APPROVED FOR PUBLI C RELEASE

TR {)
ISR H

REPRODUCTION
COPY

P

" BCANNED  NOV 19 1936

~-=oveD AUNGIURBDIE b ense




ww ™
- v

NNCRTY

APPROVED FOR PUBLI C RELEASE

VERIFIED UNCLASSIFIED

o SERIES B
February 20, 1947

UNCLASSIFIED

This dosument contains 8 pages

NUCLEAR EXPLOSION 16 JULY 1945

Hoolth Physios Report on Radicactive
Contamiaatien Throughout New Mexieo

Follewing the Nuclear Explosion

’

: Roport Written By:
Classification changed to UNCL ASSIFIED

by authority of the U. 8. Atomic Energy Cemmission,

Jossph G. Hoffmam
Per QWMM#M

V30/67
By REPORT UBMR!M&@_&‘M a2 ("f

/) -"m’ X
: Ry & rqL "Il."‘/' .m.‘v s
¢ i =

-

. | PUBLICLY RELEASABLE .
= e Per FSS-18 Date: WJ
- Ea— o -~ T o

il - Bl By CIC-14 Date: 2-2/.94
=

J’_e—_:_,‘i.-"_

-5’1__;8'

2 == :
== 7
I=Q
§'-’=—==‘m .t-.—-o:... .:.‘\..;.k\"t'_‘v.{‘!" :.'5"
== « @ o P4 . ~ »

= . . o3 e es v 8
- n se 0ce oee - e oo’

o . sa smra e @aam a4 & -
f - s e -~ =

. PRI

APPROVED F(]R'ERJILI(: F&ELEJ&SE

UINCLASSIFED



ABOUT THIS REPORT
This document contains one or more images that were scanned from oversize pages (greater than 8.5 inches by 14 inches).  Printing at larger sizes is possible with suitable equipment.

This official electronic version was created by scanning the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



APPROVED FOR PUBLI C RELEASE

PN
e

11 TN
'. ‘ \7 1'\-’ ‘:)
e

ol al e ":-': S
s 4

NUCLEAR EXPLOSION 16 July 1945

Heslth Fhysios Report on Radicactive
Contarination Throughout New dexico
Following The Muslear Explosion

Fart A: TFhysics

Report Written By Joserh G. Hoffman

THIS DOCUMENT CONSISTS OF &5 PAGE(S)

NO. 2% OF. ~%-— COPIES, SERIES.—57—.. N
: A -
YA Lo Co oLy O \r Q
. Vo P N 14 |
/s - TN S

f‘.’. ,M{vz.}@ﬂ,ﬁ.&/v “, !«-\ (-\ e 6‘ C
gm W
=2
==
ggg
=0o
=23
éz—_—-—“‘w
<——$m
8 o™
= ¥o))

o™

Pn 1.
APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

] < ..
f(fffét

R <y ¢Cr €Cc r 1~

‘MG\\SS\F\E“ |

dndex
List of konitors
Abstract
1 ¥onitoring Aetivities Before and After 16 July 1945.

11 Decay of the Precipitated Gemma Activity,

111 Gaometrical Effects in the Distribution of Active Materials,

v ghfIntegrnted Dose.

v Procedure for Determining Safe Dosage Rates of Gamma Radiation,
VI Examples of Town Monitoring.

VII #ethods for Calculating Doses.

VIII Particzl Sizes and Air Concentrations of Radiocactive Material,
I Distribution of Fission Froducts Over the Countryside,

X Beta Dosage 1n Tissue From Cloud Naterlals,

Appermdix I, Health Instrumentation and Gross Crater Activity,
Decay. Compiled by Richard Watts

Lppendix II, Itinerary of trip made by Colonel £, Varren, Captain H,0, Whipple
and Dr, L,H. Hewpelmann, on 12 August 1945,

Lppendix III, Monitoring trip northeast of Trinity, 1l December 1945 by

Carl Bueklsnd and 4. Heinert.

UNCLASSIEIED

EC% e gee o ¢ 7,

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

r T
ctr ¢

s UNCLASSIFIED

The following persons ecllested tho data on gamma intensities tmw
the states of New Nexioe and Colsrado:

4dbel, G, K,

Asbersold, Paul €, R
An.l, :m HQ, W.' 2]
Allen, Marvin '

’
Anderson, Alfred
Anderson, J, B,
Barnett, Hemry, Capt,
Blaiy, John
Breslow, 3. a.
Brown,
w. Rebers N,
Buskland, Carl
Foley, Risharxd
!’ridoll, .no.’ 14, Cel.
Fulbright, Harry
Graves, ¥r, illen
Graves; Mrs., Allen
Greens, Joel

Noffman, Joseph G,

Carl 8§,
Ruene, T. ;o cl”.
Humplries, T
Jaorgensen, Theodore, Jr.

Watts, Riohard
Whipple, Harry, Capt.
mt', R,

'1111“', Je




APPROVED FOR PUBLI C RELEASE

1, Monitoring activities befors and after the miclear explosion, 16 July
1945, are described briefly, The appurm decay of fission produets
astivity spreed asress terrein is discussed, Near the crater the desay
was sppreximately as t~2 with wide variatiens while at distances grester
then 12 miles the decay went as 73+3, |

2, The geometrical effects of the distributicn of active materisl is des-
oeribed. The measurements in the vieinity of Binghem showed that the
gamma dose to persommel was dus to1 a) dosage delivered while the astive
clouvd particles were fulling and b) dosage delivered after the partisles
had settled to the ground, The methed for calonlating the total gemma
dosage is ocutlimed.

3. Examples of town momitoring for gamma radiatiom are given for White,
Binghan and hot sanyoa seuth of the Chupadera Mesa, A Table of gamma
doses for towns throughout New Mexise is compiled., XKstimates of the
density of gamma astive material oa the ground are computed from the
guma-roentgen intensities and tabulated.

b The region of highest radic-active eonsentration is shown to have been
in a swath 12 miles long, 1 mile wide starting nesr White Store
(on roed 380) and extending northward sscroes the Ghupaders lMesa, There
was a definite "skip" distanse of 15 miles Letweer seroc snd the
regions of measursble gasma imtensity, It is estimated that ome-helf
of all the setivity svailable was preaipitated in the two weeks after
the explosion, This activity was 905 in New Nexico, About 7§ of all
redicestivity wes precipitated in the "hot® swath over Chupadera Mesa,
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Beta ray Gesages in the regicr o 4o Clupalers Mesa 30 miles north east
of ser0 are ecomputed on the dasis of physisel msasuwrensnts in the field
and 3ls0 en the danis d'. the chendeel amlyeis of seil samples. The
gasma snd boka doses for ¢ows on Ll runge are cemputed and foumd to
be biologieslly sigaifisant,

Rl A w&@_ASS\HED
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a) Preparations for the Shot:

As & result of discussions among all concerned, it wes decided
that there were two main possibilities as to where the cloud could go
after the shot. They were: 4m the northsast or ia the southeast direction,
It was deemed necessary %o choose a weather condition which would not blow
the cloud over the tomn of Carrisose, whish lies slightly north of dus
sast of sero, Aoeordingly, the town monitoring plans consisted of three
nain casea:

() The North biow in which the cloud moves in the northe
east direstion inside e 20° secter whose acwth nide is not less than 6°
north of Carrisoso.

(b) The Sgyth blow in whieh the clowd moves in the south-
east direstion inside a 20° sestor whose north side is not less then 6°
south of Carrisoso.

(s) The Indeterminste cass ir whieh the eloud moves in
any direction cutside of the sector whose sides are 26° north and south
of Carrisoso,

Of these three cases the North blow UM to be most likely to
occour on 16 July,

On the 15th of July a final meeting of rediation monitors was
held st Santa Fe for fimal instructions, for assignmemt with Lt, D. Daley's
G-2 m, and for assigmeent of radistion detestion meters. The fiml
instructions concerned chiefly the matters of resording observations amd
getting ccomunications with headquarters in Albuquerque where L& Col,
Frieiell was stationed or with the base camp at Trinity whore Col, Stafford

Warren was stationsd, Binece the monitors ware spread over a large area

6.

\\
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Preparations for the Bhot (conumd)

order to find out which of the thres main eases had ceeurred.
| Zach menitor was assigned a set of the fellowing instruments:

1. 4 methane £1lled preportional ecunter fer ame'u..
alpha partisle radiatica in the presense of beta saxd gamma redistiocm.

2, 4 Vietareen, model 247, tkree rangs, portable gamma
ray sarvey meter, This was the most useful instrument for field werk.,
The tires ranges sover the fellewing Mny ranges: 0,01 t0 0.1 R/hr,
0,1 to 1,0 R/hr, and ) $o0 10 A0,

3. The Nallisrefter, Geiger-lMiller Tube, Nodel 5, portable
survey meter for guima and gasma plus bets redistions. The twe ranges are
0,00004 te 0,001 R/8 hr, and 0,0008 %o O, 2/8 kr,

In addition to neters the monitors were supplied large meuthed
bottles in whish te put earth samples from places where radistion was
detected,

The disposition of the menitering erew was as fellows:
lir, Alfred Anderecn with Np, Julian Bermseei ot Nogal, -‘

T/4 Josl Greens with Mr, Oharles Nally at Roswell,
7/5 Carl Noraberger with Mr, Rishard Feley at Ft. Sumner.
?/3 Robert Leonard with ir, ¥s, J. NeKlxreath at Soserre,
hammuzumur. 0, Palmer's Wvouas ares weret
Mr, Wright Langhan with T/4 Philip Levine; Nesars. Jehm Nuges and Jeseph
Rirsekfolder; and Joseph O, Neffman t0 asscmpany Major Palmer in eveat
that the evasuation of peeple was feund mecessary.

| The ehief mealtor and 40 erews were stationed at Guard Gate 2
bivouss sree in arder to get informaticm from Gel, Warrea at Base Camp as
socn as possidle, This infermatien sonsersed the height of the eloud, its
velocity amd diregtion of movimcnt. The sress were coneentrated at Guard
Gate 2 because of the presemse of tpo ﬂp?ht@pd localities; the ritoﬁw‘o

A ¢ f fof °E “MC\_{\SSME
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Preparations for the Bhot (contw’;'_ T UNCLASSIFIED

e

wmtmdtﬁqmduo northesst of sero and withia the Jernads
del Muerto. Pite house is fiftesn snd Tekay is twemty niles from sero,
In case of a nortbwest blew, thess plases might have been subjected to
intense rediationm, memumzmmmmdaiunm
Sarthage, Minghan, Claumeh, and Carriseso, Major Palaer earried with him
the map (prepared Wy G-3) having en it the mames of inksbitamts in the
losalities within a rediws «f 40 miles of sero,

Up o the tims of the shot and for ome half hour after, the
MmtzuMnmlmdmimchdium,
exsept that 1% imdiested the slewd weuld move in & 1ine northwest frem
sero through Guayd Gate 2. This meant thet mcuiters might have to go to
Pite's Yarm, Tekay, and Sen Antoate, 4 20 mph, grousd wind aleng this
direstion was exparieonsed at Omard Gate 2 and led %o the belief that the
eloud would oome that way. HNowever, the top of the mushreca did not move
in the northwest direstion, Ia Ahe time isberval from 6 to 7 AN the wind
direstions as recsived over the radie from Pase Gamp graduslly shanged
from northeest 4o mertheast. And the mushreon/Sobmed to shift tosard
ncrtheast. Zimally, the most defiaite informstica availadle over the very
pocr redie communisatien with Base Camp was that the sleul wes geing north-
east at 15 mph., sltitude 35,000 fest, and rising sbout 14,000 feet per
howr. Hoffmsn requested that Magee go with Lt, Husne along resd 380
tomard Binghem to leck for rasdicactivity from the sleud,  lLster levime and
Langhen went in the same direstica, In the meantime Noffman tried %o go
down the road past Guard Tower 2 ia order to g to Fite's Farm, The NP
refused perxission to anyoms to travel dowa that roed, As unsucessasful

cr
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Rvents Immedistely After the Shot, 1% July (Ceatimed)

‘attempt wus made to eontact Base Camp and get permission for momitors to
move in, By 7130 AN Colonsl Warren hed seswred permission for Hoffmen to
g0 1n sleme, but by that time it was certain that the major part of the
cloud was moving northsest, Kense the meuitors moved northeast slecg
Righway 380, Later in the day Captain Pavl Hageman weat to Fite's Farn
st 2:30 P¥ and found ne rediation sheSever.
~ Aleag the yesd teward Carthage, Hoffmen, Palmer, and Hirsehfelder
met Leonard, who had found resdable gamma redistica st 1.7 hrs. after the
-m-tpouumdlntv;--m.-tmwuumtm-mandm
falling from higher altitwies had been esught by the ncrthvesterly wiad
near the ground sad blewn in the direetien of Soscrre. As the party moved
eastward, they net Leviné and Langham, who alse kad found gamma redisties
um-mm-ﬁli-uwmwmumunnmw
toward Binghanm, mmmmmmpwmmm
th'-mmwunmuuuwmum
light Station L8, st whish plase they arvived at 4 howrs after the shet
just when the measwred gamma inteasity st Shat poist had drepped by o
feotor 2 in 10 aimmtes, from 2 40 1 gama roeatgens/hr. Nagee reperted
15 R/hr at a poimt ) miles east of I8, lLeaving there, Hoffwan returned
to Bingham ant weat to White Stere, this reute nearly perallaling that of
Mages but closer to were, ru-ugs—tm-nmur«umsw..
n«mmmumummm-co-«.mtum»
uynurnumibhrmhl Wm-nmumuytm |
Carrisose, mnmmmuulmu-,m-mu
" just returned from a trip mertheast aleng 161 and reperted resdings up to
10 R/kr. This was at sbout 11115 AM, The intemsitiss at White, Adebe,
Bingham, and L-8 hed apparently settled donm to their stesdy decay values
NCLASSIFILD
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Events Immedistely ifter the Shot, 16 Jily (Cont<ued:

Radio comwmunicetion with Bese Camp was unsuccesaful, so Hoffman sent a
message by Courier to Warren stating that the gamma intensities were about
0% of sllowable values, {Reference: See Section VI, Xxmmples of Town
lonitoring, 1. Town of White,

Hoffwan's party was jolined by Magee at this time and the compeny
went esst along 161 frow Station 1-8 to investigate further the high
intensitios reported by Mages, At the first place at which measurements
were attempted, it was found that Magee's ear was heavily contaminated
urder the fenders snd the chassis where road dust coculd eling, The meters
recorded 4 gamma R/hr above the general background when held near the fenders.
Moreover, inside the car the intensity was higher than outside., This
cast some doudbt on the validity of Magee's readings, Heffman had esrlier
compared the reading inside and ocutside the car nesr Adobe at 10 AM and
found a factor of 2 reduction inside the ear, It wes decided to return
to Bingham and eat since it was uooﬁ.

At Bingham, the entire monitoring group except Leocnard were
present. Hempelmann arrived from Base Camp and plans were xade for
continued monitoring of the region., Briefly, these were as follows:

1. Capt. H. Barnett to go along 161 toward Claunch and
Corona.

2, J. G, Hoffman to investigete the ranches and hot regions
reported by liagee east and north of Bingham,

3. Levine and lLanghem to go along 161 and find anmy roads
lesding off to the side from it, im the first 15 miles from Bingham.

L. Anderson to measure carefully along 380 and any roads

to the south of 380,

At this conference it was decided that alpha partiole radiation was

: 10,
APPROVED FOR PUBLI C RELEASE
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Events Immediately After the Shot, 16 Ju'y {(Coniinuel)

negligible as far as messurements up until noon indiceted. The major
hazard appeared to be gamma and its accompanying beta rediaticn,

In the afterncon, Hoffman went east from Bingham along 161 and
north along 146 using Falmer's map of inhabited localities as a guide,
The ranches west of Road 146 were in the midst of a region of inteusity
of sbout 0,25 R/hr st 2-3 PM, This wae considered to be safe. The ranches
named on the map were T, R. Ooker, W, lucero, and Sedillo, In another
direction, namely due east from the junction of roads 1.6 and 161, along
14,6 the highest intensities were recorded, namely 6.0 R/hr at 2 P¥, This
high intensity wae called to the attention of the military guard sccompany-
ing Hoffman, The readings were taken up tc a point 3/, miles from the
Raitliff house, whose presence was unknown to the monitors since it wss
not marked on the G-2 map, At sbout 2 miles from the 1.6 - 161 road junc-
tion, 146 runs through s steep gorge. In this gorge the high gamme intensities
were found which caused the gorge to acquire the name "Hot Canyon".

The swath of high intensity which began st the hot canyon, sbout
30 miles from sero, is known to have extended north slightly east for about
12 miles, Levine and Langham found where it crossed Highway 161 and took
80il ssmples at a point where a gumma intensity of 7 R/hr was found at
3 FM, 16 July, on the south side of Rcad 161,

For detailed information on field monitoring in the five months
subsequent to the shot we refer the resder to the transcript of field notes

of 8ll monitors,

APPROVED FOR PUBLI C RELEASE 1,
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I' The Deeay of Frepioliated Gesms dctivity UNCLASSIFIED
The physiecal picture of everis leacin; t:«- 3pread of radiocactivity over
terrain far removed from gero point ﬁl es follows:

1., Fine perticles of sand would fall from the cloud carrying radio-
active materials on them, These partieles will be carried in many different
directions after leaving the cloud on account of differing wind direections at
different altitudes,

2, At a given place on the ground a minimum time wust elapse after the
shot before radiocactivity appears in mesasurable amounts, This time depends on the
cloud velocity and its extension, It alsc depernds on the time it takes for particles
to fall from the cloud,

3. After the clowd has passed and the radicactivity has grisen to its
meximur intensity there will occur a deecay of intensity with time, This decay will
be due to two msin causes; the change in the geometrieal distribution of active
material and the natural radiocective decay of the elements concerned,

a). Geometrical ghanges:

The apparent decay of the activity as measured on the ground will be
influenced by the rate at which the particles settle. There will be a time at which
a fog of particles is hanging in the alr just above the ground. At a certain time
later these particles will have settled to the ground, If there is wind, these
particles will move into the interstices of the ground surface., Furthermore, rain
will wash them further into the ground., At each of these stages the geometricel
distridbution of the active materiasl is different from the preceding stage. There
will result an apparent decay of sctivity begsause the progressive changes are
toward obscuring the active particles. This kind of decay wes well demonstrated
by the measurements of the searchlight crew at 1-8 whose date are shown in Figure 3.
In sbout ten minutes the measured activity dropped by a factor of two, from a
maxizum of two down to one R per hour,

b). Elssiop producks deass lay
The decay of geFa and belu wobivicy an fission products is sucmarised

APPRO\/ED ase UNCLASSIFIED s
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by ilatherine Way, CK~2737. The gu.aas Gecsy ia wav/sec/fission is ae t-l'z. See

also V, Weisakopf: “Neutron and Cuana Effeu.s 4Lfter the Nuclear Explosion”-1I,
Lads - 250, Figure 5 anmd: Los Alamos Rdb, Suplslmnt, la-140 A, p. 10, and :

E, P, Wigner and K, Way "Summary and Correlation of Data on the Rate of Decay of
Fission Froducts,"CC-3032, June 13, 1945,

For purposes of heslth monitoring the 1/t decay is most oonvenient for
eatimating intensities and is comservative in estimating integrated doses from
messurenents made in the first 24 hours after the shot, However, at longer times,
for conservative monitoring, it is necessary to assuxe an inverse power of t larger
than unity.

o). HMeagured decay rates of rediomctlvity

The decay of radicactivity as messured by gamma roentgenometers varied
considerably as can be seen by reference tc the deeay curves in Appendix I compiled
by Richard Watts. Fragments from the creter at zero decsyed with time verying from

-1 -l, -
t tot 5. At fixed poimts around the crater the apparent decay was as ¢ 1.8

to t'z. This was assumed to be due to cbscuration by dust. In one jlace the
activity actually incressed with time, This was interpreted as being due to wind
blowing active materisl toward this plaoce,

it great distances (greater than 12 miles) the activity seemed to follow

the law t™3*2 ss shown in Figs, 1 and 4.

62
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111, Geongtrical Effects in tke Pistuibnbisg £ Active ¥eterial
(a) Settling of the Clowd
In II (a) above, tho changes in dose rate due tc changes in
geometricel disposition of the radicective material were described in a general
wey, Following is a detailed discussion of the gamma ray intensity messured by
an cbserver as a cloud of radicactive particles falls to the ground.

Let the gammas under consideration have an average energy 1 Mev
with an aversge mean-free-path, A , in eir of 220 meters., There will be
measurable intensities on the ground before the layere of air imredistely above
the ground are filled with active particles, When the particles start to reach
the ground the intensity of gaumes 1s most easily considered as being due to a
cylindriecal distribution surrocunding the observer. The observer is on the axis
of a cylinder of redius )\ and height h, If the material gives 4 roeatgens
/hr/me/unit solid angle, and if the density of the materisl is M me/cc of air,

and if we neglect absorption in the air, the intensity of gammas will be:

T =AM vzﬁ&gci(._\é)‘_‘_\] 4+ Lyr GJ\‘&MK%)% )1)

I = roentgens/hour
For s discussion of this formula see W, W, Kayneord: "Energy
. 4Absmorption IV: Math, Theory of Integral Dose in Radium Therapy," Brit, Journ.
Radiology, January 1945, vol, 18, TFor s more ascurate calculation taking into
account the absorption in the air, see Chicego Froject Handbook, Chapt, V,
section F, Since we have neglected absorption in air we take the height of ihn
cylinder to be ) and the redius also as A ., For an average gamms energy of
1 Y¥ev, & = 4.7 R/hr/mo/unit selid angle. Substituting in (1) one gets:
T(ai) = 7.35x10° M R/% (2)
When the material in the cylindrieal volume has fallen to the

ground, the observer is standing 2t the centisr nf a disc of active material of

{n”“yv‘( it D %,

)«“‘ J“lL.
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recius A , The intensity them, 1 (gl), s giver ly:

Tad) = Ap T Log, |55+t Riga 3)

where f = density of active material in me per cnz, and d is the height of the

recorder above the surface of the dise.

Yor d =toem | T(awd) = los ¢ R{Q, (4)
Note that 1f sn intensity of one R/hr is reeorded while the material is in the

air then ¥ = 1,36 x 10°6 me/ce., When this is precipitated f = 2,2 x 10% x 1,36 x
10'6 z 3.0x 1072 nc:/csm2 on the ground, And I (gnd) = 3.15 R/hr, if cne neglects
ground obacuration, Thus the ratiop I (gumd)t I (air) = 3,2. We shall sssume
however, ilat the cylinder height was of the order of 2,5 to 3 A and that § ia
increased acoordingly. The rstio. I (gnd):s I (air) becomes 10:1, Note that
according to (4) there are 9,5 ))lc/cnz of gamms activity for 1 r/hr, Taking

into acecunt the 50% groum! obgcuration of active material there are 19 ﬂ.c/ml2
gemna activity per 1 R/hr, Thi.siiu an average gamma energy 1 lev and assumed
average mean-free-peth in air of 220 meters, The ground to air ratio 18 useful
for estirating concentrations of activity in the air from the messured concen-

trations on the ground,

(b)

Acoording to the sbove dissussion, the gemma intensity should
rise to the level determined by the density of sctive material when it is fiaally
on the grouni., Measurements at Bingham, Adobe, White, and at Searchlight Statica
1-3 (see Fig, 3) showed that the intensity drope ebruptly from a peak valus
deterwined by the partiéulur terrain. This abrupt drop is attributed to
settling of the active material among the cracks of the ground surface. The
density of alr is 0.00129 while that of ground is sbout 2,5 so that obscurstion
by ground particles is effective, From the data taken st the above named places

we estimate that the ground obscuration is about 50%,

T ald
g1 3 "’“ED
b] - AR PSSR E
ST E Ui
oy = . S

e
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(c) "Ceometrical Doge," Dg,

The integrated dose under the maximum (see Fig., 3) which
precedes the steady decay 18 sallad the "geometrical dose." In Fig. 3 it
is the area under the flat-top maximum snd amounts to 2,5 R total. Aittention
is celled to this typs of dose (as distinguished from the integrated doae
under the long, low intensity decay that follows it) because it is a high
intensity, short duration dose., At hot canyen, for example, the intensity
at the maximum was around 15 R/hr giving a value of Dg S 13 R 4n little
over cne hour. The geometrical dose can be a severe health hasard because
1t 13 delivered in e short time interval, Its maximum tolerable value is

set at 50 R,
(d)

For the purposes of the 16 July shot the deta at 1.8 served
as e gulde becsuse there the geometrical dose rate dropped to 50% when the
cloud settled (Fig, 3). This supplied the working rule that if the value
of I, et t, could be éo-putod- from any measured values Iy and t] the
geometrical doss rate would have been at lesst 2 I,. The time over which
thie dose is delivered in cne hour for points that wsre sbout 20 miles
from sero point (I~3 is 19,5 miles distant),

This working rule wae verified, within the accuracy of the measure-
ments, 8t two other plsces beside 1-8, 4t Adobe, Leonard observed 6.5 R/nr
at 3.3 hrs. Checking this st 4.2 hrs Hoffman found 1,6 R/hr, The indica-
tions were that from 3.3 to 4.8 hrs the internsity hed fellen off rapidly as
it hed st L-8, Here, however, the drop wae nearly 70% insteed of 50%.

The other check for the rule was found in the "hot" canyon 7 miles due East
of Bingham. Here the L-8 crew verified the reading of 15 R/hr at 3.3 hrs,
it 8., hre Hoffmsn found 3.8 R/hr. If the 15 r/h~ aeu droppod to 7‘5Wt
about 4 hrs ani decayed as 1/t, Hoffman's reading .mould Wb&on 3. 7 ’

* -

»
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which 1a close enough to 3.8 in view of the aporozinations involved.

It should de noted here thet before the Trinity shot of 16 July
1945 there was no field data as to how proncunced the geometrical effect
would be, The pleture up until after the shot was that the activity at
a given pleoe would build up and deesy giving a ocurve like a aussian
curve skemed toward the left, or s curve resembling that of y = xe™%X with
sxall values of a. Before the L-8 data were taken it waz planned to

assure that the intensity rose linearly to the value I, over a time t,

giving an integrated dose I t /2.
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Iv. The integrated vooe
(a) Conference held at Bame Canp on 1/ July with Col., #arren,
Lt, Col, Friedell, and Ur, liempelmann set the upper limit of integrated
gamma ray dose for the entire body over a period of two weeks (33f hours)
a8 75 roentgena,
(b) Csleulation of integrated dose with 1/t decay.
& general formula can be derived relating the intensity I,
measured at time t, (after decay haos started) with the total integrated
dose D over & reriod ¥, The 1/t decay law leads to the relation Ijty =
iy to where IO 18 the initial intensity at time to. The tinme, tg, 18 the
tine at which the 1/t decay sterts sfter the cloud hes passed. See Section
VII {(a) and (b) for detailed discussion of t,. It follows that the

intensity I at any time 1s: ’
T=Tt,/t (5)

The integrated dose 1s:

D, = Tyt, A |Plt, ] (6)

Let the pericd P = 2 weeks, or 336 hours, t, ia the time it takes for the
cloud to move from gero point to the place et which monitoring messurements
are nade, Let this distance be d miles and the cloud velocity be v miles

per hours, Dl is 75 roentgens. Xquation (6) 1s rewritten then as:

{(7)

el S

ATt SRR T
. O B

=

RATERt L
‘g' vt ‘l'h
Ui‘“‘l"i Ladt e

o o
¢ oo
o o
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where I is the intensity of radiation aecsurcd 4t 'ize t; at a point 4
miles from zero point. See Table I for use of this formula. (7) hae two
main features: it is relatively insensitive to position, 4, or the clowd
velocity, v; and the integrated dose, D, at a given poeition is direectly
proportional to the measured intensity, Il'

These feetures fagcilitate a monitor's degisions in the field, It
should be noted, however, that d/v is an approximetion to t_ because b
excludes the time it takes for the cloud to rise and tie time it takes for
the redicactive particies tc fall, Also it does not account exmctly for
the time it tekes the entire cloud tc pass & given point, nor does it
account for a cloud which does not move in a straight line from merc point,
The use of d/v direetly for t, gives one a kind of safety margin for I;
it is on the "sefe" side for determining whether or not I1 is high,

(¢). Caleulation of integrated dose with 1/t decay.

The disocussion of thelntegrated dose over time for the

1/t decay law has been presented in some detail beecause it can be used as

2 basis of comparison with the case in which the decay goes as 1/tP where

VAl D . In the latter case the expression for the integrated dose
becomes1 ~
D = E‘_E_i Lo \
Mm = - -
m—~1 LA C I A (e

where Io is ths "initial intensity,” that 18, the intensity at the time,
to, when the activity commenced stesdy decay, and F is the period over
which the dose is integrated (2 weeks, or 336 hours). Since P is 336 howrs

equation (3) can be redused to a good approximation:

5 = Lt

M-

titb ¢ §

L4l oo
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for values of to up to 2% hours,
™ . p
The ratic Dl/Ln is
o
2= (ole) < -y (10
" _
wheare C : 230 Qq' (-‘53‘/t° +Q (See Teble I or Fig. 6)
M -
Figure 64 gives the velues of (t‘/t,) (M*‘) as function of (t-/é)m ‘

which s wsed with the valnes of Figure 6 to compute the ration of doses
by/B,.

The Iintegreted duse using equation (8) for the time t, = 4 hrs hes
been compute i for values of ne 1.229, 1,3, 1.5 a= shown in Fig, 7. For
comparison 18 shown the integrated dose for the 1/t law, KNcte that for all
practical purposes the 1/t law dose diverges wherees for ell velues of n
groater than unity the dose e yroaches scme ssyoptomastic velue, The velue
of t, = 4 bro was used besause the field messurements of lergest intensities
were found in the region in which t_ wee known tc be 4 hrs,

figure & shows the build up of dose in the weeks following the first
2 weeoks after the shot, The curves give the dosage increment cver z two
wee) intervsl st increacimg numbers of weeks after the shot, The rurpose
of this curve 18 to serve as az meang for eatimating domsage rates at long
times after the shot,

(d) Determination of exponent n in the decay lew,

Of greater use to the wonitor 1s e quisk means for juiging
the value of n in 1/t". The first and obvious method is to plot intensity
vs time on a log - log graph and estimate the slope which gives n direestly.
The gseconé method is to prepare s graph baforehand of (tz/tl)n'l where t,
and t] are the times et which intensities at s given spot are measured am

use the relstion IztB = Iltg which ean be written as:

Coo . ‘}ﬁs{Q ﬁj?vi“ﬁ 3
D S | ST ‘ . 20.
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= 2~ 11
It, <t) (13)
The two seta of measurements and the known ratio of %y to t.1 give n from

the

L

repered graph of (tz/tl)n'l. This msthod is quicker and easier for
usc in the fleld then the first methad of plotting log - log graph. Howe

ever, vhe log - log plot allows one tc estimate I0 by &n extrepolation,

backward tc t’o'

arn . VTR [ .
LA [T T A [
PP . N PRSI ST
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intensity I, at time t, ere computed from I, ty = 75/c

Table for determining integrated dose, Dl where Dy g C I; t; aesuming

Taking D g 75 Roentgens the tolersble veluss of initial

d = dlstance frum sero point

rax, tolersble velue cf Il tl

t, Cx v e 7 mi/hr v 2 18 ni/br B/C = 75/C = I3 ¢4
1 hrs 5.82 7 niles 18 miles 12,9
2 513 1 14,6
3 473 21 S4 15.8
4 boldd 28 16.9
5 4e22 35 90 17.8
6 4004 42 18,6
7 3.89 49 126 19,3
) 3.76 20,0
9 3.65 2045
10 3454 70 180 21,2
1 345 21.7
12 3.36 22,3
13 3.29 22,8
14 3.22 23.3
15 3.15 105 270 23.8
20 2,98 140 360 26.1
R4 2.7 167 378 7.7
36 .34 3.1
48 2,08 386 864 36.1
* Q=_1.3o3ﬁoz(,’\?z(:+£‘, 4%?.;%.(0

Integrated dose D is taken over a period of 336 hours after to.
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V. Erocedyre for Determining Safe Dossgs Faker o Gemes Radiation

() A monitor coming to a spot whers the cloud has passed has two
items of information about the radiation there: (1) he ean measure rate of
dosage at times up to sbout 48 hours after his arrival and (2) he has o
rough estimate as to when the cloud preeipitated the activity at that
point, (4f the rate of dosage is too high his sojourn at the spot may be
limited to a period considerably less than 43 hours.) From these two items
he hes to judge whether the integrated doss over 336 hrs after the cloud

passed will exseed 75 rosatgens or not,

The firet measurement of intensity Il at ty pernits the use of
equation (3). The produst It; should be less than or at most equal to the
constant on the right hand side of the equation, Various velues of
t, = d/v should be chosen to sllow for possible inacourscies in guessing
at the time, t_. If the produst Iyty is too large to satiafy the equation
it means that according to the 1/t law the integrated dose will be
exceasive, The next step is to determine whether the deeay differs from
the 1/t law. This is accomplished by the two methods outlined in the
preceding section for determining n in 1/t". Onee an estimate of n is
gotten, equation (5) is used, Here one has to compute buck to estirmate
I, and then caloulate Dn. If the log I va log ¢ plot 1s made, the straight
1ine can be extrapolated back to time t and 1, is deternined from the
graph,

Pig. 5 shows a log - log plot of y = 2 4n the form where x » (t3/t,).
This curve is useful for two purposes. First, it permits the computation
of I from the general formula i I, & ®3/t,)" where I; and ¢; are measurad
values in the field and m is any exponent ons chooses to assume., Seconmily,
Fig. 5 allows one to estimate what the i1irtersity I, a* a place would have

been if it hed decayed with an exponer® ~re ineiasl o7 aith any other value, n.
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Thle uses the forrmula:

=T, ()
where 1l and t, are measured at a point and I is the intensity which would
have existed if the exponent of decay had been unity instead of n,

Nherever possible the procedure is to determine the integrsted dose,
D,, under the 1/t decay curve and refer to equation (6) for possible values
of D, when a value of n has been eestimated,
(b) Determinstion of Geometrical dose, Dg.
The geometrical dose has been discussed in sestion IV (¢).

The conservative ostimate of this doseis made by assuming that I It

Once Ilt1 are measured, s guess is made as to t  and the value of I° is
obtained, This velue of I 1s then multiplied by 2 (or by 3 if a very
conservative estimate is desired) to get the dosage rate while the cloud

of particles was asttling., For example, if I° turns out tc be of the order

of 15 R/hr at t, c 4 hre it follows that the geometrical dose will have
been at the tolerance level of 30 R, moreover the integrcted dose D1 will
be excessive, namely 4.4 x 4 x 15 = 265 R,

(¢) Effest of House Walls on Gemms Dosage.

The intensity of gemma radiation inside a house which is
located on terrain which is covered with gamma active material must be
conaidered in eslculating the dosags received by personnel over a long
perind of time, MNeasurements made at Site Y on 19 July at T 825 indicated
that there i3 at least a 50% reduction of gamma intensity inside a light
wooden frare house, Outside the reeding was 0.0065 R/8 hr while inside it
was 0.0026 R/8hr., For a heavy sdobe (sbout 15" thick) hcuse at Bingham,
the intensity outside was 0,0025 R/hr at waist level while inside it was
lege than 0.C001 R/hr (August 17th messurements of Dr. L. H. Hempelmann),.

At another stone house in hot canyoa, Jr, Hexje iern meesured 0,023 R/hr

R T T
)

S8 2.3 L i
2‘ T%.8 2 0~ .
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outside and 0.0035 R/hr inside, Thus énr #n adcba house, the gamma dose
is reduced by a factor of 8,

Thus if one takes the redustion of 50% for a light frame wooden
house and assumes that people epend 12 hours per day indoors, the integrated
dose i8 reduced by 25%, If one tekes the factor of 8 for a stone house
erd 12 hours per day indoors, the integrated dosels reduced by LA%,

I3 should be noted that the protection sfforded by an automobile
was of concern to the monitors, It was found that the gsmme intensity
inside &n autc was 508 that outside. This was no longer true in the car
that hed picked up material which stuek to it (under chaesis and under
the fenders). The car became comtaminated and the intensity inmide was
gt times greater than that outside.

(d) Variation of Gamma Intensity With Height Above Ground

It wes soon found that the intensity of gemmas varr¥ied markedly

with height abuve the ground., The following table gives data on this

variations
IABLE 11
Tlace Tine Ground alr Reading: Air As % Of Rezarks
Shgerved Beading  Helght.Intenslty GCround Readling
Sesrchlight ca.3-{ hrs ececcc-- - 75% Camna radlation
Crew at L-8 4 5 R/hr 3 ft., 1 R/nr 20 Gaxma & beta
radiation

Hoffman, 1 mi,
east of L-8 8 0,9 1 meter, 0.5 58 Gemma radiation
2 mi E of L-8 8.2 3.2 1 meter, 2.3 72 Gamma rediation
3 mi E of L-8 8.5 €.0 1 meter, 3.8 63 Gemma radiation
Hoffman, Bingham 3,3 3.3 1 meter, i.'? 51 Gamma rediation
Friedell & Hempel-
zann at Hot Canyon 37 o7 “Walst High",0.5 71 Grura redietion
Fulbright & iallin-
ckrodt, 14 mi N of
Bingham 550 0.027 1 meter, (,0°9 70 Gamma Tadiation

- 25,
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The date indicate that for gaxm —~slletlon, the average value of
the intensity at torso level (1 xetor) 1s %% :f “he intensity at ground
level., Ground level resdings were made by setting the meter on the
ground, The average position of the genter of the ionization chambers
was 10 cm above the ground surface, Since the meters were made in such
a manner as to prevent the ionissation echambsrs frow reaching ground
level, it was decided that the intensity at torsc level could be safely
taken as 50 that at ground level.

The importance of the variation of intensity with height above
ground is shown in Table II 4 below. According to measurements the
major fraction of human body mass 10 at @ beight of over 1 meter above
grounding (for standing position), Table II A shows average heights
and masses of the parts of the aversge xan, These data are taken from
W, V. Mayneord; Brit. Journ. of Radiology XVII, pp. 151-182, (1944);
"Energy Absorptien II Part I: Integral dcse When the Whole Body Is
Irradiated”,

For comparison with the case of uniform intensity with height
Teble II A shows the effect of variation which is 50 st 1 meter above
grouni. The distribution of intensity shown gives a total dosage which
18 5,% of the case of uniform imtensity over the body. In the discussions
of dosage (secs VI, VII) a factor of two is introduced to scsount for the
veriation with height. The eorrection applies only to adults of at least

normel stature,

Iable 1L 4
Part of Avg. Helght Nass Distribution Mass X
Body Above Groumd Radiation Intensity
— intengity
Foot 1.8 om, 1,388 Kg 1.0 R/nr 1.388 Kg-R
Lower leg 26,7 8,130 0.9 7.362
Thigh 63 11,332 theb 6.799

r, z: roiriry

1\«»—» L-.J.J ¥ t'- 26-
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Tatde 11 & _(ocnly)
Distribution

Part of Avg, Height Maas Rediation Mass X
Bdy above Ground — dokengity = Intensity
Lower torso 95 om 19,000 Kg 0.5 R/hr 9.500 Xg-R
Upyer torso 125 19,100 0.45 8.595
Arms 125 4254 0445 1.914
Shoulder 135 0.792 0.4 0,317
Neck 144 1,292 0.4 0.517
Head 157 Ae330 0.3 1.299

£9.678 Kg 37.691

100(37.691/69,678) = 54%
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1. Town of Yhite. Ome building on road 380, 6 mi, Esst of

Binghanm,
Figure 4 shows the messured intensitlies msde at White Store,

The air measurements were multiplied by 2 to correat them to the corresronding
ground values, Eoffman had been called to Adcbhe, 2 mi West of White, to
verify a reeding of 6,5 R/kr at 3.3 hre. By the time he arrived at Adobde
the intemsity dropped toc 1,6 R/hr. This is assumed to be due to the set-
tling of the cloud sround 4 hrs, Hoffwan ther went on to White arnd there
fourd 2,5 R/br at 5 hre., Having just coms from 1.8 and seen the rapid
drop there at / hrs and feund thet it arparemtly hed occurred similarly
at Adobe it waz neturel to assume that 1t had already oecurred st White
by 5 hrs time,

To ealoulate the dose at White one extrapclates the line back to
t » 4 brs st whieh I, = 4.2 R/nr. Table I gives for t, s { hrs & value of
C @ 4oé4. Hence the imtegrated 1/t law dose 318 Dy = 4.4k X 4.2 x4 = T45R
oa ground, To get the geometricel dose multiply I, = 4.2 by 3 and multiply
this by 1 hour and get Dg g 12,6 R, This is over estimated om the safe
side; for eomparison with tbe L-8 ststion dessy one should maltiply I by 2,
this gives 8./ instesd of 12,6, The t,otal dose is 74.5 plus 8.4 F or 83 R,
Allowing 25% reduction fer the change in dose with height above ground cne
haz 83 x ,75 g 62 R, The first corservative guoss as to the dose at White
was to take I t1 = 2.5 x 5 (this is 2.5 R/hr measured at 5 hrs) and
assums that the cloud velooity was 12 mph and that ¢, = 1 hr, Tke valus
of C from Table I is 5,82, Hence Dl - 5,82 x5 x 2.5 = 73R, From the
L-8 date at the time it was known that t sould mot be as smell ss 1 hr,
but since nc specific data wes on hand it was guessed thn§ D) waa at wost

90% of tolersnce, Thiz is the bases Of . be estimcte somt to Col, Werren
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dose was the value for one of tny )osalitisrs 3 that regiom.

hetually, this dose cen be considersbly reduced with our present
information, The line in Fig. 4 bas s slope 1.3 indleating a deeay
according to l/tl'j. From Fig, 8 when n = 1.3 the value of Dn/I, = 9.6,
where 1 is 4.2 , so that Dn ¢ 40.3 R, The geometrical dose is Dg = 8.4 R
so that the total integrated dose is 8.4 /£ (0.3 « 48.7 R. on ground., Note
that Dg is 20% of Dn. Allowing e 25% reduetion for the house effect and
25% for the decrease in intensity with hedght the dose is 24.3 R per
psrson, The 25% reduction for the house effest at White is on the safe
side, Actuslly it should be s 468 reduction on the basis of msusurements
made by Dr. L. H, Hempelmann, 12 iugust 1945, These measurements gave
0,005 R/hr outside, on groumd, with 0,0005 R/hr inside White Store., With
the 465 reduction for house effect only (neglecting the variation with
height) the integrated dose is 26,2 R on ground.

2. Town of Binghay, 18 miles Korth of sero poinmt,

The firstresding at Bingham was made by Leomard at 2.9 hrs,
intensity 1.5 R/hr. At %; = 3.1, I; = 3.3 R/br as measured by Hoffman.
Apparently the intensity had built up im the interval Letween these
readings end sccording to the findings at L-8, 2 miles East, the reading
3.3 R/hr may be assumed to have been the maximum at Binghsn., it the time
3.1 hrs, however, it wes not known how the intensity would behave end
sceordingly the most conservative ecomputation of dose was made. 4 cloud
velocity was assumed that would muke t, z 1 hr, so that from Teble I,

Cw 5.82 and Dy 5 5.82 x 3.1 x, 3.3 & 59.4 R,
After returning from L-8, Adobe, and White it was resliged
that t, s 4 hre was wore accurate, 4t t; = 6 hrs the aversge intensity hed
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Making Dg # Dy = 4IR. L ebiddi | L.D

There is a sorreetion for th;uponont n being 1.3, Fig. 1 shows
data plotted bayond 336 hours. The line has slope 1.3 making the decay
law 1/t743, iccording to Fig. 1, the doss, I, = 2.5 R/hr, t, u 4 hrs, and
from Fig, 7 Pn 2 9.6 x 2.5 ¢ 24, R, The total dose now beoccmes 27.3 R,
Allowing a 46% redustion for house effect one has for the final dose 14.7 R
per person, on ground,

Hote: the reedings st Bingham are scattered, Fig, 1, more than
those at White, Fig, 4, This is attributed to the fact that thers was
heavy traffic there beforse, during, and after the é hr measurements
were made, Cars were coming and going at the rced junction, presumably
bringing in sctive dust on whesls and ferders or burying activity alreedy
precipitated thers,

3. Hgt Gapven, 7 miles due East of Bingham,

At 3.3 hrs the Searchlight Crew checked and found sorreet the
sarlier measurement of about 15 R/hr at waist height by dagee $n the region
kncwn as "hot eanyon". The computations for this canyon are presented
because sufficient deta are available for computing dose and also because
Levine and Langham found a spot om roed 161 Northeast of Bingham whiech
had a comparable rediation dosage and which were nearer to known ranches
than was the hot sanyon., 4 swath of comparsble intensities lay across
the Chupadera Mesa, At 8,/ hrs Hoffwen measured 3.8 R/hr 1 meter off

ground (6 R/hr on ground) which gives a value of I_ = 7.6 R/hr at t, 2z 4 I

if one assumes the 1/t law. The 1/t law dose 48 Dy = 4.4 x 7.6 x 4 £ 134 R,

The geometriecal dose 18 Dg » 15 R, And the total dose in esir at torso
level 18 149 R,

The value of I, is very close to that expected by dividing 15 R/hr
by 2 according to the observations u«t 1.8. Ii. & :ousirvative approximation

we may put I . 8 R/hr at ¢, = 4, th'a sakes U7 > 142 R, Since the oanyon

';I‘f‘ !.:'('
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wes hot extensive messurements could uot Le mace there on asccount of
instrument comtemination, Dets ou tle erjpouent n sre availeble from

an earth sumple tsken by Hoffman, The dsta on this sample are shown

in Fig., 2 where the counts are plotted sgainst time for various thicke
nesses of Al absorber, (Ne are indebted to Mr, Aaron Kovick for preparing
the sample snd to Mr. Harry Hesketh for the counting measurements.) %¥ith
thick absorbers the exponent rises to l.4. The sumple was not strong
encugh to go to 800 mgm/es® il which is the case of interest to us for
couparison with the gamma messurements in the field, but the meager data
indicated that the exponent is at least 1.3.

Under the circumstances that n was 1.3 at Bingham and at White and
in view of the laboratory data in Fig., 2 1t is reasonable to sssume that
the exponent at hot canyon will be at lesst 1.3, According to Pig. 7
the dose Dn is found to be 9.6 x 8 = 76,8 R, The geometrical dose is
15 R wmaking the total dose 91,8 R in the air at torso level, (On the
ground Dn 2 9.6 x 12 g 115 R,) To scrreat for the wooden house effect,
reduce 92 R by 25% mwaking 69 R, or, for an adobe house the reduction is
46, making the dose 50 R, At 535 hrs Fulbright and ¥allinckrodt measured
0,07 r/hr on the ground at hot canyon, For a 1/t decsy in the interval
betwsen 336 and 535 hrs the integrated dose, on the besia of ths 0,07 R/hr
reading, 1s 15 R on ground for the 200 hours following the 336th hour,
This figure is to be redused for house effeat,

Doses on ground were Dg g 24 R, Dn & 115 R making the total dose
D; » 139 R, without house correction.

4. Discussiop

The methods of eomputing dose illustrated in the preceding
sxenples losd to doses summariged in Table IV &, The doses shown ere

congervative in that the house wall «ff.ct reduciiocl. 18 not applied to the

-y g (54
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geometriezl dose., It ‘s assumea thut & prreon nas standing Iin open
terrain and received the full duse Lhut cuvurred during the falling time
of the cloud material, A person inside an adobe house would have been
subjscted to only 1/8 of the geometrical dose. It mshould be noted
that in the examples discussed in the preceding sections the house effect
reduction was applied to the total doss, Dg £ Dn,

The oorrection of dosage frow ground level to tormc level is aprlied
only during the first 336 hours, After that time intervsl the field
zeasurements indicate that the dosage on the ground and at torso level

were ossentially the same,
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Increment of dose during 2 week
Intervals after the shot.

Geometrical Integrated Total Dose After 3-4 5« 6 7-8 19 - 20
Location Roze, Dg. ~ Doge, Dn, 336 hrs. Pg £Dn xoeks weeke  mesks  .wecks
¥hite
a) Dose on groumds 2.4 R 21.8 R 30.2 R 1.5R 0.9 R C.54 R 0.C87 R
b) Dose on grounmd corrected
for house wall effect ** 3.4 11.8 20.2 0.81 0.48 0.29 0,045
¢) Dose (b) corrected to v
torso level dosess 4o 5.8 10 0.81 C.48 0.29 0.045
Binghan
a) Dose an groumi * 3.3 24, 27.3 1.7 1 0.6 0, 056"
b) Doee ca ground corrected } -
T for honse wall effest ## 3.3 3 17.3 0.91 0.54 0.3 C.052
¢) Dose (b) corrected to
30,80 level dosen#x 1.7 6.5 3.1‘ 0.91 0.54 0.32 052 -
Hat Cazycea |
3) bose on ground # 24 115 139 9 L.8 2,8 0.4h
1.) Desa on ground corrected A
for house wall effect #% 24 &2 88 43 2,6 1.5 Ce25
e¢) loas (b) corrected to
tovso level dose e+ 15 1 56 Le3 2.6 1.5 0.25
LS
. 10 ex= above ground. ;
:~'! .
** Adobe hcu=e, reduces gamma dosage to 54% Zi,
#x%  Dome at torsc lovel is 508 of that 10 cm above ground level., 4pplies only to the dosage ;‘1:
)

Guring the firet 336 hours after the shot. After that time ground and torsc doses are the sawe, sce Section VB2
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¥1l. BEethod for Caleoulating Domes el

a8, There are on hand & large body of data on the neasurement of gamma ray
intensities at many localities along the swath laid down by the cloud. The come
putation of integrated doses for these localities can be made according to three
rain econsiderations as follows:

1, For loealities 20 plus 3 miles from sero point the method as descrided
in section VI for White, Bingham, and Hot Canyon ocsn be used with appropriate
approximation depending on the deviation from 20 miles diltnno;. Summsriging it
briefly, this method consists firet in deterrining Dl from the known velue of
t, z 4 hrs at 20 miles. D, is then revised for desay mccording to 1/t" law where
the data shows the revision to be justified, Dg is then scmputed aa being 2.10
since the time 1s one bour for the doee rete of Dg at 20 miles, The total dose
is then Dl plus Dg exclusive of any eorrections for the height above the ground
offect or the house effect.

2, First approxization: For localities other than those at 20 £ 3 miles

from serc point the most sonservative wmethod of computing integrated dose is to

assume a cloud veloeity, 18 mph, take t, = /v and assume that the intensity deeays
as 1/t. This is & rough spproximetion and suitable only for field estimates, A
refinement used in computing the doses of Table V is given in (3) below,

3. 4 second sprroximation based on field deta: For loscalities other

than those at 2C £ 3 miles fre serc point it is assumed that inscfar ss gamma

activity on the ground is concerned the apparent drift veloeity of the doud of
particles was 18 mph., lorecver, the length of time required for the gamma
activity to settle down to a steady desay after its initial appearence is zssumed
tc be not less than 2.8 hrs for values of 4 2 17 lilil.

As a first ap%:roxination for valuee of D <17 miles subtract 10%
per mile frox 2,8 hrs,

For exsmple, at d = 28 utlec toe value to t, is (28/18 £ 2.8) = 4.4 hrs.
The basis for selesting these values £or the apparent dr'ft veloeit uﬁ the time

ol k(&
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for settling of the cloud is given in the following discussion,

b, Discussion of '!'.Q

The value of t, is determined by the rise time, the drift velocity,
and the falling time of the clowd of particles. For purposes of calculating dcse
the rise time is considered negligible, This is a conservative approximation as
far as doses are oonserned in that it over-estimates dose.

1. The svpareut drift velcoity: Hormberger cbserved mesusurable gamma
intensity in the school yard at Vaughn at 7.6 hrs, Veughn is 96 miles from sero
point, Hence the cloud of partiocles could not have traveled slower than 12,9 mph,
At L-8 first measurements of gamms radiation were made at 1.4 hrs, and since l-8
is 19,5 miles from gero, the cloud eould not have traveled less than 13.9 mph,

It should be noted here that the meesureasnt of grmuma radiation does not necessari-
ly i=ply that the cloud particles have fallen at a given point. The rsdisction may
be coming from the cloud bafore it has settled at that point, At L-8 the leading
odge of the visible cloud was at the zenith at 1.1 hrs indicating a drift velocity
of 17,7 mph., This is more closely the astusl drift velocity of the cloud aleft

in contrast to the apparent drift velocity associated with the appearsnce of
measurable gamms rudiation,

Table III shows the winds aloft at the j:imo of the shot, These data
were submitted by the meteorclogist, J. W, Hubbard., Inspection of Teble 11l shows
that the winds between 20,000 and 35,000 fest five a resultant in the Northeast
direction with a velocity above 15 mph. This figure agrees with the velocitiss
quoted above in that it is not smaller than 13,9 mph,

It is assumed that 18 mph for the apparent drift veloeity of the cloud
of particles is a "safe" value for computing doses in that it will over-estimmte
rather than under-estimate the dose, In special osses one mey make estimates
with lower velocities but in no case can the velocity he taken ss less than 12,9 mph,
2, Falling time of the cloud of narticles {3 dafined here as the
interval betwsen the time of first reaswraule pamss r.dletiown and the time at which

the steady decay of gamue radiation sets 13, Flgure 3 shma thc bol}(wm

a0 0 o J!-\...:...».J‘
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