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Since the submission t o  the &search arid D e v e l p n t  Board of the 

original outline of  D3D experiments to be conducted i n  Operation UPSHOT/ 

KNOTHOLE9 many additions, deletions and modifications have been uitnassed. 

It is the purpose of this publication to present an up-to-date outline 

of the WD e x p e r h n t s  c o n k p l a t e d  f o r  the  -ration. 

It i s  requested that this publication be accepted for simp* its 

s ta ted  purpose. The course of s c i en t i f i c  experimentation is character- 

ized by change, and 

time, approximateiy 

publication will be 

more changes i n  the  program a re  expected before shot 

three months hence. Changes subsequent t o  t h i s  

ref lectel  i n  t!ie post  sho t  reports of the Operation. 

H. K. GI-T 

Deputy Technical Director 
colonel, USAF 
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PROGRAM I 

BLAST AND SHOCK 
MEASUREMENTS 

LCDR W L  CARLSON, USN 

PROGRAM DIRECTOR 



I 

a ,  

, . 

R.:.n.?rks: None 

f rc jec t  Itmber: l.lr - Tit les  Basic A i r  Blast Heasuranents 

Spcnsor: AFSWP Performing AgeEzSr Ram1 Ordnance 
Laboratory 

Project Officer: &. W. E. Norris, Civ. - - 
0k:ecfive: 
ae r t  gzd t o  dr.ternine the ef fec ts  on the  b l a s t  wave of a thenual absorbing 
and a them.al scattering smoke layer interposed between the  bomb burat arid 
t.?r z -ror?iz: instruments. . 

T 2  obtzin pressure-time curves at  various distances from ground 

I 

I 

i . 1  
! 
f ’  

$., 
R o c e i  !:%e: Wiinko pressure gauge measurements dill be made at ground levo1 
and ~t ? 2.0 foot  height along tu0 b l a s t ,  lines. 
cne lip;, *ich will be covered with a smoke blznket, 
those m;.de on the  other (main) blast line. 

The metsurments made on 
dll be compared with 



TPtlei Baic  Bir Bl.as$ l@asurenents - Project Number: L l b  

Remarks: 
do tpr  use i n  correlating data of other proguns. Measlrments are t o  
be made on KNOTHOLE shots rmber' 1 and 2 and 2 rirdrcps in the  Yucca 

This agency -?rill obtain and analyze the majority of fundamental 
' 

9onsor:  AFSW Performing Ag ency: Ssanford Research 
Ins t i t u t e  under con- 
t r a c t  t o  Office of 
Naval Research 

F'roject Officer: Rr. L. H. S e t ,  Civ. 

Objective: 

on pressure time cmves. 
ground i f  appreciable energy is trznszmitted just below ground level. 

_ -  
To cbtPin pressuret ime data vs gFound range along with the 

To determine by accelerations at  1 foot  belou 
'Mach stem path or. KNOTHOLE ;hots, and t he  e f fec ts  of b a f f l e  or ientat ion 

I 

Rocedura: Pressure-time relationships on e a t h  acceleration u i l l  be 
measured by means o f  Wimcko pressure gauge s e t  at  0, 10, 30, b0 and 50 
foot elevations a d  Uimcko accelermeters  at  a depth of 1 f o o t  deployed 
at variow distances fram ground zero. 

3 
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Lir Blast Heosuremerts - Project Number: 1.1~ 

Project Officerr P. J. H. Earding, Civ. 

Objective8 To obtain pressure-time vs distance measurements. 

To study the e f fec ts  of terrain on bl- presnures. 

Procedure: 
m o v e  ground a t  various distances from ground sero to obtain pressure- 
time vs distance Marmat ion~fo r  a t o w e r  shot. 

the surface of the ground near selected terrain features. -These gauges vill 
be between l.&ooOl and 19,000' frols ground zero t o  study .hill and dele" 
affects  in Yucca Flat amp. 

Viancko air blas t  gauges vill be i n s t a l l ed  at  groand level and 

Vlancko gauges ins ta l led  in ground baff les  v i l l  be deployed on 

Remarks: This project will be accomplished (bulng tm tarer shots in 
the Yucca =ea. 



Project tJumber: l . ld Ti t les  Basic &r B L . a t ~ O I % i n g  
Measurements -_. 

Sponsors AFm Perfonning A F ~ c ~  Sandla Corporation 

Project Officerr Sk, J. M. Barding, Civ. 
.- 

Objective: To supply air drag measurements in support of Program 3. 

I To measwe the  direction of b l a t  wave propagation by m e a n s  & 
yan gauges t o  a i d  in the s:udy of the precursor phmmeMo 

To condwt feasibility studlcs on tmperatur.. ? o r d  velocity, 
and density measurir.? svq+*-.- 

i 
1' 1 

R o c e d w 8  
a t  various distances Ban ground aero. 

Gauges for measuring dire-tiorr of pa r t i c l e  velocity W i l l  be in- 
s ta l led  a t  10  foot heights ana a t  various distances from ground zero  within 
the  possible preclrrsor reglon. 

Gauges for measu?ing Q Will be instolled at various hsighta amJ 1' i I 

Gauge systems far the  m*as.mment of a ir  teaperature, sound 
velocity and air density uiil be i z s t d l e d  a t  selected points i n  the Kpch 
stem region and i n  a region *ere there is a possibility or cbtaining (L 

precm'sor. 

P = air pU'tica1 velocity 

T h i s  project dl1 part ic ipate  i r i  KNOTHOLE 1 m d  2. 

e 
5 



T l t k r  A i r B l a a t l b p m r r r a t r  - Project Number: 1.2 

Sponsor: AFSWP 

Project O f f i c  . Dr. W. E. Xorrls, Civ. 
- 7  

Objective: 

the Frecwsor effect. 

To obtain free-& peak over+resme v8 d i s t ~ ~ c o .  

TO obtain quantitative md quilit.tirr irSormation oaaorraisg I 
I 

To obtain the path of t he  triplo point. 

To obtain e f fec ts  of a smoke lay= on the shock way% 

Rocedlrer The time of arrival of the shock fiont WiU bo dotQland from 
m f  motion picture  film take9 of gmoke troil grid established prim 
t o  zero time. 
t r a i l s .  This reflected l i gh t  is i n  turn refracted by tho b i t y  grrdimt 
of the  expanding shock front. The Pparent b r a s  podmod ia tbe (yid lurk 
the  arrival times of the shock'frofl in the timed 6OqUOIICO Of mOtiOn pictwo 
exposures. The peak over-preskures ,may be in turn Wwed these 
ar r iva l  times. 
level t he  cameras w i l l  be mounted in a tam' of a hdght s u f f l c i a t  fo 
afford an unobstructed view of the  ground ia front of th0 -0 pi& 

Light from the  intomenlug f i r 0  ball l o  rdlocted by the a o k o  
' i  

k m attenpt t o  extend the measmments closar to g r o d  I 

Remarks: 
shot i n  Yucca e?d KNOT€IOIE 1 and 2 I n  Frenchman Flat. 

This project will be acccmpllahed on 1 airdrop and 1 t o m  
~ 

I1 _ -  

6 
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Sponsors U. S. Air Forco Perfo* Ag mcyt u1. Foroe Cambridge 
. .  Bsscprch Center 

Project Officer: Lt. Col. James 0. Pam, USAF 

To obtain pressure measurements above an n i p b u r s t  atomic bomb. 
b l a s t  pressure i n  the Mach stem and t o  dotennine the  a l t i t ude  

of t he  q p c r  end of the  Mach s tm ( t r i p l e  point)  i n  a t  least one point. 

ProcedJre: 
accor.plished f r o m  two (2)  B-29 aircraft. 
record pressure-time data f r a  t h e  parachute-borno oaniater8, @X-S& 
radsr units dl1 posit ion E-29 a i r c ra f t  i n  space and time duripg de- 
ployment of canisters. 

Deployment of fourteen (I.&) parachute-borne omidera w i l l  be 
A radioc telemtrg eystm vill 

A ver t i ca l  array of seven (7) canis ters  will bo $@ploy& above 
ground zero,  within a 30 degree angle from the  ver t ical ,  a t  a l t i tudes  from 
a2proximately 3500 f e e t  t o  25,000 f e e t  above ground level, 
m z y  of seven canisters w i l l  also be deployed, approximately 12,500 
f ee t  horiaontaUy from ground zero, a t  a l t i tudes  from qpraxiaately 2,000 
f e e t  t o  15,000 feet above ground level. 

Parachute-borne canister positions w i l l  be determined by the 
usc of altimeter data and shock wave t r ave l  time and the use of t h e  
Multiple Object Tracking System i s  not required. Howevgr, fl t he  MOTS 
system is used fo r  another project, t h e  canis ters  may be equipped with 
PlCtS beacons for additional posi t ional  data. 

A vertica+ 

I 1 
I 

i 
Remarks: 
-and the  report  of  Project 1.3 of  Operation SNAPPW fo r  background 
and tkeorc t ica luork  i n  making f ree-air  b las t  pressurp measuranents of 
an atomic baab dctoxt ion.  
Iw wil l  be u t i l i zed  i n  KNOTHOLE. 
w i l l  depend on damage incurred during use on Operation IYP. Thia project 

w i l l  be accomplished on KNOTHOLE 1 and 2. 

Reference i s  made t o  the  report of Project 1.1 of Operatipn 

Instrumentation and equipment used in Operation 
Status of instrumentat$on and equipment 



. 
I 

Performing Ag ancp b.ndia kporat ion  

Procedure: Earth pressure gauger will be burled a t  1, 5, and 15 foot 

stresses. 
& pressures WlU vrry f r o m  rpproldmately 75 pal t o  1s pi. 

ed in the lmtrment shelter In the we.. 

Ranrrke: This project uiU be accompllshed on KNOTBOIE 1 and 2. 

I 
v w i o u  dicrtmces ircm pound soro t o  respond t o  mrt i cr l  

Uauge groups vi11 be placed a t  5 dintancar ruah that h i d &  

me output of all gauges w i l l  be recorded on equLpant inntall- I 

I 

I 

8 



Sponsor: dFsup 

Rojec t  Officer: Dr. J. H. Earding, C~Y. 

- Objective: b-w of the horlaontal ccmponents of stress with the v s t i c a l  s t r e s s  
induced in the  ear th  by an imidant  air-shock wave. Z t  Vill 3 e o  M l c a t e  
the  magnitude and phase relationships of t h e  straim in the s o i l  uhich 
correspond t o  the etresses md rdu Wnlsh data h m  vhich the cauplete 
cynamic s t r e s s s t r a i n  Induced by t h e  alr b l i s t  may be d e t d e d  and 
correlated vlth the Incident air-shock wave. 

This t e s t  u i l l  serve t o  indicate the  magnitude and phase re- 

'I 
i 

Frocedure: Bvth  pressure gauges w i l l  be buried a t  5 foot depth at om 
&stance from ground zero for KNOTHOLE 1 and 2 t o  respond t o  fire stress 
camponents including those in the vert ical ,  r a d i a l  and tangent ia l  directions, 
md  a t  Lp between ver t ica l  and r ad ia l  and r a d i d  and tangential  directions. 
I n  addition earth strain gauges and earth acceleration gauges will be 
oriented t o  obtain 3 canponents of earth s t r a i n  and srrth acceleration. 

. 

Ranarksr 
t h e s t  tower shot  in the  Yucca area. 

This project will be accomplished during KNGTHOLE 1 md 2 md 

9 
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PROGRAM 2 
, !I 

NUCLEAR MEASUREMENTS 
AND 

EFFECTS 

LT COL E A MARTELL,USA 

PROGRAM DIRECTOR 

IO 
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Project Number 

R 
T i t l e :  Studies of - 2.1 

Ekter ia l  

sponsor: U. S. Army Perf orndng Agency; C h d c a l  k p s  

Project Officer: Colonel W. C. Hmmond, Jr., IlsA 

To determine the following c h r a c t e r i s t i c s  of the p r r t i -  
i n  t he  cloud resulting from an a i r  hurst weapon2 

(1) Par t ic le  s i z e  distribution. 
(2)  Distribution of ac t iv i ty  u i th  pa r t i c l e  size. - 
(3)  

To evaluate improved par t iculate  sampling methods. 

Fractionation of radio-nuclides u i t h  pa r t i c l e  size. 

Procedure: 
devices. 
*actors anployed a t  Operation CRZEENHOUSE md JANGLE, improved t o  
eliminate deficiencies pointed out by these operations. 

Bir sampling a i r c ra f t  w i l l  be eqdpped u i t h  p r t icukte  sanpling 
It is planned t o  use t h e  e lec t ros ta t ic  precipitors and cascade 

Remarks: None 

11 
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Project Number: 2.2a 

Ob'ective: + con armnation from an at& detonation. 
To make measurement of the gamma energy spectrum of the  residual 

Measurements of this  type are necessary to provide design criteria 
f o r  radiac equipment. 

Procedure: 
aesign, u t i l i z ing  the grey wdge photographic method of pulse height analysis. 
The pulses due t o  various energies of gamma radiat ion s t r i k i n g  a sc in t i l l a t i ng  

The sc in t i l l a t i on  spectrometer t o  be employed is of conventional 

Sponsor: U. S. Army , 
~. 

f i e l d  over the present range of the detector.' 
overlappjng ranges w i l l  be used. 

Two c rys t a l  detectors with 

- Tit le :  Measurament of G a m a  Spectrum 
Fission P r o b t s  

Project Officer: Mr. Rcbert C. Bass, Civ 

Performing Agency: Signal Corps 
Engineer- hborat.org 

R e m a r k s :  A s c i n t i l l a t i o n  spectrometer has previously been used f o r  measure- 
ments of this type and although the resu l t s  obtained are limited, the feasi- 
b i l i t y  of the  method has been proved. The present equ ipen t  has been de- 
signed t o  overcome several  shortcomings of previms de&= of this type. 
The equipent  w i l l  be capable of making measurements continuously throughout 
the expected energy range without the U f i c u l t y  of normalizing measurements 

http://hborat.org


Project Number: 2.2b T i t l e :  - &Residual Camma d p t h  Dose Measure- 
ments in U n i t  - Dsnsity Waterial 

. .. 
Sponsor: U. S. Bvg. Performing Ag e q :  Naval Medical Research 

Ins t i tu te  

Froject O f f i c e r :  CDR F. Fi. Chaplbers Jrre USN 

- Objective: 
contaimination. 
of leu ,  intarmediate and high f i e l d  intensity ard correlate this informotion 
k i t h  low intensity f i e l d  spectrum measurements uhich are to be made by project 
2.la mploying s c i n t i l l a t i o n  spectrometer techniques. 

Fro-edure: Sets of units density spheres of Varging diameter, gplmno 
7aJiation dosimeters placed in a cen t r a l  cavi ty  in. each sphere, w i l l  be 
placed i n  areas of residual contamination kv H 1 hour foUoWhg three 
tower bursts  of moderately hi& yield. 
a i  l e a s t  three points in the range of gama radiat ion in tens i ty  from 200 m/hr 
t3 50 r/hr. 
mined by dose-rate, exposure tip and dosimeter response range. 

To evaluate the gamma energy dist r ibut ion i n  areas of residual  
To determine the effect ive energy af gamma radiation at  points 

I 1 1  I 

Plans are  based on - a t e  at, 

I Recovery wly follow exposure after  P short time intsl.pdL deter- 

I 

I 

Rex-arks: a. &e-test laboratory cal ibrat ion-studies  w i l l  be carr ied out t o  
g=sh the degree t o  which the s p h e e  technique Uill respond to moderate 
changes i n  the gamma energy distributfon, par t icular ly  for chahges i n  
contribution t o  the  t o t a l  f lux  from the low energy region. 

b. The problem of exposure 02 equipnent i n  f i e l d s  of gamma intensi ty  
i n  tho range from 1 0  r/hr t o  50 r/br offers  a radiological safety problem. 
Present project plans contemplate prbvision of lead shielding for truck driver 
and. f ron t  mounted boom fo r  equipment hauling. 

. 
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Project Numbers 2.3 - Tit le :  Heutron Flux pad I$ecfrun V B  

Sponsor: U. S i  Navy Performing Ag encgr Naval Research 
Lahatory 

I .  f I .  

Project Officer: Hr. T. D. Burscame, Civ. 

Objective: 
of range and the spectnmn in the energy range from thennal t o  1 - 3klXV. 

To continue determination of the  neutron flux as a function 

To obtain information f o r  t h e  d e v d o p e n t  of 8atbfactory 
techniques for making accurate observations of the  neutron flux and 
trloa i n  the presence of an intense gamma rip. source. 

the  needed instruments. 
To support biological studies of neutron damage try providing 

To f i e l d  Test ’nw laboratory proven techniques or detectors. 

Procedure: 
?lux, choosing a dis t r ibut ion of thresholds t o  enable a measurement of 
spectrum dis t r ibut ion w i l l  be accanplished a t  several  s ta t ions  a t  various 
distances from ground zero. Neu techniques are being developed and It Is 
proposed t o  f i e l d  t e s t  those which indicate  promise of success based on 
laboratory tes t s ,  b o n g  t h e  new techniques presently being considered l a  
the  use of nuclear track emulsion t o  measure the  shape of the energyspec- 
trum from 1 t o  L m. 

The use of neutron act ivat ion techniques t o  measure the neutron 

Remarks: None 

L 
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PROGRAM 3 

STRUCTURES, MATERIEL 
AND 

EQUIPMENT 

CDR C E  LANGLOIS, USN 

PROGRAM DIRECTOR 

15 
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Mtlen Tests on t h e  &a- of 
Building and Zplpment +pes 

SDonsort U. S..& Force Perfonnlng Agcmq: Wight A h  Develop- 
ment Center 

A.oject Officern let Lt. Bernard J. O'Bri~n, W 

Objectiver To investigate basic loading phenomena on prallelopidpeda 
and other models. 
rind tunneb, high explosive experiments and full-scale t e s t a  Wre [;BBIEN- 
HOUSE uith t h l e  controlled f i e l d  t e s t .  

Correlate existing t e s t  data, future  tests, shock tube, 

Procedure; Seventeen (17) structures, as Hated b e h ,  Vill be erected 
and instrumented. 

Size kiln- Test Objective - Item - 
3.1a 

3.lb 
3.k 
3.ld 
3.le 
3.11 
3.19 
3.lh 
3.11 
3.1 1* 
3.1 * 
3.1 M 

3.1 p 
3.1 q 
3.1 8 

3.1 t 

3.1 o 

6x126 

6~36x6 
6 6 6  
6 a f l .  3 
18~36x18 
322X2LX12 
6~12x6 
6x32~6 
6x12~18 
6xl2xl.3 
6xUxl. 3 
6x12r1.3 
6~12x6 
6~12x6 

6 d x 6  

6x12~6 

Effect of: Length, width, size, 
orientation, and elevation 
Wfect of vidth 
Effect of width 
Effect of length 
Effect of s i ee  
Effect of shock strength, mize 
Effect of orierrtation 1 5 O )  
Effect of orientution 22 1/29 
Effect of leagth 
Effect of shielding 
ETfect of shielding 
Effect of shielding 
Effect of elevation 
Effect of elevation 
Effect of reentrant corners 
Regular ref lect ion region and 
ef fec t  of shock strength 
Regular re f lec t ion  region 

.. 

,--. f 

These structures consist of two slabs 6 f e e t  high, 12 feet wlde, and L 3  
f ee t  long. 
t o  obtain effect  of shielding. 

The distance between these slabs is varied in the  three structures 



. .  . 

- R o j ~ c t  litrbu: , 3.1 (cor't) 
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Project Number: 

*onsort U. S. 

3.3 

pir Force 

Title:  Tests OR Eorizolrtal - 
Qlinlrical Shpes 

Performisg Agency: Wright Air De- 
volopellt C.nt.r 

Project Officer8 1st Lt. Bernard J. O'Brien, USBF 

I! 
~ Objective: 1. To obtain data on t h e  loading trmanitted t o  a non-de- 

formable horizontal cylindrically shaped object supported j u s t  above the  
ground level  in order t o  approdmate the pobable  load from atomic b l a s t  
on such target  items as  p w t o c k s ,  conduits, ho rhon ta l  tuks and t o  a 
limited degree on locomotives. It'is u t i c i p a t e d  tha t  with su& kncwledge 
of loa- the response of t h e  t a rge t  items n o t d  cu bo obtained t o  a 
suitable extent by analyt ical  calculations supported by laboratmy tests .  

As always a correlation of the prototype resu l t  with tha t  2. 
of scaling laboratmy or high-explosive tests Uill be made in the expectation 
that future fu l l s ca l e  t e s t s  on prototypes can be dispensed Kith. 

Procedure: 
'in diameter both 20 fee t  long, which could be obtained by a combination 
of suitakle steel pipes connected and capped muld be  anchored a t  each end 
t o  concrete fouudations an& oriented side-on t o  the  b l a s t  i n  different 
pressure regions and distances frm ground zero.  
be of sufficient r i g id i ty  t o  uithstand the pressure. 
ments on the cylinder and end reactions Vil l  be measured. 
measurements i n  the  v ic in i ty  Vi11 also be measured. 
conducted in the Mach stan region. 
a r e  indicated belou. 

Four tubes of about 6 f ee t  in diameter and one tube 1.5 f e e t  

i 

The tubes as such w i l l  
Pressure measwe- 

fie.-air-pressure 
The tests Vill be 

Sizes and distances from ground zero 

Size Distance fram G. 2. - Item - 
3.3a 6' diweter ,  20' long 
3 . 3  18* diameter, 20' long 
3.3c 6' diemeter, 20' long 
3.3d 61 diameter, 20' long 
3: 3. 6' diameter, 20' long 

&9W ft.  
11900 f t t r  

6500 ft. 
6500 ft. 
6500 ft.  

Instrumentation w i l l  consist of 6 pressure vs t;ime gages on each cylinder, 
and special  s t ra in  sensing ;ulits which will measure the  end reactions on 
each support. _ .  . .  

18 



Project Number: 3.3 (con%) 

Bmarkst 
hlsbcan done -in the Rincoton Shock Tube. 
the objectives of pretest analysis. 
possibly high-explosive t e s t s  on half and full  cylinders, the latter in a 
position similar t o  that af the prototype t e s t  vi11 bo performed udor  
loads emanating frm high-elplloslve blasts. 
also contemplated. 
2 with dual data being obtained. 

Sane mrk, especially on half cylinders resting on the ground, 
Resulta w i l l  be used t o  further 

Xrther testa in shock tubes md 

_- 
Mater table experiments me 

This project w i l l  be accaaplished on'KNQ%iOLE 1; id 
. . ( ? .  ' . . ,:' 

I I , . .  
.,. ( I  . . .  

I: , 

I 
I 



F’roject Number: 3.b 

- -  . I  

1 

Tit le :  Test of Truss systsas Ccmrmon 
t o  @en Frme Structures 

- 
Performing Ag ency: Wight Ai? Develop- \ rent Center 

sponsor: U. S. Air Force 

Objective: To obtain basic information on the loading transmitted t o  the 
pr incipal  parts of open frame structures by an atomic b la s t  so t h a t  
reasonably val id  estimates of t h e  over -d l  loading of such types of t a rge t  
structures CUI be made. &om these data, it i s  anticipated t h a t  theoreti-  
c a l  calculations w i l l  y ie ld  usable r e su l t s  of t h e  response ai open frame 
uarks’ carrying indus t r i a l  equipment and being part nf transportation 
spstslps. 

i n  a proto-type t e s t  can be correlated with those obtained from scaled 
t e s t s  i n  wind tunnels and shock tubes. If scaling l aws  of t h i s  ldnd can 
be developed f o r  t h e  loading, data on similar shapes could be  obtained 
by means of such l abora tov  techniques, ra ther  than ful l -scale  prototype 
tes ts .  

, 

It is desired t o  ascertain whether results of loading obtlined 

F’roc edura : 
1. The blast  loading on one panel of a complete bridge a n t m  

md the  various pa r t s  of t h i s  sykom wil l -be obtained by mountingthebe 
panels with mientation normal t o  the direct ion of the  b l a s t  and by 
measuring the horizontal reactions and, i f  t i l t i n g  is involved, the  vertical 
reactions t o  t h e  r i g i d  body response of the  panels. 
tes ted are described as follows: 

The systems t o  bo 

I. One of a typ ica l  through truss bridge approldmately 
20 ft long t o  bs f t  i n  height, ccmplete with deck 
designed for a single track ra i l road  bridge. 

b. The top chord filming with a floor system. 

E. 

d. 

The bot tm chord system v i t h  l a t e r a l  bracing. 

One 20 f t  length of wide flange s t r inger  beam oriented 
wi th  the web normal t o  the direct ion of the  blast .  

Approximately 30 f t  of single  t rack p l a t e  girder  
bridge. 

e. 

\ 
2. Horizontal and v e r t i c a l  reactions w i l l  be measured by 

20 
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dynamometers mounted on p ie rs  which a r e  also Crrrying these rtracturos. 
They w i l l  record load versus time. The t o t a l  b l a s t  load on each sg8tra! 
u i l l  be determined from the several reaction8 measured by the Q'nmr~an- 
eter. It i s  expected t h a t  from these loads a drag coefficient for the 
pr incipal  components in the completely assembled a t rudures  can be 
asc~r ta ined .  
lir 

Other instrumentation vi11 be provided t o  measure free- 
- pressure versus time i n  the v i c in i ty  of t h e  structures. 

Remarks: 
*om GRE~NHoUSE tes ts .  It is  desired t o  obtain other pre tes t  

data by experiments i n  wind tunnels t o  determine drag coeff ic ients  on 
s t ruc tura l  clenents and t h e i r  r e l a t i o n  t o  t h e  t o t a l  drag coeff ic ients  
on a truss. 
t e s t s  may be found t o  be desirable as soon as analy t ica l  pretest mark 
has 
large bridges and large bridge canponents. T h i s  project  will be 
accomplished on KNUl'HOLE 1 and 2 giving 2 pressure l eve ls  on all targets. 

Some knowledge of drag coeff ic ients  on t russes  has been 

I 

$4 i 

i 

Some t e s t s  on shock tubes and possibly high-explosive 

It is  t o  be cmphazized t h a t  this project  is t e s t i n g  
! 

started. 

. 
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Project Humberc 3.5 

. ~ p o u o r :  U. S. dir Force Perfarming Ageqr Wight  Air 
Xkvelopment 
C Q t U  

R o j e c t  0ffic.r: 1st Lt. Barnard J. O'Brien, USAF 

Ob'ectiver To detumine the response of w a l l  a d  roof panels subjected -t-s t o  he last of an a t m i c  bomb and t o  doternine the load dellvered to 
the supporting building frame by t h e  papels. It is desired t o  o b t h  8 
correlation with laborattary tests completed or coatmuplated in ordm to 
obviate the necessity far othcr f U l l - s C S h  tests on such itms. 

Frocedurer 
at such distances from the  upec ted  point of detonation as will l i k e l y  
r e su l t  in complete f a i l u r e  of t h e  t e s t  specimens. 
be expected t o  be pract ical ly  instantaneous but t o  permit obsmvatiom of 
t h e  loading and response through a d i s t inc t  cycle of e las t ic ,  e l t s to-  
p l a s t i c  and p las t ic  resistance before collapse of the  panels occurs. 
The s t ructure  as such holding the  p a l s  i s  not q e c t e d  t o  go beyond the  
e l a s t i c  range of resistance. 
which dll support a w a l l  or roof test panel either on all fom cr 
possibly on only two opposite sides. 

I.. Structures with test p u u b  mounted thereon will be located 

Such failure w i l l  not 

Each structure consists of multiple cells 

2. I n s t m e n t a t i o n  will record: 

I. 
b. 

E. The'time seqsnce  of response i n c l d i l g  cracking where 

me loading OQ the panel (pressure vcrmm time). 
The net forces delivered by t h e  panels to the suppmting 

frune. 

obs m e d .  

3. The roof uaneh w i l l  be mounted on s t r w t u r e s  u i t h  f r o a t  
w a l l s  (as auch not subject t o  t e s t i r g )  which will have a 20% opening in 
o r d u  t o  t e s t  the actual  condition8 
subjected t o  pressures. 
therefore be under the  influence of outside and imide pressures in the 
buildings. 

under which most roofs will bo 
-0 t h e  valls t o  bo tes ted th. rmfs ulll 

L. If analyt ical  investigations show the desirability of 
tas t ing  w a l l  panels with openings these will be inchled. 

22 



Project Nmber: 3.5 (con't) 

5. To conserve funds and avoid duplications, v d l  pmela 
for t h e  high and low pressure rogions 
FCM structures uhich are provided f o r  project 3.29. 

Remarks: Prclikiaary design of the structures has been accompliahed ud 
pretest methods for  analysis of looding ud rasponsehave b m  devised. 
In addition to GREENIIOUSE data, data t o  be obtaimd in ahock tub. oxperi- 
ments and possibly in high explosive t e s t s  vi11 be u t i l h e d  bofore t h e  
prototype t a s t  gets underway. This project w i l l  be accomplished on 

will bo instilled i. two of four 

KNOTHOB 1. 
I 

. 
23 
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Project Number: 
i 
I 

I 

I, 

I!,' f 

,6 

Sponsor: U. S. Amy 

e Project Officer: Lt. Col. Donald G. Dou, TC USA 

Ob ective: & enew marshalling yards; and loaded and unloaded rai l road ro l l ing  stock 
for purpose of target  analysis, t o  determine the amount of damage (blast  
and thermal) i n  fe la t ion  to distance from atomic detowtion. lb provide 
information on the effects  of atomic b las t  and thermal e f fec ts  upon our 
own marshalling yards and m ro l l ing  stock to include e f f o r t  and tins 
required to restore service and equipant;  to determine dispersion c d t e r i a  
and calculated risk formulas and t o  test prediction tables  and formulas. 

To provide information essent ia l  f o r  the prediction Of damage - -  

l 

Procedures 
and vith the l i s t e d  instrumentation and photogrsphy: 

It is proposed t o  place the folloujng equipnent where Indicated 

I I Item No. I t e m  Name 

a 
b 

d 

f 
g 
h 
i 
j 
k 
1 

n 

P 

C 

0 

m 

0 

Box car, wood 
hcomotive, DE OI.I-!JO 
Box car, wood 
Box car, wood 
Bcm car, o/s type (plywood) 
Box car, wood 
Box car, wood 

Box car, wood 
Box car, wood 
Box car, o/s type (plywood) 
Box car, wood 
Box car, wood 
Tank car, r iveted 
Tank car, welded 
Box car, wood 

Box car, s t e e l  

lbs/sq in 

2 
5 
5 
5 
5 
7 
7 
7 

12 

12 
20 
20 
20 
20 
2.5 



Project Hunber: '3.6 (Con%) 

- * .  
t 

Bmrrks: Some tests have been made under A i r  Force snonsornhip i n  a 8"x8" 
shock tube t o  gather a general picture  of the response of f r e igh t  car models 
t o  various shock strengths. Multiple ref lect ion of the  shock wave between 
the bottom of the car  and the  surface of the  t rack seats t o  be a very 
deciding factor. 
pleted on the overturning of cyl indrical  objects and parallelepipeds when 
they are enveloped by a shock wave. 
turning moments of the various types of equipment t o  be eqosed  have 
been made, however the  dynamic mauents can not be so determined. By 
using the  procedures outlined above, it is  be l ievedtha t  this 'normn 
method u i l lp roduce  suff ic ient  data t o  assess damage, determine optimum 
height and yield and provid. dispersion c r i t e r i a  and information. 
achievement o f  t he  objectives w i l l  be used as a basis f o r  target  mlua- 
tion, damage c r i t e r i a  and mili tary planning. 

-. 

Analytical work of a preliminary nature has been com- 

S ta t i c  canputations of the over- 

1 
The 

w- - 



Tit le :  Effectivenea8 of B h r t  B d i l . 8  
at S h e l t u  &trances, Air 
~nta~ces nvor outlets 

- 

PufolmcLng Ag e n q r  Mfico, C h i e f  of 

Project Off icur  &. U i l l l w  J. httheW8, Civ. 

Objective: 
and othmr b l a s t  protection drvices f o r  she l te r  entrances, corridors, 
tunnels, vent i la t ion ducts and air conditioning .ystms. 

To dotennine the  OffOCtiYene88 of b d ,  traps,  brfflo, wall8 I 
c -  I 

Rocedurer rhe st ructures  vi11 C O M i B t  Of: 

a. Suni-buried type ahel ters  bauving covered paaraggauays at  08.- 

or both ends and equipped uith appropriate air ducts with b l a s t  protection 
d d c e s .  i r, 

b. Groups of ducts with b l a s t  protection devices connected t o  
plenum chnmbns i n  the  ground. Suitable in s t rbcn ta t ion  will be provided. 

. 

. .  
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R o j e c t  Nwnberr 3.8 

t -- 
Title: E f o c t s  of A i r  B l a d  0. Buried 

strut tur.. - 
Sponsor: U. S. Army Pwformisp Anancyr Office, Chief of 

Engincors 

R o j o c t  Officort Hr. Will iam J. Mattheus, Civ. 

Objective: 
ground shock i n h c e d  by an air  burst  atomic weapon. 

I. 1 Procedure: 
01 simply supported beam s t r i p s  in t h e i r  roofs. k, i covered by different  depths of earth and each structure w i l l  havo born .' 
s t r i p s  of several degrees of f l d b i l i t y t o  pezmit graded response. 
Fiesults ui l l  b. correlated u i t h  existing data. Project ia of a i g n l f i c m t  
importmcr i n  determining c r i t e r i a  f o r  designing military underground pro- 
t ec t ive  structures. 

To determine t h e  in te r re la t ion  botutmn buried structures u d  I 

Structures u i l l  be primarily box typo, having a krge nwibu- 
The structures dll be 

I 

h a r k s o  None 

i 
I 



Project Number: 3.9 

Sponsarr u. s. Amy 
.~ 

I 

------” 

Qb.jectiver 
ments of f i e l d  f o r t i f i c a t i o m  of recommended design .ad t o  d e t d e  the  
su i t ab i l i t y  of specFfic modificatioas deaigaed t o  reduce the effects of 
8tCudC weapons. 

To dotermine the  e f fec ts  of a t d c  veppo~ on acme t y p l d  arplrce- 

Procedme: 
constructed by troops wi th  organic t o o h  and equipmd,  ard reinforced, con- 
sistent with normal f i e l d  capab i l i t h s ,  t o  minimize structural failure 

One md  t u0  man foxholes and selected gun emphcments will bo 

. T i t l e r  Design a d  Lacatlor, of Field - 
Fortific. t iona 

Performing Ag en=: &@neering Besearch b 
Dwelopment Laboratmy 

- 
Project Officer: Capt. Robert C. Elelson, CE 

20 



Project Nunberr 3.U 

Sponsorr U:S. Navy 
. .  

-- - Title: Protective l@ures for E X n t .  
ing Construction; Ught Stee l  
Frame Structuror 

Performing Ag enqr  Bureau of Pard. 
and Dock. 

Project Officer: LTJG Phi l l ip  J. McEleney, Ell 

Ob ective: 
'&-by ircreuing the  moment resistance of beam - column cu column- 
truss connections, adding t o  the  anchorage connections, and strengthening 
attacinnents for roofing and siding. 
Operation JANGLE. 
determined. 
buildings. 

To determine the  f e a s i b i l i t y  of strengthekng a light s t e e l  frame 

S M L r  structures were tes ted in 
The strength of the  umnodified prototype was thereby 

This t e s t  Vi11 determine t h e  resis tance of the 6trengthened 

Procedures 
f o r G h  uind load and the.other for a 70 mph w i d  lord plus a 20 
p.s.f. snow load on the roof. 
and the  second a t  20,000 feet. 
effects  of both KNOTHOLE 1 and KNOTHOLE 2 will be determined by poat- 
shot visual  analysis. 

h r o  r i m i k  one-story buildbgs v i l l  be tested; OM designed 

The first v i a  be a t  range 12,500 f e e t  
There w i l l  be no instrumentation. The 

Remarks: None 

. 



Project Number: 3.12 

r 

1.: 

Sponsor: U. S:Navy 

Procedure: 
This st ructure  will simulate a masonry load-bearing ViLl protected by concrete 
panels similar t o  (but of hproved design) those tes ted  a t  GFLEENHOUSE. 

One single-story brick, wall-bearing s t ructure  vill be tested. 

Tha 

t -- 
Title:  - 

ing Constructicm, -una1 
Protective Weasurea 

Perfor- Agency: Bureau of Tar& 
u d  Docks 

- 
Project Officer: LTJG Phi l l ip  J. IlcEloney, USN 

Remarks: None 

e 
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Project Nmbers 3.13 -- - Title:  Precast Qab 

Sponsora U. S. Navy 
.~ 

Perfowing Ag encyr 3ureau of Y a r d s  
and Docks 

__ Project Officer: LTJG Phi l l ip  J. Mcgleney, U s  

Objective: To determine the  a b i l i t y  of t h e  Havy precast 
provide protection f o r  personnel pad c r i t i c a l  materials. 

gable she l te r  t o  

1 

e 
i 

Procedure: 
v i th  ve r t i ca l  side walls will be tested. 
cover, t he  other w i l l  be unprotected. 
pressure and displacement w i l l  be provided. 
placed a t  2300 f e e t  and the uncovered shelteh. a t  b900 feet. Imtrlmieirtation 
w i l l  be operative on both K N ~ O L E ~ 1  and KNOTHOU.2 for t he  covered shelter, 
but fm KNOTHOLE 1 only f o r  t he  uncovered shelter. 

Two precast reinforced concrete gable bent structures, 22*&8l, 
One w i l l  be protected 'kith earth 

Instrumentation fcp ear th  and ajr 
The covered shel ter  w i l l  be 

Remarks: 
as a personnel and c r i t i c a l  material shel ter  and an evaluation in a f i e l d  
t e s t  is considered necessary. 
GREENHOUSE where several  points of weakness were discovered. 
been corrected f o r  the  coming tes t .  

T h i s  type of structure is being considered f o r  standardization 

It was completely analyzed in Operation 
These have 
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Performing Agency: B W ~ A U  OS h r d s  
d Doclo 

I;. 

C 

- Project Officer: LTJa F'hilXp J. XcEleney, E N  . .  
precast reinforced concrete panel8 aver p r e c u t  bents. 

Procedure: A single story structure,  instrumented for air g e s s u r e  and d i s -  
placement w i l l  be exposed a t  6650 gt. rmge. me structure, eimilar t o  one 
tes ted a t  (;REENIIOUSE, has been modified t o  afford be t te r  response character- 
i s t i c s .  
hui1dhF urogram f o r  shore stations. 
the first KNOTHOLE shot ody .  

This structure  is typical ai a large par t  of the Havy's curred 
hstrumentation dll be operative on 

Remarks: None 
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Project Number: 3.15 - Title: h c o  Steel hgazine 

ensor: U. S. Navy Performing Ag ency: b e a u  of Pards 
and Docks 

Project Officers LTJG Phi l l ip  J. McEleney, USN - 

Ob ective: To compare the re la t ive  strengths of a s d - c i r c u l a r  corrugated d m i z  lding t o  a similar precast s t ructure  being tes ted in Project 3.U. 

Procedures 
a t  2300 f e e t  from ground zero. 
end w a l l s  reinforced. Wing and b l a s t  w a l l s  u i l l  be arranged t o  allow 
entrance and ex i t  at  ei ther  end of the  structure. A pre-shot anelyeis u i l l  
be made. Instrumentation for earth and a i r  pressure and- displacement 
w i l l  be provided. 
shots. 

I .  
One 25' x L81 modified Armco Pnmunication hut u i l l  be located 

The s t e e l  building will be covered and the 

Instruments wi l l  be operated on both planned KNUl'HOSE 

Benarks 8' None 

33 



-'. 
t 

Title:  T e s t  of Project Nmberr 3.16 - 
Construction 

Sponsor% U. S. Navy 
. -  

Perfolming A g q  I Bureau of Yards 
and Docks 

- Project Officer: LTJG Phi l l ip  J. McEleney, USN 

~ 

Objective: a. To determine the resis tance of various types of.glaas and 
different types of wood, s t e e l  pnd alminm wlndow construction. 1 

b. To determine t h e  protection fran flsing glass  afforded by . 
the use of reinforced venetian blinds, curtoins and &e mesh nettinp. 

C. To determine t h e  exbent of t h e  hazards and casualty produc- 
ing capabi l i t ies  of flying glass .  

Procedure: 
w i l l  be exposed a t  sui table  overpressure ranges i n  prefabricated wooden 
structures. The structures w i l l  be designed $0 r e s i s t  the  anticipated 
fields of the weapon, and the  only f a i l u r e  expected will be the glazing, 
window construction and protective shielding mounted on the  inside and out- 
side of the  window openings. Instrumentation ulll consist of high speed 
motion picture photography which  will permit a s t u Q  of the t ransient  
response of t he  glazing and possibly dll furnish information regarding 
t he  effects  of the  negative phase of t h e  blast  wave. 
structures w i l l  be u t i l i zed  at  ranges of 20,000 fee t ,  12,500 f e e t  and 
7,600 feet,  respectively. 

Various types of windows and different  methods of glazing 
j l  

Three similar 

I Remarks: This t e s t  w i l l  supplement similar Uni ted  tests made i n  Operation 
GBEEMIOUSE. 



Title: Minefield C l s r r m c o  Reject Numbers 3.18 - 
Sponsors U. S. Army 

U. S. Marine Corps 
Perfanuirg 4g encp 1Plgines-r Besearch & 

Development Iabaratorg 

Project Officers Capt. Robert C. Nelson, CE 
- 

Ob'ectives 
b s m t i - t d  and anti-personnel, including variation of such af fec ts  
as variation i n  depth of d m  bur i a l  md minefield pat tern (mine to mine 

To determine atomic effects on lrrd mines, both 0. S. and foreiep 

SP.Cing). 

Procedure: An m a y  of t h e  various types of mines uill be q w d ,  together 
with the  Universal Indicator mines, the  array to be adequately fenced off 
with &bed wire double apron and ' c o m e r t h  fences t o  prevent accidental  
ontry i n t o  t h e  area, as well as t o  yam against intent ional  entry i n t o  the 
area. 

Remarks8 
place. 

After post shot inspection, unexploded mines uill be detonated in 
It is planned t o  use troops t o  construct and dismantle the fences 

* . - -  -1 and lay and clear the  mines. 
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Project Numbers 3.19 

Sponsors U. S. Amy 

Title! Effects of Atomic Explosion - 
on Trees in Forest Stands 

Perfmming Agenqt 0. S. Department 
of Agriculture 

Project Officers Hr. A. A. Brown, Civ. 
Dr. Keith Arnold, Civ. (Project Ieader) 

Objective: 
trees--in terms of t r e e  breakage, branch breakage and defoliation-located 
in a fores t  area of such stand density that the  shock front pnd i ts  
accmpanying u b d s  a re  influenced by the  presence of the  stand. 
effects of forest  cover on t h e  shock wave and accompanying winds i n  terms 
of the* penetration and attenuation in forest stands. 
of adjacent t r ees  on drag forces of an individual t r e e  crown. To compare 
effects  of blast  wave on individual t r ees  in the  open and t r e e s  in a stand. 
To establish c r i t e r i a  by which predictions of the.above phenanena cante 
made fo r  common fo res t  cover types. 

To determine effects-  of blast  wave and associated wirrls on 

To determine 

To s t u e  e f fec ts  

Procedures A fores t  stand of 
feet frm W where peak overpressures are about 6-psi .  
t ions located a t  various intervals from 1500 t o  8,000 feet ,  inclusive, 
three isolated threes w i l l  be placed. 
beans) w i l l  be placed a t  each of 4 stations, and 4 loll ipops will be 
placed within the  stand. 

t r ees  w i l l  be pkced  approxiuately 6,500 
A t  each of 8 s ta -  

Tu0 lol l ipops (weig$ted disks on 

Strain meters will be placed on one tree inside and on two 

Acceleration a t  t h e  center 

MvcLmum s t r a i n  along the length of the stem w i l l  be 

HvrLnum deflection wil l  be measured on every t r ee  by snubbers. 

t r ee s  outside the stand t o  measure strain-time h i s t o r y  a t  base of crown 
and a t  stump height one foot above ground. 
of'pressure will be measured on one t r e e  outside the stand and one t r e e  
inside the  stand. 
measured by scratch gages on b t r ee s  inside the  stand and on b isolated 
trees. 
Twenty-seven air pressure and b organic pressure measurenents will also 
be made ui thin the stand. 
pictures. 

Motion and breakage w i U  be recorded by moving 

Remarks8 
tha t  a t  sea level, conifers 24 inch EiH with 50% crown and a M t u r d  p e r i d  
of 2.5 sec uould be expected to break at an overpressure eS 7.5 p s i  i n  
the  Mach sten region. 
winds could be correlated with dry weight of crown, and t h a t  ponderosa 

Preliminary analysis of damage t o  t rees  by-shock vlnd indicated 

Subsequent work showed tha t  drag force h.am blas t  

36 
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Project Number8 3.19 (con't)  

pine stems subjected t o  s t a t i c  loading f a i l  uhen maximum stress is  of 
the  order of 3,OO lb/sq inch. The above studies provided the basis f o r  
design of Praject 3.3, Operation SNAPPW, which sought t o  predict  b l a s t  
damage t o  isolated coniferous t r e e s  from a t d c  explosions. R-oject 3.3 
showed that  peak kinet ic  energy is a more accurate parameter than peak 
overpressure fo r  predicting b l a s t  damage t o  t rees  and other structures 
which have comparatively long periods and are susceptible t o  damage by 
aerodynauic drag. 
breakage of isolated ccmfiers is a p p r o a a t e l y  0.5 p s i  with 1 second 
posit ive phase duration. 
sea leve l  overpressure of b.5 p s i  for Mach reflection. 

The upper limit of shock peak kinet ic  energy for 

This  value of kinet ic  energy corresponds to a 

Stated objectives should be achieved a t  this t e s t  because 
. no analytical  o r  scaled model solution appears practicable. The military 

has asked the Forest Service for ear ly  achievement of these objectives 
f o r  offensive and defensive planning purposes since many mil i tary operations 
a re  conducted i n  fores t  areaso 

- - - - *  
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F'roject Nmbers 3.20 

1,- 
I, 

sponsmt IT. s.-auns 

Objective8 
on typical  t a c t i c a l  cgnmunication systems. 

To determine the  b l a s t  and thermal effects  of M atcmric bomb 

Procedure: 
exposed a t  various distances from gound zero. 
others will enploy various degrees of protective countermeasures - b-, 

Several dispositions of typ ica l  colmnunications nets vill be 
One system uill be standard, 

-- 
T i t l e i  Vulnerability of % I C ~  

Tactical  Cammications 
Systans to Atomic Attack 

- 

Performing Aggenqr Signal Corps 
Engheerillg 
Laboratory 

Remarkso  None 



Project Nmbers 3.21 
-- - T i t l e :  S t a t l s t i c d  Detennln?t$~ >e----.. 

Damage CrIteria’Yor C r i t l c p l  
IMS of ~ ~ ~ t a r y  psuipment 
and Supplies 

Per?orming Agency: Ballistics Research 
Laboratory 

Project Officer: Mr. Edward J. w a n t ,  Civ. 

Ob ective: + rm tuy equipment. 
To obtain s t a t i s t i c a l  data on damage t o  c r i t i c a l  items of 

To give imnediate correlation between observed dmage t o  o c t d  
materiel and that predicted from information gained from previous tests on 
military equipment exposed t o  nuclear b las t s  a d  t o  obtain Informatlon t o  
check prediction methods devised by h o u r  Research Foundation of rotatlon- 
a 1  and t ransl i t ionalmotion of mili tary equipment., 

Procedure: 
u l d % n m  AA will be exposed on the f irst  KNOTHOE shot. 
ments u i l l  be made as follows: 

Twenty-seven 2-1/2 ton trucks, tweGy-seven l/h ton trucks, 
Measure- 

a .  
b. 

C. 

d. 

e. 

Pressure-Time of a b  blas t .  
Technical photography 
a. 
b. 

S t i l l  - before and a f t e r  test. 
Motion pictures - during occurence of t rans ien t  b las t  
phenomena. 

Accelerometers placed on i t ens  t o  determine rotational 
and t ranslat ional  motion. 
Pressure-time gauges placed on l t m s  to determine 
pressure loading forces on Iten. 
Stakes driven i n  ground t o  measure disphcanent of 
it em. 

Twenty-seven 105 mm h w i t z e r s  and nine medium tanka wil l  be 
exposed on the  second KNOTHOLE shot. Measurements w i l l  be made as follows: 

a. Pressure-time of air blast .  
b. Technical Photograpb‘. . a. S t i l l  pictures - before ard a f t e r  tes ts .  

b. Motion pictures  - during occurence af transient 
phenomena. 

Stakes driven in  ground t o  measure displacement of iten. C. 
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Project Numbers 3.21 (con't) 

Remarkst 
=er and lower limits have been established f o r  various degrees of 
damage on several  o f t h e  items of milit- equipment. 
s t a t i s t i c a l  test i s  in process for dis t r ibut ion of i tems within these 

-__ . &nits. Calculations a r e  being made f o r  ro ta t iona l  and t ranslat ion 
motions of the item expected on Operation XNCQHOm usilg Amour Research 
Foundation prediction method. 

A survey of all data previously obtained has been conducted. 

A design of the 

~ 

Test w i l l  give a basis  fo r  predicting damage on a s t a t i s t i c a l  I basis and confirm previous data. 

. .  
4 .  .. .. 

;*: j 
i 
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Reject kWib-8 3.22 -@Em- - Title: Effects on Engineer &idging - .. ,, 

Quipad -#””.’- -- _’ - 

Sponsors U.  so Amy 
. .  

orming Agenc I &@mer Research & 
peri Development Laboratory 

Project Officer8 Capt. Robert C. Belson, CE 

Objective8 To detarm5.m atanic  e f fec ts  on standard engineer bridging material. 

Procedures 
blast  and a t  pre-determined distances fYom ground aero. 
tion w i l l  be provided so that r e su l t s  obtained may b e  correlated with exten- 
sive laboratory studiea uhich have been conducted. 
on piers  constructed of Bailey Bridge panels. 
t o  move l a t e r a l l y  under the effect  Clf the blast and shock againat a known 
restraint. 
w i l l  be photographed with motion picture  cameras. 

Two bridges, each 100 f e e t  long, w i l l  be erected normal to t h e  
Suitable instrumenta- 

Each bridge w l l l  be set  
The bridges uill be allowed 

The acceleratiom will be measured electronically, and movement 

Remarks z 
t h e  Bailey Bridges. 

It is planned that troop labor w i l l  b e  used to erect  pad salvage 

t ’  



Title:  Effects of Project Numbers 3.2k - 
Explosion on LVT's 

F 
1 

i 

Sponsors U. S. Navy 

To determine quali tatively,  t h e  degree of shielding afforded 
bj. LVT's f r m  an atomic air burst. 

To make an operational analysis of a U  observable danage. 

Procedure: It i s  planned t o  utilize six of the newly developed amphibious 

Perfarming Agencz: Haval 
kxdnpm% Laboratory 

Project O f f i c e r s  Lt. Col. Merlin B. Olson, U S E  

ObJectivea 
distances from ground zero. 

To determine blast  damage t o  LVT's positioned a t  various 

Remarks: 
quireuent from the U. S. W i n e  Corps. 

This  project  ups requested by BShips,  based on a s t a t ed  re- 
The only data av&lable on ef fec ts  



e n  

t 

R e j e c t  Number2 3.2h (con't) 

of an a t d c  bomb detonation on LVT's resulted from placement of two 
LVT(Li)C(K) cn Exercise Desert Rock IV-Marine Corps, for t h e  express pur- 
pose cf demonstrating b las t  effects  t o  participating troops. 
blast, thermal  and nuclear radiat ion data are available from publications 
such as "Capabilities of Atomic Weapons", but data are not available 
rega-ding damage c r i t e r i a  far LVT's, i.e., degree or extent of damage 
vs overpressures, degree of Bhielding afforded by vehicle vs nuclear 
radiations, etc. The data obtained by achievement of the s ta ted  ob- 
j e c t i v e s  vi11 serve a prhmary purpose of providing Warmation f o r  re- 

General 

I i - T - n  cf amshibious doctrine. 

I ' I  

i j i l j  i 

. 



Frcjec3 Numbers 3.26.1 

Sponsor: U. S. A i r  Force 
. -  

- Tit le :  Effects on POL Installat&- 
Drum and Can Storage . n r  

Performing Agency: A i r  Materiel Camand 
Office, Chief of 

- 
Project Officer: 1st Lt .  6ernard J. O'Brien, US@ 

Objective: 
storage as found i n  mili tary f u e l  drums and vulnerabili ty of l iquid fuel  
products i n  vel-tical storage tanks. 
determine the destructive Agencies, degrees of damage, rupture of drums, 
spillage, vulnerability to f i r e  a t  varying distances and the m d u m  
range a t  which tanks w i l l  be ruptured or othervise damaged- 

To obtain data on vulnerability of o i l  and gasoline i n  drum : I  
Specifically, it is  planned t o  I !  r r:, ! !' 

, I  

I 

Rocedure: 1. 
w i l l  be stacked i n  piles. 
w i l l  be oriented normal and pa ra l l e l  t o  the blast  wave a t  each of seven 
iocations a t  various ranges from the expected ground zero. If calcula- 
tions show tha t  interference of flying drums with t e s t  resu l t s  
expected these seven locations w i l l  be on a common radial Line. 
tests Kill be run i n  cooperation with the Quartermaster Corps of the  
Army who w i l l  t e s t  a number of SS-gal drums 
a t  various distances from expected ground zero. 
tanks w i l l  be protected by revetments; some w i l l  be lashed together; 
and a l l  w i l l  be oriented end-on t o  the  blast .  

Approximately 30 diesel  o i l  drums d %'-gal. capacity each 
There w i l l  be 16 pi les  i n  a l l .  mese p i l e s  

is not 
These 

f i l l e d  with motor gasoline 1; 
Some of these l a t t e r  

1 2. Twenty additional single drums w i l l  be provided with a 
frangible element which i s  expected t o  rupture a t  the f i r s t  impact of 
the  shock uave and which w i l l  allow us t o  study the likelihood of 
primary and secondary f i r e s  result- from spillage. 
four frangible drums a t  each of f i v e  s ta t ions,  tno containing d iese l  
o i l  and two  containing aviation gasoline. 

i 
1: 

There w i l l  be 

3. A l l  drums will be  stacked i n  accordance with dir Force 
practice and marked by an identifying designation on the  l e e  s ide of 
each drum. 

IJ. Instruments w i l l  be provided t o  measure temperature- 
time ;nd pressure-time relationships a t  su i tab le  check points near 
some of the 10 storage dumps. A p i c t o r i a l  record of a l l  incidents 
w i l l  be made by motion picture photoprapb. 



5. Another t e s t  involving o i l  a d  gasoline storage w i l l  be 
made by placing four v e r t i c a l s t e e l  tanks on a common r a d b l  l i n e  at  
varying distances from the expected ground zero. The tv lks  dll be 
selected from comercial ly  available tanks of a s i z e  approxhately 
15 f ee t  i n  diameter and 10 f e e t  high, and w i l l  be f i l l e d  w i t h  water 
for t e s t  purposes. Tanks vill be  of welded s t e e l  construction. I n  
addition, two Corps of Engineer bolted steel tanks of approAmately 
the same size  will be located a t  points ye t  
same radial  l i n e  as above. 

- 

t o  b e  determined on the 

I! 

B 
Tp.: 
i. 

6. Instrmentat ion will be provided t o  obtain the free- 
press'are versus t h e - c w e s  i n  each location. 
instrument fcs actual loadilg on one of the four welded steel tanks. 
A p ic to r i a l  recard of motion p ic ture  photography sha l l  be provided 
t o  'give over-all response, par t icular ly  in the closest  locations where 
considerable effects are l ikely.  

It is intended also t o  

I 
Remarks8 1. Extensive investigations have been completed analytical- m w  shock tube experiments on the response of stacks of cylin- 
dr ica l  drums t o  shock. 
coming soon. 
tubes and analysis of loading and response under conditions of vzrious 
percentaces of innage would be performed before the atomic tes t .  

A repcrt  on these inves t ip t ions  w i l l  be forth- 
Further t e s t s  involving ve r t i ca l  cylirders in  shock 

2. Some uark on igni t ion has been ini t ia ted.  Derivation 
of  scaling laws i s  one object of t h e  tes t .  
indicate the advisabiu ty  and f e a s i b i l i t y  some t e s t s  w i l l  be performed 
With high explosives and possibly in wind tunnels. 

If pre tes t  calculations 



.- .Project Officer: . &. E:& Stiles,..Civ., , I : . . . .  , .  I 
. a  .. . . .  S I  

The objective of .this pr,oject is determine the stmcepti- 
nomal, operating, f ie ld  petrolsur d q s  t o  the combbed blad 1 

and thermal effect af an atcmic weapon a d  t o  evaluate protective measures. 

b 
Q Rocedurer wtvlks drums, and a singb 900 gal. w y i b l e  container PIld cana at 

each of s ta t ions (lr8,24, 12, d ' 6  c a m  oi thermpl amrgy) to PII 
airburst h e r e  heat and blast  uill be m o s t  effective. 
apd cans are  designed to rqresent the best  practice as prescribed in 
manuals and variations as are c~lrmon in field installptim. Gpsollrre 
vlll be used t o  fill a l l  containera, except t h e  900 gallon c o w a i b l e  
container. 

It is proposed t o  expose ident ica l  representative ml.pe d 
I 

I 
!She stacks of dnrs 

- 
I 
I 

A can cleaning plant, including a 9 gpm pump, will b e  used 
a t  each s ta t ion  t o  c i rculate  gasoline through the  can cleaner and 5 
gallon, cans, thus providing a continuous somce of him ccunbustible 
gasolfne fmes i n  the atmosphere. , 

' 

Evaluation of t h e  extent and cause of damage vill be largely it by v i s u a l  examination of t h e  ins ta l la t ion  a f t =  exposure. lkndng 
pictures a t  32 frames per second will be t p k a  
before and after, will also be taken for referrnee purposes. 

S t i l l  photogrrphs, 

I 
Remarks: The Quartermaster Corps of the &my has t he  responsibil i ty for 
the fie^, s twage  and issue of pe t ro lem products. while many itas 
Were ewosed t o  atomic weapons effects  a t  Bildni, no attempt M ando 
t o  simulate f i e l d  instal la t ions of this me. &.so, much has been 
learned both about effects of atomic weppons and ef fec ts  tes t ing  since 
that date. A W L  supply p o M  represents t h e  mwt hazardow supply 
operation, and would probably be a profi table  ta rge t  for atomic weapons. 
Lboratory tests t o  dsternrine %he effects  of an a b i c  exposme are 
not practical. Data is available, or dll be obtained, regacilng 
the strength characterist ics of t he  individual contniaers. Additional 
laboratory work may be required after t h e  test 5f it la ds tgnined  that 
any of the  it= included in the test should be redqaignsd. 



Rojec t  Number: 3.26.3 

1 
F 

Sponsors U. S. Marine Corps 
. 

Corps amphibious assaul t  fue l  system. Resistance of materials and equip- 
ment t o  thermal and blast  danoge is. desired. 
ment dispersion, revetments, camouflage covers, etc. is desired. ' Results 
of t e s t s  t o  be empioyed h, ef fec t ing  design of procurement system. 

Resen t  concepts af equip- 

Procedure: 
w i l l  be placed within the  fr inge area where bmage m v  be expected4 
oratory t e s t s  indicate t h i s  t o  be in the  27-29 cal/cm 

It is planned t o  u t i l i z e  f i v e  ( 5 )  test sites. The f irst  s i t e  
Lab- 

zone. The equip- 

-- 
T i t l e :  Effects on POL Instal la t ions-  - 

Bulk  Storage ! 

Performing Agency: Marhe Corps 
Quipment Board 

- Project Officer: Lt. Co1.-H. U. Sharpenberg, ILSMC 

I J .  , 

Of the two' ( 2 )  f i l l e d  tanks one w i l l  be provided with draped 

The two. (2) f i l l e d  
camouflage covering. 
with their  longitudinal' axis p a r a l l e l  .to t he  .blast. 
tanks are 
units Will contain gasoline. 

The three tank3 w i l l  be l a id  on 100 foot  centers 

connected a t  100 foot  distance t 0 . a  gasoline pump; a l l  t he  
The f u e l  will be pUnrped by the  fuel , .  . 

~. system equipment' irito the  tank form. . .  
. .  

. .  Remarks: None 

1 .  . . ,  

. .  
I '  
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Project Number: 

Sponsor: 0. S. Performing AgenGr Hedlca.  F i e l k  . .  
Sexvice Schooi '.,, . . .  . . .  . , ' I  >. 

' _ .  :" ~ ,~ .  . .  
. I .  , . - .  . .  

. . a ,  
. , .  . . . .  

/: ..: 
I . , . .  . . .  Project officer: Lt. dol.  ~dvin S. Q-, MC, USA 

, > I .  .. 

*. L 
I , .  

Ob'ectiver To determine the eff,ects of an atomic eq los ion  upon  ann^ 
b e r v i c e  equipment and-instal la t ions a t  various distances frcnq 

I . .  P U n d  ZWO. . .  
. .  . . -  . 

Rocedure: It i s  planned t o  place canposite.installttior?4 containing 
equipnent a t  various distances fran ground zero (500 - 900 - 1700 - I '  

3,000 yds.) This. equlpnent, 
etc, t o  be placed i n  tentage appropriate ' to medical instal la t ione of 
the  f i e l d  army with dummies to represent personnel of t he  units as well 
as patients under treatment uithin the  b t a l l a t i - o n s r  .Determination 
of radiation, thermal, and b las t  measurements t o  be  made a t  each 
location. Photographs (motion pictures)  t o  'be made within surgical; 
X-ray, pharn;cy, ward, and laboratory t en t s  a t  selected locations t o  
determine the  effects of items of eqxipment contained tberein acting 
as a source of further injury t o  patients and personnel i n  beccming 
secondvy missiles as a resu l t  of t he  explosion.. Subsequent t o  ex- 
plosion, waluation of t he  su i t ab i l i t y  of eqxipent  f o r  fur ther  use 
by approprizte personnel. Before and.after still photographs to be 

i n  dug-in positions a d  on the surface. 

taken of i n s t d l a t i o n s  and equipment. . . .  

Service f o r  t h e  determination of t he  follouirgr 

,: . . , .  ' *. , .  _ I  

Remarks: This project dll provide plvlning data for the Axmy Medical .: 
, '  

a. 

be 

C. 

d. 

e. 
f. 

' .  . ~. . 
Matedel and e q x i p n k  requirements in the  thea t re  of ' .  . ... 
operat ions. 
The a b i l i t y  of various types of f i e l d  medical i n s t a l l a t i o G  
t o  withstaid sexious s t r u i t u r d  damage. 
The resistance of itms, units, and susceptible assemblies 
t o  b l a s t  and thermal dunage. 
Overall a b i l i t y  of medical units ta continue t o  operate 
effectively. 
The val idi ty  of current' doctrines and procedures. 
The advis ibi l i ty  of modifying present docp5ne with 
regard t o  digging-in medical installations.  

. ,  

.. 

. .  

~. . .  . .  
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Title:  S t ruc tu re5_I tynen ta t ion  Project limber: 3.28.1 - 
Sponsorr U. S. Perfonninp Agenqa Ballistic Research 

Laboratmy 

R o j e c t  Officer: Mr. Julius J. l4es~aros, Civ. 
- _  

Ob ectivcr To provide, i n s t a l l  anl operate a l l  instrumentation of test -+- s ructures i n  Program 3. To r e d x e  a l l  f i e l d  data t o  the best form for 
further use by the structllres research groups. 
on instrumentation and as consultant on air blast .  

I To act as technical expart 
. .  .. 

i Procedure: BBL wi l l  provide.&75 channels of-instrunentation f o r  Rogram 3 
t o  measure strain, air blast, -e& pressure, pard-break, temperature, 
voltage, current, acceleration a d  displacement. 

used by Sandia Corporation. 
the various f au l t s  previously observed pnd insure be t te r  uperatian. 

1;. 1 I 
; 

I BRL will ase the  Webstq-Chicago recording system previously 
This equipment is being modified to correct 

qemarks: Hone 
*" 1 

119 



.. . Title: Structures Instrmentation - Project Number: 3.28.2 

Sponsor! U. S. Navy Performing Agency: Naval brdnance 
Laboratory 

Project Officer: Dr. W. E. Morris, Civ. 

Objective: Same as 3.28.1 

Procedure: 
time measurements on or near structures of Program'3. 
diffraction studies i n  t h e  vicinity of structure 3.l(f), a r i g i d  parallel-. 
opiped 2bl wide, I21 deep a d  12' high. 

NOL w i l l  provide I.& channels of instrumentation far pressure- 
Also, NOL will make i 

I 
Renarksr Bone 

1 
I 



Project h b e r :  3.28.3 

3onsorr lFswp 

1, 
i 

'Etle: Structures Instranentation - 

agency t o  t h e  extent of approximPtely 70 channels of information. 

Variable-reluctance gauges w i l l  be used as the  primary tramducers. 
Therminal qlipment and recorders w i l l  be located cent ra l ly  a t  each -ea. 

Performing Ag enq: Staufmd Besearch 
Ins t i tu te  

R o j e c t  Officer: L. M. Swift, Civ. 

Objective: 
of non-responding ta rge ts .  for correlation with similar and other data 

To determine pressure- the relationships a t  points on a number 

I obtained other agencies. 

Remarks; 
obtained by 

This agency w i l l  obtain data which uill be combined with those 
other agencies f m  determination of t a r g e t  loading "- 1 



Project Number: 3.29 Tit le :  Test of Four FCU Curtain- - 
W a l l  and Par t i t ion  Structures 

Sponsor: Federal C i v i l  Defense B Performing kg encyr FCDA 
Admidstration 

-7, Project Officer: Mr. Benjamin C. Taylor, Civ. 

- 
Ob ective: To determine the resistance c& various types of structures 

I 4-- an canponents thereof. 

Procedure: Four structures will be exposed, tuo each at b200 f e e t  and 
&- respectively. 
t o  f i t  t e s t  panels t o  canplete the objectives d project  3 . 5  
structure and t e s t  panels will be appropriately instrumented. 

One structure a t  each r q e  u i l l  be modified 
Each 

I 
Remarks: None 

i: 
j 
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BIO-MEDICAL EFFECTS 

LTCOL E PINSON, USAF 

PROGRAM DIRECTOR 
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Project Number: b.1 

Sponsor: U. S.-Air  Force Performing Agency: Ab Force 
Cambridge Reseuch 
C e n t e r  

Project Off icu:  Capt. Paul M. Crumley, USBF 

To evaluate the hazard from flying through an atanic cloud. 
of gama radiation as well as inhalation hazards will b. mado 

using QF-80 drones. 
hitting t h e  cloud a t  25,000 and 38,000 f ee t  m e  desired as a function of 
time after burst and posit ion re la t ive  t o  the cloud. 

Gama measurements ruing parachute-borne canisters 

Procedure: 
that  five canisters w i l l  h i t  t h e  cloud muahroom at 25,000 f ee t  m d  5 
canisters will h i t  t h e  cloud mushroom a t  stabKJLzation altitude. 
measurements vill be te lmetered t o  ground recavern. 
equipped with animals and self-recording ganuni measuring instruments w i l l  
be f l o w n  through the  cloud. 
the other at 35,000 feet. 

Parachute-borne canis ters  v f l l  be dropped from &craf t  so 

The gamma 
Two QF-80 drones 

One drone w i l l  penetrate a t  30,000 f e e t  and 

Remarks: None 



L , 

ob ediwr d- sevoa l  ulmh (d.120, rats, rabbit., ud dogm.}. 
To & t m e  tbo rmgo of diroct atcdc b m b  .Ir blant iqjurios 

I 
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Project h b e r x  fi.5 - Ti t lor  Flash B W S E  

f&onsort U. S. Air Porco 
.~ 

R o j e c t  Officer: Col. V l c t a r  A. Bymes, USAF(MC) . . 

Ob.ective: To study ef fec t  of high i n t e n d t y  illumination in respect t o  r c  
'apd ViSual f i e l d  chPng.8. 

Rocedure: Fun- and histological studios rri l l  be mado on rabbi ts  at  appro- 
pr ia te  time intervals  after crposure t o  f U h  of a t a c  dotonation. 
animals uill b. located a t  pro-dotonainod distancw from targot. 

shutters murrted I n  speciplly designod t r a l l w a  a i t u t o d  at  a p m d o t ~ d  
distance from target.  Ute exposure aubjects V r l l  be tos tod  to dotoxmino 
depth and duration of scotomata and e f f O C t 8  on dark adaptation. Follov-up 
exams w i l l  be made at. regular intervals. 

i 

Those 

Human subjects, protected by f i l t e r s  will bo exposedto f i s h  by 

The i b i l i t y  of flying POI-SOIUI~ t b  road instrumor& panoln aftor 
high Intensity illumination W i l l  k evaluated. 

h m l r k s r  
BW]JANGLE and lQ?5LE3/SIuLppIB. !he offoct of high int.nsity illmb- 
ation on dark adaptation and protection provided by vulous types of filters 
uas studied also a t  these opmationa. 

Lhth and duration of scotomata were studid during Operatiom 
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PROGRAM 5 

DRONE. PROGRAM 

CDR K H STEFAN, USN 

PROGRAM DIRECTOR 
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tures - R o j e c t  limbers 5.1 

Sponsors U. S. Navy Perfomling Ag encyz Bureau of Aeroaautiw 

Objective: 
v e r m  or redefine. the  safe operational W t s  of t h e  modal AD-2 rir- 
craft as a weapons carrier.  .In addition, it 13 intended t o  perform a 
dynamic analyses as effects  of gust loading on t h e  aircraft md t o  in- 
vest igate  the e f f ec t s  of dynamic over-stressing on the structure. From 
this work, *roved methods f o r  andy t i ca l ly  deteo.mkrlng t h e  ef fec ts  of 
atomic explosions on a i r c ra f t  will be developed. 

To obtr tn  infomation and t e s t  data nhich can be ut&ed t o  

~ . 
Procedure: 6 drone model Ab2 aircraft quipped with both te lmeter ing  
and dir ect-recording instruments fv the  measurement of s t ruc tura l  load, 
accelerations, tanperatures and other p&meters associated with the 
determination of s t ruc tura l  responqe Vi11 be floun under drone procedure 
t o  a predetermined point in  space representative of delivery of M atomic 
weapon by a Model AD-L airplane. Radar tracking equipment Vill be used 
to  track and di rec t  the f l i g h t  of *e dron&laircraft. Mylned f igh te r  
a i r c r a f t  will stand by t o  shoot dowL drone :in cqse of malfunction. 

\. 
: 

R a a r k s s  

t h e  effects of ganuna radiation, t h e m a  !h ia t ion ,  free-stream over- 
pressure, end gust loading on the Model AD-2 type aircrof t .  

Preliminary studies and ca l cu lo t iod  hive beeri made t o  ,in- 
-te or determine uhat effects  atanic 
in f l igh t .  Such work . h a  been pmfor#Sd reference t o  

d *on a i r c r a f t  



I 

i 

Project Nmberr 5.2 

U. S. Air Force 9E?!s ' . .  
Performing dgencJr t Yright&rweLop 

m a t  Center .-- - 
..I . . -  

Ob ective: 

a t d c  banb a t  near-crit ical  ranges, L e . ,  at an orrerpressurs range of 
1 psi. To dotmnlne mirrlmum operationQ p p r @ + r s  f~ .$ .rcraf t  of th is  
type, for dellvery of atomic weapons. ' To aeMuIy, I f  conslatant With 
the p w  objective, the  response of Pireraft t o  t h e  ref lected ah@, 
under conditions of s t ruc tura l  rwonance. To. obtaln data on wing and 
stabillzm stresses, 

Rocadur8; One (1) %SOD airplane l a  being Inatrmented with s t ra in  gagen, 
Z Z E G i e t e r s ,  thsrmocoup~es, a d  presnrro gagen vfione outputr w i l l  b. 
recorded by tu0 (2 )  l8-chPMel oscillographs plum two paI"t1Cly b t n n a n t -  
ed B-SOD &craft  f d a h e d  by sbc. Ut= calltaration, practice mlnalons 
ulll be flown, followed by par t idpa t ion  i n  Operation llAoTBoE Shot #l. 
It ia plumed that participation sha l l  be accomplished under the follow- 
h g  f l ight  plan; departure from -land APE acheduled no an t o  arrive 
over the ta rge t  area a t  t he  propw time, with adequate mprglna of time 
f o r  dry m, a d  f o r  proper positioning d a l t i t ude  a t  shot t h e ,  
follnwed by return t o  Kirtlrnd AFB. 

To measure t he  s t ruc tura l  response characterist ics of a me&= 
6+- (111 er Vfim fzqosed t o  the blast, therrmal, and g u t  effects  of a 3OKT 

&craf t  acceleratlonki, and skin tcmgeraturer. 

RsPlnrks: 

U R ~ O ~ E  have fumished l n f m t l o n  on the  general nature of t h e  
structura l  reaporme. Theoretical analpis of th la  lafomntlon has led 
t o  ul understanding of the bosic principle involved, pennlttlng gonoral 
calculation of blast loads a t  conservative dlntmces from 4 t d c  burnts. 
Houwer, response data i n  the  reglon approaching minor damage I s  maagar 
or non-exlatent, par t icular ly  for high-perfonnance medium bombma. Thla 
response data is needed mu eo that safe minimrrm procedures mry be 
establlshed f o r  a i r c r a f t  dellverlng atomic uerpm, 

Prdm measurements of s t r u e t v r n l  loads on drcraft In flight 
fm the  a t d c  burst of Cperdiom (JBCSfiOAl$, S a m m S r O ~ ,  md 
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PROGRAM 6 

OF SERVICE EQUIPMENT 
AND 

OPERATIONS 

LT COL D.I. PRICKETT, USAF 

PROGRAM DIRECTOR 

60 



Project h b e r s  6.2 T i t l e :  Tests of Badar Techniques for 
Acccmpllshing Mi rec t  Banb Damage 
dsuessment 

- 

Perforning Ag enwt  WigM dir Develop- 
m e n t  Center 

Project Officer: Hr. Frank E. James, Civ. 

I 
Objective: 
development of an IBU system. 

To cbtain sc i en t i f i c  and experimental radxr t o  assist In the  

Rocedure: 
return phenomena from time-zero 'through sme 30 secords. 
mation regarding refract ion of radar signala around the f i re -ba l l  is t o  be 
obtained. 

Task I proposes a 'ground radar in s t a l l a t ion  to record the  radar 
Additional infor- 

Task I1 proposes the  testing of P beacon technique i n  de t eminhg  
ground zero ccinbined with obtaining continuous radar data from time-zero 
from airborne radar. , -  

Task III proposes investigation of t h e  "fast scan" technique 
combined Vith Ku-band radar t o  determine the  irprovement i n  IBDA which may 
be expected by the  employment of such a technique. 

Task IV proposes investigation of t h e  BMTI principle a8 applied 
t o  detection of-atomic detonations. 
graphs combined v i th  standard radar PPI photographs may give better 
accuracies i n  the determination of t he  IBDA parameters. 

It is believed t h a t  AMTI PPI photo- 

Remarks: 
HOUSE, BUSTW/JANGLE, and TUMBm/SNAF'PEB indicate a radar return can be 
obt:ined from an atomic explosion which can be used in determining ground 
zero, and w i l l  indicate gross errors in height of burst and yield. The 
cause of t h e  radar r e t w n  and *roved methods of detecting and recording 
the  return must be investigated t o  provide the Anned Farces with an all 
weather IBDA system. 

Radar results obtained OA Operations CROSSROADS, SANDSTONE, OREEM- 
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Ti t les  Field Test af lBM - Project Nmber: 6.3 

Sponsor: US@ P e r f d n g  Ag encyi Strategic Illr C-d 

Project Officer: Copt. R. E. J. Scott, USAF 
. .  

Objective: 
capabilities. 

To determine by t e s t s  under f i e l d  conditions current IBDA 

I 

Rocedurer 
-in positions u i t h  respect t o  the  bcmb drop a i r c ra f t  *ich simulah 
probable s t r i k e  and support a i r c r a f t  farmations over a target. 
craf t  w i l l  take data essent ia l  for the  determination of t he  three IBM 
parameters, pleld, height of burst, and ground zero. I n  addition t o  t he  bomb 
carrier,  a minimum of t e n  aircraft  t o  form the  combat configuration are 
required f o r  t he  project. 
the  latest available IBM systems. 

Strategic  Air Command aircraft with standard combat equipment 

These air- 

Each of these aircraft w i l l  be equipped with 

Strategic A i r  Cammand a i r c ra f t  and crews w i l l  be u t i l i zed  for  
t h i s  project. Nevada Proving Ground, 
these a i r c ra f t  uill re turn  immediately t o  home bases wher'e t he  data collected 
vill be processed and analyzed, using t he  same procedures and time schedule 
as prescribed i n  the SAC Reporting Guide and other standing operating 
instructions. 

won completion of t he  mission, at the  

I I 

b. i ! Upon completion of t h e  tests, the  s t r i k e  reports o f t h e  damage 
estimated by IBDA means w i l l  be compared u i t h  the  actual  damage determined 
by detai led assessment of the target  structures. 

I 

i l  
Banarks: None 
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at ion t h e  very promising Farrington-Daniels Thermoluminescent l i t h ium 
fluoride c rys t a l  system uhich has yet t o  be offic- t e s t ed  under baab 

Project Nmber: 6.L 

Sponsor: U. S. Amy 
~. 

Tit le :  Evaluation of t h e  Chemical - 
Dosimeter 

P e r f d n g  Agencyr chsmical Corps 
Chsndcal and Radio- 
logical Laboratory 

Project Officer: 

Remarks: It is 
imperative t o  conduct studies at  fast  dose r a t e s  (bomb ra t e s )  in order t o  
d e t d n e  the efficiency of additives t o  the  systems &ich would correct 
for t h i s  inherent r a t e  factor. 

The Tactical  Dosimeter %l has a dose r a t e  dependence. 

v- - 
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Project Nmber: 6.7 

-_._. -'. 

, ~ C.4- 

Title:  Electrauagnetic Radiation over - 
t he  Radio Spectmn 

Perfarming Agency: &nal Corps Engi- 
neering Laboratory 

R o j e c t  Officer: Ist Lt.  Walter T. Kerttula, USA 

~ 

Ob ective: +--- o the ra&oTrequency signals due t o  nuclear detonations. To deduce from 
these measurements the  power density spectrum of the  electrmagnetic uave a t  
the point of measurement and cor re la te  t h i s  with the bomb yield. 

To measure the-pulse shape, polarization, amplitude and duration I 
b. 
F 

Procedures 
-miles from a. 
frequencies above about 200 kc w i l l  be negligible. 
while very slowly reducing the frequency a t  which the induction f i e l d  be- 
cmes negligible, would add t o  propagation diff icul t ies .  
of antenuas has not ye t  been made. 
simple design i n  order t o  m e e t  t he  requirements that they be iadependent of 
ground constants and that t h e  determination of the  f i e l d  strength from 
measured antenna output can be carr ied out in a reasonably simple and accurate 
manner. 
in time t o  be used, it w i l l  be necessaq to cal ibrate  t he  equipment directly. 
For f i e l d  strength measurements t h e  antenna w i l l  drive three oscilloscopes 
u i th  tr iggered sweeps, one for short  time resolutiom, of the order of 100 
microseconds, one for long times, i n  the  order of 0.1 seconds, and one 
modified for a non-linear sweep, thus h u r i n g  t h a t  a t  least one record of 
the f u l l  duration of t h e  disturbance will be obtained. 
measurements one oscilloscope w i l l  be employed using the signals from 
crossed antennas as  ve r t i ca l  and horizontal sweeps, thus graphing the  
ve r t i ca l  versus horizontal f i e l d  components. 
mented by a pa i r  of oscilloscopes t o  record each component on a time base. 
The signals w i l l  be recorded on s t i l l  cameras. If cal ibrat ion procedures 
are deemed necessary, standzrd commercial f i e l d  strength meters and f i e l d  
generators w i l l  be added. The frequency range t o  be covered vill be t h a t  
of t he  Tektronix 513D oscilloscopes (DC t o  about %c). 
equipment vlll be provided far locating zero time on the  records. 

The measurements are t o  be taken a t  a single  s t a t ion  located at 
A t  t h i s  distance, the  M u c t i o n  f i e l d  for nll 

Additional distance, 

They w i l l  be re la t ive ly  s m a l l  and of 
The f ind choice 

In the  wen t  t h a t  an adequate mathmatical analysis is not evolved 

For polarization 

This may be further j n p l e  

Suitable t h i n g  

Renarks: 
signals associated with a nuclear explosion. 
(TW~/Sl?APPEIi) indicate t h a t  t h e  energy i n  these signals iS concentrated 

Previous projects have indicated the  presence of radio frequency 
The r e su l t s  of Project 8.5 



, 

t 

Project 1Rrmber: 6.7 (con%.) 

in the vary low frequency region, uith very l l t t l e  emrgy abwe 10 IC, 
Theoretical cilculptions bused on a a i q m i e d  m o d a l  tend t o  mbstmtiate 
this conclusion. A l l  previous nearmremezzta have been qualitative and of 
such a nature aa t o  mrke a detenuination of the t rue  pulae Anpe hpoasible. 
Bo data has been obtained on polarhation. The measurmaenta t o  be made 
are  intended t o  provide qurntitative data fm the achievanent of the stated 
objective for conpariaon uith the abovesentioned aj0pUfied theory and 
possibly for uae as a basis for further theoretical investigation. 

._ 

1 
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Project h b e r :  6.8 

4. 

?# 

Title: &duntion of 0ldi.c Inatnaenta-  . - 
tion, Xquipmeat and Operational 
T echniquea 

r a t e  meters and dosimeters t ha t  have been constructed for miUtary use. 
w i l l  include the  list of a l l  neu instruments of both k.my and Navy. %cisloas 
reached by t h i s  evaluation w i l l  substantially effect  t h e  future development 
of f i e l d  instruments. 

This 

Procedure: 
military r a t e  and dose meters t ha t  w i l l  satisfy the needs af .U. using forcea. 

Developent continues t o  produce Ught-ueight simple, dependable, 

9onsorr U. S. Arms and U. S. Navy Performing Agenqr slgnal Corps Engi- 
neerim Laband : 

! 1 
1'  

1. Organized f i e l d  t r i p s  in to  contaminated areas by pgsonnel  
cprrying rate equipment. 

Strategic placing of dose meters a t  various distances f r m  
ground zero t o  determine effects  of heat, rate, and other 
phenomenon. 

Issuance of r a t e  meters to radiological safety personnel 
for capar i son  u i th  present production equipment. 

Issuance of r a t e  meters t o  experienced test personnel on 
an informal basis with a questionnaire sheet so l lc i t ing  

2. 

3. 

4. 

technical camnents. 

Remarks: None 
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Project Kmbrr  6.9 

sponsor: U. 5. Eavy Perfmncing A g e q  : B m m  of Aeroluutica 

Project Officer: 

. -  

CIEl John H. Terry, U W  

Objective: 
survey equipment, automatic recording dosimeters, droppable telemetering 
and flare units. 
corrections i n  data taken a t  a l t i t u d e  r e l a t ive  t o  data taken a t  ground level. 

To evaluate airborne radiac equipment including aerial ground 

Equipent is t o  be eva lua ted to  determine errors and 
I 

Procedure: A p2V-2 airplane, presumably based at  KBFB, vill proceed t o  the  
proving ground on shot day. 
t o  enter the shot mea, will condud ground aurvay from t h e  pir, rpking re- 
peated runs over t h e  contaminated m a  t o  obtain data, 
w i l l  drop gamma dosfmeter6 telemetering units into the area a d  rOnitae 
these units from t h e  plane. 
in tens i ty  flares which in  a radiat ion f i e l d  w i l l  ign i te  a colored f l a r e  
whose color has been chosen t o  represent the  in tens i ty  range present. 
would not burn more than 15 minutes. 
project  airplane; no ground based equipment. 

b l  

i, I 
‘ i  

I 

It w i l l  orb i t  p r ior  t o  t h e  shot aud when cleared 

If permission grated,  

‘ I  

If p-ssion g r a t e d ,  w i l l  also drop ganrmp 

Flares 
811 equipent  w i l l  be contained in the 

Bmiarksc The basic equipment t o  be tes ted is now on hand. 

and incorporate modifications indicated by r e su l t s  of BUSTE@JANGLE. These 
t e s t s  w i l l  permit determination of errors of equipment i n  the f ie ld .  For 
this purpose, f&Iy extensive contaminated Ppeas are required which are  
obtained only in an atomic detonation. This equipment w i n  u l h t e l y  be 
used by special  carrier-based a i r c r a f t  t o  provide assault  troops u l t h  in- 
formation on contaminated areas which they may enter. 
t e s t s  i s  necessary t o  insure tha t  production equipment are  sui table  for 
f l e e t  use. 

Some experimental 
being &ne on the  a e r i a l  ground survey equipment t o  imoro- design 

P 
1 

Participation i n  these I 
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Title:  Rapid Aerial R ~ d l o l o g i c i l  Survey - Project Number: 6.10 

Sponsor: U. S. A r q y  . Perfmming Ag emy: S5gn.l Corps &gi- 
neering kboratory 

Project Officerr 2nd Lt. John E. Price, USA 
- -  

Ob ectiven To @rove t h e  techniques of making a radiological aerial survey. +-- o provide t h e  radiological Safety argmization dth a radiological aerial I survey. 

Procedure: The rap id  aerial survey w i l l  be conducted Using a L20 Liaison 
type plane, radiat ion detection instrlrments and a stop watch. 
a t ion  a t  a given p o b t  on t h e  ground wi l l  be determined by flsing over t h e  
spot a t  three o r  more a l t i t udes  and obtaining d u e 8  t o  p lo t  a curve uhich, 
when extrapolated downward, uill give t h e  ground contadnation distribution. 

i;. i 
The contamin- 1' 1 

ii 
I 

RanPrks: Nono 
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Project h b e r r  6.11 
_ _  - - - a- +_ - T i t l e :  Operational .TFAT.f&g fer Tactical 

dir C o a s d  crm 

Sponsorn U. S. Bir Force Performing Ag exmy: Air Ibseuch  md 
Developrent Command, 
Tact ical  Air Coarud 

Project Officer: Lt. Col. Ernest T. (Sagg, USAF 

Ob ective: & e e f e c t s  of blast ,  thermal and nuclear radiat ion t h a t  W i l l  be encounter- 
ed in the delivery of atauic  weapons. 

To provide r e f i s t i c  operational t ra ining fcu TAC aircraft creus 

To provide additional data on the  tenperature r i s e  of aircraft 
&in while in f l ight .  

have been calculated by TAC and provide the  basis far present operational 
delivery techniques. 
crew training ul th in  t h e  limits of the safe escape distance calculations. 

Eight  a i r c r a f t  (F64ls and B-451s) u i l l  be positioned a t  safe 

Safe escape distances as a function of y i e ld  d delivery method 

R o j e c t  6.11 VIS established t o  provide r ei l is t ic  

Procedures: 
distance on rad ia l  headings auay *on the point of burst. 
uill be t h e  primary factor  in the  positioning of the  a i rc raf t .  

Six cal/sq CIP 

a. The actual  positioning of t h e  a i rc rd t  will be accomplished 
by dividing the  area v l th  respect to GZ point i n t o  four quadrants and then 
assigning different  a l t i tudes  t o  each .ircraf% within a part icular  quadrat.  
This method provides the utmost in Shpl lc i ty ,  md reflects a lDinlpm cost 
t o  the  W by eliminating radar requirements. 
thermal  radiation m y  a i r c r a f t  would receive i s  controlled, ud Within the 
safe  l b i t s  fo r  a i r c r a f t  and crews. 

b. Thennil s t r i p s  provided by WdDc t o  measure the tanperatme 

The m&um amount of 

r i s e  on the a i r c ra f t  skin wlll be ins ta l led  by TAC personnel. 
the  data will be accomplished by W A X .  
cause a reqrrFrement f o r  h o v l n g  the  exact posit ion of each a i r c r a f t  u i t h  
respect t o  the zero point. To maintain simplicity, thb exact position- 
ing of the TAC a i r c r a f t  can be determined by a photo taken a t  burst  time 
by a technical photographic a i r c r a f t  already provided in the .rea (see 
technical photographic requirements). The technical photographic rir- 
c ra f t  W i l l  h o w  i ts  exact position, and since the  TAC a i r c r a f t  feet 
al t i tudes w i l l  be known, each a i r c r a f t  posit ion can accurately be deter- 
mined from t h i s  photograph. 

Beduction of 
The use of these thermal strips 
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Project h b e r r  6.11 (con't) 

C. Aircraft of the TAC pprtlcipating in O p S ~ ~ C l T E ~  
will stage from George Air Force Base, Victorville, California. 

.~ 

Remarks: None 
- 
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7 2  



. .  . 

Project Hmbar: 7.1 

Sponsor8 Hq, U W  
~. 

P e r f d r g  Ag ency: - 
- -  

Project Mficarr  
- 

Ob'ectiver + e dromrgnetic smnrutioas from nuclear explosion lad t h e i r  relation- 

To determine the operational s u i t a b i l i t y  of vlrioas tech- 

To obtain further infomation on the character is t ics  or 

1 ship with b 5 b  characterist ics.  
, 

nlques and equipments as a means  of gaining information OD foreiga atonic 
activity. 1,. !,: . ' i 

i Procedure: a. Close-in data are r e y i r e d ;  however, it is expected that 
h o s  Scient i f ic  h b o r a t m y  axperi- these data can be obtained &om Los 

ments conducted within a feu miles of the test sits. I 

b. It is planned t o  obtain data from the folkwing s ta t ions 
of t h e  National Bureau of Standards? Stanfmd 'University, California; 
Boulder, Colorado; and Sterling, Virginia. 
direction-finding equipment u i l l  b e fur ther  t e s t ed  by operating Sfericn 
equipment a t  three or more locations a t  distances up t o  &out 2000 miles 
from the t eb t  s i te .  

It is also eqec ted  that I 
I 
I: I 

I 
C. If SlWPEi tests indicate  that ionospheric p e r t u r b t i o m  

due t o  . t d c  explosions have long range detection appUcations, it is 
eqec ted  t h a t  arrangwents w i l l  be made f o r  suppart of further studies. 

I 
Remarksr 

plosion, and t h a t  t h i s  pulse can be detected a t  l o w  distances from the 
source. Results frm Sfer ics  s ta t ions  during TUMBUR/SNAFPS sake it 
appear promising for fixing approldmate source loc i t i on  by azimuth inter- 
sections from two or more stations. 
problen of determining signal character is t ics  and t h e i r  r e l a t ion  t o  bomb 
characteris tics. 

Results from BUSm/JANGIE: and TLU4BUTl/SNAFTE2 t e s t s  indicate 
l e a s t  one electromagnetic pulse is associated with an a t d c  ex- 

There has been a beginning h the 
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Brocedurei 
b e  north of tbe Ifwad. Test Sit., very l ike ly  m.bg part m all of tho  
throe s ta t ions  frm vhich melslpements u.errmado d- . 
Ht. m e ,  Idaho; Baker, Oregon; and % b r a t 4  Udf€-. Ia add l t i i ,  ' 
l f  further investigations pknned for t he  int~peniag months so indicate, 
measarrments will bo nudo with improved apparatus a t  greater &t.ncen. 
The ultimate objective is t o  dirtect the  fireball Ught a t  about 1ooo 
r i l e s  from t he  emitting source. 

It is planned t o  make meawaents with irprored equiprmtt t o  

Bemarks: l"bB~/SNBppw data i d h a t e  tha t  t he  a t d c  bomb light v.d 
detected t o  a distance of fi0 miles. 
untried techniques 11.7 ertmd the detoctior~ rango. 

It Im hopod ' th t  cak+n pFesantly 



.. . 

Project Number: 7.3 

Sponsor8 Hq, USAF 

_c-- 

T i t l e :  Detection of &borne faw- - 
Frequency Sound fran A t c d c  
h.plosiom 

- Reject Officer: 

Ob ectiver Measurmenta of the &borne low-lreauency sound from the 
&I---- c explosions of operations UPSHOT m d  KNOTHOU will be made a t  a 
variety of distances and a z h u t h s  from t h e  detonation point. Data will 
bo analyzed in or& t o  obtain uaplitud., b a t i o n ,  azimuth, horizontal 
phase velocity, and frequency spectrum of a c w t i c  arrivals.  Results 
will be used in interpretation of acoustic signals picked up fran unknown 

I 
/ !  ' I  

@,% !! sources during routine operation of the  acoustic net. 

Procedure: 
for Operations BUSTEX and JAN- and majntained fop. future atomic tests i n  
the  D.S. Xill be reactivated f o r  UPSHOT/KNOTfIOLE. 
a t  Oahu, T. €I.: Fairbmks, Alaska; Ft. Lswis, Washington; v o t e  AFB, 
Texas; California-Arizona Desert; Breckiaridge, Kentucw; Washington. 
D. C.; and Behar, N. J. Operations uill cover the  ent i re  

Standby semi-permanent acoustic s ta t ions  established mig ina l ly  

Stations dll be located 

I 

1 t e s t  series. 

Remarks: Acoustic measurements during c.wBEaMOnSE, BUS'I!Et/JmOLE, and 
m / S N A P P m  have indicated t h e  f e a s i b i l i t y  of acoustic long-range 
detection. Continued acoustic measurements during atomic t e s t s  are re- 
quired in order t o  determine the  V a F h t i O M  t o  be expected i n  dotection 
capabi l i t ies  AS a function of ueason, b C A t i O n  and yield, and t o  establish 
the  su i t ab i l i t y  of neu acoustic equipnent and techniques. 

. 
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Reject 7.b 

I 

h r r k e r  Paat muuursmente of closo-in etrong motiom havo not covered 
rrrioty of terrain conditione uui mlmr meamIIu.te u a  

required t o  prmlde the data necerreary t o  evaluate both capability of 
aeim4.c dmtectior~epsten md the r1gdii-e of futire ea- .irp.1. 
of tmhwrrn oF&ie Lmg diet.nco data need to be mppheated a t  the tL 
of npSBoT for a more .dotoiled examhation of tho attomution of signal with 
distulce. 
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Roject b b e r :  7.5 
v- /+-- 

T i t l a n  Calibration, k u l f h s  ./- of - 
&Bomb Dobri. 

Performing Ag encgr w 
Rojec t  Officer: 1-1 

.. 

Ob'ective: ?;LTT t on o isaion products m d  o t b r  nuclear Foper t l e s  of atomic'bonb de- 
br l s  collected by manned aircraft c h s e  t o  the  detonation p o h t .  In 8d- 
d l t ion  t o  the  close-in sampling, samples of a t d c  bomb debris rN1 almo 
be collected at s m e  dis tan t  point Q points in order t o  & t a b  banb 
debris callbration data similar t o  thaLobtPined for t h e  close-in sanples. 

To continue obtdniag  cal ibrat ion data based on the  determiah 

- 1  

y .  I 

Analytical e f f o r t s  -ended in t h e  DPSHOT series v l l l  be 
concentrated i n  stuQing atomic bomb debris collected fran exploded banbs 
in uhich the composition and malo of explosion are s ig ldncan t ly  diffrrmt 
from those previously tested. 
m i ~ b i s e d  5f atomic bombs similar t o  previous ones t e s t ed  are included k 
the  UPSHOT series. 

i l l  
The efforts of this program wlll ba 1 * j  

I 

1 
b- 

Procedure: F i l t e r  paper samples and gas samples of a t d c  bomb d e b i s  
close--in t o  point of detonation w i l l  be required. 
of filter papers and gas samples required w i l l  be specified when a mme 
comprehensive knowledge of the weapons t o  be t e s t ed  is available. 
i n  s q l i n g  is a j o in t  h s  1u.mos Scient i f ic  Laboratory, AEZ, and 

u l l l  be vranged by mutual agreement among these orgmizat iws.  
ments for d is tan t  samples w i l l  be provided a t  a later date and d e t r i l s  
of s q l i n g  and couriering w i l l  be handled by 

The precise -be  

effort. Detailed arrangements for division of srmplss and couri  AP@ 
hquin- - 

-Technical personnel and i ts  selected contractors 
w i l l  a n w e  the bomb'debris samples for f i s s ion  products, res idua l  
f issionable materials, core and tamper reaction pa-oducts, and my o t b r  ' 
uulyses  as deemed necessary t o  4 u l I l l l  t h e  requirements of this program. 

Remarks: Previous analyses of bcmb debris have indicated t h a t  relations 
between f i ss ion  products and between the  core and tunper react ion products 
have provided useful  information In evaluating t h e  type of atomic bcmb 
tested withrespect  t o  composition and i n  estimating the  dficii3ncy of 
t h e  .explosion. 
indicate the des i rab i l i ty  for continuation of t h i s  calibratiom uork t o  

A suff ic ient  mount of these data have been canpiled t o  
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Project lhrmberr 7.5' (con%) .e m 
4 

obtrin bpttor quantitative relations vith a a&aeqUrnt m85e peds. 
interpretation of the data & t a d .  Results of p r w i o n s  atcmdc 
explosions, particularly the undergrounded and 6urface ahota of tho 
JANGIS series, have indicated that the enViromoat ab the .~plosion, 
that la ,  a ground, tower or air-burst, btroduc6-d r d & t i d  varlablea 
in the uulyt. ical  data sought. It & thua neceaarrp tht t h e a m  ~ 

iables effect8 be further studied In order t o  more clearly estab- 
the effects of these variables on the ond resulta. 
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PROGRAM 8 

THE-RMAL MEASUREMENTS 
AND 

EFFECTS 

LT R G PRESTON,USN 

PROGRAM DIRECTOR 
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Project Numbers 8.1 .J!iaea-4;.----.cK* - ’’ tracturea Test 

Sponscr: U. S. Bir Force Performing Agency8 .Wright dir Develop- 
kent center 

- 
Reject Officer8 Capt. George T. James, USAF 

1 Objectivea The objectives of this project a r e 8  To determine the separate 
and coupled e f fec ts  of b l a s t  and thermal phenmena on typical, modern 
a i r c ra f t  structures and basic structuralmenbers a s  re la ted t o  the thenno- 
e l a s t i c  problm; and t o  obtain additional infonoation on the velnerabi l l ty  
of parked aircraf t .  

I’ , 
Procedures 
t e s t  a r t ic les ,  some eqosed t o  thermal radiation onlys some t o  b l a s t  only, 
some t o  both blast  and thermal. 
be instrumented with Temp Tapes and protected from the-blast t o  detennine 
the  threshold of permanent thermal buckles. 

The necessary data  will be obtained by exposure of instrumented 

Panels w i t h  various stringer spacings vi11 

Aircraft  w i l l  b e exposed to 
supplement data obtained on aircraft vulnerabilSty by Project 3.i Operation 
TU;”IBLEX/SNAPPER. 

Rmarks: 
program t o  develop design c f i t e r i a  fo r  a i r c r a f t  of the future. 
project is directed by the  Structures Branch of Aircraft Laboratory of 
WACC, which has directed projects i n  Operations CREENHOUSE, BUSTER/JLNGLB, 
and T U N X J B / S N ~ ,  a l l  a pa r t  of the continuing B&D programs and leading 
t o  t h i s  pmject.  
time i s  very important as the  t a c t i c a l  and s t ra tegic  applications weapons 
present serious ;roblens concerning a i r c r a f t  structures. The data ob- 
tained w i l l  i n d x a t e  the separate magnitude of s t r e s ses  due t o  thermal 
ana blast  inpJts. 
neu a i r c r d t  structures. 
and tu0 aircrops i n  Yucca and on KNOTHOLE 1 ani 2. 

T h i s  project  resu l t s  from a continuing Research and Developaent 
This 

Achievement of the objectives of this project at t h i s  
I 

I ‘  
The data w i l l  b e  used t o  develop design c r i t e r i a  fcr 

This project w i l l  par t ic ipate  on one tower shot - 



I L 

Project b b m r  8.2 

sp omor8 U. S. llir Force Performing A g e q s  Air Force Cambridge 
&search C e n t e r  

-~ ._ 

R o j e c t  Officers Lk. Xarcus D. W h y ,  Mv. 

Objective% To measure t h e  in tens i ty  of t o t a l  radiat ion a s  a fuuction of 
time r i t h  the vacuum microphone. 

Rocedure: It is intended t o  locate several thmual radiat ion detect6rs 
on the ground a t  various distances from ground s-0. ¶he sensitive element 
of the  detector is an extremely light, highly rerlectim metalllc diaphragm 
vlth an area of approximately one square centhe ter .  & r ig id  metall ic disk 
is located in c b s e  pro;rimlty t o  the diaphragm. The disk and the diaphragm 
const i tute  an e lec t r i ca l  capacitance across which is placed an inductance, 
thus forming a para l l e l  resonant c i rcui t .  A renote recording apparatus 
w i l l  be located at  a su i tab le  manned s i t e  and vi11 receive and record the 
signals generated by the instrument. 
f i e l d  evaluation of t h i s  type of thermal radiation i n s t w e n t  silre p r c  
l b i n m r y  infomation on i t s  perfosmance uas obtained at m S N m .  

! 

This project represents the  final 

i I 
1. : Remarks8 This project w i l l  par t ic ipate  i n  a l l  shots. 

I ! 

-- - 
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T i t l e 8  Attenuation ab samal Radiation - -Project lhrberr 8.4 

. ObjectiAs 
oil fog moke screens in reducing the  in tens i ty  of thermal radiat ion f’ra 
an a taa lc  bomb incident on a target. 

a t ion received uithin the screen will be detenuined t o  evaluate the effect  
of scattering of t h d  rodlat ian d t h l n  the oil fog anoke screen. 

The objective of this project Is t o  evaluate the effectiveness of 

- 

Ls an important secondary objective t h e  goniometry of the radi-  

Rocedurer A standard oil fog moke screen W i l l  be established ovwr p11 

hit rumentat ion Ilne Nnning fran 2000 f e e t  t o  6000 feet pound zero 
i n  a direction perpendicular to the anticipated low level Wimi direction. 
This l i n e  vi11 be lnstrmented d e r  the  screen u i t h  thema1 rad la t ion  
measuring instrmentat ion capable of reading the t o t a l  flux received in 
calories pe r  sq. an. h r o  tgpes of instrumentation will be used. Naval 
Water la lhbbratory thermal sensit ive papers and foils w i l l  be dist r ibuted 
to furnish s t a t i s t i c a l  data on the radiat ion received. 
will be mm-electronic and inexpensive and will penult variations nhich 
occur i n  the data as a r e su l t  of variations in t h e  5oke  screen t o  be 
averaged. The second type of i n s t m e n t a t i o n  w i l l  be placed at a miniplum 
of eight s ta t ions Pran 2000 t o  6000 f e e t  n o m  ground zero as a prhary 
standard. l’hrse types of instrumentation a m  cur rmt ly  under coluddera- 
t ion and/or developent f o r  these s ta t ions  and uill be t rue  black body 
standards, A second Instrumentation line on the opposite side of -4 
sero will be established to measure the  radiation received at similar 
distances from t h e  detonation without moke present. Diract comparison 
of the  data dll permit the  calculation of the attenuation coefficient 
o f  the smoke screen fo r  atomic bcmb thermal radiation. It is extremely 
important t o  this evaluation t o  control the meteorological conditions 
a t  shot time t o  provide an adequate, uniform screen. It is desired that 
a surface vind of 6 t o  10 mph, and wind direction 700 to ll@ f r c m  the 
inatrmentat ion line control a t  8hot time. 

This Instrumentation 

Remarks8 The U. S. Naval Radiological Defense Laboratory has made an 
I n i t i a l  investigation of the poss ib i l i t i e s  of providing thexn~al pro- 
tection through the use of smoke screens. As a par t  of this program 
the Chemical Corps and USNRDL measured the  attenuation of the  sun’s 
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radiation by a smoke screen. lbe subject af thermal a t t a m t i o n  by smoke 
screen 9198 ala0 studied by the  R o j e c t  East River Oroup af t l m  Issocinted 
Universities, Inc., under Dr. L d. Ifudging University of CallfWnia BPdia- 
t i on  Iaboratoq with the publication af a report Whermal R+dIation Lttenua- 
ting clouds (ra*c)*. 
and some laboratory studies of the potent ia l  &tielding effect  af mokes, 
The resu l t s  of these rtudiee indicate tha t  mff ic ien t  attenuation of thermal 
radiation can be accampllshed through the  use of woke t o  warrant a f ie ld  
test .  The Cheuical Corps is currently prosecuting the theoret ical  pnd 
meteorological progremr ecamnended in the  TEAC report, both studies t o  
have a completion date of 1 February 1953 So that the  results m s y  be avail- 
able fo r  planning the Operation KNOTHOLE evaluation. In early evaulation 
of smoke is desired against an oparational E& drop r t d c  weapon. 
on the  t o t a l  thermal f lux  received w i t h  and without smoke present dll 
be obtained to permit an evaluation of the protection &forded by the 
8mke screen. This project ulll part ic ipate  on KNOTHOLE 1 and 2. 

Ib.. Hudgina has ab0 prepioaav oon&cted theoretical. . 

Data 

!J 
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Title: Degrees .ad. &taut- - Project Number: 8.5 
under eaV%ar Bnvanu 

Sponsor: U. S. hn!y 

Project O f f l c o r :  Ltr. J. Fred Dostorling, Civ. 

To provide information on t h e  protectin a u o  of 8- a d  
t h i n g  anssnbba walnut %ha therm1 dfmta of t h e  bmb, which can 

be integrated d t h  t h e i r  pfokctima value against  other 
agents, being studied ln parallel program, and their us0 f o r  UrrirOasntiL 
protection. 

md thormrl 

Procedurer Standard cloth isg Mnemblles w i l l  be tented dmultaaeody on 

protection such enssmblei afford against ne lwted  thmnal unrglm. Both 
d d e s  and test nnimale u l l l  be ekposed a t  stations of w n g  tbnual 
energies. %asurment of fharpal traMmission u l l l  be bud in part upon 
the use of thermal indicators in back of or between t h e  layera of protec- 
tive barriers.  Thermocouple deviqes Will also be uaod t o  obtaln t ime 
temperature readings. 
on t e s t  anLmals as detemlmd by medical axamination. 

Remarks: QH t e s t  panels -sed a t  Operations UNGm and BUS= have 
i w e d  the effects  of variations I n  r a f k t i o n s ,  fabr ic  thieknean and 
special  treatments. 
in tens i t ies  beiou those c r i t i c a l  fo r  damage to the L.Mor. Xoreover, 
the  energy transmitted tc t h e  backing seems t o  depend l n  a rather compll- 
cated m e r  .on the spaclog of the fabr ic  from tbe backlng and on the 
intensity;  and there are not sufficient data over a rarge of energion t o  
indicate the important factum. 
for future laboratom work i n  the  study and dovehument of arotsctivn 

UJPmies and l i v e  animala in .an integrated study to  &temlm what order of 

These &to all1 be correlktd with degree of burn 

In umq cases the protection is h-te wen at  

The data obtained uSll  be w e d  as a basis 
.. ~ . 

clothing tsrriers against t h h e ~ m a l  radiation. ~ h i i p ~ j o c t  k~ pnrticipato 
i n  KNOTHOLE 1 and 2. 



. 
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Project Humberr 8.6 

: . _.  

R o j e d  Mficerx &. J. Fred Oasterling, Civ. 

Qbjective8 To t e s t  fabr ic  assemblles on panela Si .d l t anew4  Vltb t he  
t e s t s  on dmmies and m h a l s ,  in order t o  r e l a t e  t he  results obtehed  by 
thl8 t ecMpue  t o  results obtalned vith clothing, as well as t o  esperience 
previously obtained in f i e l d  tes t s ,  d t h  respect t o  translPissionu, con- 
ductance, reflectance, absorption and dissipation of heat through fabric  
system. 

Procedurez S&le and multiple lqers of fabrics  wlll be exposed as 9wfl'  
panels on metal racks, positions et various distances from ground ~ e r o  to 
yield a variety of themal energies. 
between layers of fabrics  and back of t he  t e s t  fabrics, Time-temperature 
recording devices dll be used in conjun0a51on-Pith some of the panel tes ts .  

I 
Thermal Indicators will be placed 

I 
Remarksa 
m a s  well as  studies of the thermal value of t e x t i l e s  in various 
laboratories, has not as yet  provided a body of w e l l  correlated data. 
This test 5s designed primarily to provlde re la ted  data as  a banis for 
interpretation of laboratorp r e su l t s  and correlation mlth the effects of 
other flame and thermal agents. I n s o P S  88 clothing l a  comsmed, It 
involves the integrated study of the thermal protection afforded by fabrics  
exposed M panels, fabrics exposed on durrmies and the same fabr ic  clpstem 
exposed on anirbls. This project uill part ic ipate  in KNUl'HOLZ 1 and 2. 

Exposure of t e s t  fabr ics  of itears of clothing a t  previous a t d c  
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I 
i 
I 
I 

i 

I 
i 
. 

Project Officers D. J. Fred Osterling, Civ - . .  
To de terdne  what pro+tion Armed Services 8tpndard bnk8 provide 

radiation. 

Procedure: .A rider of types of standard ten ts  w i l l .  be exposed a t  station8 of 
-thermal energies. 
and viU be equipped with thernal indicators at  different  points w i t h i n  tb tat. 
These data will be analyzed with reg&& t o  its porrsible b e e  on the follov- 
ing questims e 

Ths tents w i l l  be oriented in predetemined positions 

(1) Hou much thermal energy panetrates through the var io  fabric  
systems *em e s e d  under f ixed conditions as panels as compared wit fl" when they 
are used as  clothing? 

(2) Uhat is the resistance of sin& and multiple fabr ic  lnyers t o  
thermal destruction when exposed on pamls canpared to corresponding clothing 
ensembles? 

(3 )  What ef fec t  does spacing have on protective barriers in fabrie 
panels os colnpared with their use i n  clothing? 

(4) 
heat through fabric  systems? 

(5) 

Does conductance play a signFficPnt part i n  the transfer of 

With a given ser ies  of l i k e  fabrics having variable raflectance 
both i n  the visible and infra-red, w h a t  arrangement of multiple layers afford the  
best protective barrier? (Should the inner layer mxt t o  the skin be highly re- 
f lect ive,  auch a s  *it, or have a p w  reflec-y a d  high absorbency?) 

(6) &e there signif icant  differences for variolls parts of the visual 
spectram? 

Remarks: This project v i l l  part ic ipate  in KIiUl!HOIZ 1 pnd 2. 

"' 

86 



Project Number: 

Sponsor: lFswp 

Project Officer: 

8.9 T i t l e :  Effects of Tbmd Radiation - * .  on Materials 

e n q t  NavalWaterial, 
Nsv York Naval 
Shipyard 

Nr. Thomas I. Monahan 

Objective: 
emitted during nuclear detonations, particularly: 

The effective thermal radiat ion dosage ani t h e  spec t ra l  
db t r ibu t ion  of the effective f l a sh  as a function of bomb y i d d  distame 
ani ti-. 

To determine the character is t ics  of the 'thafmdlzadiation 

(a) 

(b) The amount of energy transferred through one or more 

(c)  The influence of material parameters on the degree and 

layers of clothing. 

extent of t he rm1  damage. 

(d) The effect  on a s k i n  simulant f o r  correlation with lab- 
o r a t o q  studies. 

Procedure:  five^ major stations w i l l  be established, on prefabricated racks, 
a t  operationally pertinent distances from ground zero. 
affective irradianci vill be measured using passive M i c a b r a .  The heat 
t ransfer  by condmtion and re-radiation f r o m  the back surface of the  c lo th  
w i l l  be masured by passive indicators i n  the  form of gelatine, papers, or 
the l ike,  and active indicators i n  the form of thermocouples and calorimeters. 
The temi;era:ure as a function of time of various materjals used i n  the 
laboratory i n  Q . 2  study of  a s k i n  s b u l a n t  w i l l  be made. 
meclsanism will "e employed to linit the  exposure of individual material 
specimens LO Gscre te  times. The exposed materials will be sent t o  the 
laborzta-v, z l t e r  i n i t i a l  evaluation, f o r  complete investigation. 

t m p r z c r e - t i n e  masurements. 

The spectrum of the 

A timed shut ter  

Small . .  :znccou:les con:.ected t,v UEiland recorders will be employed for  ... _ _ _  . __.__ " . 
. . .  

Remrks: 
-effects of tharmal  radiation on materials. 
pulse, that is the variation of intensi ty  Kith time, does not necessarily 
indicate the effective energy t o  whir& a material reacts  when irradiated, 
inasmuch as the f i r e  b a l l  is cooUng during most o f t h e  exposure. 
measurements a t  U N G E R  and GREENHOUSE indicated tha t  the  time of eqosure  

These data a re  required i n  connection with the  laboratory studies 
The thermal radiation 

The 
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as indicated by materiels is somewhat shorter than that  recorded by inst ru-  
ments. 
investigation on the e f f e c t i v e t b  of irrPdiation vas raade, through the 
exposure of s e t s  of typical materiels and the use of a shutter mechanism 
vhich U t e d  the exposure of individual material specimena to discrete 
t h e s .  
the effects of the level  of the incident energy as pro&ced by -6 d 

Thls project vlll part ic ipate  in tvo Yucca airdrops 
and KNOTHOLE 1 and 2. 

As part, of the Naval Material Laboratory BUS"El Studies,  a limited 

. 
. 

It is proposed t o  continue t h i s  study, With part icular  Bpphaais on 

~ diffemnt  yields. 

I 

I 
I 
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--.--. ... ---Titlw-&r&surement of Basic Character- - Project IJumber: 8.10 
i s t ics  of Thermal Fiadiation 

Sponsor: AFSWP Performing Agency: U. S. Naval Radio- 
logical  Defense 
Laboratory 

Fmject  Officer: Dr. Andrew Guthrie, Civ. 

0b:ective: a. To determine the character is t ics  of t h e  thermal radiation 
e c l x e d  during an atomic bomb detonation including t o t a l  energy, r a t e  of 
dellverj. of energy, and spectral  dis t r ibut ion i n  three broad bands (ultra- 
violet ,  visible,  infra-red) and the var ia t ion of cer ta in  of these character- 
i s t i c s  ki th  such parameters as t i m e ,  distame, f i e l d  of view, and the 
presence of obscuring matter. 

b. To determine the albedo of the surface over which the bomb 
is dstonated and the interrelat ion with thermdmeasurements and effects. 

kocedure: 
distances from ground zero selected t o  cover a vide range of thermal 
ex rg ie s .  
ca lo r imte r  having a time resolution of 20 ms. The intensi ty  - time 
vari-tion Fi l l  be deterdned from the calorimeter curve and independ- 
ently checked using t h e  MIT-intensity device. Spectral dis t r ibut ion w i l l  
be determined by means of selected f i l t e r s  covering the calorimeter 
eleiierlt. Additional calorimeters w i l l  be used t o  determine the  variation 
of t he  character is t ics  w i t h  various para~mters,  as indicated above. Albedo 
measurerents w i l l  be made before and during the detonation. E l e c t r i c a l r e -  
cording idll be accomplished f o r  both the calorimetric and in tens i ty  hstru-  
mnts by standard recarding instruments located in well-protected shelters.  

k l t i p l e  instrument stations will be located a t  various 

The total energy will be measured u i th  a recording disc 

ikriarks: 
KXOTHOLZ 1 and 2. 

This project will part ic ipate  CL two sircbops i n  Yucca and on 

aim- - 
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Project ??umber: 8 . U  
. . .  - Title:  Inik4k&akWlWr?$is&ce of 

Primary Fires (Structures and 
In te r iors  of Structures) 

PerfOmirg ag e n q :  Forest Products 
Laboratow, FS, m u  

.~ - 
Project Officer: llr, H. D. Bruce, Civ 

'I !b#ii".s; To ascertain the igni t ion and persisterne of prima.Iy f i r e s  in 
arria e materials associated with conbustible man-made structures. 

F .  
F'rocedui-e: 
found i n  urban areas tc radiation of 20 calories/cm and less to learn w h a t  
t hama l  energies cause igni t ion i n  each tes t  material, the e f fec ts  of the 
blast waw on persistence o f  priuary fires, and the seriousness of each ignited 
material as  a source of spreading f i r e  to combustible structures. 

The procedure will be t o  expose i n f l a n y b l e  materials comnonly 

I I 

liemzks: T h i s  project  i s  a continuation of FroJect S.5 of Operation TUI.IBLER/ 
S.iAPFF& i n  which combustible structures were exposed. The K/U Operation vi11 
be u t i l i zed  for exposure of inflammable materials in association with structures. 
Th3 tast resu l t s  ul l l  be u t i l i zed  t o  confirm or correct laboratow data on the  
igr , i tabi l i ty  of materials and will ultimately serve as  a basis f o r  c i v i l  defense 
planning. Tis project is supplementary t o  Project 6;llb (q.v.) the  final re- 
port  f o r  the two projects w i l l  be co-authored by the two project officers. 
This project will participate I n  tvo airdrops i n  Yucca and KNOTHOEC 1 and 2. 
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' Primary Fire (Ignitable Li t te r ) '  

-. . 

- Tit le :  In i t ia t ion  and Persistence of Project Ibmber: 8.11b 

Sponsor: AFSWP- P e r f o e  Ag ency: California Forest and 
Range Experiment Station, 

Project Officer: Dr. Keith Arnold, C iv  

Objective: 1. To determine minimum thermal energies required to ignite 
t ransient  external kindling fuels found i n  urban areas. 

2. 
3. 

To study blast-vave e f f ec t  on persistence of ignition. 
To provide f i e l d  data against which laboratory source tests 

could be scaled. 

Procedure: 
deep. 
fo rm and held i n  place by 2-inch mesh chicken wire. 
ocposed a t  one s ta t ion  with kindling f u e l  accumulations arranged a t  t h e i r  bases. 

Kindling fue ls  will be exposed i n  trays 2 f t  square and b inches 
Cardboard boxes with and without paper w i l l .  be exposed i n  their natural 

Fence sec t iom v i l l  be 

All f u e l  samples w i l l  be exposed a t  each thermal station, 5,000, 
6,0Ou, 7,000, 8,030, 9,000, 10,000, 11,000, 13,000, and 15,000 f e e t  from 
pound zero on Shot 1 and a t  t h e  first seven of these s ta t ions on Shot 2. 
sections will be erected only a t . t h e  8,000 foot s ta t ion  on Shot 1, Fuel 
moisture s a ~ p l e s  UFU be taken a t  the control s ta t ion  a t  shot time. 

Fence 

Remarks: Project 8 . D  is par t  of a research program which seeks to pre- a probable nunber of primary ignitions that may resu l t  from atomic 
explosions i n  transient, external kindling fuels i n  urban areas. Sample 
s u n e y s  are now h i n g  made t o  ident i fy  transient external fue l s  i n  urban 
areas and t o  measure t h e i r  frequency distribution. Ignition energies re- 
quired igni te  these fue ls  will be determined by laboratory source prior 
t o  Operation KNOTHOLE. Preliminary plaming i s  based on resu l t s  obtained 
from Project 2.2 Operation BUSTER and f r o m  Project 8.1 Operation SNAPPER. 
T N s  project i s  supplementary to Project 8.1l.a (q.v.) and the  final report 
for  the two projects will be co-authored by the two project officers. 
This  project -&ll participate In  tvo airdrops i n  Yucca and KNOTHOLE 1 and 2. 
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f i o j e c t  .Number: 8.12~1 - Title: Measurement of Vebcity of Sound 
.,r 

9 o n s o r :  AFSWP Psrfonning Ag encx: U. S. Navy Electronics 
Laboratory 

PA*oject Officer: Mr. H. C. Silent,  Civ 

Objective: 
of t r a n s i t  of the shock trave 

To determine the  velocity of sound near the surface a t  t h e  time 

Procedure: 
sign similar to that used on TUEBLER/SNAPPER Uill be used t o  give sound 
velocity measurements a t  approximately 1/100 second in te rva ls  at a se r i e s  of 
s ta t ions  i n  the  region of overpressures i n  excess of 3#/in.2. An a t tenpt  
rill be mde t o  measure the m i c b  velocity i n  the shock wave a t  about the  
1O#/in.2 range. Data w i l l  be recorded a t  a re la t ive ly  safe distance on equip- 
mentmounted i n  an automotive van. A modulated sound wave -3 be sent  across 
an aic gap. The re la t ive  phases of the transmitted and received waves w i l l  be 
compared t o  determine the  velocity of  t h e  sound. 

A sound velocity meter of IT. S. Navy Electmnics Laboratmy de- - 
I* 

R e m a r k s :  This project all par t ic ipa te  i n  tu0 airdrops i n  Yucca Yld KNOTHOLE 
1 and 2. 



Project Mrmber: 8.Ub - T i t l e :  Thennal Effects ph&xuaents 

Sponsor: dFswp Perfarming ency: DavM T o y l m  Model 
Basin 

Project Officer: Mr. George Cook, Civ. 

Objective: 
%he thermal radiat ion from an atomic explosion. 

To investigate t h e  nature of precursor peast i res  resulting from 

Procedure: 
instrumented u i t h  high resolution pressure gages &ng u i t h  a reference 
gage a t  ground level. 
n02mdL t o  the incident thermal radiation. These surfaces will have low 
conductivity and high surface absorbtion. One surface will npopcorna and 
'smoke. The second will have the same character is t ics  Without npopcorningn 
and smoke. T h e  t h i r d  surface will be a repl ica  of t h e  local terrain. The 
two s ta t ions w i l l  be located i n  the  region of precursor influeme and out- 
side t h e  normal precursor generation region. 

Three different test surfaces a t  each of tvo s ta t ions  W i l l  be 

The 1 0  ft. by 10 ft. tesksurfaces w i l l  be oriented 

Remarks : None 

1 

i 

. 
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PROGRAM 9 

TECHNICAL PHOTOGRAPHY 

MAJ W R  GREER, USA 

PROGRAM DIRECTOR 



4.4 
Reject Amber: 9.L - - - -cLTitler Technical Photography fo r  the, 

Support operation upSHm/ 
ENOTHOLE 

. 3ponsorr LMET 
- 

Perfowing Ag enqr EokG, USASignal 
Corps and lpokout 
Mountain Laboratory 

Project Officer: HgJ. William B. Greer, Jr., USA Signal Corps 

Objective: 
required by other projects by means of technical photography. 

The objective of t h t s  project i s  t o  furnish data as may be 

,.... , .i 

1, 

1 Roce&uren 
from an atomic explosion which cannot be recorded or obtained by o t h e r  Deans  
of instrumentation. 
wave, the t r i p l e  point, effects  on structures, e f fec ts  on various materials 
and small anfmals. 

employed, such as oscillograms, high speed motion picture  photography (up t o  
3000 frames/second), normal speed motion picture  photography and. still. photo- 
graphy. 

It is proposed t o  record on photographic fi lms and pop-s data  

Such data w i l l  include t h e  recording of t h e  precursor 

1. I 

To obtain such data varied types of cameras aud films vill be 

Both black and while and color films w i l l  be used. II. 

Sane projects will require photographic coverage during the  
actual explosions uhi le  other projects  w i l l  requirk pre  and post shot photo- 
graphy to determine effects  and other data. 

Remarks: 
w i l l  be responsible for t h e  issue, storage, direct ion of processing and 
distribution of a l l  photographic coverage. 
films and pa2ers dll be controlled by t h e  hogram Director. 

I n  addition t o  the  objective of  t h i s  project, the  Program Director 

Also t h e  r eg i s t r a t ion  of cameras, 
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Project h b e r r -  6.12 

Sponsoro U. S. Amy 

I 

Project Officer: 
~ 

T i t l e :  Detelmrinatdon of Height of B u r s t  
and Qround Zero 

- 
Performing Agency: Amy Field Forces 

Bowd#l 

Lt. Col. b l a n d  V. Tiode ,  US4 

Objective: 
zero and height of burst. 

To test methods proposed for tactical determination of ground 

The proposed methods- u e  t h e e  in number and involve techniqws 
~ l p l y i a g  acoustic, flash rmging, and radar equipment. 
employed will represent items which a re  nou or are  expected t o  be standard 
f i e l d  force equipment. 

These equipments 

Procedure: 
are  as follows: 

The operational procedures for t h e  three  types of experiments 

SOUHDx Base lines and arrap of microphone and geophones w i l l  
be placed about 10 miles from t h e  burst  in arrrveyed locations. 
ments uill record time Prrivrls of t h e  sound Oi burst  t h o u g h  the gromd 
and through t h e  air; time differences i n  the enera arrival through the 
different media will be a di rec t  measme of height. The azjmuth of t h e  
souud source will  be determined by Sound Ranging Techniques. 
may not be succesnfal in tower shots, however, no complications a r e  fore- 
seen in air drops or howltzer ahhotso. 

FLASH BANGIMQ: 

These equip- 

This e q e r b e l l t  

Bapid process cameras located on surveyed base 
Lines will photograph tho burat. Fron the  photograph and surveg data, the 
posit ion can readi ly  be detarmined by triangulation. 
be successful on a l l  types of shots. 

behind the howitzer t o  t rack t h e  h s l e  and reCora location of burst. This 
method will have prime usefulness for houitzer type shots, however, e f f o r t s  
will be  made t o  t rack air drops also. 
technique. 

This method ohould 

RADdRr A mortar tracking type of radar i s  expected t o  be placed 

Tower shots will not be wed for th i s  
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