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1. Monitaring sctivities before and after the molear 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 appreximately 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 persomnel was dus to1 &) dosage delivered while the astive
clovd particles were falling and b) dosage delivered after the partisles
had settled to the ground, The methed for calonlating the total geamma
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., ZXstimates of the
density of gamma sstive material onm the ground are computed from the
guma-roentgen intensities and tabulated.

Ao 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 asscroes 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 Nesa,
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Beta ray Gesages in the regicr o 4o Chupalers Mesa 30 miles north east
of ser0 are ecomputed on the dasis of physisel msasuwensnts in the field
and sls0 en the danis d'. the chendeel amlyeis of seil samples. The
gasma and boka doses for ¢ows on Ll ruage are cempwted and foumd to
be biologieslly sigaifisant,
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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 cases:

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

(b) The Sgyth blow in whish 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 Indetermingte cass ir whieh the eloud moves in
any direction ocutside of the sector whose sides are 26° north end south
of Carrisoso,

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

On the 15th of July a final meeting of radiation 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 ccumunications with headquarters in -Albuqﬁnquo where IA{ 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.

\\

. _APPROVED FOR_PUBLI C_RELEASE




APPROVED FOR PUBLI C RELEASE

<t b FBE UNCLASSFIED

Preparations for the Bhot (unam)

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

1. 4 methane £1lled preportional ecunter fer dducﬂu
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 ) $0 10 A/hr,

3. The Nallisrefter, Geiger-Miller 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 0,02 2/8 kr,

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

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

T/4 Joel Greens with Mr, Charles Nally at Roswell,
7/5 Carl Noraberger with Mr, Richard Feley et Ft. Sumner.
?/3 Robert Leonard with ir, ¥s, J. NeKlxreath at Soserre,
hummuaumur. 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 infarmaticm from Gel, Warrea at Base Camp as
socn as possidle, This infermatien sensersed the height of the eloud, its
velocity and diregtion of movimcnt. The sress were coneentrated at Guard
Gate 2 because of the presemse of tpo ﬂp?ht@pd loocalities; the ritoﬁw‘o

A ¢ ? 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, momnmzmmmmdaiunm
Sarthage, Mingham, Claumeh, and Carriseso, Major Palaer earried with him
the map (prepared Wy G-3) having ou it the memes of fokabtitamts ix the
losalities within s redius of 40 miles of sero,

Up o the tims of the shot and for ome half hour after, the
MmtzuMnmlmdmimchdium,
exsept that 1% imdiested the clewd weuld move in & 1ine northwest frem
sero through Guayd Gete 2. This meant thet mcuiters might have to go to
Pite's Yarm, Tekay, and Sen Antonte, 4 20 mph, grousd wind aleng this
direction was exparieonced 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 izberval from 6 to 7 AN the wind
direstions as recsived over the radis from Pase GCamp graduslly shanged
from northeest o mertheast. And the mushreon/Sobmed to shift tosard
ncrtheast. Zinally, 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. Hoffmsa 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 ke 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, Am unsucessasful

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

"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 1in sleme, but by that time it was certain that the major part of the
cloud was moving northsest, Kense the meuitors moved northeast sleng
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 at 1.7 hrs. after ihe
chotntpowmd.lo-h;ll'm.-M'quthtm'mindm
falling from higher altitwies had been esught by ihe 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
inlmimwﬂwmafﬁuﬁmdnlmw
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 &
feotor 2 in 10 nimmtes, from 2 40 1 guma 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, tkis reute nearly perallaling that of
Mages but closer to were, ru-ugs—tm-nmur«umsw..
mmmumumwmom-mtbm»
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 J1ly (Cont<ued:

Radio comwunicetion with Base Camp was unsucoesaful, so Hoffman sent a
message by Courier to Warren stating that the gamma intensities were about
90% of sllowable value, {Reference: See Section VI, Exmmples of Town
onitoring, 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 could 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 s factor of 2 reduction inside the ear, It wes decided to return
to Bingham and eat since it was uodn.

At Bingham, the entire monitoring group except Lecnard 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 any roads
lesding off to the side from it, in 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 about 0,25 R/hr at 2-3 P4, This wee 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
146 the highest intensities were recorded, namely 6.0 R/hr at 2 PM, This
high intensity was called to the attention of the military guard sccompany-
ing Hoffman, The readings were taken up to a point 3/4 miles from the
Raitliff house, whose presence was unknown to the monlitors since it wes
not marked on the G-2 map, At sbout 2 miles from the 146 - 161 road junc-
tion, 146 runs through a steep gorge. In thie gorge the high gamme intenaities
were found which caused the gorge to asquire the name "Hot Canyon".

The swath of high intensity which began at 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 physieal picture of everis leacini t:«- 3pread of radiocactivity over
terrain far removed from gero point ﬁl as 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 direetions at
different altitudes,

2, At a given place on the ground a minimum time must elapse after the
shot before radiocactivity appears in mesasurable amounts, This time depends on the
cloud velocity and its extension, It alsc depends 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 oscur 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,

o). 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 et 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 thex 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 apperent 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 L-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). Elssion producks deass lay
The decay of geFma and belu wobivicy an fission products is sucmarised

APPRO\/ED ase UNCLASSIFIED s
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by ilatherine Way, CK-2737. The ge.ads uecsy ia wav/mec/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, Supﬁlmnt, 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 health monitoring the 1/t decay is most oconvenient for
eatimating intensities and is comservative in estimating integrated doses from
messurexents 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
consicderably as can be seen by reference tc the deesay curves in Appendix I compiled
by Richard Watts. Fragments from the creter at zero decsyed with time verying from

-1 -1, -
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. Geomgiricel Effects in tLe Pistudbnbisg L Active Materisl
(a) Settling of the Cloud
In II (a) above, the 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 gemmas under consideration have an average energy 1 Mev
with an aversge xmean-free-path, A , in eir of 220 meters., There will be
measurable intensities on the ground before the layers of air imcedistely 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 s
cylindrical distribution surrocunding the observer. The observer is on the axis
of a cylinder of radius X\ 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

. 4Absorption IV: Math, Theory of Integral Dose in Radium Therapy," Brit, Journ.
Radiology, January 1945, vol, 18, Tor s more ascurate calculation taking into
account the absorption in the air, see Chicego Froject Handbook, Chapt, V,
seation 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 fsllen to the

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

{n”“yv‘{ it D %,

)«“‘ J“lL.
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recius A , The intensity them, 1 (gl), is giver ly:
Tlqnd) = X I
4 ) A#Wiﬁ&l‘d—}-{-\ P\lan_ (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.

Yord =tocm, 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 pe/cc. When this is urecipitated f = 2.2 x 104 x 1.36 x
106 = 3.0 x 10°2 mc/on? 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, tlat the cylinder height was of the order of 2.5 to 3 A and that P ia
increased acoordingly. The rstio. I (gnd):s I (air) becomes 10:1, Note that
according to (4) there are 9.5 /ac/cn"’ of gamms mctivity for 1 r/hr. Taking

into acecunt the 50% groun! obgcuration of active material there are 19 ﬂ.c/ml2
gemna activity per 1 R/hr, Thi.siil an average gamma energy 1 liev 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 above 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
determined 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 nsmed places

we estimate that the ground obscuration is about 50%,

|‘x',f'"£ 2 r""w‘-‘ED
b} 9 A SN PAUFALE
SR B 2 REEERUES e
o« ® ¢ -

e

15,
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(c) Y"Caoometrical Doge," Dg,

The integrated dose under the maximum (see Fig., 3) which
precedes the steady decay 18 scallad 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 18 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 dete at 1.8 served
as e gulde because there the geometrical dose rate dropped to 50% when the
clowd settled (Fig, 3). This supplied the working rule that if the valus
of I, et t, could be éo-putod- from any measured values Iy and t] the
geometrical doss rate would have been at least 2 I,. The time over which
thie dose is deliversed 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 plesces beside 1-8, 4t Adobe, Leonard observed 6.5 R/hr
at 3.3 hrs. Checking this et 4.8 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 Hoffman 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 aporoinations 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 Jaussian
curve skewed toward the left, or ‘curve resembling that of y = xe™%X with
ssall 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 14 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,

(h) 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 Iintensity at time to. The time, 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, is the time it takes for the
cloud to move from gero point to the place et which monitoring messurements
are made, Let this distance be d miles and the cloud velocity be v miles

per hours, Dl is 75 roentgens. Equation (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 directly
proportional to the measured intensity, Il'

These feetures faeilitete a monitor's deeisions 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 directly for t, gives one a kind of sufety margin for I ;
it is on the "sefe" side for determining whether or not I1 is high,

(¢). Caleulation of integrated dose with 1/t7 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

becomes?

D = 1.12‘3 L \
R T G T o O Rl (2)

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 hours

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

5 = Lt

M-

Fiho b

LI &
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for values of to up to 2% hours,
™ . p
The ratic Dl/Ln is
e
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 # to compute the ration of doses
by/B,.

The Iintegreted duse using equation (8) for the time t, = 4 hrs hes
beer compute:i for values of ne 1,229, 1,3, 1.5 as shown in Fig, 7. For
comparison 18 shown the integrated dose for the 1/t law, Hcte 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 ssymptomastic 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 weoks after the shot, The curves give the dossge increzent cver a two
wee) intervsl st increacimg numbers of weeks after the shot, The rurpose
of this curve 18 to serve as az meang for eatimating domage rates at long
times after the shot,

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

Of greater use to the wonitor 1e 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 estimaste 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 . ‘}ks{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
R R
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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 = I ¢,
1 hrs 5.82 7 niles 18 wiles 12,9
2 513 1 14,6
3 473 21 54 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
10 354 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
24 2,71 167 378 7.7
36 2034 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 Gemus 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 a
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 oloud

passed will exseed 75 rosatgens or not,

The firet measurement of intensity Il at t‘l pernits the use of
equation (3). The produst I %; 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 Ity 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 iz to determine whether the deesy 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 = x 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 t; are measurad
values in the field and m is any exponent ons chooses to assume., Seconmily,
Fig. 5 allows one to estimate what the iitersity I-1 at a plsce would have

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

=T, ()
where 1l and t, are measured at a point and I is the intenaity which would
have existed 1f 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 seetion IV (e).

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

ltl - o°*

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 integrzted 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 is at least a 50% reduction of gsmma 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 walst 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

Ty T
y

S8 2.3 L i
2‘ T%.8 ¢ 0~ .
APPROVED FCR PUBLI C REL EASE

IR R

| Zof 1Y




APPROVED FOR PUBLI C RELEASE
UFLLAEED
outside and 0.0035 R/hr inside, Thus énr en adloba 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 is 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%,

It 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 auto 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
at times greater than that outside.

(d) Variation of Gamma Intensity With Height Above Ground

It wes soon found that the intensity of gemmas varried 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 eececcc-- - 75% Gamma radlation
Crew at L-8 4 5 R/hr 3 ft., 1 R/nr 20 Gaxma & beta
radlation
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 Gemma rediation
3mi 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 “Waist 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 ionisation 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 is 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. ¥ayneord; 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 intenaity with height
Teble II A shows the effeect of variation which is 50f at 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 Masa 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: ey

1\«...» L-.J.J ¥ f'- 26-
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Tatde 11 4 _(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 corresyonding
ground values, Eoffman had been called to Adcbe, 2 mi West of White, to
verify s reeding of 6,5 B/kr at 3.3 hre. By the time he arrived at Adobe
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 hres., Having just come from L-8 and seen the rapid
drop there at / hrs and feund thet it apparemtly hed occurred similarly
at Adobe it waz neturel to assume that 1t had already oecurred st White
by 5 hrs time,

Toc ealoulate the dose at White one extrapclates the 1line beck to
t » 4 brs at whieh I, = 4.2 R/nr. Table I gives for t, s { hrs & value of
C @ 4ob4. Hence the imtegrated 1/t law dose 318 Dy = 4.4k X 4.2 x4 2 T45R
oa ground, To get the geometricel dose multiply I, = 4.2 by 3 and maltiply
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 velocity wes 12 mph and that ¢, = 1 hr, Tke value
of C from Table I is 5,82, Hence Dl - 5,82 x5 x 2.5 = 73R, From the
1-8 date at the time it was known that t could mot be as snell a8 1 hr,
but since nc specific data wes on hand it was guessed thn§ D) was at wost
90% of tolerance. This ie the bases of Lhe estimcie sont to Col. Warren
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at 11:00 A from L8, signed by Woff~er, 4trat %Y of tolaranoc integrated

P
s

dose was the value for one of tny )osalitisrs 3 that regiom.

hetually, this dose cen be considersbly reiuced with our present
information, The line in Fig. 4 bhas 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
80 that the total integrated dose is 8.4 £ 40.3 « 48.7 R. on ground, Note
that Dg is 20% of Dn. Allowing a 25% reduction for the house effect and
25% for the decrease in intensity with hedght the dose is 24.3 R per
person. 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 groumi, with 0,0005 K/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 thess
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 was not known how the intensity would behave end
ageordingly the most conservative esomputation of dose was made. 4 cloud
velocity was assumed that would muke t, z 1 hr, so that from Tebtle I,

Cw 5.82 and Dy 5 5.82 x 3.1 x, 3.3 & 59.4 R,
After returning from lL-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, a 4 hrs, and
from Fig, 7 Dn ¢ 9.6 x 2.5 2 24 R. The total dose now becomes 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 sre scattered, Fig, 1, more than
those at White, Fig., 4, This is attributed to the fact that thers was
heavy traffic there befors, during, and after the é hr measurements
were made, Cars were coming and going st the rced junction, presumadbly
bringing in szctive dust on whesls and ferders or burying setivity 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
known 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 18 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 1l.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 measurements vould uot Le mace there on asccount of
instrument comtemination, Dets ou tle erpouent 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, (We sre indebted to Mr, Aaron Kovick for preparing
the sample end 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/en® 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 leaest 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 deose 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% making 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 basia of ths 0,07 R/hr
reading, is 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. Discusgien

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

congervative in that the house wall «ff.ct reduciiocl. 18 not applied to the
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R B ,D
y bi‘!bﬁwi':-ujor~‘ii Ll

APPROVED FOR PUBLI C RELEASE

3.




APPROVED FOR PUBLI C RELEASE

Fros™y g ey
LR N R

Gl LS
geometriezl dose, It ‘s sssumea tlut & poreon 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, Dose, Pn.. 336 hrs. Bz £ Dn xeeks weeke  meaks  _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 dosesx 4o 5.8 10 0.81 C.48 0.29 0.045
Binghan
a) Dose an grouml * 3.3 24, 27.3 1.7 1 0.6 0, 056"
' b) Dose ca ground corrected } -
T for honse wall effest ## 3.3 i 17.3 0.91 0.54 0.x C.052
¢) Dose (b) corrected to
t0.'s0 level dosewux 1.7 6.5 8.1 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
t.ovso level dose se* 15 1 56 Le3 2.6 1.5 0.25
S
. 10 ex= above ground. ;
- | il
C’ il Adobe houme, reduces gamms dosage to 54% Zi,
f’ «x% Doase at torsc lovel 1s 508 of that 10 ce sbove ground level., Aipplies only to the dosage ;‘3
(5 =
Lo Guring the firet 336 hours after the shot., After that time ground and torsc doses are the sawe, sce Section VB2
L)
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a8, There are on hand s large body of data on the measurement 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 considerations as follows:

1, For loealities 20 plus 3 miles from sero point the method as descridbed
in section VI for White, Bingham, and Hot Canyon ocsn be used with appropriate
approximation depending on the deviation from 20 miles diltnm;. Summariging it
briefly, this method consists firet in deternining Bl from the known value of
t, = 4 brs at 20 miles, D, 1s then revised for dessy accerding to 1/t" law where
the data shows the revision to be justified, Dg is then scmputed aa being 2.10
since the time is one hour for the dose rete of Dg at 20 miles., The total dcse
in 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 seroc peint the most sonservative wmethod of computing integrated dose is to

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

3. 4 second approximation based on field deta: For localities other

than those at 2C 4 3 miles fre serc point it is assumed that inscfar as 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 li].il.

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 veloocity,
and the falling time of the clowd of particles. For purposes of calculating dose
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 meusurable gamma
intensity in the school yard at Vaughn at 7.6 hrs, Veughn is 96 miles from sero
point, Hence the cloud of particles could not have traveled slower than 12,9 mph,
At L-8 first measurements of gamms radiation were made at 1./ 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 imply 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 appearance 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 1II 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 veloecity of the cloud
of particles is a "safe" value for computing doses in that it will over-estimate
rather than under-estimate the dose, In special ocsses one mey make estimates
with lower velocities but in no case can the velocity he taken 83 less than 12,9 mph,
2, Falling time of the cloud of narticles {3 dafined here as the
interval betwsen the time of first reaswralle pamss r.dletion and the time at which

the steady decay of gamme radiation sets L1, Figure 3 shwa thc bol}(wm

a0 0 o J!-\...:...».J‘
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TABLE III

The following are the winds aloft at the time of the eperationm
July 16, 1945:

Binds ileft: Composite of 0545 base camp pibel, 0400 outpost
pibal and 0200 Point P Rawin

Surface-500 ft. Wind from 110° 3-5 mph
720 160° 7 mph
1380 200 6
2040 230 7
2670 250 8
3300 250 10
3900 240 8
4500 230 7
5100 220 8
5700 220 12
6300 220 11
6900 200 8
7500 190 7
8100 170 9
8700 170 12
9300 160 12
9900 150 13
10,500 140 13
11,100 130 16
11,700 120 16
12,300 140 12
12,900 160 10
13,000 150 13
14,000 150 12
15,000 180 4
16,000 250 A
17,000 240 8
18,000 220 1
19,000 220 12
20,000 220 15
25,000 230 16
30,000 230 27
35,000 240 19
40,000 290 18
Ak, 000 280 1
J. K, HUBBARD
kh
-
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available for measuring the falling time at d2 19,5 mi, Activity was first

measurable at 1,, hrs, pessed thru a maxixum, an: sct:.led to a slow decay at

about 4 hrs. The falling time is taken as (4.2 - 1.4) or 2,3 hrs,

Idirect evidence verifying the abrupt settling of setivity was found
at Adobe which is sbcut 3 miles nesrer to sero than is 1-8, Lsonerd measured
6.5 R/hr, at 3.3 hra; Hoffzan found 1.6 R/hr at 4.8 hre, indicating that between
3,3 and 4.8 hrs an abrupt change of intensity had ocourred, This effect was also
found at hot eanyen.

Fror these data we infer that the falling time for distances grester
than 17 =i wea at least 2,8 hrs, For lack of specific information about its
inereass with distunce and beeause it over-estimstes doses we shall use the figure
2,8 hrs for computing dose for d » 17 =miles,

For distances less than 17 mi the best approximation 1s to sssume that
the falling time decreseses 10f for each mils less than 17 mi, This reduces the
falling time to zerc at d = 7 mi, The nearest distance at which measurements
were mede was 13 miles, The 10f reduction per mile hes no justification other
than that the falling time should be redused in order to avoid under-estimation
of doses.

3. Exmmples of the saloulation of to

The examples given in sesction VI show the basis for arriving at
to, = 4 hrs and 1llustrate the method of VII a,) above, The methade of VII a.2
and a.3 will be 1llustrated below:
Cedarvale, New Mexico 65,5 miles from sero point,
t4, acoording to the first spproximstion is 65.5/18 w 3.64 hrs,
t,s accarding to the second approximation is 65.5/1842.8 & 6,4 hrs.
For a qomparison of the effects of these two values on the integrated dose
under the 1/t desay ocurve, take the messured value of I; s 0.1l R/hr at t] = llaZ5 hrss
First approximations Dy = 5.6 R intogrzted dens crer 336 hrs,

Second approximstions Dj g 4.8 R antegravrd Aase over 336 hrs,

3 - '““,,\‘ ="f"!“ D 37.
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Vaughn, New iexico, 9€ uiles from zero point,

tos in the first spproximatisr 9/18 2z $.) hrs,
t,y in the second approximetion 96/18 £ 2,8 ® 3,1 hrs,
The doaes D, for the two cases above are:
First approxizmation: b, = 1,6 R, integrated dose over 336 hrs.
Sesond approximation: D; a 1.7 R, integrated dose over 336 hrs.
The values of i, are lower than the evidence indicstes, Hornberger
found first measurable gemme radiation at 7.6 hra and consistent reedings at
8.6 hrs, No information is available as to when theintensity started to drop.
It is reasonmable to assume that the 2,8 hrs falling time is too smill for Vaughn.
It i3 to be increased for two ressonss the eloud extensicn inoreased and the cloud
inoreased 1its altitude in the time after it pesses L-8,
VII. C. The gecmetrigal dose, Bx
Since nothing is known about the falling time at distanoces beyond 23
miles the geometriecal dose will have to be computed on the basis that it has an
intensity Ig 2 2 I and a time interval of at least one hour, This will be
under-estimeting Dg becauss the time interval will probably be longer. On the
other hand, at large distances, such as at Vaughn, the value of Ig will nmot be
as large as 2 I o* The cver-estimation in Dl will partly eompensate for possible
under-estimation in Dg.
For values of d ¥ 17 miles it is reasonable to take Dg = 2 I, over a
1 hour intervsl., This will give an over-estimate of Dg since I hour is the known
time interval at 20 miles,
VII, d. Dosas somputed in Tabls IV
There are two dose ealoulstions in Table IV, ons on the basis of 1/t
the other on the t™1*° decay of gamme sctivity, Examination of Figs, 1 and 4
indicates that the maximum exponsnt of t was 1.5; theoretically n is 1,2 for
gonra descay of fission produats., It sceus rcadontble Lhit the presence of neutron
activated sodium, the grsdusl obscuratioa cf tar codive rarticles in the scil and
westher wearing should raise the gpparert rate of docr:'.s'lionpc d!:iﬁf_ Bolicnd

V3L a et owd a2
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that the gamma doses should lie betwsen the integruted doses L‘ ] and 1,5,
Doses are st ground lsvel unless otheawise indisited,
Following 1s an outline for the procedure of saloulation beginning with

the intensity I1 measured at any time tl after to 3

a. Estimate t acoording to sec, VII b, t = (d/18 £ 2.8) hrs for d @ 23

ailes, and t, = 0,28 (d « 7) for d 17 miles, t, was measured anmd found to be
4 hours for d z 20 # 3 niles,

b, Compute (83/t,) amd (8,/8)%5,

o. Compute I . = Iy (8;/%,), which 15 the valus of I, aeecrding to
the 1/t decay law,

d, The geometrical dose on the basis of 1/t d;oay is 21 ,, Here
we assune that the time intervel under the maxiwum is one howr,

e, The valus of Dl " ‘.:':IMQ° » Where C is the eenstant appropriate
to t, es shown in Fig, 6.

f. The ratio D_/D_ _ is given by equation (6) with referemee to

I 1.5

Pig. 6 A, By means of this rstio and the value of Dl ons computes Dl 5

g. The ratio of the gecmetrisal doses: Dgl.g/hgl is given by

(4,/4)%*% which is computed in (b) above. Hence with the value of Dy = 21y
o , D
ne computes g1.5°
b. The total doses for the twoc decay laws are then (ngl nl) and

(Dgl.s 4 Dl. 5) roentgens integrated over 336 hours after .

Estimates of the concentretion of gamma (1 lev) active material on the
ground at tonroudotorthctnouun; land n 3 1.5, Yor the 1/t decay the
congentration is given Wy: 19 101 Iiomiu/clz and for the Ut1'5 deeay it ie
9.5 Iy; niorocuries/on’, whers I an be replaced by D . . besause the time

01.5 gl.5

interval is D is one hour,

¢l.5
The doses computed in Table IV are oonservative in that they over-estimste

doses becsuse the wlue of t, is based un a cloud velosily of 18 mph, The exeep-

tions are the cnses where to was deternined direstly aleng with I, as et Binghanm

and L-8, ‘
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YIII, Particle Siges and Alr Uon_g_n_g_grathnc of radicactive Material

(a) Perticle Sises., The evidence available leads to the

conelusion that the send particles which fell within the first 4O miles
of the swath laid down by the ecloud could not de less than 50 microns in
diameter, and probably not less than 75 microns, The actusl cloud of
dust which rose from the shot was not a c¢learly defined puff but rather

e continuous column which extended upward from 000 feet., The lower limit
of 6000 ft, is selected for two reasons:

(1) There wmust have besn & lower limit to its height be-
cause no radiocactivity in health hasard quantities was found within 12
niles of sero. In Novewber there was found evidence that at 12 miles
there may have been a hot spot near Julian Tank because ecows that drank
there had received beta ray burns, The few scattered physical measure-
ments do not support this ideatr they indicste a unifors very low
intenaity of radiation, It is possible, however, that & hot spot existed
somewhere among the Ossuro Mountains.

(2) The lowest sloud msterial was seen by Hoffman and his
monitors floating over the Oscura Mountains in a northeast direction
toward Chupadera Mesa. At 8 AM this lowest mass took on the appearamnce
of a long brown cloud 20 miles in extent along the eastern horiszon as
seen from Certhage on road 380, A third argument should be added here
which is based on subjective juigement, namely, that the blus glow ssso-
clated with the heavy ilonisation from the radicestive fission products was
seen tc be eonfined to the region 12,000 ft, and upward at about 1 minute
after the shot, This supperts the ides that the major fraction of all
activity went up to at least 12,000 ft. It also supports the finding that
nc large amount of activity was precipitated within 12 miles of sero.

At Searchlight Station L-8 measurgble aitivity of gamma radiation

40,
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appeared at 1.2 hours and eontinued rising until 3 hours, Irn order to
ectimate the particle sizes that. £41° froem vhere known times, we refer
to Table V giving particle diameters end falling times, For altitudes
up to 12,000 feet we use the falling times in e first column (1) to
estimate particle sise; for altitudes greater than 12,000 feet we use
ecolumn (2), If the particles at L-% fell from 6,000 feet they were of the
order of 75 microns and grester in diameter. From 12,000 feet they were
about 110 misrcns in diameter, and so on., The observers at L-8 sssocisted
the appearance of gemma radiation with the high altitude clowd at 50,000
fest, If this 1s the case, then the particles were of ths order of 150
mierons and greater, It is likely that large particles from all altitudes
contributed, But the evidense is that none of the particles could have
been smaller than 50 mierons and probabdly not less than 75 miorcns,

The sise of particles st L-8 i3 representative of the siszes that
fell over the Chupsders Mesa where the highest gamma ray intensities
were regorded, The swath of high activity is estimated to be about 15
wiles long., If the particles had & northeast component of velooity of
13 mph, this would mean about one hour's difference in time along the
swath, Referring to Teble V, it is seen that at 110 misrons one hour
increase in time takes ths particle sise from 1,08 to 2,08 hours or about

85 miorons,

Information available in the medical literatures indisates that
few dust particles larger than 10 mierons reach the alveolar air sacs,
the only part of the lung where they are likely to remsin for more than
a fow hours, (Reference: F. J. Wampler, *Imiustrial Medisine,” Chapt.XXII,

Pe 348, Williams and Wilkine, 1943.) Most particles larger than 10 microns
are deposited on the "susous sheet” - a continuous blanket of musous

extending from bronshicles to larynx - ard ~re¢ carrisd cu® of the lungs with

the mucous into the esophagus, Sush particles should be eo: " ¢ ‘3
G M Uf"é L aibr o
EL |
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It f0 quite pruhable that Yery-isvgs

dust particles of the type menti:ncd alcvy aiv trepped chiefly in the

ingested rather than inhaled,

pasopharynx and are then transferred to the gastro-intestinsl tract.
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b) Air Congentrations and Jnhglation Tojersrcog SRR )

In order to estimate the concentration of ectivity in the air during
the precipitation of the active dust, it is necessary to know how thick the
cloud trzil was, A4n examination of Fig. 3 shows that at 20 miles from sero the
build up time of activity was 1.5 hours., For conservative purposes of caloulation
we toke 1t to be 1 hour. For particles 100 microns in diameter (the larger the
dismeter, the more conservative our estimate) the distence of fall in our hour
is 2,7 x 10° on,

If there are 19 miercouries of gamwe (1 Mev.) sctivity per om” per
roentgen per hour reading on the ground we san compute the ooncentration in the
alir before the 19 miecrocuries were coapletely presipitated =

\a/2x10% = 9 K'O'S,u.o/c,c, gﬁ oA /R /o
QO Mev gommansd)
The total fission products present for each gamma vurie is 1/.79 2 1,26,

Hence we get total fission products:
0,078 pc/liter air/R/hr on ground,
For tolerance concentretions we refer to the Met., Lsb, Hdb, Ch, XII, Table 3

where the tolerances for mixed fission products are given as -

94 x 1073 yo/liter air for 8 hr day, one day only

0.26 x 1076 pe/liter air for 8 hr day, continuously.

For the ocase unier cconsideration we use toleranse figure for the 8 hr,
day, one day, only, it being assumed that the cloud meterial settled within the
day, particularly in the region of the Chupadera Mesa. It is possible to assume
that since theknown measurements at 1-8 indicated precipitation tc be ecompleted
at 4 hours after the shot, the active material was in the air for at most 4 hrs,
and that the tolersnce concentration of .094 me/L “2>r 8 “rs_ 3cnld be doubled,

However, in the interests of conservative estimetini ve will vew The figure
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.09£hfb/l. The gamme roentgens reading on the ground corresponding to the

concentration of tolerance for mixed fission products becomes:
(0.078) (0,084) = 0,83 R/br, gammas on groumd.

According to this result the places which had 7 R/hr at t, had had »
eonaentration of fission products in the air which was 7/,83 = 8,/ times
tolerance for a single dose., While this may seer excessive, there are two

aspects tc remember: (1) The calculation is the most conservative possible
\ and (2) the large particle siszes as described in (a) above prevent this

material from being breathed into the alveolar ssos.
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e) Ipgestion of Clowd Materisls

As wag pointed cut in the preceding seeticn the inhalation of eloud
materials is an ingestion prodblem since the nmaterials are transferred from the
mucous lining of the traches to the ggltro-izzteutiml treet, It turns out
that the amounts ingested are considerably less than the steted tolerances for
riixed fission products, Referring to the concentration found above
0,078 pc/liter air/ R /hr on the ground and sesuming 2000 liters air inhaled
per 8 hour day, one gets (on sassuning 100% retention in lungs) C,.6&2/ me,
retained per R/hr on ground, For an intensity of 7 R/hr., for 4 hours, one
has 2.2 me, ingested, 4 tolerance dose for one dose only ss quoted in e
Met, Lab. Hdb., Ch, XII, Table 2, is 1.6 mc. We conclude that for the most
conservative case the amounts of active meterial ingested were of the order
of, or less than, tolerance for one doss only,

This estimate is supported by the lack of active materials in cows
which grazed on ranges on which sufficient materials fell to produce beta burns
on the backs of the cows, Arparently even under these conditions, amounts
of active material failed to be ingested and become lodged in tissues and

bones.
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Farticle Size and Falling Times

Dismeter ' (2) Time to fall from

Particle Sige (1) Time to fall 48,000 to 36,000 ft,
12,000 rt,

840 mierons 0.110 hours C.091 hours

500 0.139 0.116

250 0.208 0.173

200 0,325 0.271

149 0,585 0.488

110 1,08 0.90

74 2.37 l.97

60 3.6 3.01

33 12,0 10

22,6 25,5 21,2

16.0 50,8 42

11.3 102 85

8.0 204 170

5.65 408 340

(1) Computed from v = 0,005%2 %P fo'ct/nin. From Hirschfelder and Magee,
memo of June 16, 1945 to Bainbridge., See LAMS 277, p. 5. P S density,
D = dismeter of particle in microns (10™%cm)

(2) Velocity of fall corrected for changs of air viscosity with altitude,
Average velooity is 20%f higher than that caleculsted by Hirsohfelder and
Magee for 48,000 ft. altitude,

A D
’L j\.))‘nlt‘
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VIII d) Alpha Active Subgtances

At no ichabited locality or any plece farther than 1C mi from
the crater was there found an alpha particle count whiech could be
easily distinguished from the natural background, The counts ranged
from 2 to 7 counts per rinute, This order of magnitude in counting
rate is expected from the known amounts of fission products and Flu-
tonium, (For details see Anderson and Sugarman's report on fission
products analyais, la 356), Taking 6 x 1012 gme, Pu per cx? as the
most contawminated came, the total alphas emitted per minute will be
6 x 0.14 = 0,8 cpm/cmz or 0,42 cpl/cuz/2 T s0lid angle. The counter
window ares was 20 ex’ 4n area, hence a oount of 0.42 x 20 = §.4 epm
would be expescted exclusive of correetions for absorption in the counter
window and obseuration of the Pu by dust particles snd geomelry.

While it 1is possible that a localised "hot spot” might have ocsurred,
none was found, and the actual contemination indicated a uniform
digtribution at a concentration which is considered not toconatitute

& health hazard,
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(a) The distribution map

The accomnying ¥sp I shows the distributicn of fission
products materisl ss measured by the gamma radiastions on the ground, The
intensities shown are those for time t - /, hours, the fleld readings being
used to compute the intensity at that time on the basis of the 1/t decay
for gammas, The essential features of the distribution ere as followa:

1, There was e swath of high intensity spproximately
12 miles long and 1 mile wide whose southern end atarted at sbout 3 miles
north of ¥hite Store (on rosd 380), The swath extended north ecrozsing the
N.M, rosd 161-4é, While this swath 1s shown as a fairly well dsfined region
on the map, the measurements show it tc heve been highly irregular in sctual
arez and intensity. This is to be expected from cloud meterials falling from
sltitudes grester than 6000 feet,

2, The entire distribution i fan shaped with the
central axis of the fan pointing north slightly esst, This srose from the
fact that the path of the cloud (as indicated by the dashed arrows) was
northward. Yhen last seen the cloud was moving due esast, The higher portions
were known to have moved morth and slightly east. The lower level winds were
toward north west, Hence the cloud materials moving north anxd east were swept
westward on reaching low altitudes, For instance, at Carrisozo the gamma
intensity wes zero until 4 PM of 16 July, At 3126 PX the wind sbruptly rose
from the esst and brought some active particles with it., This activity
reached its maximum after ebout 1 hr,, mainteined a steady value for about
12 hours and then started to decay. For this resson the contours do not
include Cerriszoze it being assumed that the activity was due to very small
particles which were eesily windborne and not likely to settle definitely as
precipitated sctivity,

3. There was a deffiite "skip" istanze Vetnesn sere
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point and regions of significant aetitvity. Thw ecni.our shows s distance of
about 22 miles north to the hot swath deseribed in (1) above, and about 24
miles to the aﬁtivo arcas west of serv around San Antonio and San Marelal.

It should be noted that there may rossibly beve been very small areas of great
activity in the socalled skip interval, None were found, for instance, in the
region north of sero by menitors moving along the network of ronds west and
north of the Uscura its,

4. The igolated regions of activity at San dntonio,
wost of zero were due to the low ground winds which were fast, of the order
20-25 mph and apparently carried psrt of the explosionm column west slightly
north, The activities in these regions were very low sand did not constitute
any radiation hagard,

5¢ The major area of nmorthern New Mexico was covered
by very low activity whieh is attributed to smuller particles falling out st
times grester than 10 hrs, MNonitoring trips throughout the region showed a
remarkable uniformity of gamma intensity over the terrain, Gamma sctivities
were measurable at Trinided, Colorsdo after 13 days (Fulbright and Mallinkordt,
monitors), It is assumed that the small particles (1 miorom or less) fell
very slowly and particularly during the day were kept in a state of suspended
aniretion by “thermals®,

Ix (b) Igtal agtdvity precipitated

An integration cf the isodose contours shown in the mp of
contours leads to the result that 50X of all the available activity fell to
the ground after two weeks, The rate at which this fell is not known. This
sotimate i3 based on the efficiency reported by Anderson and Sugarman (IA-356)
sccording to which 2,95 x 10°4 totel fisslions cogurred. Aocording to Weisskopf's.
data (LA~250 fig. 5) this leads to 1.11 x 1025 migro-curies of gemmas st 4 brs

time, #When the concentration of materisl 'u the 7rcund ‘s 19 gemma micro-curies

49.
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per or® the roentgen reading s 1 R/hr iniensity, ic turna out that st 4 hrs
the aveilable gamma curies would have covered an area of 225C sq. miles to
give o uniform intemsity over that area of 1 R/hr, Thus the hot swath
described above in IX a,) had an area of 12 sq. mi and an intemsity of 15 R/hr
at 4 hrs, Thie sectivity corresponds to ahbout 7% of the total, It is known

that this swath was precipiteted by the end of € hre,

.
BRI
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Sestion X: BETA DOSAGE IN TISSUT FROK TLOJD VATERIALS

The material in this section was completed as a separate
report December 15, 1945, It is included here as a pert
of the general monitoring report for purposes of unity,
However, it should be remembered that the notation of
equations is that of a separste report and has no
continuity with that of the other seections. 4lso, there
is a slight repetition of msterial disvussed in previous

seotbiom .
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4 gomputation of beta dosage arising from fission products which
fell from the cloud of the puclesr explosion of 16 July 1945 i{a made on the
following lines:

1. Since extensive gamma mearsurements were msde in the region 18
to 40 miles from the shot, it is necessary first to compute the ratio of beta
to gamsa curies in fission products, This ratio permits cne to estirate the
beta curies/cx® that fell on amy biclogieal cbieet. The ratic varies with
tive as 3,24 t-O.D?.

2. The measurement of gexma intensities in roentgens per hour
(R/hr) are interpreted in terms of gawma curies per el2 cn the ground, There
ere 19 gamme micro-curies/es? per roentgen/hour,

3, 4n elternative estimste of the bete curiee/bnz on ground is
nade from the fission products found on the ground, The fission-products assay
waé made chemically by Anderson and Sugarman from a dirt sample taken eight
hours after and 3C miles from the shot: there were 297 beta niero-curioc/enz
at 8 hours in the region of the Chupederz Mesa (about 30 miles northeast of
zero).

4. TFleld messurements made 9 Hovember corrcborste the other estimates
of redicactive intensities: they lead to 120 beta nioro-curio./cnz at 8 hours
in the region of the Chupsders Mesa.

5, The beta dosages in the region where 12 gamma roentgens per
hour wers measured st 4 hrs after the shot were as follows: 18,400 rep were
delivered to the tissue surface and 122/ rep to the 2.3 me depth below the
surfece by the end of 4 hrs after the shot, In the following 336 hrs there
were delivered an additionsl 60,000 rep to the surface, and 2940 rep to the
2-3 mm depeh. The total dome to the <=3 rm :leptnh is 4164 rep. No sorrection is

made here for mechaniesl removel of fissien products from the skin surface.
 r~s Lt AsCine

Ly v-...f‘lJJ 52.
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SR URCLASSIED
6, (:ammg doges due uLn patsaris™ c¢u & cow's back are estimeted and

compared with the gamma doses from meterials on the ground. At hot canyon

where the doze due %o ground meterimls wes 10MR the materials thst fell on the

cow's back contributed 32R making & totel body radiation of 13&R,

'};r\’*! 3 ‘f!"'f"
l , v
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1. Ratlo of bete to gsmma curies in fission products:

&, Chicago measuremenis are wummarized by Ketherine Way,

CK-2737, p.31, as

M% Cm»!v./m ;O'r)qt_l'zo (1)
ok t &ﬂcnwuiajf&~|}~°t~0*

Bs¥os | ase P’“Q""" X :7—'§(’t-l.zzq (2)
¥ aremda, (L3 Mev | bita)

The ratio of these sxpressioms is 3.21.t'o‘03, or 3.24 slowly
decreasing with ¢,

For a detziled discussion of the descay laws for fission products
see CC-3032, Wigner and Way, "Summary and Coorelation of Data on the Rate of
Decay of Fission Products,” June 13, 19,5, We have selected (1) for the gzmma
docay bessuse the field measurements of ganmme decay lead to an exponent for
t of 1,3 to -1.,5., By taking the laborstory valus for the exponsnt as -1,2 the
integrated doses over periods of time will be estimeted conmervatively,

2, Estirstion of sctivity on ground from gamma roentgen measurement

Gamma ray dosage is measured dy an jonization chamber whose

height above the ground is 10 em and use is made of the formulas

1-= d)TTHonjc%-H) R) R (3)

nean free path of gemmas in alr

"

[+
"

distince of the chsaber above ground (10cm)

3
[ ]

2 R/hr per gemms millicurie per unit solid angle

or A

g
Formula (3) is derived on the basis that the ionizstion chanmber is

R/hr/u/clz at 1 cm distence from a point source

density of gamma active material in no/on?

&t the center of & dise of sctive matertal -hcse rad-us in N\ , and is loscated

d cm above the dise, Since the log fas:vr veries slewly rith A we shall assume
. TN
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an wverage value A T 220 meters fio ;imius Za tle anergy intervzl 0,3 to 2.1
Mev, Since the zctual spectrum in th: field 7ar uzstnown we shall have to
essune thet the speotira measured in plle operatlons gives a falr spproximstion
to the field conditions, In Table I are relevant dutes tuken from Ket., Lab, Hdb,
Chapt, XIC, 1, page <

TABLE I
Radiant EZnergy "x" corditions "E" conditlions
% Total Watte % Total Watts Pagtor "A" eg (3)
2,1 Hev gammn 30 7 10,5 r/hr/me
c.2 8 22 A
0.5 5 5 2.5
C.3 9 3 i.5
0,5 Mev avy., beta 48 63 S

"X" conditions: Metal reacted at 15 kw/ton for 3C days and allowed
to decay 25 days.*

"¥" conditions: [Ketal reacted st 2500 kw/ton for 100 days and sllowed
to decay 60 days.*

The weighted mean values of 4 for X and W conditions are respectively
7.08 and 4.7 R/br/me. It is sasumed that the W conditions would most closely
approximate the field comditions, hence the value of A = 4.7 will te used in the
following caloulations, The ratio of G.5 lev beta to 1 Mev average gsmma curiles
in the W conditions 18 2 x 6 3/37 = 3.4.

Substituting in (3) the resulting simple form is:

151056 roentgens/hour (&)

And for a gemmg intensity of 1 r/hr the ccnoentretion of gamma curies on the
ground beccmes:

g = 0.009% Ilc/cnz per roavtyens/honr

* let, Lab, Project Hdbk. Chapt. XI, Cl p.2,.
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The evidence indicates that there is a factor of 2 by which the
gamrarcentgens should be multiplied tc tuke Int> account obscuration of the
gumra aotive material, This obscuration is assumed to be due to erscke in
grounc surface and irregulerities of terrain., Taking this obscurstion factor
into aceount end eesuming sceording to (1) and (2) that there are 3.2t 003

for each gamma ourile one gets,

§ = ,019 gemms mo/cm’ per gamma roentgen/hour (%)
N . 2
and ¢ = bets Be/om” per gamma roen h (6
*glnggg‘g‘ /on" per ga tgen/hour (6)
Q 2,061 bete me/ex per gemma rosntgens/hour at t = 1 sec (6a)

The meaning of (5) and (6) is as follows: 4f a monitor in the field
by means of & gamma roentgenomster messures one roentgen/hour when the meter
chaxber is 10 cm sbove the ground he will be 4n the center of a disc of radio-
active fission material whoae density is 19 gamma po/cuz. According to (&) the
density of beta active material will be (19 x 3.24/6°"%) beta pe/en? where t 1s
the time of the gemma measurement in sesonds after the shot,

The assumptions underlying this method are summariszed as follows: that
the fissioneproducts gamms spectrum is givem approximately by the "¥" sondition
in Table I, and that the average v: lue of A is 4.7 R/hr/me/unit solid angle
corresponding to about 1 wvev radiation, Also, it is assumed that the average
value of A , the mean-free-path in air for the ganmgs umier oonsideration, is
220 meters, The log term in (3) is not sensitive to A's decressing only by a
festor of 2 es X is reduced to 10 meters and increesing only 16% as A increases
to 500 meters, |

The meters usedin the Trinity messurements were calibrated by the
ganme rays from radium whose everage energy is assumed to be 0,7 Nev,

3. Estimate of beta ouries from fission products essay.

An alternative estimate of the bata curles per c12 on the groumd

T i i
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can be made from the chemical assay ¢f th» finsi-n -roduets roport.od .by K. L.
Anderson and N, Sugarman, LA-356, 25 Seprembe= 1945, An earth sample was
collected at hot ecanyon, 30 miles from sero, at 8 hours by Wright Langham on
16 July, The gausma intensity measured at the time was about 6 roentgens per hour.

The fleeion assay on the dirt sample is listed in Anderson and
Sugarman's report, Teble VII, p. 34, as *30 mi N, airborne” sample and hed
0.64 x 1012 fisstons 1 gm dirt (based on Ge), By means of the fission produets
decay laws given by equations (1) and (2) we compute the beta and gamme euries
per en® on the ground at 8 hour (2.88 x 104 secs) assuming a dirt demsity 2,

ke efu = (156 11X 0.6% x102)/ (347104 £ (2.¥F x10Y " *Y)

= z.q7m (CAA».L (7)
Qs 1YL= (09 % 2 x L2pxio™) [B.67x0tK (2.5%x109"Y) (7a)
= 123 me et

These figures are to be gompared with the estimates based on (5) and
(6) which when wultiplied by the 6 r/hr give 114 gamna po/en’ and 366 beta jio/ow?
respestively. It is to he noted that this estimate is btased on the assumption
that 3.24 beta per gamma curie exist at 8 hours. Aecording tc (1) and (2) the
beta to gemma curie ratio 1s 2.4 at 8 hours which reduces the 366 estimate to
274 }w/elz. The close agreement between the gamma roentgen measurement and the
chenical assay methods must be considered fortuitous in view of all the assumption
on which the gamma roentgen measurement depends.

4. Messurements of 9 November 1945

easurements mede on 9 November corroborated the estimstes of
sotivity made from the July me:surements. At bot canyon on the spet where & R/hr
were recorded st 8 hours, 16 July 1945 the gamma intensity was found to be
3 milli-roentgens/hour., Referring to equaticn (5) the 3= R/hr corresponds to
0,057 gamma )m/enz on the ground, The beta to gamma curie ratio at 9 November
(107 secs gfter the shot) is 2, Hence the 3 R/hv Jmads to 0,11 beta )m/u-2 on

the ground,
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Samples of ea_r?.h tsken gv the samo gpot were count.oﬁ «nd found to
give 84,000 gounts/min/4 T 80lid angle per gram of dirt, Assuming a dirt
density of 2.5 this leads to 0.1 beta po/ex’ on the ground which is close
agreement with the gamma roentgen estimate made above,

By means of equation {2) we compute the beta intensity at 8 hours
(2,88 x 104 secs) from the 9 November measurements (107 secs) to be 120 beta ),w/e.i“2
which in turn is in satisfactory agresment with the other estimates msde in part
3 above. The measurements of 9 November o2n be expected tc yileld lower concen-
trations on aecount of leaching of certain of the fission products from the
soil by rain, or displacement by winds,

5. Csleulation of beta dosage at depth in tissue

In order to discuss the beta depth dose in tissue it is
convenient to compute the energy emitted in ergs/sec and comvert to rep units.
The computation is 3.67 x 10% x QxEx (1.6 x 10.6) ergl/loc/e!z, where ¢ is
pe/om?, E 1s the bets ensrgy in Mev which we shell assume to be 0.5 Mev as an
average value for betes coming from a thick source, and 1.6 x 1076 13 the
conversion factor from Mev to ergs. Referring to equation (6), the Lotsl
snergy emitted by a 61 beta pn/cl2 source is 3,67 x 10° x 61 x 0.5 x 1.6 x 1076 =
1.8 ergn/sec/clz. If the sctive materisl is deposited on a skin surface only half
this energy iz delivered to tissue depth., Hense:

©.9 Mﬂd(@c/wz/l'rr %-QA&M?Q‘I (7)
is the total energy delivered to tissue below the skin surface.

The distribution of this energy in the tissue is given by the
experimentally determined absorption curves for betas in tissue as messured by
Raper, Zirkle, and Barnes ("Techniques of External Irradiation with Beta Rays",
CH-3098X), The depth doss rate curve is given by a pseudo-exponential forn
Is 100'9‘5x Where I, is dose rate at the surface of tissue and x is depth of

tissue in em, From these data we compute ths “oliowing icble of the fractions of

L e
B A
Al e
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the total energy incident which im suBcrbai & the witsue layer between

Xl and Xz i1a:

= (e qsx‘—-f: qs¥;>

The maximum depth of messurable dose is 0,7 om,

Tissue Layer

TABLE 11

D, average dose rate

(8)

D, average dose rate

) 4 in 1 am layer; for 1 in 1 ma layer for 275
beTweew beta pc/on on skin surface bete pe/c
C e lom 0.633 1.1 x 10~ rep/sec 0.302 rep/sec
1. 2 0.218 3.6 x 1074 0,101
2.3 0.091 1.62 x 1074 0. 0446
3.4 0.036 6.4 x 107> 0.0176
L -5 0.014 2,43 x 1070 6.6 x 107>
5 -6 0.0053 9.4 x 1076 2.58 x 10~3
6 -7 0.0020 3.55 x 1076 9.76 x 1074

# Corresponding to 6 gamma R/hr measured at 8 hours around the Chupadere Mesa,

northeast of Bingham, New Mexico.

The average dosage rate in the 1 mm layer is calculated as:

WxF_
Mx%’.’.% t /MC‘

where W is the total energy delivered to the tissue and is 0,9 ergs/sec as

calculated above in (7).

and 83 as the ergs/gm of tissue per rep.

The tissue vol is taken as 0,1 ce, tissue density 2 1,

The beta energy has negligible effect on the depth dose, As the

beta energy varies from 0,5 to 1.55 Mev the depth dose up to Jmm does not

change more than 5%,

depth dose eend only to 4 mm depth.

It should be noted that the significant magnitudes of

The dose rate, D, in Table I 3ar bs coipsred with the messurements

on a p32 source reported by Raper, Zirkle and Barnes (loc oit),
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was prepared by soaking a filter pcper 1. mti've phnsohates, The scurce strength
was 77 ,.u:/cm2 for which the surface dosage rate was 0,127 rep/sec, A 1 )m./clz
source would give a surface dose of 1.65 x 107> rep/sec. At 2 mm the depth doae
rate is 13% of surface dose, hence the dose rate at 2 mm is 2,14 x 104 rep/sec.
This compares with the 1,62 x 1074 rep/sec in Table II for the 2 - 3 mm layer,
The value from Table Il is lower becauss it is an averaze valus between 2 and

3 mx whersas the 2.14 x 1074 rep/sec figure is st the 2 mm level.

In Table II are the calculated depth dose rates for 275 bets uc/om?
corresponding to the 6 gamma R/hr measured at 8 hours after the shot om 16 July,
The 6 R/hr representa about the highest gamxa intensity messured after the sctive
eloud had settled, and is typieal of the intensities over the Chupadera Mesa.

6, Caloulation of integrated beta dose in tissus.

The calculation of integrated dose dus to bets radiation on a
tisrus surface is based on the decay law given by (2). The dose will be
integrated froz time 4 hours after the shot because it is known that the cloud
naterial was not settled before that time at 13 miles from sero, The pertinemt
case applies, for example, tec ocattle at 18 miles or greater on which the wtive
fission products fell,

The general case in which the exponent of time, t, is n where n is
greater than 1 leads to the following ?xprulion for integrated dose:

M " -
b= e ito‘ "~ ot ® M} (10)

=\
whers ¢t is the time at which the integration begins, in our case 4 hours, and
P is the pericd of time after to over whieh the integration is made, and
n = 1,229, The function D/I, is shown in Figure 1 along with the doses D
computed for the case of 275 bets ).m/ed2 on the surface using the intensity I_
at the 2 - 3 ma depth from Table II as 0,0446 rep/sec. The dose has attained

50f of its maximum possible value after 100 havrr, or a®tut 4 days,

N P25 TR
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An irportant contributiin Lo Lhe Lela Cumels made during the
settling of the active material fiom the elcud, 4L g distznce of 20 miles
frow zero 1t is known thet messurable activity started et 1.5 hours (5.4 x 10°
socs) and definitely started its naturel decay at 4 houre (1.44 x 10% sece).
%e sssuze that the ective material acourulsted linesrly with time on the apot

as it settled from the cloud and that it decayed 2e +-1°229. From these two

assunptions the effective dose rate over an interval between 1.5 and 4 hours is
computed as shown In Figure 2. The effective integrated dose at 2 - 3 mm for
275 yc/cn2 as measured st 8 hours is computed from Figure 2 as 612 rep.

It should be noted that this dose of 612 rep is delivered in 2.5
hours aa corpared with, say, 1480 rep (Figure 1 delivered in 96 hours gfter
t, & 4 hours,

The dose on the skin surface is about 15 times that at the
2 « 3 em level,

Two items effecting the integrated dose should be mentioned: (1)
the presence of 15 hour neutron activeted sodium and (2) the sticking of the
precipitated cloud mgterials to any to any tissue surfece such as & cow's beck.
Reither of thepe ltems will significamtly change the dose received during the
falling time., Both items will affect the integrated dose st long times after
the precipitstion is completn., In view of the epparent agreements smong the
different methods of estimating mctivities using equation (1) and (2) it is not
likely that more than 50% of the gamma activity was due to sodium, No direot
evidence as to the fraction of sodium or ite gemma radiation is asvailable.
Concerning the question of the fission products clinging to & cowhide one has to
guess, Kechanical rubbing is necessary to remove the dust from a pelt, It is
Xnown thet the cloud dust aticks tenmeciously because monitor's autos became
heavily contaminated due to the dust sticking to the underside of the chassis
and body of the cers, In the computations re hrve s/ med that all the dust
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lay in layers immedlately on the tissi1e wirfsce, "ne acses ray have tc be
reduced by a frctor due to the dust particles beiny distributed on the hairs
of the com pelt, Gueszca 35 to the magnitude of this reduction range from
10 to 807,

Susmariging the beta doses from Figure 1 for the case of 6 gawra R/vr
neasured on ground at 4 hrs there were abcut 9200 rep delivered to the skin
surfsce raking 612 rep to the 2 - 3 mm depth during the fallins of *he cloud
material up to 4 hours, In the following 2 weeks an additicnal 30,000 rep were
delivered tc the skin meking 1470 rep to the 2 = 3 mm depth. The total dose at
the 2 = 3 mw depth becomes 2000 rep. These figures are not corrected for
redustion due to loss of material by mechanical rubbing or weathering from
the tissue gsurface,

For comparison we quote the median letal dose for external beta
ray doses on mice, 4,700 rep, end for rats, 7,500 rep, (Monthly Report of Biol,
Section of Research Div,, Clinton Labs. Se;t, 1945), 4 single dose of external
beta radietion of 4,000 rep will induce tumors in rats (loe cig). No relevant
data are avallable on the possible effects of bets dosage on cows or doga.

7. Gamea Ray Doqgggl from materiels on tissue surface.

(a) TFollowing is an estimate of gesma ray dose received by a
cow on which the radfcective material had preciplteted, The method of calculs-
tion will aim at finding e gamma dosagze rate in air at the tiessue surface which
will give the same rate of dosage at 1 om below the surface as that given by
the sctive materials located on the surface, This method is followed in order
to have p doBsa;e figurs which can be compared with the doeseges delivered to the
cow by the active materials on the ground surrcunding the cow,

Inepection of the cows showed the following two importent facts
congerning the gemms dosage:

1, On the gverage the regions of the ecw's back effected by

B .
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beta radiation were circles whome diamr4emy wery nc* crepter than 30 em in
diameter, On each cow there were from 5 +o 3 s17h r-ers,
2. The setive materials covered areas which subtended soclid
angles over the entire cow which were estimeted to be 1/10 of 2 T zclid angle.
(b) We compute the gamma ray intensity at 1 em below the skin
surface by assuming the active material to be in the forn of a diec 15 cm

radius, For gammaz the sbsorption coefficient in water is 0,069 cu'l

for
WLS 2, which leads to a mesn-free-path = 14.5 om, Applylr uation (3)

’ pa . . rpiying equatlon

where A = 4.7 R/br/pe/unit solid angle, end § = 1 ;.lc/om2 we got
I ® 0,077 R/hr/pe/on® at 1 om depth

By correcting for the 7% absorption in 1 cm of tissue we shall
assume that this gamma intensity st 1 om ean be preduced by I = 0,082 R/hr in
air at the surface. Thia sssumption is on the conservative side in that it over
estirates the total dose delivered to the cow,

To correat for total solid angle subtended we multiply by 1/10
according to item 2 in (a) above:
I = 0,0082 R/hr/mc/ca?

According to sections 3 and L the gemme concentrations at 8 hrs at
the piaco whore 6 R/hr ground measurements were made, was 120 gamme )m/cmz.
Assuming the gamra decay @ t~1*?% this correeponds to 280 jo/om® at 4 bre.
The calculation of integrated gamma doses is mads with reference to Fig, 1,
Curve (a) shows that at P = 336 mrs the value of D/I, 1s 4 x 104 secs. The
dosage rate I 3z 0,0082 x 280/3600 8 6.4 x 107 R/sec., Thus the integrsted dose
over 336 hrs after t, s 4 hrs is

D=4 x10%x6,4 x10742256R
The dose ascumulated during the falling of the cloud is found with
the aid of Fig., 2 where the ordinates in rep/sec are to be changed to R/sec

#1th the rate at 4 hrs - 6.4 x 10”4 R/sec. The “nt:iyruted derc “rom t = 1.5 hre
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tct = 4 hrs 18 6 R, The sum of the dcses from t -~ 3-6 18 then 31.6 or 32 R
total,

This dose can be coxpared with the dose due to theutive material
on the ground, For instanece, in sec VI, 3, of the report on cloud messurements

the dose for 1/t decay is given as R = 1€7 R, for the t~++5 decey as 85 K
(doses at torso level) in hot canyon, For 6 K/hr referring to Fig, 1 (a) the

g=1.22 dose is 106 K, If we assume here that the t-1.22

Slaw is feirly
representative we get a totsl dose for the cows of 106 R (ground radiation)
pilus 32 R (back radiation) making & total of 138 R,

B, B dose om_gctdy te

Bets doses delivered tc animals or persons welking on terrain
which is uniformly covered with beta active naterlals can be discusaed under
two separzte headings.

Case (a) Dosage delivered to the paws or feet by materials
direotly in contact with the limbo,

Case (b) Uosage delivered to the ieg perts higher tlan the
pedimentsa by betas comling from the ground.

Under case (a) the dosage delivered to persons will be negligible,
except for barefoot people, lLeather shoes or cow's hoofs absord the radiation
effectively, the mfp of bet-3 having energles from 0.5 to 2 Mev in tissue-like
materisls being about 1 mm or less, Dogs ani cats are more vulnerable to the
direct contact dosage because the beta muterials can get into the spaces between
the toes, Also, the bottom of the paw is probubly less then a millimeter thick.
There is evidence to indlecate that a dog at the Raltliff larm was effected by
bete radiation on his paws,

Under caée (b) we refer to dosage curves taken by H, M. Farker (CH-930)
"Some Fhysical ispects of the Effects of Beta Radlation on Tissue,™ Sept; 1943,
Fig. 9. We will refer to Parker's data on tubailoy fer wh&ch tlre tetas heve s

INTI N NS
("‘"(Hi-i{ ulag

A

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

‘:"!'5?";?'»
TR &0
“id ‘LL)

maxirum energy E = 2.32 Mev and ar enevyy & .7 v“ev wl the peuk of the

e . o

distribution curve for particles coming ficw a tiick scurce, This energy
range will cover the case of filssion products bets waterisnls on the ground
as Tor as dosage to the lege Js concerned, Tarker shows thet If the bete
source I8 coversd with 55 mgm/cm2 of abscrber the dosege in alr s one moves
away from a plane source decreases with e 1/e value of 20 em, After traversing
the air the particles have to penetrete shoes or clothing which we toke tc be
eguivalent to 55 ngm/om2 as the smallesﬁ reasonshle estimate, Since 1 mm of
tissue is equivalent to 110 mgm/cmz there remsin 55 ma;m/cm2 renetrating power
after 55 mgm/om? have been subtracted. Part of this 55 mgm/cm® penetrating
power is taken up by air, In the case of cows the presence of heavy hair and
e thick hide on the legs precludes the possibility of any betas delivering
dose to 1 mm below the hide surface., This Im torn out by the inapection of
cows which received bete burne from materiasls falling on their backs, The
legs showed no signs of radiation effects.

In addition to the faet that elothing i® likely to be thicksr than
58 mgm/cmz in proteeting legas from beta radiation there is the further considera-~
tion that the effective beta particles must come from the ground amround the leg
in an area beyond & certain radi{us, Heta particles approaching the skin surfece
at a very smasll angle will expend their energy peénetrating the uppsr skin
surfuce before they reach the vulnersble lower layers, For exsmple, if the
angle of incidence is 30° the particles will have traversed 2 mm of skin by the

time they have reached the 1 mm depth,

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

yi 4 LT
p 7 B f\"*"l’;J;’S' Ve
N ;L

M ey
b}

AFFENDIX I

HEALTH IRSTRUMEBNTATION AKD CRATER ACTIVITY DECAY FOR THE JULY 16TH
NUCLEAR EXPLOSION

Written and Compiled by Richard Watts

1,0 General Problem,
2.0 Instrumentation,

2.1 Alpha Instruments.

2,2 DBeta-Camma Instruments.
3.0 HNumber of Instruments Needed,
4.0 Distribution of the Instruments,
5.0 Calibration of the Instruments,
6.0 Results of the Shot,
7.0 Gross Aetivity Decay.

8,0 Conclusions,
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HEALTH INSTRUMENTATICN AND GROSS ACYIVITY DEC..Y AT TLE JULY 16TH

NUCLEAR EXPLOSION,

1.0 General Preble.

At the request of Dr, Hempelmann the Electronies Group under-
took to supply and install the instruments needed for the protection of
personnel at the July 16 Nuclear Explosion,

It wes recognized that considerable danger would exist, and
thet specialiszed instruments not svailable commercially would be needed
to measure and warn of this danger,

This denger could be roughly divided into three parts: (1)
Danger st the instant of explosion; (2) Danger from the radicactive cloud
that would be formed; (3) Danger from residual activity to people re-ent-
ering the area where the bomd exploded.

It was not thought that any serious danger would exist at the
moment of explosion. The grestest uncertainty was the amount of light
and heat that would be given off, Inasmuch as the peraomnel would be
housed in concrete shelters 10,000 yards from the site of the explosion
caloulations showed that i1t appesred extremely unlikely that redistions
would reach this distance., Thus at these shelters it was not thought
that any instantsnecus sffects from Gamme, Bets, or neutron radiations would
be observed.,

A grester uncertainty wes the nsture of and way in which the
radicactive cloud would be formed and moved, If this cloud should stey
low and sweep over any of the shelters very serious consequences would
result, Then again the cloud might rise high in the air and settle upon

a town thirty or more miles away.
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Another serious problem wac thought to be the alpha activity
of that part of the plutonium which was not used in the explosion,
Because of the great toxeity of this material, danger from inhalation
would exist if it was diltributod in the air,

The danger froa the residusl sectivity would be largely to
those people who would enter the active area after the blast., This
danger would consist of total body gamma and beta irradiation and inhal-

ation of active material.

2.0 Instrumentetien.

2.1 Alphae Instruments., A universal instrument could not be built
that would f£111 2ll the varied requirements, In fact, for alpha scotivity,
i1t was dubious that s satisfactory instrment could be built that would
giwo‘an instantaneous indication, The problem may be presented in the
following manner: The tolerance dose for plutonium is tentatively set at one
micro-gram, Assume that & normel man bresthes 15 liters of air per minute.
For simplicity, assume that none of the plutonium lesves the body after it
is ingested, Now then, let us also assume that we would like to measure
the tolerance dose for a twoeyear period, 300 working days per year, 8
hours per day. For this length of time, at 15 liters per minute, a man
would breathe 4.32 x 105 1iters of air. The product has 1.4 x 105 die-
integrations per minmute per miecro-gram, Thus we must detect in each
liter of air 1.4 x 10°/4.32 x 10° = ,035 dis/min. per liter of air.

No existing instrument will do this, When one considers that
such en instrument should also be portable and non-microphonie it did not
geex feasible that such an instrument could be built,

It was possible however, to make a portable inatrunont that

would count one or two counts per mimute., Even tiils was a nrcbiem from
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the microphonic stamdpoint., It was Golisl 5y Tlowl y methans through
the chamber, A factor of ten compar-d to air 2s :ailly obtained for
the signal to noise ratio. Thus the amplifiers need not have a large
gain and the instrument can be simplified., A two-stage battery operated
amplifier will suffice to bring the signel to the 10 volt level. The
instrument is still bulky however, because of the small methane tank and
the batteries needed for the high voltage supply for the chamber,

The thin windows needed were made of collodion and held in
place with glyptol., These proved quite sturdy so far as pressures were
concerned., To protect them from accidents a wire screen was placed over
them, By using this method a window 3/4i" x 5" could be obtained., Photo-
graph I 1llustrates a similar instrument. In this case the counting rate
meter was not used,

& far more sensitive method of measuring the alpha activity
in the air is to draw the alr through s filter paper at s kmown rate and
then measure the sctivity deposited upon the paper. This method has been
worked extensively by the Chicago Group, For our purpose it suffers from
two drawbacks, (1) It requires a finite time before an answer ecan be
obtained, (2) The build-up of the natural radicactivity in the air con-
fuses the isaus, for this must be allowed te d seay or sorrections must be
made before the true sotivity ean de measured., The half-life of this
natural redicective product is of the order of two hours,

Despite these diffioulties the method is extremely sensitive
to small amounts of contamination, The method developed eonsists in
using a special filter paper with extremely fine fibres, 4 standard
vacuur cleaner (The Filter Queen) commercially available is used to draw
the air through this paper. The paper is then counted on s special alpha
gouriter,

It was thought that these instrumerts zhould be ;lcced in

\‘D

the surrounding towns as a precautionary measurc, \3 \f L"\}J\‘
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2,2 Zeta-Gamms Iﬁstrumcnts. 1t ag aprarunt tiat certsin of the
personnel would have to re-enter the motive area, 4 survey indiecated
that very few of them were willing to take more than 10R/hr., Thus it
appesred that intensities of radietion from 1R/hr. down to much less
than the tolersnce dose would have to be measured., Because of the scar-
city of A.C, lines in the remote section where the test took place, it was
thought best to rely upon bettery operated instrumeants. It was apparent
that the surrounding towns would have to be monitored amd instruments for
doing this would have to operate a recording meter. These instruments
should necessarily be a: zensitive as is feasibly posaible and waell able
to record below tolerance dosages,

Te cover this wide renge of intensities, two different types
of instruments were decided upon, The first was a counting rate wmeter
employing a Geiger tube. This instrument is 1llustreted in Photograph 2.

A thin wall dural G-¥ tube is uged, Thias has tbhe advantage of
elirminating any photoelestric effecte common with glass GeM tubes, Draw-
ing # 565 is the schematic for the cirouit. The indicating meter is a
0-1 milliameter movement., Provisicns sre made sc thet this meter may be
disconnected and s O-1 milliameter Esterline-ingue Recording meter may be
put in its place,

This instrument on its lesst sensitive scale gave a full scale
reading for 10,000 counts per mimute. This gsorrespomded to ~J ,Cl1R/8 hrs,
The G-M tubes required about 1000 volts, The batteries for this voltage
are contained in the lower box. This made the instrument rather awkward to
handle,

To measure the higher intensities the Victoreen Model 427 Ionisza-
tion Neter was available, Unfortunately the supply was not sufficient
for our needs so the one tube meter illustratod in PiaotoIriph 3 was designed.

The circuit schemstic is Drawing 440-B Revised, 1his wmeter would oover
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the range adequately from ,0R/hr tc LR/ /hr, in T.hrio ranges, These meters
were also used for monitoring in the tanks. In this case it was necessary

to opercte them by remcte control.

3.0 Humber of instrymenis Heeded.

It was estimated that at least four town, three sheltiers, and
the base camp would need tc be monitored, A number of instruments would
also be needed for personnel who would try to follom the cloud by auto-

mobile, Thus the fellowing list was barely found to be sufficlent,

Filter Queens 10
Camma-Beta Rec, Neters 15
Alphs Counters 15
Survey leters 30

Neutron Counter

1l
landaverk Electrometers 10
8]

-

Aside from this e great many pocket elestroscopes, film badges,

nrotective clothing, gas masks, etc, were furnished by the health group.

4.0 Distridution of ihe Instyuments.

The three shelters wers sach equipped with en slphs meter, a
Beta<Gamma G-N meter and a survey meter, Theses instruments were opofatod
by the health personnel, At the Base caxp a Filter Gueen Ja_md a G-M Rec-
ording Meter was used, At the towns of Tularosa, Hot Springs, San
Antonio, and Carrizozo, & Filter Queen and a Recording Beta<Gamma Neter
was set up, These instruments were operated by Mr. Leet's seiamograph
group who alsc had instruments at these places,

The sutomobile group wes equipped with alpha retavs, Jdets- EIN
Gemma G-M meters and survey instruments, EESARLA ;{_,c,\\t‘“’\)
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All the Gamma Mmpmvmunmm by neens of a
standard source and the inverse square law. The alpha instrumenmts |
were calibrated with a standard source mede from the predust. Ia
order %o be sure that all the instruménts were working properly after
they were set up the gamsa instruments were tested with a plece of uran-
ium glass and the alpha instruwents were tosted with a plece of filter
paper that had a small amount ef plutoniums deposited upon 1%, By this
weans the opsretor could test his instrument ad any time to ses if it was
working properly,

6.0 Results of ibe Ehch.

41though mo instantaneous activity was te be expested at the
shelters from the shot, it wes an easy matter tc check this point. Cen
sequently, the nsutron sounting rate meter illustrated im Photogreph 4
was sot up. This meter Mas s normgl doroa costed sounter., It 1s oper-
ated in the proportiomal renge such that the sircuit is only responsive
to pulses adove a certain height, | Thus gasma-yay pulses are eliminsted,

This neter together with the Dural Beta-Gamna G- Meter was
set wp eutaide the Seuth Shelter, The positien was chosen 80 that there
wers mo cbstruotions between these tubes and the Shot. The obeerver
protected hixzself by dehg behind the earthwork flumg up to protest the
shelter, The dials were thea observed with the aid of a flashlight., No
appreciable change in the backgreund wes cbserved during the ahot or
afterward, Immedistely after the shot a preportiomsl counter was set wp .
outside the South Shelter with the window facing the eky. In this way it
was heped that -wnlih ackivity that wonld settle from the air would be
ocbserved. No activity was fowsd, Tie Ciuervailon was diseontimsed after
four hours after the shot. Fe ulila satiity aas observed at he West
Shelter. %o resdings wers talea 1t 3he North Mkslter for $he persomnel

MO AL
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at this shelter vgutod immearaiely afver .ﬂh shot W3Q&M thet

the redicastive cleud would ge over %,

The reccrding Gamms-Bets meters at Xod Springs, San nuuo.‘ and
Tularces showed mo ntivtﬁ. ‘The meter at Garrtlm went off scale and re-
mained off sesles wntil it was retwrned 12 hours later. Full seals ea this
machine wes 10,000 counts per mimste. The survey neters however whiesh
were less sensitive showed that this astivity wes wet high enough %o be
dangercus $o perscanel, This rise im setivity is shewn en Photograph 5.

Filter Quesn samples were taka at Tularosa, Bot Springs, San
Amtonio, Carrisess, snd Elephant Dutte. Samples taken from thess filter
papers revealsd no astivity., The filters were run for varying perieds of
time, nens of which were less tham thres hews.
leoted from the surrouniing territory. These samples scrrebersted the
astivities elaimed bLy the obsarver., No sigaifisamt astivity esuld be
found in thése sanples, |

To measure these dirt samples there was tremsported to Triaity
the standard dural Geiger Sube with a lead pig shielding and a ssals of
16 eireuit. BEesause the A. C. supply at Trinity was not teo stadle, 1%
cccasionmlly saused the sesler %o becoms ineperative -l_uu the voliage
fell %00 low., Nowever, we fourd that the dirt semples whieh vere astive
sonld net e measured in this way for their sstivitiss wers well above the
Geiger sounter rangs.

7.0 Gresa Ashivily Resay.

Although it did act appear te be toe signifisant, it was thowght
that the rate at whieh the astivity arcund the site decayed night be meas-
uted. This knowledge might thepn be usifu 212 i1de stamipeint of another
test, and 1t also afforded an exialocal %233 for the meters usder field

sonditions,

APPROVED Fr PuBLI C reLease  UNCLASSIFIED 3.




APPROVED FOR PUBLI C RELEASE

NET S T
EE L WL I IO

Consequently, stak~s vers se> \r 2') meters apart along the
north and south sides, Resdings were taken with two instrumenta of the
type 1llustrated in Photogreph 3, These instruments were hsld at waist
height with the chamber facing the crater., The readings of the two instru-
ments were then averaged.

Figure 1 is a plot of these readings sgainst distance on the
north set of stakes for the dates given, It illustrates very well the
bump in activity at 800 meters north which was noticed by several observers.
Inasmuch as many round clear glass beads about 1/8" in diameter was found at
this point, it was thought that this bump in activity might be due to radio-
active material falling from the cloud.

Figure 2 is s similar plot of intensity vs, distence along the
south road for the detes given. Other commitments did not give us time to
examine the north side as thoroughly as this south set of stakes was invest-
igated, The inconsistencies in the upper end of these curves might be attri-
buted to two reasons; (1) The wind blowing the radiocsctive sand aroumd
causing different intensities from day to day or (2) Recombination of ions
or lack of saturation in the ébl-bera at high intensities.

During the time thias data was belng taken there were seversl rain-
storns,

In twenty-two readings the average deviation between readings was
+O7R/hr. This deviation between ‘nstruments is attributable in part to two
things; (1) the skill of the operator in setting the sere of the instrument
each time (2) the hot sun on the instrument had a marked effect on the
battery potentials, This effect was rather difficult to avold,

Figure 3 is a plot of intensity vs, time for the hours given.
This data was taken from Figure 2, These curves have been discussed by
J. G, Hoffmen in the bain body o th: report, Chupt. II,

Figures 4 and 5 are measurements cf vhe gamma activity of the green

fused sand. This send was too &titvy to rut Zn the counter.’ The samples
APPROVED FOR PUBLI C RELEASE 77
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were therefore placed ocutside 10 iwved #ileiC which surrcunds the G-HM
tube,

Figure 6 is a similar messurement of a clear bead which was found
at 700 meters north, An attempt wes made to follow the decay of the green
fused sand with a thin wall dural G-M tube, 4t firat the attempt was aband-
oned because of the Intense sctivity, The following table will give an

idez of the rate at which it $a now decaying.

Sample No, ~Dote Souuts ver zloute
1-A 12/12/45 4924,
3/21/46 3206
1-B 12/12/45 7316
3/21/46 5176
1-D 12/12/45 10106
3/21/46 €918

The totsl number of ocunts taken for each reading was over 20,000,
The G-M tuve was checked for stability of operation over this length

of time by means of a uranium glass standard,

8.0 Copglusiona.

Although none of the instruments used at Trinity may be con-
sidered perfest the results may be considered adequate, Insufficient time
prevented a thorough test of all the squipment, For guidanece in the future
it should be pointed out that all instruments should be dust tight and
waterproof, The electronic circuits should ineorporate devices such as
feedback to make them more indepencdent of battery fluctuations. The G-M
tube £illings should be such that they are as temperature independent as
possible and the G-M tube circuits should incorrorate a univibrater or
some device that renders the counting rate meter independent of pulse height.

Smeller instruments wnulé b+ de4izsble, All instruments should

75.
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D
be tested on a shake table, BeiwLse ol 4iue tough treatment these instru-
ments received in the field at Zuast 1C% o Lhem failed., The chief
offender was the Hallicrafter G-M meter, Inexperienced personnel had
difficulty with the Victoresn triple rengs survey meter, Thease meters
have rubber washers under the knobs, When the knobs are turned to set the
sero enough tension remains on the washer to pull the knod beck., This makes
it appear that the sero 1is unstable,
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APPENDIX II
17 August 1945
ITINERARY (P TRIP

MADE by Colonel Warren, Captain Whipple and L, H, Hezpelmenn on 12 dugust 1945

Left site at 5:00 AM, had lunch at Trinity, Colonel Warren had to return
inrediately to site but Captain ¥hipple and Hempolmenn went to Bingham, White
Store and the Hot Canyon to make further measurements and to interview persons.
Victoreen leter #46,174 calibrated on evening of 1l Adugust 1945 by Whipple
and Hempelwsnn, Another single range Victoreen Neter was calibrated but

fuiled to work properly om 12 Auvgust 1945,

Bingham 3130 PM - R, H, Dean, wife, dsughter and son live here, They were
awakened by the shot on 16 July 1945, entire house rattled and three windows
broke, They went to the window to see what had happened, saw the huge cloud
of smoke, reasoned that there was an exploeion of some sort amxd weant back to
bed for about 30 minutes, The entire family has been quite well and healthy.

Eeter reading #4617,
Victoreen single renge - groumd = 0,003 r/nr.
Iuside store (waist level) 0,0001 r/hr.
Speedoneter reading at anh was 776.0 miles, From here we drove
eastward on the road to Claunch and then eontinued east where this highway
turns north onto the road to the “Hot Canyon®. The following are the read-

ings and cbservations as made by us:

¥lleage ~Shesrvations Readings
776.0 ses above 0,003 r/hr
780.0 Cows appear healthy, no apparemt anemia
or diarrhea, noses pink, gress ssmple taken
781,2 At junction with rosd which leads to 0.0R mhir ( undg
Hot Canyon. Grass sample taken, 0.013 r/hr (waist
721,45 on rosd to Het Cenyoa 0,022 (ground)
0.018 (waist)

UNGLASSIFIED 77
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vileage
781.7

7831.8

781,95

782,2

782,2

782,45

782,50

782,7

782.7

APPROVED FOR PUBLI C RELEASE
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Qhservation

Un roed to ‘lot Caryon

Cn road to Hot Canyon

Cn road to Hot Canyen

¥easursnents at roadside

Messurexents 20' off rosd

Point corresponding to previous
highest reading in Hot Canyon.
Sane place but off rosd (20')

Al roadside

orf roed (20')

On end Off Road

Resdings

0.022 r/hr (ground)
0.020 r/hr (waist)

0.030 égroum!)
0.25 (waist)

0.7 (ground)
0.020 (waist)

7 {ground)
5 (waist)

.

L

o o0 OO 00 OO0 0000 OO OO
§ 8% §§ R8 88 BREF B8 8§

(ground)
. (waist)
(ground)
waist)
ground )
waist)

(ground)
(waist)

i)

21:1“)

round )
waist)

R8 {(ground)
o 25 (waist)

No more resdings taken while going in towards the house in the Hot Canyon,

howsver, the following readings were taken on the way out:

1/2 mi, Irom houee

1/4 mi, from house

just below house - this revading was checked,

13 (tround)
.0018 (waist)

Raitliff House in Hot Canyon(Chupadera Mesa) ¥r. and Mrs. Raitliff (both

over 50 years) and their 10 yesr old grandson live here. They were asleep on the

morning of the shot; they heerd, felt and saw ebsolutely nothing. They were

aware of nothing unusual until the grarisor rewiura-d home from Binghem late in

sk 4.4 & LHCLASSIFED
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the afternocn., He had left ea~ly in “he necining (presumably by horsebssk) had
reached Bingham at 9:00 AM and iecrned or the explosion here., By being at Bingham
during the day ani indoors at night, he nissed most of the heavy exposure of the
first day in the "Hot Canyon". During this day, ¥r. Reitliff had spent most of
the day outdoors but Mra, Raitliff was imdoors a large portiocn of the time.
During the following twe weeks there was no change in their ususl habits of going
indoors about 7:00 - 8:00 o'clock to dinner, retiring after hearing the evening
news broadcast end arising at about 6:00 AN, Their house is & well built two
room adobe structure with thick welles dout 15" thick and a tin roof supported
on wooden rafters, The house measures about 25 x 15' feet, is about 12 feet high
and affords great protection (see below). The tin roocf is used to collect water
for the clstern the exsct size of which was not lesrned but is presumably 50-250
barrel capacity since others in the neighborhood are of this size, Thers was rain
in the ares on the night after the shot; this means that some of the activity was
carried into their drinking weter and may have been drunk on the following day and
thereafter,

The health of the inhabitants of this house has been good except that
Mr. Raitliff complains of nervousness, tightness in the chest and poor teeth,
These are not new symptoms, The animals - goats, turkeys, donkey's - appear to
be in excellent health, Samples of drinking water and scil from the yard were
taken, The following measurementis were made in various loeations in the yard,

the nearby countryside anmd in the house:

Yerd Fosition 1 0.7 r/hr (ground)
0,023 (waist)

Position II 0,025 égrouul)

0.022 (waist)

Fosition III 0,023 %ground)

0.023 (waist)

Positien IV 0,28 (ground)

C.02% (weist)

Position Vv 0.0R7 2ground)

SRS WL
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Positior. VI 0.023 r/hr (ground)
0,022 (waist)
Position VII 0.017 {Croum)
(dooretep) 0.013 (waist)
Position VIII 0,028 (ground)

(behind house) 0,022 (waist)
Position IX 0,003 r/hr

(1nside house) 0,004
Fhite Store: Mr, MoSmith and femily (wife, two small daughters, daughter-in-law)
live vhero in & new adobe house with a double roof, Theywre awakened by a plane
oireling overhead the morning ¢f the test. The plene sounded to thes as if it
were in distress, Shortly thereafter, their bedroom 1it up as if by a light
source in the room and during the blast that followed, the entire house shook.
The family saw the pink cloud frox the bedroom window snd watehed it float very
high overhead. They dressed and were outside within 30 mimutes, The house wasa

not demaged and their concrete cisterns were unharmed, The following measurements

were nudes
on grouni in front of store 0.008 r/hr
in air 0,005 "
inside 3store 0,0005 *

17 august is 744 hours after TR shot of 16 July, See LA notsbook 31li on page 25
ot seq for data.

L, H, Hempelmann, ¥, D.
8/17/45 Calibration of Vietoreen Survey Meter #4617, - checked - still unchanged

and Qk.yo

L. H. Hempelmann, M, D,

L (CLASSIFED
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APFENDIX III

Monitoring Trip Northeast of Trinity, 11 December 1945

by Carl Buckland and A. Reinert,
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TO:

FROM: ggpl Buokland & A, Reinert

de B. Boffmen
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OB UNCLASIID

INTER-OFFICE MEMORANDUWM

paTe December 27, 1%§

SUBJECT: Manitering Trip Neortheast of Triaity 11 December 194S

Form 23

1}1@6,h
168.4
1704
1784
175
176 .fi
177,
178.h

iR .2
18.9
183.3

Ly

b

053
L0352
265
19.0
8.6

3-?&5
1.66

.&

2.1

1.8
Bols

ﬁm M %@ ‘;;ﬁ,s"':;‘;‘

1.5

11 Decamber 1045

Hooding west toward White store on U8 Highway 380

West of Waite Store.

Came baek jJust oest of Wh Jtere; starbted seuwth
on 4irt reoad

Troil ended st 178.9 nileonge

Backeround iz cay

Geme bask to house end started west

Think i% was Roek Teank

How going sast{? clsterns or cement tenks)-sample

380 en dirt road running directly inke Wh. Stere. taken

Bingham

Took road 161 nw from Pinghem and turned off st Falde Hdqte. RCS Co.

léhé..

i.22

Halda %@ﬁ‘g! .

Bask be 161, comtinusd east to imbersection 141-1LH, on sest frem imtersestion
toward M.0. Retliff plece (Het Genyoen)

13201,3
202.%

203,3
20l.2
205.3
207.0
209.3
2i1.1
al.e
2157

13249.0

258 .4
259.9
2619
267.0
2649,0

270.1
210.4
Z72.4
2734

ng%

19/

18 /
595
839
+033
+033
<633

1.66
1 .ﬁz@

i .%
1.1

53]
.18

R
027
- SORT
<827

Inbersection 161-1Lb
Bagkground in esr

Hpar Retlif? houge-old spot where semple was taken
lsat trip (took ancther)

Bobbe Tank
Broken Besk @rmw

12 December 1945

Turned off highwey Sk north of Garriseza, went west on dirt read dowazd

Blaek $rator.

In bottom left squers of section B.10 E.-T55 on map Ne L5

-ﬂi&
%

.MS

023
026

<089

03

2
»17

‘txmo@bwm
g‘ﬁ},

Gallagher Hdgis.
Going W teward Hervey or ¥ronch Remch

A% Beryey or Trench Remeh

UHCLASSIFIED

oy,

Ea 10y

APPROVED FOR PUBLI C RELEASE L9



APPROVED FOR PUBLI C RELEASE
UNCLASIHEY

INTER-OFFICE MEMORANDLUM

pate Decowber 27, 1045
TO: Je Gs Hoffman

FROM: Qar) Buckisnd and A. Reinert
SUBJECT: Hﬁni%ﬁﬁm Trip Rerthesst of Trinity 11 December 195 (cout't)

MR/ hr on gré. 12 December 1945 (ocom's)
Aty 3 o
53 202 Femece bayond hole
.39 15k '
o5 . #2005
sl S T Intersestion with main road bebween Worgen Well & Duler
Well « near Norgan well - turned §.X.
218l 2% 075 e
28041 05 . +026
mﬁo’% ,om - cf%
o5 Puloe Well
290.6 -ﬂw back at last intersection wo came from & weat W towaré Morgan Well
291 o5 0?& om Mergex Well
. . o5 Background in sar
2%.@ goﬁ . 'm BFouse
295.0 Be55 o5

3%-@ ' 3% S .
206,828 - Met road mimg B & 8 along fence

29743 Maxwell Rameh

2975 5.1% , .ﬁi E%wmw&xm, took road 8.8,

&Wcﬁ 1.04 .iz o

299.2 1.9 - ol Geme to rosd vunning ¥ & 5 sleng Gibols Watl. Foreste

_ : alse a m%r tonk and MIW south oa highway L1
3014 hs - o828 .

o366 Blgrd m Lt
ﬁ? 7 (( turned left-on dirt read but teo bad so turned back te hwy M} shme point
303 (- changed milenge

3@9.@ L8 RN & Came to iphersestiss lésding %o Harvey boundry-turned
left -(place of sign posts on lest trip ¥ev.8)

310.6 Lo 1.38
311.3 10.4 2,08 - 4% bewpdry femce of Harvey Ramch
512.3 1l 1.95

51)?‘-3 Ll 1.63 Goopers Well ( Awuitd %C“A.{:\%\
ﬂﬁ'? 5‘2 105@ v
Ja Resding in car

316.3. 1.9 JAib
31& 05 . .% 237

318.9 = Game.to eressing of road we took day befere, back pest Broken Back Urater

1945 -~ Bnow on greund throughout day
Tngs takeu on bare spots

021
o PR
- A Y
. ot SR
Form 25 : AR [ i
R g2
..
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INTER-OFFICE MEMORANDUM !““:wgﬁ ‘ED

pate December 27, 1GLS
T0: 3.8, HetPuan ATE 7o 1545

From:  Serl Buelklend & A, Gelnert

susJecT: Mowiboriag Trip JYorthesst ef Trisiky 1) Decenber 1845 [oon's)

Hle

15535.5 - Hileages st White Stere - geimg cast on highwey 380
386.,0 &3 18 Turned south off main road{$ign on fence-U8 Bembing

m%

§$ﬁo@ tmj -@‘Iﬁ }

296.2 .Q‘% A5

Z&m.ﬁ -E@? B2 $oing ¥ on other roed frem temk

fhenged milesge seele at next interseetion snd resding

599.5 W27 WA

Loo.7 1.82 BT

hea . 1.0 il By heuse-Grome well and windmill sbert distense wp
roed

m/w en grd. 13 Docenber 1545
Lt 2

Lhaza 1.22 87 On wey o whet we think is Obieken Springs
loa b 145 61 is far 68 we went on road be Ghicken Springs
1i03i = bark ot house; turned left on other reed going WW
L7 P 1.7% 76
ol Reading in cay

Lok _ $raven (dirt) Tenk
lu%.ia 1oy Hi
L06 % 1.7 &b Another dirt water hele

Turned back to last intersection {a% houss)

15 Roading in car
135860 - Hiloage ot Binghem, started ¥W on highwey 380
5276 59 <18 Taraned south on dirt road
588.0 52 15
B2G.0 .3‘? oi2
53080 olils o280 Intersection with road to Julian tenk
531 -‘9 o& la?
5319 32 o145 Jalien tenk
- Took rowd hesding sast from dulian kenk
i ; 215 Bad of read - believe thia read 414 go te Bruten
tank and Ghicken Springe at ope time
Ws.& JBok at Juliar tank mow poing 5. to B
536 o1 i 205
557 ol ol 215
538 .5 o5l o8s5
5 Dol 1.23 2T
Gols B2 255

Torm 25 7( /",}
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AN
INTER-OFFICE MEMORANDUM b ww‘igq 1B
pare Desember 27, 19k5

Bnfinan

Carl Bucklsnd & 4. Reinest

FROM:

SUBJECT:

Form 25

Honitoring Triy Wertheast of Trinity 11 December 1948 {eon't)

on grd., ik December 1945 (ocen't)
7 — »
1.27 W7 Smith Tauk
o Bkard in cer
E.85 el

- ¥ow stesl tewer om right with shack (new roed rwaning west from 1%t) Prebe-
k4 bly ¥ sower of Trianity
ol

1.2

1.07 o35 Boat of shet at bage of Vseurs Wos mesr Canyen
8% las Veouedss.

A%@W e
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