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RELAriONSHIP BE'l'ft'EEN Til.ISS OF ARRIVAL OF CLOUD, PEAK 
RECOVBRY AND CESSATION FOa OPERATION DEW II 

Victor S. Palmer 

This document, or any portion thereof. may not be 
reproduced without specific authorization from the 
Commanding Officer, BW Laboratories, Fort Detrick, 

Frederick, llaryland. 

The information in this report has not been 
cleared for release to the general publio. 

This memorandum is designed prinar~ :for rapid dissemination 
of current R&D technical informa tion :for review and suggestions. 
It is an inten1al operating document and distribution is usu~ 
limited to the installation and to supporting or cooperating 
agencies. 

August 1957 
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Director of Assessment 
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ABSTRACT 

An analysis of the cloud traTel data from OPERATION DEW II indi catea 
that l"elationships similar t o those determined for radiological fallout cata 
ap pear :·o exist between t i me of first arriTal of the aerosol. ~tlae of pe&k 
recovery and time of cessation. 
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RJ:LlTIONSJ:liP BET'DEH 1~ OF ARRIVAL OF CLOUD, PaAJ( 
RECOV!RY AND CISSATION FOR OPIRATIOK DBW II 

I, INTRODUCtiON 

Recently a etudy wa1 made of radiological fal~out datal/• \o deteraine 
the relationehip Det.een the time of firet arriTal of the cloud ta, time of 
peak recovery tp and time of oeeeation t 0 , The following relationehipl were 
determined for radiological fallout over a wide range ot arrival tiae11 

(1) 

and 

( 2) 

when taS-13 houre. The .. relationehips indicate that both tp and t 0 may 
be repreeented in terme of ta, and that as the time of fir1t a~r1Tal of the 
cloud ta beoome• inoreaaing!y later, the time of peak recovery tp ahifta 
from near ta to near t 0 • Figure 1 •how• these relationehipl on &. log-log 
plot. No val i d explanation waa offered for the above relationehipa except 
a purely qualitative one that the longer the time required for a radioactive 
cloud to arrive at some location the larger and more diftuae were ita boun­
daries. 

The data from OPERATION . DEW II!( were examined to determine if aimilar 
relationahipl between cloud arrival timea could be determined for thia se­
ries of long-line elevated relea1e1 of fluorescent material. 

II. UETHOD OF ANALYSIS 

In the analysis, data on file in rough form in Yeteorology Branch, Aa­
sessment Division was utilized, since the aequential sampling data for D~ 
II is not contained in the publiahed report. A relatively poor time reao-
1\ltion existed in the aampling data, because the· sampler• were changed only 
at two-hourly intervals and the di1aemination time covered a period of ap­
proxi~ately 30-{0 minutes, A maximum error approaching two houri is poaai. 
ble as a result of the two-hourly sequential aampling time period alone. 

In view of the time reaolution factor it was decided to determine ta, tp 
and t 0 only to the neareat one-half hour, Theae times, together the approx­
imate diatanoe of downwind travel (60-mile intervale), arB shown in Table I. 
Since the error in resolution oan re1ult in large pero~ntage errora for ar­
rival time• of leas than about four houre, greater 1ignificanoe probably 
should be ascribed to the data for longer travel timea, 

• See References 
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Sequential sampling at two-hourly interval• reaulted in the data for many 
stationa not being uaable. In order to obtain a fair picture of the arrival­
peak-cesaation ti .. relationahipa it waa decided to consider only tnoae sta­
tion• with at leaat four aampling perioda. At a conaiderable n~ber of ata­
tiona all of the material waa received during one, two, or three aampling 
perioda. Therefore, if the cloud pasted the atation in six houra or less the 
data could not be uaed. Other atatlona were diaoarded because of breaks in 
the aequential data. Aa a result, in Triala 2, 4, 6, 7 and 9 data were uaed 
ror only 28 atations out of a total of 95 pcaaible stations where recovery 
occurred. 

It was found that all of the uaable data waa obtained from near the central 
portion of the cloud as it travelled downwind. This had the effect of min~iz­
ing the error resulting from uaing the mid-point of the disaemination period to 
determine the travel times. 

I II • RESULTS 

The travel data in Table I were examined and it appeared that a power law 
model fit the data. A least squares fit reaulted in the follow i ng equations: 

and 

t - 4t o.s p- a (3) 

(4) 

Figure 2 ahows the variation of tp and t 0 with ta on a log-log plot. The de­
gree of fit of Equations (3) and \4) to the data is shown in Figurea 3 and 4. 

It is seen that Equations (2) and (4), ahowing t 0 as a function or tao are 
of the same general form. The radiological data was re-examined and it was ue­
termined that a somewhat better fit for the tp-ta relationship occurred when 

( 5) 

where tp ~10 hours. The degree of fit of both Equations (1) and (5) are 
s hown in Figure 5. A plot of Equation (5) is also shown on Figure (1) as a 
dotted line for comparison purposes. 

It appears that similar relationships exist for the DEW II data as for 
the radiological fallout data. The fact that both tp and t 0 are somewhat 
earlier for arrival timea greater than a 1ew hours in the DEW II data prob­
ably reflects differenct effective diaaemination heights and fallout oharao­
teristios for the aerosols. 

1 
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It appears sigQificant .tbat, similarly as in the radiological study, tho 
time of peak reooTery tp approaches the cessation time t 0 as the time of 
first arriTal ot the cloud ~a increases. Stated differently, for short dis-

. tanoes ot tra~l ' the t~ ot peak recoTery occurs near to the first appear­
ance of material; bowe~r, as the downwind distance increases the time ot 
peak reooTery beooaes increasingly later in relation to the total time peri­
od during which material was recoTered. 

The time of cessation t 0 may also be expressed as a function of the ar­
riTal time of peak reooTery tp. The relationship determined tor the DEW II 
data is 

(6) 

It is seen that power laws appear to fit the rather limited aloud tra­
vel data from DEW II. Some of the rather wide scatter obserTed may result 
from the poor sampling resolution, although the non-uniformity of the DEW II 
sampling data itself suggests that a considerable scatter of results may be 
expected, 

IV. APPLICATION TO OPERATION LAC 

It is recommended that a similar analysis of cloud travel be performed 
on OPERATION LAC recovery data when they are available. It appears probable 
that a similar mathematical model will be applicable, although the constants 
should be different due to greater dissemination heights and scale of dowq• ' 
wind travel. The four-hourly sequential sampling period to be used on OPER­
ATION LAC will also cause a resolution problem, partly compensated for by 
the larger scale of travel. Since the scale of sequ~ntial sampling will be 
increased by a factor of two from OPERATION DEW II, where the greatest down­
~ind distances were about 250 miles, all travel data from OPERATIOW LAC in 
excess of 500 miles will be subject to smaller percent•&• errors from this 
factor. 

If, from the first few trials, satisfactory relationships may be deter­
mined between ta, tp and t 0 , this information could be v.luable in estima­
ting the length of sampling perioda at various stations and other time-re­
covery relationahips for future testa. A more important consideration is 
that as more data are accumulated, the establishment of these relationshioa 
may supply basic information on cloud diffusion required in the cloud phy~ics 
program. 
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TABLE I. COMPAlUSOM OP FIRST ARRIVAL, PEAK AND CESSATION TillES FOR 
OPERATION DJ'ill' II 

Trial Station Diuem. Diatanoe 11ravel Time (Houri) 
No. No. Tillle of Travel Arrival Peak Ceuation 

(EST) (Milea) · 

2 21 1630 0-49 · o 4.0 6.0 
22 50-99 4.0 6.0 10.0 
36 100-149 6.0 8.0 18.0 
37 150-199 10.0 12.0 20.0 
38 150-199 10.0 • 20.0 

4 8 1725 0-49 4.0 6.0 17.0 
20 0-49 4.0 6.0 18.0 
26 0-49 o.o 2.0 7.0 

9 50-99 6.0 12.0 16.0 
21 50-99 2.0 7,0 13.0 
15 50-99 4.0 10.5 20.0 
30 150-199 12.0 14.0 18.0 

n 42 •1700 200-249 13.5 17.5 21.5 

7 14 1920 0-49 . 1.0 7.0 9.0 
8 0-49 3.0 3.0 11.0 

19 0-49 1.0 5.0 9.0 
26 0-49 0 3.0 7.0 
20 0-49 3.0 5.0 11.0 

9 50-99 3.0 5.0 9.0 
21 50-99 5.0 5.0 13.0 
15 50- 99 3.0 7.0 15. 0 
16 100-149 5.0 · •• 15.0 
24 150-199 7.0 11.0 15.0 
31 150-199 9 .0 11.0 17.0 

9 19 1450 0-50 3.5 5.5 9.5 
14 100-150 8.5 11.5 17.5 
10 150-200 11.5 15.5 21.5 

3 150-200 11.5 13.5 17.5 

• Poorly Defined Peak. 
•• Double Peak - Secondary 4 Hours Earlier • 
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