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ABSTRACT

Relative bilological hazards of blast were studied in two types of communal air-raid shel-
ters during Shots 1 and 8 (Nevada Proving Grounds, 1953). Dogs, restrained within the shelters
during detonation, wcre studied pathologically and clinically for blast injuries. Two anthropo-
metric dummies were test objects for displacement studies utilizing high-speed photography.
Physical data included pressure vs time and air-drag determinations.

During Shot 1 animals sustained marked blast damages (hemorrhages in lungs and abdom-
inal organs), three dogs were ataxic, and the dummies were rather viclently displaced. In
Shot 8, however, no significant injuries were found in the animals, and the dummies were mini-
mally displaced.

Analysis of the physical Jata indicated that blast injuries and violent displacements may
occur at much lower static overpressures than previously assumed {rom conventional explosion
data. Furthermore, biological damage appeared to be related to the rate of rise of the over-
pressure and air drag, as well as the maximum overpressure values. These phases of the
problem should be defined by further investigation,
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF SHRELTER DESIGN

An orientation to the work reported herein may be facilitated by indicating briefly the back-
ground of design used for the two communal air-raid shelters tested at the Nevada Proving
Greunds iNPG) during the 1953 series. Robert 1., Corsbie, Director of Civil Effects Test Group,
executed the design for such structures which would fulfill the following criteria: {1) a reiatively
high degree of safsty afforded shelter occuhants, with respect to effects from nuclear weapons,
(&) the cunstruction requirements should ¢ simple as well as feasible, (3) materials used
should be readily available and transportable, and (4) the total cost shruld be kept as low as
possible,

The basic design was resolved into a structure which is shown in plan view in Fig. 1.1
(hereafter referred to as Structure or Shelter 601). An open ramp leads downward into a roofed
entranceway, which in turn opens at a right angle into a blast trap. These components of the
structure were poured ~oncrete. Opening at a right angle to the blast trap is the shelter proper,
which was constructed or prefabricated reinforced concrete culvert pipe sections, 90 in. 1. D,
with poured concrete floor. This shelter design made it possible to locate seating benches
along ecither side of the shelter proper (sce Fig, 1.2). An emergency escape hatch and ventila-
tion duct were provided in the rear of the shelter (background of Fig. 1.3). This i8 shown as
the rectangular projection in Fig. 1.1 containing the air inlet valve,

In anticipation of possible blast hazards, a second structure was devised in an attempt to
reduce the peak gverpressure attained within the shelter and to reduce the 1ate of rise of the
overpressure. This shelter is shown in plan view in Fig. 1.4 (denoted Structure 602). It will be
noted that a double (through and through) ramp was used and the blast trap was revised tc con-
tain a baffle. The basic construction remained the same as that of Sheltc: 001 except that three
sectivns of steel culvert were installed and tested in place of the first three reinforced cenrete
sections. A detailed description of both structures may be found in the Report to the Test Di-
rector by Corsbie.!

1.2 OBJECTIVES OF THIS PROJECT

Recognition of possible or potential blast hazards within the shelters became apparent
when it was considered that shock waves assuciated with overpressures of several hundred
milliseconds’ duration would be imposed upon structures with open entrances of rather large
areas. In addition, it appeared that the volume of the structure with respect to the entrance
areas was such that little or no reduction in peak overpressure would occur, Therefore prior
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to the field tests an assumption was made that a considerable portion of the imposed over-
pressure might be transmitted into the shelter proper. This contention was supported by model
tests of Structure 601 executed by the Ballistic Research Laboratories (BRL) in the 24-in.
shock tube at Aberdeen, Md.?

The incident overpressure originally anticipated at the shelters in Yucca Flat on Shot 1
(17 March 1953) was approximately 18 psi. According to the BRL model test data, initial pres-
sure rises during the first few milliseconds after arrival of the wave within Ehelter €01 were
expected to vary from about 3 to 15 psi. The pressure was then expected to rise to a “filled”
value in the neighborhood of the incident pressure and to exhibit a duration esseutially as long
as the incident wave.

The question arose whether the above-mentioned conditions were sufficient to justify a
field experiment on biological blast damage. Evidence from work and experience with conven-
tional explosives (waves of a few milliseconds’ duration) indicated that a much higher overpres-
sure was required to produce damage in larger mammals or man,’# It was decided, however,
that one could not assume, a priori, from this or other available data, that the loading pattern
expected would not produce blast injuries.

The data of De Saga,® relevant to the fatal effects of high-explosive blast on dogs, showed
that the duration of the overpressure, as well as the peak overpressure, were both significant
parameters. The wark of Clemedson® on rabbits confirms the findings of De Saga. Thus there
was room to suspect from this data and other reasoning that damage might occur when the du-
ration of static overpressure was long even though the peak overpressure proved to be relative-
ly low.

An important secondary aspect of the blast hazard also became obvious; namely, that there
was a decided likelihood that the material velocity or drag component of the entering overpres-
sure would be of such magnitude as to cause rapid or violent displacements of shelter occupants,
It was deemed necessary lo investigate this possible displacement hazard.

The objectives of the project were thus deilned in terms of studying both the aspect of pri-
mary blast damage and the aspect of bodily displacement within Shelters 601 and 602.

It seems well to mention at this point that the shelters were so situated in Yucca Flat that
two bursts of the 1953 series rould be utilized. Furthermore, the first blast wave (Shot 1,

17 March 1953) entered the shelters in a direction paralleling the ramps (see Figs. 1,1 and 1.4),
whereas, in the second test of these structures (Shot 8, 19 May 1853), the blast wave traveled

in a direction perpendicular to the ramps (see Figs. 1.5 and 1.6). The project reporting herein
participated in both of these operaticns,

1.3 SUMMARY OF THE EXPERIMENTAL DESIGN

Establishment of a scheme for pressure vs time determinations in Structures 601 and 602
was dictated by the requirement for {following the pattern which had been applied to the model
studies by BRL and Rohert L. Coursbie. This, it was hoped, woulil allow a confirmation of the
validity of the model data by actual field test, and the establishe: scheme was deemed quite ap-
propriate for the study of biological blast effects. Figures 1.1 anl 1.4 show the positioning of
P-T gauges; the positions numbered 4, 12, and 14 were added to the original scheme so that
supple mental and more adequate data would be avallable for animals placed in the correspond-
ing locations.

In the study of primary blast effects, an 1deal animal is not avallable with respect Lo ana-
tomical characteristics closely anglogous to those of man and with respect to facility of han-
dling and restraint required in the shelter tests. The dog was chosen as the most appropriate
hiological test object, it beir | understood that data relative t.p thig animal cannot, at this time,
be explicitly extrapolated in terms of man's response to the same conditions. In addition to a
designated location for each animal as to anticipated and measured pressure regions within
Structures 601 and 602, thels orientation relative to the direction of blast-wave propagation was
considercd. Final arrangement of test animals was frequently dictated by the expediency of
coordination with other projects in the field. Suffice it to be stated here, however, that an at-
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tempt was consistently made to so station and position the animals during Shots 1 and 8 that a
maximum of pertinent data might be obtained.

The extent of blast injuries [ollowing Shot 1 was appraised primarily by careful and de-
tailed pathological examination since detailed clinical evaluation did not seem justifiable or
feasible. The nature and extent of damage determined in dogs exposed in Shot 1, however, ex-
pressly prompted clinical studies to be made during Shot 8. Thus in Shot 8 animals were
“paired” as well as possible to similar blast conditions so that one might be studied and fol-
lowed clinically and the alternate animal was posted for complete pathological study. Electro-
cardiographic facilities were also set up for Shot 8 in such a way that records might be ob-
tained from animals within the shelters duriig, and just following, the detonation.

In the investigation of bodily displacement, two anthropometric dummies were situated in
the central region of Shelter 601 (Fig. 1.1}, One of these dummies was seated and the other was
standing, but each was essentially free to move from these initial positions a distance of sev-
eral feet 1n the direction of the entering drag pressure. A drag gauge was located just “up-
stream” from the dummies (Figs. 1.1 and 1.2). For an appraisal of the magnitudes of displace-
ment, the decision was made to place three orthoginally mounted accelerometers in the chest
region of the standing dummy and to orient a high-speed camera so that pictorial data of the
motion could be obtained (Fig. 1.1).

Opportunity was afforded this project to obtain supplementary data on biological blast ef-
fects during Shot 11, The plan and methods used in this experiment are discussed in Sec. 2.6.
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CHAPTER 2

EXPERIMENTAL METHODS

2.1 METHODS AND INSTRUMENTATION FOR PHYSICAL DATA

2.1.1 Pressure Vs Time Measurements (Shots 1 and 8)

The recording of pressure vs time phenomena was undertaken by Project 24.3 (Vitro Corp-
oration of America), using Wiancko type 3 PAD pressure transducers, which were flush mounted
in the walls of the structure as indicated in Figs. 1.1 and 1.4. Gauges 7 and 8 were flush
mounted at ground level onutside Structure 601, and gauges 17 and 18 were similarly mounted
outside Structure 602. The recordingz system utilized Consolidated galvanometers, types 7-223
and 7-219, Details of this instrumentation and its response characteristics may be found in the
Vitro Report to the Test Director.t

2.1.2 Instrumentation for Drag, Accelerations of Dummy, and Photography During Shot 1

The standing dummy located in Structure 601 (Fig. 1.1) was instrumented by installing three
Guiton type A 302 barium-titanate accelerometers within a cavity located in the chest region
(Fig. 1.2). The accelerometers were mounted at right angles to each other, and the mounting
included a cathode follcwer for each unit. This allowed for minimum lead length between the
accelerometers and the matching cathode-follower circuit. The accelerometer-cathode-fouower
circuits furnished signals to the Consolidated type 1-112B linear amplifiers (located in an
underground concrete instrument vault, Structure 810). Consolidated type 7-228 galvanometer
strings operating in the Consolidated type 5-114 oscillograph were operated by power from
these amplifiers.

An air-drag gauge or Q tube (g = 4pV? was obtained from the Sandia Corporation (Fig. 2.1).

The sensing element of this gauge consisted of a conventional bridge type resistance-strain
gauge affixed to a strain element (Figs. 1.5 and 1.6). This gauge was operated from a Consoli-
dated 3-kc carrier amplifier, type 1-113B, the output of which was used to operate a Consoli-
dated type 7-223 galvanometer. These data were also recorded by the same oscillograph as
used for the accelerometer data.

In the high-speed photography used to trace the displacement path of the two dummies, time
marks were placed on the film from the time-mark generator located in Structure 610. The nec-
essary lighting was obtained {rom four General Electric airplane landing lamps (type 4-4560)
placed in banke of two as noted in Sec. 2.5. Twenty-four hundred watts of battery power was fur-
nished from a bank of five heavy-duty batteries mounted in a special housing adjoining the test
shelter {Fig. 1.1).

2.1.3 General Oyeration of the System During Shot 1

Commercial power at 110 volts was fed into the master control unit [located in an under-
ground concrete power vauit, Structure 611 (see Fig. 2.2)]. At -30 min an Edgerton, Germes-
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Fig. 2.1 —General structure and dimensions of the drag gauges (Sandia Corporation) used in Shots 1 and 8,

hausen & Grier (EG&G) time signal caused relays in the unit to -perate and apply this commer-
cial power to the Consolidated oscillograph, associated amplif: -s  .d the timing osc* ‘ator = -
cated in Structure 810 for warm-up purposes.

A second EG&G time signal arrived at the master control unit at —5 min, This caused a
sequence of relays to operate with the following results: Both 24K50 inverters located in Shel-
ter 611 were started and brought up to speed. The load of the equipment located in Structure 610
was removed from commercial power and transferred to the output of the inverters, the proper
separation of the loads to prevent inverter overload being made at this time. Filament and
plate supply voltages were applied to the accelerometer cathc  followers. The ventilator
valves were closed in both Shelter 601 and 602, and the air bottles w.re turned on. The elec-
tronic timer circuit was placed in warm-up position.

A third EG&G time signal arrived at the master control unit at —1 sec. This impulse caused
another sequence of relays to operate with the following results: The photography lighting sys-
tem located in Shelter 601 was turned on, and the Fastax camera, locatad in a special housing
adjacent to Shelter 601, was started. The oscillograph paper drive was started so that the type
1127 linograph paper moved through the oscillograph at approximately 115 in,/sec, recording
accelerometer and drag-gauge data. The electronic timer commenced to count time from this
—1 sec point.

At the conclusion of 13 sec the electronic timer caused relays in the master control to op-
erate, shutting off all equipment in all structures except the air -bottle valves. These remained
on to bleed the bottles to near zevo or ambient pressure, thereby providing for a known quantity
of air to the animals.

2.1.4 Instrumentation for Shot 8

The same instrumentatior used during Shot 1 (noted in Sec, 2.1.2) was operative during
Shot 8. Three primary additions were made for Shot 8, and these are noted in the following par-
agraphs.
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A second drag gauge was employed for determination of Q in Shelter 602 at the location in-
dicated in Fig. 1.5. This gauge was the same type described in Sec. 2.1.2.

A medium-speed camera was used in Structure 602 to study displacements of animals
(Sec. 2.5). Lighting for this photography was obtained from two banks of eight 150-watt 120-volt
lamps. These lamps received power through a relay circuit from 20 automobile type storage
Latteries located in an auxiliary shelter adjoining the test shelter. A flash bulb was placed in
the camera field which received a signal from an EG&G Blue Box and hence afforded a zero
time indicator for the photography. This system was also used in Structure 601 photography
during Shot 8.

Electrocardiograms were taken on four dogs, two located in Shelter 601 and two in Shelter
602. These electrocardiograms were obtained with the recording equipment located remotely
from the animals, the pickup leads being from 100 to 3CO ft in length. Four Sanborn type 67-300
ECG d-c amplifiers and their respective preamplifiers and mixing panel, Sanborn type 67-
200,/1000, were located together with a Consclidated P4 oscillograph in the instrument shelter.
ECG signals received trom the animals were fed into the amplifiers and recorded by means of
Consolidated tyoe 7-238 galvanometers on the oscillograph at a paper speed of approximately
2.5 in./sec.

2.1.5 General Operation of the System During Shot 8

The operation of equipment during Shot 8 was similar to that of Shot 1, and additional in-
strumentation was incorporated insofar as possible into the Shot 1 control system. The Q tube
and camer2a installed in Shelter 602 were afforded circuit control voltages by paralleling
similar control units of Shelter 601 (Fig. 2.3).

The electrocardiographic facilities used in Shot 8 required a supplemental timing and
control panel (Fig. 2.3) but depended upon initial starting from the —-30 min time signal initi-
ating all ather circuits in the master control panel. Recording began at —1 sec and continued
for 5 min, at which time recording was halted and a 1-hr timer started. After 1 hr a second
5-min record was obtained, and the equipment was turned off permanently.

2.2 ANIMAL POSITIONING AND RESTRAINING TECHNIQUES

As previously mentioned, dogs were so stationed within the shelters that various orienta-
tions of the animals were maintained, with respect to the direction of blast wave propagation
(see Figs. 1.1 and 1.4 to 1.6). All animals attained a standing posture except 2, 12, 7, 8, 1, and
6 in Shot 1; these were secured snugly with their right sides on the floor and belly-on to the
pressure wave. Animals in the entrance way and blast trap were snugged securely to the wall,
whereas animals in the shelter proper were loosely held near the curved wall of the shelter.

During Shot 1 the animals were restrained in position by means of a heavy canvas sling
around the shoulder and pelvic regions and a wire vest of large-mesh rabbit wire fitted snugly
to the chest, from which guy ropes were tied to appropriate eyebolts in the structure. This
technique gave considerable difficulty because of the long period of restraint required between
the times of placement and recovery.

For Shot 8 a special harness was designed and [abricated from Y;-in. cotton webbing
(250 Ib tensile test), which is shown in Fig. 2.4. The lattice work was held together by copper
rivets and burrs. Slip buckles were used for attaining proper adjustment. "' - to the variation
in anatomical structure and dimensions of the animals, it was found reces: , to {it each
harness individually. )

The problem of suspension and restraint between harness and structure was accomplished
by incorporating spring clips into the harness. Into these clips No, 3 straight-link chain was
snapped at the time of placement, and the distal end of the chain was secured to ;- or ¥%-in.
eyebolts within the structure,

This restraining system proved very successgfiul (see Fig. 1.3). Before Shot 8 the animals
were trained by suspending them in the harnesses for several hours. Dry runs also served to
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train the animals. Physical comfort as well as accurate orientationing and positioning were
maintained in the shelters before, during, and after exposure of the animals to blast.

Muzzles were used to prevent the animala from chewing the harness and to avoid possible
injury to personnel at the time of recovery.

The animals during Shot 1 were lightly anesthetized several hours prior io detonation but
were awake and barking 2 hr prior to zero time. No anesthesia was used during Shot 8.
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2.3 PATHOLOGICAL METHODS AND TECHNIQUES

ar bl 4

2.3.1 General Remarks -

4

Examination of gross tissue changes in the control and exposed animals was made by a
team of four physicians in the following specialties: a pathologist, a physiologist, an anato-
mist, and an orthopedic surgeon. The autopsy rooms were modeled in a temporary building
with two divisions, one for dissection and a second room for close assay of gross changes, . -
1 photography, perfusion, and other fixation processing. In addition to the 2!-ove team, a second
physiologist, a histology technician, and a medical photographer assisted.

L

2.3.2 Conduct of Autopsies

All control animals and three groups of test animals were handled in an identical manner
3 and system except for a glight variation in lung perfusion technique. Upon “recovery” from the
) test site, animals were transported to the main animal quarters, and autopsies were immedi-
ately begun, selecting those animals first which appeared to show the most marked effects of
their experience. Examinations were performed on only one animal at a time. An animal was
brought to the autopsy room, examined for external damage, and anesthetized intravenously
= (leg vein) with nembutal solution (60 mg per cc) in dosage of 1 cc for each 5 1b of body weight.

' ‘This dose was found sufficient to anesthetize without appreciably suppressing central respira-

tory centers.
As quickly as possible the animals were strapped to the dissecting table and exsanguinated
by severing each femoral artery. With cardiac arrest, two members of the team dissected out
the carotid artery (avoiding damage to any large venous channels), These vessels were -
: clamped close to the base of the neck, cannulated above with polyethylene tubing, and the head ‘
. and neck slowly perfused, bilaterally, with buffered formalin (10 per cent) in amounts of ap-
' proximately 80 to 100 cc to each side. This procedure resulted in excellent and early fixation .

of the head and upper neck structures.

The team division placed two proseclors dissecting the head, neck, back, and spinal cord

3 and two others examining the thorax, abdomen, and extremities. In this manner the gross
examination of all tissues, including photography and fixation, could be uniformly completed in
a thorough manner, with the total time of autopsy examination ranging from 60 to 90 min for
each animal.

As socn as perfusion of the head was completed, the trachea was clamped tight at the base
of the neck and the thoracic cavity opened, This procedure maintained the lungs in an ex-
panded state to more accurately ascertain the gites of pulmonary damage with respect to the
more solid structures such as the Heart, mediastinal contents, and rib cage. It was found in
control animals that failure to close off the trachea before opening the chest wall resulted in
massive collapse of all portions of the lungs to a fraction of their original volume, thereby
obscuring anatomical relations and to soine extent the histo'ogical picture. Since the puimo-
nary changes were the dominant features, these organs, together with the intact heart and
clamped trachea, were removed at once, photographed in color, anteriorly and posteriorly, to
demnnstralte site and extent of any damage, and perfused with 10 per cent buffered formalin by
way of the bronchial tree. During this latter process the lungs, of course, collapsed but were
reexpanded to the estimated original volume by the perfusion fluid and maintained in this
state until fixation was complete. A slow rate of perfusion was used to minimize dislodging
any intrabronchial contents which might be present in the deeper ramifications. In the early
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stages of the experiments, the lungs of the first few animals were perfused through the pulmo-
nary artery and were allowed to collapse. This produced a distorted histological picture in
which fine details were somewhat obscured by the irregular atelectasis, lending a peculiar
Swiss-cheese effect to the sections. Tests on control animals verified the superiority of the
bronchial perfusion method where care was exercised not to overinflate the lunga.

It was found to be quite important in control tests to avoid severing any medium or large
venous channel while the heart remained active, since air would immediately be drawn into the
general circulation and air emboli would be se2n in coronary vessels and frothy blood would
be found in cardiac chambers. Although we aid not expect to find air emboli in these animals
as a result of the long interval between explosive exposure and examination, the possibility of
such was looked for,

Throughout the dissection and gross examination, detailed notes were made on check-list
forms covering all organs and structures, and sections were placed in 10 per cent buffered
formalin and in Helly’s fluid for 1'stological study. The list of principle structures which
were selected for detailed examina. ¢ i8 given in Appendix A.

Colored photographs were made of all lesions or suspected lesions before fixation. The
lungs, heart, brain, spleen, kidneys, larynx and trachea, eyes, middle and inner ears, spinal
cord, suspected sectors of intestine, and urinary bladder were fixed and preserved, sectioning
in buffered formalin for later reexamination at the Central laboratory. Tissue sections of 2- to
4-mm thickness were fixed in 10 per cent buffered formalin and Helly’s fluid. The brain was
sliced at close intervale (3 to 4 mm) immediately after removal and stored in buffered
formalin. The eyes were fixed only in Zenker-acetic fluid after a small slice was removed
from the lateral walls to allow {ixalive penetration. Certain other fixatives (listed in Sec. 2.3.4)
were occasionally used for specific purposes.

2.3.3 Photography of Pathological Specimens

The equipment for gross specimen photography consisted of a standard vertical camera
mount (B and J type) with ground green plastic base (nonreflecting). Camera: Rolleiflex, with
close lens attachments. Film: Ektachrome No. 120, 2- by 2-in. frames. Lighting: Four
photofloods, equipositioned about the specimen at an approximate distance of 2 {t.

2.3.4 Processing of Tissues

(a) Fixatives Employed.

10 per cent buffered formalin (Lillie)?

Helly’s fluid (Zenker formal, 10 per cent)

Zenker acetic (5 per cent)

Rossman's fluid

Baeic lead acetate

Zenker fixed tissues were processed, after a 12- to 18-hr exposure, by washing and
storage 1n 80 per cent alcohol in the usual manner.

(b) Histological Stains Employed in Study.

Hematoxylin-eosin

Masson trichrome

Verhoeff’s elastic--Masson trichrome

Modified Lison Prussian blue reaction® (potassivm {errocyaride and hydrochromic acid)
for iron.

Periodic -acid-Schiff

(c) Technique for Brain Specimens. Multinle siices of brain were sectioned by the frozen
technique and stained with Sudan Black-B in propylene glycol* for study of myelin shieaths and
detection of fat emboli.
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2.3.5 Selection of Tissues and Principal Stains Used

(u) Lungs. Only buffered formalin was used for [ixation. Sample sections were taken from
all gross lesions, as well as one or two {rom uninvolved lobes; selections were made to in-
clude a study of bronchial and vascular tree. All sections were stained with hematoxylin-
eogin and Masson trichrome, either with or without the clastic stain.

(h) Hear?!. Several sections were taken of mitral and aortic valves, anterior and posterior
myocardium of left and right ventricle, interventricular septum, papillary muscles, and

auricular walls including appendages. Stains used were hematoxylin-eosin and Masson
trichrome.

{c) Brain. Since no gross lesions were observed, selected sections were made from the
following regions: frontal, occipital, and motor cortex; hippocampus; basal ganglia, including
the internal capsule; corpus callosum; pons, medulla, and several sections of spinal cord; and
cerebellum, including the dentate nucleus. Several frozen sections, stained with Sudan Black-B
in propylene glycol, were made on the brain of each animal exhibiting ataxic signs.

(d) Lymph Nodes. Hematoxylin-eosin stain and Lison’s iron method were used.

fe) All Other Tissues. Hematoxylin-eosin stains were used; selected sections were
occasionally stained by the Masson trichrome method where indicated.

2.3.6 Weights of Tissues and Organs

Except for the animals involved in the first experiment, all major organs were weighed
and recorded following excision. In no instance were organ weights increased above the
normal range.

2.3.7 Control Animals

Thirteen control animals were used. These were similar to the experimentals ir size,
gex, and breed. These dogs were subjected to the same procedures as were the test animals,
including overnight restraint in the shelters. Pathological examinations were identical in

detail to those descrived above. Appropriate microscopic sections and photographs were
obtained.

2.4 CLINICAL METHODS (SHOT 8)

Because clinical and pathological findings were essentially negative for blast damage
during Shot 8, the clinical methods employed will be described very briefly.

The animals were studied prior tu the test and at the earliest possible time following
recovery. The work-up consisted of complete physical and neurological examinations,
electrocardiograms (leads I, I1, I, and AVF), and chest x rays. Silver chloride was fused to
a silver plate fcr the ECG electrodes (nonpolarizable), which were held to the clipped leg by
gauze satu ated tn saline solution. The dogs were held in position for P-A chest x rays by
means of a V-ghaped plastic trough, into which fitted the ventral contours of the animal’s
chest cage.

Electrocardiograms during the actual test were obtained by equipment described in
Sec. 2.1.5. Electrodes consisted of depolarized silver wire threaded through the skirn of the
leg of the animal. A plaster cast was applied to maintain the electrode and lead in place
during the interval from placement to recovery.

2.5 DISPLACEMENT S8TUDY METHODS

Of major concern in the photography of the displacement of the dummies and the suspended
dog was the problem of covering an adequately large field of view with the short camera-
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to-subject distance afforded within the shelters. Using 18-mm high-speed motion-picture
cameras, wide-angle objectives seemed to be the answer to the problem; one of these lenses
(of exceptionally wide coverage) was adapted as closely to our requirements as possibie, while
its distortion was kept to a minimum. However, the lenses themselves offered only a partial
solution, and it was decided to place the instruments outside of their respective shelters, thus
obtaining an increased camera-to-subject distance, Although this involved the disadvantage of
early camera placement and “digging out” at recgvery, it was felt that the 25 per cent increase
in camera-to-subject distance justified such a procedure.

In Shelter 801 a port was cut through one wall, and a lead collar containing a 2-in. lead-
glass window was fitted into this hole, This port was placed 24 {t frora the doorway to the
shelter and 39 in. above the floor (Fig. 1.1). The camera lens barrel protruded into the pro-
tective collar, seemingly safe from flying debris and/or radiation from within the shelter
proper, and the lens axis was maintained perpendicular to the shelter wall. A steel camera
mount was rigidly secured to the outer shelter wall, the camera being directly bolted to this
mount. Fabricated steel housings were then bolted to the concrete base, but not to the shelter
wall, allowing the camera to move with the shelter and independently of the protective housings.

The plan used for mounting the camera outside Shelter 602 was simpler, its primary dif-
ference being that the carnera could move relative to the shelter. This scheme consisted of a
camera port (a rectangular steel conduit welded into the steel wall of the shelter at a 45°
angle), a steel housing fitted with a ¥;4-in. steel fioor, a flexible rubber boot connecting the
housing and the camera port, and a 2-in. lead wall contalning a 2-in. lead-glass window fitted
into the front panel of the houning. The cumera housing was bolted directly to a concrele slab
poured independently of the shelter wall, In this case the camera port was placed 21 ft {rom
the entrance way and 40 in. above the floor (Fig. 1.6). Additional camera-to-subject distance
was gatned by facing the camera downstream with the lens axis at an angle of 45° with the
shelter wall,

For the purpose of shielding the camera film, calculations of gamma-ray attenuations
were made (Appendix B). The camera housing at Sheiter 601 was shielded with 5 in, of lead
on each surface above the base, and additional 2-in, alabs of lead were placed atop the housing
and on the side facing Ground Zero. As discussed in Appendix B, this was more shielding than
was minimally required. To shield the 602 houging, two thicknesses of Y-in. lead sheet were
fitted to the housing, and 2 in. of lead brick were stacked next to this. An additional 2-in. lead
slab was placed on top, and another was put against the side facing Ground Zero.

In Shelter 601 the necessary illumination was supplied by four General Electric type
4-45680 24-volt aircraft landing lamp assemblies used in two banks of two lamps each. These
were located 10 ft on either side of the camera position and were focused on the dummies.
When burned at 30 volts d-c they supplied sufficient light, though their coverage was somewhat
spotty. In Shelter 602, sixteen General Electric PAR 150/sp 120-volt lamps were used in two
banks of eight lamps each. One bank was located 7'; {t downstream from the camera position,
and the other bank wus 2Y, ft upstream. These lamps were positioned to illuminate the subject
area uniformly.

The camera in Shelter 601 was proposed to operate at a speed of 300 pictures per second,
whereas the camera in Shelter 602 (Shot 3) was set up to operate at 200 pictures per second.
Complete camera data are given in Appendix C.

Measurements on the 18-mm high-speed {illms were obtained, using the Bell and Howell
Time and Motion Study Projector, model 173 BD. The film was projected at a diatance which
produced an image of known proportion to the original subject size. Projection size was
maintained at a reasonable maximum to assure minimum error in measurement. The pictures
taken in S8helter 601 were read in a ',/, to 1 relatiun to original subject size. Those taken in
Shelter 602 were read as follows: the paper tag at 1to 1 and the suspended dog at % to 1. In
the latter case it was necessary to correct the readings obtained from the {ilm because the
camera was situated at a 45° angle to the path of inulion. For the 8hot € uperations, markers
1 ft apart were painted on the wall opposite each camera installation to facilitate measure-
ment and reference on the film.
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2.6 PLAN AND METHODS FOR SUPPLEMENTARY EXPERIMENT (SHOT 11)

1n addition to the operations of primary concern, Shots 1 and 8, an opportunity was afforded
during Shot 11 to obtain data on overpressure effects upon four animals. The structure in
which the dogs were exposed was a previously tested shelter,® with one double ramp similar
to Structure 602 but entirely open from above. The ghelter proper opened directly at right
angles to the ramp. Reinforced-concrete culvert sections, 80 in, I.D., had been used in the
first half of the shelter proper. Prior to detonation the second 8-t section was closed in its
entire length with sandbags, leaving the {irst culvert section open to the ramp in its entire
cross-sectional area.

Animals were restrained in the manner previously described (Sec. 2.2), within the first
“open” culvert section as illustrated in Fig. 2.5. Mechanical pressure vs time gauges were
mounted in the bulkhead and at the bottum of the ranip, and peak-pressure gauges were flush

mounted in the dirt floor (8ee Fig, 2.5) by Mervin Clark of the Ballistic Research Laboratories,
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CHAPTER 3

RESULTS

3.1 PHYSICAL DATA

3.1.1 Pressure Vs Time Data

Overpressures incident at the shelters during Shot 1 were not obtained. Data from the
Sandia Corporation blast line,' however, indicate a maximum pressure of approximately 13.5
psi at the same distance from Ground Zero. This line was essentially at right angles to
Shelters 601 and 602, with respect to Ground Zero. It seemed reasonable to agsume symmetry
of the advancing overpressure wave.

Pressure vs time traces {rom gauges P-3 and P-11 (note gauge positions in Figs. 1.1 and
1.4) for Shots 1 and 8 are given in Figs. 3.1 and 3.2, respectively. The upper curves in these
figures are plotted with abscissa unita such that the general contonr and duration of the entire
wave can be observed. The lower curves in each figure have an expanded abscissa scale,
allowing appraisal of the rige times and early pressure characteristics of the curves. A com-
plete set of pressure-time curves of the data obtained may be found in the report of Ruhl.? .

Specific portions of the pressure-time traces which appeared to have the greatest im- ,
mediate biological importance have been derived from the original data,? and analyses of these
graphs are presented in Tables 3.1 and 3.2. In these tables values specified under inttial rise
were obtained in the following manner: the pressure was, in general, read at the earliest point
on the curve where the slope of the tangent line passed through zero and reversed its sign {rom
a pogftive to a negative value; the time noted was the time interval between the arrival time of
the shock wave and the occurrence of the first pressure peak noted above; the average rate of
rise was found by merely dividing the pressure value by the corresponding time. As as example
of initial-rise values selected, in Fig. 3.1 4 rige of 7 psl was noted after 14 msec of pressure
increase following which the pressure decreased to approximately 3 psi. The values for initial
rise in this case, therefore, were tuken as 7 psig at 14 msec and 0.5 psig/msec. The early
maximum rise noted in the tables was chosen by noting the peak pressure attained within
approximately the first 30 msec after arrival time. The time and the average rate correspond
to the values noted above. In addition to the above characteristics of pressure increase, there
usually appeared a rather marked secondary pressure rise as indicated in Fig, 3.1, Shot 1
(lower curve). These second rigses frequently occurred within the first 30 msec but were
occaslonally delayed as noted in Tables 3.1 and 3.2. Peak-pressure values and the duration of
the positive phase are given in the last two columns of Tables 3.1 and 3.2, .

To facilitate comparison of pressure-timc values occurring in Shots 1 and 8, the reader
may find it helpful to utllize the last two rows in Tables 3.1 and 3.2 which designace the ranges
{or the values noted above,

:
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graphs illustrate static~-pressure wave form at gauge P-3 during Shots 1 and 8 (curves 1 and

8). Lower graphs have cxpanded abscissa units so that the rise characteristics may be noted
(data by Vitro Corporation of Amcrica).
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The response characteristics of the pressure pickup and recording system were tested
by shock-tube studies.® The shock [ront resulted in a rise time of less than 1 msec in the time
sensitive sxysterr\.2 Thus pressure vs time responses obtained in the field, which showed rise
times of <1 msec, were considered herein as instantaneous and were so indicated in Tables 3.1
and 3.2. Whether these are true shock fronts appears at this time to he an academic question.
The negative phases of the pressure waves vary from 2.0 to 3.5 psi in Shot 1 and ranged
in duration from 2.1 to 2.8 sec., For Shot 8 the ranges were 1 ta 3 psi, with durations from 1.1

to 2.6 sec.

3.1.2 Air-drag Data

Graphs from the drag-gauge recordings for Shois 1 and 8 are given in Fig. 3.3.
Calibration data as obtained from wind-tunnel studies® with this gauge allow the readings
to be represented in pounds per square inch,

3.1.3 Peak Pressures and Pressure Vs Time for Shot 11

The peak pressure only was obtained from the gauge at the bottom of the ramps, which
was recorded as 40 psi.* A doubtful peak of 100 psi is given for gauge 7C in the bulkhead {note
Fig. 2.5). The pressure-time trace for gauge 18C in the bulkhead was noted as poor.! Both 7C
and 18C were blown out during the blast. In spite of this misfortune it seems of interest to
note the rise preasures of gauge 18C during the first few milliseconds. This has been done,
and data are given in Table 3,3, so that this approximate rate cf pressure increase may be
compared with those from Shots 1 and 8.

Table 3.3 — ANALYSIS OF PRESSURE VS TIME DATA FOR SHOT 11

Gauge No.
18C+ 14Bt 3Bt

Initial rise:

Pressure, psig 15
Time, msec 12
Av, rate, psig/msec 1.25
Early maximum rise:
Pressure, psig 30
Time, msec 28
Av. rate, psig/sec 1.15
Peak pressure, psig 38 37

* These data are from BRL gauge 18C-15-100, which was mounted to
record a reflected pressure and was blown out of its original position.
Values given, therefore, should be considered accordingly but may add
biologically pertinent data, particularly in terms of the rise within the
first 12 msec.

t This gauge recorded only peak static pressures.

Peak-pressure gauges in the shelter floor recorded values of 37.0 and 38.0 pai.
Blast-line data' indicated an outside pressure of approximately 35 psi at a comparable

distance from Ground Zero,
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3,2 CLINICAL DATA

3.2.1 Clinical Data from Shot 1 Animals

The time between detonation and recovery was 4.5 hr, One animal (D-15) was dead,
heering been chloroformed by an advance oarty. This animal whined and presumably was in
pain, The dog against the baffle in Shelter 602 (D-14) displayed labored respirations and
appeared to be in shock. A large hematoma was noted, at once, on the tongue of D-14; pulling
the tongue forward allowed a patent airway, and the animal recovered. Only one animal showed
significant thermal damage, namely, D-9 located at the end of the 601 blast trap. The fur in
this case was singed to a moderate degree on both sides of the animal.

The maining dogs appeared generally little affected by the experience, although nearly
all were considerably subdued in responses. All animals ate and drank readily following re-
turn to their quarters, and all seemed friendly and generally in good spirits.

Because of the previous respiratory difficulties, D-14 was auscultated at the animal
quarters on several occasions. On one observation moist rhonchi were heard; otherwise the
lungs sounded essentially clear.

One-third of the animals (D-3, D-7, D-14, D-8, and D-1) exhibited some degree of ataxia.
In three dogs (D-7, D-8, and D-1) the ataxia persisted for more than 24 hr (until autopsied,
Table 3.4). The disorder seemed to be cerebellar in type since it was characterized by sudden
staggering or ioss of coordination while walking.

Table 3.4 — TIME AND ORDER OF AUTOPSIES FOLLOWING SHOT 1

-
Time after explosion, hr 3 Time after explosion, hr
Animal  Shelter 601 Shelter 602 L Animal  Shelter 601 Shelter 602
D-15 12 D-1 36
D-9 14 D-13 317
D-3 16 D-12 40
D-14 17 D-8 41
D-4 30 D-2 53
D-1 32 D-5 54
D-11 34 D-6 55
D-10 35

3.2.2 Clinical Data from Shot 8

The initial recovery party found one animal, 602-3 (dog in position No. 3 in Shelter 602),
dearranged in the harness and bleeding {rom the nose and mouth. At the time of later exami-
nation, however, the hleeding had ceased end no Bource could be determined clinically or at
autopsy, One animal, 601-2, was slightly singed.

The animals, other than 802-3, were all lively and displayed normal reaction patterns,
and no ciinical evidences referable to blagt dimage were found. Electrocardiograms taken in
the shelters were also normal.

3.2.3 Clinical Data from Shot 11

Recovery was delayed {ollowing this test until 11 hr after detonation. The animals were
found to have sufiered marked displacement, as noted in Fig. 3.4, contrasted to origina) posi-
tions (left of Fig. 2.5).
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