{:j;% 71/ lz/ 88

o S5

18
, /o

L 8

Y Z 9™
o 2¢e

”

WED 8Y
&-. DUAX,
< OC

CLASSIFICATION CANCELLED >

8Y AUTHORITY OF DOE/OC

E’Z

RPN
2ETIMAT D OF ALAUT wny T sl PR L000 TN MIKE HOT el TN IV
priaite e s NS b S o e o e et e e e
1
v

L. Coi. Yrancis 2. Foreel | Grour ‘sacer, J-3f. [ i3at Veasurem:nts

. 4

v . t . = -, L e T ) - -
VIS« e0s ALAmes ignilfle Latoralany

DRSS SR SAN BRUNO FBC

The Jares yizy f L  pp weiTol; %elet o Wil £ o Le
wesertetnly A 2reditte s Wiel §) wrigent Aass L owltiar L us. . il
Taasi an, Uwrdal off

adas of the Yimited olie 50 watemlico S0 Jh, m CO¥iiw B8%5oP4

the luxuy of prowsriing J8land Leladlselione spa’ % =y 3es Ule
yieid, and {or that matter, i woelis e im vogeni o Llloelilt to oy Lo
Foriunztely, the Llast o Weira stfcets dgale "~ . 0 1 o« LAl o
prehiuitive Srobhiams are introlacsd; Ll o e LS B MOl s
muet D Lagear arsn Mpenody s 1o o duoe L QAT Lcowe L Tr V. 8
mini: . a.

"

SAN BRUNO FRG

Tha Test Direntor *ee [orn.kaie? N8 poilicy 452t Der s nen
arcie -t e Wil be Taser a am ateoL 16 Ltewp eetle e of slolc ,
Strw tures or thinge. will e orstedted on the basls o7 4 rea2rwnculy
prodeszie yidid. Tre «lecon o0 W0 s ooLizy 16 wo woially eviienl in
LLazt «hev Lie STruntusdl Sel%eT i Cr L T8 LD jeald N A Wn Oeiler
than a fastier of ¢ for the —azgimal. caes at 1 & frenr s s, "2si'nr~Zé
inilcatas that the e{lort reciired W wotedil 8% ot "w by & ally
mush gireater thar the effart rec.ired Lo repaly wiitw/es 2o alage
=ipht accur

d
An/LY

‘181 AGENCY /NRDL

G
Yocation

The noot Dikeny *aiun of yield fr Mice 8451 te of we rogs
S s 1S MT. and there 1@ a very smail orobanility @..% whe yielo maz
ge as hign as 57 MT. 3otk hlasi ana thermal effuycte miw osout that e
yieid ¢f § o 10 KT is rezsopably safe. IR is w ersiacd that ahawid
the preteble jleld later appear €2 be fn the orar =f &2 7. Loe
Alamw zrientifie Laborztory will s Lpfams ail ses: -oras-nel and ts
genmral contliumions of trhis paper M ul! be ~ewiewsd a2t that time

<
4

Bl 7 ¥ BEST COPY AVAILABLE

Zom OumE TR

v T

Certain Seril e (et 9imLlinelity Lo W attumlne o ol elledie
=n the Mike shot De it T e o2 ecrfass Dutat, a jellecwlon factas
¢f 2 has een ass.med {or these creaietions, mMeanim ¢ a. e DLASY
Wa“'2 §¢ a MEMIHLNITT wilost DSaX Orex3uredy and wae oo-e an padif
WY APTCPrI&LE L5 oa Linn oV twize s yisie dn (e v oo Iatause
cf the large eralel %i,n o '

O

3

ielamd; tha burst ¢ ssazr i ially over WRIGE, W 10F 8 ey exceilent

s?-ocoe 29’9

109330

-~ s

s
A src A 1

[

;.//A/I)ﬂ*ln )

" N ~ -~
‘he saypluston, Somparec w-t  .e shok 0002”



\ QEE
reflecting eirfaze in all eespesis. During the sarly sircs; 8,06k
phass, the rate of work by th: shostk feont cn ajr as campired W ity
rate on 8oil or water is in a ratic mowv than ICC % 1 in faver of
air. It follows that less than 1 per gent of tha enargy will be
wransnitted to soll or watsr during these stigss. Recent atonic
tests have been concermnad with the effect of thermal radlation inm
attenuating the peak pressures in a blast wave; thic effect w1} be
a% a minimue on Mike shot D=zause of the glewcing angles of insidence
of thermal radiaticn; howeser, the "Tlarmal affect™ will notl bs
~completely abasn? because the firebsU at%aina & large vertical
height in a +hor¢ time. SAN BRUNO FRC

Other factors lead to difficulty in eatimating tle effects,
The rise of the fireball and ccenseguent afterwird lesd to an attenuatden
of the blasi wave ai close distanzes w-ich 18 cifficdt to owstimuta;
this effect is et a maximum because of ths lox he cht of ursf. Nuxt,
consl dersbly higher temperaturws rmay be achieved in thia expliosioen
than on an ordinary nuslear explosion; this leads to greater losses
in emargy through irreversibie heating, to a different “"partition
of energy™, toc the poesgibility of a greatsr feastiom of energy acpearing
a8 thermal radia%ion; and tc the pcasibility of a emaller comparable
blast yield. Again, the explcsion is sc large that the atmospnere
can no longer be considered as homagenecus; the top af tha blast
wave will be in ravefie? atmosphers at a timw wher greund pregsurea
are still in the region of mact¢izal inuverest. Considerable blasg
exparimertation willi be devcied to thia point Whizn may lsad o
8 variation of 25 per cent in yiald. Again, atmospheric inwarsion
may focus energy upward or downward at long distanzes, but for an
ordinary bomb, this effect is usually at pressures msar 0.1 psi. Or Mike
shot, the scaled height of these irversion layers are suwch that some
focussing {or defocussing) of energy may occur at pressures of interess.
Finally; on the space scale involved here, layers of clouds are close
enough to be of some conerrn both from the standpoint of enargy
reflection as well as from the standpoeint of providing a shield from
thermal radiatien.

For the mest part the uncertainties listed are expacted
to be in the order of 25 to SO per cent in blast yisld, and amall ]
compared to the design uncertainty of § to S0 MT, and not sufficiently
large to require specific numerical treatment.

For the most part, the data used in making these estimates
were taken from IBY problem M, which wes aszumed to be 10 KT. This
isconservative because it impiies that blast efficienny of an
atomic bomb is 0.65 compar:2 wth TNT The estusl efficiency mey
be as Jow as 0.5 for a convsr’icpai weapon and perhaps lowsr for
a very large weapon. Morecver, experienss on strurtures are usually
based on pressure gauge readings, and thess are generally lower,
perhaps 20 per cent, than the "idezl” valuss quoted here.
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2.2 Derived Curves '

2.2:1 Peak Qverpressue ©3 Dis .2 =

- T e

Figure i shows the pesk refie *zd overpressure as a
furction of distarr® for it yirlds indi~z ed  Althougn these valwer
have bheen taks: frem the IBM soiutden (ir order *o be zecnsdstent wilth
other eu-ves which focllew) thess osredizfcpz ar2 in pwed 2greement ¥ th
prediziions mada cn the btasis cf Qresrhe» fowsr ghets. Thers i5 2
substantiai diffesen~e; the tarver expilceicrs Ber? & sva.s Zmall
enough that tha pressurss vescrd#d wa'= 2357n:l27 .y ¢ er & ‘aud
suzfe®. Ir this rese. the explosion o v’'i over watepr, ihe DI®STre
theery irdicates that somewhai highar peds prer:we: should be cbeeved
than Af the explosicn oncured entirely over land  Withir the fivar
few milea from the bomb, the pesk presswez may te redured zonsiderably
from the valuwe shown herz by the thermal effaezi on the grourd prior
to shock arrival, At long diviances, such &s sl Parvy and kBravweiek,
the pressures may be Lewe: or highasr for rrasens <ited im Sso, 2.1
above. Howaver, a% lurg distantes, the pzck prezsuve is a sicwly

merely deubles the presswe,

: ' O FRC
2.2.2 Peak Material Velocity vs Distancs §AEBBUN

Ceincidant with the arrival of the shoick wave i3 a wave
of material velc:ity whose peak valwe as a funrtion of distance
is giver in FPig. 2. Tne relaticnship baiveen peak materzal selesicy
and =y prussse Is

nhare
u T material velcrity

C, = ambient sound velozity

éP/Po ~ overpressure, in atmcspheres

The duralion of this wind is comparable to tha positin:-
duration of the blast presswe.

2.2,3 Preasure vs Tire

Figures 3, L, 5, and 6 give estimatas for the wessuro 7s
time wave at selected rressure levels of 1,000, 103, 10 and 1 pai and
indicate the variation in ths form of the pressure vave at thess prassure
levels. At high pressures and cles? in there is no nagatlve phase; pressure
decays assymptotically to zero. Moveover, "length of the positive phase"”
is strongly influenced in this regicn by the rise of the fireball, which at-
tanuates pressures shortly after shock arrival; and should reduce the

w COSZ' >




“uang . 3f 1y positive phase ™  within the first few mites the Tarmd
effesi #i'l Jesd to a marked attenuaiicn ¢f peak pressures and the usua. 3'cw
rize in pressure, iratead of the ideal cu-72 spewy here- A%

slightly greater distanzes, the termal effe:’ will result in

a "partial shotk™ rather than a completely sicw rise. Stild

further, the shock front will be sharp as shown hete. At far

diatances the pegative phasa increases and eveniually the pusitive

and negative impuise wnder the blast ware be-ome equal

In tre-a3sating these curves W dufen.n yielda, te'n

tha dlatanre ard t‘m L2t be intred Iy W o 3 het ding presswes
constand. In many cases, the criterien for 5t*u~t\.xal dansge is not
simply peak preseure, but the product of ths air density and the
square of the ma*srial velecity % ut, tila blast wind resuita

in a dynamic pressure on structurecs; ths time varisticn of this
dyriamlc poeasure may he takea as appreximateily similier % the
preasure=tire cuwwves shown here, SAN BRUNO FBC

2.2.4 Tim of Arrival

Figure 1 gizes the time of arrival of the shotk wave
as a functien of distance, Thes2 survcs ave based on calsulaiicns
from peak preszurea observed on tower shots, bui ae in goud agresmentd
with the time-of-arrival curve as predicied from the IBY rum using this
yield, Urlike psak presaures, the observed time of arrival should bz
independent of the type of surfase,

2.2.5 Positivs Duradion

Figure 8 shows the duratlcn ef the pusitive phass of tax
blast wave a3 a funpcticon of distancs fronm the bomb. The wpuward
swing of this curve at short distances 1s assoc=iafled with the lack
of a negative phase at this point. where accuratzs ealimates of %the
pressure desay is required at close-in distanzes, hie presswe-tims
curves may be fitted by a powrr lav o semi-legarit¢hmis pict. Per
example, the curve showr for 1,C00 psi can ba fitted initally by

P 1/t°%8 and dater by P 1/tf o 2 ope KT,
2,2.6 Positive Impulse vs Distance

Figure 9 shows the positive impulse, or j pdt as @
funotion of distance. If further information is deaired, swch as the
megative impulse, these values can be dsrived upon request.

2.3 Protection from Blast

2.3.1 Gerneral Rules BEST AVA'LA.L! COPY

As pointed out earlier, every roasonable precaution must
be taken against the blast effests and every method which ingenuity
suggest should be used, but no prohibitive problems are presented by
biast, It is impossible ¢ point out here the criterion for all types
of structures, but the follewing discussion shows the general charactsr
of the clonclusions which may be expocted., It is ecuggested that test
personnal considsr their individual structwres on the basis of the
field varisbles given in Figs. 1 thru 10.

co62~ 7’
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2,3.2 Previcus Experience

Soms estim:tes for the damage on structures at diffeverni
pressure lavels are given in "nffects of Atomis weapune"; a mere
complete table is available in Par, 48 and Table 9 of "Capabilities
of Atomic veapens"; Department of the Army, Tech Manual TM=23- 200;
Department of tha Navy, OPNAV.P-36-001C0, Departmernt of the Air
Fores; AFOAT 385.2, July 195%.

It should be ncted that strusiures fail frem twe
causes; from peak pressure and frem the winds following the blaat
wave, From the standpoint of pressures; the Mike shot prescnts re
pressures much bayord mresent experience. Aczording to Fig. }; pressures
en Parry and csniwetck will be about 0.79 p3i; pre ssures of 0-3 psi
wers obzerved on Parry and kniwetck from Dag and Geerpe shots during
Operation Oreenhouse. A presawro of 0.8 was obmerved cn Bijirii
from Dog shot. In both cases, numercus structures were involved; whizh
should funish pertinent dzta. The reascn fer this smll Lgc ase
in peak pressure is bezauss the intcrease in yieid ( P._ v 1/3) a
offset by the greater distance. (Elugelab is approximately 22 miles
from Parry, compared with 9 miles on Humit.) with respect to wind
loading, the situation is more serious because the positive duraticns scale
like W i/3;, and ars not offset by an increase in distanse. The pozitive
durations for 5 MT are 10 times longer than for 5 MT at the same

distance. ¢
2.3.3 Structures BDEST AvMuu COPSYAN BRUNO F¥

Scme general conclusions may be drawn with regard to
structures, All ordinuiry window or plates glasses, especially in sizes
over 12 in. are meariy bound tc break, on Parry and sniwetok., Whars
poscible, walls facing the blas? wave should be removed as woll as walls
directly behind it, in order to allcw reesures to build up more rapidly
within the structure, and to relieve the force frem normal reflecticn of the
blast. If this is not feasible all windows and doors should be left
opsn, No can¥as can be ussd unless it is strongly sesured Wth at
least grommat-type fastening; plenty of slack should be allowed,
without taut surfaces; no large unsupported separations of canvas
should s draped over frame wark, All tents should be strusk,

. {although tents were observed to surve at Nevada Test Site at

approximately this pressure level, but much shorter duratien),

The use of berms or sandbagging to protect structwres is of
doubtful value; the waveform is so long that the peak pressw= can
build up behind the berm before any depreciably dzcay has occured;
of course;, some protection is afforded from the dynamie wimd.

Small plywood structures have been observad to withstand
2 pai during some previous tésts and althiough they failad at slightiy
higher pressures, they did so through multipls reflections from
cornsrs. Door frames and hinges fail readily if exposed to the
blast much above 1 psi. Holmes and Narver reports no damage
on the hanger at kniwetok from 0.3 psi on previous shots. At
the 0.8 psi lsvel they report that structures bowed on a large wall facing
the blast,

006277
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It is noted that structures do rot fail at some critical
pressure level, but that over a range of ressres (mrhaps a factor
of 3), the damago is somewhat proportional to the messure., The
abservation on structures at icw presgute levals tan be extrapolated
with some degree of confidence without expecting & sudden and complets
cocllapse, In most cases, there is slways some weak element on a
structure which will fail first; such as blcwing in of & panel; in
stress,

2.3.4 Vehicles

There is of no apparen’ requirement tc evacuate vehicles
from Parry to Eriweatok nor any app.eciebie advantage ir doirg 36.
All caenvas topes should b2 removed from the vehicles. Windshields
should be lowored flat or rerceved antirely. The vehicle shcuid fare
divectly awsy cor teward the blast although it is felr what batter protesticn
for the radiater and headiight: is effcrded if the vohirlie is faring
awsy from the blast. gAN BRUNO FRC

2.3.5 Aircraft

All aircraft should be evaruated wherever pessiblis. For
small aireraft (including heliccpters) which cannot be evazuated, the
main wings should be remgved, and if left in the open, the aireraft
should face toward the blast.

2o 30 6 Boats

No damage 1s expected to hulis or any part of water ecraft
which is usually subjected to wave acticn. The .7 psi Jevel is squivalent
to a head of a 1/2 foot of water which such boats habitually withatand. The
superstructures of these crafi are more suscepllble %o blast dameze buv we recall
that the unbalanced peak pressure is of very sheri dura?icp, small objucts
being rapidly engulfed by the pressure wavej for exampie, a mast of 3 in. in
diameter will feel the peak pressure for approximately 1/L of a millisecond,
Following the psak pressure the blast winds will be of the order of LO to
S0 miles per hour at Parry or hniwetok tul these orafi habituslly withstand
these winds,

2.3.7 storags Tmks BEST AVAILABLE COPY

Storage tanks for fluids should be left full, both
to add mass as well as to prevent the plates from buckling in.

CHAPTAR 3
THe MAL oFFECTS
3.1 Genaral B 006277

Like blast, an estimate of thermal effects required answers to
certain uncertainties which will be settled by some of the experiments
on the Opsration itself. Fortunately, again, the estimates for
tharmal radiation are sufficiently low that no prohibitive prcblems

are introduced. | / |




There is an uncertainty in scaling radiation which involvec whether
the thermal yield is propcrtiona;; te radicchemical yieid or proporiional
to some lower power such as W ° /3, In this paper, the thecretical
upper limit is assumed and this in itself may give values 2 to 7
times highsr than actually obtained. Thers is also an uncertainty
regarding the transmission of air, becauss the firsball rises rapidly
to great heights. Near the surface of the walsr, transmission is
quite low, but several hundred fee’ above ths watar the trarsmission
increases markedly. The transmission assumed here is for very clear
air and considared reasonably eafs. Although blugeliab is several
hundred feet below tis horizox at Eniwsiok, nc protection is afforded
from Lhermal radiation bezause the fireball rapidly g :wa to a diameter
nany times this value.

A distinctive feature of tha thermal radiation cn this explosion
will be ths long time scales involved, mearly 10 times that from a
S KT bomb, It may be possible to see the light minimum and the
subsequent ircrease to maximum radiatica, arcund 2 seconds- The
thermal radiation will persist for some 30 seconds instead of tne 3 seconds
for conventional size weapons. Personnel should be warned that it
is necessary to keep on the dark geggles for much lenger periocds of
tinme than for conventional size weapons.

O FRC
3.2 Total Thermal Radiation vs Disiance SAN BRUN

Figure 10 shows the total thermal radiation in calories,/em?
as a function of distance from ths bomb, These curves have been
derived using the assumption that the total thermal radiatice will
represent 1/3 of the total yleld, The dotted lincs represent the
values of total thermal radiation which would be received if one
completely neglected absorption of thermal radiation by air. The
full lines are based on a transmission of £0 per cent per mile,
and corresponds to a very clear atmosphere. The full lines are
considered reasonable estimates for struciures near the ground.
The dotted lines are an exuaggerated upper limit; more a:propriate
to high flying aircrafi,

3.3 Temperatures of Swrfaces cxposed %o Thermal Radiation

Both the "nffect of Atomic Weapons® and "Capabilities of Atomic
Weapons" contain tables which give the critical energies in calories/
cm for a number of commsn materials such as woed, e¢loth, rubber, and
plastics.. The long duration of thermal radiation of this weepon has
the effect of increasing these critical energies by a factor of 3
above the critical energy required on a conventional siege weapon-

The total thermal radiation occurs over lcnger periods of time, this
permits correspondingly longer periocds for heat to be conducted away
from the surface and into the interior of their radiated objest. Fer
substances which are not shown in such tablss the average surface
temparature may be estimated roughly from the following equation:

BEST AVAILABLE COPY
aQr l
776 s cos O 006277
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Based on

absorptivity of the surface

surface temperature; degrees centigrade
radiochemicel yield, kilotons
specific heat, cal/pe dep gAN BRUNO FBC
density, gm/cmd

themal conductivity, cal/cm, deg, sec

angle of incidence of thermal radiation of the surfacea

this equation amd a yield in the order of § MT, Tatle 1

shows the relstioznship between the surface temperature and the total

thermal rediation; for surface directly expossd to the radiation, where

T is the rise in surface temperature in °C, and Qp IS THE TOTAL incident

thermal radietion in c:al/mn2a as given in figure 10,

TABLE 3}

Copper Ty = 0.1 Qp
Aluminurn 0.1
Steel 0.h
Cement. 5

- Asbestss 10
kubber 18
Wood i8

BEST AVAILABLE COPY .. _



Tha equation above is not etrictly correst becaws9g it assumes
that the thermal radiation rate 1s proportional to 1/t2. This
is reasonables spproximation after 2 seconds but prior to this tims,
the radiation rate varies in such a way that the surface tempsratures

may momsntarily go to a value perhaps 3 times those eatmated U%'hlc
the above equation,

Table 1 shows that the most critical materials are rubber and
wood. For S MT yield; however, the temperature rise will be neglﬁblo
for such matsrials on Parry and Erniweteok,

BEST AVAILABLE COPY
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ACUATION PLANS CONFERENCE

he espionage la G=10 June

D) d 794, the

« AGENDA =
Jo 12076 9 June 1952

Principsal Orgaxﬂ zations Represented:

Hqe JTF=132 « Maj, Gen. Clarkson

. Hq. TG 13201 - Hl'. S. w. Burri“

SFOO = Mr, Paul Spain

Holmes & Narver -~ Mr. D, L. Narver, Sr,

Scripps Institution of Oceanography = Dr. Roger Revelle

Cambridge Corporation - Mr, Roger Warner

LASL = Representatives of Technical Divisions and Classification Office
Sandia Corporation -~ Dr. Everett Cox

Unlversity of Maryland, Institute of Fluid Dynamics = Prof. J. B, Diaz

June SAN BRUNO FRC

1030 - P! Conference Room - Meeting of Scripps Institution personnel with Dr,
Gearge White of T-Division, LASL to discuss theoretical considerations and
analysis of water wave studies (non=Q cleared persormel).

1100 - Room 117, B=Bldg. - Meeting of persomnel of SFOO, Holmes end Narver,
~ and LASL (Lt. Col. F, Porzel) to discuss blast effects of specific structures
and equipment.,.

1330 -~ Pt Conference Room - Meeting of persomnel of Holmes and Narver, Scripps
Institution, and LASL (George wWhite) to discuss water wave effects of specific
strctures and equipment,

1500 -« Room 117, B-Bldg. = Meeting of Mr. Narver, Paul Spein, Harry Allen, and
Duncan Curry to discuss property and transportation matters pertaining to
Task Group 132.1 activities,

BEST AVAILABLE COPY

10 June
All meetings in SeBldg, Conference Room located in the Tech Area,
with a view of all participants understanding the limited objective of
this meeting attention is invited to the message addressed to Commander,
JTF=132 from Commander, Task Group 132.1 (this message to be read by the
chairman),

0900-0910 = Dr. Alvin Graves - Operation objectivos of IVY, 006207
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0910«0920 = S. W, Burriss - Objectives of this conference
0920-1000 = Lt. Col. F, Porzel - Blast and Thermal Lffects,

106-1C20
kifects,

Lt. Col. F. rorzel = Question period covering Blast and Thermal

4

1020=1040 - INTEMISSION.

1040-1130 = Dr. Roger Revelle -~ Water wave analysis and theoretical predictions. «
This presentation will include a short question period, Dr. White and Frof, Diaz
will assist in the question period. ) :

1130-~1200 - Dr. B. R, Suydam - Ladio~active Particulate Fall Out - Tiis presen=
tation will include a question period, Ur. Shipman and Dr. Tom White will be
present for the question period.

1330=1430 ~ Cmdr. R, Hs Maynard - Hadiological Safety Considerations = Presenta«
tion to irclude a discussion period,

| 11,30-1445 = INTERMIGSION | gaN BRUNO FBC
1445-1500 - Phil Hooper « TG 132.1's Concept of Operations.
1500-1520 - Mr. Narver - H&l's problems,

1520-1530 = Mr, Roger warner = Problems confronting the Cambridge Corp. with
dewar evacuation and allied handling.

1530-1600 - knickerbocker - Headquarters, JTF=132's problsms,

1600=1700 = Discussion

006207




