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.Abstract. Meteorological analysis of the paths of nuclear clouds has been 

used to assign the source of radioiodine in the milk samples collected in 

the U. S. Public Health Service Pasteurized Milk Network (P.MN). Most of 

the instances of elevated values between April 1963 and December 1968 are 

at~ributed to six at:nospheric nuclear explosions in western China. Only 

one of five cratering events at the Nevada Test Site caused elevated values 

in the PMN milk. Two periods with relatively low concentrations of radio-

iodine in mil.~ possess no apparent explanation. By selecting periods 'With 

no atmospheric or cratering events, it is argued that at most small. amounts 

of radioiodine in the P.MN can be attributed to accidental releases from 

undergrou..~d nuclear tests in t~e United States during the period of 

a.r.alysis. Radioiod.ine from accidental releases, reactor tests, and cratering 

events has been detected in a local raw mil.~ network surrounding the 

Nevada Test Site. 
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Introduction 

The potentially important soui"'ces of radioiodine ( Il3l) in milk a.re: 

(a) at=ospheric nuclear tests, (b) nuclea.::.."' cratering experiments, (c) unscheduled 

ventings from underground nuclear tests, (d) releases from fuel reprocessing 

plants and other installat_ions. In 1963, 10..a.chta (1) attributed the origin 

of Il3l in milk sru:iples of the U. s. Public Health Service Pasteurized Milk 

lretwork (E1fN) having 2: 300 pCi/l (picocuries of' Il3l J?er liter of whole 

milk) to particular som-ces during the period September 1961 through 1962. 

The present report updates the original report for the following six-year 

period. 

W'nile radioiodine in milk has been measured because of its health 

implications, the pri~ purpose of this study is to account for the origin 

of r131 in P~1N milk samples. For present pu..~oses, the absolute values of 

the concentration are secondary to the assurance that the milk truly contains 

r131 • At least one P1-fN sample per week was routinely scheduled for analysis 

in each of about 60 milksheds; the sam?ling frequency increased to twice 

weekly when elevated concentrations were expected or found. A single sample 

each week ~Y not reflect the highest level in milk. 

The general.J.y accepted limit of detection for iodine-131 analysis is 

10 pCi/1. This level is based on the random deviation in the analysis and 

count statistics and is defined as that: 
11level of' activity which results in a 100% error at the 95% confidence 

level." 

However, if there are small quantities of unidentified isotopes present, 

such as naturally occurring radium-226, or unusual background fluctuations 

which are not accounted for in the analysis, a bias can be introduced in 

the results which will raise the minimum sensitivity. On this basis, a 

cut-off value of greater tr.an 30 pCi/l was chosen as that representing a 

high level of co:lf'idence that iodine-.131 was actually present (2). 

ll'.a.ny states operate their own milk networlrn; their. results will be 

examined ror support of the FMN findings. Beca~se of earlier controversy, 

special attention is devoted to the possible sources of radioiodine fro~ 

various nuclear activities at the Nevada Test Site (NTS). A local network 

operate~ by the Public Health Service surrounding the test site provided 

data which bear on the intei'?retation o-Z the Plt.:N findings in terms of a -. 

Nevada source. 
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As sl10w:::. in figure 1, there are t.::n !)eriods with r131 concentrations 

;:::cc.ter t1-.c..;. 30 pCi/l in the E·:N" fro::n. April 1963 through December 1968. T'ne 

?erica Jc..;.~-::.:rJ th:"cugh ~!arch 1963 is a continuation of the elevated values 

in t:-.e late 1952, almost certainly from the large scale atmospheric testing 

in late 1952. ~able 1 shows these ten periods in chronological order 

toget:-:e::- wi"~h the most likely source of radioiodine. 

(a) At::::.os:pheric events: 

Six of the ?eriods (1, 3, 5, 7, 8, and 9 in fig. 1) fol.lowed six of 

the ei3:.t a:~:nosphcric tests conducted. at Lop Nor in weatern China ( 40°N, 
90°~). '7~ese six nuclear tests were reported to have total. yields ranging 

!,ro::::. less than 20 kilotons to a -.few hund:ced kilotons equivalent TNT (3). 

Kuclear explosions near the grou::J.d with yields in this range inject radio­

activity :::ainly into the troposphere, the active weather layer of the 

atwosphere (4). The mover:lents of the leading edges of these six nuclear 

cloucs ap?ear in Figures 2 through 7. The behavior of the clouds from the 

!.f.2.y 19.55 a.""ld ~'.ay 1966 tests has already been discussed by V.i.achta ( 5) in 

co:u.::ection with preferential tht:nderstorr::i. scavenging in the mid-western 

UniteQ States. Two other atmos~heric nuclear detonations were reported 

each naving a total yield of about 3 megatons of equivalent TNT (6). Fallout 

of all. bo~b produced radioisotopes from the first megaton test of 17 June 1967 
was virtua.llv non-existent.in ground level air or rainwater for months after 

the even-c. 'l'his ;;nay be a.ue to the fact that an explosion with the yield of 

about 3 =esatons will inject most of its radioactivity into the stratosphere. 

The second megaton test took place on 27 December 1968 so that its fallout, 

if a::::..:y; would not occur in the period covered by this study. 

Tnirteen atmospheric nuclear tests have been conducted by the Republic 

of France in the South Pacific near Mura.roa (22°S, 140~f), (7, 8). 
Unf'o1---tur:ately, the sparsity of weather data over the equatorial oceans 

preve~ts the construction of reliable meteorological trajectories of the 

clo~ds from these tests. Iodine-131 concentrations in excess of 30 pCi/l 

occurred during period 10 following tests in the South Pacific. One milk 

Sa.r:i;?le, 32 pCi/~, in the.Canal Zone in the last week of August 1968 

prob~bly derived its.r131 from these tests. Other short-lived radioactivity 

was fo-....:..'ld in ai.r during the same period at stations in South America and 

the tro?ics, which fits a pattern expected of a South Pacific source (9). 

- ······· - ··- .--:···---·.--------------------
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(b) Cr.:itering events: 

?ive crat~~ing tests conducted as part o:f the U. S. Atomic Enere;y 

Co-1ission Plowshare I>~ogr8.r!l for the peaceful application of nuclear 

e)..'?losives took place between 1963 2.!ld 1968. Although so:::i.e radio­

activity was detected in the at~osphere rollowing each test, only the 

Palanquin event of 14 April 1965 resulted in elevated Il3l levels in 

the ?~,JN mill\. (Period 2). The n;.eteorological tra.j ectory for this event 

is shown in :figure 8. Only Hele:ia, Montana., reported detectable levels 

of r131 in cilk. 

Radioiodine must pass fro~ the atn:osphere through crops, cows, dairy 

transport, storage and pasteurization before its radioactivity is measured 

in t:J.i.JJc in the PiiS lo.bora.tories. T:'1ese delays involve only a few days 

but way, in rare cases, ta.'l{e up to :five days· for the P:MN. Further, only 

one sa.::l:ple per week is routL--iely collected i'rom each milJcshed. T'nus, 

the delays and periodic sampling can result in time differences between 

nuclear cloud arrival and first milk cont.:i:nination in Table 1 of up to 

a week and a half'. The longest time di.f'i'erence, eleven days, was found 

in period 2. As discussed in the neA"t paragraph, the explanation involves 

" another factor, the weather. 

During the colder half' of the yea:r: in northern milk.sheds, herds are fed 

stored hay so that the cows have' little opportunity to obtain radioiodine 

even if fallout were present (10). A speci:fic instance in which this was 

observed took place at Helena, Montana, which according to Weather Bureau 

records, was snow-covered on April 16, 1965, the date of f'allout deposition 

from. the Palanquin cz-atering event, until a thaw a 'f:ew days later. This 

probable delay in exposure of the c~ttle to the deposited radioiodine 

may help to account for the eleven day delay between deposition and first 

milk contamination. 

Tnere were four other cratering tests at the ~"TS between 1963 and 1968, 
none of which elevated the P:MN milk radioiod.ine. Tnese tests were 

intentionally conducted during the colder half' o:f the yea:r with wind blowing 

towards the north to take advantage of the fa.ct that dai-ry cattle were on 
1..,1 

d....-y ~eed; the absence of I ~ in milk does not preclude its deposition. 

(c) Underground tests: 

Tee contribution of radioicdine fro~ ui:derground nuclear tests at the 

Nevada. Test Site (1'TS) in P:MN milk since September 1961 has been questioned 

---·--~----~------ ----.----
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( ll tl'...rough 20). Under,sroill:.d tests at the ~i'" .. 2S must always be viewed as a 

potential source of radioiodinc fc:- ::iiL1': within the U. S. because of its 

proxi:::i ty cor::pared with any provin~ c;rm: .... "":d outside the continental U. S. 

?~-ther, the radioactivity fro~ underground tests at 1"TS may often be 

released near the ground so that direct contact with the crops and scavenging 

by precipitating clouds is easier th~~ for nuclear clouds aloft. Finally, 

since Il3l is gaseous, atmospheric contP~ination from underground tests may 

be postulated even when particulates fail to escape. 

Questions about the source of radioicdi~e have been raised for the 

period in 1961 and 1962 when both at~ospheric and underground tests were 

being conducted. Over five and one half' years have elapsed since the I 131 

fallout from the 1961-62 at~ospheric nuclear test stopped and there are 

now intervals with frequent underground but no atmospheric nuclear tests. 

Inspection of Fig. 1 reveals nine such intervals which are listed in , 
Table 2b, during which 5 cratering and 13~ contained underground tests were 

t- I:).._ 
reported to have taken place within the United States. In addition, ~ 

underground tests were reported to have vented. The term 11vented" is used 

to mean that radioactivity was detected off the Nevada Test Site. Excluding 

the interval after the Palanquin cratering event of 14 April 1965 and the 

unexplained November-December 1965 episode in southeastern United States 

(to be discussed later), no Il3l concentration in milk of the PMN exceeded 

30 pCi/l. 

Because of the cattle feeding practices during cold weather, a better 

measure of the lack of radioiodine in milk :following underground te·sts 

in the absence of atmospheric. nuclear tests or the Palanquin event may 

be obtained from the warm seasons, May through October. Examination of 

these warm season PMN milk concentrations also shows that no milk sa:::i:ple 

contained over 30 pCi/l despite 64 reported underground tests of which 

three were reported to have vented (Table 2c). 

D..iring the periods of Il3l fallout fro~ atmospheric tests in 1963-68 

there were e.lso 30 reported underground tests in the United States, four 

of which were reported to have vented. There remains the possibility that 
l "'~ these underground tests contributed I ~~ to the PMN mil.:t which may have 

been r:asked by atmospheric testing. It is unlikely, however, that under­

g:rour.d tests will produce r131 ·1n PMN miJ..k only when there a.re atmospheric 

tests. 
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(d) UneX}?lained Episodes: 

Fig..u-e l reveals two other isolated periods (4 and 6) of slightly 

elevated isolated radioiodine conce::rtrations in the PM:-l' that have not 

been prev~ously discussed. Fro~ Nove.~ber 30 to Dece:::.::ber 8, 1965, 

eleven mil.~sheds in the southeastern U. S. (Baltimore, ~.d. to Ta.::lpa, Fla. 

to Little Rock, Ark.) reported concen:trs:tions between 14 and 36 pCi/1. 

Reanalysis of the ga.:n:mia spectra for the detectable values during the 

Nover::.ber 30 - December 8, 1965 period cor..i'irmed the presence of radio­

iodinc as originally reported. 7r.e So.v::mnah River and Oak Ridge Atomic 

Energy Con;;;Ussion installations lie in this area and mere proximity suggests 

them as possible sources. However, neither their local monitoring results 

nor reported rl31 releases, if any, implicate either plant. The other 

period, July 1966, followed the South Paciric atmospheric tests. A value 

of 60 pCi/l was observed at Palm.er, Alaska, on July 19, 1966. But it is 

deemed unlikely that a.'ll Alaskan milkshed would be contaminated by a source 

at 22°8. T'nere is, however, no independent evidence for accepting or 

rejecting southern hemisphere nuclear tests for the several elevated rl31 

milk concentrations in 1966. 

In addition to the two unexplained periods in November-December 1965 

and July 1966, there are others Cu.ring which the radioiodine concentrations 

exceeded 10 pCi/l but failed to reach 30 pCi/l, most lying close to the 

lower value. These concentrations do not, of course, appear on Fig. 1. 

In all of these latter cases the geographical a.~d temporal distribution 

of milk.sheds appears to be almost ra.~dom. These relatively few concen­

tratio~s above 10 pCi/l might be expected as statistical fluctuations 

.because of the routine hand.ling and analysis of the many thousands of 

samples. 

Com::a:::-ison o"f PMN with State fillk network 

In additio:::i. to the PMN, about 4o states monitor r 131 in I:lilk. In 1963 

only ll states reported to the PHS, which publishes their results in the 

Radiological Health Data and Reports (21). By 1968 the number of states 

reportinG had increased to fifteen. !vla.ny of the state networks collect 

and ar...a.lyze mil.~ samples on a monthly basis while some collect more 

frequently. Neill and Snavely (22) s~ized the criteria used by the 

states in their milk sampling progr~. 

-- --- --·----·--~- --- ------ ~ -, ------- -------
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'2'10 state results alnost always cor..fir::::i. the presence of' r131 in milk 

11:-:e:: ~!:~ :::--2.d:.oisotope ~ppears in the P:~:\:, so:n.etim.es higher and soL.etin:es 
131 lowe:- t:-. .:J.:'.l. the P:•Iii co:::ce:.t.rz.tion. D.:.ri:'lg the periods with no I in 

Pl·:J:·; ~L~, the state :'indings also co:rfi~ the absence of' radioiodine in 

ml.:1:. in t:<e United States, ·with two minor exceptions. On September 12, 1966, 

Tulsa, Cklab.or.l.:l, reported. 45 pCi/l but :four other miU~sheds in Oklahoma 

nad val~c:s below 8 pCi/1. ~l ?:orte, California listed a mean monthly value 

0-~ :.o ""C"/' -Po.,.. v,,.,.c..,.., 1c,~7 ..., ~ !" - - ..&. - •'............. •• :;;v • .Again, othc:r Calif'ornia milksheds were much 

:ower. Tr.ese elevated values in the state networks are not accounted for. 

T:.~e general lack of' Il3l in milk S<::!nples collected by the states is not a 

conclusive verification of' its absence in the PMN because of in:f'requent 

s~li~g, lirJ.ited repol'"ting, a....~d the monthly averaging. 

T .. ~e So".lthwest ~diological E:ea.1-th La.';)ora.tory of the U. S. Public Health 

Se::..--vice (SWR3L) o:perates a. milk sar;:pling network which surrounds the Nevada 

Test Site. M:i.J.11:. is routinely sampled each month :from dairy far.JS and 

individual :family cows i:a Nevada., weste::-n Utah and eastern California. In 

the event oi' a release of airbor-ce radioactivity :from the testing activities 

· at the :NIS some 155 producing dairies in 11 western states can be alerted 

by te:ephone to collect ~il..~ ss.n:ples. 'E.'1e SWRHL conducts a continuous 

survey of of:f-site r:iilk sawpling locations. 

A ~ _131 ~- d. . "lk . tb sr.rnu-r . k . sur:::.::m::.."'Y o~ ~ rin ings in i::u in .e w~ ne~wor appears in 

Table 3 for nuclear rocket tests, cratering tests, and unscheduled venting 

from undergrou..~d tests. • 

Levels of radioiodine in the SWREIL milk network following the reactor 

tests in Jackass ?la.ts of the ~'TS show a peak value of 240 pCi/l. Tne 

:farthest f'al"m ~rom the test site with a concentration in excess of 30 pCi/l 

(i'rcm a tes-'c. on Feb:cu.a....7 23, 1967) was located at a distance of 250 miles. 

Tnere w:::i.::; no detectable r131 in the SWRHL milk network for about half of 

the reactor events. 

?our of' the five cratering events resulted in readily detectable 

cor.centrations of radioicdine in the SWRHL network. The Su.l...~y cratering 

event created a mound rather than a conventional crater and only very stlS.11 

a,...oiz.ts of' radioactivity were relea.sed to t:1e atmosptcre. Thus, it is 

not S'l.4...-:?risi:;.s that no detectable a.:::.o'l::lts of radioiodine could be found in 

mil11:.. Iodine-131 from the ?alanquin cratering event provideu the highest 
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miL~ concentrctions of' any NTS event and, us noted earlier, its r131 

appeared in the Pl•fN miL'l\. a.t Helena, Y.onta.'1.a as well. T'ne SWRHL collected 

mll\. ss:u::?les :fro:::. 154 locations in the western U. S. 'for this event with 

exte~sive s.si=.pling concentrated in seven states. The farthest distance 

of Il3l in milk. .> 30 pCi/l was found. at Miles City, Montana, approximately 

900 miles from the test site. Tne date of this sample preceded that found 

at Helena in the PMi'J from the sru:ie event. 
/~ • <. (, •-<- ,.0.v/ f .. :.tJl.-,"-./ 
El:ev=en of the .£if'-t.een unscheduled releases of radioactivity from under-

. 131 ground tests at the NTS produced no detectable I in the local NTS milk 

sa.:nples. The Pin Stripe event on.April 25, 1966, resulted in a milk. concen­

tration of 4,800 pCi/l at a distance oi' 60 miles. Concentrations decreased 

to 70 pCi/l in a sample obtained at 550 miles. Aside from Pin Stripe, the 

highest concentration oi' r131 in the SWR...iri:. milk. network from an unscheduled 

release of radioactivity :from an underground test (130 pCi/l) occurred from 

the June 16, 1965 event. Actually, at this time, fallout from a Lop Nor 

nuclear test deposited radioactivity over the United States and the assignment 

of the origin of the radioiodine in milk is ambiguous (23). The same 

coni"usion on the source or radioiod.ine in milk existed a yea:r later for 

. the June 8, 1966 rocket test (24). 

Why did the PiiN not reflect the presence of' radioiodine when it was 

seen in the local SWRHL networl\.? The probable explanations are both 

meteorological and non-meteorological. In the latter category one notes 

that the PMN composites milk from fa.rz:i.s dispersed over hundreds to thousands 

of square miles. Milk :from f'a....-.,ns with detectable concentrations of r131 

can be diluted by milk :from other farms in the milk.shed with no radioiod.ine, 

the composite r13l being too small to detect. T'nis contrasts with the 

SWRHL network where, for the most pa....v-t, individual fa.rrr.sor dairies are 

sampled. The clouds from so~e of the atmospheric releases in Table 3 moved 

northward in the cold half of the yea:r when cows were not on pasture. But 

prob~~ly more important are the several meteorological reasons. A cloud 

of radioiodine dilutes as it moves downwind of its source due to both 

horizontal and vertical t1ll'bulent :nixing and to removal processes. The 

dilution caused by atmospheric diffusion, on the average, decreases the 

peak concentration in the cloud at tne r~te of roughly the square of ti:n:.e.-The 

peak concentration at 5 ho-.:.rs woul.d. th~refore be reduced by a factor of 

25 one day later. The rate of' loss ~~~ to uptake o~ r131 by the soil and 

; 
I. 
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veseto.tio::i is u..-iknowr.. Precipit::rcio:i :::c::..vcngi:r:..g is effective whenever 

it r.::.ins or snows. It is believed t:"lat tnis rcr::oval process was particularly 

effective fo1· the Pala."'lquin clo-ud w~U.ch was snowed out while moving over 

Idaho a...;.d ?·1o::t2..r.a. Finally, the ?:>l:J mil:'.<:::sheds cover only small areas of 

the United States. Could a cloud or radioiodine have passed through the 

co11ntry ~issing every H·:N mJJ\.shcd'? Such a passage is possible but is 

hi.:;hly unlL"-ely. F.owever, the first P:<::\ ::iillrnhed that the debris will 

pass tr...:-.ough outside the State o:f' I·;eva.d.a lies from 300 to 600 miles from 

the :?:S, depending on direction of cloud travel. T'ne answer to the 

question heading this pa:-a~raph the~efore is that the concentration of 

rad.ioiodine in r:iost cases is pro1.::la.'Jly too low to caus·e an elevated milk 

conce~tration by the ti.me the radioiodine cloud reaches the PMN. 

S~ a,.;.d Conclusions 

Six atmospheric tests conducted in western China provided the source of 

radioiodine for the majority of cases of elevated concentrations of I 131 in 

PM.N :niD\. in the United States fror:: April 1963 to December 1968. Atmospheric 

tests in the South Pacific probably accounted for only one elevated value, in 

the C.:mn.l Zone. { 
During periods without Il3l fallout from atmospheric tests, l~~ contained 

underground and 5 cratering tests were reported in the U. S. aln:ost all at 

the 1'"':'3. In addition, i1--underground tests were reported to have vented. 

During the sa.n:e period no P.MN milk sar:rples contained Il3l greater than 30 

pCi/l except for the period following the Palanquin cratering event and 

the u.~explained episode in the southeaste:cn U. S. The evidence since 1963 
strongly suggests that nuclear cratering events conducted in the cold season 

with wind blowing towaxd the north did not contribute signif'icantly to 

elevated radioiodine in the P~-CT mil.\:. 

The limited data from state net:;m::cks ;:!.easuri:ng ra.d.ioiodine in miD\. 
l~l 

confirm. the presence or absence o'f: I .,J in PMN ml..1t with minor exceptions. 

However, a local Public Health Service network surrounding the N'IS showed 

radioiodinerin miJJ~ following 13 of 25 rocket tests, four of five cratering 

--
-

j'O L' Y- Si )' t .t.L.,-
t eSt S 1 and ~ of ~~~teen unscheduled ventings from underground tests. -----

Only o..i.~er one cratering test, Pala::quin, did the PKN also contain r 131 

in milk. It is sueGested that at~ospheric mixing and re~oval processes 

dilute t~~ radioactive clouds. T'~cse as well as non-meteorological factors 

account for the abse:ice of w.:·r cont"",.,..;nation w:.en the local F..iS network 

reveal~~ elevated radioiodine. 

- - ·--~---- - - -·----- --------~--------. . 
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Table 1. Cases of 1-131 >30 pCi/l of milk in PllS Pasteurized Milk Network 

(April 1963 through December 1968) 

Period Period of First Contaminated Highest Contaminated Milk 
(See fig. l) Milk Conta~ination Milk 1-131 1-131 

!leg in End Milkshed {Efll 2 Milkshed Date (pCifil 
10/26/64 11/2/64 Albuquerque, N.M. 60 Albuquerque, N.M. 10/24/64 60 

2 4/27/65 4/27/65 Helena, Mont. 80 Helena, Mont, 4/27/65 80 

3 5/25/65 6/22/65 Minneapolis, Minn. 90 Kansas City, Mo. 5/28/65 220 

4 12/1/65 12/1/55 Chattanooga, Tenn. 36 Chattanooga, Tenn. 12/1/65 36 

5 5/20/66 6/24/66 Kansas City, Mo. 80 Little Rock, Ark. 5/24/66 392 

6 7/19/66 7/19/66 Palmer, Alaska 60 Palmer, Alaska 7/19/66 60 

1 11/10/6& 11/16/66 Kansas City, Mo. 37 Kansas City Ho. 11/10/66 37 
Austin, Tex. 11/16/GG 37 

8 1/6/67 1/16/67 Portland, Ore, 74 Charlestown, S.C. 1/10/67 <£) 
/ I 36 I 9 l/4/6S 1/4/68 Charlotte, N.C. 36 Charlotte, N.C. 1/4/68 

I 

10 8/26/6S 8/26/68 Canal Zone, Panama 32 Canal Zon~ Panama 8/26/68 I 32 

?I/ 
.:.- ~-

~-----

~" •• £, 

;<. • ,· 
--<-•' ....... 

~ 

/?6J 
---.:r==·---~ 

Nuclear Cloud Arril 1 Probable 
Date from HeteoroJogical Source 

Trajectories 

5/19/65 

5/13/66 

11/2/66 

12/31/66 

12/28/67 

Unknown 

Lop Nor Atrr,'.)S· 
pher ic ·tcs t 

NTS Cratering 
event 

Lop Nor Atmos­
pheric test 

Unknoun 

Lop Nor >.twos· 
pheric test 

Unkno•m 

Lop Nor Atrr.os­
pheric test 

Lop Nor Atmos­
pheric test 

Lop Nor Atmos­
pheric test 

S. Pacific 
Atrrospheric test 

,,,,.;;,.· 

.,,.. ,, 



T.:iblc 2. ~t.:Ll~cr of reported undc=ground and cr.'.ltcring events in the 

United States (April 1963 - Dccc~ber 1968). 

a. Tu~~l nu~bcr 0£ events ' 

~en-vented underground -
Vented underground-----­
Cratering events--------

'7 
15.lk 
-~/~ 

5 

b. Num~er of events during periods c~ non-atmosphe-.:ic testing 

~o::-vcnted vented 
und2rr.;;:ound Under;round 

A:J"::. 1963 - Oct. 16, 1964 39 3 
l\ov. ') 1964 - :r:.'.ly 14, 1965 13 3 -, 
Jt.:ne ? ') 1965 - :\fay 9, 1966 27 2 --. 
July 19, 1966 - Se:_:it. 11, 1966 2 0 
Nov. 16, 1966 D(!c. 27, 1966 3 0 
Jan. 16, 1967 - June 5, 1967 12 1 
July 2, 1967 - Dec. 24, 1967 11 1 
Ja;:i. 4, 1968 - July 7, 1968 -rs- I '-1 :I_ 
Se?t. 3, 1968 - Dec. 27, 1968 10 0 

TOTAL: E~· --H-
/.3 i I~ 

Cratering 

0 
2 
0 
0 
0 
0 
0 
2 
1 

5 

c. Number of events during p.::riod Hay th-.:ougb October excluding atmospheric 
tests. 

No:i-vc:i.ted vented 
Unde-r-r,:cound Underground Cratering 

~~c.y 1 - Oct. 31, 1963 13 1 0 
~~~y 

, 
.... - Oct. 16, 1964 14 0 0 

~:ay l - ~·lay 14, 1965 2 1 0 
June 22 - Oct. 31, 1965 7 0 0 
!·ic: y 1 - Hay 9, 1966 3 0 0 
July 19 - Sept. 11, 1966 2 0 0 
1-:ay 1 - June 5, 1967 4 0 0 
July 2 - Oct. 31, 1967 8 1 0 
May l - July 7, 1968 4 0 0 
Sept. 8 - Oct. 31, 1968 4 0 0 

TOTAL: 61 3 0 

* Includes two joint US-UK events. 

. . ' 



Table 3. Iodine-131 in the PP.S Southwestc=~ Radiological F.calth Laboratory 

; ~::._/ milk netwo:rk surrounding the :N'cvada Test Site (25). 

Date 

}fay 13 
Aug 28 
Sept 10 
Sept 24 
Oct 15 

1965 

Jan 12 
Apr 23 
May 20 
May 28 
June 25 

1966 

Feb 3 
Feb 11 
Mar 3 
Mar 16 
Mar 25 
June 8 
June 23 

1ill. 
Feb 10 
Feb 23 
Dec 15 

1968 

June 8 
June 26 
July 18 
Nov 21 
Dec 4 

a. Reactor tests: 

Location receiving 
Max I-131 in milk 

Distance 
(miles) 

90 
150 
80 

80 
30 

130" 

100 
30 

170 

180 
30 

(pCi/l) 

140 
20 
40 

:t-;1)(1) 

ND 

ND 
ND 

90 
70 

180 

ND 
h"'D 
ND 
ND 
140 
50 

240 

ND 
60 
90 

ND 
80 30 

Farthest location 
receiving 30 ~Ci/1 

Dist.znce 
(miles) (pCi/l) 

220 

80 

80 
30. 

130 

115 
30 

200 

250 
30 

40 

40 

90 
70 

180 

40 
50 
50 

40 
90 

140 90 140 90 
:ND 
h"'D 

; 

I 

----·- --·---- ---------------· --------------------- -------- -- - ~~---- -----~-~ 



-~ 

Date 

1964 

Dec 18 

1965 

Apr 14 

1968 

Jan 26 
Mar 12 
Dec 8 

1963 

June 5 
Dec 12 

1964 

Har 13 
Dec 16 

1965 

Feb 12 
May 7 
June 16 

1966 

}!a:- 5 
Apr 25 
June 15 
Sept 12 

1967 

. Jan 19 
June 29 
Aug 31 

1968 

Jan 18 
(t\J.Y ~s-

(1)~1) 

Test 

s-..1:~y 

'Oal-ns··.,.,.... 
•• t,;;.I, \.oll-a.• 

Cabriolet 
Buggy I 
Schooner 

Yuba/ 
Eagle J 

pi;"(e 
Parrot J 

AlpacJ/ 
Tee 
Diluted Water 

Red Hot 
j 

?in Stripe 
Double ?17 
Derringer 

Nash I; 
Umber J 
Door Hist 

. Hupr..obile 
l'hdl(&h;d<e. 

Loc::lt!on rcc.:::iv~ng 

:·:::i:·: I -131 ir. ~.1~ 1 ~ 
Dist.:.nc.::: 
(~ilcs) r~ci/l) 

~LJ 

135 11) 000 

275 630 
300 550 
250 100 

j;:' .U::i:::chcdulcd Ven·::ings 

)JJ) (2) 
~D 

300 so 
ND 

~T;:) 

~":) (2) 

:i..30 130 

KD 
60 4800 

l.\"TI 
1:.11) 

XD 
ND 
ND 

30 30 

N .D 
indicates I-131 in milk was .. ot dct~ctcd. 

Farthest Location 
receiving >30 pCi/l 
Distance 
(miles) (pCi/1) 

900 60 

285 40 
320' 40 
250 100 

300 80 

280 60 

550 70 

(2 )::~o milk sar:iples we::c collected 
grouud levels W~S not cctcc~cd 

fo:: this '2vc::t. Radioactivity above back­
in t~c oii-sitc area by air samples. 

i ' 
I 
i 
! 

. ; 
I 

k 
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Fig.· 1 

Fig. 2. 

Fig. 3. 

. Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

C~ption for Figures 

The highest individual ..-iilk concentration ( .::>30 pCi/l) of r 131 

for each week reported in the U.S. Public Health Service Pasteurized· 

Hilk Network and the announced nuclear detonations. The hatched bars 

indicate the highest concentrations were outside the contiguous 48 

states. Asteris.k indicates joint US-UK underground test. 

The successive areas covc~ed by the leading edge in the upper 

troposphere from the announced at~ospheric nuclear detonation near 

Lop Nor, western China, on October 16, 1964 determined by meteorolo­

gical trajectories. 

The successive areas covered by the leading edge in the upper 

tro?osphere from the announced atmospheric nuclear detonation near 

Lop Nor, western China, on Hay 14, 1965 determined by meteorological 

trajectories • 

The successive areas covered by the leading edge in the upper 

troposphere from the announced atmospheric nuclear detonation near 

Lop Nor, western China, on May 9, 1966 determined by meteorological 

trajectories. 

The successive areas covered by the leading edge in the upper 

troposphere from the announced atoospheric nuclear detonation near 

Lop Nor, western China, on October 27, 1966 determined by meteorolo-
\ 

gical trajectories. 

The successive areas 'covered by the leading edge in the upper 

troposphere from the announced atmospheric nuclear detonation near 

Lop Nor, western China, on December 28, 1966 det_ermined by meteorolo­

gical trajectories. 

The successive areas covered by the leading edge in the upper 

troposphere from the an..•ounced atmospheric nuclear detonation near 

Lop Nor, western China, on December 24, 1967 determined by meteorolo­

gical trajectories. 

The successive areas covered by the nuclear cloud from a cratering 

event (Palanquin) on April 14, 1965 determined by meteorological 

trajectories. 

--- -------T---··-- --------
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..._~,,,,.J---\-..).___,fl.--1 \ 
PATH OF LEADING EDGE OF UPPER TROPOSPHERIC 

DEBRIS FROM THE FIFTH CHINESE NUCLEAR DETONATION 

/ · .· · Yield• "A few hundred kilotons" ~ 
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PATH OF LEADING 

THE SEVENTH CHINESE NUCLEAR DETONATION 
. ~ I "LOW YIELD RANGE"-~ \ ~· I · -~ ~ t • i 1 · \ /J 
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