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ABSTRACT

Three underground corrugated-steel arch structures covered with 5 feet of earth were subjected
to peak overpressures of 60 and 100 pst during Shot Priscilla at the Nevada Test Site. Essentially,
it was desired to assure that Department of Defenss Class II (50-psi overpressure and compara-
ble radiations) protection is afforded by two types of 23-foot diameter, 180-degree corrugated-
metal arches.

Free-field overpressure was measured at the ground surface above the structures, along
with pressure inside each structure, acceleration of the floor slab, arch deflection relative to
the floor slab, and gamma and neutron radiation dose inside each structure. Dust waa meas-
ured inside one structure.

All arch structures provided adequate Class II protection for the conditions of the test. One
arch structure, reinforced with steel arch ribs, withstood 100-psi overpressure (333-msec
positive-phase duration) with no significant damage other thaa a cracked floor slab.

A blast closure valve was tested in the ventilating system of one structure. Operation was
satisfactory during the positive-pressure phase, but the valve leaked excesstvely during the
negative-pressure phase.

Prototype pits designed to partially shield emergency power generator sets against blast,
missiles, and thermal radiation damage were tested to determine their adequacy. Damage
assessment indicated significant but inadequate protection at the overpressures to which the
generator sets were exposed.

ety

P a-




AR e

s

e
.?

2]

N 3t ) e -

FOREWORD

This report presents the final results of one of the 4. Jrojects comprising the military-effect
programs of Operation Plumbbob, which included 24 test detonations at the Nevada Test Site in
1957.

For overall Plumbbob military-effects information, the reader is referred to the “Summary
Report of the Director, DOD Test Group (Programs 1-9),” ITR-1445, which includes: (1) a
description of each detonation, including yield, zero-point location and environment, type of
device, ambient atmospheric conditions, etc.; (2) a discussion of project resuits; (3) a summary
of the objectives and results of each project; and (4) a listing of project reports for the military-

effect programs.

PREFACE

The pretest planning, field test, and completion of the interim test report was accomplished by
the Bureau of Yards and Docks (BUDOCKS) with assistance in the field by the research staff of
the U.S. Naval Civil Engineering Laboratory (NCEL). The project was conceived, planned, and
executed under the guidance of CAPT A. B. Chilton, Jr., CEC, USN, who was then Manager of the
Atomic Energy Branch of BUDOCKS. LTJG G. H. Albright, CEC, USNR, was Project Officer and
Writer of the interim test report. W.A. Shaw was Project Engineer for the NCEL participation
at the test site.

This report was prepared by the research staff of NCEL.

The following agencies and projects made essential contributions to the total success of this
project:

Chemical Warfare Laboratories, Project 3.4, Radiation Shielding

Ballistic Research Laboratories, Project 3.7, Sructural Instrumentation

Waterways Experiment Station, Project 3.8, Soils Survey

Lookout Mountain Labora‘ory, Project 9.1, Photography
Lovelace Foundation for Medical Education and Research, Project 33.5, Dust Investigation
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Chapter 1

INTRODUCTION

1.1 OBJECTT/ES

The test efiort was concentrated on three basic components of a personnel shelter —the
shelter structure, the blast closure valve, and the electric power source. The objectives were
to: (1) determine the degree of protection from blast and radiation afforded by earth-covered,
corrugated-steel arch structures, (2) determine the blast capabilities of a blast closure valve,
and (3) determine the suitability of open pits for blast protection of power generators.

Two types of 25-{oot-diameter, 180-degree arch structures, the E19R] blast closere valve,
and two types of pit enclosures for power generators were tested during Stot Priscilia at the
Nevada Test Site (NTS). Figure 1.1 shows the layout of structures, blast closure valve plemum,
and generator pits at the test sile. Table 1.1 zives the range of structures from ground zero
and the predicted theoretical overpressure at the structures.

1.2 RELATIONSHIP OF PROJECT OBJECTIVES

A shelter satisfactory {or personnel occupancy for several days or weeks muet perform
several basic functions. R must provide a volume of space free from blast overpressure,
missiles, prompt radiation, and residual or fallout radiation. It must also provide a ssitable
air supply, wcter supply, waste disposal, lighting, and storage space for food and other items.

A blast closure valve in the entrance and exhaust of the ventilating system is necessary to
prevent damage to the system and other shelter contents.

Electric power (s required for the ventilating or air-conditioning equipment, lighting, and
possibly for heating, cooking, pumping, and communications.

N st it ell] RO, 2 -
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TABLE 1.1 ARRANGEMHENT OF STRUCTURES, SHOT PRISCILLA
Yield: 36.6 kt. Height of burst: 700 ft.

Structure 3.3a 3.3¢ 3.3
Station sumber 9019.01 9019.02 9019.03
Range from ground zero

to center of structure, €t 1.150 1,362 1,360
Slant range, yds 449 510 510
Angle of sight, deg N 27 27
Topographic coordinates N 746.877.74 N 746,881.72 N 747.111.67

E 715.037.10 E 714,796.31 E 714,948.56
Predicted theoretical
cverpressure at earth
surface, pei 75 50 50

vt

N Generator Pits

(2]
'/

g\

\\ r~e
~—

\ \

F-3.3-9019.02 F-~-33-9019.0t

~— T Generator <3
F-3.3-9060 Pits
Biast Closure Vaive Plenum

/ enerator Pits
/ Range 13251 ~—Range 1150t
[-"Ranqo 1360 ft l

Figure 1.1 Plot plan.
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Chapter 2
TEST OF CORRUGATED-STEEL ARCH STRUCTURES

2.1 OBJECTIVES

The general purpose of this test was to determine the protection from blast and nuclear
radiation afforded by 25- by 48-foot earth-covered corrugated-stee] arch structures used as
personnel shelters. The structures were modified prefabricated ammunition-storage magazines.

The specific objectives were to: (1) assure that Department of Defense (DOD) Class IT (50-
psi) protection is afforded by sucl: shelters, and (2) determine the increased protection afforded
by the addition of strengthening membern (steel-arch ribs).

2.2 BACKGROUND AND THEORY

Past tests and studies ave indicated that the use of earth-covered prefabricated ammunition-
storage magazines is a relatively inexpensive and adequate method of providing personnel shel-
ters. The corrugated-steel magazines tested in Operations Upshot-Knothole and Teapot were
similar to those tested ia Operation Plumbbob and are, therefore, of particular interest here.

The earth configuration used for Structure 3.13 in Operation Upshot-Knothole ts ebown in
Figure 2.1. Amlysis showed this type of surface structure was very sensitive to asymmetrical
loading (Reference 1). The dynamic pressure acting on the structure during Operstion Upshot-
Knothole has been roughly estimated at § psl. A dynamic pressure of 30 10 90 pst was predicted
for Operation Teapot. A different earth-cover configuration was.therefore, used for Structure
3.6 in Operation Teapat (Figure 2.2). During Operation Teapot, Structure 3.13 was retested
with the earth configuration changed from that shown {n Figure 1.1 to tiat shown ia Figwre 2.3,
Results of Operations Upshot-Knothole and Teapot are summarized in Table 2.1.

The following conclusion is quoted from Reference 1: “The structure and contiguration tested
(Building 3.6) would serve as an adequate sheiter under conditions in the cpesn not exceeding any
of the following conditions: average side-on pressure, 30 psi; average dymamic pressure, 80
psi; and total flux prompt radiation, 10,000 r. Actually, the structure would probably withstand
a still larger side-on pressure if the coincidental dynamic pressure were sufficiently small.”
Reference 1 recommends, “To obtain maximum blast protection with a given thickness of earth
cover and at a minimum cost, the sheiter should be partially buried so that the volume of the cut
approximates the volume of the fill.”

Based upon the Upshot-Knothole and Teapot resuits, the earth configuration was further
modified to reduce the dynamic pressure sensitivity for this test (Figure 3.4). This coafigura-
tion was based upon a balanced cut-and-cover procedure, with the berm extending along the
earth surface to the intersection of an approximate 45-degree line from the base of the struc-
ture. On the basis of the modified earth cover, it was estimated that the structure would with-
stand approximately a 50-psi side-on overpressure at the earth surface.

Reference 2 indicates that the theoretical collapeing pressure computed by a rigorous amaly-
sis is an underestimate by a wide margin of the capacity of the structure. R was also estimated
that the collapsing pressure for this structure would be not less than 30 pel.

R was planned that the evaluation of the three structures as personnel shelters would be
based on the results of instrumentation, including maximum dynamic deflections, Ssteraal peak
pressures, vertical accelerations of the floor, neutron- and gamma-radiation levels, and post-
shot surveys and examinations.
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2.3 PROCEDURE

2.3.1 Description of Structures. Three earth-covered, (balanced cut-and-cover) prefabri-
cated ammunition-storage magazines, with the earth configuration shown in Figure 3.4, were
located for Shot Priscilla as indicated in Table 1.1 and Figure 1.1.

All three structures basically consisted of Navy stock 23- by 48-foot ammunition-storage
magazines (Navy Yards and Docks Supply No. C-59-M-50) with certain moaifications. Those
modifications common to all three structures are described first, and those unique to each
structure will be described in subsequent paragraphs of this section.

The curved sections consisted of 10-gage corrugated-steel plates having the properties
(Reference 3) described in Table 2.2. Other gages are listed in Table 2.2, because they were
used for eertain end bulkheads.

The stock access-end bulkheads were not used in any of the three test structures but were
replaced with corrugated end-bulkheads of a gage equal tr “at used on the rear end-bulkheads.

The end bulkheads on all structures were additionalls :inforced by a tickack and deadman
arrangement (Figures 2.5 and 2.6). The standard, 8-gage rear bulkhead was used in Structure
3.3b, but 3-gage end bulkheads were used for Structures 3.3a and 3.3¢.

The backfilling operations {ollowed conventional construction practices. The soil used for
backiill was hauled to tae site from a gravel pit located 4 miles from the lakebed area of the
test site. A gravelly, silty sand was used, rather than the silt of the dry lakebed of Frenchman
Flat, in order to more typically represent an installation such as may be found at continental
United States and oversea base locations. Descriptions of the soll used, anzlyses performed,
and backfilling procedure are presented in Appendix A.

The same entrance configuration was used for each of the three test sheiters. This consisted
of a norizontal, corrugated 8-gage steel tube 7 feet in diameter, with a vertical access trunk of
8-gage corrugated steel, 3 feet 6 inches in diameter, resting on a concrete pad (Figure 2.6). At
the ground surface, a submarine-type circular hatch (Figures 2.7 and 2.8) served as a blast door.
A detatled description is given in Appendix A. These entrances were designed primarily to facil-
itate testing operations and were not intended as a prototype of an operational personnel sheiter.
In the entrance, sandbags were placed against the vertical tube (in the horizontal passage) to
provide greater shielding against nuclear radiation entering through the closed steel hatch cover
(Figure 2.9).

The deck of all three structures consisted of a 4-inch concrete slab separated from the foun-
dation walls by a !4-inch, impregnated, expansion-joint filler. This joint was intended to serve
three purposes: (1) Acceleration forces transmitted to the structural shell ribs and footi gs
would not be transmitted to personnel standing on the floor slab. (2) A relatively economical
(thin) floor slab could be used, Liasmuch 48 all vertical earth-pressure reactions ¢o the struc-
ture proper are independent of the floor slab. (3) A significant displacement of the footings
relative to the floor could be permitted without considerable cracking of the floor slab and with-
out affecting the dead-load capacity of the structure.

Construction details for all three structures are included in Appendix A.

Structure 3.3a was a stock magazine modified as follows: the rear and access-end bulkheads
were 3-gnge corrugated plate additionally supported by tiebacks and deadmen, and steel curved-
arch ribs were placed at 4-foot intervals. The basic plan and a sectional view are shown in Fig-
ure 3.1J. Photographs showing details of the assembly of the structure are presented in Figures
3.11 through 2.14.

Structure 3.3b was a stock magazine modified as follows: the access-end bulkhead was an
8-gage corrugated-steel plate additionally supported by tiebacks and deadmen, and the rear
bulkhead was a stock end-bulkhead of 3-gage corrugated-steel plate additionally supported by
tiebacks and deadmen. The basic plan and a sectional view are shown in Figure 3.15. Photo-
graphs showing details of the assembly of the structure are presented in Figures 3.16 through
a.19.

Structure 3.3¢ was a stock magesine modified as follows: the rear and access-end bulkheads
were 3-gage corrugated plate additionally supported by tiebacks and deadmen, and steel curved-
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arch ribs were placed at intervals of 4 feet. The basic plan and a sectional view are shown in
Figure 2.20. Photographs showing details of the assembly of the structure are presented in
Figures 2.21 through 2.24.

The interior of Structure 3.3¢ was completely arranged as a personnel sheiter to permit a
valld evaluation with respect to radiation shielding. This consisted of a typical partition ar-
rangement that would normally be installed in a shelter requiring protection agalnst atomic,
biological, or chemical attack. Airlocks and provision for a collective protector and blast
closure valves were included. An 8-inch and a 22-inch ventilation stack were installed to per-
mit prompt radiation to enter the structure, a situation occurring tn an actual installation.
However, for this test case, the stacks were sealed with a steel plate to prevent blast pressure
from entering; this plate simulated the radiation penetrability of a blast closure valve, 80 that
typical radiation levels could still be approximated.

Miscellaneous typical sections of water piping, fittings, and valves were also included in
Structure 3.3¢c to determine what structural damage would occur to such items by vertical move-
ment of the structure and by shock transmitted to them. Typical electric wiring and lighting
fixtures were installed to establish an index of damage to such equipment. Detalled drawings
are included in Appendix A.

2.3.2 Structural Data Requirements. The structural instrumentation consisted of the meas-
urement of transient air pressures, peak internal pressures, maximum and dymamic accelera-
tions —all by Ballistic Research Laboratories (BRL) Project 3.7—and measurement of deflec-
tions (utilizing scratch gages) by the U.S. Naval Civil Engineering Laboratory (NCEL). A
summary of structural instrumentation is given in Table 2.3, and the locations of the gages are
shown in Figure 2.25. Data reliability, description of instruments, and conclusions regarding

instrumentation are presented in Appendix B.
In order to determine the deformations that the structures exrerienced because of the dead

load {soll backilll) and the displacement of the footings because of dynamic loads, measurements’

were taken at time of backfilling, at 11 days preshot, and at 8 days postshot. Measurements
included the cross-section shape of the structure and earth cover. The specific locations and
magnitudes of such measurements are indicated in Section 2.4.1.

2.3.3 Environmental Data Requirements. Purticular attention was given to those items de-
fined as personnel environmental hasards inside closed underground structures: acceleration
effects, internal-pressure effects, missile hasards, and dust hazards. Accelerometers were
mounted on the {loor slabs to provide both peak-acceleration and dynamic-acceleration records.
Peak-pressure gages were installed In each structure to serve not only as a check for struc-
tural behavior due to leakage but also as a check for pressure havard to personnel. Photo~
graphs served as documentation in connection with potential missile hazards (boits, mrdware,
lighting fixtures, and the like).

Inasmuch as dust is a known environmental personnel hasard and because of the lack of data
on closed underground structures subject to shock from nuclear devices, the Loveiace Founda-
tion for Medical Education and Research conducted a field investigation during Operation Plumb-
bob (Reference 4). The purposes of their study were to document the particle sizses of preshot
and postshot dust and (o differentiate, if possible, the sources of the postshot dust, ¢.g., whether
particles arose from existing dirt on the floor of sheiters or actually spalled from the floor or
bulkheads as a result of the detomation. Two types of dust collectors were iastalled in BRructure
3.3¢ (Appendix B).

3.3.4 Radiation Data Requirements. The radiation-shisiding measurements were provided
by the Chemical Warfare Laboratory (CWL) (Reference 5) and consisted of gamma film packets
(all three structures), chemical neutron dosimeters (all three structures), aad neutron thresh-
old devices (two in 3.3¢, and one in 3.3a).

The locations of the radiation-measuring devices within the structures are indicated ia Table
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2.6, and details of the measuring devices are furnished Ir Appendix C. The neutron-threshold
devices, attachedto a ’/,-tnch steel cable, rested in aluminum pipe s~ctions inside the struc-
tures. The cable passed from the aluminum section through the 8-inci. steel pipe extending
from the end of the structure, making a 45-degree turn away from ground zero and a second
45-degree turn toward the surface to approximately 1 foot below the ground level. The ¥-inch
cable terminated in a cap covering the end of the steel pipe. To the opposite end of the cap was
attached a ¥-inch steel cable which in turn was attached to the Project 2.4 master cable. The
recovery tube for the neutron-threshold measuring devices was provided to permit extraction,
at approximately H+ 45 minutes.

The recovery tube is shown in Figure 2.26, and the flexible hose used to prevent shearing
of the pipe at the bulkhead of the structure is shown in Figure 2.27. Additional details are in-
cluded in Appendix A.

In order to completely define the shielding material, an elemental analysis of the soll used
for backfill has been included in Appendix A.

2.4 RESULTS

2.4.1 Structural Measurements. The more significant structural measurements are tabulated
in Table 2.4. The peak-overpressure values tabulated were arrived at by considering the values
indicated by self-recording gages located at each Project 3.3 structure, and the values recorded
by other Plumbbob projects at the same range. A further discussion of this is given in Appendix B.

The acceleration results given in Table 2.4 were obtained using electronic accelerometers of
0-t0-100 g range. An apparently good electronic record with no apparent acceleration value was
obtained for all gages. I may be concluded that the accelcration of the floor slab was less than
3 g in all cases. Self-recording accelerometers placed in the same structures yielded quite dif-
ferent and questionable results. This is further discussed in Appendix B.

Table 2.4 indicates internal pressures of up to 2.7 psi. By use of the approximate formula
reported in Reference 6, the total area of all openings to the atmosphere required to permit 2.7-
psi internal pressure buildup has been calculated to be about 1.5 ft}. There were no known sig-
nificant openings in the structure at the time of test; therefore, it is considered doubtful that
internal pressures as high as 2.7 pst actually existed. The cause of the suspected error is not
known.

The dynamic pressure values indicated in Table 2.4 are based on data recorded by Project
1.1 and reported in Reference 7. The measurements were made at a heigit of 3 feet above
grounx] surface and at the same range from ground zero but not in the immediate vicinity of the
Project 3.3 structures.

The average footing displacements given in Table 2.4 are the average of the displacements
of the blast-side and leeward-side footings relative to the floor slab. The measurements were
taken on D-11 days and D+ 8 days. Other preshot and postshot survey measurements are given
in Table 2.5. Included are measurements taken at various stages of the backfilling process.

The arch-deflection data given in Table 2.4 has been taken from scratch-gage records. Full-
scale scratch-gage traces are given in Figures 2.28 through 2.32.

The scratch plates, on which the deflection traces were scribed, were attached to a support-
ing wood framewark solidly attached to the fioor siab. The scribing assemblies were attached
eithe- to the corrugated arch plating or to the arch ribs at either the crown or a 45-degree
point on the arch. Thus, if the errors due to alight rotation and deflection of the scribing as-
sembly and the scratch plate support are not taken into sccount, the recorded trace indicates
the deflection of a point on a structure relative to the floor slab. The absolute motion of the
floor siab was not measured, but, based on the acceleration record, it is reasonable to assume
that it was small comparcd to the arch displacement. I the floor slab movement were gero,
then the approximate displacement of the point on the arch would be indicated by the scratch
trace.

! To facilitate further interpretation of the scratch-gage traces, several construction lines
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are shown in Figures 2.28 through 2.32. A horizontal and a vertical line are drawn through the
initial potnt. Another horizontal line i{s drawn a distance below the initial scribe point equal to
the correction for residual footing displacement. The heavy dashed line indicates approximately
the residual deflection of the point on the arch due only to arch flexure, arch compression, and
arch-joint slippage.

Figures 2.33 through 2.52 present an evaluation of the three structures before and after Shot
Priscilla. Miscellaneous architectural, mechanical, and electrical detalls of Structure 3.3¢
are shown in Figures 2.33 through 2.60.

Only in Structure 3.3a was cracking of the floor evident. A sketch of the crack pattern is
shown in Figure 2.38.

In all structures, there was a tendency for the circumferential length of the structure tc re-
duce because of slipping of corrugated plates at the horizontal seams. In no case, however,
was a sheared boit observed. Structure 3.3a experienced the greatest amount: approximately
V4~ to %-inch movement at each seam (particularly near the springing line). The slipping of
joints in Structures 3.3b and 3.3¢c was approximately 0 to %} inch.

Minor physical damage occurred to interior partitions, airlocks, and doors by siigit racking;
however, all interior doors were opened without forcing on initial postahot entry. No noticeable
physical damage occurred to the plumbing and electrical systems in Structure 3.3c. The lighte
in Structure 3.3c were operated postshot, using power from one uf the pit-eaclosed generators,
without any repairs to the system.

The end walls In all three structures were in excellent condition postshot. Entrances and
hatch arrangements suffered no significant damage except for a slight buckiing of the ladder
uprights, which were compressed by the entrance trunk as it deformed alightly.

2.4.2 Environmental Observations. A small amount of dust accumulated on the trays and
microscopic alides placed in Structure 3.3c. The data is contained in Reference 4.

Those structural meastwrements that pertain to environmental hazards—acceleration and
internal pressure—are presented in Section 2.4.1. Their significance is discuseed in Section

2.4.3 Radiation Measurements. For this project, thermal radiation was not of significance.
The residual nuclear radiation was very small compared to the initial suclear radiation; conse-
quently, the radiation of interest consisted of prompt gamma and newtron radiaticn. Resuits
are presented in detall in Appendix C. The gamma and neutron doses are summarised in Table
2.6. Free-field neutron-flux data is included in Reference 8.

| ORI © 8 v s i AT S e . It Ak - |, .

2.5 DISCUSSION

All scratch gages, external- and internal-pressure gages, and electronic and self-recording
accelerometers functioned; however, the reliability of the internal-pressure records and the
self-recording accelerometer records is questionable, as discussed in Section 2.4.1 and Appen-
dix B. All neutron-threshold devices were recovered; a few gamma film records were loat ia
processing, but sufficient data {o1 test purposes was obtained from similar positions in other
structures.

2.5.1 Structura: Adequacy of Arches. The structural measurements have boen precented ta
Section 2.4. The criterion for structural adequacy in this case is tiat the structure amintain
its general form and stability; that is, that the structure does not collapss, and that deflsctions
are not g ‘eat encugh to preclude use of the structure as a protective sheiter. Nome of the arches
collapsed, and deflections were not great encugh to interfere significantly with the use of the
structures as a sheiter. Thus, the test results indicate the structural suitability of the arch
structures for use as personnel sheiters, if used under conditions identical to those of this test.

The structures tested had a certain inherent streagth due to their form and material charac-

-

AT

17




at gwy

Ll R T

C e s msm e s RSN W

teristics. But a significant part of their strength was due to the passive resistance of the soil,
developed by deformation of the flexible arch into the soll backfill.

The relatively large average residual footing displacements (1'; and 2, inches) indicates a
general downward movement of the arch. It is likely that this movement caused a reduction in
the peak soil pressure acting on the arch.

The residual footing displacements and the scratch-gage arch deflection records indicate an
asymmetrical blast loading. Three things may huve contributed to this: (1) the greater blast
overpressure acting on the blast side of the structure, (2) the directional mature of the air-
induced earth-stress wave, and (3) the reflected pressure and dynamic pressure acting on the
sloping blast side of the covering earth berm. The reflected-pressure and dynamic-pressure
effects would likely be reduced by streamlining the earth berm. The same amount of cover
material could be placed with a flat 14:1 slope extending out from a crest over the arch crown.

If present knowledge will permit, it is very desirable to use these test results as a basis for
more general conclusions regarding the structural suitability of these arches under various soil
and loading conditions. To do this, it i3 necessary to have an understanding of the reaction of
the various soils to air-blast loading, the reaction of the stiucture to the resultant soil loading,
and the interaction of the structure response and the soll reaction. The remaining paragraphs
of this section discuss this in more detail.

An air-blast load induces a ground shock wave which is propagated through the soil to the
structure. This wave interacts with the buried structure, causing the structure to deform. The
deformation has a major effect on the contact pressure at the soil-structure interface.

In this test, the free-field overpressures were 60 and 100 psi, and the durations were 361
and 333 msec. But the earth pressures acting at the structure-soil interface were not measured
and are not known.

There was probably some attenuation of earth stress as a function of depth, due to the non-
elastic nature of the soil and due to the finite velocity and duration of the soil-stress wave.
Reference 9 states, “It is known that the dynamic stress-strain curve in earth presents a con-
siderable hysteresis loop, representing a dissipation of energy. This loss probably results
largely in the eating away of the shock front, increasing the rise time with increasing depth.”
Referencs 10 states, “In the real case, the finite velocity and duration of the blast wave cause
an atten:ation of peak stress with depth. This attenuation is obviously a function of duration

"and should be less with longer durations, but the nature and magnitude of this function are nnt

evident from presently available data. The peaked form of the input also permits reflections
from layers of different acoustic impedance to affect the shape and magnitude of the stress wave.”

The results of previous field tests indicate that, for biasts of relatively short duration over
silty Frenchman Flat soil, there is some attenuation of free-field peak acceleration with in-
creases tn soil depth (References 9 and 11). For the same conditions, other investigators
have observed an attenuation with depth of pressure acting on a buried stress gage or structure
{References 12 through 13). The amount of reduction of pressure depends cn the flexibility of
the structure (References 13 and 15).

Free-field atomic test data does not agree as to the rate of attenuation of pressure with depth,
particularly in the first few feet. Measurements made during Operation Upshat-Knothole (Ref-
erence 12), using Carlson-Wiancko earth stress gages at depths of 1, S, and 15 feet, suggest
an exponential or an inverse-power attemuation of vertical earth stress with depth. Some of the
gages at depths of 1 and 5 feet indicated an apparent earth stress appreciably greater than the
air overpressure at the ground surface. But, according to Reference 12, the near-surface data
was erratic and less dependable than the data from the gages at the 15-foot level. In contrast,
measurements made during Operation Plumbbob by Project 1.7 (Reference 18), using a calibrated
2-foot-diameter diaphragm as a gage, suggest that the rate of stress attenuation is greatest in
the first few feet below grouni surface.

Under other conditions at Eniweiok Proving Ground (EPG) the cbeerved resuits were some-
what different. The two EPG detonations were at the ground surface; one produced a relatively
long duration biast, the other a relatively short duration biast. The soll at EPG is predomi-
nantly coral sand with the water table only a few feet below ground surface.
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Free-field data taken at EPG indicated greater attenuation with depth of local air-induced
acceleration than at NTS (Reference 10). The same investigators observed thet air-induced
ground shock waves were refracted through the earth, from remote locations nearer ground
zero, to contribute significantly to earth-acceleration readings. Beyond a certain range, the
earth-transmitted wave fromt outran the air-blast wave, thus masking local air-induced effects.

Preliminary data obtained by another project prompted the following conclusions quoted from
Reference 16: “The data suggests that there exists a considerable effect of structure flexibility
on the pressures on structures buried both above and below the water table in this soll;” and
“The data also suggests that a large-magnitude surface burst can produce very-large horizontal
water-transmitted pressures, which will be greater than the air-induced pressures below the
water table.”

During Operation Hardtack, Project 3.2 tested two earth-covered, 25-foot-span, corrugated-
steel, 180-degree arch structures, one subjected to 90-psi overpressure from a kiloton-range
detonation and the other subjected to 78 psi from a megaton-range detonation. Referemce 17
reports “Since the two arch shells were identical and the confining earthworks were almost
identical, the fact that Structure 3.2b suffered compiete collapse at 78 psi (long-durstion load-
ing), and Structure 3.2a sustained extensive localized damage without compiete coliapse at 90
psi (short-duration loading) is significant.” These two fiardtack structures were similar to
Plumbbob Structure 3.3b {(which witnstood 60-psi overpressure), but the soll type and soll-
cover configurations were quite different. Therefore, a direct comparison of the Hardtack
3.2 and Plumbbob 3.3 results is not warranted.

With the exception of References 12 and 13, the test reports cited above are preliminary
reports subject to further analysis, development, and possible revision. These reports point
out some of the many variables that may affect the loading and response of a buried structure,
for certain limited test conditions. They also suggest some of the hazards of extrapoisting test
data to predict resilts under other conditions.

A quantitative understanding of the effect of all significart variables i» required before the
data of this test can be used to predict accurately the results for other condicions.

2.5.2 Suitability of Internal Environment. Peak vertical acceleration of the floor slab of
each structure was <3 g. Had the floor alab not been isolated from the metal arch, the accel-
erations would likely have been greater.

Regarding acceleration criteria, Reference i8 states that, for humans, the limit of acceler-
ation depends to a great extent upon the maaner in which the forces arising act on the body.
This reference reports studies made to determine the tolerable limits of acceleration o2 a m-
man strapped into an aircraft-type seat. The investigator reports that a persoa so supported
can tolerate 20 g’s decelevstion of & forward moving seat for a duration of a few bmadred milli-
seconds wichout injury. The same studies report that a man 8o supportad can withstasd an up-
ward acceleration of the seat up to about 20 g’s for 100 msec without injury. But it casmot be
assumed that shelter occupants will be so well supported. Nevertheless, f accelerations of
<3 g are thought to be excesaive for certain sheiter uses, their effect could be reduced by
installing the necessary shock isolation mechanisms inside the structure.

Sheiter displacement may, in some cases, be more important than sheiter acceleration,

depending on the design of the structure, soil conditions, loading, and perbaps cther factors.
A certain combination of conditions could result in a downward movement of the shelter floor,
leaving unattached persons or objects falling freely above until they are met by the ficor as &
rebounds upward. Such was very likely not the case in this test. Even if other conditsons had
been compatible with such a response, the isolation of the floor slabd from the arch foundation
would likely have prevented it.

Peak-pressure gaces indicated overpressures of up to 2.7 psi inside the structures, but the
reliability of these measurements is questionable, as discussed in Section 2.4.1. Regarding
pressure criteria, Reference 17 reports that the atomic explosions ia Japan during World War I
nmudh'wcm-ddmawwmrm«mwtbm“mw
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there were some ruptured eardrums.” The reference later states, “The air-blast overpressure
required to cause rupture of eardrums appears to be highly dependent upon circumstances. Sev-
eral observations indicate that the minimum overpressure is in the range from 10 to 15 pounds
per square inch, but both lower and higher values have been reported.” Even {f {nternal over-
pressures were as high as 2.7 psi in one of the test structures, it is very unlikely that such a
condition would be hazardous to personnel.

Under the test conditions, it is unlikely that shelter occupants would have suffered any harm
due to dust inside the shelter.

3.5.3 Nuclear Radiation Shielding Effectiveness. Beca''se the maximum nuclear radiation
dose that may be measured with a film pack is 70,000 r, no experimental method was available
for direct measurement of the very high dose received at the free-field stations close to ground
zero. The free-field gamma measurements listed in Table C.1 were obtained by extrapolation
from data obtained for Project 2.4. It is recognized that the validity of the linear extrapolation
to close ranges (s open to question but no other procedure presented itself. Free-field neutron
dosimeter readings are also listed in Table C.1.

All Project 3.3 structures gave adequate shielding for the conditions under which they were
tested.

The radiation levels in the entrances were {from 25 to 40 times as great as the radiation
levels in the personnel areas. It is assumed however, that personnel would be in those areas
and would not occupy the entrance at the time of detonation. The entrancevay vas only deaigned
to allow for the entrance and exit of test personnel and equipment. Such an entranceway is not
recommended {or an operational shelter. A significant gamma dose was received at the bottom
of the 24-inch ventilation duct (Structure 3.3c); however, a reverse bend in the pipe and sandbag
baffle reduced this level to a tolerable value in the equipment room of that structure.

In the personnel areas, the maximum cdose was recorded in Structure 3.3a. The gamma dose
measured at Station F by chemical dosimeter was 38 r and by film badge was 7.4 r (Tables C.2
and C.3). The neutron dose for this location was lost in processing. At Station E the neutron
dose by chemical dosimeter was 44 rep, and by foil method it was less than 25 rep. The gam-
ma dose by chemical dosimeter at Station E was 10 r. This would yield a combined dose of 54
rem, assuming that the neutron RBE (relative biclogical effectiveness) was close to one. Ac-
cording to Reference 18, the probability is that this dose would produce no significant medical
effects on human beings. This reference indicates that, for doses less than 75 r, no immaediate
sickness or late effects will resuit.

For the conditions of this test, if it is determined that the dose within this type of structure
should be less than the atomic industry standard of $ r per year, the amount of earth cover
would have to be increased {rom 5 feet to 7 feet.

3.6 CONCLUSIONS

Based on the field test results, it is concluded that both types of corrugated-steel arch struc-
tures— ribbed and nonribbed — will provide adequate Class II (50-psi overpressure and compa-
rable cadiations) protection for the same conditions (loading, soil, dimensions, and s0 forth) as
those of this test.

In addition, for the particnlar conditions of this test and within the accuracy of the overpres-
sure .oeasurements, it was obaerved that:

1. The steel arch structure without arch ridbs withstood a peak overpressure of 60 pei.

3. The steel arch structure with arch ribs withstood a peak overpressure of 100 pel.

3. All three structures tested provided adequate protection against nuclear radiation.

4. No significant physical damage occurred to the plumbing and electrical fixtures installed
in the ribbed arch structi=e at the 60-pei overpressure range.

Knowledge gained from this test does not justify making move general conclusions.
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3.7 RECOMMENDATIONS

If future tests are made on similar structures it is recommended that the structures be in-
strumented to obtain the following data:

1. Soll pressure versus time at the structure-soil interface at several points on the arch.

2. Soll pressure versus time at points in the soil cover between the top of the earth berm
and the structure.

3. The relative motion of the arch, footings, and floor slab with respect to an undisturbed
point in the earth as a function of time.

4. The change in shape of the structure as a function of time.

S. Air overpressure versus time inside the structure.

6. Alr overpressure versus time on the surface of the earth berm covering the structure.

7. A common zero reference for all time records.

There is a need for further study into the nature of shock propsgation through sofl. Many
questions are as yet unanswered concerning: the attenuation, reflection, and refractioa of
shock energy; the partition of energy when a shock wave meets an air-soil boundary, a water-
soil boundary, an unsaturated soll-saturated soll boundary, or a structure-soll boundary; and
similitude. R is recommended that these questions be thoroughly studied, both saalytically
and experimentally, to obtain a rational solution to the underground structsre probism.
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TABLE 2.1 SUMMARY OF CORRUGATED-STEEL STRUCTURE TESTS

Surf{ace . Dynamic
Operation and Shot Kructure Exposure Condition Overpressure Pressure Damage
No. pss psi
Upshot-Knothole . 3.15  3~(t earth cover on sides 10.8 Nct recorded  Elastic response: door
Shot $ ol arch (lakebed silt) projected into structure.
Upshot-Knothole 3.13 3-ft earth cover on sides 8.1 Not recorded Elastic response: no
Shot 10 of arch (lakebed silt) significan® damage.

Tenput, Shot 12 3.15 3-ft earth cover on sides 13.0 33.0 No significant damage.
of arch (lakebed silt).
Crown awash.

Teapt, Shot 12 3¢ 3-ft earth cover (granular 0.0 150.0 Side of arch toward ground
material). Moderately zsro collapsed: not opsra-
wide earth berm. tional; 50 to 100 psrcent

personnsl casualties es~
timated.

TABLE 2.2 PROPERTIES OF CORRUGATED-STEEL PLATES

Neutral Ass

Properties 3 Gage 8 Gage 10 Gage
Thickness T, in 0.2451 0.1644 0.145
Tangent length, in 1.7377 1.8283 1.0608
Angle A, deg 45degdTmin 43deg00 min 44 deg 44 min
Moment of inertia, ' 1.756 1.153 0.937
Ares of section, infe 3.658 2.449 2.003
Sr-tion modulus, In?* 1.564 1.c68 0.878
Radius of gyration, in 0.6%3 0.608 0.684

* Per fi of horizontal protection.
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TABLE 2.3 STRUCTURAL INSTRUMENTATION

Number Type Structure Position in Structure
4 Deflection gages (scratch) 3.3a Crown (steel plate)
Crown (ribe)
Quarter points (ribe)
Quarter points (ribs)
4 Deflection gages (scratch) 3.3¢ (Same as 3.3a)
3 Deflection gages (scratch) 3.3b Crown (steel plate)
Quarter points (steel plate)
Quarter points (stesl plate)
3 Self-recording pressure-time gages  3.3a, 3.3b Original earth surface
3.3¢ Center of earth berm
3 Peak internal pressure gages 3.3a, 3.3b, Interior
3.3¢c
2 Self-recording accelerometer 3.3a, 3.3¢ Floor (center)
(vertical componamt)
1 Peak accelerometer (vertical 3.3b Crown (stasl plate)
component)
3 Electronic dynamic accelero.mster 3.3a, 3.3b, Centar of floor.
(vertical component) 3.3¢
TABLE 2.4 STRUCTURAL MEASUREMENTS
Structure
332 3.3¢ 33
Station number 9019.01 9019.02 9019.03
Type of structure Ribbed Ribbed Not ribbed
Nominal depth of earth cover, ft S L] ]
Peak overpressure at earth surface, psi 100 60 ¢
Positive duration of pressure pulse, mesc 333 -— Ml
Dynamic pressure, psi*® 310 200 200
Peak internal pr~ssure, psi 2.7 0 1.0
Peak vertical acceleration of floor, g <3 <3 <3
Average displacement of footings at
midlength relative to floor slab, in 2% 1% 1%
Maximum deflection of arch rib at
crown relative to floor siab, in &Y 3V -
Residual deflection of arch rib at
crown relative to floor slab, in & 1%, -
Maximum deflection of corrugated-
steel arch at crown relative to floor
slab, in 5% % 4
Residual deflection of corrugated-
stee] arch at crown relative to floor
slab, in % /3 %
Ratio: Maximum deflection of
corrugated arch at crown relative
to floor span, pct 1.7¢ 1.20 133
Ratio: Residual deflection of
corrugated arch at crown relative
to floor span, pet 1.10 o.M 0.92

¢ Prom preliminary composite dynamic pressure curve for height of 3 R.
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TABLE 2.5 SURVEY MEASUREMENTS
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PLAN SECTION

Efop of Footng

Fwn. Floor EL

C'-0'- €' to Outsde Fionge of R

Top of Conc Entrence

=

ENTRANCE

+ = top of footing below finish floor elevation.

= = top of footing above finish floor ejevation.

Structure Location No Fill

8ft 6 in Fill Crown Awash Backfill Complets 11 Days Preshot 8 Days Postshot

ft in ft in ft n ft tn ft in ft in
3.3a A 26 sy, e % 26 s‘/. 26 5% 26 s% 26
B 2 5% 2 s% a1 8% 21 sY, 21 sl 21 4'/.
c n 14 1u 10% 11 10 11 {3 n "4 1 l'/,
c’ u 1y 1 10% 11 10 11 10 11 10 11
D u s u ] 11 9y 11 4 11 "4 1 s‘,g
D' 1 s 11 8 1 84y 13 sy, 1n 8% 11 s'/.
E n u% u 1% 11 1% 1 10% 11 10% 1 64
E 1 u% 1 % 1 u 1 1074 1 1% 11 ™%
r -0 1% -0 1% -0 1 -0 14 -0 1% «0 1,
¥ -0 2 -0 2 -0 2 -0 2 -0 2 -0 %
6 - = = = = - - - s e ¢« 1Y
H - - - - —_— - - -— 2 ' 26 ]
J _ - —_— — - - . - 26 % 24 1
X - - - - - - - — 23 2% 24 ]
L - - - - -_— - - - 7} oz. 23 7
M - - - - - - - - 13 %, 13 &,
3.3 A ¢ 8% 2 s 2¢ 8% 24 s% 4 s% 7 &%
B 23 s 23 % 1 % 23 8% 23 5% 13 %
c ito10% 1 M u & 1 oY 1 Y u %
D 11 e n 10% 13 % 12 % 12 % 11 %
E n n% un 1w 11 10 1 ", 1 »”, 11 %
r o o ° o o o0 ° ° 0 [} +0 1%
r °o o ° 0 o o ° o ° ° +0 1%
G - - —_ - —_— - -— — 4 "4 4 8%
] - - -— - —_ - -_ -— t 3 S 1) 2 s
J R — - - -— - — —_— 27 % t 7 ?
K -— - - - - - — — 23 L 23 "4
L _ - - -_— -— - _— -_— 2 11 b Yy
Y - - - - - - 13 ™% 13 s 13 T
3.3¢ A 21 % 21 ¥ a2 % 20 1uY% 20 1Y% 21 1y
B 26 10%, 26 10, 26 10 2 10% 2 10%, 28 10%
c 12 % 1 1Y% 1n uy u 1% 1 1% 1 10%
c' 12 0 1 u% nu u% 1 1u% 11 1% 11 1
D n W 1 i 1 ¥ n 4 1 "4 11 ™
P 1 9% n % 1u ¥ 1 A 1 4 1 %
E 12 '/. 12 y 12 Y ] % 13 . n o,
E' 1 14y 1 1uy nu u% 1n 1n% 11 u% 1n 10%
r -0 32 -0 3 - 2 -0 3 -9 3 ° .
¥ -0 13 -0 2 -0 3 -9 3 -0 3 -0 1
G - - —_— - - - - -— « utYy, ] %
H - - -— - - - -_— -— 28 % 28 s
J - - = = = - -_ - 27 % ] o4
(3 —_ - - - - - -— - 24 ™% 24 &
L - - - - - - - -— 28 ™ 24 1
M - - - - - - - - 13 % 19 %4




TABLE 2.6 RADIATION MEASUREMENTS

LGN e 2 sl oINS i k. P B e s sV O el LN AN &, -

Structyres 3 3¢ & 3.30 Swructure 3.3¢
iﬁmm Doss, T _&mfﬁu. rep
Sructure Location Foil Chemical Foil Chemiocal
Method Dosimeter Method Doaimster

3.3a2 A . <$ L 4 <19
B . <8 4 <19
[ . (1) t “
D 16.2 24 t 14
E . 10 <28 “

r 74 3 t .
3.3b A 1.2 <3 t <10
. B 2.3 <8 t <20
C 1) ) t <19
3$.3¢ A 20 [T} t 140
B’ 1.08 <$  § <30
c! 3.0 <$ t <10
o 4 4.9 <8 <28 <10
E’ 4.0 <8 <28 <10
r 3.0 <8 t <10
G’ 18.0 278 L § 20
N 44 117 L § <10

¢ Lost in processing. t Nt isstrumented,
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Figure 2.1 Earth configuration for Structure 3.15, Operation Upshot-Knothole. N
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Figure 2.2 Earth configuration for Structure 3.8, Operation Teapot.
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Figure 2.8 Submarine-type hatch cover (closed).
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Figere 3.10 Plan and section of Structure 3.3a.
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Figure 2.11 Erection of corrugated plate
on steel arch rib, Structure 3.3a.
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Figure 2.12 Froat view prior to backiilling, Structure 3.3a.
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Figure 2.14 hnterior view, Structure 3.3a.
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Figure 2.15 Plan and section of Structure 3.3b.
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Figure 2.16 Top view prior to backfilling, Structure 3.3b.




Figure 2.17 Access Cm. during
construction, Structure 3.3b.
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Figure 2.18 Completed earth cmr; Sructure 3.30.
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Figure 2.21 Steel arch ribs, Structure 3.3c. Provision
for deflection of ribs was made at top of concrete bulkhead.
Concrete bulkhead was used in this rase to provide shielding
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Figure 3.23 Overall view prior o backfilling, Sructure 3.3¢.
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Figure 2.25 Gage location.

Figure 3.2 Recovery tube price to backiilling.
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Figure 2.27 Flexible hose in recovery tube.
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Figure 2.30 Deflection records, Structure 3.3b.

¥ b 2.

e e —esmsamaamanet P RPWESETIRNRNY W T

28050~ N € Sl B SR ER A W AW USSP MR e




TIPLY -2 - e,

" AR ¥ . .

© ey

. -~ AR B 33U s T Y

fA—

13
' -
\, §j3 7
N 4|
1, fl. :
SN
&

LEEWARD SIDE CENTER SLAST $10€
(me) L._.“_J (mp) (m8)
GAGE 3 ~ GAGE 2 QAGE |

Figure 2.31 Deflection records at rib, Structure 3.3¢.

2
STRUCTYRR PLAS
CINTER '
(m8)
GAGE 2 teshes

Pigure 3.392 Deflection records at crown, Rructure 3.3¢.

4“4




Figure $.33 Footing position on biast side of Structure 3.3a (preshot)

Figure 2.34 Footing position on blast side of Structure 3.3 (postehet).
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Figure 2.35 Footing position on leeward
side of Structure 3.3a (preshot).

Figure 2.36 Footing position on leeward side of

Structure 3.3a (postshot). Footing was displaced
1% inch relative to floor slab at this point.
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Figure 2.37 Blast side of Structure 3.3a
showing crack in floor slab (postshot).

N N——i

Figure 2.38 Crack pattern of floor, Structure 3.3a.
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Figure 1.42 EBarth-cover configuration of Structure 3.3a
(postshot). Note slight streamiining of edges.
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Figure 2.47 Footing position on blast side of Structure 3.3c

(preshot).

Figure 2.48 Footing position on blast side of Structure 3.3¢

(postshot).
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Figure 2.5¢ Metal closure at equipraent-room
concrete bulkhead, Structure 3.3¢ (preshot).

Pigure 2.58 Metal closure al eQuipment-room concrete

bulkhead, Structure 3.3¢c (postshot). Mligit gap existed
between closure piate and concrete bulkhead.
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Figure 2.57 Ventilation pipe and lighting
fixture, Structure 3.3c (preshot).
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Figure 2.58 Ventilation pipe and lighting fix-
ture, Structure 3.3c (postahot). Note break in
asbestos board, dus to movement of pipe
relative tc board.
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Chapter 3
TESTS OF BLAST CLOSURE VALVE

3.1 BACKGROUND

Included in a typical shelter design for atomic, biological, and -hemical warfare are pro-
visions for forced ventilation. Such a ventilating system, using a protective-collector filter
system, is extremely vulnerable to air-blast pressure entering through the ductwork. A blast
closure valve i3 necessary to prevent damage to both the filt2r system and shelter contents.
For instance, shock tube and field tests have shown that brth fibergiass dust-stop fiiters and
porous paper [iiters are severely damaged by overpresesures of a few pounds per sguare inch.
For the fiberglass filters, pressures of 0.5 psi produc : mode:ate damage, 1.5 pet severe dam-
age. Properly supported porous paper filters suffe-~ little if any damage at about 2 psi, st

compiete tailure at 6.0 psi.
The debilitating effects of overpressure and shock waves on humans is less well established,

but sudden pressure rises - S psi have been known to cause rupture of the eardrum.

3.2 PROCEDURE

A biast closure valve was a part of the basic design of Structure 3.3c. Bowever, to avoid
possible failure of the othe: tests in the structure i the valve malfunctioned, the ventilatiag
ducts were sealed. The valve was attached to a separate plenum (PFigures 3.1 and 3.2). This
valve, rated at 600 cubic fcet par minute (cfm) and designated as the E19R1, was developed for
the Burea: of Yards and Docks by the Army Chemical Center. R had previousiy beea tested ta
a shock tube (Reference 21).

The test plenum contained approximately 315 ft’, or far less than the shelter proper; this
will affect Uterpretation of the resuits. Had the chamber in which the valve was located beea
larger, the pressure rise would have been less.

A view of the compieted air-intake ducting and plesum access hatch are shown in Pigure 3.3,
with schematic details of the vaive mechanism in Figure 3.4.

3.3 RESULTS

The peak overpressure obeerved at earth surface was 60 psi. The \aration of the positive
phase was 343 meec. The peak internal pressures in plesum were 0.33 pst (positive) and 1.20
pst (negative).

3.4 DISCUSEION

In interpreting the results tabulated, it should be hept in misd that the plesum might be larger

or smaller thas practical designs of expansion chambers to be weed . working shelters. The
0.33-peig prevsure rise ia a 215-it? expansion chamber would repressat a ast alrflow of agpromi-
mately 6 ft’. The capabllities of the biast closure valve in & particular sitestion will depend
upon the expansion-chamber design. hasmuch as the 13,500 &t of the sheiter chamber proper
is too large for & significant pressure rise to occur at these flow rates, the apparent lealmge of
the device ased be iavestigated only as it affects the integrity of the collective protective filters,
and whea s plesum is used. Because of the long duration asd poor seating of the valve compo-
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thas vadve sheuld consider very caretuliv the rolated asnects of expected peak posttive pressures,
duaration tintes, and regative pressures «n the 1212 of the expansion chiumber,  Finally, 1t is
certamn that this valve cainot be expected to seal dffectively acainst pegative pressares—i can
functior properly in one direction only by vartue of its baste deswen. However, i the expected
maximem necative pressur e is within the desum tolerarces of the collective protoctive filter,

the expansion chamber need only be desined for the positive pnase. Under the cond*tions of
test, the pressuges were witiun the hinats that the nilters coud tolerate,

A comprehensive study of carrosion of various parts of this anit was made in salt air (Refer-
ence 32! from a windborne sprav. The results indicated that the mild steel parts should be re-
placed with mere duravle netal cr treated to avord corroston. Neoprene foam rubber should
be used as the pasaet material. i tae tests dJu=ing Operation Plumbbaob, the use of a more
durabie and softer seans casket misht have materially reduced ar leakage in eitl 1 direction.

3.5 CONCLUSIONS
The blast valve appe.: ~ to be adecudte in sealing a lainst the positive prescures to 60 gsi,

for 345 msec.
Capabilit.es of the valve at various other pressures are not known from the available test data.

3.6 RECOMMLENDATIONS

The valve shouwd be considered satistactory only for the maximum pressure conditions under
which (¢sted.

Additional performance data should be obtained by extensive tests over a wide pressure range
in a suitable blast-simulating device. Further, particular attention should be given to the nega-
‘ive phase in any design situation in which it 1s expected that the pressure will exceed the design
tolerance of the collective protective filters. It appeas: impracticable to redesizn this valve
{or protection during the negative phase, but redesign of the pasket and substitution of a better
sealing material :nicht eliminate most of the leakaye.

Fur:®er engineering develecpment of this vailve is warranted and recommended.
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Figure 3.3 Blast closure valve test plenum
alr intake and access hatch after backfilling.
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Chapter 4

PIT ENCLOSURES FOR EMERGENCY POWER GENERATORS

4.1 BACKGROUND

The requirement for electric power to drive the necessary ventilating or air-conditioning
equipment, in addition to the more commonly encountered lighting, pumping, and cooking loads,
makes the role of the auxiliary emergency power supply paramount in the successfiul functioning
of a protective shelter.

A first inspection of the problem indicates that most of the components of portable engine-
driven generator sets will not be adversely affected by static pressures of the order of 10u psi.
Precautions must be taken to insure adequate venting of closed containers, to avoid i:ap: won.
There are, however, a number of typical blast-loading components which present lar:- safil
areas and thus are sensitive. Sheet-metal enclosures and instrument panels are especially
vulnerable.

Because of the noise, vibration, and heat from an engine-driven set, it must be installed
in an enclosure separate {from the personnel shelter. The tests described here are of a first
design of partially enclosed pit shelters for generator sets; the principal design criteria were
to protect the units from high drag loading and missiles. The shelter was not designed to pro-
vide a suitable environment for their storage, maintenance, or ope.ation.

4.2 PROCEDURE

The shelters consisted of pits slightly larger in plan than the test generator sets. They
were constructed to resist deformation under the test conditions but were without cover except
for a metal grill (Figures 4.1, 4.2, and 4.3).

Six units—three 15 kva and three 5 kva— were placed adjacent to underground Structures
3.3a, 3.3b, and 3.3c. Structure 3.3a was located in the 100-psig overpressure region, 3.3b and
3.3c were in the 60-psig overpressure region. In each case, the long side of the pit was oriented
toward ground zero, and was, therefore, parallel to the shock front. This is a preferred orien-
tation, because it minimizes the time for pressure buildup as the pressure wave passes over the
pit. The practical application of the principle may be difficuit because the blast might come
from a less favorable direction.

4.3 RESULTS

The damage sustained by individual components of the six portable generator sets is tabulated
in Table 4.1. Postshot views of some of the pits and generator sets are shown in Figures 4.4,
4.5, and 4.6. '

Neither of the units was operable at the 100-psig range, and only one of the four was
immediately usable at the 60-psig range. Any of the six units could have been repaired with
a moderate expenditure of time in a shop, under favorable conditions. The degree of fallout
contamination would determine when these repairs could be made.

These {avorable remarks should be tempered with the cbservation that there was a marked
lack of flying debris, flammatie materials, and the like, which might have been sources of
damage {n a more typical residential or industrial location. On the other hand, the locose con-
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dition of the surface soil typical of the test site probably produced much heavier dust loading
and contamination than would be experienced in a typical location.

All units were displaced upon their foundations, but it is not clear whether this resuited
from reflected pressures from the pit walls or from ground accelerations. In any event, they
could have been used without remounting. The evidence points to ground accelerations as the
cause, as there was no evidence of high horizontal forces on the sheet metal, as would be re-
quired to dislodge a heavy engine.

4.4 DISCUSSION

Because the damage was patently too high, the pit design i8 not considered practicable for a
standby power source for shelters. For the less demanding case of a facility in which the re-
quirement for some repair before use is tolerable, protection was nearly adequate at even 100-
psis overpressure.

T-.ouip filling of the generator pits with dust-laden air, the principal direction of flow would
b+ downward, and maximum damage to the upper, horizontal surfaces of collapsible sheet-metal
.omponents would be expected. Damage was most severe to the horizontal surfaces of the en-
gine shrouds of the engines so equipped. The sheet metal might well be ignored.

More important, the slight dishing inward of the upper tanks of all radiators apparently com-
pensated for inadequate venting; significant damage to ihe fragile cooling system was thus pre-
vented. Similarly, five out of six of the gasoline tanks suffered minor damage from the high
downward translational forces but little if any bad effects from crushing. The fuel tank of the
5-kva unit adjacent to Structure 3.3a suffered relatively greater distortion than the others, and
fuel was lost as a resuit.

A.though it cainwt be definitely determined, this particular fuel tank was probably only par-
tially full; therefore, it suffered a fate similar to that of the tool boxes, all of which collapsed
or were dismembered by external pressure. This would be the expected fate for light, unsup-
ported sheet-metal structures at the pressures encountered, unless fully vented or filled with
noncompressible liquid in which the pressure would rise rapidly. Full tanks appear to be pre-
ferred over half-emptv ones. .-

On the other hand, adequate venting of several of the surviving tanks led to the introduction
of intolerable amounts of dirt into the fuel system. Devices for liberal venting with {iitered
air are indicated for all closed containers.

The dismemberment, bending, or detachment of miscellaneous ground straps, brackets,
governor rods, and the like, indicate the necessity for design against dynamic loads for such
unsupported elements. it would be desirable if they were eliminated by selection of more suit-
able generator units incorporating internal governors.

An excellent example of the necessity of modifying generator components to increase the
aliowable pressure is found in the carburetor float. The carburetor proper, largely full of
gasoline and well vented, is practically insensitive to pulsed overpressures. The float, usually
of a light pressed-brass tank construction and not vented, is extremely vulnerable. Substitution
of a cellular plastic material for the metal float might provide a suitable solution.

As compared to the gasoline types, diesel engines have characteristics which maks them
much more desirable as rtandby emergency generators for shelters; however, they are more
expensive. In diesel engines, the generally heavy construction, internal governors, heavy
cast radiator tanks and crankcase pans, and the like, might obviate the necessity for modifi-
cattons. Furthermore, diesel engines do nct have carburetors and, usually, do not ave ex-
ternal governor linkages. Reduced fire hazard from spilled or leaking diesel fuel, compared
with gasoline, would be a distinct advantage.

Even though all of the generators suffered damage, and the appiication is in general not con-
sidered satisfactory, damagc was light when compared with what would have been predicted for
unshielded units st the same locations (Reference 19). However, it cannot be stated categori-
cally that the protection afforded by the simple pits was significantly superior to that which
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would nave been achieved by the use of masonry parapets as shown {n Reference 19.

The time-pressure curve at critical points within the pits was not obtained in the tests, but
some attempt is being made to establish the significant physical parameters of the total pit-
penerator arrangements which were useful in reducing shock reflected pressures, dynamic
pressures, and pressure rises in the system. In the absence of model studies or an adequate
mathematical treatment, the resuits of this investigation are larygely conjectural. A series of
large-scale, shock-tube and. or high-explosives model tests is required. The latter could be
accomplished best in a large three-dimenstonal blast simulator. The need to delineate the role
of the contoured gratings, ratios of opening area to pit volume, and generator location within
the pit to minimize shock entrance, drag forces, pressure rise, am. damage from shock reflec-
tion is indicated.

4.5 CONCLUSIONS

1. The partial protection afforded the generator sets in open pits was very good but not
sufficient to warrant the use of the pits as tested at 60-psi overprassure.

2. The application of pit enclosures warrants further study and testing.

3. The individual mechanisms by which shock enters and air pressure rises in a cavity that
has a large ratio of area opening to volume need both theoretical and model study to obtain a
practical design method.

4. Because of their more massive construction and their lack of certain pressure sensitive
components, diesel-powered generator sets should fare better in semiexposed situations than
the gasoline units tested here. In the absence of further testing, diesel unit3 should be used.

5. Insufficient information is available for adetermining what impruvements should Le incor-
purated Ui pit design.

4.6 RECOMMENDATIONS

1. Fully instrumented model or full-scale, three-dimensional blast-simulator studies of
shock propagation into open pits should be made to allow rational design for future full-scale
tests. Full-scale testing of appropriate me-~hanical equipment in a suitable blast-simulating
facility would be especially desirable. -

2, Future full-scale tests should include diesel engines selected for component durability,
as well as stock gasoline engines; in the absence of further tests, diesel engines should be used.

3. Future full-scale tests should be fully instrumented for pressure rise and accelerations
at probable points of maximum damage.
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Figure 4.6 Postshot view of generator with-
out sheet-metal shrouding, with pit grating
removed.
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Appendix A

CONSTRUCTION

A.1 RESPONSIBILITIES

Construction for this protect was accomplished b+ means of a cost-plus-fee contract admin-
istered by the Armed Forces Special Weapons Project (AFSWP) [now Defense Atomic Support
Acency (DASA)] and the Atomic Energy Commission [AEC!. The three stock structures (un-
modified) and test generators were furnished by the Navy.

The excavation survey {or this project commenced at Frenchman Flat at NTS § March 1957,
actual construction started 19 March, and backfill had been completed on the final structure 30
May. Reynolds Electrical and Engineering Company (REECO) erected the structures with
Holmes and Narver (HUN) serving as general construction inspector. The Bureau of Yards
and Docks project officer served as technical construction inspector at the site in connection
with critical construction details. A soil-survey program was conducted by the Waterways Ex-

periment Station (WES) (Reference 22).

A.2 CONSTRUCTION DETAILS

A.2.1 Structures. Schematic drawings of all structures are inciuded {n Chapter 3. Inasmuch
as the success{ul design of personnel shelters and/or an attempt to duplicate test conditiona de-
pends upon detailed consideratior of architectural, structural, clectrical, and mechanical ele-
ments, detailed drawings of these elements are presented in Figures A.1 through A.S.

Photographs taken during construc.ion (Figures A.7 and A.8) are included for clarification of
the numerous details critical to the successful erection of the structures.

Selected portions of the construction specifications are listed below. The following drawings
are applicable: Yards and Docks Drawings 771099, 771100, 771101, 771102, and T74892.

“General description: The work will consist in general of the erection of three buried cor-
rugated steel arch-type magazines designated an ‘Structures, a, b, and ¢.’ The magazines will
be furnished to the contractor at the site by the Government; however, the contractor will nat
install the flat sheet steel front wing bulkheads that are furnished with the structures, but he
will provide new corrugated steel {ront bulkheads to match the rear bulkheads of the structures,
including all necessary modifications thereof. New corrugated steel culvert pipe entrance
shafts and tunnels will be provided to each of the structures. The fabrication and installation
of hinged hatch covers at each of the entrance shaits will be included. Structure ‘a’ will have
stre]l arch ribs to strengthen the roof and side walls of the structure and timber stiffening bulk-
heads anchored to concrete ‘deadmen’ with tie rods for the front and rear bulkheads; concrete
fioor slab and a wood platform to recetve itnstrumentation will be provided withia the structure.
Structure ‘b’ will be as specified for Structure ‘a’ except that the steel arch ribs will not be re-
quired. Structure ‘c’ will be as specified for Structure ‘a’ except that concrete and wood stud
tnterior partitions wil be provided. An 8-inch diameter steel pipe air intake t0 ‘C.P.’ room
and a corrugated steel culvert pipe stack air intake to the equipment room with a reinforced
concrete plenum chamber will be provided for Structure ‘c’, including the installation and con-
necting of two of the Government-furnished generator sets. Four additional Government-
furnished generator sets will be installed; two at Structure ‘a’; and two at Structure ‘Y. Three
concrete pits (indicated as ‘Auxtiiary Test Structure X’) will be provided to receive the 15-kva
generators. The fabrication and installation of an ‘antibackdraft pressure relief vaive’ in the
concrete wall of the equipment room will be included.
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“SECTION 2 EARTHWORK

“"Borrow Material.  Earth for backiill and fill material will be furnished by the Government
to the contractor {or transportation by him from borrow pits located within 4 miles of the site
of the work. Borrow pits shall be graded in a manner to drain properly so that the existing
surface drawnage will be maintained. Any surplus earth not required for filling or backfillirg
shall be removed and deposited within 2,000 feet of the site of the work as directed. Soil pits
shall be graded 1n 2 manner to drain properly so that the existing surface drairage will be
maintawned.

*Excavations shall be carried to the contours, dimensions and depths indicated or necessary.
Excavations carried below the depths indicated without specific directions, shall be refilled to
the proper grade with thoroughly compacted suitable fill. except that in excavations for footings,
or for buried concrete members the concrete shall be extended to the bottom of the excavations;
a:l additior.al work of this nature shall be done at no additional cost to the Government. All ex-
cavations may be made by means of machines, except that the last 8 inches of earth and the
trimming of the excavations shall be done by hand in a careful, accurate manner to the exact
grades and slopes indicated or directed. Extreme care shall be exercised to shape the bottoms
of excavations for circular and irr-gular shaped members to the contour necessary to provide
conditions solid bearing for the men:bers. Prior to backfill operations, all debris, muck and
other loose silt shall be removed {rom the excavations.

“Backfill shall be taken from a sand and gravel pit (selected by the project officer) excavated
uniformly te a depth of 5 feet and shall be placed in 6-inch lifts in 2 manner that will not cause
segregation of the backfill material. All backfill and fill shall be compacted to at least 90-per-
cent maximum density at optimum moisture content by means of pneumatic or other mechanical
compaction equipment. All backfill placed within 2 feet of the structure shall be {ree {rom
rocks, ooulders, and clods larger than 2 inches at the greatest dimzasion, and vegetable matter
and other debris, otherwise the backfill material may be used as obtained from the pit. The
backfill shall be placed in alternate layers from both sides of the structures maintaining as
nearly as practicable 2 uniform height of backfill at all times. In no case should the backfill
on one side be carried more than 12 inches higher than on the opposite side. The moisture con-
tent and density of the soil will be determined by Project 3.8. U it is determined that motisture
must be added to the existing stockpiled material, the methods proposed to be used by the con-
tractor for adding the water, mixing, etc. shall be approved by the project officer prior to the
start ot backfilling operations. In any case, all processing required to obtain the specified water
content shall be accomplished before the matertial is placed around or over the structure. The
earth {ill shall be maintained within a tolerance of plus or minus Ysth of a foot on the flat top of
the cover; all other areas shall be maintatned with a tolerance of plus or minus 6 inches. Inall
cases the earth fill profile shall be similar in shape to the profile indicated on the construction
drawings. Prior to backiilling, the contractor shall ascertain that the end bulkheads are plumb
and that all slack {s removed from the tie rods. Backfilling shall not be started until the con-
tractor is certain Lthat once started, a day-to-day sequence of backfilling operations can be
e{fected.

“Earth-moving equipment may be used according to standard practices, except that no heavy
equipment will be permitted to operate over the crown of the structures and/or their component
parts, or nearer than S feet to the outboard portion of the sides of the structure, or 0 feet to the
ends of the structure. Pneumatic hand tampers may be used for compacting the backfill imme-
diately adjacent to the surfaces of the structures.

“SECTION 3 CONCRETE CONSTRUCTION

“General requirements. Concrete may be ready mixed. All concrete shall be Class E-1
(3,000 pst).

“Setting miscellaneous material. When practicable, all anchors, and bolts including those
for equipment bases, pipe sleeves, angle frames or edgings, and all other material in connec-
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tion with concrete shall be placed and secured in position when the concrete is placed. Anchors
and anchor boits shall be plumbed carefully and set accurately and shall be held in position rig-
idly to prevent displacement during the placing of the concrete.

“Cleavage jcints, (indicated as PE.) shall be provided between vertical surfaces and concrete
slabs laid on the earth; they shall be not less than ‘/,-lnch wide and shall extend the full depth of
the slab. Cleavage joints shall be filled with premolded joint {iller.

“Concrete deadmen shall be provided at each end of the butlding for strengthening of the end
walls.

“Finishes for floors and other wearing surfaces. Floor slabs, pads and all other wearing
surfaces shall be given a float finish.

“SECTION 4 PREFABRICATED METAL BUILDINGS

“General requirements. The prefabricated arch-type corrugated sheet steel buildings that are
furnished by the Government shall be modified and erected completely by the contractor at the
locations directed. Erection shall be in a “cordance with the manufacturers recommendations,
except that a new corrugated sheet stee! front wall shall be suostituted for the flat sheet steel
bulkhead furnished with the buildings. The contractor shall provide z\11 bracing, strutting, plank-
ing, platforms, scaffolding and lifting devices required or necessary for erection. All laps in
corrugated metal work shall be coated with a !;¢th-inch thickness of an approved bituminous
mastic the entire width of the contact surface of the laps. After the work has been assembled,

a 6-inch width of mastic not less than l/.th inch thick shall be applied over all joints, into this
shall be carefully imbedded a 6-inch width of glass joint tape.

“New walls. Each building shall have a new front wall of corrugated sheet steel provided.
Structures ‘a’ and ‘c’ shall also have a new rear wall furnished. The new front wall for Struc-

ture ‘D’ shall be of 8-gage metal. The new front wall and rear wall for Structures ‘a’ and ‘c’ i
shall be of 3-gage metal. Framework for the new wall shall consist of structural steel angle l
and channe] shapes, clips, plates, and all necessary fastenings. Welding shall conform to the

requirements of the American Welding Society. The new corrugated sheets shall be cut and i
fitted accurately and neatly to the contour of the end of the bullding and shall be fastened in .
place securely; fasteners shall be of the same type used for the rear wall. Openings shall be
cut and {itted accurately and neatly.

“Corrugated pipe ingress shaft and tunnel. The ingress tunnel and pipe shaft shall be of
corrugated steel culvert pipe conforming to the applicable requirements for Type f, Class D of
Federal Specification QQ-C-806a, except that zinc-coating will not be required. Metal shall .
weigh not less than 6.875 psf before corrugating. Interconnections of the culvert pipe to form '
the shaft and tunnel and the connection of the tunnel to the building wall shall be welded. Open-
ings shall be cut accurately and {itted neatly.

“Fill at the top of concrete wall shall be fibrous glase wool. The {ibrous giase wool shall be
packed lato spaces; and the continuous metal plate indicated shall be provided on the partitions.

e,

“SECTION 5 MISCELLANEOUS METAL WORK

“General requirements. Steel and iron shall be standard, well {finished, structural shapes,
or ba: steel or bar iron. Cast iron shall be soft, tough, gray iron; castings shall have sharp
corners and edges, and shall be clean, smooth, and true to pattern. Welding shall be done in
a manner that will prevent permanent buckling.

“Workmanship and finish shall be equal to the best practice of modern shope for the respec-
tive work. Exposed surfaces shall have smooth {inish and sharp, well-defined lines and arrises.
Sections shall be well formed to shape and sizse with aharp lines and angles; curved work shall
be sprung evenly to curves. All necessary rabbets, lugs, and brackets shall be provided so that
the work can be assemnbled in a neat and substantial manner. Holes for boits and screws shall
be drilled. Fastenings shall be concealed where practicable. Thicknesses of metal and details

of assembly and supports shall provide ample strength and stiffness. Joiste exposed to the
weather shall be formed to exclude water. Work shall be fabricated and iastalied in & manner
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that will provide for expansion and contraction, prevent the shearing of bolts, screws, and other
fastenings; insure ripidity: and will provade close fitting of sections.

“"Anchors and bolts shall be provided where indicated and where necessary for fastening work
in place; they shall be embedded in the concrete as the work progresses and shall be spaced not
more than 2 feet on centers, unless indicated otherwise. Sizes, kinds and spacings of anchors
nat indicated or specified shall be as necessary for their purposes. Anchors for securing wood
joor frames shall consist of {lat steel bars not less than ;¢ by 1Y, inches with ends bent up about
2 inches and, where practicable, extending not less than 8 inches into the concrete; they shall be
spaced not more than 24 inches on centers and secured to the frames with screws.

“Metal ladders shall be of a steel or iron. Uprights shall be %; by 2 inches and spaced not
less than 16 inches apart; they shall be not less than 6 inches from the shaft walls and shall be
anchored in place securely. Rungs shall be 3 ¢« inch in diameter and spaced 12 inches on centers;
the ends of rungs shall be fitted tightly into and secured tu the uprigits in an approved manner
with the exposed ends finished smooth.

“Air intake. The air intake pipe in the roof shall be of 8-inch diameter standard weight black
steel pipe. The intake shall be supported on and fastened to angle legs; the legs shall extend not
less than 2 feet above the floor slab and shall be fastened to the slab with leg screws through an-
gle clips into expansion shields.

“Corruyxated culvert pipe for vent stack shall be of metal weighing not less than 5.625 psf be-
fore corrugating and shall conform to the applicable requirements of Specification QQ-C-806a,
except that it may be of black or zinc-coated steel.

“Air regulators. Air regulators shall be constructed approximately as indicated; the frames
shall be of sheet steel weighing not less than 5.625 psf, and shall form grooved tracks for the
vertical sliding hard-pressed fiberboard slides. Wing screws shall be provided through the
frames in 2 manner that will allow the adjustment of the slides in various open positions. Fiber-
board shall be of the thicknesses indicated and shall be tempered.

“Metal flashings shall be of black sheet metal weighing not lcss than 1.25 psf before forming.
Flashings shall be instailed in an approved and weathertight manner.

“Metal closures of black sheet steel shall be provided at the ends of corrugated pipe tunnels
and clsewhere as indicated. Closures, unless indicated otherwise, shall be of metal weighing
not 'ess than 6.875 ps{ before formug. Closures shall be secured to the contiguous construction
in a rigid and substantial manner.

“Metal grafting baffles and grating covers for auxiliary Structures ‘X’ and ‘Y’ shall be con-
structed approximately as indicated. The grating shall be fabricated by means of welding and
shall fit the openings snugly without loose play and rattle. A ¥ -inch-thick steel plate shall be
provided over the baffle in the air intake pipe on the roof.

“Ductwork. The sheet metal ductwork connecting the concrete plenum chamber with the build-
ing shall be formed from sheet stecl weighing not less than 8.125 psf before forming and coating.
All ‘oints shall be soldered tight. A steel plate closure %, inch thick shall be provided at the
plenum chamber end of the connecting duct. Metal may be black or zinc-coated.

“Mutal sleeves shall be provided where ducts, pipes and conduits pass through exterior walls
and :nterior partitions. Sleeves shall be formed from metal weighing not less than 8.875 psf,
before forming. Sleeves shall be set in the proper locations ard position and {astened in place
rigidly. After the ducts, pipes and conduits are in place the entire depth of the sleeves shall be
calked from the interior witah shredded lead wool.

“Steel arch ribs. The 68-inch steel I-beam arch rib stiffeners for Structures ‘a’ and ‘c’ are
nct Included as a part of Government-furnished material. They shall be provided by the con-
tractor including base plates, anchor boits, clips, connectors and fastenings.

“SECTION 8§ CARPENTRY

“General requirements. Lumber and woodwork shall be protected from the weather. All
material for millwork shall be kiln dried. All cutting, {raming, and {itting necessary for ac-
commodation of other work shall be provided.
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“Framing. Locations, dimensions, or arrangements of framing members not indicated shall
be as necessary fur their purposes. Spiking, nailing, and bolting shall be done tn a substantial
manner.

“Interior wallboard {inish. The wood frame partitions shall be finished both sides with one
layer of +3-inch gypsum wallboard covered with %j¢-inch cement-asbestos board; joints in each
layer shall be broken; ‘joints in gypsum board shall be {illed and taped.’ Agpplication stall be in
accordance with the manufacturers’ recommendations. Ceiling surfaces, where indicated, shall
be finished as specified for the wood {rame partitions.

“Duckboard walkways shall have 2-by-4-inch wood stringers and 1-inch thick wood plank floor-
ing.  Flourings shall be laid }, tnch open.

“Doors shall be ¢f the flush type and of hardwood or sof*wood. Doors indicated to ave air-
regulators shall be cut accurately and neatly and rei~forced as necessary for installation of the
regulators. Each door shall be provided with 2-but¢ hinges and a wrought steel latch set.

“Weather stripping at the heads and jambs of doors shall be of the bronze spring type; at the
bottoms of doors with metal thresholds weather stripping shall be of the type that will engage

the >xtended lip of the threshold.
“Sealing gaskets of polymerized chloroprene shall be provided at the head, jambs, and thresh-

olds of all doors numberecd 1.

“SECTION 7 MECHANICAL EQUIPMENT

“Materials and installation. All piping shall be inspected and approved before being buried,
covered, or concealed. Pipe, valves, and accessories may be taken from stock, but, if re-
quired, the contractor shail submit certificates identifying the material furnished. The con-
tractor shall provide all new {ixtures, piping, duct and accessories. Piping systems shall be
designed and constructed to adequately compensate {or expansion and contractioa.

“Sanitary (waste) piping, (underground) shall be extra heavy cast iron bell and spigot pipe
and fittings.

“Sanitary (waste) piping and fittings above ground. Pipe shall be zinc-coated standard-weigit
screw-jointed steel; {ittings shall be cast iron recessed-and-banded screw-jointed drainage type.
Fittings shall be the long radius tvpe.

“Water piping below and above ground. The cold water piping shall be zinc-coated steel pipe
with zinc-coated malleable Lron fittings. Hot water piping shall be Type L copper tubing with
soldered brass or copper composition {ittings using 50-50 lead-tin solder.

“Installation of piping and {ittings.

“(a) Cleaning and protection of pipe. Before being placed in position, pipe and fittings
shall be cleaned carefully. All pipe shall be maintained i{n a clean condition.

“(b) Laying of bell and spigot pipe. Piping shall grade preferably ¥, in/ft and in no case
shall it be graded less than ! in/ft. Piping shall be laid with bell ends pointing up grade. Spigot
ends shall be adjusted in the bells 80 as to give a uniform space all around and, i any pipe does
not allow sufficient space for proper caulking, it shall be replaced by one of proper dimensions.
Open end of pipe sha'l be closed by a watertight cleanout plug. Joints in sanitary pipe and fittings
shall be caulked with braided or .wisted hemp or cakum of the best commercial grade and shall
be made in one pouring and caul-ed in 2 manner that will assure tigit joints =ithout over-strain-
ing the iron of the bells. After aulking, the lead shall be practically flush with the face of the .
bells. The lead shall contain not less than 99.7 percent pure lead. Cleanouts skall be fitted
with {errules and brass screw plugs. Cleanouts in floors shall extend full sise to the floor level
fitted with countersunk cap.

“(c) Installation of screw-jointed piping and solder-jointed tubing. All pipe aad tubing
shail be cut accurately to measurements established by the contractor and shall be worked into
place without springing or forcing. Proper provisions shall be made for ths expansion and con-
traction of all pipe and tubing lines. Pipe and {ittings shall be free {rom fins and burrs. Screw
joints shall be made with a lubricant applied on the male threads only; threads shall be full cut
and not more than three threads on the pipe shall remain exposed. All copper tubing shall be
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cut with square ends, and all burrs and fins removed. Tubing shall be handled and protected
carefully and all tubing cut, dented, or otherwise damaged shall be replaced with new tubing.
End of tubing and fittings shall be cleaned and inserted in the {ittings to their full depth. Unions
shall be provided where required for ready disconnection. On ferrous pipe, unions shall be 150
pounds steam-working-pressure, zinc-coated, malleable-iron, ground-joint type. On sanitary
piping, tucker connectiins may be used. Pipe and tubing hung from ceilings shall be supported
by heavy adjustable wrought-iron or malleable-iron hangers spaced not more ihan 10 feet apart.
All hangers and collars shall be of the sizes suitable for the weight of the pipe and tubing.

“(d) Check valve shall have brass or bronze body with swing check. All surfaces of
vaivns shaii have the natural or machined {inish procduced by the usual commercial mamifac-
turing processes, and shall be free from noticeable imperfections.

“Plumbing fixtures.

**(a) Service sink, shall be one piece cast iron with acid-resisting white enamel on inside
and over the rim and back. Rim shall be fully rounded. Space for supply pipes shall be pro-
vided behind the back. Sink shall be approximately 24 by 20 inches with sink portion 12 to 14
inches deep and splash back 10 to 12 inches high. Faucets shall consist of combinatior fitting
with exposed body, union inlets, indexed lever style metai nandies without hood. The f{ixture
shall be furnished with a trap standard and with ccicealed metal hanger or wall brackets to
suit the style of f{ixture. Trap standard shali be cast iion P-trar, painted outside and enameled
inside with acid-resisting enamel. Tr2p shall support {ixture cn floor and be of open pattern
without vent, and have brass screw cleanout plug at front below the water surface of the trap.
Depth of water seal shall be not less than 2 inches. Inlets shall be not l¢ s than 2 inches. In-
lets shall be tapped to receive the threaded shank or machine screws of the strainer. Wall out-
let connection shall be tapped for 3 inch pipe and shall be adjustable as to height.

‘“(b) Shower outfit shall consist of a shower head, riser pipe, shower valve assembly or
unit, union couplings for supplies, supply pipes to ceiling, and bulkhead supports. Shower drain
shall be of heavy cast iron, double drainage pattern, with cast iron seepage pan for embedding
in floor construction and with weep holes providing adequate drainage from pan to drain pipe.
Perforated or slotted strainer of brass attached to a brass threaded collar {for adjustment to
varying floor thickness shall be furnished.

“Alr duct shall be constructed on heavily zinc-coated sheet steel having a minimum weight
of not less than 0.908 psf. Duct shall have open ends and installed as indicated. Duct hangers
and supports shall be of stee]l, and substantial, rigidly braced and of approved design.

“SECTION 8 ELECTRICAL WORK

“Material and workmanship shall conform to the National Electrical Code and the standards
of the Underwriters Laboratortes, Inc.

“Direct burial cable shall have Type RHW insulation and a polychloroprene sheath.

“Lamps shall be 115-volt incandescent type.

“Safety switches shall be the standard duty type.

“Rubber-covered drop cord shall be Type SV.”

A.2.2 Equipment. The plenum for the blast closure valve consisted of a stock test shelter
made avatlable to the project and modified at the test site. Modification included proviston for
8-inch air-inlet pipe and closure of conduit which were part of the stock sheiter.

The S-kva generators (Navy Yards and Docks Supply No. G-73665) were powered by Willys
4-cylinder gasoline engines. The 15-kva generators (Navy Yards and Docks Supply No. G-73728)
were powered by Chrysler industrial 6-cylinder gasoline engines.

A.3 SOIL-SURVEY PROGRAM
A.3.1 Soil Data. The soil-survey program (Project 3.8) consisted of (1) compaction control




Jduring backfill operations, (2) record sampling during backfill operations, (3) soil tests in WES
laburatories, (4) soil tests at NCEL, and (5) determination of water content of backfill before
shot. Specifications for backfill are included in Section A.2.1. Sieve analysis, classification,
compaction test, and density data of the soil used for backfill are included in Figure A.9. Den-
sity and moisture-content measurements utilized for compaction during backiilling operations
are included in Table A.1.

Seven days prior to the 3'mt, 18 water-content samples were obtained from depths of 0.5 and
3 feet; 3 days prior to the shot, 12 similar samples were obtained and tested in the field labora-
tory to determine the rate of change of water content in the backfill. The test results indicated
that tiwe change 1n water cont~nt was net significant during the period from 7 to 3 days prior to
the shot.

Triaxial shear tests were performed by NCEL on one sample each from fill over Structures
3.3a and 3.3c. The tests performed, used 2.8-inch-diameter specimens which passed a !4-inch
sieve. The fractions of materials passing the '/,-tnch sieve were 91.9 and 91.8 percent of the
samples from {ill over Structures 3.3a and 3.3c respectively. The rate of strain was 0.1 in/min.

Results are:

Angle of
Sample Depth Position :’o ::::t DeD:sytt Internal  Cobesion
y Friction¢
ft pet pct deg pat
3.3a +1.0 Over crown 9.9 115.2 41.0 1.8
3.3¢ +1.0 Over crown 10.3 115.4 49.0 1.0

The resuits of chemical and spectrographic analyses which have been performed by NCEL
and the density measurements and moisture-content measurements taken at the site (Project
3.8) are included in Table A.2.

Table A.3 gives the compressibility characteristics of the natural Frencaman Fiat soil and
of the gravelly silty sand backfill as determined by tests conducted at WES and reported in Ref-
erence 22. The gravelly silty sand backfill contained about 15 percent of material retained on
the Number 4 sieve. In order to prepare gravelly silty sand specimens for laboratory testing,
it was necessary to use a portion of a representative sample passing the Number 4 sieve. Lab-
oratory testing procedures used are described in detall in Reference 22.

Based on limited bearing-capacity tests of the natural soil in the Frenchman Flat ares, the
ultimate bearing capacity at a 13-foot depth has been estimated to be 4 to 7.5 tons/ft}. Addi-
tional data on the natural soil and on the gravelly siity sand used for backfill {s inciuded in Ref-

erence 22.

A.3.2 Backiill Operations. Compaction of backfill for this project was performed in a manner
as neariy similar to standard construction practices as practicable. The entire fill was com-
pacted, in order to simulate an actual installation where natural consolidation wauld compact the
material within a period of several months.

The material was excavated {rom a preselected area to an approximate depth of S feet. The
soll was removed from the pit using self-propelled scrapers together with loading-pusher Cater-
pillar tractors, hauled to the site of backfilling in the scrapers, and stockpiled at sach structure
excavation. During the digging of the backfilling material, water trucks kept the surface of the
soil well saturated. An effort was made to keep each scraper load as uniform as possibie by
scooping soil at angles 80 that material from the surface, as well as material from a 3-foot
depth, was included in each scraper load.

The backfill stockpiles were not processed further except for dally wetting of the surface of
each stockpile with a water truck prior to the start of backfilling operations, to prevent exces-
sive surface drying. By placing the backfill material in 8- to 8-inch 1ifts with a clamashell and
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utilizing the compaction methods described in the next paragraph, compaction requirements
(90 percent maximum density at optimum moisture content) were satisfied.

Up to a point approximately 6 feet directly above the spring line, 6-inch pneumatic tampers
were used in a pattern illustrated in Figure A.10. From the 6-foot point to the completion of
backfili, gasoline-engine-driven vibrating rollers were used; four passes over each area pro-
vided ample compaction effort, The compactors are shown in Figure A.11. At the extreme
side edges of the earth mound above original grade, a D-8 Caterpillar tractor (bearing pres-
sures approximately 10 psi) was used for compaction by making four passes over each area.
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TABLE A.1 SAND DENSITY TESTS

Depth above (+) Water Dry

Date of Sample  Structure and Station or below (-) Location Content Density

Ground Surface We vd

1957 ft pct pef
16 May 3.3a (9019.01) -12 Leeward 11.4 109.2
18 May -6 Leeward 8.5 111.4
21 May +1 Over center 9.9 115.2
" May +4 Over center 24 us.1
Average 9.8 112.7
7 May 3.3b (9019.03) -11 Leeward 9.0 109.0
9 May -7.5 Blast side 8.2 11c.0
9 May -7.5 Leeward 8.1 118.2
13 May -6 Blast side 9.5 - 1144

13 May -5 Leeward 95 97.7°*
16 May vl Over center 9.3 1198
13 May +3.5 Over center ﬂ 112.7
Average 8.7 111.7
23 May 3.3¢ (9019.02) -12 Leeward 11.1 115.9
25 May -6 Leeward 8.7 117.1
29 May +1 Over center 103 115.4
30 May +3.5 Over center 8.1 113.§

Average 9.8 115.8

* If discarded, average for 3.3b (9019.03) -~ W, = 8.6 and Yq 113.9

TABLE A.2 CHEMICAL AND SPECTROGRAPHIC ANALYSIS OF BACKFILL

e 18 Seiliblowa b

Dutaadd PV RN

De Wate .
Srucure A Doty Mgy ps g Slemensl ot gt
Grads * Back(ill ° . v
ft pef
1.3a +1.¢ 115.2 9.9 8.4 10.8 120 1.8 80 44 0.9 A A B CcC C
3.2a + 4.0 115.1 9.4 6.4 7.3 125 124 9.0 46 1.2 A A B cC C
3.3¢ +1.0 115.4 10.3 9.5 103 130 120 30 4.0 0S8 A A B cC C
3.3¢ *3.5 113.5 8.1 1.0 7.1 105 136 90 568 0.7 A A B cC ¢C
Accuracy Quantities shown Accuracy 210 pet for 81, Al, A = 1t 10 pot
¢ 1.0 pct are accurste to Mg, Fo, ad Ti B = 0811t 0.1 pot
nearest 0.1 pct C = 0.001 to 0.1 pot

¢ Posizion over center.
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Figure A.10 Tamper compaction pattern.
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Appendix B
STRUCTURE INSTRUMENTATION

B.1 DEFLECTION GAGE

The scratch-type deflection gage was utilized to determine maximum and residual dynamic
deflections. The Model P-3.3, illustrated in Figures B.1 and B.2, consisted of a scridbing as-
sembly, one scratch plate, and attaching hardware. The scribing assembly and attaching hard-
ware, shown in Figure B.), was either attached to the curved [-beam with boits or mounted
directly an one of the bolts connecting the corrugated-plate structural sections. The scratch
plate, made of 16-gage aluminum sheets, was attached with screws to a sheet of ¥ -inch plywood
mounted to a supporting wood {framework solidly anchored to the floor slab. The piate was coat-
ed with conventional biuing compound used by machinists; tius, the scratches showed as alumi-
num colored. An overall rear view of the final assembly is siown in Figure B.4.

Scratch-gage results are included in Chapter 2. By taking into account the final position of
the spring line of the arch relative to the floor slab, a correction has been made to provide an
absolute-type value of residual deflections of the corrugated steel plates and arch ribe.

R was concluded that the Modsl P-3.3 deflection gage performed satisfactorily and provided
deflection patterns of sufficient accuracy, warranted by the requirements placed on such {a-

strumentation.

B.2 SELF-RECORDING PRESSURE-TIME GAGE

The recording mechanism for each pressure-time (p-t) gage was enclosed in a heavy, airtigit
case, the top of which acted as a baffle plate. Holes in the baffle piate aliowed initistion and pres-
sure intake.

The sensing element was basically a clamber formed by welding together two diaphragms at
their edges, each impressed with a series of connective corrugations. A stylus, coasisting of
an osmium-tipped phonograph needle mounted on a spring srm, was attached to the element.
When pressure was transmitted inside the element, the element expanded. This expansion,
which is proportional to the amount of pressure, was scratched on a siivered giass disk by the
stylus. The glass disk was mounted on a turntable and was driven by a carefully goverasd motor
in order to record the scratch of the stylus versus time.

Calibration of the pressure capsules was performed by the mamsfacturer. The calibrations
were plotted using a Leeds-Northrup X-Y recorder. The output of a Statham straia-gage-type
pressure transducer was {ed through amplifiers to the pen (X-axis) of the recorder. Capeule
deflection was measured by & micrometer head equipped with a mill detector end serve system
operating a slide-wire potentiometer which, in turn, controlied the chart drive (or Y-axis). The
resulting presentation gave a plot of capsule deflection as s function of applied pressure.

The p-t gage s shown in Figure B.S. Actual instalistion of the gage is shown ta & ground
batfle for overpressure measurements (Figure B.6) and inside the plesum chamber for the blast-
closure-valve-protected side pressure (Figure B.7).

The self-recording measurements obaerved on the ground surface wers:
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Peak Arrtval Positive
Sructure  Station Overpressure Time Duration Quality of Record
psi sec sec

3.3a 9019.01 101 — —_ Peak only
3.3 9019.03 60 0.121 0.361 See Figure B.8
3.3¢ 9019.02 (i o -— Poor
3.3cp 9060 -0.31 0.410 0.345 Good

-1.3

% Gage mounted on top of earth berm. | Gage mounted in plenum.

The pressure values used in Table 2.4 were obtained by utilizing a combination of the data
just described and data obtained from gages at similar distances from ground zero. In all cases,
the tabulated values are within 10 percent of the preliminary composite overpressure curve for
Shot Priscilla.

B.3 PEAK-PRESSURE GAGE

The peak-pressure gage utilized a pressure capsule similar to th»! used in the pressure-time
gage, except that the recording blank was held stationary. The recording blank, a silvered glass
rectangle, was put in place under the capsule stylus. When activated by pressure, the stylus
recorded the maximum positive and negative deflections of the pressure capsule.

This capsule was calibrated by the manufacturer similarly to the p-t gage. Figure B.9 shows
the installation of a peak-pressure gage.

The peak measurements observed were:

Structure Station Peak Pressure

psi
3.3 9019.01 2.7
3.3» $019.03 1.0
3.3¢ 9019.02 0

The relfability of the peak-pressure values is questionable, as has been discussed in Section
2.4.1. R is concluded that a self-recording pressure-time gage would have provided a more
accurate and rellable record.

B.4 DYNAMIC ACCELEROMETERS

B.4.1 Electronic Accelerometer. Electronic-dynamic acceleration-versus-time measure-
ments were made with Wiancko Type JAAT accelerometers. The sensing element consisted of
an armature bonded at its center to the vertex of & V-shaped spring member and held in close
proximity to an E-coll. A weight was attached to one end of the armature so that an accelera-
tion in a direction normal to the armature caused it to rotate about the vertex of the spring.

The E-coll consisted of two windings wound on the extreme legs of the E-shaped magnetic
core. As the armature rotated, it decreased the reluctance of the magnetic path composed of
the armature, the center leg, and one extreme iog of the E and increased the reluctance of the
other, similar path.

The electronic accelerometers were gtven stiitic calibration on a spin table uccelerometer
before installation (Figure B.10). The spin tsle was a disk that was rotated at a speed deter-
niined accurately by an electronic tachomete':. Each ai:celerometer was mounted on the disk
with its sensitive direction parallel to the racius of t’e disk. Connections to the recorder cable
were made through alip rings. An accurate knowledge of the distance of the accelerometer sens-




ing element from the center of the disk and the rotational velocity of the disk were used to {ind
the radial acceleration produced in the sensing element. The installation of the gage on the con-
crete {loor is shown in Figure B.11.

The results of the electronic-dynamic-acceleration measurements of the floor slabs were:

Structure Station Value Remarks
g
3.3 9019.01 <3.0 No apparent value, good record

3. 9019.03 <3.0 No apparent value, good record
3.3¢ 9019.02 < 3.0 No apparent value, good record

R was concluded that, because of a good electronic record with no apparent values on all
Jages, a value of less than 3 g had been observed. The accelerometers utilized were of 0-to-
100 g range calibrated to 50 g. A small-range gage would have given a more significant record,
1ad it been known that accelerations of such small magnitudes would have been experienced.

B.4.2 Self-Recording Accelerometers. The self-recording accelerometer utilized an element
similar to that used on the peak accelerometer. To obtain acceleration versus time, the record-
.ng disk was rotated. The installation of the gage is shown to the right in Figure B.12.

The self-recording dynamic accelerometer readings observed were:

Structure Station Positions Values Remarks
[ 4

3.3 9019.01 Floor slab <(+30.0) Questionable record
3.3 9019.02 Ficor slab (+15to +30) Questionable record

The self-recording accelerometer values were extremely different from similar measure-
nents of the clectronic accelerometers. Because the electronic records were considered good 1
und the self-recording records were extremely questionable, the electronic values have been
:onsidered more valid and consequently have been utilized for discussion.

3.5 PEAK ACCELEROMETER

The peak accelerometer was basically the same as the peak-pressure gage (Section B.3).
nstead of a pressure-sensing capcule, an accelerometer element was utilizsed. The element
‘onsisted of a cantilever beam with a weight attached to its free end. A spring arm attached
o the weigit held a stylus which scratched a record on the recording blank when the element
ras activated. The cantilever beam was shaped to prevent oscillations ia any direction except
hat desired.

The accelerometer elements were calibrated by clamping them in a support similar to the
ne in the gage. This support was then placed on a calibrated drop table, to Le subjected to
ransient acceleration. The drop table consisted of 8 heavy metal plate which was raised to a
redetermined height and then allowed to fall freely. The fall was terminated by a box of sand
ato which the plate fell flat. The accelerations produced when the plate was stopped were ac-
urately reproducible and, by means of a standard accelerometer, have been related to the
eight from which the plate was released. A peak accelerometer attached to the crown of the
setal structure ts shown in Figure B.13.

One peak-acceleration gage was used to measure vertical component of the crowa of -
trengthened Structure 3.3b. The value observed was — 13 to -~ 30 g; however the record was
omewhat questionable. R was concluded that the electronic dynamic accplerometsr would
ave provided a more valid measurement.
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B.6 DUST COLLECTORS

Two somewhat-simtlar types of dust collectors were utilized. The {irst, which was taped
to the {loor of each shelter, consisted of an ordinary glass microscopic slide, 1 inch of which
was covered with transparent scratch tape, sticky side up. The second was a sticky-tray fali-
out collector; to provide rigidity, a !¢-lach-thick plate of galvanized sheet metal (9'; by 10'}
inches) was employed as the tray. Transparent, but sticky, paper was fastened on the tray
with masking tape. The top of the sticky tray (8 by 9 inches) was protected by two rectangular
pleces of paper which ordinarfily were stripped off just before exposure to the collector. Upon
installation of each plate, one of the protective papers was removed and the uncovesed side of
the collector was marked C for control. During final preparations for the shot, (D~2 days),
the other protective paper was removed, thus exposing the other side of the collector marked
E for experiment. The two types of dust collectors are shown installed in Structure 3.3c in
Figure B.14.

The control slide of the fallout collector collected preshot and postshot dust, while the ex-
perimental side collected predominantly postshot dust.

Recovery of trays and slides was accomplished upon initial postshot entry of the structure
(D+3 days). The top of the microscopic slides were covered with a piece of transparent scotch
tape, and the fallout trays, after being pried loose from the floor, were placed face to face,
care being taken to oppose the control side of one collector to the control side of the other taken
from the same shelter. These measures served to protect each of the dust collectors from con-
tamination after removal {from the several structures.

After recovery, the two opposing sheets of the transparent, sticky paper were stripped from
the fallout trays. The sticky paper was successful in trapping debris varying {rom microscopic
particles of dust to small aggregates of dirt.

Each microscopic alide was contaminated with dirt and was usable for subsequent microscopic
studies. The resuits of this final analysis will be reported by Operation Plumbbob Project 33.5.
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Figure B.2 Scratch-type deflection gage
attached to corrugated-steel plate.
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Figure B.7 Self-recording pressure-time gage
mounted insid. blast closure valve plemum.
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Figure B.8 Recorded overpressure versus {ime on ground surface at Structure 3.3b.
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Figure B.10 Calibration of electroaic accelerometers.
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Figure B.13 Peak zccelerometer attached to crown of structure.

Figure B.14 Dust collector.
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Appendix C
RADIATION INSTRUMENTATION

This appendix was prepared by Project 2.4, Radiological Division, U.S. Army Chemical War-
fare Laboratories; Robert C. Tompkins, Project Olficer.

C.1 BACKGROUND AND THEORY )

Tests prior to Operation Teapot have shown thut below-grade shelters give 75 percent better
gamma shielding than those shelters that are partially above grade (Reference 23). Teapot data
illustrated that complctely below grade sheiters with 4 feet of radial earth cover gave an inside-
to-outside gamma dose ratio (designated herein as a gamma transmission {actor) as low as
1.2 x 1074 and a neutron transmission factor of 1.5 x 10~¢ for the high-energy neutron flux,
which would be detected by sulfur-threshold detectors (Reference 24). Detector stations nearer
to the entranceways of the structures indicated much higher transmission factors, and therefore
received higher radiation dosages.

The sheiters to be instrumented for radiation measurements at Operation Plumbbob were all
underground. For this reason, the Teapot results in the below-grade Structures UK-3.8a,
UK-3.8b, UK-3.8¢, and UK-3.7 were particnlarly useful in predicting expected shielding by the
shelters at Operation Plumbbob (Reference 24). These results were augmented by empirical
relations for neutron and gamma radiation passing through hollow cylinders as given in Refer-
ence 2§,

In the case of the Plumbbob 3.3 structures, it was generally predicted that they would have ’
lower transmission factors than the Teapot below-grad: structures, because the entranceways
were farther removed from the structures proper. Within the sheiters, a consideration of the
slant thickness, which is the line-of-sight cover, indicatecd that the greater dosages were to be
cxpected in those portions of the shelter more distant {rom ground zerc. Higher transmission -
factors were expected in the entrance pussages, because the steel cover is relatively transpar-
ent to high-energy neutrons. In 3.3¢c, the completely equipped structure, it appeared that the
elbow in the ventilation system would adequately prevent scattering of neutron or gamma radta-
tion through the ventilator. However, it seemed possible that the removal of mass migit in-
crease the gamma and neutron doses from direct radiation in tie immediate neighborhood of the
ventilation pipes. This increase was not expected to exceed a factor of 10 (Reference 24).

C.2 DESCRIPTION OF INSTRUMENTATION

C.2.1 Gamma Film Packets. Gamma dose was measured with the National Bureau of Stand-
ards— Evans Signal Laboratory (NBS-ESL) film packets (References 26, 237, and 28). In the
exposure range from 1 to 50,000 r and in the ensrgy range from 115 kev to 10 Mev, the accuracy
of the dosimeter is considered to be within + 30 percent. The net photogranhic response is ex-
pected to be approximately energy independent. This is achieved by modifying the bare-emmision .
energy response, which has peaks near the K-shell photoslectric absorption edges of silver and
bromine, by placing the entire emulsion in a §.23-mm-thick bakelite case covered with 1.07 mm
of tin and 0.3 mm of lead and surrounded by a Y/-inch lead strip over the open edges. The en- .
tirs arrangement is placed in a plastic cigarette case.
Although the angular dependence is negligible when the gamma flim packet is exposed to higher
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energy radiation, it is important for lower energies. An interpretation of the resuits obtained
in Reference 27 indicates that, for radiation tsotropically incident on the packet, the dose value
{s about 3.5 percent lower for 1.3-Mev radiation than that obtained by an instrument having no
angular dependence, about 32 percent lower for 0.20-Mev radiation, and about 45 percent lower
for 0.11-Mev radiation. Although the film packets may show only 20 percent error in normal
radiation {ields, some consideration should be given to the fact that, in a relatively isotropic
and degraded energy field such as might exist in structures with many feet of earth cover, the
film packets may indicate low values.

C.2.2 Chemical Dosimeters. The chemical dosimeters utilized for instrumenting the struc-
tures were supplied by the United States Air Force Schoal of Aviation Medicine (SAM).

The SAM chemical dosimeters include two main types of chemical systems. One system is
hydrogen-free, and the other has a high hydrogen content. The latter system is essentially
water-equivalent in its response. The high-hydrogen-content dosimeters respond to ail the
gamma rays, {ast neutrons, and thermal neutrons, whereas the hydrogen-free dosimeters re-
spond only to the coexistent gamma rays and thermal neutrons (Reference 29). Both systems
are based on the same principle: acid formed from the irradiation of chlorinated hydrocarbon
is a linear function of radiation dose throughout a broad range (25 to 100,000) (References 20
through 32). Neutron calibration of these systems is described in Reference 33.

The hydrogen-{ree dosimeters were furnished by SAM {n the following prepared ranges: 0.5
to 5, 2to 20, 5 to 200, 100 to 500, 400 to 2,000, 1,600 to 3,000 and 2,000 to 18,000 rep. The
high-hydrogen dosimeters utilized were furnished in the following prepared ranges: 10 to 200,
50 :0 500, and 100 to 1,000 rep.

All of the dosimeters, \f exposed within their prepared ranges, were evaluated spectrophoto-
metrically or visually by observation of the calor changes in the indicator dye from red (PH 6.0
or above) to yellow (pH 5.6 or below). Because these color changes are a function of the dose,
exposure doses were estimsted by color comparison with irradiated controls. The amount of
acid formed, hence the amount of absorbed dose, in overexposed dosimeter (PH 5.6 or below),
was evaluated by titration with standardized 0.001 N sodium hydroxide. Division of the amount
of acid produced in an unknown exposure by the calibration data for the sensitivity of the system
to Co* gamma radiation (namely the amount of acid produced per militliter of chlorinated hydro-
carbon fcr each roentgen absorbed) yielded the gamma dose in roentgens.

The measurement of the neutron dose with the high-hydrogen-content dosimeter was accom-
plished by evaluation of the amount of stable acid produced in a mixed radiation field by one of
the above techniquea. Because the water-equivalent, high-hydrogen-content dosimeter is X-
and gamma- ray energy independent and has a known neutron response, the total acid production
can be considered as a combined function of the neutron and gamma radiations. Subtractios of
the gamma-produced acids as measured by the fast neutron insensitive chemical dosimetsr sys-
tems (Reference 30) left a given quantity of acid produced by the neutrons. Division of this
neutron-produced acid by the acid yleld per rep yielded a neutron dose in .erms of reps.

Gamma measurements in the presence of neutrons were accomplished by using the hydrogen-
{ree dosimeters. Because all chemical dosimeters are sensitive to thermal neutrons, the ther-
mal neutron dose was calculated independently from cadmium-gold differenco measurements.
The data was then corrected by subtraction of 6.7 roentgen equivalents per thermal neutroa rep
(Reference 32).

C.2.3 Neutron-Threshold Devices. A complete description of the neutron system used for
instrumenting the structures can be found in Reference 8. Thormal and epithermal newtroa flux
was measured with gold folls by the cadmium difference method. This technique yielde the flux
of neutrons below the cadmium cutoff of about ).3 ev. Intermediate ¢nergy neutrons were mess-
ured with a series of three boron-shielded fisston-threshold detectors: Put® (3.7 kev), 1p*"
(0.7 Mev), and U™ (1.5 Mev). High-energy neutrons were measured with sulfur detectors hav-
Ing an effective threshold of 3 Mev. The cadmium cutoff and the various energy thresholds are
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not clearly ¢ ‘ined points. For this reason, neutron f{luxes in this report will be identified with
detectors rather than with energy ranges.

The accuracy of these detectors is approximately 215 percent for doses greater than 25 rep.
Measurements are unreliab!2 below 25 rep and cannot be made below 5 rep. The detectors were
calibrated and read by Project 2.3.

C.3 INSTRUMENTATION LAYOUT

The objective of the radiation instrumentation was to determine the effectiveness of the buried
structures for providing radiation protection. Accordingly, the structures were instrumented to
measure the gamma and neutron dose that would be received at a nominal heigit of 3 {eet above
the floor of the structure.

Because the activities produced in the threshold detectors are relatively short-lived, the two
structures, 3.3a and 3.3¢, that were to be instrumented with these detectors, were equipped
with an aluminum tube from which the threshold devices could be withdrawn by means of a cable
system within a few minutes after shot time. The structural details of the cablc systems are
given {n Sections 2.3.4 and A.2.1, and illustrated in Figure A.6.

Because none of the other dose detection systems require early recovery, their locations
were controlled only by the type of data desired. A film packet, a chemical dosimeter, and in
some cases a thermal-neutron detector were installed at each instrument station. Structure
3.3a contained six such stations; 3.3b, three; 3.3¢, eight. The location of each instrument sta-
tioa is shown in Figures C.1 and C.2 and {s referenced in Tables C.2 and C.3 to a right-handed
Cartesian coordinant system with origin at the centroid of the floor of the structure proper. The
x direction is taken as positive toward ground zero, y is positive toward the entrance. All do-
simeter packets are located 3 feet from the floor except for Stations A and B in 3.3¢ which are
1 and 4 feet above the floor respectively.

In order to calculate transmission factors it was necessary to obtain {ree-field readings.
Neutron-spectral data was obtained from the line of stations established by Project 2.3 at 100-
yard intervals west from ground gero. In addition, chemical dosimeter and film packet free-
field stations were located at the same ranges as the structures tested.

C.4 RESULTS AND DEBCUSSION

Most of the free-field NBS-ESL {iim packets, which cannot measure dosages greate- than
70,000 r, were oversxposed, and the rest were either neutron-activated or lost in processing.
Therefore, the {ree-field fiim packet dal. obtained for Project 2.4 were plotted as a function
of distance and extrapolated to the ranges of interest (Reference 3). R is recognized that the
validity of the linear extrapolation to close ranges is open to question, but no other procedure
presented itself. The doses read ;rom this curve are given in Table C.1 along with the other
free-field dose measurements. The chemical dosimeter data were cbtained from a smoothed
curve through the measured values. The threshold-detector dose {igures were obtained trom
Project 2.3 (Reference 8).

Gamma and reutron doses inside the shelters are listed in Tables C.2 and C.3, respectively.
Results shown as less than a given figure indicate the lower limit of detector sensitivity in cases
where the detector gave no reading. R was evident that these sheiters provided adequate protec-
tion against initial nuclear radiations under the test conditions, in agreement with predictions
made by Prouct 5.4 (Reference 3). R will be noted that the gamma doses were considerably
higher in the entranceways of these structures. Sizeable gamma and neutron doses were re-
ceived at the bottom of the ventilation shaft of 3.3¢c; however, the sandbags placed at Position
C made it difficult to assess streaming into the structure proper. A comparison of gamma
doses recetved in 3.3b and 3.3¢ indicates that the positicns on the ground-sero side of each
structure received amaller doses than thoee on the other sids.




C.5 CONCLUSIONS

The underground sheiters constructed by Project 3.3 provided adequate protection against the
initial gamma and neutron irradiation from Shot Priscilla at the slant ranges of this test. The
radiation protection afforded by these shelters could be improved by better shielding between
the entranceway and the shelter. The ventilating system of Structure 3.3c appeared to be ade-
quately designed to minimize streaming of radiation.

TABLE C.1 FREE-FIELD GAMMA AND
NEUTRON MEASUREMENTS

Gamma Dose Neutron Doee
Rructure Film Foil Method
r rep
3.3a 1.35 x 10% 1.24 x 10
3.3b, 3.3¢ 1.02 x 10% 7.65 x 10%

TABLE C.2 GAMMA SHIELDING CHARACTEPISTICS OF PROJECT 3.3 STRUCTURES,
FRENCHMAN FLAT, SHOT PRISCILLA

Earth cover: $ feet.

Doss. r Transmission Factor (Dy/Dy)
Structure SNation MY— Film Chemical m——mr-—-—r-
Badge Dosimeter Badgs Dostmete
ft 1t

3.3a A +9.5 0 . <8 —_— <4 x10"8

B -9.5 ° <8 -— <axiot

c 0 +28 o4 -— 4.7x104

D 0 21 16.2 24 1.0 x10~¢ 1.8 x10-¢

E ] 0 . 10 -— 7.4 %10~

r (] ~21 7.4 7] 4.6 x10"" 2.7 x10~¢
3.3b A +9.5 0 1.2 <8 1.1 x10°% <8 x10-%

B -9.5 0 2.3 <$ 3.2x10"% <sx10°"

c 0 *28 'Y 1) 9.0 x 10~4 9.2 x10¢
3.3¢ A +17.7 +63 9 88 8.8 x 1074 .6 x10"¢

B +90 +110 108 <S8 1.0 x10-" <3 x10~¢

c +2.0 +90 3.0 <8 408 x 10" <8 x10~"

D () 0 4.5 <5 43x10°" <8 x10~?

E 0 -~16 4.0 <8 s.8x10°" <8 x10~9

r -8 +10 3.0 <8 3.9 x10"¢ <sx19~8

G .1 +20 18.0 1.7 1.4 x10-¢ 2.7 x10~¢

R 0 +38 »” 117 0.2 x10"¢ .18 x 10~?
* Lost in prooessing.
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TABLE C.3 NEUTRON SHIELDING CHARACTERISTICS OF PROJECT 3.3 STRUCTURES,
FRENCHMAN FLAT, SHOT PRISCILLA

Earth cover: S feet.

~Dose, T Transmissioa Factor (Dy/Dg
Structure  Station c,:“‘“‘“‘;‘ “Foll Chemioll - Chemical
Meth~d Doeimeter Dosimeter
rt 3
3.3 A +9.0 0 . <10 . <Tx10""?
B -9.5 0 . <10 . <7 x10""
c 0 +28 . 64 . 4.6 x 104
D 0 +21 . 14 . 1.0 x10~¢
E 0 0 <28 “ <1.8 x10-¢ 3.1x10"¢
] 0 -21 . t . t
3.3b A +9.5 0 . <10 . <l x10"¢
B -9.5 0 . <10 . <1 x10-¢
[ 0 +28 . <10 . <1 x10~¢
3.3¢ A +17.1 +6.2 . 140 . 1.6 x 10~?
B +9.0 +11.0 . <10 . <1 x10~¢
c +2.0 +9.0 . <10 . <1 x10~4
D [ 0 <25 <10 <2.9 x10~4 <1 x10~¢
E 0 ~16 <28 <10 <2.9x10~¢ <1 x10~¢
r -8.0 +10 . <10 . <1 x10~¢
G +1.0 +20 . 20 . 2.3 x10"¢
H [ *25 . <10 . <1 x10"4¢
* Lost in processing. % Not instrumented.
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CROSS SECTION B-8

Figure C.1 Location of radiation detectors in Structure 3.3c.
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CROSS SECTION 8-8
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Tigure C.2 Location of radiation detectors in Structures 3.3a and 3.3b.
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