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Ground level air blast pressures vere measured by the David Taylor
the main blast line and in aircraft parking areas for

The purpose of these measurements was two-fold:
pressure data at specific locations of especial in-
in correlating damage to aircraft on the ground and
pressure data suitable for a check of asimuth sym-
metry and for comparison with data obtained by other activities parti-
cipating in the TUMBLER-SNAPPER series of tests. BRight interferometer
(Buck) gages and eight David Taylor Model Basin capacitance gages were
used in the operation.

¢

Reproductions of the recorded pressure-time curves are placed in
the main body of the report, In addition, peak pressure values, posi-
tive and negative phase durations, and positive and negative impulse
values are tabulated for each shot.

Self-contained gage stations were used to make these measurements,
1.0., recordings vere made at each gage location rather than at a cen-
tral recording station. This technique appears to be quite successful
and requires no costly cable trenches., The development of more compact
apparatus specifically designed for mounting in a small cylindrical
bhousing underground is desirable,
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Early in Pebruary, 1952 the David Taylor Model Basin was asked to
partiocipate in the forthooming TUMBLER-SNAPPER atomic weapons test oper-
ations to be oconducted at the Nevada Proving Grounds., The Model Basin
vas requested to make measurements of air blast pressures vhich were to
be correlated vith observed damage effects to parked airoraft located at
various distances froa ground sero.

Prelininary planning talks were held with Project 3.1 personnsl at
Wright Patterson Air Force Base to deteraine their requirements for lo-
cation of pressure gages in the aircreft parking areas. It wvas suggest-
ed that the Model Basin use existing interferometer (Buck) pressure
gages vhich were on hand at the los Alamos Scientific laboratory. These
had been returned from GREENMHOUSE operations and their condition
unknown,

Model Basin participation was set up as Project 1.13 under Program
vhich included all blast-pressure measurements. A control station
wvas selected on the main blast line for comparison measurements with
ther participating projects. With a check at this station on gage re-
sponse similarity, msasurements taken in areas removed from the blast
line could be compared with those at corresponding distances from ground
sero on the blast line.

%

-

Because of the questionable condition of the available interfero-
meter gages, Project 1.13 proposed, in conference with Project 3.1, that
& type of pressure measuring system vhich had been developed at the
Model Basin de constructed for use in the TUMBLER operations in conjunoc-
tion vith as many of the Buck gages as could be rehabilitated.

At first it wvas agreed that the Model Basin would duild five chan-
nels of the TMB capacitance gage system; this was later expanded to
eight channels vhen the merits of this systew were more widely under-
stood and vhen the exact condition of the Buck gages had been determined.

The authors visited los Alamos Scientific laboratory on 12 Pebruary
1952 and, through the cooperation of their J-10 Division and of Kirtland
Alr Poroe Base, secured 16 Buck gages in various states of repair and
oompleteness. Final detalls of the gage installation requirements were
settled vith Test Command, AFSWP, at Kirtland AFB during this visit,

A major coustruction prograa was started at the Model Basin and in
about five veeks the capacitance gage systems were constructed and cali-
brated and 10 Buck gages were put in operating condition, calibrated,
and fitted to steel mounting boxes. In addition, all required support-
ing insirumentation and supplies had been obtained. The Air Force
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Due to the very short preparation time allowed Project 1l.13, the ‘
task of designing, building, and calibrating test equipment could mot ‘;
bave been accomplished without the wholehearted support of the Industrial
Departaent and the Supply and Piscal Department of the David Taylor 1

In addition to the authors the following Model Basin personnel
participated in the field operations at the Nevada Proving Grounds:

Charles W, Hoffman
Robert G, Tuckerman
Pred B. Miller

Frank H, Kendall, Jr,
Norman E, Barron

Pour Air Poroo men vere assigned to the Project at the test site
and cheerfully performed a great variety of duties in the field oper- y
ations:

Sgt. Thomas H. Burke »
m.m—.mm

PFC Robert Penton
PIC Winston Hebert

The cooperation received from the Test Command, the Progres i
Director, other Prograa Directors and Project Officers, and the sup-
porting organisations at the Proving Grounds was very much appreciated.
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CHAPTER 1

ANSTRUMENTAT JON

1.1 JNTRODUCTION

Air-blast pressure measurements were conducted by Project 1.13
during Shots 2, 3, and 4« The results fulfill two purposes: (1) they
provide pressure-time information to correlate with observed damage to
parked airoraft, and (2) they provide a check on asimuth symmetry by
comparing blast pressure records obtained in the Project 3.1 aircraft
areas vith those from the main blast line,

Pressures at each gage station were recorded at ground level. In
general the gages were located in open terrain but some were behind air-
craft-protection revetments and one was at the bottom of an open ex- ;
cavation-type aircraft shelter. ' |

Tvo types of pressure measuring systems vere employed: (1) a
capacitance gage resonant-dridge carrier systeam initially developed at
the David lor Model Basin by Dr. T.A. Perls (Ref. 1) and Mr. G. V.
Cook (Ref, 2), and (2) the interferometer gage more commonly known as
the Buck gage after its developer Dr. W.E, Buck (Ref, 3).

1.2 T4k TMB CAPACITANCE GAGE SYSTEM

The TMB capacitance gage system uses a capacitance-type pressure
pickup and a resonant bridge carrier system and records by means of a
moving fila camera. It has excellent transient frequency resolutionm
capabilities and is remarkably stable in the presence of shock, vibre-
tion, and sudden tempersture changes. The system may be studied in two
parts: (1) the pressure gage, and (2) the carrier amplifier, power
supply, and camers.

1.2.1 Ihe Pressure Gage

Figure 1.1 shows a cross section of the pressure-sensing
ement of the gage as mounted in a daffle plate. The 2 by 3 foot baf-
plate was oriented lengthwise towvard the blast with the gage center-
nearer the rear portion of the plate. The sintered brass filter
(Porex®) provides mechanical and thermal protection to the gage

238

*Porex Grade 2, Manufactured by Moraine Products Division, GMC,

Dayton, Thio.
5%

-

3

er - - —




UNCTASSIF]

-

«Boffe Mol Goshet < Imi Air Gap  Presswe Sensive Diaphrogm .~ Pores Filter
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Figure 1.1 Section of Gage Head

The gage head consists essen-
tially of a central fixed electrode
and a pressure sensitive diaphragm
closely spaced to the fixed elec-
trode 50 as to form an electrical
capacitance,

diaphraga. The filter was vaterproofed by dipping in a solution of
silicone 0il in methyl ethyl keytons and then baking dry. It was felt
that wvax, which had been used in the past with Porex filters im Buck
gages, might not be a satisfactory agent to use for waterproofing since
the initial high thermal flux from nuclear explosions could melt the
vax residue in the filter and clog the very small pores before the

1 arrival of the shock wvave. The design of the gage itself was based in
_ part on the requirement of minimising the influence of temperature

4 changes, and, in this respect, the use of Kovar and glase construction
. vas of benefit, A photograph of the pressure gage is shown in Figure

i 1l.2. Circuitry vithin the gage consists of a four-arm capacitance
bridge vith the diaphraga and fixed-electrode combination of the
pressure-sensing element as the active bridge arm (Pigure 1,3). Trim-
ming capacitors and driver and pictup transformers are mounted within
the heavy-wvalled box of the gage body. The driver transformer is tuned
t0 resonance vith the bridge capacitance as seen from the driving
points, a-b, and the pickup transformer is tuned to resonance with the
bridge capacitance as seen from the pickup points, o-d.

-'..
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The central circular
diaphrega cup vhich is held in

The gage head is an integral part of the
bridge box.

vy e

hea
part 1o
place by the knurled clamping ring.

After the bridge is tuned, the entire circuit is imbedded

ia EEL casting resin, After imbedding, the gage circuit is impervious
to shock excitation and to weather conditions, and the passive elements

have been made, the top portion of the pit can be filled with sandbage
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Pigure 1.3 Capacitance Gage Circuit

to the level of the ground to provide blast and rediation protection
for the electronic equipment and the camers. Certain vires are brought

dry runs, In the interest of brevity, only a short functional descrip-
tion of this measurement systea is given here.

A special bridge circuit, siailar to that shown in Pigure
1.3 is energised by a carrier current of 500 ko by means of a lov im-
pedance trunsmission line. The frequency of this carrier curreat is
crystal stabilised. The bridge circuit is balanced before recording.
The eleotrical capacity of the air gap in the gage is a part of the
total capacity in one leg of the bridge circuit. Pressure applied to
the gage head changes the capacity of the gap.

Initial balancing of the system is accomplished by adjust-
of oontrols on the ocarrier amplifier unit. Thereafter any unbal-
voltage from the bridge is treansmit‘ed back to the oarrier ampli-
via snother transaission line. This voltage is amplified and fed
phase-amplitude sensitive disorimimator circuit in vhich
is ocompared vith the bridge driving wvoltage. The
bridge unbalasce, i.e., vhether the unbalance represents
r negative pressure applied to the outer surface of the dia-
deternined by means of phase comparison., At the same time
of the signal wvoltage is determined, the r-f oomponent
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Fgure 1.4 Typical Capacitance Gage System Installation

The rectangular hole is about 6 feet deep, A double
plywood platform supports the sandbags vhich provide blast
protection for the electronic instruments. The camers is
placed at the bottom of the pit where maximum distance of
interposed earth provides radiation shielding.

is removed by rectification, and the resulting d-¢ signal represents
the sense and magnitude of the pressure. This d-c signal is used to de-
fleot the electron beam of a cathode-ray tube in the camers unit. The
oamers records the position of the cathode-ray beam on a moving fila.

A special tiaing oscillator and spark discharge electrode places a time
base on the fila,

Prisary power is furnished for the system by a 24 wolt
aircraft-type storage battery. A dynamotor provides plate voltage
tors
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the camere in as little as 2 seconds vith maximum motor voltage. A min-
iature spark plug is used to put timing marks on the edge of the film,

Fgure 1.6 1s a viev of the electronic equipment installed
in a typical instrumentation pit,

bbbk Ll L Ll L L |
Film Drive |
Stop Switch Camero Cose |
|
16 mm Film % So:::ﬂt;:v
Focusing Lens Yoke Up Ree!
il A
° 4
Projection ’ Film Guord
Mirrgr ;
/ :
wpppo. X

& —

Hgure 1.5 Recording Camera for Capacitance Gage Systea

Mirrors project the spot of light from the cathode-ray tube,
mounted on the reverse side of the camers, to the moving fila,

Pigure 1,6 Capacitance Gage Instrumentation Pit

o A
UNCLASSIFED




] ':.'.-nJ ’
!

S
1.3 THE BOCK GAGE

The interferometer or Buck gage 1s well described in the literature
(Ref. 3). It 1s a self-contained unit that photographically observes
hmfcrqo fringes formed between an optically flat pressure sensing
diaphragm and a slightly concave glass backing plate. The Buck gage
was originally developed for pressure measurements in high explosive
wvork. Its adaptation to nuclear weapons tests introduces several
probleas:

1. In areas of high nuclear radiation intensity, the recording L
film must be protected from this rediation.

2, When rediation shielding is eaployed, the pressure diaphragnm
can no longer be flush with a baffle surface.

3. In the areas where nuclear radiation protection is needed,
pressures are usually high and a higher natursl frequency
diaphregm could be used. The frequency attenuation introduced
by the required lead tube nullifies the good frequency charac-
teristics of such diaphragms.

4. Vith the longer periods of sustained positive and negative
pressures characteristic of atomic explosions, the 100 feet
of film runs through too fast to record the entire phenomena,
In order to maintain any time resolution as far as readability
of records is concerned, the film velocity would have to be
maintained and a much longer film would be required.

1.3.1 Iuck Gege Installstiopn

Fgure 1.7 shovs a typical Buck gage installation. Machined
lead bricks wvere stacked all around the gage box for mu-
tion shielding. The pressure tube consisted of a 1/, inch
ter hole in the center of a lead filled pipe. Pine lead shot was
around the tube to fill any gaps in the brick. The large battery
to house the dry cells required for d-c¢ operation of the
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Figure 1.7 Buck Gage Installation with Lead Shielding

The Buck gage is suspended from the heavy steel cover
plate., Machined interlocking lead brick provide radiation
; shielding. Pressure is transmitted to the gage diaphregnm
through the pressure tube.

Figure 1.8 Buck Gage Attached
to Baffle Plate
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1.4 ACTIVATING CIRCUITS

Thus far the two gage systems have been described as separate
units. The activating circuits which turn power on, start cameras, and
mOve sequencing cams operate in a similar manner for both circuits and
vill now be considered.

Certain "last close® wires were brought to the top of the ground
at each gage location so that the equipment could be put in the "ready”
condition after the last dry run prior to a shot, After that, the auto-
matic features described below functioned at the proper times so that
the camerss would record the transient pressure phenomena for each shot,

1.4.1 Pover op Signals

Relay signals turned the primary power on for all gages at
minus 30 minutes for the capacitance gages and at minus 5 minutes for
the Buck gages. As stated before, each system operated from its own

battery power source.

l.4¢2 Camers Starting Devices

Since insufficient film was available in the cameras to re-
oord from the instant of detonmation T, to the end of the pressure wvave,
it vas necessary either to provide a gh. delay after a T, signal or
to start the cameras a knowvn time before the arriwal of the shock wave
at any particular gage station. As other projects were gathering suf-
ficient data on time-of-arrival of the blast wave with respect to the
iastant of detomation, all Project 1.13 records express sero time t, as
the arrival time of the initial shock front at each gage.

Por the gages closest to ground sero, the cameres were ini-
tiated from & "blue box" circuit and a mechanical time delay (see
Appendix A--Thermal Shield Remover). All other recording stations
obtained camere-start signals from blast-actuated switches placed about
800 feet ahead of the gage toward ground sero so that the mmeras start-
od adbout 0,7 seconds before the arrival of the shock front. This al-
lowed sufficient time for a calibration step to be recorded and for the

fila to get up to speed.

Flgure 1,10 shows the blast actuated trigger arrangement.
Two unite vere employed at each station with the two aluminum break

folls comnected electrically in series. The function of the foil
to hold a relay open until either or both foils broke as

of the impinging shock froant. The foils were slotted in the ;
ter to provide a weakened point for the start of the break but were !
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to prevent birds or animals from breaking the foils. It should be
noted that the mrticular advantage of a normally shorted line for a
trigger system is that electromagnetic radiations present at the instant
of bomb burst cannot trigger the circuit by inducing voltages across the
transaission line to prematurely close a relay.

Figure 1.10 BHlast Actuated Switches

The cylindrical tubes are oriented in the direc-
tion of the expected shock wave. The shock front is
depicted as having just broken the foil in the first
cylinder and is approaching the second switch. The
two foils are normally connected in series electri-
cally so that if either (or both) break, the switch
is actuated.

1.4.3 Sequencing Punotions

Sul uent to the minus 30 minute "power on" signal, the
breaking of the t actuated trigger circuit starts the following se-
quences for the capacitance gage circuits,

l. HMla and cam drive motors start.
2, Cathode-ray beam is turned on, !
3. HMla-tining marker is turned oa.
4e Automatic balance is turned off,
5¢ OCalibration relay is closed,

20
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The motor-driven cam then performs the following functions:

6. Calibration relay opens after 0.} second. i
7. Mla drive motor is de-energiszed after 15 seconds.
8. "All Stop" cam cuts all power until apparatus zay be

manually reactivated,

The blast wvave pressure is recorded following step 6. It
is to be noted that the film drive motor is normally cut off by the
"end-of-fila® microswitch so that step 7 is a safety feature.

The Buck gage lamps, pover, and timing circuits are turned
on simultanecusly with the minus 5 minute relay closing; then the se-
quence initiated by the break in the blast foils is as follows:

1. The fila drive motor starts,

2. The cam motor starts,

3. The film drive motor is stopped by a microswitch
actuated by the passage of the end of the exposed film.

4. The cam motor runs for about 20 seconds and then turns
the lamp, the power, and the timer circuits off and
removes voltage from the already de-energized film
drive motor,

1.5 CALIBRATION OF GAGE SISTEMS

Careful calibrations vere made of the capacitance gages and Buck
gages at the Model Basin before the equipment was shipped to the Nevada
Proving Grounds. The calibration of the capacitance gages was rechecked
after the equipment was returned from the TUMBLER-SNAPPER operations.
Calibration of all gages except one agreed vithin 2 per cent of the
original calidrated values. The original calibration value wvas used
for analysis of all records. The Buck gages were transferred to AFSWP
custody at the test site, and, therefore, recalibrations were not
obtained.

Both static and dynamic calibrations vere made to determine the
sensitivity, frequency response, and damping for each unit, Buck gages
vere calibrated in the back pressure chamber of a 3 inch shock tube. A
static positive pressure wvas built up, the Buck gage camera wvas started,
and the shock-tube diaphrags was punctured to suddenly reduce the pres-
sure to atmospheric conditions. A calibrated Statham pressure gage wvas
used to read initial overpressure, and the photogrephic record was ana-
lysed to determine the number of fringe changes per pounds per square
inch and to observe the damping and frequency responses of the gage.

Capacitance gages were calibrated statically for sensitivity and
vith a steep fronted shock wvave passing across the diaphraga for

2
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transient characteristics. Unlike the Buck gage which has only one
full-scale value, the capacitance gage system can be calibrated for
full-scale detector deflection for each of the attenuator positions in
the carrier amplifier unit,

A static calibration wvas obtained by applying pressure to a capaci-
tance gage diaphragm until the amplitude of the electrical calibration
step was matched, Since the electrical calibration was photographed on
each pressure record, accurate static calibration can be considered to
have been made at shot time., Accuracy of the electrical calibration is
assured by careful selection of stable capacitors and resistors in the
calibration and attenuator circuits of the system. Influences of any
ohnng&a in oscillator or amplifier operating conditions are thereby
nullified.

1.5.1 Frequency Resolution of Gage Systems

The frequency resolution capsbilities of the capacitance
gage system were determined by shock-tube experiments., Tests wvere made
vith and without the Porex filter in front of the gage diaphragm. PMg-
ure 1l.11 shows the pressure responses obtained. Even though the dia-
parage of the capacitance gage was virtually undamped and can be excited
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Figure 1l.11 Pressure Attenuation by Porex Filter
The

records were obtained from tests of a capacitance
in a shock tube with the gage face perpendicular to
shock front. The 60 k¢ naturel frequency of the gage
phraga is excited because of the abruptness of the
front. Mean values of the photographic traces are
by dashed lines. The initial attemumtion in pres-
amplitude due to the presence of the Porex is 30
cent, Attenuation decreases to sero in 60 micro-
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at its natural frequency of 60 kec by a sufficiently steep wave front,
the mean walue of the amplitude of the initial blast front can be deter-
ained accurately down to the time limitations of film speed or shock
front transit time across the surface of the diaphraga.

Porex attenuation of the amplitude of an initial shock front
needs to be considered only for the first 60 microseconds of a record
and then only for records where the shock wave steepness is greater than
about an equivalent 5000 cycles per second. Porex attenuation in the
Buck gage is a minor factor since the sensitive glass diaphregnms had
naturel frequencies of the order of a few thousand cycles per second and
the exact damping factor achieved was a matter of chance and subject to
w in use.

In addition the devious paths that the pressure wave must
take to get down a lead tube and around a damper plug to the diaphregm
introduces wave distortions far in excess of any attenuation caused by
the Porex filter. The frequency response obtained with most of the Buck
gages vas not high.

1.6 LOCATION OF GAGES IN T-7 AREA

A map of the field locations of the 16 stations instrumented by
Project 1.13 is given in Figure 1.12. All ranges shown are ground dis-
tances in feet from target sero to the survey working point in the gage
area, Actual calculated ground and slant range for each gage location
are given in Chapter 2 along with tables summarising pressure data.

Gage nomenclature is based on a letter A, B, C, or D, relating to
the aircraft parking areas "Able," "Baker," "Charlie," and "Dog," a
oumber for the particular gage in the area, and & suffix "BK" for the
Buck gages and "CAP" for the capacitance gages. In general the number-
ing sequence reads from left to right as observed from behind the gage
area looking toward ground sero. The capacitance gage station on the
main blast line is labeled 7-204-CAP in accordance with the regular
blast line identification systea.
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CHAPTER 2

MEASUR{ENT OF PRESSURE VS TDME

2.1 INTRODUCTJON

Records of air blast pressure measurements for Shots 2, 3, and 4
for the stations mapped in Pigure 1.12 are presented in this chapter,
The records are grouped by shot nuamber and presented in order of in-

creasing ground ranges.

The record from each gage location is presented in two curves,
Part (a), on left hand pages, gives the shock front shape and rise time
for the first 20 milliseconds ?noo) after t,, and part (b), on right
band pages, gives the full history of the positive and negative phases
of each record. Amplitude scales are the same for corresponding pages,
and all time scales are based on t, as the time of the initial pressure
rise at a gage location.

Several of the Buck gages ran oyt of fila before the pressure wvave
had passed, It wvas not possible to adjust the film drive motor to slow-
or operating speeds and have the speed governor function properly. It
would have been desirable to have all gages run at least 10 seconds
after t, so that final seros could alvays be verified.

2.2 AMALYSIS OF RECORDS

The analysis of the records obtained by Project 1.13 wvas made with
particular emphasis on instrumentation, rise time of pressure shock
frouts, and notation of initial spikes and unusual wvaveform. Peak posi-
tive pressures, maximm negative pressures, duration of positive and
negative phases, and positive and negative impulses were also studied.

: The correlation of damage to aircraft with observed pressures and
the comparison with previous operational test results was not the re-
sponsidbility of Project 1.13.




calibration step appeared on each record, the variable scale could be
adjusted to read directly in calibrated pounds per square inch,.

The Buck-gage records were transcribed by the process of
counting fringe changes (and estimating fractional fringe changes) as a
function of time and then multiplying by the calibration factor in .
pounds per square inch per fringe change to get the pressure,

2.3 o7 2 RESULTS

PMgure 2.1a shovs the wvaveforms of the initial shock fronts for

Shot 2 at various distances from ground sero. The incident shock front
for free air conditions was undoubtedly steep and abrupt. Some of the
variations in the recorded shape of the wavefronts obtained by ground 5\
level capacitance gages are believed due to localised terrain conditions,
such as the presence of objects ahead of the guge, Slight apparent neg-
ative pressures were detected ahead of the shock front at 7-204-CAP and |
B-2-CAP. The capacitance gage systems in themselves are insensitive to 2 1
relatively large displacement-acceleration effects. & |

The reasons for the formation of precursor phenomena in ral
is not known to the authors at this time, but the possible uence of
objects ahead of the gages can be observed. For 7-20{-CAP on Shot 2,
there was a rough low mound of earth about 40 feet in advance of the
gage and, in addition, an anchor beam for a tower guy cable protruded
about 1 foot above the ground 20 feet ahead of the gage. The sudden
dip in the record wvith a minimua at 0,5 msec may result from the turbu-
lence set up by these objects. Both D-1-CAP, vhich was located at
ground level but close behind a high vall-type revetament, and D-2-CAP,
vhich was at the bottom of an excavation-type revetaent and immediately
behind the end wall, show the initial pressure fronts starting to rise,
then taking time to "fill-in" behind the wall and in the excavation
void,

The B-1-CAP gage was in a stabllized area with a clear space sev-
eral hundred feet in front., The pressure record is clean and the wvave
front {s abrupt. The B-2-CiP gage was in the same area but a concrete
canera pedestal stood about 80 feet in front. It appears logical to
assume that the disturbance to the wave front wvas caused by this
M..mo

Pigure 2.1b gives the full time history of the pressure waves and
Table 2,1 summarizes data for Shot 2.

2.4 HOT 3 RESULTS

Pressure~time curves from the Able area are given in Figures 2,2a
and 2,2b. There is much similarity of wvave form between the two
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TABLE 2,1

Ground Level Pressure Data - Shot 2

Phase

4

333 EEER

iaooood

2

R B

”333 g 8 & 8 3

gé c 6 6 © ~

§§§i BEEE
‘£ OOOOO

'if 384394

éi OOOOO

[ 4

3

.

e * -
ooooo

Peak

Pressure | Duration

pei

ﬂﬂﬂﬂﬂ

feot

Cround | Slant
Range Range Positive

feot

Gage
Sta

tion




e G R L A

Pressure in pounds per square nch

o

~

o

~

UL

Mgure 2.1a - Shot 2,

Time in milliseconds

TT AT ] 1
I | ! B e e B ! —
| | | .
- A A * 3 $ v'l j‘L
| |
| Gage Stotion 7-204 CAP i | i
; . . - -AT-«-n - V r
L Ground Range 2875 f1 ; :j |
| T
-1cap | |
2 . w . - v . 4 e D ' c‘ - % @ 85
3923t ! ]
z i
) . . . . - . - . . 4 . $
| |
Ty
4 D 3 sasi e MG ST ! L
D-2 CAP |
' 3934t >
. . L . >~ 3 - 4 - - - ——y g —t— ‘P“""""
- rA | _— 4 4 - " S - e - :
-t CAP
r 3 S W T — 8 ¢ - ES T N S e = W _Jr.
T893 1t
8-2 CAP | |
: 1 i
| 7887 \
VT
’{\/ | .'
A 4 <5 -
i * 1Y o)
. ;. A i - ) J & l
-2 0 2 4 & ] 10 12 14 16 18 20

Air Hlast Pressure at Ground level
versus Time. Shook Front Shape and Rise Time

30




323 fr
D-2 CAP
3934 11

B-1 CAP

=

;-4},

Ground Ronge 2875 ft

D U W W— -—-4

Goge Station 7-204 CAP

-

-~

-

4.

Sy

0,0nds 400 SPuUnOd W NSSBIY

-+

18 20

14

2 CaP

r887 1t
1.2

7893 1

8
1.0

All Time History

) §

-t -,4r_ .

o1 ]
Time in seconds

&

Air Blast Pressure at Ground level

os

versus Time.

0.2

Figure 2.1b - Shot 2,

-0.2




s I TR I T TS T

DieLASSr A

Buck-gage records and the capacitance-gage record at this station wvith
the exception of a very sharp spike at 1 msec which the capac! tance
gage recorded but the Buck gage missed. The average slopes of the ris-
ing portions of the three curves agree very closely and the firet sus-
tained peak occurs at 3 msec for each gage. One of the Buck guges ran
for only 0,5 second and the other for 1.8 second.

Capacitance-gage records for the blast line Station 7-204 and in
the Dog aircraft area are shown in Pigures 2.3a and 2.3b, The shock
front rise time at Station 7-204 1is about the same as at the Able area
wvhich indicates that thermal and mechanical effects on the earth extend-
od at least to this range.

At the 3370 foot range for the Dog area gages, the wave front
steepness is not distorted by thermal activity but the same slow fill-
in charecteristics for pressures behind the revetments is apparent as
in Shot 2. The significance of the sharp positive spike at 0.25 second
for D-1-CAP and of a corresponding disturbance on D-2-CAP is not kmown.

Figures 2.4a and 2,4b shov the two capacitance-gage records for
the Baker ares along with the record from the Buck gage which was lo-
cated adjacent to B-2-CAP, Again the influence of a disturbance ahead
of the gage in attenuating the sharpness of a wavefront can be shown
by cosparing B-1-CAP with B-2-CAP, The spike that is preseat on B-1
does pot appear on the B-2 record. The Buck gage used here did not
bave sufficient frequency response to faithfully record a sharp-fronted
shock vave.

Figures 2.5a and 2,5b complete the records for Shot 3, The B-2-BK
record is presented in these figures rather than with other Baker reo-
ords because its location within the revetment is similar to the posi-
tioning of the Dog station gages. lMoreover, this gage exhibits the
same slov rise pressure record as do the Dog gages. Unfortunately the
Buck-gage lamp burned out as a result of the initial shock disturbance
to the gage and the record lasted only 50 msec. The best over-all
agreement between a Buck gage and a capacitance gage can be observed at
the Charlie location. The gages were located side by side in a clear
uninterrupted ares. The Buck gage used here appears to have about the
best frequency response and most accurate damping adjustment of any
used in these tests. It also had one of the most sensitive diaphragms
and ocould not be used at the close-in stations. There is even evidence
of the small mechanical precursors on the Buck-gage record as well as
on the capacitance-gage record. Again, unexplained positive spikes
shov at plus 0.38 msec on both records. A summary of Shot 3 data is
‘im in Table 2.2.
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2.5 SHOT 4 RESULTS

Shot 4 produced some of the most interesting pressure-time curves
of the TUMBLER-SNAPPER series of detonations. The scaled height of
burst wvas much lover than for the other three shots.® The thermal and
mechanical damage close to ground sero was very severe., Likevise the
nuclear radiation intensities were much higher for this shot, so high
in fact that the two Buck gages in the Able area (2240 feet from ground
sero) had their film completely darkened through 8 inches of lead brick.
The recorded rediation dosage within each Buck gage box was greater than
20 r*® {n comparison with 0,14 r at the camera location in the adjacent
10 foot deep capacitance-gage pit (see Appendix B).

Flgures 2.6a and 2.6b show the curves for A-1-CAP and 7-204-CAP.
The Able area record shovs a large positive precursor pressure signal
of about 3 pounds per square inch which had built up before the arriwal
of the shock front. The shock pressure increaged very slowly after t,
80 that the theory of thermal attenuation of shock fronts is further
substantiated. At Station 7-204 (2340 feet), the precursor had disap-
peared and shock front attenuation was probably due only to thermal and
mechanical influences on the earth's surface.

It is interesting to note that the 2.7 pounds per square inch pre-
cursor wvas observed at a range of 2240 feet in a black-top stabilised
area. This may have been a greater range for the phenomena than wvas
observed along the blast line.

Flgures 2,7a and 2,7b give data for three capacitance gages in the
Dog area. An extra station was set up as D-3, in the open and 380 feet
to the left of the wall-type revetment, as one looks towvard ground sero,
to provide a control measurement for evaluation of the influence of the
two types of reve‘ments in this area,

A small superimposed second shock appears at 0,65 second from t,,
and the negative phase develops a knee in the curve as a result of a
tertiary shock superimposed on the end of the negative phase starting
at about 2,0 seconds.

Figures 2.8a and 2.8b again group the results for the two capaci-
tance gages in the clear stabilized Baker area with the Buck-gage rec-
ord for the station adjacent to B-2-CAP, Aside from the disturbance
assumed to be introduced by the camera pedestal in the B-2-CAP record
(as in Shot 3), there is good agreement between the two capacitance

*Height of burst scaled to 1 kiloton at sea level—T747, 995, 1012 and
363 feet respectively for Shots 1, 2, 3 and 4.

S%Roentgens.
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Figure 2.6a = Shot 4. Air Blast Pressure at Ground level
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gages as evidenced by positive impulse values of 0,86 and 0.8 pounds
per square inch per second. The Buck gage also is in reasonadly good
agreement with a positive impulse value of 1.12 pounds per square inch
per second. The Buck-gage record, however, points up the pos otb ty
of reaching false conclusions as to the true shape of a vavefront if the
frequency response of the recording system is not fully considered. The
Buck-gage record shows that the shock front took 5 msec to reach a peak;
from this it might be erronecusly concluded that thermal attenuation
effects vwere present out to the 7700 foot distance. Positive phase du-
rations agree very closely but the occurrence of the superimposed seocon-
dary shock in the middle of the positive phase was at slightly different

times for the three gages. Negative phases in the capacitance-gage
records exhibit the same characteristic knee as at the Dog stationms.
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Unfortunately the Buck-gage record did not include all of the negative
m.

The remaining records of the report are presented as Figures 2.%
and 2,9b, Two Buck gage records were obtained in the vicinity of the
G-type revetasnt. Oage B-1-BK wvas bshind the revetment at the foot of
the back slope and B-3-BK was at the foot of the front slope but in the

clear ground sero. The B-3-BK gage record can be compared with
the curves of Pigure 2.8 since all were located in line at about the
;?nm. Such comparison reinforces the agreement shown in Pigure

é
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The B-1-BK record shows evidence that the combined effect of the
front and back walls of the G-type revetaent result in some reduction
to both peak positive pressure and positive impulse, about 20 per cent
each, Of ecourse the inside of the revetment is the assumed protective
ares for aircraft but because of the failure of B-2-BK on this shot
the only information on the protection offered by the revetment {other
than observed danage to aircraft) is the approximately 35 per cent re-
duction in aversge peak positive pressure experienced within the revet-
ment for Shot 3,

The last two records are for the Charlie location and again good
ocorrelation is shown between the two types of gages. Shot 4 data are
summarized in Table 2.3.

Table 2., summarises the rise times for all gages on Shots 2, 3,
and 4 to the first distinoct positive peak. Peak values reported in
this table may or may not be the maximum pressures attained, depending
upon vhether subsequent maxims exceed the first peak in amplitude.
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3.1 GONCLUSIONS

The peak ground-level air-blast pressures recorded by the David
Taylor Model Basin at Station 7-204 on the main blast line for Shots 2,
3, and 4 agree within 3 per cent with the average of all other pressure
meéasurenents at that location, With good agreement at & common location
it would see= that direct pressure comparisons could be made between
records obtained by Project 1.13 in aircraft parking areas avay from
the blast line with those obtained by other projects at comparable dis-
tances along the blast line. It appears that most variations that may
be noted from such comparisons can be attridbuted to local conditions of
terrain, surface composition, and proximity of above ground structures
or objects. Such influences, howvever, are very pronounced at certain
locations.

Capabilities of the Taylor Model Basin capacitance gage sy:.sa are
such that true representations of steep~fronted waveforas are obtained
down to a lim{tation of 10 microseconds rise time. Good agreements
were observed with low frequency-response pressure measuring systems at
Station 7-204 because the rise times to the maximum positive pressure
at that station were slov--3,0 msec, 4.0 msec, and 12.0 msec respec-
tively for Shots 2, 3, and 4. Where wavefronts are steep, peak pres-
sure, as deterained by graphical extrapolation of records froa lov fre-
. quency gage systems, generally give values that are lower than those
i recorded by the capacitance gage systea,

As an aid in the correlation of structural damage to aircraft, the
peak positive pressures and positive impulses have been presented with
the data of this report as averages for five different ranges and as
direct comparisons between the results of Shots 3 and 4; see Table 3.1.
It vill be noted that for a range of 2100 feet, the peak pressures for
Shots 3 and 4 were about equal but the impulse value for Shot 3 was
only one-half that for Shot 4. At an intermediate range of 7800 feet,

. the impulse values were equal but the peak pressure for Shot 4 was one-
; half that for Shot }--just the opposite of the relationship for the
near-in range. In a transitional range of 3000-3800 feet, pressures
and impulses were almost identical respectively for the two shots. At
the more extreme range of 10,200 feet, the pressure and impulse wvalues
are consistent vith one another, vis., lower pressures for Shot 4 were
associated vith corresponding lowver impulse values as compared to Shot
3 wvalues.
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TABLE 3.1

Positive Pressures and Impulses for Shots 3 and 4

Shot ) Shot 4
Range
Presasure Iapulse Pressure Impulse
feet
psi pasi-sec pai psi-sec
2100 R.C(‘) 2.6(‘) 12.5 5.9
3000(f) 79 2.7 8.7 2.5
m "ol(b) 2.°(b 6.6(0 2.0(@
7800 4e5(d 0.5(d 2.4(4 0.9(d
10,200 2.9(e l.1(e) 1.7(e) 0.7(e)

(a) Average of A-1-BK, A-2-BK and A-1-CAP
(b) Average of D-1-CAP and D-2-CAP

(¢c) Average of D-1-CAP, D-2-CiP and D-3-CAP
(d) Average of B-1-CAP, B-2-CAP and B-5-BK
(o) Average of C-1-BK and C-1-CAP

(f) Single gage reading at 7-204-CAP

David Taylor Model Bagiz records for this series of tests are be-
lieved to have an over-all accuracy of 5 per cent with possibly slight-
1y less accuracy for certain negative phase phenomena. The capacitance
gage recording system proved very satisfactory for these tests. Only
one gage failed to operate properly and this was due to the complete
inundation of an instrument shelter before a shot. The shelter could
not be dried out sufficiently before the equipment was installed and
the moisture shorted out a high voltage circuit,

The application of the Buck interferometer gages to these tests
vas not, on the other hand, nearly as satisfactory. The gage is diffi-
cult to adjust, unpredictable in performance from one operation to the
next and difficult to shield from nuclear radiations. Out of 23 Buck
gage installations made for Shots 2, 3, and 4 by Project 1.1) only
eight usadble pressure records were obtained. Iwo records were lost be-
cause the 8 inches of lead shielding did not provide sufficient protec-
tion for the fila from nuclear radiations on Shot 4.

3.2 RECOMMERNDATIONS
The recommendations offered by Project 1.1) relate mainly to ia-

provenents in instrumentation for air-blast pressure measurements on
future atomic weapons tests. A major purpose of any field test prograam
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is to produce data--reliadble data. The instrumentation should meet
standards of accuracy and resolution consistent with the end use of the
data, The more reliable the instrumentation and the simpler the instal-
lation the greater the chance that all data desired will be obtained and
the cost of securing these data in both time and money will be minimized.

It appears that there is consideradle advantage to be gained by the
use ¢of independent self-contained gage stations with all of the equip-
ment located in a small hole such as could be bored in the earth vith a
pover auger. The recorder for each station should be reasonably low in
cost but even this cost could be offset by the elimination of long cable
trenches, the multiple cables in these trenches, and the large under-
ground shelters rejuired for central recording stations., Certain opera-
tional difficulties experienced with long cables in sensitive gaging and
recording systemas would also be eliminated.

Should it be desired on any future tests to study the exact wvave-
forms of shock fronts or precursors it is suggested that the use of the
capacitance gage system with its proven high frequency response be con-
sidered. This measurement systea is self contained, rugged, and reli-
able, and can be readily adjusted for full scale recording on any one of
soveral pressure ranges with automatic electrical ocalibration inherent
for each range.

Since preparation time for TUMBLER-SNAPPER vas so limited, certain
desirable refinements in the measurement apparatus, that could not be
incorporated at that time, are su gested here:

1. It seems desirsble to use a stretched steel diaphragm as the
pressure sensing element in the gage head. The air space beshind the
diaphraga, incluling the capacitance gap, should be evacuated and sealed.
This vill ainimisze long term variations in the pressure reference datum
that occur as a result of slov changes in the gage temperature and the
resul ting influence on the air pocket. In the existing gage systea, as
used on TUMBLER-SNAPPER, these slov variations were compensated for by
an sutomatic rebalancing circuit. It is believed that adequate pfotec-
tion from repid thermal flux changes is provided by the thermal and
dust filter used over the diaphregms.

2. A redesign of the physical arrangement of the apparatus is in-
dicated so the assembly could be fitted in & vaterproof cylindrical
housing that might be lowered into a 24 inch standpipe in the ground.
Then a baffle plate could be placed atop thed pipe for ground level meas-
urements or a smaller pipe could be extended to support a baffle for
above ground measurements.

3, It would be desirsble for the recorder to run at least 7 sec-
onds 3o that the pre-shock sero reference datum could be rechecked at
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the end of the film after all air-blast effects had terminated.

The rience of the Project 1.1) wvith the Buck interferom-
oter gages to the conclusion that g e gages are not well suited
to tests of this nature. Although some of the existing deficiencies
could be corrected by redesign, it is felt that efforts could more pro-
fitably be devoted to development and improvement of other pressure re-
cording systems for future atomic weapons tests.

)




A.l GENERAL

The best information available to Project 1.13 during the prepare-
tory stages for the TUMBLER-SNAPPZR operation indicated that the expect-
ed thermal flux intensity for ground ranges corresponding to our gage
stations closest to C.Z. might be high enough to fuse the sintered brass
Porex filters and prevent the pressure from reaching the sensitive dia-
phragas.

For this reason an arrangement was worked out whereby a thermal
shield positioned directly over the gage would be removed shortly after
bomdb detonation and before the arrival of the pressure wvave.

The effectiveness of the thermal shield remover in carrying out
its aission vas demonstrated in the Able area on Shot 4. The white-
washed gage baffle plate was scorched except where the shield cylinder
protected the gage area. The pressure wvave was recorded satisfactorily
indicating that the shield was removed at the proper time.

The shield consisted of a 5 inch diameter sheet metal cylinder
8 inches long with one end open and a 2 foot square of plywood as a cap
on the top. The open end of the cylinder was placed on the baffle
plate directly over the gage. An attached gasket ensured a close fit
to the baffle, The shield was held in place with light strings anchor-
ed to small pegs in the ground.

The device that removed the shield consisted of an 8 foot long
1 1/4 inch pipe pivoted at one end where it attached to a capstan-like
device mounted on an axle driven into the ground. The capstan or pivot
point wvas 80 located that the arc-of-swing of the free end of the arm
intersected the shield over the gage. A fork arrangement on the end

housed in an iron pipe and secured at one end. The vas
80 that a steel cable fastened to the free end of the
be wound around the capstan drum. The
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The anchor point was so chosen that about 0.7 second delay was ob-
tained after detonation time. The "loaded” arm was restrained at the
anchor point by a heavy cord attached to a cellulose tape vhich was
looped around an explosive squib. The squib was secured at the anchor
point. On signal from a "blue box" circuit the squib exploded to break
the tape and release the arm. When the arm had moved part of the way
around, it vas caused to simulate a break in a blast foil and start the
camera for A-1-CAP.

A movie vas made of a trial operation of this device on 18 April
1952 (Mlm Mo, P-16-100-6, Documentary Photogrephic Unit, Los Alamos
Scientific laboratory).
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B.1 GENERAL

To provide information on the effectiveness of the shielding em-
ployed to protect camers fila from nuclear radiation, film badges were
placed in the various Project 1.1) instrument shelters for Shots 2, 3,
and 4. The fila badges were furnished and processed by Prograa 4.

Table B.1 lists the total dosages recorded in the various shelters.
The capacitance gage shelters were underground structures vith shielding
provided by the earth. Buck gages in the Able area were shielded with
lead brick. At other loocations the Buck gages were shielded only by a
steel box recessed flush with the ground surface.

On Shot 4 the 8 inches of lead for the Buck gages did not provide
sufficient shielding and the records for the iAble area were lost. The
fila badges inside the two Buck gage boxss read greater than 20 r and
the camera fila was coampletely opaque after development. The slant dis-
tance through the lead shielding was about 19 inches. It is of interest
that the aluminum fila spocls measured 20 ar 30 hours after shot time. 4

The adjacent capacitance gage instrument shelter received only
O0cl4 r at the camera location in the bottom of the 10 foot deep shelter. .
BEven at a 6 foot level the dosage was only 1.32 r for Shot 4.

4
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TABLE B,1

Instrument Shelter Radiation Dosages

Dosages, Roentgens
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Nominal

Ground
Range
feat

22
2900
3
7800
10,200

Location of Fila Badge

shelter
shelter

shelter
1ding
lding
lding
lding
lding
shelter
shelter
lding
elding

ddddddd

under 6 inches of lead
under 8 inches of lead

tion at bottom of shelter
5
g
f
shi
sh
shi
sh
sh
o
o
sh
sh

Sandbag shelf level

under 6 inches of lead
under 8 inches of lead

3333513
EEEEEEELS
geEEd §§§

85885

shelf level

2833
i

A=1-CAP Camera level at bottom of shelter
D=3=CAP Camera level at bottom o

B-1-BK

D=2-CAP Camera level at bottom o
B=2-BK

D=1-CAP Camers level at bottom o

A-2-BK
7=204~CAP

A-1-BK
B-3-BK
B-4-BK
B-5-BK

(sgbupund
(b) 3Station not used
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1. "A New Condenser-Type Pressure Gage," by Thomas A, Perls, Ph.D,,
David Taylor Model Basin Report 625, June 1949.

2. "A Resonant-Bridge Carrier System for the Msasurement of Minute
Change in Capacitance," by George W. Cook, David Taylor Model Basin
Report 626. Pebruary 1951.

3« "Me Operation and Maintenance of the Interferometer Gauge,”
by W.E, Buck and J.B., Kirk, Los Alamos Scientific Laboratory Group
GMX-9, Series A, June 12, 1950,




ARMY ACTIVITIES

Asst. Chief of Staff, G-2, D/A, Washington 25, D. C.

Asst. Chief of Staff, G-3, D/A, Vash 25, ». C.
ATTN: Dep. Asst. CofS, G-3, (RRaSW

Asst. Chief of Staff, G-4, D/A, Washingtom 25, D. C.

Chief of Ordnance, D/A, Washington 25, D. C.

ATTN: ORDTX-AR

Chief Signal Officer, D/A, Pa0 Division, Washington 25,
D. C. ATIN: SIGOP

The Surgeon General, D/A, Washington 25, D. C.

ATTN: Chairman, Medical RAD Board

Chief Chemical Officer, D/A, Washington 25, D. C.

Chief of Engineers, D/A, Military Construction Division,
Protective Construction Branch, Washington 25, D. C.
ATTN: ENGEB

Chief of Engineers, D/A, Civil Works Division, Washington
2%, D. C. ATIN: Engineering Division, Structural
Branch

The Quartermaster General, CBR, Liaison Office, Research
and Development Division, D/A, Washingtom 25, D. C.

Office, Chief of Transportation, D/A, Washington 25, D. C.
ATTN: Military Planning and Intelligence

Chief, Army Field Forces, Ft. Monroe, Va.

Army Field Forces Board ‘1, Ft. Breagg, N. C.

Aray Pield Forces Board #2, Ft. Enox, Ky.

Army Field Forces Board $#4, Ft. Bliss, Tex.

Commanding General, First Army, Governor's Island, Nev
York 4, N. Y. ATTN: G-4, ACofS

Commanding G.aeral, Secand Army, Ft. George G. Meade, M.
ATTR: AIABRB

Commanding General, Second Army, Ft. George G. Meade, Md.
ATTH: AINGE

Commending General, Secand Army, Ft. George G. Meade, MNd.
ATTN: AIACM

Commanding General, Third Army, Ft. McPherson, Ga.

ATTN: ACofS, G-3

Cammanding General, Fourth Army, Ft. Sam Houston, Tex.
ATTR: G-3 Section

Commanding General, Pifth Army, 1660 Ryde Park Blwd.,
Chicago 15, Ill. ATIN: ALFEN

Cammanding Oeneral, Pifth Army, 1660 Ryde Park Blvd.,
Chicago 15, Ill. ATTN: ALFOR
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Commanding General, Sixth Army, Presidio of San Francisco,
Calif. ATTN: AMGCT-4

Commander-in-Chief, Buropean Command, APO 403, c/o ™,
Nev York, N. Y.

Commander-in-Chief, U. 3. Army Burope, AFO 403, c/o M,
Nev York, N. Y. ATTN: OPOT Division, Com. Dev. Branch

Commander-in-Chief, Far Esst Command, APO 500, c/o PN,
San Prancisco, Calif. ATTN: ACof8, G-3

Commanding General, U. S. Army Alaska, AFO 942, c/o PN,
Seattle, Wash.

Commanding General, U. S. Army Caribbean, APO 834, c/o
PM, Nev Orleans, La. ATTN: CG, USARCARIB

Commanding General, U. S. Army Caribbean, APO 834, c/o
PM, Nev Orleans, La. ATTN: CG, USARFANT

Commanding General, U. S. Army Caribbean, APO 834, c/o
PM, Nev Orleans, La. ATTN: Cml. Off., USARCARIB

Commanding General, U. S. Army Caribbean, APO 834, c/o
PM, Nev Orleans, La. ATTN: Surgeon, USARCARIB

Commanding General, USAR Pacific, APO 958, c¢/o PN, San
Francisco, Calif. ATIN: Cml. Off.

Commanding General, Trieste U. S. Troops, APO 209, c/o PM,
New York, N. Y. ATIN: ACofS, G-3

Commandant, Command and General Staff College, Ft. Leaven-
vorth, Kan. ATTN: ALLIS(AS)

Commandant, The Infantry School, M. Benning, Ga.

ATTN: C.D.S.

Commandant, The Artillery School, Ft. Sil11, Okla.

Commandant, The AAAGM Branch, The Artillery School,
Ft. Bliss, Tex.

Commandant, The Armored School, Ft. Knox, Ky. ATTN: Clas-
sified Document Section, Evaluation and Res. Division

Commanding General, Medical Field Service School, Brooks
Army Medical Center, Ft. Sam Houston, Tex.

Commandant, Army Medical Service School, Walter Reed Army
Medical Center, Washington 25, D. C. ATTN: Dept. of
Biophysice

The Superintendent, United States Military Academy, West
Point, N. Y. ATTN: Professor of Ordnance

Commanding General, The Transportation Corps Center and Ft.
Bustis, Ft. Bustis, Va. ATIN: Asst. Commandant,
Military Sciences and Tactics

Commandant, Chemical Corps School, Chemical Corps Training
Command, Ft. McClellan, Ala.

Commanding General, Research and Engineering Command, Army
Chemical Center, Md. ATTN: Special Projects Officer

RD Control Officer, Aberdeen Proving Ground, Md.

ATTN: Director, Ballistice Research Laboratory
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Commanding General, The Engineer Center, Ft. Belvoir, Va.
ATTN: Asst. Commandant, The Engineer School

Chief of Research and Development, D/A, Washington 25,D. C.

Commanding Officer, Engineer Research and Development
Laboratory, Ft. Belvoir, Va. ATTN: Chief, Technical
Intelligence Branch

Commanding Officer, Picatinny Arsenal, Dover, N. J.
ATTN: ORDBB-TK

Commanding Officer, Army Medical Research Laboratory,
r. hox, Ky.

Commanding Officer, Chemical Corps Chemical and Radio-
logical Labaratory, Army Chemical Center, Md.

ATTN: Technical Library

Commanding Officer, Transpartation R&D Station, Ft.
Bustis, Vea.

Commanding Officer, Psychological Warfare Center, Ft.
Breagg, N. C. ATIN: Lidbrary

Asst. Chief, Military Plans Division, Rx 516, Bldg. T,
Arny Map Services, 6500 Brooks Lane, Washington 25,
D. C. ATIN: Operaticns Plans Branch

Director, Technical Documents Center, Evans Signal Labora-
tory, Belmar, K. J.

Directar, Watervays Experiment Station, PO Box 631, Vicks-
durg, Miss. AITN: Library

Director, Operations Research Office, Johns Hopkins Uni-
versity, 6410 Connecticut Ave., Chevy Chase, MA.
ATTR: Lidrary

NAVY ACTIVITIES

Chief of Naval Operatioms, D/N, Washington 23, D. C.
ATTN: OP-36

Chief of Naval Operstions, D/W, Vashingtem 29, D. C.
ATTR: OP-J1
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Chief of Naval Operations, D/N, Weshington 23, D. C.
ATTN: OP-3Th (0BG)

Chief, Buresu of Medioine and Surgery, D/, Vashington
29, D. C. AITI: Opecial Weapcons Defense Division

Chief, Buresu of Ordnance, D/, Washingten 29, D. C.

Chiet m:‘ ccumx, D/¥, Vashington 23, D. C.

i

Chief, Bureau of Perscunel, D/¥, Vashington 25, D. C,
ATTE: Pers C

Chief, Buresu of Ships, D/¥, Washingtem 23, D. C.
ATIN: Code 348
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Chief, Bureau of Supplies and Accounts, D/N, Washington

29, . €. 97
Chief, Bureau of Yards and Docks, D/N, Washington 25,

D. C. ATTN: P-312 98
Chief, Bureau of Aeronautics, D/N, Washington 25, D. C. 99-100
Office of Naval Research, Code 219, Rm 1807, Bldg. T-3,

. Washington 25, D. C. ATTN: RD Control Officer 101
Commander-in-Chief, U. 8. Atlantic Fleet, Fleet Post

Office, Nev York, N. Y. 102-103
Commander-in-Chief, U. S. Pacific Fleet, Fleet Post Office,

San Francisco, Calif. 104-105

Commander, Operation Development Force, U. S. Atlantic
Fleet, U. S. Naval Base, Norfolk 11, Va. ATTN: Tac-

tical Development Group 106

Commander, Operation Development Force, U. S. Atlantic
Fleet, U. S. Naval Base, Norfolk 11, Va. ATIN: Air

Department 107
Commandant, U. S. Marine Corps, Headquarters, USMC,

Washington 25, D. C. ATTN: (AO3H) 108-111
President, U. 8. Kaval War College, Newport, Rhode Island il
Superintendent, U. S. Naval Postgraduate School, Monterey,

Calir. 113
Commanding Officer, U. 3. Kaval Schools Command, Naval Sta-

tion, Treasure Island, San Francisco, Calif. 114-115
Director, USMC Development Center, USMC Schools, Quan-

tico, Va. ATTN: Marine Corps Tactics Board 116
Director, USMC Development Center, USMC Schools, Quan-

tico, Va. ATTN: Marine Carps EqQuipment Board 117
Commanding Officer, Fleet Training Center, Naval Base,

Norfolk 11, Va. ATTN: Special Weapons School 118-119
Commanding Officer, Fleet Training Certer, (SPWP School),

Naval Station, San Diego 36, Calif. 120-121
Commander, Air Force, U. S. Pacific Fleet, Naval Air Sta-

tion, San Diego, Calif. el
Commander, Training Command, U. 8. Pacific Fleet, c/o Fleet

Sonar School, San Diego 47, Calif. 123
Commanding Officer, Air Development Squadron 5, USN Air

Station, Moffett Field, Calif. 124

Commanding Officer, Naval Damage Control Training Center,
U. 8. Naval Base, Philadelphia 12, Pa. ATTN: ABC
Defense Course
2 Command ing Officer, Naval Unit, Chemical Carps School,
Ft. McClellan, Ala.
i Joint Landing Force Board, Marine Barracks, Camp Lejeune,
K. C.
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Commander, U. S, Naval Ordnance Laboratory, Silver Spring
19, Md. ATTN: EE

Commander, U. S. Naval Ordnance Laboratory, Silver Spring
19, Md. ATTN: Alias

Commander, U. S. Naval Ordnance Laboratory, Silver Spring
19, Md. ATTN: Aliex

Commander, U. 8. Naval Ordnance Test Station, Inyokern,
China Lake, Calif.

Officer-in-Charge, U. S. Naval Civil Engineering Research
and Evaluation Laboratory, Construction Battaliaon
Center, Port Hueneme, Calif. ATTN: Code 753

Commanding Officer, USN Medical Research Institute, Nation-

al Naval Medical Center, Bethesda 1k, Md.
Directar, U. S. Naval Research Laboratory, Washington 25,
D. C.

Copy No.

128
129
130

131

132-133
134
135

Commanding Officer and Director, USN Electronics Labaratory,

San Diego 52, Calif. ATTN: Code 210
Commanding Officer, USN Radiological Defense Laboratory,
San Francisco, Calif. ATTN: Technical Information
Division
Commanding Officer and Director, David W. Taylor Model
Basin, Washington 7, D. C. ATTN: Library
Commander, Naval Air Development Center, Johnsville, Pa.
Commanding Officer, Office of Naval Research Branch Of-
fice, 1000 Geary St., San Francisco, Calif.

AIR FORCE ACTIVITIES

Surpius in TISOR

Asst. for Atomic Energy, Headquarters, USAF, Washington
25, D. C. ATTN: DCS/0

Asest. for Development Planning, Headquarters, USAF, Wash-
ington 25, D. C.

Director of Operations, Readquarters, USAF, Washington 25,
D. C.

Director of Plans, Headquarters, USAF, Washington 25,
D. C. ATTIN: War Plans Division

Directorate of Requirements, Headquarters, USAF, Washington

25, D. C. ATTN: AFDRQ-SA/M

Directorate of Research and Development, Armament Division,

DCS/D, Headquartere, USAF, Washington 25, D. C.
Directorate of Intelligence, Headquarters, USAF, Washing-
ton 25, D. C.
The Surgeon General, Headquarters, USAF, Washington 25,
p. C.
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Commanding General, U. S. Air Forces Europe, APO 633, c/o P
M, Nev York, N. Y. 156
Commanding General, Far East Air Forces, APO 925, c/o MM,
San Francisco, Calif. 157 ;
Commanding General, Alaskan Air Command, APO 942, c/o PM,
Seattle, Wash. ATTN: AAOTN 158-159
Commanding General, Northeast Air Command, APO 862, c/o
M, Nev York, N. Y. 160
Commanding General, Strategic Air Command, Offutt AFB,
Omaha, Neb. ATTN: Chief, Operations Analysis 161
Commanding General, Tactical Air Command, Langley AFB, Va.
ATTN: Documents Security Branch 162-164
Commanding General, Air Defense Command, Ent AFB, Colo. 165-166
Commanding General, Air Materiel Command, Wright-Patterson
AFB, Dayton, Ohio 167-169
Commanding General, Air Training Command, Scott AFB,
Belleville, Ill. 170-1T71
Commanding General, Air Research and Development Command,
PO Box 1395, Baltimore 3, Md. ATTN: RDDN 172-1T4
Commanding General, Air Proving Ground Command, Eglin AFB,
Fla., ATTN: AG/TRB 175
Commanding General, Air University, Maxwell AFB, Ala. 176-180
Commandant, Air Command and Staff School, Maxwell AFB, Ala. 161-182
Commandant, Air Force School of Aviation Medicine, Randolph .
AFB, Tex. 183-184
Commanding General, Wright Air Development Center, Wright-
Patterson AFB, Dayton, Ohio. ATTN: WCOESP 185-190 ’
Commanding General, Air Force Cambridge Research Center,
230 Albany St., Cambridge 39, Mass. ATTN: Atomic
Warfare Directorate 191
Commanding General, Air Farce Cambridge Research Center,
230 Albany St., Cambridge 39, Mass. ATTN: CRTSL-2 192
Commanding General, AF Special Weapons Center, Kirtland AFB,
K. Mex. ATTN: Chief, Technical Library Branch 193-195
Cosmandant, USAF Institute of Technology, Wright-Patterson
AFB, Dayton, Ohio. ATTN: Resident College 196
Commanding General, Lovry AFR, Denver, Colo. ATTN: Dept.
of Armament Training 197-196

General, 1009th Special Weapons Squadron, Tempo
*T", 14th & Constitution Ste., N.W., Washington, D. C. 199-201
The RAND Corporation, 1700 Main St., Santa Monica, Calif,
ATTN: Nuclear Energy Division 202-203

OTHER DEPT. OF DEFENSE ACTIVITIES

! Executive Secretary, Joint Chiefs of Staff, Washington
! 8% D. C. 204
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o Directar, Weapons Systems Bvaluation Group, 0SD, Rm 2E1006,

Pentagaon, Washington 25, D. C. 205
Asst. for Civil Defense, 08D, Washington 25, D. C. 206

L Chairman, Armed Services Explosives Safety Board, D/D,
Rm 2403, Barton Hall, Washington 25, D. C. 207

Chairman, Research and Development Board, D/D, Washington
25, D. C. ATTN: Technical Library 208

Executive Secretary, Committee on Atomic Energy, Research
and Development Board, Rm 3E1079, Pentagon, Washington

2%, D. C, 209-210
Executive Secretary, Military Liaison Committee, FO Box
1814, Washington 25, D. C. 211
Commandant, National War College, Washington 29, D. C.
ATTN: Claseified Records Section, Library 212
Commandant, Armed Forces Staff College, Norfolk ll, Va.
ATTN: Secretary 213
Commanding General, Field Command, AFSWP, PO Box 5100,
Albuquerque, N. Mex. 21k-219 i
Chief, APSWP, PO Box 2610, Washington 13, D. C. 220-228 ‘

ATOVIC ENERGY COMMISSION ACTIVITIES !

Univeraity of Californis Radistion Laborstory, PO Box 808,
Livermore, Calif. ATIN: Margaret Folde:n 229
U. 8. Atomic Energy Commission, Classified Document Room,
1901 Constitution Ave., Washington 25, D. C.

ATTN: Mrs, J. M, O'Leary (for DMA) 230-232
Loe Alamos Scientific Laboratory, Report Library, PO j
Box 1663, Los Alamoa, N, Mex. ATTN: Helen Redman 233-235 |
Sandia Corporation, Class{fied Document Divieion, Sandia {1
Base, Albuquerque, N. Mex. ATIN: Wynne K. Cox 236-2%% 3
Weapon Tost Reports Group, TIS 2% F
Surplus {n TISOR for AFSWP 2A57-281

ADDITIONAL DISTRIBUTION

Director of Special Weapons Developments, OCAFF, Fort
Bliss, Texas. ATTN: Major Hale Mason, Jr. 8

ARC, Ok Ridge, T enn., AJIISE
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