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~~ound lav.1 air blast pr.ssurss were easursd b7 tb. ~~vU Thylor
• 1~d.l kiLn on tb. .th blast iins and in aircraft parking srsaa for

tots 2, 3, aM 4. The purpos. of tb.. . ssasuren snts wea two—fold s
(a) to provide blast pz’rnux’. data at sp.aitio locations ot especial in-
tes’est to Progree 3 in oorr.latthg danag. to aircraft on tb. ground and
(b) to provid. blast pres~~we data suitabi s for a check of ssi ath syn-

try and for o~upr ison with data obtained t~ other activities parti-
cipating in the TLI1RA~~l—3K1PPVI series of t..t., light interfu oseter
(Biok ) gages sad sight lkvid Taylor 4 d.1 kiLn oapaoitsi~. gels. were
used in the operation.

Reproductions of the recorded pressur.—t1 oui vs. are placed in
the tn body of the report. In addition, peak pressure valne , posi-
tive and negative pha.. durations, and positive sad negative i~~ulss
velues are tabulated for each shot.

SeLt—oontained gage stations were used to .k. these asasurs nt.,
i.e., recordings were aM. at each gags location rather thin at a 055—
tral recordin g statio n. This technique appears to be quite aooos.stul
and requires no oostl.y oabls trenches. The dsv.lojasnt of ~~re oo~~*at
apparatus spsoifioall.y designed for nounting in a esfl oyliadrioal
housing underground is desirable.
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krly in P~brtary, 1952 the ~~~~ Taylor *4.1 kiLn was asked to
perttoipat. in tb. fortho~.lng 1~JMB1~~$IAPP~~ atosic weapons test oper-
ations to be conducted at the lsvada Proving Ground.. The *4.1 kiln
was r.que.t.d to ask. aessuz ensats of air blast pressures which war’s to
be correlated with observed 4 . ge  effects to perked airoraft located at
various dt.tano.. fros gro~~~ s.ro.

Preliainex7 p1~~~ing talk. were held with Project 3.1 psreoms.l at
~ ‘igbt Fotterpon Air Pbroe ks. to det.rsiae their requireasots for 1*—
cation of pressure gages in the aircraft parking area.. ft was suggest-
ed tha t the )bd.l kiLn use existing int. rfer osster (kok ) pressure
gags. which war. on band at the Los 1laaoe Sci.~tif to Laboratory. The..
gages bad been returned fros GR~*B1OUSI operation, and their condition
was unknowa.

*4.1 kain particip ation ma set up as Project 1.13 under Progrea
1 which included all blas t—pressure asssuresszta . £ control station
was selected on the as ia blast line tot cospar ison asaauresenta with
other participating project. . Vi th a check at thi, station on gage re-
sponse s’~ 41~’ity, aaur esents taken in areas rscovsd fros the blast
line could be oo.pa.red with those at oorre.pondiug distan ces fros ground
s r o  on the blast line.

koaua. of the questionabl. condition of the available inter ? crc—
aster gages, Project 1.13 proposed, in oonfsr.noe with ProJect 3.1, that
a typ. of pr essure asasur iag systa. which bad b .n  developed at tb. j
1~del kiLn be oonstruct.d for us. in the TUNBL~R operations in ocnjuao—
tics wi th ai asay of the ~.ack gages as could be rehabil itated.

At fir st it was agreed that the *4.1 kiLn would b414 firs chin-
uels of the T* capacttanoe gag. systas; this was later expanded to
eight ~~~im~ls when the sen t, of this ystdvsre core widely WKI r’-
stood and when the e~~ot condition of the Back gages bad been detereined.

Th. authors visited Los £la.oa Scientif ic labor atory on 12 PI~~uery
1952 and, through the ooop.rstion of their J—l O Division and of lil tiand
Air Force k.e, secured 16 ‘ack gages in various states of repair and
oa~~let~~~.s. Fiasl details of tb. gags inst*U~Uon requirassats were
settled with Test fl~~~~n~

4, L1~ iP, at Kirtisad £F8 dur ing this visit.

A cajor oosatruotion progz’aa was ~tarted at the *4.1 kiLn and is
about fit. weeks the capacitance gage systssa were oonstruoted sad ciii—
kated aM 10 kok gages were put in operating oondition, calikated ,
sad fitted to steel counting boxes. In addition, .11 required support-

• lag ins~rwasstation and supplies bad been obtained. Ta. Air Pbroe
5
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provid ed air tra nsportation for the 28,000 po~~~s of Lnstr~~~nts and
auxiliary equi~~ nt to Ind4sn Springs Air For.. ks , lsvada, in tins
for the *4.1 kiln ’. sohedulsd psrtioipatios in ~~ot 2.

to the very short preparation ti. • allowed Project 1.13, the
task of designing, ~zilding, and oslikating test equi~~~at could cot
have bs.n aoo~~~1lsbed without the iitholsbeartsd support of the Indus trial
~~part.as t and the kpply and Fiscal D.psr~~~nt of the avid Taylor
1~de1 ksia.

In addition to the authors the following *4.1 ks in psrsomnsl
participated in the f Laid operations at the Sewed. Proving ~ ‘ouMs s

~~ar1es V. floff n
kber t 0. Tuokercan
fred L Itfler
Pr ank I. f..iA 11, Yr.
Porsen 1. Serron

Four Air Force sen were assigned to the Project at the test sit.
and cheerfully p.rforusd a great variety of duties in the field oper-
ationss

Sgt. T h o s  I. ft.rk.
Opi. Th~~~s Ilsb.rg
PVC kbert Fonton
PVC Vinston Hsbsrt

Ta. cooperation received frcu the Test ~~~~~~~~~~~~~~~~~~~ the Propsa A
Director, other Propa. Directors and Project ~~fioers, and the ~~~~~~-

porting or’gaaiaation. at the Provi ng ~ ‘o~~~s was very seek app reciated.
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CHAPTER 1

2~~TR W€~TAT ION

1.1 ~~T~~DUCTION

Air—blast pressure asasuremsnts were ooniuctsd by Project 1.13
dur ing Shots 2, 3, and 4. The results fulfill two purposes : (1) they
provid, pressure—tins infornetion to correlate with observed da gs to
parked aircraft, and (2) they provide a check on asi~ ath sy~~~try by
onspering blast pressure records obtained in the Project 3.1 aircraft
areas with those fro. the in blast u n..

Pressures at each gage station wer• recorded at ground level. In
• general th. gages vets located in open terrain but sose were behind air-

craft—protection revetments and one was at the bottou of an open ex-
cavatios-type aircraft shelter,

TWo types of pressure nessuri ng systsus were ployed z (1) a
capacitance gage resonant—bridge carrier ayst.u initially developed at
the ~~vid Thylor )~ de1 ~~sin by Dr. T.A. Pen .. (nsf . 1) and P~ . 0. W.
Cook (~~‘f. 2),  and (2) the intarferonster gsg ncrs cansonly known as
the ~~ck gage after It. developer Dr. W .L mack (Ref. 3).

1.2 tHE TP~~ CLPACIW~ E GAGI S1.ST~ 4

The T)~ capacitance gags syste. uses a capacitance—type pressure
pickup and a resonant bridge carrier systs. and records by ans of a
oving f tin oansra . It has excellent trs.nsisnt frequency rseolntios

capabilities and is r zkably stable in the presence of shook, vibra-
tics, and s~~~ea t~~~sreturs changes. The sy.tne ney be .tndi.4 in two
parts: (1) the pressure gags , aM (2) the carr ier aaplifisr , power
supply, and oswa,

1.2,1 Th. Pressure Gaze

Figure 3.1 shows a cross section of the pressure sensing
sls.ent of the gags as neunte d La a battle plate. Th. 2 by 3 foot baf-
fle plate wos oriented lengthwise towerd the blast with the gags center -
.4 nearer the rear portion of the plate. The sintired brass filter
(Purax’) provid.s a.ohenlcal and theznel protection to the gags

Porsx Grads 2. )ba.i faotur ed by P~ rsins Prod ucts Division , G)~~,
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?igure 1.1 Section of Gage Head

The gags head consists sasen-
tinily of a central rix.d electrode
and a pressu re sensitive diaphrsgn
closely spaced to the fixed elec-
trode so as to for, an electrical
capacitance.

diapbrag.. The filter was waterproofed by dipping in a solution of
silicone oil in nethyl ethyl keytone and then beking dry. It was felt
that wax, which bad been ussd in th. past with Porsx filters in Riok
gages, sight not be a satisfactory agent to us for waterproofing since
the initial high thernel flux fros nuclear explosions could ..l t the
wax residue in the filter and clog the very a11 pores before the
arrival of tb. shock wave. The design of th. gags itself was bas.d in
part on the requir~~~nt of A’~i.ising the influenc, of tenpsraUws
changes, and , in this respect, the use of Lover and glass oonstruotio~was of benefit. A photograph of the pressure gage is shown in Figure
1.2. Circuitry within the gage consists of a four-ar. capacitance
bridge with the diaphrag. and fixed-electrode ~~~bination of the
pressure~e.nsing elensnt as the active bridge ira (Figure 1.3). Trin-
.ing capacitor, and driver and pit.’cup trsasfornene are ncnctmd within
the bssvy-enllsd box of th. gage bod7, Th. driver tnsnsforuer is tuned
to resonance with th. bridge capacitance as seen tros t~~ driving
points, a—b, and the pickup trsnsfor.er is t~~ d to resonance with the
bridge capacitance as seen fro. the pickup points, o-d.
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Figure 1.2 Preuurs Gage

The gags head Is an integral pert of the
heavy natal bridge box. The central circular

• part is the diapbraga cup which is held in
place by the knurled c~imping ring.

After the bridge i~ t~~~d, the entire oirouit is lahedded
in ~~~~. casting z’esj~~ After inbeddiag, the gage cir cuit is impervious
to shock ~~~itaticn and to weather conditions, and the passive sls..nts
of the bridge are insulated from sedden temperatur, champs.. Long-tsr.
~~~ lencee resulting from temperature changes are ooup.n.ated for ~~ant~~~tio balancing f.atures in the carrier pil f i.r ~~it. kosna . of
the rseonanc e~~~itioes La th. bridge, very large signal voltages are
prodnoed ~~ vary fl capacitanos changes.

1.2.2 Garriar 1~~tifier Povsr 9unaiv. and Osners

A ~~pien1 field installation of the capacity gage systis is
shown La Figure 1~4. • ‘  pg. Is attached to a heavy .t..1 baffle
plate which in tori Li bolted to a stssl dma secured to the wood atm .—
~~~e of the ~~~.rgronnd inetr~~~nt pit. A flanged pipe further supports
th. assembly and provides a pssssgsway for th. gage cables. carrier

• ~~~l.ifisr, p~~~r supply, and ~~~.ra are .ount.d La the lover portion of
the iastr ent pit in a .hook-enuat.d rack. Timber. support a r.~~,sb1e -
plywood platfor, above the Iaatraents so that after ill adju.toents
have been ned., the top portion of th. pit can be filled with eaedbags
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Figure 1.3 Gapsoitanc. Gage Circuit

to the level of the ground to provide blast and radiation protection
for the electronic squ.ipe.nt and the camera. Certain wire s ire brought
to ground level for final arming of the equi~~~nt after final pre—sbot
dry runs. In th, interest of brevity, only a short functional desorip-
tion of this measurement system is given h.re.

A special bldg. circuit, •
1~~~~I 1&r to that shown in Figure

1.3 t. emergined by a carrier 01 .-sat of 500 ho by means of a low in-
pedanos tran iss ton lime. The tre~u.acy of this carrier u~&rrent is
crystal stabilised. The bridge circuit is bala ced bsfore recording.
The electrical 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 bend changes the capacity of the gap.

Initial bal ancing of the system is aoo~~~1isbed by adjust—
meat of controls an the carrier ~~~1itter alt. Thereafter a~~ n—~~~~~~
anoed voltage from the bridgs is trs~~~tt’ed beck to the carrier ~mpli—
tier via another tra~~~issios h as. This voltage i. amplified and fed
into a special phase - ‘mpl i.~~~~ sensitive disorlainator circuit La which
the signal voltage is compared with the bridge driving voltage. Th.
ense of th. bridge anba’~~ee, i.e. , whether the unbalar. represents

positive or ~~~ativs pressur. applied to the outer surface of the di.—
pbmag., is 4st~rained by means of phase .IWI .i.cn. At the time
the ~~~1ttnde of the .i(.al voltag, Is determined, the r—f ooupoesst
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Figure 1.4 Typical ~ pacttance Gage System Installation

The rectangular bol. i. about 6 t..t deep. A double
plywood platform supports th. sandbags which provide blast
protection for th. electronic instr~asnts. The o~~~ra is
placed at the botton of th. pit where ~~~~~~~~~ distance of
interposed .arth provides mediation shielding.

is removed by rectification, arid th . resul ting d-o signal represent.
the serise and ~~gnitnds of the pressure. This d—a signal is used to d.—
fleot the electron bean of a cathode—ray tube in the osasra uni t. The
camera r ecords the position of the osthod.-rsy be on a moving fUn.
A special ti.ing oscillator and spark discharge .1.0 tr od. places a tine
be.. on the fil..

Prtwy povsr is f urnished for th . system by a 24 volt
aircraft-type storage battery. A dynamotor provides plate voltage
through electronic voltage regulators.

The me ’ nl St the recording eamera is shown in Figure
1.5. A asthod. msy tube Is mounted on the fir side of the osasra end
the spot of light fro, the tubs floe is projected by tuo mirrors and
f~~~aedby a 1ams os the l6mefila.  Th. tskeup reeh ia drivsnby a

~~~~~~ 

. 4.. motor, ~~s hi~~ red f..t of Linegraph ~~tho f il, can be run through
15
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the csa.ra in as little as 2 seconds with aazt motor voltag e. A mini.
iatw’e spark plug is used to put tIw4ng nerk. on th. edge of the ft]..

Figure 1.6 is a view of the electronic equij *ent installed
in a typical tastr~~~ntation pit.
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Figure 1.5 Recording Gamera for Gapacitano. Gag. System
)~ rrore project the spot of ii~~t from the oatbod.-r..y tub.,

~~znted an the revwrss side of the o sra , to the moving film.

-
~~: ~r~•

Figure 1.6 Gapacitmac. Gage ~~strunsstatios Pit
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1.3 ~~~~~~~~~~~~~~~~~~~~~

The interf eranster or Reck gag. is well described in the literature
(Ret. 3). It is a self—contained unit that photographically observes
latarferesce fringes formed between an optically flat pressure ~~asing
diaphragm ~M s  slightly concave glass backing plate. The Reck gags
—I orj gina1~y developed for pressure aeaauremsnts in high explosive
work. Its adaptation to nuclear weapons tests in troduces seversl
problem. $

1. Zn reas of high nuclear radiation intensity, the recording
fu n  nust be protected from this radiation.

2. ~~en radiation shielding is eaploy.d, the pressure diaphragm
can no longer be flush with a battle surface .

3. In the areas where nuclear radiation protection i. needed,
pressures are usually high arid a higher natural frequency
diaphragm could be used • The frequency attani~~tion introduced
by th. required lead tube nullifie, th. good frequency ohereo—
teristice of such diaphragms.

4. With the longer periods of susta ined positive and negative
pressures characteristic of atomic explosions, the 100 feet

• of fUn runs through too test to record th. entire ph.w .na.
In order to meintata a~~ tine r esolution as far as readability
of records is concerned, th. fil. velocity would have to be

• meintain.d arid a mock longer film would be required.

1.3.1 ~~~~ Gas, Installation

Figure 1.7 shows a typical Reck gage installation, I6~hined
interlocking lead bricks were stacked all aro~~ the gage box for an—
clear radiation shielding. The pressure tube consisted of a 1/4 inch
A1 .t.r bole in th. center of a lead filled pip.. Pine lead shot was
poured around the tubs to fill any gaps in the brick. The large battery
box was needed to house the dry cells required for 6—c operation of the
gage.

Figure 1.8 is a photograph of a stspl.r installation of a
~~ k gage in an ares where radiation protection was ~~~ o.ssary. ~~
~~ k gage has be.. affixed to the baffle p1st. from which it is to be
suspended, and the cables for ti-lag and power are being connected be-
fore th. baffle pint. cover is lowered In place. GatilHng oompoq~~ is
spread on the top flange of the box to rovide a waterproof seal. The
Reck ~. I. shown installed in the gage bet in Figure 1.9. The floe
plate of the gage, with the Porex filter over the diaphragm, is mounted
flush with the baffle plat . After the baffle p 1st. i. fsstensd to the
box, the p’o~~~ surface is tairsd level with the sw’ro~~~iag terrain.
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Figure 1.7 Reck Gage Installation with Lead ~~ie1ding

Th. Reck gage is suspended fro. the heavy .t..l oovsr
plate. )~ ohined interlock ing lead brick provid. radiation
shielding. Pressur. is trs.nsnitt d to the gage diaphragm
through the pressure tube .
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Figur e 1.8 Reck Gage Attached Figure 1.9 Reck Gage
to Reff]s Plate Installation
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1•~ LCTI YA!IIG ci~ urrs
Thus far the two gage systons have been described as separate

units. The activating circuits which turn power an, start camsras, and
move sequencing cams operate in a similar manner for both circuits and
will cow be considered,

Certain ‘last olose’ wires were brought to the top of the pound
at each gage location so that the equip..nt could be put in the l~~~~~~~~A

y
S

condition att.r tb. last dry run prior to a shot. After that, th. auto-
tio feature s described below functioned at th. proper times so that

the ceasras would record the transient pressure phenossna for each shot.

1.4.1 Power on Si~~~ls

Relay signals turned the primary power on for all gages at
~~~~~~~~ 30 aimites for the capacitance gages and at ai~~i-s 5 minutes for
the Reck gage.. La stated before, each system operated from its own
battery power source.

1.4.2 Gamers 3tartin~ Devices

Since insufficient f ilm wai available in the oamers.s to re-
cord from the instant of detonation T0 to the end of the pressure wave,
it was necessary either to provide a tin, delay after a T~ signal or
to start the cameras a known time before the arrival of the shook wave
at any particular gage station. La other projects were gsthsring suf—

• tici.nt data on tine-of-arrival of the blast wave with respect to the
instant of detonation, all Project 1.13 records express asro tins ~~ as
the arrival ii.. of the initial shock front at each gags.

Por the gages closest to ground sero, the osasras were liii—
tiated tram a ‘blue box’ circuit and a mechanical time delay (see
Appendix B—Thermal ~~ield R~~~,.r). LU other recording stations
obtained oaaua—etart signals from blast-actuated switches placed about
800 feet ah ad of the gage toward ground acre so that the ~~ sras start
.6 about 0.? eoonds before the arrival of the shook front. Thi. al-
lowed uffioi~~t tine for a calibration step to be recorded and for the
fUn to get up to speed.

Figure 1.10 shows the blast actuated triggsr srrang .nt.
Two unit, were ~~~1oy.d at ach station with the ~~ ~~~~~~~ break
foil. co~ iiotid sl.otricall7 in series. The function of the foil civ-
suit was to hold a relay open until either or both toil s broke as a re-
suit of the Impinging shook front . Th. foil, wars slotted in the as.-
tsr to provide a weakened point for thi start of the break but were
strong emough to withstand stea4 pressures from vied velocities of 60
to 70 mile, per hour. Screesa were placed over th. sods of the tubsi
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to prevent birds or .ni~~ml~ from breaking the toil.. It should be
noted that the rartioular advantage of a normally shorted line for a
trigger systam is that sleotro gnetia radiations present at the instant
of bomb burst oannot trigger the circui t by inducing voltages acros s the
tranmeission line to pr turel.y close a relay.

Hills ’, lssss~ C$s.ds~
~~ssvisi.s , sMJds Nilq

Figure 1.10 Blast Actuated Switch..

Tb. cylindrical tubes are oriented in the direc—
tion of the expected shook wave. Th. shock front is
d.piot.d as having just broken the foil in the first
cyl4.i~.r and is approaching th. 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 9equsocing PU~ations

3ub..quent to the Ri s..5 30 aiaat i ‘power on’ sigs.-l, the
breaki ng of the blast ao~~~ted trigger circuit starts th. following se—
queooee for the capacitance gage circuits.

1. FUn and can drive motors start .
2. ~~tbode—ray bess t turned on.
3. Piln-tiaing marker is turned on.
4. Autonatlo klan. . is turned off.
5. ~~.1ibra tion relay is closed.

—
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• Tb. motor—driven can then performs the following functions :

6. ~ .1.tbration relay opens aft.r 0.3 second.
7. Film drive motor is de—en.rgiaed altar 15 seconds.

-
~ * 

8. ‘All Stop’ can outs all power until app aratus nay be
~~n”~1 ly reactivated.

• The blast wave pre ssure is recorded following step 6. It
is to be noted that the fils dr ive motor is norma lly out oft by the

-- 
‘end-of—fUn’ aicroiwitob so that step 7 ii a safety feature.

The &ick gags l*mp., power , and ti.ir ig circuits are turned
on si altan.cusly with the sinus 5 minute relay closing; then the se—
quenoe initiated by the bre ak in he blast fo t].s is as follows s

1. The (tin drive motor starts .
2. The can motor starts.
3. Tb. f ilm drive motor ii stopped by a aicro ewitob

actuated by the passage of th. end of the sxposed film.
• 

• 4. The can motor runs for about 20 seconds and then turns
the law, the power , and the tier circuits off and
reaov es voltage tr am the alzwady d*-en.rgi sed film
drive motor,

1.5 GALI~~LTI0I OF GAGE S!ST~~6

~~rsfu1 calibrations were mad. of the capacitance gages and ~aok
gages at the ~d.l ksin befor. the equipment was shipped to the $svsda
Proving Oroi~~a. The calibration of the capacitance gages was rechecked
after the equi~~~nt was returnsd from the TW4BL~ t—SMPP~ t operations.
~~ltbrn tion of all gages except one agreed within 2 per cent of the
original oa3.ibrstsd values. Tb. or igina l calibration value was used

• for analysis of all records . The ~~ck gages wer e transferred to L7~.iP
custody at th. test u t . , and , therefore , recalibrations were not
obta ined.

I ~~th static and dynsaic oalibrations were made to determine thep sensitivity, frequency respons., and damping for each unit. ~~ok gags.
L were calibrated 1. the back pressure chamber of a 3 inch shock tube . £

static positive pressure was built up, the &iok gage oaasra was started ,
1 and the ihock—tube diaphragm was punctured to suddenly redu ce th . pi es—r sure to atuospheric oonditions. £ calibrated Stathaa pressure gage was

used to read initial ovsrprea.ur., and the photographic record was ass—
lysed to determine the m b.r of fringe changes per pounds per square
inch and to observe the damping and frequency responses of the gage.

~~~~ ~~psoitano. gages were calibrated statically for sensitivity and
• with a st.ep fronted shook wave passing across the diaphragm for

1 r
I 
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transient characteristics. Unlike the &&ck gage which has only one
full—scale value, the capacitance gage system can be calibrated for
full—easle detector deflection for each of the attenuator position, in
the carrier amplifier unit.

A sta tic calibration was obtained b~ applying pressure to a capaci-
tance gage diaphragm until the amplitnd. of the electric. ] calibratio n
step was tched Since h. electrical calibration was photographed on
each pressure record, accur ate static calibration can be considered to
have been made at. shot tins. Accuracy of the e1.otrioal calibration is
assured by careful selection of stable capacitors and resistors in the
calibration and attenuator circuits of the system. Influences of any
changes in oscillator or ampl ifier operating conditions are thereby
nullified.

1.5.1 Frequ ency R~so1ution of Gags Systems

The tr.quency resolution capabilities of the capacitance
gage system wer, determined by shook-tube experiments. T.sts were ends
with and without the Porex filter in front of the gage diaphragm. Fig-
ure 1.11 shows the pressure respou..s obt.. t ,*4. Even thou# the dia—
pb.ragm of the capacitance gags was virtually u,w4~~~ed and can be excited

I W,I~ P..si I *st~s.$ P.cs.
I

a I
.t 3 —

I ~~~~~~~~~~~~ _ _ _

s. ~~~ I, s4Ii~Is tw.~

Figure 1.11 Pressure £tt a~ tion by Perez Filter

Thi records wsre obtained tram tests of a capacitance
gage in a shock tube with the gags face perpendicular to
the shook front. Tb. 60 ko natural frequency of the gage
diaphragm i5 excited because of the abruptness of the
shock front. ~~~~ Wl%155 of the photographic trac. s are
shown by daahed line.. Tb. initial atte~~~tlon in prss—
sure amplitude due to the pres.noe of the Perez is 30
per cent, £tt.wation decreases to s~~~ in 60 micro—

~
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at its natural. frequency of 60 ko by a sufficient ly steep wave front ,
the sean value of the amplitud, of the initial blast front can be deter—
mined accurately down to th. tins limitations of f ii. speed or shock
front transit tine across the surface of the diaphragm.

Perez attenuation of the amplitud. 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 shook wave ste pness is greater than
about an equivalent 5000 cycles per second . Porex attenuation in the
&ick gage is a minor factor since the sensitive glass diaphragms bad
natur al frequencies of tb. order of a tsw thousand cycles per second and
the s~~ct damping factor achieved was a tter of chano and subject to
ohang. in use,

In add ition the devious pa ths that the pressu re wave must
take to get down a l.ad tube and around a damper plug to th. diaphragm
introduces wave distortions tsr in excess of any- attenuation caused by
the Porex filter. Tb. frequency response obta ined with most of the sack
gages was not high.

1.6 WCATI ON 01 GAç~ S..,Ui T-7 £PL&

£ p of the field locations of the 16 stations instna.nted by
Project 1.13 is given in Figure 1.12. £1.1 ranges shown are ground di.—

- - tmnces in feet from target sero to the survey working point in the gage
area. Actual c.laulated ground and slant range for each gags location
are given in ~~~pt.r 2 along with tables s~~~~rising pressure data .

Gage n~~~nclature i. based on a letter A, B, C, or D, relat ing to
the aircraft parking areas ‘&b1e~’ ‘~~ker ,’ ‘~~ar li.,’ and ‘Dog,’ a
nuaber for the particular gage in th. ares, and a suffix ‘BK’ for the
sick gages and ‘CLP’ for the oapaoitanoe gages . In general the maber—
tag sequence reads fro. left to right as observed from behind the gags
ares looking toward ground sero. The capacitance gage station on the
main blast line is labeled 7404—Oh.? in accordance with the regul ar
blast line identif ic.tion system.
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)~ .SuR~~’1r op p s ~w~s vs ‘r~~

2.1 D~1 D ( ~~TLC~

R.cords of air blast pressure esasurea.nts for ~~ots 2, 3, and 1.
for the stations mappe d in Pigur. 1.12 are presented in thu chapter.
The records are grouped by shot m.~ ber and presented in order of in-
creas ing grou nd rsngss.

The record from each gag. locat ion is presented in two curve s.
Part (a), on left band pages, gives th. shock front shape and ri se tine
for the first 20 milliseconds (nasa ) after t0, and part (b) , on right
band pages, gives the full history of the posit ive and negative phases
of each record . A~~iitude soales are the sane for corresponding pages,
and all tins scale s are based on t0 as the t in, of the initial pressure
rise at a gage locat ion.

Several of the &aok gag.. ran out of fil. before the pressure wave
bad passed. It was not possible to adjust the film drive motor to slow-
er operating speeds and have the speed governor func tion properly-. It
would have been d.sirabl.. to have .11 gages run at least 10 seconds
after 

~~ 
so that final seros could always be verified.

2.2 AS&L?113 0? RSC0BD~
Tb. analysts of the reco rds obtai ned by Project 1.1.3 was made with

parti cular ’ sis on instr~a.atation, rise tin, of pressure shook
fronts, and notation of initial spikes and unusual waveform. Psak posi-
tive pressure., ~~~~~~~~~~~ negative pressures, durttion of positive and
negative phas s, and positive and negative apuls.s were also studied.

The correlation of damage to aircraft with observed pressure s and
the oompart.on with previous operational test results was not the re-
ponaibiltt~ of Pro J ect 1.13.

2.2.1 ~~thod.s of Amalvaina ~~oordi

Tb. 16 — film tic. the capacitano. gages was analysed with
the aid of a Reoordak f tin render, *del ) 1 .  ~~ magnified projection
of the record was traced to obtain a true reproduction of the wave
shapes for th. initial 20 nee. and point by point ampl.itnd. resdiage
~~~~~ t5)~~~~ for the remainder of the record. A~~li~~~ss were read dir ect..
1.7 in pounds per square Inch with a Gerber variable ..ale.’ Sino. a

~Th. Gerber Soisatifto Xa.tn .nt 0a~,, ~~rttord, Oces.

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

Tb. &Ack—gag records wer, transcribed by Uas process of
counting fr inge changes (and estimating fractional fringe changes) as a
func tion of time and then ~~ltip1.ying by the calibration factor in
pounds per square inch per fringe change to get the pressure.

2,3 S~LOT 2 R~~U L.T’S

Figure 2.1* shows the wavefor ms of the initial shock front. for
~~ot 2 at various distances from ground sero . The inoiient shock front
for free air condition, was undoubtedly steep and abr upt. Sass of th.
variations in the recorded shape of the wav.tronts obta ined by ground
level capaci tance gages are believed due to locaitsed terrain oonditioas~such as the pr.s.noe of obje c t. ahead of the ~~~~~ Slight apparent neg-
ative pressures were d.t.ot.d ahead of Ui. shock front .t 7—204-GaP and
B-2-GAP. Tb. capacitance gage systems in th.sselvss an, insensitive to
relatively large di.placsment-.coel.ration effects .

The reasons for the form ation of precursor pbsnassna in gensrs.l
is not kncvn to th. authors at this tine, bit the possible influence of
objects ahead of th. gages can be observed. ~br 7-204-GAP on ~~ot 2,
there was a rough low mound of ear th about 40 feet in s.dvan o. of the t *

gage and, in addition, an anchor beam for a tower guy cable protr~i.d
sb out lfoo t above the groual 2C feet ahead of th. gsgs. The sudden
dip in the record with a ~~int ~~~~ at 0.5 m~ec nay result from the turt*a-
lenoe set up by the se objects . ~~th D-l-CLP, which was located at
ground level but close behind a high vail—type rsvstnsnt , and D-2—CLP,
which was at the bot tom of an excavation-type revetaect eat i diatel.y
behind the end wel l, show the init ial pressur. front. starti ng to rise ,
then taking tin, to ‘till—in’ behind the wall and in the excavation - -

void.

The ~.-1-CLP gage was in a stabilts.d a rea wi th a clear space ev-
.rs.1 hundred f..t in front. The pressure record ii clean and the wave
front is abrupt. The B-2-CLP gage was in the sans sr.. bat a concre te
camera pedestal stood about eo feet in front. It appear s logioal to
aasu that the disturbance to the wave front was caused by this
pedestal .

Figure 2.lb gives the full tim. h~story of the pressure waves and
Tbble 2.1 s~~~~rizes data for ~ iot 2.

2.1 ~ 1 ( 1 I 3 f t~~ULTS

Pressure—tine cw vea from the Able area are given in Figures 2,2a
and 2.2b. There is .ath si-.il~r ity of wave form between th. two

p _____ 1- _ _ _ _
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~ ack—gage ~~oord~ and the capacitance—gage record at this station with
the exception of a very sharp spik. at 1 mseo which the capaci tancegags recorded but the &ack gage missed . Tb. ave rage slopes of the r is-
ing portions of the thre e curve s agree very closely and the first sus-
tained peak occurs at 3 asec for each gage . ~~e of the &aok gages ran
for only 0.5 second and the other for 1.8 second.

~~paoitanoe—gags records for the blast line Statio n 7—204 and in
tb. 1~ g aircraft area ar e shown in Figures 2.3a and 2.3b. The shock
fron t rise tine at Station 7—204 1. about the sane as at the Able area
which indicates that thei~~1 and mechanical effect. on the earth extend—
ed at least to this range.

At the 3870 toot range for ths Dog area gages, the wave front
steepeess is cot disto r ted by ther mal activity but the sea. slow till—
in characteristic, for pressures behind the revetments is apparent as
in Shot 2. The signif icance of the sharp positive spike at 0.25 second
for D-1-G&P and of a cor respond ing disturbance on D-2-CAP is cot ~~~vn.

Figures 2.4. and 2 .4b show the two capacitance-gage record s for
the ~~k.r ar~~ along with the record from the aack gags which was lo-
cated adjacent to 3-2—CAP. Again the influence of a distu rbance ahead
of th. gage in att enuating the sharp ness of a wavefront can be shown
by compar ing B—i-CAP vita B-2-GAP. The spike that is present on 3-1
does cot appear on th 3-2 record . The B.ack gag. used hers did not
have sufficient frequency response to faithfully rsoord a sharp —fronted
shock ways.

Figures 2.5. and 2 5b  oospl•te the record s for ~~ot 3. Tb. B—2—B&record i~ presented in these figures rather than with other ~ .ker rso-
ords beoause ito looation wi thin the rsvetmsnt is •IRII r to the posi-
tioning of tb. Dog station gages. )brsover, thi , gage e~ iibits the
sane slow rise pressure record as do the Dog gages. Unfor~~~ tely the
~~ok—gage la~~ burned out as a result of the initial shook disturbance
to the gage and the record lasted only 50 neec. The best over-all
agreement between a &ack gag. and a capacitance pg. can be observed at
the ~~arUe location. The gages ware located side by side in a clear
uninterrupted area. Tb. ~aok gage used here appears to have about tb.
b..t frequency response and nc.t accurat e demplag adjus~~ent of .cy
used in these tests. It also bad on, of the most sensitive dlapbra~~~and could not be used at the close-in stations. Then, is even svtdsao.
of the s l l  mechanical precursors on the sack-gage rsoord as well as
on the capacitance—gags record. Again, unszpIatmed positive spikes
shov at plus O.38.seo on both records. A s i xy o f S ho t 3d a tm is
given in Thbls 2.2.
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2.5 S*Jr L It~~ULTS

Shot 4 produ ced some of th . ~~st int.rssting presmzre—tins curves
of the TUMBLER$NAPP~~ series of detona tions . Th scaled beight of
bu st was m.&ch lover than for he other thr ee shot.. • The therm..l and
mechanical dasag. close to ground sero was very severe . Likewis, the
nuclear radi ation int.nattiss were much higher for this shot , so high
in fact that the two aick gages in the Able ar.s (2240 f..t from ground
nero) bad their f ii. completely darkened through 8 inches of lead brick.
The recorded radiation do .ge with in each ftiok gage box usa greater than
20 r~’ in comparison with 0.14 r at the camera Location in the adjacent
10 foot deep capacitance—ga ge pit (see Appendix B).

Figures 2.6. and 2.6b show the cuz-vse for A-i-CAP and 7—204-GAP .
The Able ares record shows a lar ge positive precursor pressure signal
of about 3 pounds per square inch which bad built up before the arr iisl
of th. shook front. The shock pressure incr.ajgd very slowly al tar t0
so that the th.ory of thsreal att enu ation of shock fronts is further
substantia ted . At Sta tion 7-204 (2&,0 feet), - the precursor bad disap-
peared and shock front attenuation vs.s probably due only to thermel and
mechani cal influences on the earth ’s surface.

It is inter esting to note that the 2.7 pounds per square inch pre-
cursor was ob..x-v.d at a range of 2240 feet in a black-top stsbilis.d
area. This say have been a greater range for the ~ enomsom than us.s
observed along the blast line.

Figures 2.7a and 2.7b giv, data for three capacitance gages in the
Dog ares . An extra station was set up as D-3, in the open and 380 feet
to the left of the wall-type revetm.nt , as one looks toward ground nero,
to provide a contro l measurement for evaluation of th. tnflusooe of the
two types of reve~asnt. in this area.

A U super imposed second shock appears ~t 0.65 second from
and the nsgative pbasi develop. a knee in the curv e a-s a result of a
tertiary shook sup.ri~ iosed on the end of the negative ~~ase starti ng
at about 2.0 seconds.

Figures 2.~~ and 2.8b again group the resul ts for the -
~~~~- capaci-

tance gages in the clear stabilis.d ~ .k.r srea with the ~~ck-gage rec-
ord for the station adjacen t to B—2 -CAP. Aside from th . disturbance
ass~asd to be introduced by hs camera pedestal in the 8—2—CAP record
(as in Shot 3), there is good agre .snt between the two capacitance

•Hsight of burst scaled to 1 kilo ton at so. lev.l—747, 995 , 1012 and
363 feet respectively for Shots 1 , 2, 3 and 4.

‘5~~entgen. .
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gages as evidenced by positive impulse values of 0.86 and 0.84 pounds
per squats inch per second. The &~ok gage also is in reasonably good
agreement with a positive i~~u1se value of 1.1.2 po~~ a per square inch
per sioond. The ~ack—gsge record, however, point, up the possibility
of rea ching false conclusions as to the tr ue shape o f .  wsv.troat if the
frequency response of the recording system is met fully oonsidered. The
ft~ok—gsgs record shows that the shook front took 5 asec to reach a psak;
from this it eight be erroneously concluded that therasi attenu ation
effects were present out to the 7700 foot distance. Positive phase du—
rations agree Vel7 closely but tb. occurrence of the supsr1~~os.d s.oo.-
dary shook in the middle of the positive phas. was at slightly different

— times for the three gages. 8sgative phases in the o.pacitsno.—gags
records e~~ibit the ee obu’aotsrtstio ~~~e as at the Dog stattoas.
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DofortuMtely the ft*ak.-gage r oord did met include .11 of the negative

Th. reasiming records of the report are presented as Figures 2.%
and 2.9b. Two ~iok gag. records were obtained La the vicinity of the
0—type rsvet.snt. Gage B-i-Bk was bebtNl the revetasat ~t the foot of
the buck slops and 8-3-8k was at the foot of the front slop. bat in theg ou st towerd po~~~ asic. The 8-3-BE gig. record can be compared with

~~ the ot~rves of P1gm’. 2.8 since .11 ware located in lime at about the
rang.. ~~ob oompsrisoa reinforces the agreement shown in Figure

2.8.
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The B-l—BL record shows evidence that the oonbio.d sffsct of the
front and back walls of the G-~~ps rev.teent result in ion. redu ction
to both peak positive pressure and positive i~~uls., about 20 per cent
each. Of ~~ u.e the inside of the revetnent i5 the assuned prot.otive
area for aircraft but bsoaus ‘of the failure of B-2-B~ on this shot
the only iafornstion on the protection orf.rsd by the revetnent (other
then observed dansge to aircraft) is the approxiaet.ly 35 per oe~t re—
dontion in svere~s peak positive pres sure ezper ieno.d within the revet—
n.nt for Shot 3.

Th. last two records are for the (bath . Loostion and again good
oorr.latton is shown between the two type s of gage. • Shot 4 data are
r—~~is.d in Table 2.3.

Table 2.4 s’~~~’is.s the rise tines for *11 gages on Shots 2, 3,sal 4 to th. tj~rf~ 4 g ~~~~~ ~~~ittve 2!~~• Peak values reported in
this table n.y or n.y not be the usziw~~ pres mires attained, depending
upon whether subsequent &-r-i~~~ exceed the first peak in anpli tnd..

1~

-

I 
__  _

-a -

-q



- 

- 

1~-J~SS~1B_-—
CXAPTEk1 3

0QN~~U~ LJ$L~ ANt t~~J~I~~ID &T lQI~

3.1 ~~~~~~~~~

Th. peak ground-level air-blast pros sures recorded by the 1~ vtd
Taylor ~t~del bath at Sta tion 7-204 on the neth blast line for Shot. 2,
3, aM 4 agre. within 3 per cent with the average of all other pressur e
sasu renents at that location. With good agr..nent at C CO~~~~D location

it would ,..~ that direct pres sur e coapari son.s oould be made between
records obtain ed by Project 1.13 in aircraft parking areas away from
the blast line with those obtained by other projects at comparable dis—
tanoes along the blast u n.. It app.srs that mast variations that n.y
be noted from such oo~psrisons can be attr ibut.d to local conditions of
terrain, surface composition , sM proxiaity of above gru~nd structures
or objec ts. Such intlueno.s, however , are very pronounced at certain
locations.

~~pabUiti.. of the Taylor )I del ~~ain capacitance gag• syi~ iS are
such that true representations of steep—fronted wavefor ms are obtained
down to a Im itation of 10 microsecond, rise tins. Good agreements
were observed with low tr.qusncy-r.sponj . pressure measuring systems at
Station 7-204 because the rise t iass to the mailnia positive pressure
at that station were slov—3.0 msec, 4.0 as.c, and 12.0 nasa respec-
tively for Shots 2 , 3, aM 4. Where wavetron ta are steep, peak pr.s—
sure, as determined by graphical extrapolation of records from low tz s—
quenoy gag. systems, gsn.raUy give values that are lower than those
recorded by the capacitance gag. system.

As an aid in th. correlation of structural damag, to aircr aft , the
peak positive pressur es and positive impulses have been presented with
th. data of this report a. averages for five different ranges and as
direct comparisons between the result. of Shots 3 and A; see Table 3.1.
It will be noted that for a range of 2100 feet, th. peak pressures for
Shots 3 sal 4 were about equal but the impulse value for Shot 3 was
only oa.-hslf that for Shot 4. At an intermediate rang. of 7800 feet ,
the impala. value, were equal bat the peak pr.ssure for Shot 4 was one-
bait that for Shot 3—jus t th. opposite of the relationship for the
near—in range. In a tranaitiomal rang. of 3000—3800 feet, pressure.
and iapuls.s were a lmost identical respectively for the two shots. At
the more extreme rang. of 10,200 f.it , the pressure sal impils. values
are consistent with one another, via., lower pressures for Shot 4 were
associated with corresponding lower impulse values as compared to Shot
3 value s.
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TABLE 3.1

Positive Pressures and Impulse, for Shots 3 cr4 I.

Shot ) Shot A
Range — _ _ _ _ _

Pressure Impulse Pre ssure Impala.
f s t

psi pet—sec pet psi—sec

2100 12.C(a) 2 .6(a) 12.5 5.9
3000(f) 7.9 2 .7 8.7 2.5
3800 7.l(b 2 . C ( b ? 6.6C c? 2.0(c)
7800 4.9(d 0.9(d ) 2 .4(d ) 0.9(d )

10,200 2.9(e 1.1(e) 1.7(s) 0.7(e)

(a) £v.rsg. of A-i-N, £—2-~Z and A-i-CAP
(b Averag, of D-1-CLP and D-2—C&P
(a Avsrsge of D-i-C&P, D-2--CAP and D-3-CAP
(d Aversge of 8-1-CAP, 8-2-CAP and 8-5— N
(e Averag, of C—i-N and C-i-CAP
(F Single gage reading at 7—204-CAP

~~v14 Thylor Ibd.1 Sham records f o r  this eerie , of tests are be-
lieved to hay, an over-all accuracy of 5 p.r cent with poe.ibly slight-
ly lees accura cy for certain negative phase phe~~~ ne. The capacitance
gags recordi ng system ~.-oI ,d ver7 satistactor7 for these tests. ~~lyone gags failed to operate prop.rl,y and this was du. to the complete
tn~.i~4~tion of an instr~aset shelter before a shot. The shelter could
not be drt.d out sufficiently before the equipment was installed and
the moisture shorted out a high voltage cirouit.

The application of the &ack int-.rfercmetsr gage. to these tests
was not , on the other band, nearly as satisfactory. Th. gage ii diffi-
cult to adjust, umpredictable in performanc, from one operation to the
next sz4 difficult to shield from maclear radiations. ~ zt of 23 &ack
gag. installations mad. for Shots 2, 3, aM 4 by Project 1.13 0517
eight usable pressure records were obtained. T~~ record s were lost be-
cause the 8 inches of lead shielding did not provide sufficient pe’ot.o—
tion for th. f tin from nuclear radiations on Shot 4.

3.2 E~~CI~~~~&fl~~3

The r.oc .Mations offered t~ Project 1.13 relate mainly to is-
in thstr~~~ntstion for air—blast pressure msasur~~ nts on

future atomic weapon. test.. A major purpose of any field test program
55
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is to produc. data—reliable data . The instz-ueentation should meet
st.&r lsrds of accura cy and resolution consistent with th. end use of the
data. The rnore reliable the instr~aentation and the simpler th. instil—
Lation the greater the chance that all data desired will be obtained and
the cost of secur ing these data in both t ine and money will be .1’~~ tssd.

It appears that th ere is considera ble advantage to be gained by th.
use of independent self—oontatn ed gage statio ns with all of the equip-
ment looatid in a small bole such as could be bored in th. ear th with a
power auger. - 

1b recorder for each stati on should be ressonsbly low in
oost but eve n th is cost could be o’tset b~ the elii.ination of long cable
tre nch.s, th. multipl e cables in thes e trenches, and lb. large under-
ground shelters required for central recording station s. Certain opera-
tiona.l difficulties experienc ed with long cables in sensitive gaging and
reco rd ing systems would a lso be elimina ted.

Should it be desire d on acy future tests to study the e~~ot wave-
forms of shock fronts or pr ecursors it is suggested that the use of the
capacitaric. gag. system with its proven high frequency response be con-
sidered . This measur.esnt system i. a.l.f oontained , rugged, and reli-
able , and can be readily adjusted for full scale record ing on any one of
s.ver a.l pressure ranges with automatic electrical calibration tth.rent
for each r ang..

Since preparation tIns for tW~ LD—SUPP~~ was so limited, certain
desirable ref i~~~~nts in the measurement apparatus, that could not be
incorpor ated at that tin., are eu~g.st.d here :

1. It se ma desirable to use a stretched steel diaphrag m as the
pressure sensing element in th. gage bead . The air space behind the
dta~tr.gs, incluJing the oapacitance gap, should be ivacuated and sealed.
This will aininis. long term variations in the pressure reference dat *~a
that occur as a result of slow changes in tb. gage t.mp.ratu r. and the
resulting influence on the air packet. In the existing gage system, as
used on ? L~~.-SMPP1~, these plow variations were compensated for by
an automatic re~~1anc tag circuit. It is believed that adeqt~ te ptoteo—
tion from rapid thermal flux changes is provided by the thermal and
dust filter used over lb. diaphragms.

2. A redes ign of the physloal arrangement of the apparatus is in..
dtoat .d so the assembly could be fitted in a waterproof ay1f~~rioal
housing that eight be lowered into a 24 inch stamipips in th. ground.
Than a baffle pint. could be placed atop the pipe for gro~~~ level as—
urements or a ~~~1ler pipe could be ext.ated to support a bat Fl. for
above groi~~ measurements.

3. It would be desirable for the recorder to rue at least 7 sec-
onds so that the pre—ab ook s ro  refere nce datia could be rechecked at
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the end of the tile after all air—blast effects bad terminated.

The experience of the ProJect 1.13 group with the &ick int.rferos..
star gages leads to the conclusion that these gages are not well suI ted
to tests of this mature. Although some of th. existing deficiencies
could be oorr.ot.d by redesign , it is felt that efforts could more pro—
titabl.y be devoted to developasat and improvement of other pressure re-
oording s7st~~~ for tutur atomic w apons tests.

~~
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The best information availabl. to ProJect 1.13 dur ing the prepare—
1017 stages for the TUMBL —S$AFP~R operation indicated that the expect—
.d thermal flux intensity for ground ranges corresponding to our gage
stations closest to C. .. might be high enough to fuse the sintired ~~sss
Porex filters and prevent the pressure from reac hing the sensitive din-

b r  this reason an a.rrsng.sent was worked out whereby a the rmal
shield positioned directly over the gag. would be r~~~ved shortly after
bomb detonation a~1 before th. arrival of the pressure wave.

Th. effectiveness of the thermal shield remover in carrying out
its mission was demonstrated in the Able area on Shot j .  The white-
washed gage baffle plate wa s scorched except where the shield cylinder
protected the gage area . The pressure wave was recorded satisfactor ily
indicating that th shield was removed at the proper tine.

Th. shield consisted of a 5 inch diameter sheet metal cylinder
8 inches long with one end open and a 2 foot sq~*re of plywood as a cap
on the top. The opsn end of the oylind.r was placed on th. batfle
p1st. directly over th. gage. An attached gasket ensured a close fit
to the baffle , Th. shield was held in p1aoe with light string, anchor-
ed to small pegs in the gro~~~.

Th. device that removed the shield consisted of an 8 toot long
1 1/4 inch pipe pivo ted at one end where it attached to a capstan—like
device mounted on an axle driven into the ground. Th. capstan or pivot
point was so loca ted that the are—of—swing of the tree end of the arm
inter sected the shield over the gage. £ fork arrangement on the end
of the ar e caught the shield cylinder, picked it up and threw thi
shield away from the gage ar ea .

~~petan power was provided by a heavy garage—door type coil spring
housed in an iron pip. and secured at one end. The pipe was lined up
on the ground so that a .te.l cable fastened to the free end of the
spring oould be wound around the capstan drma . The d evios was wo~~~ up
by rotati ng the arm against th. restraint offered by the spring. With
a desired initial degree of tension in the spring, the rotational tine
or delay between the release of the ar e and the removal of the shield
was controlled by choice of the anchor point.

~~~~~ ~~~~~~~~
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The anchor point was so chosen that about 0.7 second d.l*y was ob-
t&ined after detonation tine. The ‘loaded’ arm was restrained at the
anchor point by a heavy cord attached to a cellulose tape which was
looped around an .xp1~’sive squib. The squib was secured at the anchor
point. On sig~&1 from a ‘blue box’ circuit the aquib exploded to break
the tape and releas, the arm. ~~~ the arm bad moved part of the l~7around, it was caused to simolate a break in a blast foil and start the
camer a for £—l—C&P.

£ movie was mad. of a trial operation of this device on 18 April
1952 (7t1.m ~~~. P.46.100-6, Docunsotary Photographic bit , Los ____ s
Scientific Iahorat.ry),

S
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Tb provide infornetion on th . effectiveness of the shielding em-
ployed to protect camera film from maclear radiation, film badges ware
placed in the various ProJect 1.13 inatriaset shelters for Shots 2, 3,
aM 4. The film badges were furnished and processed by Program 4.

Tible Li lists the total dosages record ed in the various shelters.
The capacitance gage shelters were underground structures with shielding
provided by the earth. ftack gages in the Able area were shielded with
lead brick. At other locations the ~ aok gages were shielded only by a
steel box recessed flush with th. ground surfaoe .

O~ Shot I. the 8 inches of lead for the sick gages did not provide
i~i.tt ioient sbieUing at-d the records for the Able area were lost. The
film badges insU. the two ~~ck gag. boxes read greater than 20 r and
the os~era film was ooepl.t.1.y opaque after development. Th. slant di.—
taco, through the lead shielding was about 19 inches. It is of interes t
that the ali~~tn4a film spool. measur•d 20 nr 30 hours after shot tine.

The adjacent capacitance gage instr~a.nt shelter received only
0.14 r at th. camera location in the bottom of the 10 foot deep shelter.
8ven at a 6 foot level the dosage was only 1.32 r for Shot 4.
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