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FORE ¥0R0

This report presents the final results of one of he 46 projects comprising the military-eifect
program of Operation Plumbbob, which included 24 test detonations at the Nevada Test Site In
1957. .

For overall Plumbbob military-effects infor: wation, the reader is refercsd to the “Summary
Report of the Director, DOD Test Group (Prog:ims 1-9), ® ITR~ 1445, which includea: {1)a
description of each detonation, including yleld, zero-point location and environment, typs of
device, ambient atmospheric conditions, ete.; - ) a discussion of project results; (3) a summary
of the objectives and results of each profect; at - (4) a lsting of project reports for the military-
effect program.
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. _ ABSTRACT
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) lve large-diameter burigd conduit sections of various shapes wera tested in-tio-d@-tustiin
ped-overpressure ‘regiét &&hﬁﬂh& 10 make an empirical determination of the degree of
personnel protection affo by commerc.ally available steel and concrets conduits at depthe
of burfal of 5, 7.5, and 10 feet below gradc.,’ Essentially, it was desired to assure that Depart-
ment of Defense Class I (100-psi and comparable radiations) and Class I (50-psi axt compara-
ble radiatizis)-protectiontsatiorded by use of such conduits of various coafigurations.
~Bleasurements were made of frec-field overpressure at the ground surface above the struc-
ture; pressure ingside the structures; acceleration of each structure; deflection of each ture;
dust ingide each structure; fragmentary missiles inside the concrete structuros; and and
* neutren radiation dose inside each structure. ¢y .
All buried conduit sections tested provided s Clasgs I protectioa (100-pst overpressurs
and cormparable radiation protection) for the coadit under which the conduits were tested.
Standard 8-foot concrete sewer pipe withsiood 128-pai ovecpressure without significant damage
{minor lension cracks observed); standard 10-gage corzugated-steel 8-foot circular conduit
sections withstood 126-psi overpressure without sigalficant damage; and standard 10-gage cor-
rugated-steel cattle-pass conduits withsto d 149-pei overpressure without sigaificant damage.
Durations of positive pressure were from 208 to 333 milliseconds. i
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PREFACE .

The pretest planning, field test; and completion of the interim test report was a«compiished by e
the Burcau of Yards and Docks (BUDOCKS) with assistance in the ileld by the research staff of
the U.8. Naval Civil Eugineering 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 Braach of BUDOCKS. LTJG G.H. Albright, CEC, USNR, was Project
Officer and writer of the interim test report. P.J. Rush was Project Engineer for the NCEL
participation at the test site.

. This weapons test report was prepared by t e research staff of NCEL, The {ollowing agencies
and projects made essential contributions to the total success of this project:

Chemical Warfare Laboratory, Project 2.4, Radlation Shielding

Ballistic Research Laboratories, Project 3.7, Structural Instrumentation
Waterways Experiment Station, Project 1.8, Solls Survey

Lookout Mountain Laboratory, Project 9 1, Photography

Lovelace Foundaticn, Project 33.2, Missile Traps, Project 33.5, Dust Investigation.
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INTROOUCTION

1.1 OBJECTIVES

The general purpose of this project was to obtain tha neceesary information from which to
devetop criteria for the cconvmical and practical selection of standard, commerciaily available
conduit sections for use as shelters to protect perscnnel from the effects of air blast and nuclear
radiation,

The spectfic ubjectives were: (1) to make an empirieal determination of the degree of pro-
tection to personnet afforded by steel and conerete <ondutts at vartous depths of buriai, when
loaded m the high pressure region; (2) to assure that Department of Defense (DOD) Classes I
and 11 protection (100 psi and 50 psi, respectively) are afforded by the use of buried conduits
of various configurations.

1.2 BACKGROUND

The use of standard, commercially available conduit sections, placed in relatively long
lengths n a multiple-tube shelter arrangement such as indicated in ¥igure 1.1, ia considerac
to be an i ‘expensive and adequate method of providing perasonnel protection at high overpreseure
levels (1Cu ps1). Also, the use of commercially available conduit sections for emergency {isld
protection had been proposed by the Bureau of Yards and Docks as a rapid ang inexpensive
means of pruviding protection at high overpresaure lavels.

There was little information available on the behavior of closed-end buried conduits when
subjected to blast from air bursis. Corrugated-steel and preczst-concrete circular pipe sec-
tions had been used as entrance passages in various semi-buried sheiters in Operation Upshot~
Knothole and Operation Teapot; however, no attempt had been made to record deformations in
such passages. Tests of steel and concrete circular pipe sections had been conducted (Refer-
ence 1) i the lower overpressure regions (9 to 25); however, the cnds of the pipe sections hed
not been closed, and in many cases peak internal pressures had e >ceded the peak overpresasures
at the carth surface. Thereforc, the informatiou obtained at that time could not be used to
estimate strictural behavior or nuclear radiation protection afforded by ciosed-end buried
conduit sections,

It has been indicated (Refererce 2) that some of the principal ways in which the aarth cover
over buried structures can act include (1) changing the pattern of distribution of the forces on
the structure by changing the effective shape of the structure or (2) permitting the transfer of
forces arvund, but rot through, the structure, It has also been stated (Reference 3) that whe
dellections become large, as in many cases of {lexible structures, arching begins to be effective
afler the deflections have reached values corresponding to about 5 percent of the aspan.

Reference 4 indicates that the design of buried structurses (conduits) based on stress analysis
18 not ; ossible because of the great uncertainty in the pattern of forces on the conduits. The
change wn shape of flexible structures and the arching action >f the soil cannot be presently
evaluated to permit a rational analysis for dynamic loeds.

Reference 5 reports the development of empirical design theories by means of fisld tests
over a perlod of years at a large number of varied installations.

For Operation Plumbbob, test sections, typical of portions of a multiple-tube (PFigure 1.1),
or emerpency shelter, ware sclected by means of modificd atatie design procedures and on the
bagis o' steadard commercially available material.  The sot! used for backfill consisted of a
gravelly-siity -sand mixture (rom burrow pits, more nearly repre senting 4 typical backfilt
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material such as may be found at continental t 8. and oversea lane Iocations, rather than the

. dry-lake bed material found i Frenchman Fi:

) Inasxmuch as DOD Classes Laxd I protecti: 1 assumes protection againat comparable effects
(thermal radtation, nuclear radiation, ete.) it sas destred to obtamn au index of radiation shicld-
tng afforded by conduits arrasged with various icpths of earth cover.

it wax planncd that an evalustion of the var) us zections for use as typical sections of person-

Pesssgesns,

—_——— a ...l__.........._

0W0

Section A 3
Figure 1.1 Poasible arvasgement of conduits a8 personssl shelters.

wel shelters would be amde from (1) maximum .nd residual changes tn vertical diameter,
(2) resddual change in horizental diameter, (3) 1+ ternal peak pressures, (4) vertical acceleration
o condwits, (5) gamma and neutron-radiation b els, (6) miselle and dust lagards, and (7) gen-
eral cxamination,

R was anticipated that the coaduits located to recelve 100-psi or greater overpressure would
poasibly provide adequate Claes I protection and that the conduits located to receive 50-pst or
greater overpressure wuuld provide Class II protection, Including effects from radistions.

12.




Chapter 2
PROCEDURE

2.1 DESCRIPTION OF CONDUITS

Twelve 20-foot long closed-end conduit sections, completely buried, with 5 to 10 feet of
varth cover, were subjected to Shot Priscilla of Operation Plumbbob, They were arranged as
mcheated e Tables 2.1 and 2.2 and Figure 2.1, Each structure was so arranged and was of
suca length @8 to preclude the action of end restraint from tuterfering with its response,

o vermit installation and adjustment of instrumentation after burkal of test sections, access
passaes of fabricated corrugatedesteel sections were provided as a sumple, economical test
confguration. These were closed with a steel plate and sandbayss to prevent blast pressures
from entering the vonduit and to permit valid nuclear radiation measurement to be made in the
actu:l test sections. Inasmuch as the objectives of this project include evaluation of test sec-
tions of conduits unly, such an entrance was definitely not designed for operational use ag a
part of a shelter.

The general arrangement of the access passage (test operation purposes only) for all con-
duits is shown in Figure 2,2,

Both ¢nds of each test section were provided with a closure (designed solely for the purpose
of this experiment) consisting of 10-by~12 inch wood timbers agsembled into 2 diaphragm by
means of 2-by-4 inch wood members and steel angles. Strips of ¥,-inch thick asphaltic impreg-
nated composition board were nailed to the wood diaphragms, on the side adjacent to the conduits,
to insure a tight seal and to correct any surface irregularitics. At one end of each conduit, an
aceess passage was attached, and an opening reinforced with steel angles was provided in the
wood bulkheads, Typical end bulkhead arrangements are shown in Figures 2.3 and 2.4,

A 1l-iuch steel plate was used ag a hatch. This was covered with 4 feet of sandbags inside
a S-foot-square plywood box without top or bottom. Ths wood box is shown in Figure 2.5.

The bedding and backfiil operations were performed in a manner typiceal {0 « onventional coa=

“struction priactices. The backfill was carefully placed in nominilly 6-inch lifts, and compacted
with hand-operated pneumatic tampers and other mechaaical equipment, as explained in Appendix
A. Ingeneral, the backfill material used was a gravelly-silty-sand material similar to that util-
tzed over the Operation Teapot 3.6 corrugated-metal structure (Reference 4). This backfill
material, rather than the dry-lake bed material found in Frenchman Flat, was used to more
nearly represent backfill material typical of continental and oversea tage locations. Thus, the
data obtained would be more pertinent to the proposed uge of conduits as personnel shelters,
and posgibly more casily correlated with previous data collected on the Operation Teapot Proj-
ect 3.6 structures (Reference 4).

During backhilling operatious, density and water-content data werce obtained by the Water-
ways Experiment Station (WES, Project 3.8). Alsu, mechanical analyses of the soil were per-
formed by WES, and ch_mical and spectrographic antlyses were performed by the U.S. Navsl
Civil Eagineeriy Laboratory (NCEL). Analyses of the soil used, compaction data, and details
of Lackfilling operations are included in Appendix A, Section A.3.

2.1.1 Corrupated-Steel Cattle-Pass Conduits. Conduits designated as 3.2a, 3.2b, 3.2¢c, 3.2f,
3.2g, 3.2k, and 3.2m in Table 2.2 consisted of curved and flat 10-gage corrugated-steel sections
assembled into cattle-pass shapes, 20 feet long, arranged as indicated in Figures 2.6 and 2.7.
The properties of the corrugated plate sections (Reference 6) are given in Table 2.3. Typical
inte~10r and exterior views of a test section are shown as Figures 2.8, 2.9, and 2.10.
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TABLE

2.1

ARRANGEMENT OF CONDUITS AT TE 53T SITE, SHOT PRINSCILLA
A7 kt yeld, 700 feet S ight of burst.

Raunge {rom Topographe Predicted
Station . Gromsl 2oro Slant At ‘le of \ i Theoretical
Condurt Cotnlinates
Number to center of Range s ght ~“Rorth o Overpressure
Structure at Earth Surface
it yds deg psi
awls.ot 3.2a 970 3%9 36 748,889.76 715,271.62 125
9016.02 3. 1,040 418 34 748,811.76 715,130.5% 100
avle.08 3.2 1,040 418 34 746,868.75 T15,164.% 4 100
9016 01 3 'h 1,040 418 34 748,915.74 T15,201.86 100
9016.05 KAV 1,150 449 1n T48,825.82 714,184.17 76
50168.06 1.2m 1,360 510 7 748,886.706 714,712.71 50
9018.07 3ok 1,360 510 7 748,987.70 714,339.35 50
017 ot 12 1,040 418 4 747,003.73 715,284.11 100
8017 02 3.2 1,150 449 11 746,877.78 714,933.14 15
8017.03 R 1,360 810 7 747,007.69 714,871.34 50
9018.01 3.2d 1,040 418 34 748,961.73 715,242.38 100
9018.02 3 2h 1,150 449 3 746,602.80 714,908.08 75
TARLE .2 DESCRIPTION OF TEST CONM TS
Sizse
Conduit ON: ::':; g:::l: Szzx? mor‘; Matsrial Internal  Internal
Width Helght
ft ft fn ft in
$.2a 7.5 Stwel Cuttle Pa: Corrugated Stucl 5 10 T 8
$.2h 10.0 Steel Cattle Pa Corrugated Stoel 5" 10 7T 8
.20 1.5 Steol Cattle Par Corrugated Stecl 5 7 8
KR 7.5 Stecl Circular Corrugated Steol 8 8 -
3.2 7.5 Corcreto Circu r Precast Concrote 8 - 8§ =
af 5.0 Stecl Cattle Pa: Corrugated Steel 5 10 7 8
2 7.5 Steel Cattle Pa: Corrugated Steel 5 10 T -]
3.2h 1.5 Steel Circular Corrugatad Stesl 8 — 8 -
3.2) 1.5 Concreta Circu «w Precast Concrote 8 - 8§ -
3.2k 7.5 Steel Cattle Pa: 4 Corrugated Stesl 5 10 7 8
3.21 1.5 Concrets Circu Precast Concrets 8§ o~ 8 -
3.2m 5.0 Steel Cattle Pa: 3 Corrugated Stsel 5 10 7 8
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TABLE 2.3 PROPERTIES OF 10-GAGE CORRUGATED STEEL PLATE

Y
P
2

27+ Depth——ol

-

’}-—l"

Nsutral Aus

0
@e T- Thichness

l - e = w67 1 PN

'.—
Thickneas (inch) 0.134%
Taagent Length (inch) 1.8808

Angly In Degrees and Minutes  44° 00'
Moment of Inestia (toch® 0.9372

Area of Sectton (inch?)® 2.003
gecti m KModulus (lack?) ¢ 0.8784
Radius of Gyration (Inck) 0.684

* P'or foot of horizontal lungth of coadait.

Fizure 2.8 Interior view of typleal cattle~-pass conduit,
showing scratch deflection gage at mid-length.
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Figure 2.8 Exterior view ol cattlg-pass section prior

to backfiliing.

Figure 2.10 Interior view of cattle-pass sectlon

showing timber end clo~ure.
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2.1.2 Cerrugated-Steel Circular Structures. Structures designated ag 3.2d and 3.2h in Table
2.2 were standard 10-gage corrugated-ste: | sections of 8-foot diameter. The properties of the
steel plate sections were identical to those given for the cattle-pass sections in Table 2.3. Each
20-foot long test section consisted of three basic plate lengths assembied as tndicated in Figures
2.11, 2.12, 2,13, and 2.14,

2.1.3 Reinforced-Concrete Circular Conduits. Conduits deaignated s 3.2¢, 3.2j, and 3.2,
in Table 2.2 were standard concrete sewer pipe (Refereance 7) having the properties indicated

in Tavble 2.4.
Each 20-foot long test section consisted of two 8-{oot and one 4-foot sections grouted at the

A Q?' NANVAR RY]
Grade Line s
\ °
\ 1 Q
\ Fi _ e
Natural . b
Soil \ W
\ o u.a--h q \ /
VoY

) Timber Bulkhead - - }.‘._. e

: 20'-0" ¢’ oo .}
~ 300 _ [T SECTION” "C-C"
) \ v 16" 26
bk S| 10 Goge Corr. Stee - }
8 -1
'oj .° # Sondbegs E | Weod
. ©° w~ , Ladder
Q‘ ) !
x o o
| o —en 8'-0" Gia. Corr. Pipe

) Turnel (8 Gage)
PLAN "

Figure 2.11 Clrcular steel test section and access passage.

E, time of asscmbly. The conduit sections were asgenmbled as indicated in Figures 2.15, 2,186,
2.17, and 2.18.

2.2 DATA REQUIREMENTS

2.2.1 Structural Measurementa. The structural instrumentation for this project consisted
of instruments to measure the transient air overpressures at ground surface, peak iaternal
- pressures, peak and dynamic acceleration of bottom of conduits (ali by Ballistic Research
Laboratories, BRL Project 3.7) and the change in vertical diameters by NCEL. Four electroaic
channels were utilized for the dynamic-2cceleration measurements. A summary of structural
: instrumentation is shown in Table 2.5. The specific locations of the instruments in the conduits
are shown in Figure 2.19.
Data reliahlity, description of instruments, and conclusions regarding instrumentation are
* proseated in Appendix B.




Figure 2,12 Exterior view of circular steel conduit
. prior o Installation of access passage.

Frgure 2,13 Interwe view of typical crrcular steel conduit,
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"_ eritical dimensions were determined by surveys made approximately 18 days before the shot,
9 days after the shot, and again 113 days .fter the shot. Measurements included croes section

- In order to aid n the evaluation of the « ffectiveness of test sections for use as shelters,
shape, and absolute lucation below an established mark at the entrance tunnet section. The

Pigure 2.14 Interior view of circular steel section
showing timber closure.

specific locations and magnituds of such measurements are indicated in Section 3.1 sod Apper-
dix B, Section B.1. A series of preshot and postshot photographs were mads to ald in evaluation
of postshot conditions.

2.2.2 Environmental Hazards. For this tes. particular aitention was given to thoss effects
defined 18 personnel environmental hazards inside closed underground conduits, specifically:

TABLE 2.4 PROPERTIES OF CONCRETE TEST SECTION

Standard Specifloatica ASTM 73-88

Internsl Diamater 98 inches
Shell Thicimese 9 inches
Concrete Strength (minimum) 3,000 pet
Total Gteel Area:
Clreumforentisi 3 lines totaling 0.57-inch? per
lincar foot
Ell'ptical Noas, stee] placed concemtricelly only
‘ acceleration effects, internal pressure effects, missile hazards, and dust hazards (in concrete
conduits).
: Accelerometers were meunted on the bottom of the conduits to provide acceleration meas-

urements. Peak-pressure gages were instilled {nside each structure to serve not only as a
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Figure 2.16 Exterior view of typleal circular concrete
conduit prior to backfilling.
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check for structural behavior due to leakage but also as a check for pressure hazards to per-
soanel. Photographs served aluo as documentation 1n connection with potentizl missile hazards
(bolts, connecting angles, etc ).

Inasmuch a8 dust is a knowa environmental perscnne! hagard and because no data exist ref-

TABLE. 2.8 STRUCTURAL INSTRUMENTATION SCHEDULE

Nuwmber Type Location
12 Deflection Gages (Scratch) Owne tn sach of 12 concaits (at top)
L] Self-recording Pregeure-Time  Conduft 3.2a (125 pef)

Gagos (on earth eurface) Conduit 3.2b~¢ ¢100 psl)
Condult 3.2h-g (75 pei)
Counduit 3.21 (50 psi)

12 Poek Bternal Pressure Gage One {n each of 12 condu‘te
12 Peek Accelerometers Cre {n each of 12 conduits
(Vertical Component)
4 Electroaic Dynamic Acceler- One in Conduit 3.2a (125 peil)
omster (Vertical Compunent) One im Conduit 3.2f (100 pef)
One in Conduit 3.2g (75 pel)

One la Conduft 3.21 (50 pet)

erable to closed underground structures subjected to shock from atomic weapons, the Lovelace
Foundation (Project 33.5, Reference 8) conducted a field investigation which included three
coacrcte conduits of this project. The objectives for this study were to (1) document the particle
sizes of preshot and poutshot dust and (2) differentiate, if possible, the sources of the postshot

[
®
Ve’ —.“
= & — Tiwdor Bulkhesd —— s - 4~ =ty T
. c e e J
f> —roes ———-20'-0 —__I:'—"'. SECTION C-C
Electromc F
Accel -iq
Peck % !
”kcmup -%J“m
Ossw:?hon Poak Fresscre ¥ __J'
Goge Mount 50”0, Corr Proe
L’C Tunnel (8 Gxge)
DUAN

Figure 2.19 Typlcal gage location inside test =ection.

dust; whether or not particles after the detonation arose {rom existing dirt on the floor of con-
dui's or actually spalled from the conduits or bulkheads as & resuit of the shock. Two types of
dust collectors were installed in 3.2e, 1.2j, and 3.2l. Results are Indicated in Section 3.2, and
a detailed explanation of the dust collectors is included in Appendix B.
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Figure 2.20 Interior view of cattle-pass section showing
aluminum tube used to house neutron-threshold device.
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Figure 2.21 Exterior vicw of Conduit 3.2f prior to hackfilling.
Nole 8-iach steel pipe usd as recovery tube for neutron-
threshold device,




As a part of the investigation of possible spalling eifects of large missiles, missile traps

. were {nstalled also in Conduits 3.2e, 3.2j, and 3.21 by the Lovelace Foundation {Project 33.2,
Reference 9). Styrofoam was used as missile receivers.

Results are discussed in Section 3.2, and additional detatls are included in Appendix B.

2.2.3 Nuclear Radiation Instrumentation. The nuclear radiation shielding measurements
were provided by the Chemical Warfare Laboratory (Project 2.4, Reference 10) and consisted

of the following:
Gamma {ilm packets All 12 conduits
Chemical neutron dosimeters  All 12 conduits
Neutroa threshold devices Conduit 3.2f

The specific location of the nuclear radiation measuring devices within the varlous conduits
18 indicated in Section 3.3, and details of the specific measuring devices are furnished in
Appendix C, Section C.2. The neutron-threshold devices, attached to a ¥-inch steel cable,
rested in a 4-foot-length aluminum pipe section inside the conduit. The cable passed from the
aluminum section through an 8-inch steel pipe extending from the end of the conduit, making
a 45-degree turn toward the surface to approximately ons foot below the ground level. The
%-inch cable termnated 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 3.4 master
cable. The recovery tube for the neutron-threshold measuring device was provided to permit
extraction at H + 45 minutes of those particular radiation shielding measuring devices for which
early time of recovery was essential. The recovery tube ig shown inside the structure in Fig-

. ure 2.20; an exterior view prior to backfilling is shown in Figure 2,21,

In order to completely define the shielding material, an elemental analysis of the soil used
for backfill was made by NCEL and is included in the Appeadix, Section A.3.1. Results of the
shielding measurements of the conduits are included in Section 3.3 and the Appendix, Ssction
CA.
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Chapter 3 .
RESULTS \

3.1 STRUCTURAL MEASUREMENTS

Structural measurements are tabulated in Table:s. 3.1 and 3.2, Do tailx of the instrumentation
used are wneluded in Appendix 8.

5 Measured peak overpressures aere so mewhat @i egter than predicted.  Overpressures were
) ;‘ measured directly over or adja ent to on y six of the conduits. The overpressures thus obtained
:55‘ are wdwated w Table 3.1, as beuys appli zable also to the other six conduits at the corresponding
s ranges from ground zero.
& Recorded peak internal pressures rane from 1.0 to 3.7 psi but the reliability of these data is
53. guestiwonable.
’q{,‘ All recorded downward accelerations of conduit bottoms were less than 10g. The values of
5& 8 and 5 s at conduits 3.2a, 3.2f, and 3.l ¢ are cousidered good records. ‘The other accelera-
tion records are questionable but fall witl in about the same range. In comparison, Reference

S LS

£1 reports free-GOeld peak downward acce lerations of 7.0 and 4.2 ¢'s followed by peak upward
acceletations of 4.1 and 3.5 ¢’y respectively at 10 feet below sround surface and at a range of
1,350 feet.  In making such @ comparison it must be remembered tast a sot different {rom the

nattve #renchman Flat soil was used as backfill around the condutts. Measured durations of ‘

downward acceleration were 50, 48 and 45 nmulliseconds at Structures 3.2a, 3.2f, and 3.2g, :

. respectively, s
Preshot measurements of conduit dimensions were made on D- 18 days and postshot meas- t

urcements were made on D + 9 days and D + 113 days. Recorded conduit dimensicns {rom th
first two surveys are given in Table 3.2. Changes w conduit dimensions as indicated by the
two postshot surveys are given in Table 3.1. Full scale scratch gage deflection traces are in-
cluded n the Appendix, Section B.1. The fact that some of the survey measurements do not
agree with corresponding scratch gage records indicates a definite experimental error in one
or the other. Nevertheless, a close exanidination of these data reveals several interesting
tendencics.

Scratch gage records tndicate that the crown of two of the cattic-pass type conduits sprang
hack to a relative residual position higher than their initial position. The other cattle-pzss
conduits  ad residual relative vertical deflections at the crown of from 29 to 53 percent of their
maximum vertical defiection. In comparison the circular concrete condutts and the circulay
steel conduits had residuial relative vertical deflections of from 20 to 30 pervent of maxinuun
and from 57 to 67 percent of maximum, respectively.

Except for one condutt, the chamge in internal herght of condutt as measured by a D + 9 days
survey 1s conststently greater than idicated by the seratch gage records,  No explanation
oifered [ur this diserepancy.

The D + 9 days survey indicated that the width of the cattle-pass conduits decreased (net)
during the period from D-18 days to D + 9 days. During the same period the net change in
the width of the circular conduits was either an increase or zero.

The D + 113 survey indicated no significant change in conduit height.

In all flexible metal conduits there was a tendency for the circumferentiat dimension to
reduce because of slipping of corrugated plates at the seams. In no case was a sheared bolt
observed. The cattle-pass sections in gen2ral appeared -0 experience greater slippage than
the circu.ar sections, The sl:ppage of any one joint was not greater than ',"; inch.
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. TABLE 1.2 SURVEY MEAEUREMENTS
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Figure 3.6 Crack survey of top hall, Plgure 3.7 Crack survey of bottom hallf,
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Preshot and postshot photographs of the interior of two cf the concrete conduits are showa
in Figures 3.1 through 3.5, Significant cracxs we.urzed 1 one concrete condust (3.2e). The
cracking n the other two concrete sections was barely noticeable and is hardly detectable on
photographs, consequently crack pattern drawings for all cuacrete conduits are taciuded 1n the
{orm of developed sections as Figures 3.6 through 3.11.

The entrances to all test sectiuns and all timber buiktaads were in excellent posiskot con-
ditton.

3.2 ENVIRONMENTAL KAZARDS

A small amount of dust and wood splinters accumulated on the {allout trays and micreacopic
slides placed tn the concrete conduits. No missiles, such as spalled concrete or mortar, were
observed in any of the missile traps placed inside tha concrete conduits. The duet and wood
splinter samples obtained will be analyzed and zignificaut findiags will be reported in the Op-
eration Plumbbob Project 33.5 final report,

Those structural mezsurements which couftbute to environmental hagards (z2ccelerations
and internal pressures) are presented in Section 3.1,

3.3 RADIATION MEASUREMENTS

On this project, neither dirsct thermal radiation oor naclear radiation from fallout wore of
signuicance, consequently, the radiation of inlezest coasizted of initial gamma aad noutrea
radiation. Results are presented in detail in Appandiz C. The gamms and neutroa dosgo ars
summarized in Table 3.3. Freo-fisld neutron-flux data are included in Referencs 132.
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Chapter 4
DISCUSSION

Complets seratch deflection records were cotamed w nine conduits, partial serateh deflection
records were obtuned i three conduts, amd cleven of a total of twelve mternal-pressure gages
recorded,  All dynamite acceelerometers fum ttoned, however, selt-recorduys acsclerometers
used as bachup for clectronte measurements produced sonmewhat questonable vatues.,

It was not possible to recover the neutron threshold device from Conduits 3.20at D+45 muw -
utes as plamned; however, radution measurements trom a chemical dostimeter m this condut
provided & vahid reading.  The neutron-threshold device was lodged m the vecovery tube be-
Ctuse of excess sand entering the capped cid of the tube.  An identical recovery-tube arrange~
ment, however, worked verv Latisfactorily in sdjacent structures of Operatwn Plumbbob Proj-
ect 3.3 (Reference 13).

Phutographs and survey measurements provided sufficient documentation uf general postshot
conditton and residual deformation of the conduits respectively.

4.1 STRUCTURAL ADEQUACY OF CONDUITS

The structural measurements have been presented in Chapter 3. Fhe criterion for struc-
tural adequacy i ths case 13 that the structure mamtain s geaeral form amd stabilaty, thot
ts, that the structurc does not collapse, and that deflections are not great cuough to preclude
the successtul performance of the structure as 4 proiective shelter.  None of the conduits cot-
lapsed and maximum changes m condut hewht were about voe tnch,  Thus, the test results
ndicite the structoral suitability of the ¢onduits for use as personnel shellers, of used under
conditions dentieal to those ot this test.

Il prese * knowledge will permit, 1t is very desirable to make pencral conclusions that are
apphicable to other condtions.  To do this, it s necvssary to have an understandung of the re~
action of the vartous soils o air-blast loading, the reaction of the structure to the resultant
sotl loading, wnd the interaction of the structure response and the soil reaction,  The reman-
g paragraphs of this section discuss this in more detail.

4.1.1 rwoads Acting. An arr-blast load induces a ¢ round shock wave which is propagated
throvigh Ui 5ol (o The Structure. This ground shock wave iteracts with the burted structure
caustmg the stracturee to deform.  The deformation of the structure has & major effect on the
contact pressure al the seid-strueture utertace,

For thiy test, measured free-fleld overpressures rangfd from 60 to 149 pae aod duritions
were from A6 0 6GE msee, e aie pressure wave baem was characterized by a sharp eise
ol preasure toa tiest low peak (ollowed by a plateaw or a slyght decay, then a second much-
higher pe ik, tollowed by @ decay (o zero pressure (Reference t4). The dme mterval between
mttial arvval of the air blast and peak vverpressure was of the order of 50 to 100 msec. Thus,
the luads acting at the ground surface are known to teot accurar y but the carth s.resses acting
on the structures were not measured and are not known.

If a semi-infinite homogeneous elastic medium 18 subjected to an air blast, the maximum
vertical stress at any depth is the same as the applied air Llast, the vertical stram is propor-
tional to the stress, and the wstantancous particle velocity 18 prupoerti mal (o the instantaneous

siress (Refereace 15). But the assumotien of o truly clastic median vnplie s no energy loss
iference 15 states, "1 ts known that the dyae nte stress-

the transnnssion vl a4 stress wave,




strain curve in earth preseats a considerable hysteresis loop, represeating a dissipation of
energy. This luss probably results largely 1. the eating away of the shock front, increasing the
rige tune with wmereasing depth, ”

i a sem-infimte huinogencous soil mass is subjected to a step function luad of infinite dura-
tion, the ultimate vertical stress at any depth is the same as the applied load. But, as stated
by Reference 16, *in the real case, the finite veloeity and duration of the blast wave cause an
attenuation of peak stress with depth.  This attenuation is obvivusly a function of duration and
should be less wth longer durations, but the natare amd magmtude of thes function are not evi-
dent from presently available dita,  The peaked form of the mpet also permuts reflections from
fayers duffereat avoustic impedance to effect the shape and magnitude of the stress wave”.

We know from atomic field tests that for relatively short duration blasts over silty Frenchman
Flat sotl, there is some attenvation of (ree-field peak acceleration with increases in soil depth
(References 11 and 15).  For the same conditions other investigators have observed an attenu-
ation with depth of pressure acting on a burted stress page or structure (Refcrences 3, 17, 18,
and 19). The amount of reduction of pressure depends on the [lexibility of the steucture (Ref-
ercnces 3 and 19).

The ficld test data do not agree as to the rate of attenuation with depth, particularly in the
first few fect. Measurements made by Operution Upshot-Knothole Project 1.4 (Reference 17),
using Carlson-Wiancko earth stress gages at 1-, 5-, and 15-foot depths, suggest a logarithmic
or an inverse power attenuation of vertical earth stress as a function of depth. Some 1- and 5-
fool deep gages indicated au apparent earth stress greater than the surface air overpressure.
But, according to Reference 17, the acar surface data was erratic and less dependable than
the data from the 15-foot deep gages. In contrast, measurements made by Operation Plumbbob
Project 1.7 (Reference 19), using a calibrated 2-foot diameter diaphragin as a jrage, suggest
that the rate of stress attenuation is greatest in the first few feet below :«cround surface.

For quite different conditions at Eniwetok Proving Ground (EPG) the observed results were
somewhat diffcrent, The two EPG detonationg were at the ground surface; one produced a rel-
atively long duration blast, the other a relatively short duration blast: and the solt at EPG is
predomnately coral sand with the water table only a few feet below ground surface.

Free-lield data taken at EPG indicates greater attenuation with depth of local air-induced
acceleration than at NTS (Reference 16). The same investigators observed that air-induced
ground shock waves were refracted through the earth, {rom remote lucations nearer ground
zero, to contribute significantly to earth acceleration readings. Beyond 1 certain range the
earth transmitted wave front outran the air blast wave, thus masking lucally air-induced effects.

Pretiminary data oblained by another project prompted the {ollowing conclusions quoted from
Reference 20: “ The data suggests that there existy a considerable effect of structure flexibility
on the pressures on structures buried both above and below the water table {n this soil. ” and,
“The data also supgests that a large-magnitude surface burst can produce very-large horizontal
vater-transmitied pressures, which will be greater than the air-induced pressures below (he
water table, ”

Operation Hardtack Project 3.2 tested two carth covered 25-font span corrugated steel 180-
degree arch structures, one subjected to 90-psi overpressure from a kiloton-range detonation
and the other subjected to 78-pst from a megation-range datonation. Reference 21 reports
“8lnee the twn areh shiclls were wdentical wd the confining earthworks were almost tdontical,
the fact that Structuee 3.2b suffered coaplete cotlapse at 78 psi (long-durution loading), and
Structure 3,20 sustained extensive localized damage without complete collapse at 90 pst (short-
duration loading) 1s sificant, * )

With the exception of References 3 and 17 the references cited above are preliminary test
reports subject to further analysis, davelopment, and possible revision., These preliminary
reports do, however, phint out some of the many variables that may elfect the air-induced
ground load acting on a burled structure, for certain limited test conditions. But a quantitative
understanding of the effect of all significant variables is required before the test data can be
used to pred:ct pressures resultiag under other conditions. -




4.1.2 Response uf Structures. A buri 'd condutt type struct ire has a certam wherent strength
dud T0 s for i nd material Caractertst es. But it it s 4 relatnely flexable structure as were
the steel condaits tested, st must dopend on the sut roundug sotd tor a4 lorge part of its strength.
Remtorced conctate arcular conduits are relatively less tlesablie than steel conduits and there-
lore dewend upon the surrounduyg sotl to o lesser desrec.

A butied crecutar (lexible condut subjected to blast toad tomds [iest to deform into an ellap-
tcal shape.  Both the passive carth pressure and the atr-blast wmduced ground pressure cesigt
this deformation. It s poussable for hygher forms of deflectiny witle more stress reversals to
take place, depeadmg apon the toading, the charact risties of the structure, and the deformn -
fion characteristios of the surroundimyge soil. Seratch-gage records mdicate & maximunt trn-
stent reduction winternal heyght of the circular steet conduit of 0.8 and 0.9 percent.  Survey
measurements indicate that Qus type conduit became more eltiptial shaped duruy the peried
trom D- W8 davs o DB days. Some of the change i vertical dumension s o doubit due to
jomt stppaee.,

Scratih-gage records mdicate @ maximum transient reduction wainternal heygeht of the cir-
culag eoncrele condutts of 0.3 and 0.6 percent.  Survey measurements indieate that this type
canduit also weeame more cllptical shaped durmy the perwod from D-18 days to D+ 9 days.
Note that the peak transient reduction i height 13 scmewhat less than that for the circular
steel conduits. But an exanunation of the survey dita given m Tabte 3.1 wall show changes in
shape of the concrete conduit as great as those for tue steel codut, It is reasonable to be-
hieve that the concrete conduits tested gained some . .trength from the passne soil resistance
although 1t was probably considerably less than did the more Hexible steel conduits.

Scrateh-gane 1ecords mdicate maximum transier t reductic ns i wternat height of the steet
caltle-pass type structure of from 0.3 to 1.1 percent. Strvey data rndicates & deerease in
width o} tns type condust duriy the period from D- 18 days (¢ D+ 9 days. This supgests the
pogsibnlity that ths type condui! o ssumed a high for.a of defiection shape characterized by
several stress reversals around s periphery.

Unfortunately, transieat measurements of change in width of any of the conduits were not
taken,

4.1.3 Extrapolation of Results. Present knowledge is not sufficient to permit direct extrap-
olation of these test data to other conditions.  ‘The luads aciing on the ground surface during
the tes are hnown o a reasonable accuracy. But the loads acting at the svil-structure inter-
face are defiutely net know,  Since a gravelly-silty -sand material, rather than the natural
Frenchonan 'lat soil, was used for backfill, the attenuation data obtained by other Ope-ation
Plumbbob projects 18 not valid for this project. References 16, 20, and 21 indicate some of
the great differeac es in toading and response to be «xpected for conditions differing from those
existing during Operation Plumbbotbr,

4.2 INTERNAL ENVIRONMENT CONSIDERATIONS

4.2.1 Acceleratum, Peak downwird accelerations of 5y and 8y with durations of about
50 msee were measured at the comiut floor.  An upward ¢ celeration of smaller peak magni-
tude Tollowed the yutal downward acceleration,  For ditferent soil and detenation conditions
A complotcly didterent magnitude, duration, direction, amd sequeace of seecteratune foadingg 1s
possible (Refercnce 16),

Reference 22 states that for human betngs the tolerable limit of accelesution depends to a
great extent upon the mannzr in which the forces arising act on the body. This reference re-
ports studies niade to determine the tolerable limits of acceleration on a human strapped into
an aircraft-type seat. The investigator reports that a person so supported can tolerate 20g’s
deceleration of a forward moving seat for a duration of a few hundred milliseconds without
tjury. The same studies revort that 2 man so supported can withstand an upward acceleration
of the seat of u)» to about 20¢ s for 100 msec without Injury. But 1* caanot be assumed that
she ter occuparts will be =0 vell supported. Obviously, nu general statement can be made
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regarding acceleration effects on personnel withoul considering the manuer 1 which the result-
ing forces act on the pe- <onnel.

If the accelerations measured i this test are thought to be excessive for certaln shelter
uses, their effect could be reduced Ly nstlalitng the necessary shock solativn mechanisms
inside the structure.

4.2.2 Pressurc. Peak-pressurc gages indicated overpressures of up to 3.7 psi inside the
conduil sections but the reliability of these data 18 questionable.

Reference 23 reports that the atomic explosions in Japan during World War I resulted in
*no cases of direct damage to internal organa by the blast among the survivors although there
were some ruptured cardrums. ” This reference also states, *The air blast overpressure
required to cause rupture of eardrums appears to be hizhly dependent upon circumstances.
Several observations wdicate that the minimum overpressure is in the range {rom 10 to 15
pounds per sguare mch, but both lower and higher values have Leen reported.” Even if over-
pressures were as high as 3.7 ps1 in e test conduits, it is very unlikely that such a condition
would be hazardous to personnel.

A possible explanation for the internal pressures is that they were caused U~ a leakage be-
tween the individual wood members of the bulkhead used. The endwalls were nut intended to
serve as endwalls of an actual shelter; they were included only to provide an economical ead
closure for the test section. An impregnated joint filler strip was used between the test soctions
o’ the conduits and the bulkheads to avoid pressure infiltration at those poluts. A similar im-
pregnated Joint filler was placed between the vertical entrance trunk end steel cuver plate to
sumilarly avoud prossure infiltration at thege points. In any case, the internal pressures were
of magnitudes such that the structural behavior was probably not appreciably affected. To
repeat, the endwalls and entrances were not intended to be satisfactory for an actual shelter.
A final shelter desyzu could certainly provide adequate sealing to prevent harmf{*-. internal
pressures.

4.2.3 Missiles and Dust. In all three concrete conduiis in which missile traps wers installied,
no evidence of a missile was observed. In all three concrete conduits in which a dust investiga-
tion was made, debris varyiag [rom microscoplc particles of dust to discrete pleces of mortar,
wood, and small aggregates of dirt were observed. According to Reference 8, it i3 belisved
that under the conditions of shelter exposure occupants of the conduit shelters would have suf-
fered no harm. The dust might have been annoying to personnel and might have interfered
with certain operations.

4.3 NUCLEAR RADIATION SHIELDING EFPPECTIVENEES

Since the maximum nuclear radiation duse that may be measured with 3 film pack is 70,000 ¢,
00 experimental method was available for direct measurement of the high dose received at the
free-fleld stations close to ground zeco, The free-field gamma measurvments listed in Table
C.1 of Appendix C were obtained by extrapolation from data obtained {or Project 2.4. R is
recogntzed that the validity of the Linear extrapolation tu close ranges is open to question but
no other procedure presented itself. Free-field neutron dosimeter readiugs are also listed in
Table C.1.

The maximum dose inside any conduit was received in 3.2f having 5 foet of carth cover. The
gamma dose was 7.7r and neutron dose <10 rep. According to Reference 24 the probebiiity is
that this dose would produce no significant medical effects on human beings. Thus, it is evident
that all conduits provided adequate protection against nuclear radiation under the test coaditions.
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Chapter §
CONCLUSIONS and RECOMMENDATIONS

5.1 CONCLUSINNS

Based on the field test resolts, it 18 concluded that all types of coduits testea, cwrrugated
steel circular, corrygated steel cattle-pass, and concrete circular, will pravude adequate
Class 1 (100-psi overpressure and comparable radiattons) protecton for the same conditions
(loadwny, soil, dunenstons, cte.) as those of this test.

In additron, for the particular conditions of this test and witlun the aceuraey ot the over-
pressure metsurements, 1t was observed that:

(1) The corrugated steel cattle-pass cowduit with 7.5 feet of ciarth cover withstood a peak

overpressure of 149 psi.
{2) The corrugaled steel cattle-pass conduit with § feel of earth cover withstood 2 peak

overpressure of 126 psi.
(3) The corrugaled steel circular conduit with 7.5 fect of earth cover withstood a peak

overpressure of 126 psi.
(4) The precast ~onerete circular condunt with 7.5 feet of carth cover withstood a peak

overpressure of 126 psi.
(5) Al conduils tested provided adequate protection agamst nuclear radiation.
Present knowledre does not justify making more general conclusions,

5.2 RECOMMENDATIONS
If future tests are made on similar structures it is recommended that the structures be

instrumented to obtain the following data:
(1) Soil pressure versus time at the soll-structure interface at several points around the

structure peciphery.
(2) Sotl pressure versug time at points in the soil cover between the carth surface and

the structure,
(3) The relative motion of the structure with respect to an undisturbed point in the earth

as a function of time,

(4) The chauge 1 shape of the structure as a function of time.

(9) Air pressure versus lime inside the structure.

() All time records should have a common zero reference.

There s a need for further study into the nature of shock propagation through soll, Many
questions are as yet unanswered regarding the attenuation, reflection, amd refraction of shock
energy; regardiyg the partition of energy when a shock wave meets an air-soll boundary, a
water-sotl boundary, an unsaturated soil-saturated soll buundary, or a structure-soil bound-
ary; and regarding similitude. It 18 recommended that these questions be thoroughly studied,
both analytically and experimentally, if we are to obtain a rational solution to the underground

structure problem.
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Appendix A
CONSTRUCTION

A.1  RESPONSIBILITIES

Construction for this project was accomplished by
meuans of a cost-plus-fee contrict iministered by
the Armed Forves Special Weapons Project and the
Atomic Eneryyy Comassion.  hxcavation survey for
this project «omareneed at Frenchman Flat of the
Neviada Test Site on 5 Murch 1957, actual construe-~
Gon started on 11 March 1957, backfill commenced
on 23 April 1957, and had been completed on the
linal structure on 4 June 1957. Construction of all
structures was perforined by Reynolds Electric and
Engineering Conpany (REECO) with Holmes and
Narver (H&N) serving a3 gengral construction inspec=
tor. The Bureau of Yards and Docks project oiflcer
served as twehnical inspector at the site in connec-
tion with critical construction details. A soil-gurvey
program wax conducted by the Waterways F.xperiment
Station (Projuct 3.8).

A.2 CONSTRUCTION DETAILS

Schemutic drawings of all conduits are included
in Chaptor 2 of the principal toxt. A detail drawing
ol the neutron-threshold-dgvice recovery tubo is in-
cluded In Figure A.1. 1o ondor to provide additional
details of procedures used for construction of the
st structures, construction pholographs are includ-
uil an Flgures A.2 through A.5.

Sclucted portions of the conntruction spucific itions
are givon on Page 45.

A3 SOIL SURVEY PROGHAM

AL Sl Data,  The soil survey program (proj-
urt-:rﬂ) conaiatud of: (1) compaction control (sand
density arethad) dusing backfill, (2) record samples,
(1) wonl tests in WES faboritorien, (4) soll texta at
NCE L, am! (5) dotermmation «of wator coatent ol back-
fll bufore shot.  Specificattons for backfil] ary includl-
i an Appondix A 2.

Stove nnalysin, ¢« hinstfication, aml compaction test
data of the soll usad Tor back (i1l are included 1n Fig-
uie A.8. Density and mofsture content measurements
utilized for compaction control Curing backfilling oper-
ations are included n Tablo A.1.

Triaxial shear tests were performed by NCEL on
one sample sach from (ill over conduits 3.2 und 3.2I.
The tests were perfocrmed, using 2.8-inch duumeter
specimens, on -'/,-inch fraction (93.8 percent of total

and 94 parcent of total tor 3.27 ant .21, respectively);
the rate of strain was 0.1 in/min.  The results are
iven i Table ALl

The results of chenucal amt apectrographic anklyzsss
which have been performed at NCEL, and the density
and moisture-content measurenwents taken at the site
(Project 3.8) are wcluded in Tat”s A.3.  Additional
data on the natural soil at Frenchmen Flat and on the
gravelly silty sand used for backiill is includea in
Referencs 25.

A.3.2 Excavation axt Backfill Operations. The
carth was excavated so that the iost conduit sections
would bs completely surroundad by a gravelly-silty -
sand backfill. The earth excavation linas are shown
in Figures 2.6, 2.11, and 2.15. Compaction of back-
fill for thie project wus performod in & manner as
nuarly similar to standard coastruction practices as
practicable. The ontire (il was coiapleted in order
to simulate an actual inxtallation, whereby aatural
congolliiation would compuct the meteriul within a
period of several months. The backfill maisrial was
cxcavited from a preselectod arca to an approximats
dupth of 6 feet. The sofl was removed from the pit
using self-propetled scrapars, together with losding
pusher Cats, hauled to the sits of backfilling in the
scrapers, and stockpilud at cach structure excavation.
Durtng the digging of the backfilling materisl, water
trucks kopt the surface of the soil well saturated. An
offort was made to kecp cach scraper load as uniform
18 posmible by scooping soil at angles so that material
from tho surface, is well as material from a S-foot
depth was Included in each scraper load.

7he backfill stovkpilos were not processed further
axcept or wotting the surface of each stockpile with
.G wator truek prior to the start of backfllling opara-
tions onch day to prevent vxcessive surface drying.
By placing the buckflil matorial in 6-to-8 inch lilts
with a clamshoell, the utilizing compaction muthods
deseribod ty the next paragraph, compuctior require~
ments (90-percent maximum density at optimum mols-
turo content) were xatixfivd.

Up to a point approximately 6 feet above the Lase
of the conduits, the 6-inch pneumstic tampers shown
in Figure A.7 were uscd in & pattern .lustrated in
Figure A.8. From the 6-foot level to & levsl 3 feet
above each conduit section, gasoline-driven vibrating
rollers were uscd. Fiur prsses over each ares pro-
vided ample compaction effort. The ogeration of the
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EXCERPTS from CC-ISTRUCTION SPECIFICATIONS

Earthwaa h  Facth fos gkl and Gl mteriai w0 In
WEms e It Gove snorent to the comtracbor tet (v a-
portation by i Goons bos cow pits bin ated within 1 ¢s
of the stte o thee with  Borrow pits shall be geacked 1n
e tosiran proguos iy so that the exiating surface frain-
ape will he mauntained Any sarplus citrth not requn «d
ton kg or backhithing stall be removed amt deposat o
within 2,000 feet of tin $ite of the work as divocted.  sotl
puta shail b graded an o manner o deam properiy «a that
the exiating subace deamage wadl be maintaimed.

Excanations shall be caerted to thee contours, dhaw n-
stons e deptbs tdicatod o secesary  Excavatios,
car e ed below the gepihs ambicaied wathout gpecitie dires
ttonns shall be cetiifed to the propes giade with thoooughly
contpat ted smitable Bl exeept that i exeavations tor fouat
mpes, w tor budied G re e membes s tine comorety shall
In extondged to the battom of ke excavation, all ckhitionad
wor k of this nature aball b done ot oo aokdittonal cost to
thee Govermoent A esoavations iy e made by maans
af mnchines, exvept thal the List six o inches ol carth aml
ther triuming of the exvavations xhall be done by hud i a
carelull accarate manmes o the exact grade s aind slopes
i gt os divectesdt Extreme care shall be exer taxd
for shagn e bolloms of excavations for cie glas aod arveg -
ul v shapeesd areinber s bo tiee contons secesedey 1o peovith
comtingous  oled bearing lon the mombers, 'rtor to back -
N operations, o) dobins, nux h, amd othor loose sift
Sshall be removed fram e excavktinns

(Sackball shall be take n bom o samd and gravel pis (selec-
test iyt project attieer) excavated uniloraly to a depth
of ‘s feet aed shall be placed an b-toech B8 i 2 manner
that wili not causa seepatlion of the bag kil mataral.

AN bachBbl aned 511 <hall b compac ted to at least 90 per
cent amansmam denmty at aptinum metsture content by
weans of prenmatic o otber mechanteal compaction equip-
ment AN backhill placed within 2 toet of tho structure
shidl B dree lrom rochs, oashlers, and clods Rarger than
2anches at the gruatest dinaension, il vogetablo mattes
amd other debiis, other wise the baeklitl material may e
usend s obtaial from the it The hackfidl shall bo plaesi
tn allernate Lwyers trom both snbos of the structures main
Lot an et by an pras e kble o untform height of bhack
fubd b Al tinwes, b e s shoulid the bac).fi1) o0 ome ehhe
bes el more than 1 anches highere than on the opposite
ke The ssture content amd osisty of the sotl wall be
thetermimad by Progect 2% 1Eat s chetermined that mois
tor e anunt b ekl (o e exinting stock pilet materal,

thn anethods gropuosacd 1o In, et by the contran tor for bl
1 Ahe water, maxtng, ot sball e approved by thee pro)
wt ath praes b i 0t of backbitliing operations In
e, b processag reoguised W oblaen the <pacifion!
watler content shaby dwe wocomphiabed before the material

is plaved aroud o aver e structuies T earth Ol
shall be mamtaest witlnn 4 tolerance of plus oy misus

! 1o 0b a4 oot on tiw cover  Prior to backfilling, the con=
tractor shadl ascertan that end bulkheads are plumb and
are not separated from the condult sections. Backfilling
shall not be started until the contractor 18 cartain that
om 6 t'arted a day~to-day sequence of backfilling oparations
can be effected

Eaith moving equipmount may be uacid according to stan-
datd practice, cxeept that Lo hutvy equipmaent will e ser-
matter o operate over tie «rown of the stewttuses unt | at
least . teet of carth aa been compan fod over the top of
the stroctures  In o case shoulld egquepment used lor com

turtion encoad o snrtace pressure of B et Preianatse
famd Ly~ sy b ased tos o otgaaa 1y the bue hHIE 1
modiatehy adiiunt to the suttaces of the strucluros

Conurvle Constiaction.  Conveele iy bo remdy mixaed
Ao Tote Shall bee ¢laux 1 1 (000 pt).

Setting inscellam ous mate rral  When practicable, all
anchors .l bolts 1a cannertion aith conerete xhall be
placed amd xocurd 1o puxition waen the concrete ix placad
Anchora amd anchor bults shall txe plumbesd carctully aml
st accurately and <batl be te-ld @ position etgidly to pre
sent displacenwat duraygg the plas i ol the concrete

Com tete prpe undiatad e coalnt) ahatl be 3.0 paa
studant sthiemith senforcal «aserete ewer prpe confornm
1030 ASTM Speditication ¢ a3, the g shall have
togue-and roove sotts. Phee cuoerete pipe shall be lant
wir 2 solud baed of cartl, all gents whall be buttersd with o
1 =3 coement nrnt oe prior to pembly of sectioa, Xter
ansembly , otnds xtall e (sl 1o the leved of the adjueent
surfaces of the pipes.

Prefabricated Sirvctures.  The ingress tunie! sjad pipe
ahall be of co rugaicl «teel culvert e coaformiyg to the
agplicable vecuiremen's for Tvpe t, Class 2 of Federal
Spectfication Q-0 Mk, exeepd that 7 -coating will not
e required  Metal shall wetgh cot less than 6,870 pef
(ominal $-gage) in fore coreug g Openings shall be
evt accuratedy and ftted goatly

Corrugatou vulvest pipe shall be of mwtal weighing not
o ox than 5 62 paf belore corrygating, (nominal 10-age)
atrd shall contorm to the appli alde requirements of Fed-
e i Spectlication (@ C-806a, except that it may be black
or e -coated steel, Types tor the various usses shall be
an follows

. Crivoulng Comdur's *o it B* xhall bo Type |, Class

it

b, Cattle pisx Condults * 3, b0, 8.2, k, 20d m? shall
e Typae 1], Clans?

Plpo tripaals  Fropanl hegx shall be: of 1% tnch stamban)
woight blach pyse, Tegs shat] tn- wubded to n Y inch thick
steel bare plats approsimately as imtis atenl. A stoel angle
shall be welidod o (e tane plate to form o sert, thy srghox
shall be drifiod ax myveoan o allow lor the attachment
of the goverumont inateuments. . Cripeds alull b an
vhorod to Hoor slabis ag kovatees sjrectined by the Project
Mlicer

Mool plate coven s with hamdles shall e provided for
the tops of 1t ok shalts to o omiulis * s ihvough m® They
whall be of bhack st ot mot fuxs than t anch thick s shall
e Tusded §n peomition with samd bags plac el over them approx
1mately s unlicated

Carpentey  Gra hugg of matertals shall e in secordunce
with the rules of the associatun gove rming the apecias usod
All material subject 1w stress shali hive a mintmum {iber
strass in bending of 1,450 psi.

Wood lukders xhail be goovided in licu of the metal lud-
ders indicated on Diawing Numbur 771098, They shatl
have uprights of 2-by -4-inch material and rungs of 1-by-4-
Inch material. U orights shall bo spaced 16 inches apart,
rpecing of rungs shall be 12 1 hes from top ‘o top.  Lad-
ders shall be sccusad to the cos rugated po vith metal
clipa, elips shall be owe bbod G0 tho pagee uwd boited o the
uprights,  Metad dor g shall wetgh md less Uun 6 875
paf before tornume.

o
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TABLE A.1 SAND DENSITY TESTS

N Date of Simple  Structure and Staticn  Depth above { Location Water Contetp Dry Density ™~
- : Depth below (¢«
Ground Sut fa.«
fect pet petf
15 Msay 1957 3.2a (9016.01) -8 Leeward 10.7 112.0
18 Msy 1957 -4 Blast Stde 10.3 110.0
17 May 1957 -4 Leeward 133 1212
Averzge 114 114.4 -
25 Msy 1957 3.2f (9018.02) -12 Lecward 10.4 t18.8
28 Msy 1957 -4 Leeward 1.9 108.5
28 Msy 1957 -3 Over Center 7.2 3.3
3 June 1557 -~ 0.8 Over Ceatsr 7a 1.8
Aversge 3.3 114.3
2 May 1957 3.2g (9616.05) -11.8 Lesward 2.5 1140
2 Key 1987 -11.3 Bloet Side 8.4 112.2
3 Moy 1987 ~48 Blast Side 9.7 113.1
3 May 1987 ~4.6 Lesward 8.7 117.9
Average .3 1143
. 31 May 1957 3.2 (3017.63) -12 Lesward 10.6 117.3
3 June 1887 -4 Lesward 13.3 115.6
3 uns 1887 -4 Over Conter 9.1 130.¢ p
: 4 June 1987 ~08 Over Coater 8.0 1.0 }
Aversge 10.3 vy ! i
TABLE A.2 RESULTS OF TRIAXIAL SHEAR TESTS
Argle of
Watar Dry .
S8ample Poaiti Internml Ccohaslon ;
mele Deedk ® Comtet  Leasity Friction, & N
pot /1 dag pot - ‘
L% ] -3.0 Gver centa ¢ " 134 4 32.8 78
3.2 -4.0 over centi:r 9.1 1200 9.7 4.4 |
TABLE A.3 CHEMICAL AND SPECTROGRAPHIC ANALYSS ‘
Y I
Structure Depth Dessity Water Coatemt pct Elemental Compostition. pct I
okl AtBeckGll* D-7 D-3 8 Al Mg Fo Ti Na Cs Ma Cn B o ;
8/17 6/3% S !
foet pef
3.2¢ -3.0 114.4 1.1 .1 8.2 12.0 134 30 48 08 A A B C C . |
3.2 -0 117.5 1.2 7.1 7.8 12.0 11.0190 42 08 A A B C C |
3.2 - 4.0 120.0 %1 2.3 8.4 145 148 35 54 03 A A B C C ‘
3.21 -0.8 119.0 8.9 1.3 7.1 148 106 85 3.2 05 A A B C C :
. Accuracy Quentities showm are  Acourscys f0percest A + 1 - 10 percent i
+ 1,0 accurate to nesrest for 81, Al, Mg, Fe, B = 0.01 - 0.1 percent |
percont 0.1 percect and TY C  0.085 ~ 0.1 percent i
N |
’ * Datca of xamplen at time of backfiliing are includod in Table A.3. - " 1
i

1 Ponitlon over conter.
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compactor s indicated in Figurs A.9. From a level
3 {eet above sach conduit to ths level of the original
suriace a D-8 Cat crawler tractor (bearing pressures
approximately 10 psi) was used for compsction by
making 2w passes over ezch ares
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Appendix 8
STRUCTURE ISTRUMENTATION

B.1 DEFLECIION CAGES

Scratch~type deflection gages, utiized to deter-
mine maximum anxl ressdual deflections were fabri-
cated and instatled by NCEL. The scrateh gage (Mo
¢l P-3.2) illustrated in Figures B.1 an! B.2 consister
of a scribing sissembly, two seratch plates, and atta -
ing hardware. ‘The seribing agsembly was attached
to the p of the conduil scetions by bolts. The scratch
piaios were 16-gage aluminum sheots, 12 by 13 inches,
with %-inch flanges turned on their sides to act as
stiffensrs. The scrateh plates were coated with con-
ventional machinist’s biuing compound, thus, the
scratches showed as aluminum colored. The scratcet
platus were attuched with miachine screws to oppocite
flangus of a *}-inch steel channel, 10 by 12 inches;
this in tuen was welded to i steel tripod having 1%-
fnch gupe legs. The compluets assembly 13 shown in
Flguro B.3.

Full-scale scratch gagu records are inclinled as
Figures B.12 through 13.15. 18 {8 considered that the
Model P-3.2 seratch defluction gage porformed salis-
factorily except {or measurements in Condults 3.2z,
3.2¢, aml .20 In the-o three cases the scribing
atylus jumped [rom the s ratch plats before record-
tng a maximum dynamie doflection. The shock im-
paried to the tripod legs cvidently caused the scratch
pla ¢ to move awuy (rom the scribe. A spring tensios
of 14 pounds hud been used; however, by increasing
the spring tension, the pressure nn the plate could be
incroas:d therchy avoiding a future similar situation.

B2 SELF-RECORDING PRESSURE VERSUS TIME
(pt) GAGES INSTALLED nY BRL, PROJECT 3.7.

The 1ecording mechantum for tho prcusurt'--umu
aRe & wiur enclosed in o beavy abrtight came, the top
ol which neted ax o ballte plato Holos In the baffly
plate allowed Initiation aml prossure intake.

This sensing o'viment was busically u chambur lorined
hy wolding togethur two diaphragmis at their edgow,
ouch of which was improssed with a seriss of connse
tive corrugutions. A stylus, consisting of an camiuni~
tipped p..onograph needle mounted on a spring arm,
was attached to the element. When pressure was
transmitted instde the :lement, the element expanded.
Th, expeasion, which is proportional to the amount
of pressu~e, w~as scra‘ched on a silvered glars disk
by the stylus The glass disk was mounted on a turn

table and was driven by a carefully governoa motor in
orter to record the serateh of the stylug versus time

Caltbration of the pressurs capsulos was porformed
by the manufectiter  The caltbrations wure plotted
using 2 [acds-Northrup X-V rucorder. The output
o1 4 Statham strin e -1 e pressure transducer
wis {ed thivugh amphihers to the pen (X-axis) of the
recorder. Capsulc deflection was nwasured by a
micrometer hsad equipped with a null dstector and
servo system oparating a slide~wirs potantiometor
which, in turn, controlied the chart drive (or Y-axts).
The resulting presentation ywuve a plot of capsule de-
flection as a function of apyplied preszuve.

The py gage I8 <shown in Figure B.4. Actual instal-
lation of ihe guge 15 shown in concrete base for over-
pressure measurements in Fuyure B.5.

Che seif-recording meaxursravnts cbserved on
the ground surface arv includind in Table B.1.

r'he vialues shown in Table B.1 are uzed in Tablo
3.1, in all cuses the overprossures are within 10 por-
cunt of the preliminary composite overpressgre curve
for Shot Prisciila.

B.3 PEAK PRESSURE GAGES (INSTALLED DY
BRL PROJECT i.7)

The puak-pressure yage ulilizad a presse capsulo
liko that ussd in the pressure-time gage; however, in
this gage, the recording blank was held s.ationary.
Theo recording blank, o sifvered gluns rectangle, was
put in place under the capaute stylus. Tha stylus,
whun gctivated by pressure. roported the maximum
positive and megathy - doflections of the preasur cap-~
nule.

his caprule w < calibeaiod by the manufacturer
stmilarly to the py e Figure 18 6 shows the inatil-
tutton of 4 poak precasr g ginse o tne aecons und of the
timbor bulktwuel.

‘The peuk intornal prosxures meaxyroments olr-
servod are shown in Inble B.2. The rulisbility uf the
penic pressure values i3 quuntionable amd it is conclug-
ed that £ sof-recording pressure-time gage would
have provided a more accucate and relisble record.

B.4 DYNAMIC ACCELEROMETERS (INSTALLED
BY BRL PROJECT ..7)

B8.4.1 Electronie Accelerometers.  Electronie-
dynamie-ac celeromet r-versus-time measurcmonts
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tigure B.5 So!f-recording pressarc-tme gage mountsd in
voncrute base.

Puygure 8.6 Poak prossure gage installed on timbur bulkhead
ol access-end of comnduit.
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wure made with Wiancko Typo SAAT aceslaromoter .
The sersimg: clement consistad of an armature bond

ed atats center to the vertex of a Vo shaped apring
member and hebd i close proxamaty to an E-cotl A
weight was attached to one end of the avmature so

that an acveleration in g direction normal to the ar -
Ature caused 1t to rotate about the vertex of the spring.

The E-coil consteted of two windings woumd on the
extrene legs of an E-xha ¢d mugnetic core  As the
arnuiture rotated, it decreased the reluctance of the
magnetic path conposed of the armature, the cente
leg, am! one extreme leg of the E, and increased th
velus tance of the other, sumlar path. The electron -
deceleromelers were given static calibration on a
spin- table accelerometes before their instailation
(Figure B 7).

Fhe spin table was a disk which was 10tated at a
speed determmed accurately by on electronic tachor -
cer e accslerometer was mounted on the disk
with 1ty sensitive direetion paraliel to the 1 adius of
the disk. Connections to the recorder cabls were
made through slip rings. An accurate knowledge of
the distance of the accelerometer sensing element
from the center of the disk and the rotational velocity
of the dink were used to (i« the radin} acceleration
producod 1n the rensing clemunt.  The instailation
of the gage 1in the concrete condult 13 shown in Flure
8.8 (left).

The results of the eloctronic dynamic acceloration
messuruments of the conduits are shown in Tabls 8.3.

B.4.2 Self-Recording Accelerometers. The solf~
recording accoleromuter utilized an element similar
to that used in the puik :wcolerometsr. To obtain
acceleration versus timo, the recording disk was
rotated. The installation of ths gage is shown in
Flgure B.& {right).

One xulf-recording accelerometar had been instal-
lod in 3.2 in liou of & peak eccelerometer. The res i-
ing (- 10z negative) ix quostionable. Because the
cluctronie records were considered good and tho se -
rocording and peak viluoy (Section B.5) wer e some-
wha' questionable, thu cluctronic valuss have hoen
cotmdered more vitlid aml consequently havs hven
utflized for discussion,

B.5 PEAK ACCELEROMETERS (INSTALLED BY
HRL PROJECT 3 7)

Tho puak acceluromoter was basieally e same
as the peak-prossure wage (Soction B 3). Instead of
# presnure-sensing capsule, an scceloaromater ele-
ment was uttlized. The element consisted of a cantt-
laver beam with a weight attached to its {ree end. A
spring arm attached to the weight hald a stylus which
scratched a record on the recordirg biank when the
eloment was activatec. The cantilever beam was
shiped to pravent oscillations in any direction except
thi ¢ destred.

The accelerotictor slementa wore calibratod by
clamping them i a support statlar to thy ot fa the
Kagg. This suppott wias then pliaced on a calibrated
drop table (o be subjectesd to tranment acceleration
The drop table conxisted of 2 haavy nwtal plate whion
wius ratsod to a predeterminad hoight und thun aliowed
to fall froely. The (all wax terminated by 2 hox of
sand into which the plate (alls flat. ‘The accelerations
produced when the plate is stopped wore accuratoly
reproducible amd In means of a4 standard scoolerom
eter, have Ixen relited to the height from which the
plate was celeased A peak accelerometor, attachesd
W the botlom of the concrete comluit section, s shown
n Figure B0

Results of the peak acvelerometer readinges ob-
served arv stown 1o Table 8 4. it has buen comeluded
that the clectront dynamie accoleromator would have
provided 4 more valul measurement

B.8 MISSILE TRAPS AINSTALLED BY LOVELACE
FOUNDATION PR(JECT 33.2)

{zasmuch as low-velocity sussilss secondary to
large~scale explosions have boon 2 significast cause
of casualties. missils traps were tastallad in all the
conarste comlufts of this projest to determine (1) if
concret: conduity ware & xourve of niissiles and (2)
to sxamino the ballistic propurties of tow-velocity
mixsilos which might he produced by compression
inilure of ths concroto or by spalling of concrete as
the result of a tension crack.

Styrofoam was used for the missilc traps. The
relatively low shuar propurtics of the matsrial and
{ts nom-{ibrous structure result in focalization of
compressive daformations. Syrofoam's resistsnce
to deformation is low emough uo that relatively slow
missiles penstrate suflicicatly to be measured accur-
ataly.

The missile trap coasirtod of 2-inch cheets of styro-

foars 8 inchas by 36 inchen, covered wita alumisum
foll, and attached 1o the interior surface of the com-
crete with asphaltic comuent in 3 mamner {adicated in
Figure B.10. Addlitionsl (Lita on missiles secondary
to nuclear blast are includud in Rukorence 9.

[n all throe concrcte condut'e in which missile
trups wore instalicd, 3.28, 3.2, and 3.2, no evidence
of i missktls had been chaserved. [t in concluded that
for the magnitude of duformation exporisnced by the
concreto condult xections of the projuct & miscile
hazard doox not cxist.

B.7 DUST COLLECTORS (PROJECT 3$3.5, REFER-
ENCE §8)
Two somswhat similar types of dust collectors

were utilized. The first, which was tapsd to the floor
of each shalter, consistad of sa ordinary glass micro-

scopic slide, one inch of which was covered with trans-

parent sticky tape, sticky side up. The second wns a
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Figure B.7 Calibral on of eloctroaic accoleromwter.
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Figure B.% Electronic ues vlorometer (lofty il solf-recording
- aceoleromerer (Fight) Instadlerd In concrot Comdust 321
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sticky-tray fatlout collector; to provide rizidity, Rucovery of truays and nlidoy w.ts accomplished - ':5:
Vie-nch thick plate of galvanized shoet metal (Y, by upon kil postshot entry of the structure (D + 8). s
ll)‘/, nches) was employest cn top of which i ir: ns- ‘The top of the microscopic slules were covered with
parent, but sticky, paper wis hixed with maski g tape. a plevo of tranxparer” scolch tapo, and the fallout ]
- — _ — s
S i
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Pigure B.14 Defluction recnrds, Conduits 3.2g, 3.20, and 3.2} o
: =
‘The top of the sticky tray ( 8 by 9 inchen} was protect~ trays, After boing pricd looes from the ficer, wero I
od by two roctangular pleces of paper which ordinariiy placed faoe to face, kare being takee (o oppeos the -
are strippod off just beforu cxposure to the collector. control ='ide of one collector to the coatrol side of }
Upon (nstallation of each plate, one of the protactive the other taken from the ssxee sheitor. Thase wmeas-
T ez ”~ -
<D
Feont Fron? Fromt
Rear Reer Reer ’
3.2 .2 32w
0 )
— .
Pigure B.15 Deflection records, Conduits 3.3k, 3.21, .13.2m. &
papers was removed znd the uncovered side of the ures served to protect earh of the dr  ollectors
collector was marked C for coatrol. Upon Button~ from cowtamination afier removal frvt  Jwe veveral
. up of the structure prior to the tes,, (D - 3 days) the structuces.
other protactive paper was removed, thus axposing After recovery, the two opposing sheets of the o
the nther side of the collecior marked E for export- transparent, sticky pupor were stripped (rom the 4
moent  Thu twn typus of dust ~olloctors which wire fallout trays. The sticky puper was successful in i
. mxtrlle in Conduits .20, 3.2), aml 3.2] arc ahown trapping debris varylng (o microscopte particles
in Figure i8.1? of dust to dincrety ploces of mortar, woodd and small -~




aggregates of dirt. A few slivers of woox muasured
3 inch wide. (Tt should be aoted that ths wood bulk-
heaids on the structures of this project are not a part
of the actual shelter design but have heen used ss an
economical method to provide cloewre to the conduits
for the purpose of this test).

Zach microscopic slids was contaminsted with

dirt and will be usable for subsequest microscopic
studius.

The data obtained will be subjectod to lkboratory
analysis by Projct 33.5, using microscopic, photo-
graphle, and chomical mothods. As much us possible
of the trapped debris will be tdentified. It ts antics-
pated that dust collucted prexhot from tha bottom of
the comduits will bu moet helplul ia asding the obeer~
vatioas calculated to establish the origin of postahot
material collocted on the experimuntal side of the
fallout trays. N
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Appendin €
NUCLEAR RADIATION INSTRUMENTA TION

Preparcd ;v Prc,ect 3.4, Radiological Division,
U.S. Army Chemical “/arfare Laboratories;
Tobert C. Tompling, Project Oificer

C.1 BACKGROUND AND THEORY

To its prior to Opuration Teupot have xhown thut
helow griade sheiters give 75 porcent bette: gamma
shislding than those shelters which are partialiy abova
Krade (Refer« nce 26). OQperation Teapot dsta {ljustrat-
ed U at completely bolow-grude shellers with fou - fest
of radial carth cover guve an ins 'e-to-vut.ide gamma
dowss retio, to Le dosignated borein as 2 gamma trans-
minston (actor, 2s low a8 T 2 by 10™% asd & neutron
transmission factor of 1.5 by 107 foz th) high enerpy
neutron flux which would o datectcd by sulfur-threshold
detectors (Rufeence 27). Ostsctor stztions msarer to
the entranceways of the structures ine .uted much high-
er transmission lactors, aml therefore receivad high-
er radiatica Cosagus.

‘the shelters to be instrumented for radistion moas-
trements at Operauon Plumbbob were &l undsrgraund.
ror this r. wion, the Upsration ‘Tegpot results in below-
2 wie structurus UK-3.6.. UK-1.8b, UK-? ¢, and
1:X-3.7 wure particularly usoful in predicting expects
nhioidlag by the shul . ra at Opsration Plumbbeb (Ruf-
vrence 27). 1'_ae rosults woro augmanted by empir-
ival relations for muutron ard gamma radi~tioa pass-
g through hollow cylinde, v ns given la thy “Ruactor
Sluelding Josign Manual® for evalua.dng the offect of
vircious opunings and baffles (flefersnce 28). s the
cano ¢ [ the Op *ration rlumbbob 3.2 strectures, ' ©
prodictiens Indicated that thoy shoald provide consid-
crably grouter radiation pr tsction than thet provided
by the below-grade Oporation Teapot structures, since
nono of them would huve sny entrance wrys or ventila-
ilon gystum opentngs ul shol timo. Morcovor, i
levals of prolection should he nbout equel througheut
the main portions of Lo test muction.

C.2 DRSCRIPTION OF INSTRUMENTATION

C.2.1 Gamma Film Packuts. Gamma dose was
moasursd with the National Bureau of Standardg—
Evans Signul Leshoratory (NSS-ESL) film packets (Ref-
ercnces 29, 30, and 31)  [n the uxposuro rangs from
1 10 50,000 r and in the snergy rengo from 115 kav to
10 Mav the ucruracy of the dosimetsr is conaldared
to ha within + 20 percent. The net photegraphic re-
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sponse {8 expacted to e appros:mately ezergy inde-
pandent. This is achicved by modifying the bare-
cmulsion energy responas, which has peaks naar the
K-shell photosloctric 1bsorption edges, absorher and
brown. &, by placing the estire emulsion in 2 8.25-
mm-thick s2klite casv covered with 1.07 mm of tin
and 0.3 mm of ' and surroundea by a '4y-inch lead
atrip over the open ec'ies. The eatire srrangemont
is places I & plastic cignrotie cuse.

Although the angular degandencs of the gamma
flon pacioat wh. 3 it 6 exposed to high esergy redin-
tion is negligible, for lower energies it is importsnt.
An inturpaetation of the resits obtained by Ebrlich
(Reforonce 30) indicatea that, for radiation {sotrop—
ioslly inoident .o the packet, the doss valus ia sbout
5.5 paroant lowor lor 1.2-Mev radiation than (at
obizinud by 1 instrument having 1 angulasr ~ypasu~
once, tout i percent low for 0.20-Mav r.distion,
and nbout 45 psrcent low for 0.11-Mev radiztion. Al-
though tha {ilm puckotr may show only J 29 percont
error 1 norimal radiation fleids, some considaration
shou’ be givan to the faci that in a reluavely isctrople
and degraded one. Jy fiuki, such as might extst in
siructures. with maay fret of earth cover, the flim
pecikata mey ladicut: o values.,

C.2 2 Chemicui Dosin.eters. The chemicat dosim
ctars u*tlized for Instrumonting the structures were
supplied by the Unite ' Stawe Air Foxce 8aboo! of
Avistion Msdicien (S8AM).

The SAM ( be.nical dostmsters include twe maln
typos of chemical syxisms. Oy systsm i3 hydrogen
Irew, while ths cther nystem “us a Mgh hydvogen
costunt. Tho Isiter s, slum |s ocseatially wascs-
oqu.valemt in {ts response. The high-hydrog-n-costest
dusimaters respond to all the gamms raye, fast nev-
trons, and thermal asutrons; whereas the hydrogsa~
[roc dosimeturs reapond only to the cosxistent gamma
rays cnd thermal nsutrons (Reforezos 11). Both sys-
toms ars based od the xams princ pls: acld formed
{rom the radintion of a chlorinated hydrocarbon is &
Hinear function of radistion dowe \hroughout @ broas!
range {25 t0 110,000 1) Iyce Relerences 31, 32, 33 and
34). Neutron clibration of thevs systerms was made
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by G. 5 Hwist and Pk Harris (Relerem ¢ 35)

The hydrogen-fise dosimeters utilized were fur-
mshed by SAM 10 the {oilowing prepated ranges. 0.3
5, 2to20, 5to 200, 100 to 500, 400 to 2,000, 1,600
to 3,000, and 2,000 to 18,000 rep. The high-hydrog.
dosimaters utilized were fur ished in the following
preparcd rangea: 10 to 200, 50 to 500, and 10 to
1,000 rep.

All of the dosimeters if vxposed within th ir pre-
pared ranges were evialuated spuctrophotome rically
or visually by vbservation of the color change 3 1n the
indicator dye from red (pi! 6.0 or above) to yullow
(pH 5 6 or below). Sinee these color changes are a
function of the dose, expoxurs doses wate gstimated
by color vomparison with irradinted controls. The

atwunt of acid formed, lencs the amount of absorbe |
doye, in over-exposed dostmeters (ph 5.6 or below:
wi s evaluated by bitration with standardized 0.001 M
sofium hydroxide.  Division of the amount of acid
produced in an unknuwn vxpoeure by the calibration
data for U sensitivily of the system to Co%® gamma
radtution (namely the umoun® of acki produced per
millihiter of chilorinated hydrocarbon for sach roent) 3n
ebsurhed) yiolded the gamma dose §0 rosnigens.

Tha measuromuent -of the neulrot doso with the hixh-
hydrogen-contunt dosimeter was uccomplinhed by
evaluation of tho amount of stabls acid produced in a
mixed radiation fleld by one of «he shove techniques.
Since the water-equivalunt, high-hydrogen-content
dosh ~ter is X- and garana-ray enerygy-dependent
and has 1 known nuutron response, the total acid pre -
duction ce: be eonsidored as & combined function of
tha neutron and gamma radiations. Subtraction of ti »
wamma -produced acids as measured by the fast nousl “on
insensitive cuomical dosinxster systems Reference
32) left a given quantity . . ‘o nroducad by the neu-
trons.  Diviston of this nsutro -~ ‘veod acid by the
8cdy . por cep yielthul 3 neutron does 1 terms of
rep.

Summa meausuremonts in the yoe~  wa of noutror ¢
wero iaccomplishud by uning the hywcogen=frue dosly .~
eters.  Since all chumical dosim ters are sunsitive
te thermal neutrons the the-mal nautron dose was
celculatued indepemlantly [rom cxdimium-gold differ-
ence mousurenments.  The dats wore then correctod
by subtract'on of 6.7 reenigun ecuivalonts per thermal
nautian rep (Roference 34).

C 2.3 Neutron Tu.eshold Devices. A complate
description of the nuutron system used for instru-
menung the structures can bg found In Reference 12.
Tharmal and eptithermul neutron flux was measured
with gold foils by the cadmium differance method.
This tachnique ylelda the flux of neutroas below the
«admiun: cut ff of about 6.3 electron-volt. Interv.ed-
iate enscgy neutrons ware measured with a sories of
thiee boron-shieided {1asi0a-thresholi-detectors;
Pu? (.37 kev), a7 (0.7 Mov), and U (115 .4 v).
Hiy b energy neutrona wors measurad with sulfur de
tae torsn Faving i wlfes ave, thresnold ot | Mev  The

cadmium cutotf ami the vatious energy thresholds are
not cleatly Jdelined points For this roason noutton
{luxus 10 this repoit will e wdentifiod with detectors
rather thin with encrgy ranges.

The accuracy of these detevtors {s approximately
1 15 parcsnt for doses greater than 25 rep.  Meas-
urements are unreliable below 25 rep amd cannot bo
mada below 5 rep. The detectors were calibrated
and read by Project 2.3.

C.3 INSTRUMENTATION LAYOUT

The objective of nuclaar radiation instrumentation
was to dotermine the effectiven ss of the buried struc-
tures for providing radiation protection  Accordingly.
the structurus waie instrunented to measure the
gemma and neutron dose that woidd bo received at a
nominal .eight of thirve feet above the flow of the
atructure

Since the activilius produced in thy th eabold de-~
toctors are ruvlatively short-iived, sivuciare 3.2¢,
which was to be instrumonted with theas detsciors,
was equipped with an aluminum tubs {roxy which the
threshold davices could bu withdrawn by msens of &
cabls system within a fow nunutes after sk tise.
The structural details of the cahile system 2re given
in Appendix A.

Since nons of tho other dose Jaiectioa gystsms
require early recovary, thoir locations were cox-
trolled only by the data that were desired. A fllm
packst, a chemical dosimater, ead in soree cases s
thermal-seutron detector wore installed {n each of
the structures. The detectors were laped to the tri-
pod of the soratch-typo deflection gages 8t a hoigt
of tsres (oet above the floor level of the structare.

In this method of location vach dstoctor was approxi-
mately at the ceatur of the 20-foot sectieas and at the
canter of tho width of the structure.

in order to calculnta lrunsmisaion factors it was
nocegsary to obtain free-fiald remlings. Neutron
spooctre) data were obtalned from the line of statiees
veablished by Project 2.3 al 100-yand intervaly west
frora groumt ze~o In additior - * Josimater
and film packot frec-ilsld siatione were located at
tiw ranges o he structures tosted.

C.4 RESULTS AND DIBCUSSION

Most of the {roe-{luld NBS-"".", fiim pachets,
which cannct meusure dosugus greater thas 70,000 r,
wers overexposed, und the rest wuro either nautron
activated or loat in processing. Therefors, the (res-
field film packet Juta ob iined for Project 2 4 were
nlottud as a function of _,stance and extrapolated to
the rangos of interest (Reference t ) It {s recog«
nisad that the validity of the linear extrapoletion tv
closs rancas {8 opun to yweation, but no other , . oce~
dure presentod itse!l! The doses rex [rom this curve
are given in Tuablo C 1 slong with the otker free-field
ions measure  ute  Tno homical dostmoter data
wure ohtiined f1om .1 amouthest curvo thro gh the




ABLE C.2

TABLE C.! FREE-FI*LD GAMMA AN JEUTRON
MEASUREMENTS
Structure Guamma Dose Neutron Dose
Film Foil Method
r rep
3.2a 2.35 x 10 192+ 10*
3.2b,¢,d,0,f 1.89 x 10° 1.62 « io¥
3.2g,h, } 135 10* 1.24 « 10
3.2k, 1, m 1.02 x 10% 7.65~ 104

GAMMA- SHIELDING CHARACTERISTILS OF PROUJECT 3.2
STRUCTURES: SHOT PRISCILLA, FREMUMAN FLAT

Earth _ Dose, r Transmission ¥actor, Di/Do

Structure Cover. It Film Chomical Filn. Chemical
’ Badgo Dosimster Badge Dos{metsr

3.2a 7.5 0.2 <5 1 »10°* <2:30 8
3.2 10.0 0.0 <5 <3x10?
3.2 7.5 0.0 <5 <3x 1078
3.2d 7.5 0.0 <5 <3x 107t
3.28 7.5 0.0 <5 3x10°*
3.2 5.¢ 7.7 <5 38%x10"% <csxpo?
3.2g 7.5 0.0 <50° <ex 1074
3.2h 7.5 0.0 <5 «4x10”¥
3.2§ 7.5 0.0 <5 <éx10 ®
3.2k 1.5 0.0 <5 <§x 109
3.21 1.5 0.0 <5 <8 x 10"
3.2m 5.0 1.3 <5 1.2%x30°% <5xt0”*

* High range dosimeter accidentally inatolled.

TABLE C.3 NEUTRON-SHIZLD{NG CHARACTERISTICS OF PROJECT 3.2
STRUCTURES: SHOT PRISCILLA, FRENCHMAN FlAT

Earth Dose, rep ~Tranamission Factor, bi/Do

8ti ucture Cover. Rt Film Chamical Film Chemical
* Badge  Dosimmater Badge Dosimster

a2 7.5 + <10 t Bx10°F
3.2, 10.0 1 <10 1 <8x10°"
e 7.5 1 <10 t <8x10"?
3.2d 7.5 t <10 1 <8x 10"
J.2e 7.5 1 <10 t <6x10"?
3.2¢ 6.0 <25 <10 <13x107¢  <gx107t
328 7.5 t <50* T <4x 10"
3.2h 7.5 t <10 *’ <8x10”°
3.2 7.5 1 <10 1 <8 x10°%
3.2k 7.5 1 <10 1 «2x 1074
3.2 7.5 ' <10 t «2x 10”¢
3 2m 50 t <10 t «2x 104

* High range dosimetar accirlentally Installed.
¥ Nol instrumentexi.
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¥ mesured vasues  The threshold detector doso fig-
] ures were obt.uned {rom Project 2 3 (Refsrence 12).
Gamma and neutron doses inside the shelters are
isted 1 1ables C.2 and C.3, respectively. Rosults
shown as less then a given figure indicate the tower
lim ¢ of detector sensitivity in caszes whare the detec-
B tor gave no reading. Although the early recovery of
. tha threshold detector system in structure 3.2f was
. unsuccessful, as pointed out in Chaptar 4, it was
nevertheless possible to set an upper ltmit to tha
dosaga received, based on the sulfur detector. It

87

was avident that these shelters provided u 'equats pro-
tection aganst initial nuclear rudiations under the
test conditions, in agreemesnt with predictions mads
by Project 2.4 (Refervnce 10).

C.5 CONCLUSIONS

The underground shelters coastructed by Project
3.2 provided ailequate protaction sgninst the initial
gamma and neutron radiation from the Shot Priscilla
device {or the slunt ranges of the teat.
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Confidential Restricted Data, /

34. G.V. Taplin; “Measurement of Initial and Residual Radiation by Chemical Methods™;
Project 39.6, Operation Teapot, ITR- 1171, May 1855; Aw nic Energy Project, School of

Medicine, University o. California at Los Angeles; Secret Restricted Data. I
35. P.S. Harris, and others; “Physical Measurements ¢ Yeutron and Gamma Radlation '
Dose from High Neutroa Yield Weapens and Correlation of Dose with Biological Effect”; Proj~ ‘
ect 39.7, Operation Teapot, ITR-1167, April 1955; Los Alamos Scientific Laboratory, Los |
Alamos, New Mexico; Secret Restricted Data.
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Detense Nuclesr Agency
6801 Telegraph Road
Alexandna, Virgima 22310-3398

ERRATA 14 September 1995
AD- 89/ 7k

MEMORANDUM TO DEFENSE TECHNICAI, INFORMATION CENTER
ATTN: OCD/Mr Bill Bush

SUBJECT: Change of Distribution Statement

The following documents have been downgraded to Unclassified
and the distribution statement changed to Statement A:

WT-1307, AD-311926 WT-1305, AD-361774
POR-2011, AD-35.2684 WT-1303, AD-339277
WT-1405, AD-611229 WT-1408, AD-344937
WT-1420, AD-B001855 WT-1417, AD-360872
WT-142%, AD-460283 WT-1348, AD-362108
WT-1422, AD-615737 WT-1349, AD-361977
WT-122%, AD-460282 WT-1340, AD-357964

WT-1437, AD-311158
WT-1404, AD-491310
WT-1421, AD-691406
WT-1304, AD-357971

181.20/ &,

If you have any questions, please call MS Ardith Jarrett, at
325~1034.

FOR THE DIRECTOR:

Aaditds
JOSEPHINE wWOOD

Chief
Technical Support
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Defense Nuclear Agency
6801 Telegraph Road
Alexandna, Virgima 22310-3398

ERRATA 14 September 1995
AD- 69 4 )

MEMORANDUM TO DEFENSE TECHNICAL INFORMATION CENTER
ATTN: OCD/Mr Bill Bush

SUBJECT: Change of Distribution Statement

The following documents have been downgraded to Unclassified
and the distribution statement changed to Statement A:

WT-1307, AD-311926 WT-1305, AD-361774
POR-2011, AD-352684 WT-1303, AD-339277
WT-1405, AD-611229 WT-1408, AD-344937
WT-1420, AD-B001855 WT-1417, AD-360872
WT-1423, AD-460283 WT-1348, AD-362108
WT-1422, AD-615737 WT-1349, AD-361977
WT-1225, AD-460282 WT-1340, AD-357964

WT-1437, AD-311158
WT-1404, AD-491310
WT-1421, AD-691406
WT-1304, AD-357971

If you have any questions, please call MS Ardith Jarrett, at
325-1034.

FOR THE DIRECTOR:

Adith
JOSEPHINE WOOD
Chief
Technical Support
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