WO 
770 
490 

11,W 

3400 
440 
1700 
16 
41 
120 
740 
410 

270 

120 
100 

950 
950 
44 1 
44 1 
1060 
386 
386 
330 
527 

400 
520 

13.0 
293 
214 

673 
944 

1900 

500 
1600 
750 
950 
620 
390 

97 

2300 
700 
1700 
36 
63 
260 
520 
350 

170 

70 
160 

490 
490 
630 
630 
330 
610 
610 
335 
533 

320 
440 

21.7 
75.1 
714 

1 QB8 

18300 
I I1fi 
0.2 

13900 
11100 
l l l W  
27900 
14400 
16600 
lSOOO 
7250 
35900 

16330 

2560000 

22600 

e\r%r 

174 
95.1 

1200 

670 
1200 
470 
760 
900 
710 

1120 

4100 
410 
24 00 
61 

24 
310 
590 
350 

170 

540 
3 0  

YO 
29 0 
580 
560 
150 
3 0  
260 
110 
5 3  

270 
260 

47.0 
1230 
366 

Qlirn. T a ~ u a n  Province [TZ] 

Finland [F2] 

Gcrmany. Fa lna l  Republic d 
[BJ. D'J] 

India 

Italy [ a 2 1  

J~pan [Jl] 

Mcxico [C19] 

Scthcrlands [MS] 

Spain [CZI] 

Su~cdcn [S14] 

Suirznland [DS. D6] 

Uwtcd S ~ a ~ e r  1131 

1989 

15873 
13801 
0.036 
IIMX) 
84 73 
8473 

25345 
33966 
13256 
21756 
6216 

38739 

12000 

2970000 

24200 

205 
529 

1300 

510 
1ZOO 
610 
880 
550 
410 

29 

$00 
960 
1500 

0 
110 
130 
460 
440 

1M 

30 
490 

2UO 
260 
705 
705 
390 
735 
735 
430 
639 

300 
410 

12.8 
54 .O 
1150 

Chin Shan 1-2 
Kumhcng 1-2 

'IVO 1-2 

Urunsbirttel 
Gundremmingrn I3.C 
lsar 1 
h iunmcl  
t'hilippsburg 1 
Wirgruen  

Tarapur -1 
Tnrapw-2 

G o r r o  

Fukurhrma Darichr 1.6 
Fukurhima Winr 1.4 
I l;~rn;loka 1-3 
k~rh iuaza ld  I j r ~ u a  1.5 
Onagaua-1 
Sh~rnanc i-2 
TcJra~ 2 
Tswuga I 

Lyru V n d c  (.\.lark 11) 

Dnlcuaard 

C o n f r c n ~ a  
S. Marla dc Garona 

Brrvbcck 1 
Uarrekck 2 
Forrmark 1 
Forrnurk 2 
Forsnurk 3 
Orkanharnn 1 
Oskarrhamn ? 
Oskarshamn 3 
Rin&alr 1 

L e i h u h  
Miihlehng 

Dtg Rock Pornt 
Drown, Frny  1-3 
Brunsuick 1-2 

1720 
1150 

1300 

270 
1500 
510 
690 
480 
960 

6.3 

2600 
l500 
1300 
170 
75 
260 
1lW 
240 

1120 

2W 

70 
60 

400 
400 
760 
760 
5% 
490 
490 
220 
665 

440 
S O  

23.6 
0.7 

3 . 9  - 



Coruln), 

United Statu (wn~inucd) 

Hcocrr~r 

Qinton I 

= T c r  
Diosden 2-3 
Duane Amold.1 
h i c o  Fcrrni 2 
Fityratrick 
Crand Gulf 1 
llatch 1-2 
llopc G r c k  1 
I lurnbdd~ Day 3 
laaosse  
Iarallc 1-2 
Limcrick 1 
Millaone 1 
Maticcllo 
Nine Milc Point 1 
Nine Milc Point 2 
Oyster Crcrk 
Puch Boltom 2-3 
Pcrry 1 
Pilgrim 1 
~ u a d  Gdes 1-2 
Rivcr Bcnd L 
Susqucha.ma 1-2 
Vcrmonl Yankee 
WPPSS-2 

Taal  rclease (GBq) 

h'amalizcd relcaw [GDq (GW a).'] 

Avcragc namalizcd iclwsc 1985-1989 [GBq (GW a ~ ' ]  

I OK7 

187 
276 
1.32 

155 
191 

2120 

40.0 
4740 
14.4 
42.6 
662 

0 
0 

0 
1670 

269 
126 

338 
0 

555 

Hclcarc (GBq) 

I987 

69.2 
166 
825 
0 

38.9 
91.6 
677 
1040 
353 
0.03 
1720 
40.7 
223 
659 
0 
0 

17.1 
72.5 
1720 
106 
119 
256 
276 
692 
0 

2080 ' 

IPS6 

206 
470 
0 

11.1 
185 
544 
1060 
0.26 
247 
2130 
5.07 
76.2 
197 
0 

81.0 

39.6 
1650 
0.1 
370 
238 
169 
570 
0 

4700 

33500 

900 

UWRI 

32200 

750 

790 

34700 

870 

1983 

107 
154 
636 
0 

M.5 
328 
496 
16-W 
346 
0.03 
170 
64.6 

0 
1400 

0 
0 

293 
599 
359 
272 
212 
x 9  
357 
537 
0 

51.1 

320000 
16000 

1066000 
31000 
31000 
333000 
377000 
24000 

16670 
6470 

36800 

lZoo0 

227000 

?76OOO 

Algcntina [C15, CIS] 

Gnada [A61 

h d a  [Dl41 

Pakistan lP3j 

Republic d Korea (M3] 

1989 

55.1 
202 
677 

0 
46.1 
n . 1  
468 
1690 
870 

O.M2 
103 

39.6 
999 
1690 

0 
0 
300 
147 
740 
258 
67.7 
ion 
592 
1014 

0 
75.1 

26-W 

640 

Average namalizcd rclcasc 1965-1969 lGBq (GW a)"] 

260000 
79000 

1376000 
42000 
42000 
64000 
64J000 
110000 

30450 
15360 

49000 

36610 

2990000 

3 16000 

Alucha-1 
Embalsc 

Bruce 14 
Bruce 5-8 
Gcnully.2 
Pickcring 1-4 
P~ckering 5-6 
1'01r.t Lcprwu 

Mplkkarn  1-2 
Rajasthan 1-2 

Kanch~ 

Wolrong 1 

34200 

780 

374000 

360000 
160000 

111OOOO 

5~0000 
520000 
444000 
1687000 
96000 

30410 
4950 

39600 

50780 

5020000 

489000 

590000 
170000 

1550000 
58000 
58000 
59300 
1073000 
120000 

63aDO 
28670 

25400 

14520 

4400000 

429000 

Taal release (GEq) 

N a m a l i ~ d  release lGBq (GW a)-'] 

300000 
Zoo00 

1639000 
4 8 W  
48000 
592000 
BSOOO 
320000 

90690 
23550 

loo00 

6M10 

3440000 

334000 

GCKI 

Francc [IfP] 

Japan 1111 

Spain [CZI] 

Llmted Gngdan  
[Nb, PI, S4) 

2000 
30Q 

0.2 

263 

100 
6200 

Uugcy 1 
Chinon A.2-3 
St. Lewenl AI-2 

Tokat . l 
Vandcllos I 

Dcrkci cy 
Dradu,di 
Calder thl l  

9000 
3Oa3 

0.05 

74Kl 

no 
790 

100 
0 

22 

3530 

1200 
1600 

17000 
-so0 
.SCm 

31 

6210 

-500 
1300 

0 
1 0 0  

5.2 

83.4 

3530 
%O 



A dash i n d i n l a  that the rcacto u-as n u  y o  in opcratlm. 

Couln). 

Uniled L n g d a n  (cuntinucd) 

Reactor 

Chapelcrorr 
Dungcnul A 
Dungenas B 1-2 
I lartlcpod A1 -M 
llcyrhrm IA-B, LA-B 
ll~nklcy Pant  A 
Il~nlrlcy Punt B, A B  
l lunturton A1 
l luntcrrton Dl-2 
Oldbury-A 
Sizcwcll-A 
T a n u s  A.8 
Trawfynydd 
Wylfr 

T a d  rclcasc (GBq) 

Nurnalized relcasc [GBq (GW a)-'] 

Average n u m a l i d  rr lusc 1985-1989 [GBq (GW a)-'] 

Hdeclrc (Gllq) 

1995 

900 
8M) 

46400 
22400 
24700 
22600 
336000 

1900 
342000 
800 
9900 

2400 
7000 

848000 

119000 

L\I'CKI 

120000 

USSR [GZ. 1141 

1986 

200 
2400 
297lX) 
45600 
56200 
21M) 

2S7000 
1100 

366000 
900 

3100 

600 
8700 

785000 

131000 

1968 

550 
340 

22900 
33600 
112000 
2760 

272000 
2200 

292000 
890 
760 

550 
7300 

769000 

1 ISOOO 

1987 

700 
?W 
6800 

31900 
82900 
S4W 
l6POOO 
I300 
%yo00 

900 
2300 

3SW 
6200 

567000 

97800 

Bcloyarsky 2 
Uilitino 1-4 
Qlcrnobyl 1-4 
Igalina 1-2 
Kwsk 1-4 
Lcningad 1-4 
Srndcnrk 1-3 

1989 

630 
?no 

l 6 m  
112000 
195000 
1140 

266000 
760 

333000 
fZ0 
2100 

490 
MOO 

937000 

134000 

Only atnogc  normalized rcleare r q a t d  

T a a l  rdcare (GBq) 

Namalized release [GBq (GW a)"] 

Avcregc numalizcd rclurc 1985-1989 [GBq (GW a)"] 11000 

FUR6 

France IS61 

USSR 

United h n & r n  

100 
0 

100 

370 

Average n u m a l i d  rel- 1965.1989 [GDq (GW a).'] 

Gcys-M~lri l lc 
Phcn~x 

Bcloyarsky 3 

Darnruy  

3000 

T a d  releare (GBq) 

Narnalizcd reluv [GBq (GW a).'] 

0 
0 

0 

0 

0 
0 

2900 
0 

2900 

11OOO 

300 
0 

0 

0 

300 

1100 



Corntry Rcmror 

~'\+'KI 

Xclclrrc (GllqJ 

1965 

3.7 
62.2 

Iklgium [M6] 

1987 1986 

14.0 
52.4 

Docl 1-4 
Thangc 1 1  

21.3 
57.3 

11.0 
57.4 

Brazil [Cl] 

Bulpria [Clb] 

miria. Taiwan Province [T2] 

Gecharlovalda [h'l 1) 

Enland [F2] 

France [Ed] 

Gcrmany. Fcdcral Rcpublic d 
IB4 B9. SI] 

H ~ P ~ Y  PI 

l ~ a l y  [ C 2 )  

Japan [Jl] 

h'rthcrlandr [MS] 

Republic d Korea [M3] 

1969 

22.5 
77.3 

Anpa  1 

K d o d u y - 1 - 2  
Kdoduy-3-4 
Kc~loduy-5 

M a a n s b  1-2 

Bohunicc 1-4 . 
Duko~any 1-4 

L o \ i i s  1-2 

Bellcrillc 1-2 
Blayais 1 4  
Bugey 2-5 
Cat~cncm 1.2 
Cninon B 1-B4 
O m z - A  (Ardcnncs) 
Guas 1-4 
Darnpicrrc 1-4 
Fcscnhcirn 1.2 
Fiarnanvillc 1-2 
(iravelina 1-6 
h'oecnt 1-2 
Paluel 1-4 
St. Alban 1.2 
S!. Lawent R1-2 
Tncasrin 1 4  

Bibl~s  A-B 
Drokdaf 
Fmland 
Grafcnrhcinleld 
Grdfswdd 
Grohndc 
lsar 2 
MGlhcirn-Erl~ch 
KccLarwcstheirn 1-1 
Obighc~rn 
Phillppshurg ? 
S ~ a d e  
Vntcrwcsc; 

P a b  1-4 

h ~ c o  Fcrnli (Trine) 

Gcnka~ 1-2 
kata I-? 
htlharna 1-3 
Oh 1-2 
Scnda~ 1-2 
Takahama 1-4 
Tmari-1 
Tswuga-2 

Dorssclc 

K a l  1 
K a t  2 
K a ;  3 4  
Llclun 1-2 
Ycnggwang 1-2 

I969 

0.81 
0.78 

3.3 

0.64 
0.012 

18 

87 
177 

6 1 
8 
26 

q ~ 2  
37 
0.5 
120 

98 
6 

369 
140 

'4 

0.035 

A'or rcporred 

0.71 
0.76 

1.01 

0.81 
0.021 

13 

1 
. 75 

168 
8 
56 
10 
12 

212 
27 
62 
109 
1 

160 
88 
17 
53 

3.8 
0 

0.07 1 

0.064 

0.13 
0.1 

0.41 
0.32 
1.3 

0.23 

3.19 

54 

0 
0 

0.017 
0.0034 

0 
0.0027 

0.0017 

1.9 

0.71 
0.33 
4.31 

1.69 

0.83 
0.65 

295 

0.33 
0.036 

17 

104 
176 
0.4 
89 
9 
19 

138 
42 
39 
153 

175 
73 
58 
62 

2 3  
0 

0.15 

0.01 1 

0.68 
0.M1 
1.24 

0.23 

0.22 
0.30 

15 

3 
75 
117 
3 
63 
7 
11 
75 
26 
111 
96 
6 
5: 
30 
10 
35 

0.12 
0 

0.023 
0.054 

0.082 
0.0039 
0.019 
0.033 
0.38 
0.69 

1 
0.1 

201 

3.6 

0 
0 

0.021 
0.00021 

0 
0 
0 

0.00014 

5.0 

3.09 
0.23 
0.40 
2 15 
TOY 

1 :$ 

0.83 
0.60 
1.09 

1.61 

0.06 
0.30 

21 

24 
56 
160 
10 
56 
17 
11 
35 
23 
23 
130 
22 
57 
23 
18 
36 

L26 
0 

0.013 
O.ME 

0.25 
0.E 
0.38 
0.07 
0.41 
0.29 
0.56 
0.23 

2 9 1  

2 2  

0 
0 

0.0065 
0 
0 
0 
0 

0.00059 

3.7 

209 
0.14 
0.215 
1.73 
1.34 

0.3 
0.77 
0.017 

1.2 
0.72 

1.31 

61 

0 
0 

0.0'12 
0.021 

0 
0.0081 

5.7 

0.32 
0.60 
050 

0.58 
0.25 
1.5 

0.23 

1.09 

42 

0 
0 

0.015 
0.016 

0 
0.013 

0.M013 

2.7 

0.85 
0.63 
3.35 

0.214 



Counay 

South Africa [ Q O ]  

Spin  [C? 11 

S u d c n  (N14j 

Suitzcrlnnd [DS, D6] 

USSR [G& 1141 

U P ~ I &  S ~ I C S  ~ n ]  

R c u ~ o r  

Kabrrg 1-2 

Nmaraz 1-2 
h w 1  
kc0 2 
JosC Ghrrrr 1 
Trill0 1 
Vandcllos 2 

Ringhals 2 
hnghals 3 
Ringhals 4 

13emau 1-2 
GEagcn 

Armenia 1-2 
Balakwo 1-3 
Giinin 1-2 
Khmelnitski 1 
K d a  1-4 
h'ovovoronczh 3-5 
Rorno 1-3 
South lka inc  1-3 
Zaporozhc 1-5 

Arkansas Onc-1 
Arkansas Onc-2 
B ~ J V ~  valley 1-2 
Braidwmd 1 
Braidwood 2 
Byron 1-2 
Callamy I 
Calvcrt Cliffs 1-2 
Calawba 1 
Cauwba 2 
Gpta l  Rivcr 3 
&\is-Durc I 
DiaMo Canyon 1-2 
Dmald Cook 1-2 
Farley 1 
Farlcy 2 
Foti Glhoun I 
I I. B. Rd~nson ? 
Iladdam Ncck 
Indian Potnl 1-2 
Indian Point 3 
Kcuauncc 
Mainc Yankee 
McGuirc 1 
McGuirc 2 
Millstone 2 
Millstonr 3 
Kath  Anna 1-2 
Ocmcc 1-2-3 
Palisade 
Pnlo Vcrdc 1 
Palo Verdc 2 
Palo Vudc 3 
Point Bcach I-? 
Rairic Island 1-2 
R. E. Gnna 
Rancho Scco 1 
Salem I 
Salem 2 
San Ondrc I 
San Ondrc 2-3 
Scquoyah 1-2 
Shcaron I larris 1 
South Tcxar I 
South Texas 2 

1 9.90 

1.69 

18.7 
103 

75.6 
44.9 
1.1 

24.6 

525 
37.7 
41.4 

21 
0.0096 

75 5 
98.1 
20.2 
925 
93.2 
235 
0.37 
76.6 
127 
12.7 
8.73 
6.61 
59.6 
29.8 
2 7  
zn 
20.8 
10.4 
14.4 
23.6 
21.9 
45.1 
6.77 
9 
57 

392 
220 
429 
141 
0.14 

0 
0 
0 

ZM 
6.4 
3 

0.08 
115 
132 
25.4 
34 

13.1 
8.95 
112 
0.43 

1959 

1.47 

18.9 
264 
316 
20 

3.59 
8.34 

46.6 
82.0 
46.6 

5.9 
0.0081 

138 
165 
3.n 
317 
112 
51.8 
286 
97.7 
M. 1 
20.1 
8.55 
6.22 
74 

16.4 
295 
3.16 
11.4 
35.7 
25.4 
105 
11.9 
18 5 
129 
95.1 
95.1 
329 
117 
16.0 
115 
1.27 

0 
0 
0 

3.54 
9.44 
1.27 
0.21 
119 
120 
26.3 
42.9 
16.6 
2.97 
6.29 

I 9B( 

75.4 
70.6 
1.88 
9.76 

47.5 
20.9 
58.7 

6.9 
0.16 

13 1 
161 
4.18 

603 
0.18 
66.1 
46.6 

55.9 
6.65 
118 

83.6 
249 
1.39 
10.6 
34.6 
3.12 
68.5 
15.5 
50.0 
1.15 
23.0 
23.0 
170 

188 
154 
2.16 

0 

70.3 
1.0: 
19.3 
0.27 
107 
1W 
268 
414 
53.7 

1986 

3.36 

30.1 
97.7 
84.1 
173 

102 
57.6 
26.9 

0.00001 
O.OB9 

188 
127 
4.40 

150 
1.42 
66.2 
14.1 
14.1 
30.0 
2.28 
411 
12.4 
3.77 
3.06 
3.10 
9.657 
11.47 
134 
7.22 
19.7 
11.1 
23.6 
28.6 
166 
111 
34.8 
112 
5.18 

0 
0 

592 
22.2 
139  
0.054 
16 1 
226 
31.5 
30.3 
6.11 

Hclcasr (GBq) 

1987 

7.8 

7.7 
69.1 
217 
11 

0.03 

102 
26.7 
46.1 

8 
0.0026 

90.7 
685 
24.8 
1.85 

91.8 
18.2 
192 
24.2 
24.2 
35.3 
241 
106 
74 

1.66 
1.71 
7.51 
27.2 
15.8 
223 
12.6 
47.7 
32.6 
58.1 
56.1 
151 
200 
J P  
107 

3.42 
0 
0 
0 

27.9 
223 
218 
0.021 
123 
151 
31.2 
19.9 
172 
33.6 



T n b l c  35 (conlinucd) 

C o w r ~  

Uni~ul SIRICS (con~inud) 

Yugoslavia [FI] 

Hrarror 

St. Ludc 1 
St. Ludc 2 
Suny 1-2 
Three hGlc Island 1 
Tuce Milc lslmd 2 
Trojan 
Turkey Point 3 
Twkcy Poinl 4 
Viril C. Summer 1 
Voglle 1-2 
Waterfad 3 
Wolf Creek 
Yankcc hTS 
Zlm 1-2 

k s k o  

Hrlrasc (GBq) 

Taal rclwse (GBq) 

Namalircd release [GBq (GW a).'] 

Average namalized release 1985-1969 [GBq (GW a).'] 

1085 

101 
102 
316 
0.U 

0.0066 
17.2 
16.6 
16.6 
26.2 

10.7 
73.5 
0.63 
87.7 

13.4 

5 6 s  

66 

45 

l OS6 

93.6 
69.9 
324 
0.52 

0.0009 
9.77 
9.36 
9.36 
12.1 

149 
63.6 
0.50 
59.2 

4.55 

5500 

56 

12.0 
115 

36 

0.4 
0.84 
0.56 
0.013 
0.56 
0.55 

16 

0.0067 
0 

0.014 
0 
0 

0.0061 
0 

0.0093 

14 

0.36 
1.19 

33.4 
33.4 
122 
I?2 
14 
29 
29 
2 

42.9 

0.026 
6.6 

8.77 
41.4 . 
17 

1.1 
0.54 
1.6 

0.062 
0.5 
1.1 

15 

0 
0 

0.012 
0 
0 

0.0059 
0 

0.011 

11 

1.26 
209 

12.8 
12.8 
163 
163 
4 
49 
49 
7 

30.4 

0.4 1 
14 

14.6 
91.8 

33 

0.35 
0.22 
0.27 
0.022 
0.44 
0.96 

12 

0 
0 

0.011 
0.00073 

0 
0.0040 

0 
0.0036 

15.03 

11 

0.24 
0.32 

14.4 
14.4 
165 
165 
4 

149 
149 
13 
56.5 

0.48 
4.6 

China. Taiwan Province IT21 

Finland [FZ] 

Germany, Federal Republic d 
PJ. B9] 

India 

Italy [ a 2 1  

Japan [JI] 

Mcldcn [C19] 

Kclhcrlanb [MS] 

SpY'n 1011 

Swcdcn [XI41 

Suiucrland IDS. D6] 

1967 

22.0 
20.1 
19 1 
1.63 

0.0043 
7.73 
13.8 
13.8 
16.1 
21.3 
47.4 
10.7 
0.58 
58.1 

1.68 

4320 

40 

~%\+'UL 

10.1 
8.M 

14 

0.81 
2 7  

0.41 
0.36 
0.78 
1.9 

20 

0.037 
0 

0.056 
0 
0 

0.007 
0.13 

0.019 

I5 

0.96 
8 

32.4 
3?.4 
180 
180 
20 
-W 
-3 
2 

.%.8 

0.6 
2.4 

Chin Shan 1-2 
Kuahcng 1-2 

W O  1-2 

Brunsbi~~~rl 
Gundrcmrningcn B,C 
Isar 1 
k h m c l  
Philippsburg 1 
Wirpssen 

Tarapur-l 
Tarapw-2 

Caorso 

Fukush~ma Daiichi 1-6 
Fukushima Daini 1-4 
Hamaoka 1-3 
Kashiwazald Kariua 1.5 
Onagawa- 1 
Shirnane 1-2 
Tokai 2 
Tsurup 1 

Laguna Verdc (Mark U) 

Daicuaard 

Confrcnles 
S. Maria de Cmrona 

Darscbcck 1 
Barschcck 2 
Forrmark 1 
Forsmark 2 
Forsmark 3 
Oskarshamn I 
Oskarshamn 2 
Obkarrhamn 3 
Kin&als I 

Libladl  
MLhlcberg 

10.1 
3.61 

35 

0.49 
4.8 
0.87 
0.012 
0.97 
1.2 

58 

0.01 
0 

0.03 
0 
0 

0.W89 
0.12 
0.01 2 

9.6 

0.63 
1.13 

60 
80 
3 3  
'33 
174 
41 
41 
3 

63.4 

0 . W  
13 

1 OR8 

9.77 
9.56 
89.2 
1.72 

0.0: 1 
7.44 
12.1 
12.1 
27.9 
61.4 
52.2 
14.0 
263 
132 

1.71 

4460 

38 

1989 

9.47 
9.36 
143 
0.6 

0.012 
5.96 
5.85 
5.85 
-50.7 
14.9 
47.4 
26.8 
0.18 
127 

0.63 

3840 

31 
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Cowrrry 

Un~~cd Slatcs IT31 

Nracror 

l3ig Hock I'oin~ 
Ilrou*m I'crry 1-2 
Drunruick 1-2 
Clinton 1 

k c r  
Dradcn 2-3 
Duane Arnold-I 
Enrico Fcrmi 2 
Fitzpalrick 
Grand Gulf 1 
llatch 1-2 
llopc Gcck 1 
llumbddt Uay 3 
I a a o s c  
Iasallc 1-2 
Lirncrick 1 
htillstonc 1 
%footiccllo 
Ninc Mile I'oin~ 1 
Ninc Milc Poinl 2 
Oystcr Crcck 
Pcah Batom 2-3 
Fctry 1 
Piljgirn 1 
Quad G ~ i a  1-2 
Riva Bcnd 1 
Susquchanna 1-2 
Vcrmont Yankcc 
WPPSS-2 

Taal rclcarc (GUq) 

Nornalizcd rclcasc [GDq (GW a).'] 

Avcrage normalized rclc~w 1985-1969 [GDq (GW a).'] 

n 

198.5 

5.66 
49.6 
4.26 

481 
75.1 

0.030 

6.66 
7.66 
275 

4.63 
67.7 
142 
0.81 
17.2 

0 
0 

0 
79.9 

39.2 
Y .O 

235 
0 

0.40 

1740 

46 

\lrn 

I986 

262 
19.I) 
4.66 

273.8 
7.92 

0 
0.14 
0.71 
11.1 
29.2 
26.0 
1.74 
185 
0.66 
0.21 
28.6 

0 
0.025 

0 
17.0 
0.14 
7.81 
8.73 
3.92 
29.3 

0 
0.86 

Argcnl~nr [CIS. CIS] 

Cam& (A61 

India [I3141 

Pnhrtrn IF31 

Republic d K o r u  [M3] 

Nclcasc (Gtlq) 

1987 

10.1 
12.0 
26.5 
0.57 
83.3 
14.0 

0 
0.76 
290 
13.5 
30.2 
59.9 
0.44 
42.9 
32.9 
276 
42.2 

0 
0 

48.1 
0.25 
12.2 
0.54 
54.4 
263 
295 
115 
0 

0.45 

1750 

44 

J 985 

6.07 
8.95 
20.8 
4.07 
66.2 
4.29 

0 
274 
1.60 
14.7 
36.4 
26.8 
0.28 
165 
407 
0 

40.0 
0 
0 

114 
0.99 
7.47 
9.25 
132 
207 
20.6 
3.51 

0 
0.23 

51 
1.9 

90 
7 

9.7 
12 
10 
1.6 

13.4 
281 

-%.I 

0.72 

258 

31 

Alucha- 1 
hbl w 

Drucc 1 4  
Drucc 5-8 
Gcntilly-? 
Pickcring 1-4 
l'lckcring 5-8 
Point Lrprcau 

k~lpakkarn 1-2 
Hajarthan 1.2 

Lrach~  

Wolsong 1 

1140 

27 

36 

1989 

8.58 
6.33 
57.7 
0.64 
8 1 

24.2 
0 

6.22 
202 
11.8 
9.16 
38.9 
0.31 
6.25 
14.8 
4,14 
33.5 

0 
0 

8.14 
1.85 
4.18 
42.9 
0.92 
17.9 
41.1 
3.77 

0 
1.66 

1460 

33 

Taal rdure  (GBq) 

Nornalizcd rclcasc (GBq (GW a)-]] 

Avengc narn~lizcd rcleasc 1965-1989 [GBq (GH' a)-'] 

GCRi 

1360 

32 

30 

42 
7.1 

120 
13 
3.5 
20 
20 
1.1 

23.2 
3.50 

20.0 

2 %  

276 

29 

100 
4.5 

50 
3 
12 
23 
20 
0.4 

46.0 
0.39 

40.0 

1.54 

30 1 

29 

35 
5 

0.067 

129 

Franc [FA] 

Japan [Jll  

Spun (CZI] 

43 
5 
57 

0. I 

1 54 

I 3 u ~ y  I 
Chinon K - 3  
St. hwcn! Al-2 

Tokai - l 
Vanddlm I 

% 

2 7  

130 
8 

2 8  
23 
60 
1.9 

48.1 
3.05 

44.0 

1.23 

42 1 

41 

15 
2 

0.03 I 

97.6 

76 
I1 

0.059 

133 

59 
5.8 

20 
9 

1.1 
44 

10 
1.1 

27.6 
4.53 

13.0 

0.16 

195 

I9 - 

4 

3 

0.015 

12.6 



* A dash ind lo lu  that  he r c a a a  was n u  y a  In g e r a u m .  

Cowry 

l lnl~cd L n g d a n  
1x6. PI. S4\ 

Hrnrror 

ncrkclcy 
nradwdl 
Clldrr llall 
Chapcloou 
Dungcnerr A 
Dungcnur 11 1-2 
llar~lcpool Al-A2 
I3c)rham IA-D. U - D  
Fl~nWey Pant A 
ILnWcy Pan1 B. A B  
Iluntcrslon i\l 
Ilunlcrs~on 13 1.2 
Oidbury-A 
Sircwcll-A 
Tornas A-B 
Trawsfynydd 
Wylfa 

Taal rclcxse (GBq) 

Namalizcd rclusc [GBq (GW a)"] 

Avcragc nurndircd releasc 1985-1989 [GBq (GW a).'] 
7 

19.95 

290 
IS10 

X)o 

2190 
38 
18 
9 

3720 
SO 
3.6 
90 

1120 
1010 

430 
48 

l 28430 

1800 

LWGWr 

960 

Rclrarc (GIiqJ 

1987 

240 
710 

500 
570 
18 
34 
24 
960 
19 
1.1 
.W 

560 
7 10 

160 
58 

4760 

800 

J 9% 

320 
720 

s6 
3100 

76 
65 
I5 

450 
39 
1.6 
40 

690 
760 

200 
6 1 

6sJ0 

1140 

USSR [G2 1141 

IPS7 

330 
440 

170 
410 
5 1 
24 
33 
500 
26 
1 
-30 

630 
460 

380 
7 s  

M ~ O  

580 

Bcloyarsky 2 
Bilitino 1 4  
Olunobyl 1-4 
I p l i r u  1-2 
Kursk 1-4 
Leningrad 1-4 
Smdcnrk 1.3 

I QSP 

230 
395 

220 
230 
2 5  
22 
9 
900 

32 
0.62 
40 

410 
360 

2EO 
64 

3260 

470 

KOI repared 

Tdal r e l a x  (GBq) 

Namalizui rclcaw [GBq (GW a)-'] 

Avcragc namalircd rclcasc 1965-1989 [GBq (GN' a)"] 

FHHr 

I-rmcc [Sb] 

USSR 

Umtcd L n g d a n  

GCF-M.~l\illc 
Phmlx 

Dcloprsky 3 

Dounrca y 

Taal rclcuc (GBg) 

N u m a l i d  rclurc [GBq (GW a)"] 

0.1 
0 

0 
0 

0.1 

0.4 

A,rragc numalircd rclcasc 1985-1989 [GBq (GW a)"] 

31 
0 

0 

0 

0.1 
0 

30 

31 

110 

0.1 
0 

0.1 

0.6 

0.1 

0.4 



l'ahle -M 
Composition of mdlonuclides. e x c l u d l n ~  trltlum, rclcnscd In liquid cmuenls from PWRs In the Ilnlted Stntes, 1988 IT31 - 

P A R T  A 

Rcacfm 

I\rltrnsas Qnc I 
Arkanus Onc 2 
Rcam Valley 1-2 
I3niduwd 1 
llnidwood 2 
Ryron 1-2 
Cnllau-ay I 
Calvnt Clills I-? 
Cnrawha I 
(Intawha 2 
Crysral R i m  3 
Ihws-kssc 1 
Diahlo Canyon 1-2 
Donald C . C d  1-2 
Fort Glhoun 
11.B. Robinsm 2 
Iladdam Neck 
Ilarris 1 
Indan Pcint 1-2 
In&an Pant 3 
J o s ~ h  .U. Farlcy 1 
Joseph M. Farley 2 
K~nuncc 
Mainc Yantcc 
McGuirc 1 
McGuirc 2 
Millstaw 2 
Millrtarc 3 
North Anna 1-2 
OraM 1-3 
Palisades 

?'NO 

0.0-36 
0.588 

0 . 0 5 3  
0.102 
0.0044 

0.00048 

0.0455 
0.01 24 
0.0124 

0.0277 
0.0150 

0.00351 

O.OU268 
0.00037 
0.00266 
0.0114 

0.074 
0.074 

0.W8 
0.668 
0.2446 
0.0788 

j l c r  

1.17 
6.18 

0.00102 
0.206 
0 . m  
6 99 

3.16 
1 .V4 
1.04 

0.0214 
O.(X)507 
0.692 
0.263 
0.0121 
0.707 

1.61 
7.81 

0.662 
0.264 
0.199 
0.309 
0.548 
11.1 
11.1 
126 
132 

8.84 
0.0212 

" ~ n  

10.8 
5.96 

0.0216 
7.92 
5.99 
1.08 

O.(K196 
0.326 
0.792 
0.792 
0.118 
0.0336 

1.33 
0.884 
0.644 
0.37 
0.107 
0.186 
0.353 

0.0566 
0.0187 
0.0253 
0.186 

0.0216 
3.05 
3.05 
2.92 
14.5 

0.0829 
0.310 

0.0181 

"CO 

0.0659 
0.00337 
0.0077 
0.250 
0.134 
0.0935 
0.00152 
0.00981 
0.0176 
0.0176 

0.0115 
0.1W 
0.0183 
0.00128 
0.0228 
0.00507 
0.002P8 
0.0137 
0.00045 
0.00071 
0.00024 
0.0134 

0.00309 
0.135 
0.135 
0.381 
0.221 

0.0429 

"FC 

16.0 
1.72 

0.562 

0.555 

6.73 
6.73 

0.525 
1.428 
13.0 
1.37 

18.3 
2.00 

0.078 1 
24.8 
4.33 

0.364 
0.755 
2.93 
1.61 
15.4 
15.4 
9.92 
8.95 

3.12 

%.urn 

0 . 

0.00011 
0.00011 

%o 

30.3 
25.7 
1.65 
297 
96.9 
22  I 

0.139 
17.7 
4.33 
4.33 
1.62 
1.21 
31.6 
2.70 
1.59 
5.96 
0.6% 
2.27 
17.9 
1.47 

0-264 
0.240 
9.92 
2.32 
38.1 
38.1 
1 54 
29.6 

0.618 
23.2 

0.253 

Rclcprc (GRqJ 

"FC 

0.151 
0.280 

0.213 
0.095 1 

1.02 
0.00053 
0.00799 
0.377 
0.377 

0.00028 
0.2 10 

0.0-37 

0.0276 
0.257 
0.167 

0.00551 
0.0100 
0.0718 
0.00903 
0.662 
0.662 
0.37 

0.773 

0.112 

W ~ o  

3.34 
2.49 

0.784 
5.18 
3.22 
11.1 

0.389 
1.22 
2.00 
2.oU 
1.47 
2.W 
7.4 
2.49 

0.302 
5.25 
3.8 1 
0.241 
16.9 

0.562 
0511 
0522 
2.32 
1.84 
13.7 
13.7 
71.0 
228 
4.96 
4.48 

0302 

"Zn 

0.1 18 

0.00066 

0.0.30 I 

0.0149 
0.0149 

0.00017 
0.00331 
0.0659 

0.00158 

0.00239 

0.00025 
O.OOOU1 

0.1 10 
0.110 

0.0747 

dPsr 

0.699 
0.051 I 

0.0247 

0.174 
0.136 

0.00225 
0.00225 
0.156 

0.00126 
0.0725 
0.0136 
0.1 125 

0.00333 

0.00714 
0.00018 

0.0474 
0.257 

O.OU287 
0.00287 
0.2% 
0.0229 

0.0225 
0.0951 

Wsl 

0.0155 
0.00163 

0.0688 
0.01112 
O.(KX)S 
0.0005 
0.00773 
O.(X)131 
0.00514 
0.00607 
0.0157 
0.001 1 
0.0411 
0.00009 
0.00083 

0.00064 

0.00052 
O.OCU55 
0.00035 
0.00035 
0.0829 
0.00166 

0.00568 
0.0258 

9?* 

0.123 
0.340 

0.00205 
0.00205 
0.321 

0 

0.00004 

0.0426 
0.0426 
0.492 
0525 

0.00681 
0.340 

"ti6 

0.29 1 
236 

0.00039 
0.0648 
0.0629 

1.44 
0.02 1 1 

1.17 
0.241 
0.241 

0.031 1 

0.0054 
0.0108 
0.0344 
0.00107 
0.0142 
0.592 

0.035 
0.107 
0.104 

O.OX3 
0.0186 
224 
224 
1.02 
2.1 1 

0.129 
1.81 

0.0014 

"zr 

0.164 
1.68 

0.0355 
0.0338 
0.899 

0.00633 
0.614 
0.152 
0.152 

0.00623 
0.0 107 
0.360 
0.0054 
0.00161 
0.00585 
0.00107 
0.0142 
0.0936 

0.00795 
0.02E8 
0.M14 
0.0353 
0.0186 

135 
135 

0.474 
0.784 
0.0158 

1.12 



'I'nble -34 (continued) 

Rcacrrr 

Palo Vndc 1 
Palo Vrrdc 2 
Palo Vndc 3 
Point kach 1-2 
Prairie bland 1-2 
K.E. Ginna 
Rancho Seco I 
Salan 1 
Salan 2 
San Onolrc I 
San Onofrc 2.3 
Squoyah 1-2 
South Texas I 
St. Lucic 1 
St. h c i c  2 
Summer I 
Surry 1.2 
lhrcc Milc Island I 
lhrcc Milc Island 2 
Trojan 
Turkey Point 3 
Turkey Point 4 
Vogtlc 1 
Watnfad 3 
WdF Geek 1 
Yankee R w c  I 
73011 1-2 

Total rclcnsc (GBq) 

Nc~malizcd activity 
(GBq (GW n r ' l  

92* 

0.00041 

0.00073 
0.0130 

0.00022 

0.0121 
0.00647 

2.27 

0.055 

" ~ a  

1.41 
O.OCKK&l 

0.51 1 
0.385 

0.0144 

0.00157 
0.00155 
U.MS5 
0.00984 
0.0246 

0.00092 
0.00U92 
0.144 

0.0522 
0.00016 

0.0066 

4.83 

0.12 

69Sr 

0.0992 
0.0844 

0.00418 

0.463 
0.625 
0.0013 
0.400 
0.0170 

0.00083 

0.0814 
0.00722 
0 . 0 0 7 ~  

0.0163 
0.103 
0.0295 

4.10 

0 . W  

95tfb 

0.005% 
0.01 12 
0130171 

0.566 
0.242 

0.00&% 
0.403 

0.00013 
0.134 
0.275 
0.275 
0.315 
0.448 

0.01 11 

0.223 
0.00825 
0.00825 

1.15 
1.03 

0.1% 
0.00374 

1.74 

23.5 

0 3 6  

W.9 

0.0130 
0.00237 
0.00167 
0.00069 
0.0873 
0.152 

0.00374 
0.0031)3 
0.0122 

O.ON)3 
0.0009V 

0.00013 
0.0224 
0.0140 
0.00194 
0.00194 

0.00042 
0.00117 
0.0131 

0.67 

0.016 

9 s ~ r  

0.00168 
0.00171 

0.455 
0.1 17 

0.01 15 
0.21 1 

0.137 
0.144 
0.141 
0.3 15 
0.229 

0.00422 

0.121 
0 . W J  
0.0023 
0.736 
0.599 

0.068 1 
0.00374 

1.10 

13.9 

0.33 

"CO 

0.755 
0.148 
0.0596 
0.045 1 

10.2 
11.0 

0.829 
0.810 
9.07 
0.121 
1.82 
1.82 
2.65 
16.4 

0.0231 

1.30 
6.8 1 
6.8 1 
1.92 
1.47 
2.34 

0.00544 
29.7 

315 

7.6 

HC~CUSC (GUdl) 

5 9 ~ e  

0.114 

0.00984 
0.00109 
0.0067 
0.0209 

0.0414 
0.00121 
0.W121 
0.0677 
0.245 

O . ( m 5  

0.0250 
0.0186 
0.0186 

1.18 
0.303 
0.322 

0.00869 
1.06 

9.36 

0.22 

s r ~ r  

0.00196 
0.0601 
O.IW99 

0.88 I 
0.117 
0.157 
0.5 I8 

0.00106 
0.718 
0.655 
0.655 
1.02 
5.96 

0.07 14 

0.755 
0.269 
0.28s 
9.69 
2.38 

0.729 
0.0374 
9.8 1 

115 

2.8 

" ~ n  

0.00127 

0.0203 

0.00152 
0.00051 

O.OZ40 
0.00329 

0.00063 
0.00063 
0.0522 
0.00622 
0.0128 
0.00932 

0.68 

0.016 

"hfn 

0.0057 
0.0148 

0.001W 
0.~XXlQ5 

3.74 
6.44 

0.0104 
0.796 

0.0607 
0.122 
0.048 1 
0.046 1 
0.636 
0.4 1 1  

0.00287 

0.0470 
0.555 
0.555 
1.75 

0.278 
0.448 

0.00307 
0.659 

78.7 

1.9 

jJrc 

8.33 
0.0WT)I 

11.0 
13.0 

0.153 
1.02 
2.71 

1.22 
1.22 
2.26 
10.5 

0.282 

2.78 
1.72 
1.72 
7.29 
4.70 
2.83 

0.151 
2.72 

232 

5.6 

Mhfn 

0.1 1914 

0.12 

0.0029 

"CO 

0.00181( 
0.00008 

0.148 
0.168 

0.00145 
0.0248 
0.0022 

0.00018 
0.WOIX 
0.0332 
0.0259 

0.00186 
0.00012 
0.000l2 
0.0836 
0.0266 
0.026 1 

0.0659 

2.27 

0.054 

Ma 

0.252 
0.313 
0.0318 
0.0003 
47.0 
48.8 
1.91 
8.73 

0.00296 
5.37 
2.27 
2.27 
8.66 
125 

0.847 

0.936 
0.966 
0.966 
35.1 
18.9 
5.44 

0.00133 
47.0 

1110 

26.7 
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P A R T  C 

Table 37 (oontinucd) 

l 

A dash indicates no value reported. 

Rrncrrr 

Rig Rmk Print 
Brouns Fary 1.3 
Brunsuick 1-2 
Clinlm I 

=00rcr 
Drrrdrn 1-3 
h n n c  Arnold 
Eduin I. Ha~ch 1-2 
Fcrmi 2 
&and Gull  1 
Ilopc Crmk I 
llun~holdt Ray 3 
James A F lup t r~ck  
Lnrsrc 
bsnllc 1-2 
Limerick 1 

Millstone 1 
Monricdlo 
Ninc Milc Point 1 
Nine Milc Pan1 2 
Oysto Gcek 1 
Peach Boltan 2-3 
Pnry 1 
P ~ l g i m  1 
OuadCitia 1-2 
R i m  Bend 1 
Surquehmm 1-2 
Vnmmt Yankre 
WhT-2 

Total rdcasc (GBq) 

Numalizcd activity 

IGRq (GW a)'') 

(CBq) 

1 4 0 ~ ~  

0.0025 

0.0777 

0.0131 

O.O(XI17 

0.093 

0.0056 

Rclcasc 

l J 9 ~ a  

0.0134 

0.W3M 

0.0164 

0.00098 

' j4cs 

0.145 
1.36 
1.27 

5.96 

9.88 

0.0147 

O.OMOR I 
0.171 
0 0.%6 
0.66 1 

0.0426 

0.0140 
1.62 

0.0140 
0.00677 

0.015S 

0.0107 

21.3 

I .3 

r J J ,  

0.0102 

0.107 

0. I34 

O.O(X)7 

0.0022 

0.254 

0.015 

I4O~0 

0.0025 

0.0825 
0.oOOM 

0.00603 

0.00017 

0.0241 

0.0205 

0.0018 

0.138 

0.0082 

I J ~ ,  

0.00I2d 

0.253 

0.2% 

0.015 

I"cs 

0.11 I05 

0.0074 

0.1 16 

0.0722 

0.206 

0.012 

l r r c c  

0.00364 

0.00079 
0.00045 

0.0281 

0.033 

0.WO 

"'CS 

1.37 
5.59 
4.48 

10.2 
0.592 

14.9 

0 0 3 8  
O.(KKKlS 
0.240 
0.4 18 
2.52 
1.82 

2.85 

0.147 
2.81 

0.001 11 
OSRR 
0.348 

0.0148 

0.0138 

49.0 

2.9 

r ' J ~ c  

0.00013 

0.000 13 

0.00001 

IJdcs 

0.0125 

0.0107 

0.00056 

0.0777 

0.101 

0.0061 

1 4 4 ~ e  

0.0318 

0.0094 
0.0662 

0.00163 

0.00025 

0.00625 

0.1 19 

0.007 1 

1a7,,, 

0.00825 

0.003W 

0.0074 

0.01 14 

0.0310 

0.0019 

UP NP 

0.294 

0.252 

0.00163 

0.01?4 

O W  

0.034 
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T r i h l c  38 
A v c r t i g c  n.lcnscs of n i d i r ~ r ~ u r l i d c s  fro111 r c i ~ c l o r s  p c r  u111l c l c c l r i c u l  c n c r g y  g c n c r u t ~ d  

Weighted thc fraoicm d cncrgy pnnatcd by rhc reactor typo. 
Estimated vrluc. 

' 
b 1 8  akailrMc for onc year only. 

Yews 
hlormoli:cd rrlcu,e /'lHy ( ( ; I { '  i2)-'/ 

h'l,Ill~ WASC. 

FHKI I ' IbRs Tord ' 1INRs 

150 
150 
I50 
I SO 

1970-1974 
1975-1979 
1960.1984 
1965-1989 

I. IVC'Hs GCHs 

13uX) 
3300 
1200 
330 

560 
3200 
BOO 
2100 

Tritiunt 

I l l \ %  

530 
430 
220 
6 1 

&00 
460 
210 
IVO 

Woo0 
6600 
T ( X l  
3 0  

UKIJ 
5 1 0  
5500 
?(KX) 

26 
26 
2b 
26 

96 
96 
% 
96 

46 
36 
44 
30 

1970-1974 
1975-1979 
1960-1984 
1985-1969 

Carbon-14 

1.6 
3.4 
3.4 
2 5  

5.4 
7.8 
5.9 
2 6  

9.9 
7.6 
5.4 
9.0 

0.12 
0.12 

. 0.12 
0.12 

1970-1974 
1975.1979 
1960-1984 
1965.1989 

U O  
540 
670 
460 

0.52 
0.52 ' 
0.33 
0.45 

0.71 
0.70 
0.75 
0.52 

0.22 
0 .Z  
Q 35 
0.12 

ludinc-131 

0.z  t2 

0.22 
0.35 
0.9 

0.060 
0.080 
O.OS0 
0.014 

0.0033 
0.0050 
0.0018 
OSMW 

6.3 
6.3 
6.3 
4.8 

0.017 
0.12 

0.0369 
0.0018 

197001974 
1975-1979 
3960-3984 
1965-1989 

I'a~~licululrr 

1.3 
1.3 
1.3 
1.3 

0.15 
0.*1 

O.CiN3 
0.0016 

0.0033 
0.0050 
0.0016 
0~000'1 

0.0014 
0.0014 
0.0014 
0.0014 

0.0010 
0.0010 
0.00 14 
0.0007 

0.M0 ' 
0.053 
0.M3 
0.0091 

1970.1974 
1975-1'179 
1960-1984 
1985-1969 

0.0014 
0.0031 
0.0002 
0 . W 2  

0.018 ' 
0.0022 
0.0045 
0.00?0 

Tritiunt (liquid) 

0.00004 * 
0.00004 
0.00001 
0.0002 

0.015 
0.015 
0.016 
0.012 

180 
350 
200 
370 

1970-1974 
1975.1979 
1960-1984 
1985-1969 

3.0 
1.4 
21 

0.79 

11 
36 
27 
2.5 

Olhrr (liquid) 

0.CQO2 
O.OOV2 
0.0002 
0.000? 

9.9 
3 
96 
I 20 

Il 
Il 
11 
11 

1970.1974 
1975-1979 
1980-1984 
1985-1969 

I 

0.019 
0.017 
0.014 
0.00JO 

2 9  
L 9  
2.9 
2 9  

0 . 3  
0.18 
0.13 
O.M5 

19 
42 
38 
41 

2 0 '  
0 . 3  
0.1: 

0.036 

- 5 5 '  .- 
4.F 
4.5 
0.W 

0.60 
0.47 
0.026 
0.030 

0.20 
0.16 
0.13 
O.M5 

0.20 
0.18 
0.13 
0.026 

2 1  
0.70 
0.36 
0.079 



~ ' J I ~ ~ c  39 
I:lcctrlcr~l energy p c ~ ~ r r i ~ l c t l  I)y nuclc i~r  r c ~ ~ c t o r s  worltl\vitlc 

Table 40 
Eslirnalcd rclcnscs of rndionuclidcs lro~ii rcaclon worldwide 

Yr'w 

Uciac I970 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1 9 n  
1978 
1979 
1960 
1981 
1962 
1983 
1964 
1985 
1986 
1987 
1968 
1969 

Taal 

l ' N I < s  

5.53 
2 54 
4.07 
5.52 
7.90 
12.12 
20.34 
22.70 
29.84 
34.00 
33.37 
40.08 
50.9: 
51.06 
63.92 
78.60 
94.62 
105.3 
117.3 
128.6 
135.9 

1050 

I'cur 

&iac 1970 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1 9 n  
1976 
1979 
l9m 
1981 
1'462 
1983 
1964 
I985 
1966 
1967 
1 Q6h 
1969 

Taal rclcax (7Uq) 

Average narnrl~ud rclcax 
P q  (GW a)''] 

N11Rs 

3.18 
1.53 
3.47 
5.30 
6.63 
8.20 
10.16 
13.36 
14.14 
16.66 
X.89 
21.18 
22.93 
25.20 
26.04 
3 1.27 
37.76 
40.07 
42.15 
44.2 1 
4l.23 

442 

h'oblc 
Emu: 

160000 
P_SOO 

161000 
244000 
312000 
385000 
lqJO0 
157000 
1721100 
2 16000 
24.7000 
94200 
107000 
I 16000 
135000 
I5 1(K)O 

59100 
Y 700 
61300 
6G7MI 
67fXIo 

3 l WIKU 

I720 

oacrry ~cncrurcd 

11117~s 

0.4 I 
0.16 
0.57 
0.65 
1.62 
2.02 
1.03 
2.45 
2.74 
3.6 1 
4.60 
4.61 
5.19 
5.03 
6.52 
7.29 
8.29 
V.53 
10.33 
10.77 
10.33 

99.5 

Elrrtricul 

G C H s  

18.92 
3.67 
4 16 
5. I5 
4.44 
5.28 
5.1'4 
5.55 
5.66 
5.68 
5.79 
5.56 
5.38 
6.00 
6.48 
7.00 
7.46 
6.6'4 
6.66 
7.93 
6.13 

137 

I'orl~'cu(aler 

0.26 
0.1 1 
0.22 
0.32 
0.42 
0.56 
0.6 1 
0.79 
0.86 
1.12 
1 . 5  
1.18 
1.32 
1.46 
1.56 
I .H6 
0.68 
0.69 
0 . n  
0.61 
0.63 

17.7 

0.1l10 

J l ~  

519 
179 
462 
670 
1360 
I5UI 
I330 
16-W 
IS.SO 
3 4 0  
-0*) 

37~0 
4ltKt 
J W  

5160 
5760 
47LX) 
53-W 
.SE 20 
6wJ 

591U 

GSEIK, 

-36 

(GI{' a)  

L I\'GRs 

0.74 
0.17 
0.17 
0.17 
0,62 
0.64 
1.49 
2. I5 
2.79 
3.44 
4.74 
4.74 
6.03 
6.66 
8.94 
6.67 
11.41 
8.74 
11.05 
11.93 
11.99 

106 

Tririun 

(1;e;dJ 

34 1 
104 
203 
285 
490 
SE7 
1610 
1900 
zzw 
28 30 
31 10 
31 10 
35 10 
3660 
4390 
SO60 
6520 
7150 
n m  
6360 
64 10 

71700 

39 

I'c 

10.6 
3.5 
7.5 
10.7 
16.6 
22.0 
25. I 
31.5 
36.2 
47.2 
9.8 
5e7 
6S.l 
70.7 
66.3 
46.1 
668 
91.3 
1111 
107 
ILffi  

1111J  

U 62 

Other 

(li+idJ 

112 
23.9 
31.0 
40.6 
40.5 
49.3 
326 
36.1 
39.5 
41.3 
429 
33.7 
34.7 
38.5 
42.1 
47.1 
13.6 
135 
10.2 
15.9 
16.4 

759 

0.41 

Flub 

0 
0 

0 . m  
0.006 
0.005 
0.11 
0.15 
0.11 
0.036 
0.17 
0.22 
0.55 
0.58 
0.52 
0.S 
0.61 
0.67 
0 . n  
0.81 
0.67 
0.81 

7.4 

I < r lcur  ITIfqJ 

lJ l l  

0.59 
0.26 
0.56 
0.85 
1.11 
1.36 
4.40 
5.79 
6.19 
8.20 
9.13 
O.(I(I 
Ll.7'4 
U.&b 
1.N 
1.15 
0.32 
0.3U 
0.35 
0.3& 
(1.26 

51.7 

0.024 

- 
Told  

3 . 8  
8. I 
12.5 
17.0 
21.6 
28.6 
39.3 
46.3 
55.4 
66.0 
69.6 
76.9 
91.0 
99.5 
1124 
133.8 
160.4 
171.3 
189.5 
20J.1 
211.4 

1844 



T n l ~ l c  41 
Collccl ivc  d o s e  p e r  u n i t  rclcrtsc o r  r n d i c ~ r t u r l i c l ~  l'rott~ r e ~ t r l o r s  

" Also assumcd lac I.WGRr and FUlls. 
Nro asrumcd fa ll\VKs. 

' Laal and regional. 
Eqrcasd in t c r m  or '''1 reiascd. 

1i.p o j  rclcarc 

Arhornc 

liquid 

T~ible 12 
Normalized collcclivc c f i c l i \ . e  doses  lrorll  r ad innuc l ides  r c l c i ~ s c d  I'm111 rcoclon, lC)115-1989 

Hw/~o,~u~-lilJC 

Nchlc pscs 

Tnt~um 

G r b n - I 4  

lod~nes * 

I'art~culalt~ 

Tn~iwn 

Other than 1r11r~rn 

Local and rcgronal compuncnlr only. 

Cu~npu>i/im~ Jar rcc~reirr (vpr 

l'\irl< 
1!\tfK 
GCK 

I'1VK 
13\VI< 
GCK 

I*\\% 
UWH 
GCR 

Reuror 

vP= 

PWR 
BWR 
GCR 
IiNR 
LWGR 
FBR 

Collrcri~c dorr prr writ rrlcacc 
( ~ I I M  S t s  p n q e )  

0.12 
0.26 

0.01 1 

1 l 

IPID ' 

340 
520 " 
510 

5JM 

0.61 

X I z b  
170 
40 

Elccrricol 

C M M  
~ r n a o r c d  

(W 

62.13 
2.35 
3.96 
5.?6 
5.66 
0.40 

2 

C o l l c r r , ~ . ~  cficr4~.c dose pm unic clcrrrirol cnwgv gcnoatcd (man Sv (GH' or1 ]  

Wetghrcd airrage 

Total 

.\ i r t~~wnc flucnfs 

1.4 

~ ' O M C  gatu 

0.010 
0.075 
0.02: 
0 K.1 
0.2.: 
0.018 

0 07'4 

Liquid cfflumu 

.'I/ 

0.020 
0.LmbS 
0.097 
0.30 

0 . m 9  
0.003 

0.033 

' 1 1  

0.030 
0.028 
0.OVV 

5 3 
0 . 3  
1.1 

0 33 

0 1 i 1 n  

0.0009 
O.aM1 
0.038 
0.0006 
0.0009 
0.0006 

0.004 

Pmicu /oru  

0.01 1 
0.WV 
O.OU38 
0.001 1 
O.M5 
0.0010 

0.022 

1 4 ~  a 

U . 2  
0.61 
0.U7 
F.6 
:.3 

0.22 

11 92 

I J I ~  

0.W03 
O . M ( n  
0.0007 
0.0001 
0.W69 
0.UKI5 

O.UW)6 



Tublc 43 
Collective clXclivc dose frorii ri~dionuclidcs ~ C I C I I S C ~  I'runi fci~clors worltlwidc 

Tablc 44 
Fuel reprocessing capncilics In 1919 

[I81 

Yew 

k f a c  1970 
1970 
1971 
1972 
1973 
I974 
1975 
1976 
1 9 7  
1978 
1979 
1960 
1981 
1982 
1983 
1984 
1985 
1955 
1987 
1968 
1989 

Taal 

Fuel rcprocernng planf 

France 
Marwulc UP I (GCR fucl) 
Cap dc L Ijaguc LrP2 (LWR fuel) 
Marwulc APM 

Germany, Federal RcpuMlc d 
L1luuhc 

Japan 
Tokal -Mura 

Lndla 
Tarapw (HWR and I.WR fuel) 
Tromby (Resuch ruaa fuel) 

USSR 
Kyrhrym 

Urnled Lngdan 
Scllalicld ( M a g o r  rcacta furl) 
Dounrcay 

Taal 

Noblc 

38 
18 
4 1 
62 
78 
96 
3 
33 
36 
47 
53 
16 
18 
M 
22 
36 
6.9 
6.6 
7.5 
7.9 
6.0 

666 

"C 

I9 
6.3 
13 
19 
34 
40 
45 
n 
65 
65 
99 

107 
123 
127 
15s 
177 
156 
164 
162 
192 
190 

3 5 5  

l i i r iwn 

5.7 
2 0  
5.1 
7.4 
15 
17 
I5 
18 
2 1 
28 
33 
41 
45 
44 

57 
64 
52 
59 
64 
67 
65 

72 4 

kc-pruroreuing rapucity ( I  ti') 

Collcrt i~~c cficrti~~e 

lJ11 

0.30 
0.13 
0.29 
0.44 
0.57 
0.70 
2 3  
3.0 
3.2 
4.2 
4.7 
0.32 
0.39 
0.43 
0.53 
0.57 
0.15 
0.14 
0.16 
0.17 
0.17 

'-3 

FBR 

5 

1 

6 

b l c t l  

MI 

.W 

I5iU 

2I.W 

Oxide 

400 

35 

210 

100 

400 

1145 

du.%c ( ITIUI  St,) 

I'wticu/rrrcr 

1.4 
0.61 
1.2 
1.7 
2.3 
3.0 
3.3 
4.3 
4.6 
6.1 
6.7 
6.4 
7.2 
7.9 
6.5 
10 
3.7 
3.7 
4.1 
4.4 
4.5 

'45 

Orhcr 
(li+id) 

5.3 
1.3 
2 1  
3.0 
3.3 
4.0 
1.6 
1.8 
2 0  
Z2 
2 3  
1.5 
1.6 
1.7 
1.9 
2 1  

0.62 
0.62 
0.65 
0.71 
0.72 

41 

Tritium 

( l iqui4 

0 . 3  
0 . a  
0.16 
0.23 
0.40 
0.4E 
1.3 
1.5 
1.9 
2.3 
2 5  
2.5 
2.8 
3.0 
3.6 
4.1 
5.3 
5.8 
6.3 
6.8 
6.8 

S6 

Told  

70 
28 
63 
94 
133 
161 
94 
119 
133 
175 
201 
176 
198 
205 
249 
283 
225 
240 
264 
2-19 
275 

3665 



ANNIX B: LKI'OSUm 1:KOM hiNJ-MADE SOURCES 01: I W I A T I O N  193 

B a s d  m cncrgy generated in 1990 and thc d ~ t u  In Tahlc 16. 
LWR o u J c  fuel unlcrr uhcruqsc tnd~caled. 
IIU'R fucl. * In the a r c  d lndta, about 190 I, in ~ h c  nu of ~ h c  RrpuMtc o(. Kaca,  about 100 I Is InVR lucl. 

C o u n q  

Argcntiru ' 

Dcl g urn 

Brazil 

Bulprirl 

Canada ' 

C h ~ n a  

~ \ o s l o v a l j a  

Enlrnd 

f iance 

Gcrrnany 

llungary 

India 

Japan 

Mcdm 

h'elhcrlands 

Pabslan ' 

Republic d Korea ' 
South Africa 

S p i n  

Swcdcn 

Suitrerland 

USSR 

Clnitd G n g d u n  

L'mlcd SUICI 

Yugoslavia 

Ton1 trwndcd) 

In~cr im 
s l o r o ~ r  

X 

X 

X 

X 

X 

X 

x 

x 

X 

x 

X 

Final  
sloragc 

X 

x 

X 

Rcprocerrinj 

x 

X 

x 

X 

X 

X 

x 

X 

X 

X 

x 

X 

x 

x 

X 

Ind ica i t c  a r n w n u  of s p e n r f ~ u l  

All 

Aierol 

150 

33 

1300 

1 500 

g e n o a r u l  in I W O  (I a-I) 

coun i r iu  

Oxidc * 
170 

170 

9 

57 

2500 

10 

6 

I200 

670 

54 

200 

loo0 

2: 

14 

23 

-W 

36 

230 

3 4  

100 

420 

140 

3 0 0  

19 

11OOO 

C o v n n i o  uirh 
reprocess 

hlrral 

150 

33 

1 3 M  

1500 

an i ~ c n l  to  

0.ridc 

170 

170 

9 

10 

8 

1200 

670 

-% 

'90 

loo0 

14 

100 

420 

I40 

4900 



Leu Ibn daeclion limit. 

Rcprorrsrin~ plant 

hnncc 
Cap dc IA l l ayc  

Llnilnl R~ngdom 
Scllrlicld 

Japan 
Tokal-Mun 

)'ear 

IORS 
1986 
1087 
I088 
I080 

1085 
1086 
1'487 
1988 
I989 

198s 
1986 
1987 
1988 
1989 

Elccwkd 
CnffK? 

p n o a e d  
fGH7 

6.1 1 
2.52 
3.04 
2.35 
3.65 

1.70 
3.8 1 
2.43 
2.84 
3.69 

1.2 
1.2 

0.93 
0.17 
1.1 

Total rclcasc (TDq) 

Electrical rnngy gmn~tcd (GW a) 

Sormalized rclcarc [TBq (GW a).'~ 

RcIcarc 

91 

32 
6 
15 
2 1 
25 

26R 
171 

78.3 
185.6 
677 

2.8 
2.7 
3.7 
2 5  
3.7 

1494 

36.74 

41 

(T&2, 

J~~ 

2600 
2WO 
3000 
ZSOO 
3 7 0  

I062 
2150 
1375 
1724 
2144 

260 
240 
260 
74 

240 

23630 

36.74 

643 

j4c 

7.0 
5.4 
9 .5 
3.6 
3.9 

29.4 

14.47 

2.0 

"c 

0.7 
0.7 

1.3 
7 6 
2.1 
3.0 
2.0 

124 

23.1 

0.54 

Airbornc 

6 s ~ r  

70300 
2W00 
3WK) 
27000 
42000 

238011 
53300 
340UO 
39800 
51700 

loo00 
I -mCKl 
12000 
2700 
9800 

453400 

36.74 

I2300 

Lipid 

% 

76 
78 
65 
48 
4 1 

52 
18.3 
15.0 
10.1 
9.2 

O.oal02 
0.000025 
0.000009 

412.6 

36.74 

11 

flucnts 

0.007 
0.03 
0.0 19 
0.024 
0.024 

0.0010 
0.0023 

0.00014 
0.00009 
0.00024 

0.108 

19.07 

0.0057 

flucnu 

IWnu 

430 
470 

8 I 
28 

2 2  1 
23.6 
25.0 

lOP0 

27.70 

39 

I J I ~  

0.002 
0.003 
0.004 
0.002 
0.002 

0.013 

19.07 

0.0007 

'37c~ 

0.002 
0.007 
0.001 
0.005 
0.001 

0.022 

14.47 

0.0015 

0.13 
0.13 

c 0.1 
0.12 
0.1 

0.13 
0.17 

0.880 

27.70 

0.032 

1 J 7 ~ ~  

29 
29 
7.6 
8.5 
I? 

325 
17.9 
11.8 
13.3 
28.6 

0.00008 
0.00017 
0.00015 
0.00009 
0.00001 

483.7 

36.74 

13 



Yews 

1970-1979 
1960-1984 
1985-1989 

1970-1979 
1960-1964 
1965-1989 

Normnli=cd r r l r ~ c  [TIlq (GW a).'] 

Airborn r/jlu*& 

1J1, 

0.098 
0.019 
0.0007 

'3, 

0.W2 
0.004 
0.006 

'11 

68 
52 
4 1 

'j7cs 

0 1 1  
0.036 
0 W2 

Liquid r/jlu*nlr 

I4c 

1.6 
3.4 
20 

aJfi 

14200 
12700 
12MO 

I I 

'-9 

0.046 
0.040 
0.032 

' W ~ o  

340 
120 
39 

Jl 1 

400 
405 
64 3 

I' 7cs 

loo0 
270 
13 

I4c 

0.55 
0.54 
0.54 

140 
48 
11  



Table 48 
EsUrnnted mlen5es of radlon~rcllda from fuel reproresslng p11~nt.s worldwlde 

Ycm 

Bdac 1970 
1970 
1911 
1972 
l 972 
1974 
1975 
1976 
1977 
1978 
1079 
1980 
1981 
1982 
1983 
1984 
1985 
1086 
1987 
1988 
1989 

Tatd 

Fud 
rc~ocascd  

(GW a) 

2.2 
0.6 
1 .O 
1.3 
1.7 
2.2 
4.8 
4.0 
3.9 
4.0 
4.8 
5.5 
7.4 
8.2 
7.5 
5.1 
9.0 
7.5 
6.4 
5.4 
8.4 

101 

Average n u d i d  release 

fa fud r r p r a a x d  
1% (GW a).'] 

Avoagr norn~aliud rclasc 
fa r n a g y  perntcd 

ITBq (Gw a).'l 

'291 

0.10 
0.03 
0.04 
0.06 
0.08 
0.10 
0.22 
0.18 
0.18 
0.18 
0.22 
0.22 
0.29 
033 
030 
0.20 
0.23 
0.25 
0.20 
0.17 
0.27 

3.9 

0.038 

0.002 

'H  

898 
252 
389 
530 
674 
891 
1810 
1460 
I250 
1810 
1840 
1980 
2810 
2760 
3000 
3080 
3920 
4690 
4640 
4300 
6MO 

49100 

490 

27 

137~s 

2 3 0  
633 
975 
1330 
1690 
2240 
5 3 0  
4320 
4530 
4130 
2620 
3000 
2400 
2050 
1220 
464 

354 
47 
19 
22 
42 

39600 

390 

2 1 

Rclcasr in liquid 

% 

306 
86 
133 
181 
2.M 
304 
54 I 
421 
500 
737 
367 
381 
306 
405 
346 
182 
1 28 
96 
80 
58 
50 

5840 

58 

3.2 

-- - 

"C 

1.2 
0.34 
0.52 
0.71 
0.90 
1.2 
2.6 
2.2 
2.1 
2.2 
2.6 
2.9 
4.0 
4.4 
4.0 
2 7  
4.8 
4.0 
3.4 
2.9 
4.5 

54 

054 

0.029 

eJflumfs (TEq) 

I W ~ u  

753 
212 
326 
444 
565 
747 
1590 
1320 
1360 
1610 
1140 
727 
86 1 
890 
890 
699 
521 
498 
2.72 
211 
332 

15900 

160 

8.6 

>H 

198 
56 
86 
117 
149 
197 
4 47 
446 
307 
227 
422 
265 
4 73 
3 70 
278 
358 
303 
180 
97 
209 
706 

5890 

flumrs (TRrl) 

"I 

0.001 
0.001 
0.002 
0.002 
0.003 
0.004 
0.008 
0.007 
0.007 
0.007 
0.008 
0.03 
0.02 
0.03 
0.03 
0.04 
0.05 
0.04 
0.04 
0.03 
0.05 

0.4 1 

58 

3.2 

0.0040 

0.0002 

"C 

4.0 
1.1 
1.7 
2.3 
3.0 
3.9 
8.5 
7.1 
7.0 
7.1 
R.4 
19 
25 
28 
25 
17 
18 
15 
13 
11 
17 

243 

I JI, 

0.22 
0.06 
0.10 
0.13 
0.17 
0.22 
0.47 
0.40 
0.39 
0.39 
0.47 
0.10 
0.14 
0.16 
0.14 
0.10 
0 . M  
0.005 
0.001 
0.004 
0.001 

3.7 

Rclrnrr in nirhune 

8shi 

3 K m  
8WO 
I.IR00 
18900 
2JocN 
31800 
68000 
57000 
SRBW 
56800 
68 1 IN 
68900 
9.W00 
103600 
93800 
65400 
104100 
95300 
81000 
68700 
103500 

1318000 

2.4 

0.13 

IJ7cs 

0.25 
0.07 
0.1 1 
0.15 
0.19 
0.25 
0.53 
0.45 
0.44 
0.44 
0.53 
0.2 1 
0.28 
0.31 
0.28 
0.19 
0.014 
0.011 
0.010 
0.008 
0.013 

4.7 

0.036 

0.002 

- -  

13000 

720 

0.047 

0.003 
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1 

Table  49 
Norrnnllzcd locul nnd r c ~ l o n n l  collccllvc c f i c t l vc  dosc frnm rucl rcprwc~s ing ,  1985-1989 

" Namalizcd fa the energy equiwlcnt d fuel reprocessed. 
The fraaion of fuel rcpr-d during 1965-1989 w s  0.04. 

H m i i o  
nuclide 

NormrrlLal rclcntc ' 

[Ttlq (GW or ' ]  

hirhome rfllurnb 

Collecritu darc 
per nnu rclcprc 
(man Sv ray.') 

11-3 
C-14 
K1-85 
1-129 
1-131 

Cs-137 

Tdal  

h ' o r m o l i d  c d l r r r i ~ r  dcuc 1- Sv (GW a).'] 

41 
2 0  

12300 
0 .009 
0.0007 
0.0015 

F a  Jucl r c p r o r b s d  

Liquid rfflurnla 

ITn rnrrgy gcnrrotad 

11-3 
C-14 
Sr-90 

Ru-106 
1-129 
Cs-137 

Taal 

0.004 
0.033 
0.004 
0.010 

0.00001 
0.0007 

0.05 

0.0027 
0.4 

O.EWT74 
44 
0.4 
11 

0.11 
0.81 
0.091 
0.25 

0.0003 
0.017 

643 
0.54 

11 
39 

0.032 
13 

0.0000018 
0.4 

0.012 
0.07 

0.08 

0.0012 
0.21 
0.13 
2 8  

1.1 

0.00005 
0.009 
0.005 
0.11 

0.042 

0.17 



Tnhlc 50 
Estirnnlcd lwsl nnd rcgionnl collective dtse from rndion~~clidcs relensed from fr~cl reprocessing pli~nts worldwide 

i ' w  

I3cf1nr 1970 
1970 
1971 
I972 
1973 
1974 
1975 
1976 
1977 
1978 

1979 
1980 
1081 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Total 

Total 

Cdlccrilu effeni~r 

4600 

dose (man .Yv) 

311 

0.5 
0.2 
0.2 
0 3 
o r  
0.5 
1.2 
1.2 
0.8 
0.6 

1.1 
0.7 
1.3 
1.0 
0.7 
1.0 
0.8 
0.5 
0.3 
0.6 
1.9 

16 

JH 

0.0m 
0.0005 
0.0007 
0.001 
0.001 
0.002 
0.003 
0.003 
0.002 
0.003 
0.003 
0.004 
0.005 
0.005 
0.005 
0.006 
0.007 
0.008 
0.008 
0.008 
0.011 

0.09 

Airborne 

1291 

0. I7 
0.05 
0.07 
0.10 
0.13 
0 17 
0.36 
0.30 
0.30 
0.30 

0.36 
1.47 
0.93 
1.16 
1.31 
1.63 
2.24 
1.87 
1.59 
1.33 
2.10 

18 

W~ 

3.7 
1 .O 
1.6 
2.2 
2.8 
3.6 
6.5 
5.1 
6.0 
8.8 
4.4 
4.6 
3.6 
4.9 
4.1 
2.2 
1.5 
1.2 
1 .O 
0.7 
0.6 

70 

"C 

0.5 
0. I 
0.2 
0.3 
0.4 
0.5 
1 .O 
0.9 
0.8 
0.9 
1 .O 
1.2 
1.6 
1.8 
1.6 
1.1 
1.9 
1.6 
1.4 
1.2 
1.8 

22 

"C 

I .6 
0 4 
0.7 
0.9 
12 
1.6 
3 4 

2.9 
2.8 
2.6 
3.4 
7.4 
10.1 
11.1 
10.1 
7.0 
7.3 
6.1 
5.2 
4.4 
6.9 

97 

131, 

0.OM 
0.02S 
0.038 
0.052 
0.066 
O.OR8 
0.19 
0.16 
0.15 
0.16 
0.19 
0.042 
0.056 
0.062 
0.057 
0.039 
0 . m  
0.002 
0.002 
0.001 
0.002 

1.5 

rrh 

0.24 
0.07 
0.10 
0 14 
o 18 
0 23 
0 SO 
0.42 
0.44 
0.42 

0.50 
0.5 1 
0.7 1 
0.77 
0.69 
0.48 
0.77 
0.71 
0.60 
0.5 1 
0.77 

9.8 

Liqiid 

I ~ R U  

53 
15 
23 
31 
40 
52 
1 1 1  
92 
95 
113 

80 
51 
60 
62 
62 
49 
36 
35 
18 
15 
23 

1110 

lJ7cs 

2.7 
0.8 
1.2 
1.6 
2.1 
2.7 
5.9 
4.9 
4.8 
4.9 
5.8 
2.3 
3.1 
3.4 
3.1 
2.1 
0.2 
0.1 
0.1 
0.1 
0.1 

52 

1.3, 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

"7cs 

180 
51 
78 
106 
135 
179 
421 
346 
362 
330 

210 
240 
192 
161 
98 
37 
28 
3.8 
1.6 
1.7 
33 

3200 



Tt~blc 51 
Normulized collccllvc cffc~tivc dose f rom ylob~~lly dlsperscd rudlonuclides 
for a Llmc period or IO,O(W) ycktn 

" Snmalization f a  total cncrgy gcncratcd. 
Numalitation f a  luel rcpracssed. 
Kumalization f a  total cncrgy gcncratd; thc contrihutim fran rcproxssing planls is wci&tcd according to the fraction of fucl rcprcccscd (0.M). 
Rclnsc to sea: 643 TBq (GW a)-'; remainder rcleascd to air. 

' For release to air a huh water: Ins hy a factor oi 10 for release to sea. 

For world population of 5 10' at lime d rcleasc. 
8 For %.orid population of lot0. 

Table 52 
Fstimaled releases of globnlly dispersed radionuclidcs and colleciivc effective dose Tor a time period of 
10,000 ycrtrs 

Kod ie  
nuclide 

11-3 
C-14 
Kr-85 
1-129 

Collccri~r dare per 
wit rclcare 

(mm SY T R ~ )  

0.0012 'f 
85 r 

O.OO(POO(P f 

4 8 

Rclcaae lo atmosphcrc a fresh waicr. factor of I0 lrsr f a  rclcaae lo m surfact. 
Global populruon in year drclcarc (19703.7 10q, 1975 4.1 10'. 1980 4.5 10'. 1985 4.9 lo0, 1989 5.2 104: aasumng3.6 10'personr la relcascs Morc 1970. 

h'ormnlkd 
collccrivc dare 

[mar: Sv (c;ne a)-'] 

0.09 
53 
0.1 

0.006 

Tdal 

Nnrmalktd ocrit , i~ relcarcd /T!lg (GUT a)-'] 

Yew 

Bcfac 1970 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
197l 
1978 
1979 
1960 
1951 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
I989 

Taal rclcasc (TBq) 

Dcsc commitment pcr unit relase (nGy TBq.') 

Popu~at~on 

Callcct~vc eKm~vc doac (man Sv) 

Tael collective cffcaivc dusc (man Sv) 

53 

Total 

98 
0.62 
490 

O.M)15 

Hcacrors 

7 1 
0.52 

' H  

1960 
592 
1140 
16M 
%70 
3210 
57CO 
5460 
57;O 
74CO 
8370 
'XM 
1 Ow0 
10900 
IlfilX) 
14330 
15930 
l74M 
16470 
19lZK) 
21 Is30 

193000 

0.00027 

b 

180 

Reprocersinb plonrr 

664 
254 
IZWKl 
0.038 

Release 

'*c 

15.8 
5.0 
9.7 
13.8 
22.6 
27.1 
36 .Z 
40.6 
45.3 
56.4 
65.8 
81.2 
97.3 
103 
116 
116 
110 
111 
117 
120 
127 

1440 

6.5 

IO'O 

122000 

(TBd 

Csk? 

32000 
6990 
I3600 
18900 
24000 
31800 
66000 
57000 
58800 
56800 
68 100 
68900 
95600 
lOM00 
93800 
65400 
104100 
95300 
81000 
68700 
103500 

13 180M) 

0.000043 

b 

2bO 

1'jnOO 

129, 

0.1 1 
0.030 
0.M6 
0.063 
0.060 
0.11 
0 . 3  
0.19 
0.19 
0.19 
0 . 3  
0 . 3  
0.3, 
0.35 
0.33 
0.24 
0 . 3  
0 . 3  
0.24 
0.20 
0.32 

4.3 

0 4 

1 0 ' ~  

17 



~ r l l l ~ l e  53 
N o r n ~ ~ ~ l i r c d  r o l l c c l l v c  c l T c ~ ' l i v c  dosc lo 11lc1111)cn of  t h e  p u l ~ l i c  I'IY)III n ~ d l a r ~ u c l i d c s  r c l c ~ i s c d  In e m u c n l s  f m m  i h c  

n u c l u ~ r  f u e l  c y c l e  

. b w c r  
Normulirrd rullwriru 

cffcnitu dare 
/won St. (GW a)-'l 

l w u l  und rrpiurlrl r~rnlpuncltl 

M I N ~ ~  

Milling 

M ~ n c  and mill ~ailings (rdrascs ovcr 5 y n n )  

I:ucl iahricariar 

R u a o r  opcradon 
A~mosphcric 
Aquat~c 

Rcprocssrrng 
Atmcsphcric 
Aquatic 

Tnnspata~ion 

Taal (rounded) 

1.1 

0.05 

0.3 

U.003 

1.3 
0.M 

0.05 
0.2 

0. I 

3 

Sulid n u t r  disyorul arid plulud rur r ipu~~rr~l  

Mrne and mill tail~ngr (rdciises of ladon obcr 1 0 . 0  ).cars) 

Reactor opention 
Low-lcvcl naste d ~ s p s a l  
In~crmcdialc-levd ~ a r l c  drspoul 

Rcproceving s l i d  u a r ~ c  disposal 

Globally dispersed radimucl~da (1runr;~tcd lo IO.WX) ycars) 

Total (rounded) 

150 

0.00005 
0.5 

0.05 

50 

ZU) 



Table 55 
Production and dose cslin~nlcs I'or ritdioisotopcs used in mcdic:rl, ~ulucational nnd induslrinl npplicnlions 

R d i *  
nuclide 

11-3 
C-14 
P-32 
S -35 

Ca-45 
G-51 
Fc-59 
Ga 4 7  
Sc-75 

L 4 l m  " 
Ks-85 

Tc-9% " 
Tc-99m 

In-111 
1 -13  
1 -15  
1-131 

Xc-133 
Pm-147 
11.201 

Dcvclopcd ccuntnes only. * Equ~\dcni lo 1.6 10' populauon (I.? 111\1lmcs IOOG ur.igi. In dcvrloprd counlrrrr plu 3.7 10' ilnics IWc uwgc ~n dcveloplng countria). - 1-1 and rcsonal (short-term) dose. Long-trrm F O I ~ C C I I ~ E  d ~ s r  cocl.liaenl I S  SS.(XU mln Sv ~ 1 3 ~ "  and annual cdlcclrvc cKcctlvc dmc I S  4,000 man SE 

Tord 

1650 
616 
995 
263 
20 
3 6  
8 

16660 
10 

613 
216 

163500 
63640 
314 

6359 
729 

4011 
321W 
75650 
1.5200 

R d i *  
nvcl~ile 

H -3 
C-14 
Kr -85 
1-1l3 
1-1 25 
1-131 

Xc-133 

Tdal 

(GHq) 

Indurrr). 
m d  olhd 

123 
1 IS 
I I 
8 
I 
8 

0.3 
1.2 

20: 
265 
75 

(0.07) 
2 

149 
3 
3 

75850 
2 

Q~rr r i r ic r  of rndiu~\oropo w e d  

r\n,irr~J global producrion 
o d  rclcme 

(l2lJqj 

0.13 
0.05 
0.02 
0.7 
O.(K, 
0.3 
16 

Annu111 normullzcd 
producrron 

(GBq pcr ldr popiilalror~~ 

60 
M 
10 

400 
40 
200 
1600 

Rerearc11 
L t r l i r ~ ~ i u ~ n  

1166 
469 
543 
134 
6 
79 

1 
0. L' 

(0.1) 

14 
12 

(0.4) 
(0.07) 
(0.5) 
174 
32 
3 

1 

Ilacpit d s  
and clinics 

25 
13 
24 
I0 
I 
25 
6 

16660 
10 

813 

163100 
63770 
314 

6353 
273 

39 64 
33260 

ISL'OO 

Collccrivc dare coflcicnr 
(man 51. p1jq-') 

I1 
lS(X) ' 
0.16 
0.022 
110 
-W 

0.14 

Educa~iui~al 
organiaions 

334 
16 

407 
I l l  
11 
114 
0.7 
0.6 

(0.05) 

-- -. 
1 

0.2) 
4 

133 
11 
3.: 

co J) 

r\nnwl rollerriw cffcrrisr 
dose 

(man 5s~) 

1.4 
66 ' 
0.004 
0.01 

7 
9 

0.4 

100 
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Trlhlc 56 
Collecllvc e ~ k c t l v e  dose r r o ~ i ~  lhc K y s l ~ l y ~ i i  nccidcnl 

Evdcuad 7-10 days alicr the accidcnt. 

Ebacuatd 250 days after thc acciden!. ' Eracua~cd 350 days aRn h c  accident. " Ebacuaicd 670 days after ihc accidcnt. 

r 

h'umhrr of 
indi%idrrol 

Table 57 
Estirnutcs or collcctivc cncctive dose rrorn re-entry to the n1n:osphcrc a n d  burn-up o r  the Cosnios 954 snkllitc 

Deposiriun density 

of C n ~  i n  re~ i tnu  
(Nlq mv2) 

a 
For tcmpcratc I3t1ludes d thc nocthcrn hcmlrphcrc 
AIS~rnlng 100% d '''I and "'G and 75% of othcr raltmuciidcr In rorc invmtory at Ihc limc of re-cnlry wrrc rcicasd lo Ihc atmosphere. 

F r m  Table 8, all pathways comhncd. 

Avcragc value lor Icmpcnlc latlludca of northern hcrnlrphcre; d~wdc hy 1.5 to ohtain nvrrilge fm norlhcrn hcmisphcre; dlvidc northern hemispherc avcrap 
M ~ U C  by d to obtaln avcragc valuc lor roulhcrn hcm~sphne. 
huuming global popviabon of 4 3 10' drslrtbulcd 89% In mrthcrn hcrmrphcc and 116 in ~oulhcrn hcrmrphcrc; for 3'~u, Ihc glahl ppula~lcn IS assumed 
to hc 10'". 

XIiOimuclide 

Sr-90 
B-95 
s'b.95 
Ru-103 
Ru-ID6 
1.1?1 

6-137 
Ba-140 
G-141 
G-144 
Pu.239 

Taal 

I 

Evmcus~td pnpulution 

7 

Collccri~u dme 
( m m  Sl) 

A w r o ~ c  eflecri~r dose (mSv) 

11% * 
260 

2000 
4200 ' 
3100 

Taal 

Core immron  
nr reenfry 

IT61 

3.1 
310 
co 
120 
5.4 
160 
3 ? 
400 

3 0 
9: 

0.27 

Fiilernnl 7't1rd 

2OOM) 
7400 
670 
330 
120 

Tram@ 

c ~ c i c n r  

{oz * 
(Rq m'. pcr Eljq) 

5300 
?70 
?lo 
120 

1000 
29 

5400 
? I  
63 

lbn1 

5400 

Sun-r\acuutcd populuho~~ 

170 
140 
39 
I9 

6.8 

loo00 
3MX)O 

Taal 

Deparirion ' 

( ~ q  m") 

0.012 
0.063 
0 . ~ 5  
0.01 1 
0.08 
0.005 
0 017 
0.009 
0 021 
0.11 
0.001 

520 
4.40 
120 
56 
23 

40-70 
4-40 

Trans{er 

c O C ~ ~ C ~ C N  

P, 
(nSv pcr flq m.') 

56.6 
3.78 
1.02 
0.75 
4.6 
4.5 
143 
1.13 
0.12 
1.6 
848 

600 
110 
240 
235 
70 

1300 

20 
4 

Dare 
commirrncnr 

(dl') 

0.70 
0.24 
0.045 
0.008 
0.04 
0.02 
2.5 

0.01 
0.002 
0.20 
0.93 

200 
lo00 

1200 

Collectiw 
cffecriw 

darrr 
(man St') 

2 0  
0.62 
a12 
0.02 
0.10 
0.06 
7.1 
0.03 
0.01 
0.52 
5.7 

16 
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T ~ h l c  58 
F ~ t l t i l l ~ t a  o r  r c ~ d l o n u c l l d c  r c l c t ~ s c d  ~ t n d  co l l c c l i vc  crkctivc dosc f r o m  msn-n111dc c n v i n ) n n i c n l r ~ l  s o u r c c s  of 
n ~ d l t ~ l l o n  

Source 

A~masphcric nuclcar tuling 
Global 
Loul 

Scm~pdadnrk 
Ncvada 
Aurlrllia 
Pacific l u l  rilc 

Undagracnd nuclur taring 

Sudcar weapons fabricalim 
Early p a i c e  

Hanford 
Qlclyabinsk 

L l c r  pnaicc 

Kudcar pown production 
Milling and mining 
R u a o r  operalion 
Fud reprocusing 
Fud cydc 

Rad~dsotopc production and usc 

Accidcntr 
'bee hblc l s l ~ d  
Chcrnobyl 
Kysh~ym 
Windsulc 
Pnlomaru 
n u l c  
SNAP 9A 
Cosmos 954 
Gu&d Juarcz 
Mohammcdia 
Gtiania 

Taal 

Taal d l c a i v c  ef fca~vt  dosc (man Sv) 

E.ncrnJ d o c  only. 
' From rclurc of "'I lo thc atmosphcrc. 

From r c l u r a  d rodionuci~dca Inlo thc Tccha R~vcr. 
Long-tnm collco~vc dcrc from rclusc d ''~n from ladings. 

Collrcri~u cfirrivc datc a 

I 

T m n a t d  at 10.000 yurr. 

( r n ~  

Loral ofid 
r c ~ i m d  

5600 
SOOb 
700 
160 

200 

6000; 
15000 

loo0 
mc 

2700 
3700 
4600 

300000 ' 

?Do0 

40 

3 0 0  
2000 

3 
0 

150 
60 
60 

3E0000 

SI) 

Globnl 

loo00 

IOOOOO 

m000 

6MYMO 

2100 
20 

23 100000 

23500000 

910 

40 

70 
0.01 
0 .E 

0.003 

0.05 

' 1 1  

24IXMO 

130 
57 

2.6 

P O  

1.1 
0.3 

1 .0 

l J l l  

6.50000 

IS 

0.M 
0.004 

6.0 

0.0006 
630 

0.7 

0.2 

Hclcarc 

NoMe 

Rues 

50 

32.00 
1200 

52 

370 

1.2 

(PflQ) 

rn.9 

604 

6.9 

5.4 

0.003 
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INI  l~Lnl lON 

Figurc I.  
Coniplrlnicnl niodcl uscd lo iisscss closes rmnl relcnscs 

or nldioactivc n~;~lcriills lo the atmosphc~r: from nuclwr &ling. 

Figurc 1 1 .  
Fisrion and fusion >iel& of etmosphcric nuclc~rr cxplcnions. 

11151 

- I Fission yielb 
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239 I'u 

140 Pu 

lo f 1 I I 1 I I 1 
I 10 10' I d 1 o4 16 lo6 10' 

HALF-LIFE (d) 

Figurc 111. 
Tmnsfcr ri~clor Pol Tmm production or rudionuclidcs in nlmmpheric nuclcar ksting 

b dcpasilion on the carlh's sudncc in the Lcnipcrr~tc m n c  or the northern hcmisphem. 

Figurc IV. 
Stronlium-90 und cncsiurn-137 in Lhc Lohi diet or Dcnmnrk 

I'oinlc: n~cnsurcd vulucs; lints: rcsulls or npplicnllon or r e g a s i o n  niodcls 
b the unnual dcpmltion dcnsilics. 



Figure V. 
Conlributions to slmnliuni-90 and cacsiurn-137 In Lolnl diet per unit deposition denslly 

dcrivcd fmm rcgrcssion rnodcl rcrults of n~casurcnlcnk in Argentina, Dcnrnnrk nnd the United Stntcs. 

Figure VI. 
Envirunnicnlill coniparlnicnt rntdcl of' lhc curlton cycle. 

[i:q 



Figum V11. 
Conlrihulions hy rcl~ctor typa Lo Lob11 c l c c l ~ i a l  cncrgv gcncratcd w.orldu.idc by nuclear mcuns. 

Fipun! VIII. 
I)istril~uLion or unnuill rclc~lscs or iodinc-131 in airborne clTlucnls lroni I'lVRs In the IJnikd S l ~ ~ l u ,  1988. 

(Number or vulua: 56; gwri~ctric mean: 0.038 Gllq; g~amclric  SI): 13.) 
11'21 



I I I 1 I I 
1960 1965 1970 1975 1980 1985 1990 

START-UP YEN\ 

Figure 1X. 
Normnli7rd rclcosc of rndionuclidcs from l1\VRs in thc Unitcd Shtcs during 1988, 

avcrugd for rcaclors of the sonic ngc (shrt-up year). 

Figure X. 
?tends in rclcucc of nohlc gwcs In nirhornc cflluenlc rrom rcnclors. 



Figurc XI. 
Trcnds in rclcwe of  trillum in airborne emucnls from rc~ctors. 

For LJVClts, only cstirnnlcd avcrage value is svailublc. 

Figurn XII. 
Trcnds in rclcnse of curbon-I4 In airborne cfflucnlc from reactors. 
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Figurc SIII. 
Trcnds in rclcrlsc or iodine-131 in airborne emuenls [rum reactors. 

Figure XIV. 
Tmnds in reiaise or purticuluk In slrlx~rne rfilucnls from rericlors. 
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< 
PWRs 

0 z 0 BWRs 

w GClL 

IWRE 

12 I I I I I I I I I I I I I I I I I I 1  
P P ? F ! ~ P P R ~ P ~ Z ~ ~ Z ~ % Z ~ %  
2 % % % % % % 2 % % % % % % % 2 % 2 Z %  

Figure XV. 
Trrnds in rclcnsc or Lrilium In liquid cllluents lrom rcacbrs. 

Figure XVI. 
Tmnds in mlcasc or r~d ionuc l ida  excluding tritium In liquld cllluenls rmm reactors. 

0 z 0 BWlb 

GClL 

IIU'RS 



Fipurc XVII. 
Normzlliz~d rclcilsc or rudionuclidcs avcrugcd over live-ycnr periods l o r  nll reactors. 

16 - NOW Carbon-14 A I'a~icula~cs 

To~al Carbon-14 
Noble gases A Par~icula~cs 

Iodine-131 O, O~hcr (liquid) 
Tri~ium 

lo4 - - - - 
m 

3 lo3 - 
2 

Figure XVIII. 
b c u l  and rrtgionlrl collcctivc c f i c l i vc  dose l m m  wlcasc o l  rudionuclidcs l m ~ n  reacton. 

' I h e  trend In lhc b l n l  elcclricul energy gcnen~lcd hy nucleilr m a n s  Is Indlcalcd 
by the h a v y  line (nunlericul vi~lucs on Icll uxis upply with units 0.1 GW a). 

0 Tritiun~ lodinc-131 A Trilium (liquid) 

A 01hrr (liquid) 
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F i ~ u r e  XIX. 
Nuclcar fuel rcprocrtsscd wordwide. 

L)uh  bcforc 1975 an: inconiplclc. 

4 Tri~ium. Cap de La Hague 

0 Caaium-137. Cap de La Haguc 

Figure XX. 
Trends in normulired rclcuscs of triliurn and cucsiurn-137 in llquid cmucnts 

fmrn fuel rcproccsslng plnnts nl Cup de La Hague in Frunc-e 
und Scll~lficld in the l lnlkd Nngdorn. 
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