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ABSTRACT

Project Pre-Schooner II was a chemical explosive single-charge cratering experi-
ment conducted by the U. S. Army Engineer Nuclear Cratering Group as a correlation
detonation for the Atomic Energy Commission' s proposed Pl_msha—r*e-*l'ﬁo—kt Schooner
nuclear cratering experiment, Pre—Schpgger-—liwﬁé'&:zéuted as a part of the joint
AEC-Corps of Engineers nuclear exéél\;ation research program. The primary purpose
of this experiment was to improve the knowledge of crateﬁﬁg"‘in--&har_d, dry rock and
toprovide information which can be used in the emplacement design of the Schooner

event and in the assessment of the operational safety aspects of that event.

/’I‘he Pre-Schooner II design consisted of a 100-ton liquid explosive nitromethane
(CH,
rock formation of the Bruneau Canyon region in southwestern Idaho. The charge was
detonated on 30 September 1965 at 1709 MST. As a result of a leak which developed

NOz) cﬁarge emplaced in a spherical cavity at a depth of 71 feet in the rhyolitic

in the cavity, there were only 85,5 tons of nitromethane in the cavity at detonation b

time. This charge weight of nitromethane has an energy equivalent yield of 94.6 tons.{

roNLil)
ﬂfj Jv The crater produced by the detonation had an apparent crater radius of 85.2 feet
and an apparent crater depth of 60.7 feet. The apparent crater volume was 24,780 ydg,
and the average lip crest height was 17.2 feet. The maximum range of missiles

resulting from the detonation was 2320 feet.
/_

)
No77 The results of surface motion studies which were based on analysis of high-speed
photography of the motion of a falling-mass target at Ground Zero (GZ) indicate that a
peak spall velocity of 129 ft/sec occurred at GZ at 2'7 msec after zero time, /1

¥ -~ ”

The results oi the subsur‘tace measurements program indicate that: (1) the signal
time of arrival measurements and peak stress measurements in the horizontal direction
from the shot point were in close agreement with the-SOC computer calculation pre-
dictions; (2) the signal time of arrival: and peak Stress measurements in the vertical
direction evidenced considerable bcatter “and were generally lower (for stress
measurements) or occurred at a lat-er time (for.time of arrival measurements) than was
predicted by the SOC calculatio‘n; (3) a peak positive vertical acceleration of 3000 g was
measured by the accelerometer located near the upper surface of the rhyolite medium

approximately 10 feet below the surface of the ground; and (4) the cavity pressure

1Based on the assumption that an energy equivalent yield of one ton releases 109 cal

and that nitromethane releases 1220 cal/gm of charge weight,




measurements, recorded over the time period that the fluid column functioned

properly, agreed quite well with predicted measurements,

Strong motion measurements recorded at two stations, located 2,4 and 4.7 km
east of GZ, produced acceleration data which agree quite well with predictions., The
observed displacements at these two stations and the velocities recorded at four other

stations located east and north of GZ were higher than predicted,

The following were maximum observed cloud dimensions: crosswind base surge
radius, 2100 feet; base surge height, 1060 feet; main cloud radius, 875 feet; and main
cloud height, 1400 feet,

Preliminary analysis of the close-in air blast measurements indicates that the
ground-shock-induced pressures from the Pre-Schooner II detonation were twice those
from previous cratering detonations at comparable scaled ranges, Analysis of the
microbarograph measurements show that the average long-range air blast trans-

mission factor for Pre-Schooner Il was 0,19,

It should be noted that the observations, results, and conclusions outlined above
are preliminary and subject to change based upon detailed analyses and interpretation
of data. Final results will be presented in the reports listed in Appendix A.
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CHAPTER 1
INTRODUCTION

Project Pre-Schooner II was a chemical explosive, single-charge cratering
experiment conducted by the U, S, Army Engineer Nuclear Cratering Group (NCG) as
a correlation detonation for the Atomic Energy Commission (AEC) proposed Plowshare
Schooner 100-kt nuclear cratering experiment, Pre-Schooner II was executed as a

part of the joint AEC-Corps of Engineers nuclear excavation research program,

The purpose of this report is to discuss the objectives, scope, and preliminary
results of Pre-Schooner II, Final reports, as listed in the appendix, will be prepared
for each Pre-Schooner II Technical Program, These final reports will provide a
complete coverage of the objectives, experimental methods, results obtained, con-
clusions reached, and recommendations for future work, as appropriate, for each

technical program,

1.1 OBJECTIVES OF EXPERIMENT
Project Pre-Schooner II was designed to accomplish the following objectives:

a. To improve the knowledge of cratering in a hard, dry rock and to provide
information which can be used in the emplacement design of the Schooner event and

in assessing the operational safety aspects of that event,

b. To provide information on cratering physics in a hard, dry rock medium which

can be used in the theoretical cratering calculations program.

c. To give interested agencies an opportunity to test new scientific measure-
ments instrumentation and techniques to determine the suitability of using such methods

on nuclear cratering experiments,

d. To provide data on the engineering properties of the crater which can be
used as input into studies pertaining to the stability of crater slopes and other aspects

which influence the engineering usefulness of explosion-produced craters,

1,2 TECHNICAL PROGRAMS AND ORGANIZATION

The following technical programs were included in Pre~-Schooner II to accomplish
the project objectives:

a, Crater Studies to include: (1) measurement of apparent crater dimensions

by aerial stereophotogrammetric techniques and analysis of the extent of missile
throwout and (2) geological investigations to establish preshot conditions and postshot

11
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investigations to delineate the zones in the vicinity of the crater which were affected

by the detonation and the nature of the changes in these zones,

b. Subsurface Effects Measurements to measure early subsurface wave

phenomena, late cavity pressure, and late vertical subsurface ground motion.

c. Ground Shock Measurements to collect ground motion data which may be

used to facilitate more accurate ground motion predictions for the Schooner event.

d. Close-in and Long Range Air Blast Measurements to establish air blast

attenuation factors for explosions at eoptimum depth in hard rock and to compare results

with data from other cratering tests.

e, Cloud Development Studies to include: (1) measurement of the main cloud

and base surge growth and displacement with time using cloud cameras and (2) a
laser-radar cloud tracking operation to determine the feasibility of using the laser to
obtain estimates of distances to the cloud and cloud dimensions at times when standard

photographic methods are no longer effective,

f. Surface Motion Studies to record ground surface motion in the vieinity of

Ground Zero (GZ) using high-speed photography.

B, C, Hughes of NCG was the Pre-Schooner II Technical Director. Figure 1.1

shows the Technical Director!' s organization for the conduet of the experiment.



CHAPTER 2
GENERAL DESCRIPTION OF EXPERIMENT

2.1 DESCRIPTION OF SITE

2.1.1 Regional Area (Reference 1). The site selected for Project Pre-Schooner
II was adjacent to the proposed Project Schooner site on the Bruneau Plateau, approxi-
mately 40 miles southeast of Bruneau, Idaho (Figure 2.1). The Bruneau Plateau has a

gently rolling surfacethat slopes gradually north toward the Snake River Valley,
Narrow, steep-sided canyons of the Bruneau and Jarbridge Rivers cut through the

plateau to depths of 900 feet near the Schooner and Pre-Schooner II sites.

The site area is located between the East and West Forks of the Bruneau River,
The rock types occurring in the site area are a thick sequence of rhyolitic or latitic
lava flows, welded ask flows, and obsidian flows overlain by interbedded basalt flows

and stream and lake deposits,

2.1.2 Site Selection (References 1 and 2), Since Project Pre-Schooner II was

designed as a correlation cratering detonation for the proposed Schooner event, an
attempt was made to select a site which was a geological analog to the Schooner site,
Five sites near the Schooner site were explored by a combination of refraction seismic
surveys and limited core drilling. Based on the data obtained from this preliminary
investigation, the most analogous site was selected for Pre-Schooner II, Figure 2, 2
shows a comparison of the geological cross sections of the Schooner and Pre-Schooner

II sites,

2.1.3 Site Area (References 1, 2, 3, and 4), The Pre-Schooner II site is located

approximately 7600 feet southwest of the Schooner site. The site is a local depression
in an east-west trending ridge. This depression is bordered to the north and south by
low hills and to the west by a relatively high volcanic dome, The emplacement hole for
Pre-Schooner II was designated Hole No. 2.7 (Figure 2, 3) and located at the following
coordinates: N 267,639.53, and E 547,783.11,

The scope of preshot geologic investigations for Pre-Schooner 1I included refrac-
tion seismic surveying, the drilling of 13 core borings (the deepest of which was 150
feet), and an uphole seismic survey near the GZ point, The locations of these explora-

tions are shown in Figure 2, 3,

The subsurface materials occurring at the site are silty overburden underlain by
vitrophyre, vitrophyre breccia, and felsite, Mineralogically, the rock types are all

rhyolite, Detailed geological cross sections of the Pre-Schooner II site are shown in

14
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Figure 2,2 Comparison‘of Geological Cross Sections
of Pre-Schooner II and Schooner Sites.

Figure 2.4. The vitrophyre consists of light-colored feldspar crystals (phenocrysts)
set in a black glassy groundmass, It is closely fractured by small arcuate cracks
(perlitic cracks). The virtophyre breccia consists of gravel to block-sized fragments
of black vitrophyre set in a red granular groundmass of sand-sized fragments of glass.
Both the vitrophyre and vitrophyre breccia will shatter into sand-sized or pea-gravel-
sized fragments when struck with a hammer. The felsite is composed of light-colored
feldspar crystals (phenocrysts) set in a grayish (cryptocrystalline) groundmass. It is

rﬁoderately to highly fractured.

Average values of the physical properties of the mediﬁm at the Pre-Schooner II

site are plotted in Figure 2,5 as a function of depth below the ground surface.
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2.2 DESCRIPTION OF CHARGE EMPLACEMENT (Reference 5)

2.2.1 General Description, The Pre-Schooner II design consisted of a 100-ton,

liquid explosive, nitromethane (CH3N02) charge emplaced at a depth of 71 feet in the
rhyolitic rock formation of the Bruneau Canyon region in southwestern Idaho, Con-
struction required to properly emplace the charge consisted of: (1) drilling a 36-inch-
diameter access hole, (2) mining out a spherical cavity approximately 18 feet in
diameter, (3) emplacing a booster charge and the properly-sized aluminum {ill and vent
lines, and (4) stemming the access hole with concrete keyed into the existing rock.

The cavity was prepared with a pneumatically applied mortar lining over wire mesh
and a plastic sealant (Adiprene 1.-100) to bring it into tolerance and to provide liquid

tightness,

2, 2.2 Booster Charge and Downhole Hardware Emplacement. After the access

hole drilling, cavity mining and lining, and shear keyway mining operations were
completed, the booster charge and the hardware necessary for filling the cavity with
nitromethane were emplaced, The booster charge consisted of approximately 25 pounds
of C-4, 2 pounds of 9404 explosive, four SE-1 high energy detonators, and the associated
firing cables and accessory items, The booster charge was suspended in the center of
the cavity by means of an extension rod anchored to a 1-inch-thick aluminum collar
plate. The collar plate was secured in place in the access hole just above the top of

the cavity by means of 3/4-inch-diameter coil-proof chains anchored to 1 X 18-inch

rock bolts set in the shear keyway (refer to Figure 2.6).

In addition to the booster charge, the downhole hardware included a 1-1/2-inch-
diameter aluminum fill line, a 1-inch-diameter aluminum vent line, and a 1/4-inch
manometer tube, These pipes were mounted in the aluminum collar plate (described
in the preceding paragraph) and extended up the access hole to termination points just

above the ground surface.

2.2.3 Access Hole Stemming, After the booster assembly charge and other

downhole hardware had been positioned and secured, the access hole was stemmed with
a carefully designed concrete, The basic rationale used in the design of the stemming
configuration was to provide, by means of concrete-rhyolite bond shear and reinforced
concrete shear keyways, a shear resistance between the concrete-rhyolite interface
equal to the in situ shear resistance of the rhyolite, Based on the results of dynamic
punch-out tests, dynamic compressive strength tests, dynamic tensile splitting tests,
and Mohr! s circle analyses, it was determined that one shear keyway was required in
the porphyritic felsite zone, An 8-foot high reinforced concrete shear keyway was
placed in this section of the access hole as shown in Figure 2,6. In addition to matching
the shear strength properties of the in situ medium, the concrete stemming material
was designed to match the density, velocity, and compressibility of the in situ medium

to the maximum practicable extent,

20



3/4" Coil Proof Chain \

—— il

N ——

[

I" Dio. Rock Bolt - 18"
Long. Chain Anchor Set
in Key at Heel { 3 at 120°)

Approximately 7' Long
/.

g

(=

1.4

1" ¢ Can Positioning ]” 0

3/4"x 6" Turnbuckle
Jaw Ends (3-Reqd)

Mined Key

[\

I/4"Rubber Hose over
Manometer Tube

> 1"0.D. Poly-Ethylene Tube
Over Detonator Cables

Bolts-3at 120°

I ! =

=il

Caulk Annular Space Back ' - !
of Can With Mastic and N
Cement Grout <

N

~ Extend Plastic
Coat to Bottom
of Can

NN

AV

N

Cavity Lining

b—1/4"0.D.x0.035"8.5.

Figure 2.6 Cross Section of Pre-Schooner II Chemical Explosive Charge.

"\_ Link Chain Grounding
Strap (Steel)

21

0.030 Adiprene L-100
Painted on Double Coat

In Situ Rock

[}
lg Manometer Tube
2y | Booster Extension—g |
=
2 s L I-1/2 " Aluminum Fill Line
=
3
o
o f,l |
Booster I
c N \M 1 Cavity ¢ '
n 1 - avity
=y
Sl
|
=)



2. 2.4 Nitromethane Emplacement. The nitromethane (NM) required for the
experiment was shipped to the project site and stored in 55-gallon 17E drums weighing
approximately 550 pounds each, At the start of fill operations on the morning of
28 September 1965 (D - 2 days), the NM was transported by explosive-handling trucks
from the storage area (located approximately 4300 feet from GZ) to the GZ area. The
drums were placed on a prefabricated NM transfer stand, and the liquid explosive was
transferred to the cavity through a manifold system connected to the downhole 1-1/2-
inch-diameter aluminum fill pipe, This technique permitted the draining of eight drums
simultaneously. It had been estimated that approximately 400 drums of NM would be
required to fill the cavity. At the conclusion of the first-day NM filling operations,

approximately 200 drums of NM had been placed in the cavity.

Filling operations were continued starting at 0800 on 29 September 1965 (D - 1
day), and by 1100 a total of 405 NM drums had been drained into the cavity. A mano-
meter reading taken at this time indicated that the cavity was not full, but, in fact, had
a void approximately 2.9 feet in height, Since sufficient NM had been placed in the
cavity to fill it, it was suspected that the cavity was leaking, Manometer readings taken
over the next several hours indicated that the cavity was leaking at a loss rate of several
drums per hour. Immediate action was taken to have additional NM shipped from the
Nevada Test Site in time for the scheduled detonation on 30 September 1965 (D-Day) in
order to make up for the deficit caused by leakage. An additional 23 drums of NM were
shipped from the Nevada Test Site (NTS) and drained into the cavity. This final
emplacement operation was completed at 1545 on 30 September 1965, The manometer
reading taken at this time indicated that a void of approximately 4.15 feet in height

existed in the charge cavity.

2.3 DESCRIPTION OF DETONATION

Since a survey of available supply sources of NM indicated that it would take a
minimum of several weeks to ship a sufficient guantity to the site to refill the cavity,
the Technical Director decided to execute Pre-Schooner II on the scheduled date with
an explosive charge less than the design charge weight of 100 tons. Pre-Schooner II
was detonated on 30 September 1965 at 1709 MST, Based on observed leakage rates
and the manometer reading taken at 1545, it is estimated that at the time of detonation

approximately 85.5 tons of NM were in the cavity,

A preshot examination of the Pre-Schooner II explosive cavity by NCG geologists
indicated that the cavity walls were highly jointed but that the joint planes were tight and
that a few were healed with calcite, Sections of the southwestern wall of the cavity were
characterized by friable felsite which was permeated by tiny irregular hairline fractures,
Many of these fractures were healed by calcite, the remainder were tight, Since

laboratory tests have shown that NM will not propagate in a geometry with a cross
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section of less than about 3/4 inch, it is believed that the NM which leaked out of the

cavity did not detonate and contribute to the cratering phenomena,

The following are pertinent characteristics of the Pre-Schooner II explosive

charge at time of detonation:

Estimated Weight of NM in Cavity at

Shot Time . 5 ; . ; ; F ; : 171,000 lbs (85.5 tons)
Percent of Cavity Volume Filled : ; ; » 8628
Height of Spherical Segment Above

Partially Filled Sphere ; F ~ . A S 2T
Energy Equivalent Yield! : . ; . i . 94, 6 tons (0.0946 kt)
Scaled Depth of Burst ; ! : : ; : 142 ft/l<t1/3'4

Liﬁased on assumption that an energy equivalent yield of 1 ton releases 109 cal and
that NM releases 1220 cal/gm of charge weight.
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CHAPTER 3
CRATER MEASUREMENTS STUDIES

3.1 INTRODUCTION

3.1.1 Objectives, The objectives of the Pre-Schooner II crater measurements

studies program were: (1) to determine the size and shape of the crater produced by
the detonation and (2) to ascertain the maximum range of missiles resulting from the

detonation,

3.1.2 Background. Previous experiments in hard, dry rock showed considerable

variation in crater dimensions as a function of depth of burst and yield. The results of
Project Pre-Schooner II were to reduce the uncertainties in apparent crater dimensions

and to serve as a correlation shot for the Schooner event (see Reference 1),

3.1.3 Comparison of Craters in Alluvium and Basalt (References 2, 3, and 4),

Figure 3.1 shows the H. E. cratering curves for alluvium and basalt scaled to 1 kt using
a yield scaling power of 1/3.4, Both the apparent crater radius and depth are shown.
As expected, the basalt craters are smaller than craters in alluvium made by equal

vields detonated at identical depths of burst,

The data from 44 H, E, shots with charge weights of 256 pounds (33 shots), 2560
pounds (6 shots), 40,000 pounds (3 shots), and 1,000,000 pounds (1 shot) were used to
determine the cratering curves for alluvium, Data from 17 H. E, shots with charge
weights of 1000 pounds (10 shots) and 40,000 pounds (7 shots) were used to determine the
cratering curves for basalt, The 1000-pound data were weighted about 1/40 of the 40,000 -

pound data,

For basalt, at depths of burst greater than optimum, the curves reduce to zero
more rapidly than those for alluvium, This results from "bulking' or increasein volume
of theloose rockin comparison withits original in-place volume, Since at depths of
burst greater than optimum proportionately less material is ejected, the bulking of basalt
fills thetirue crater more rapidlythan would alluvium material, Experience indicates that
bulking for the basalt of Buckboard Mesa results in a percentage increase in original
volume of about 25 to 65 percent, NTS desert alluvium shows almost 1o evidence of bulking,

3.2 EXPERIMENTAL PROCEDURES

3.2.1 Aerial Stereophotogrammetric Mapping. Preshot and postshot topographic

maps were prepared from aerial stereophotographs by the Aerial Mapping Company of

Boise, Idaho. A K&E camera with a 6-inch focal length and a 9 X 9-inch format was
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Figure 3.1 Cratering Curves.

used. Flight altitude was 600 feet above the ground resulting in a negative scale of

1 inch equals 100 feet. An area 1200 feet square was mapped. Figure 3,2 and 3.3
show the preshot and postshot aerial photography. Figures 3.4 and 2,5 show the pre-
shot and postshot topographic map centered on Surface Ground Zero (SGZ).

3.2.2 Determination of Apparent Crater Dimensions and Maximum Missile

Range (Reference 5).

a, Average Apparent Crater Radius, R;. The average apparent crater

radius was determined by: (1) establishing the line of intersection of the apparent crater
withthe preshot ground surface using the preshot and postshottopographic maps, (2)
measuring the area within the line of intersection, and (3) computing the radius of a
circle with the same area, (Figure 3.6 shows the crater nomenclature and notation

used in this report,)

b. Apparent Crater Depth, D The apparent crater depth was deter-

e
mined by measuring the distance from the deepest point of the crater to the
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Figure 3.6 Crater Nomenclature.




preshot .ground surface along a line perpendicular to the preshot ground surface using

the topographic maps.

c. Apparent Crater Volume, V,. The apparent crater volume was

determined by computing the volume bounded by the preshot ground surface and the
surface of the apparent crater using an end area method applied to horizontal sections

taken at 2-foot contour intervals,

d. Average Lip Crest Height, H,;. The average lip crest height
) al g

was determined by: (1) outlining the lip crest on the postshot topographic map, (2)

plotting the lip crest profile, (3) plotting the profile of the preshot ground surface
directly beneath the lip crest outline, and (4) calculating the average lip height using

a planimeter,

e. Average lip Crest Radius, R,;. The average lip crest radius

was determined by: (1) measuring the area within the lip crest outline, and (2) com-
puting the radius of a circle with the same area. 7This radius is the average lip crest

radius,

f. Average Apparent Crater Profile, The average apparent crater

profile was determined by: (1) computing the average radius of each contour below
preshot ground surface, and (2) plotting the contour elevation versus the average

radius.,

g. Maximum Missile Range, The maximum missile range was

determined by: (1) locating the most distant missiles along approximately 110 radials
from GZ using normal field survey techniques, (2) plotting these missile locations on
the postshot topographic map, and (3) measuring the distance from the furthest missile

to SGZ. This distance is defined as the maximum missile range,

3.3 RESULTS

The apparent crater measurements and maximum missile range resulting from
the detonation, as determined by the procedures outlined in Section 3, 2, are given in
Table 3.1 together with predictions based on scaling relationships (exponent of 1/8.4
and Buckboard Mesa basalt cratering data) and PUSH code calculations.

3.4 ANALYSIS AND INTERPRETATION

3.4.1 Apparent Crater Measurements. To compare the apparent crater

measurement results of Pre-Schooner II to previous TNT and nuclear detonations, an
energy equivalence relationship is used based on the assumptions that an energy

C
equivalent yield of 1 ton releases 10J cal, 1 gm of TNT releases 1090 cal, and 1 gm

of NM releases 1220 cal. The energy equivalent yield of the Pre-Schooner II detonation
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TABLE 3.1 CRATER MEASUREMENTS

Measurement Actual
Measurement Predicted Measurements
1/3. 4 Scaling PUSH

(Ref, 1) code
(Ref. 6)

ft ft ft
Apparent Crater Radius, Ra 95, 2 76+9 89
Apparent Crater Depth, Da 60. 7 4145 62
Apparent Crater Volume, Va 24,780% == —=

Average Lip Crest Height, Hal 1 L5+2 16. 5
Average Lip Crest Radius, Ral 114 =i e
Maximum Missile Range 2,320 3100 --

2Cubic yards.

(charge weight of 85.5 tons of NM), therefore, is 94.6 tons (0.0946 kt). Table 3.2 shows
the scaled values of depth of burst, apparent crater radius, and apparent crater depth

for Pre-Schooner II,

TABLE 3.2 PRE-SCHOONER II SCALED APPARENT CRATER DIMENSIONS

Item Dimension
ft m ft/ktl/34  mel/3-4
Depth of Burst 715 21.67 142.2 43.34
Apparent Crater Radius S 29.02 190.4 58.04
Apparent Crater Depth 60.7 18,50 121.4 37.00

Figures 3.7 and 3. 8 show that the apparent crater dimensions (radius and depth)

of the Pre-Schooner II crater were considerably larger than one would predict using a
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Figure 3.7 Apparent Crater Radius vs. Depth of Burst in Hard Rock.
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Apparent Crater Depth,ft/kt !/ 3.4
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scaling exponent of 1/3.4 and the results of previous detonations in the basaltic hard
rock of Buckboard Mesa.

Figure 3.9 shows two profiles through the Pre-Schooner II and Danny Boy
craters, It is of interest to note that the 94-ton Pre-Schooner II detonation in rhyolite

produced a crater of approximately the same dimensions as that produced by the Danny

Boy 420-ton nuclear detonation in basalt., An examination of the Pre-Schooner II crater
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Figure 3.9 Pre-Schooner II and Danny Boy Crater Profiles.

indicates that the average size of the fallback and ejecta material is considerably
smaller than that resulting from the detonations in basalt, This fact, in turn, would
lead one to surmise that the bulking of the Pre-Schooner II material was less than the
Buckboard Mesa basalt. The difference in bulking characteristics and the fact that the
Pre-Schooner II material was more fractured and jointed and had a generally lower
compressive strength than the Buckboard Mesa basalt account, in large measure, for

the difference in cratering characteristics of the two media (Reference 7).
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3.4.2 Apparent Crater Geometry. Figure 3.10 shows the average apparent

crater profile for Pre-Schooner II, For comparison, the profile for a cone, a parabola,

and a hyperbola are also shown on the figure. These geometric shapes were plotted
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Figure 3. 10 Pre-Schooner II Average Apparent Crater Profile.

with the restriction that they pass through the points Ra and Da for the Pre-Schooner II
crater, Since a third condition is required in order to plot only one hyperbola through
any two given points, the slope of the hyperbola was made equal to the slope of the
Pre-Schooner II average apparent crater profile at the preshot ground surface elevation.
This constraining condition was selected on the basis of a recent analysis of the apparent
crater profiles of twenty craters in alluvium and basalt (Reference 8). Figure 3. 10
clearly indicates that the Pre-Schooner II average apparent crater profile is approxi-

mately hyperbolic,

3.4,3 Maximum Missile Range, Figure 3,11 shows the curves used to predict the

maximum missile ranges of H, E, detonations (Reference 3). The maximum missile

range of 2320 feet for Pre-Schooner II lies between the values of 2800 and 1780 feet for
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basalt and alluvium, respectively (for the same yield and depth of burst). The presence

of vitrophyre breccia (6-inch-minus vitrophyre fragments in a porous orange matrix of
glass shards) to a depth of 20 to 25 feet in the vicinity of SGZ may account for the

difference between the maximum missile ranges for basalt and Pre-Schooner II.

3.5 CONCLUSIONS

The Pre-Schooner II detonation produced an apparent crater 27-1/2 percent
wider and 53 percent deeper than that which would be predicted by the current basalt
cratering curves (1/3. 4 scaling exponent and a yield of 94,6 equivalent tons), This
size is attributed, in large measure, to differences in bulking, fracture and joint
patterns, and compressive strengths of the Pre-Schooner II rhyolite and Buckboard

Mesa basalt,

The shape of the average apparent crater profile for Pre-Schooner II is approxi-

mately hyperbolic,
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CHAPTER 4

SURFACE MOTION STUDIES

4,1 INTRODUCTION

Detailed description of the ground surface motion resulting from a cratering
detonation is desired as general diagnostic information concerning cratering physics.
Surface motion measurements for the Scooter event (Reference 1) led to the develop-
ment of a simple-two dimensional model of cratering for single-charge H. E. events
in alluvium (References 2 and 3). Essentially the same model has been applied with
varying success to the study of crater dimensions and surface motion for H, E, and

N. E, events in hard, competent, chemically inert rock media.

The objectives of the Pre-Schooner II Surface Motion Studies Program were:

a. To provide surface motion observations for input into the theoretical
cratering calculations program.

b. To aid in predicting the crater dimensions and surface motion of the planned
Schooner 100-kt nuclear event.

To accomplish these objectives, the scope of the program included consideration
of the following aspects of surface motion and crater formation:

a. Characteristic times such as the times of the onset of spall, peak spall
velocity, onset of gas acceleration, and venting.

b. Variation of peak spall velocity with preshot distances of ground surface

positions from the shot point,
c. Mound shape and size prior to venting,

d. Relative contributions to cratering by spall and gas acceleration as evidenced

by the time histories of ground surface velocities,

A necessary subsidiary objective of the surface motion study effort was to
evaluate the surface motion measurement and data analysis techniques. Recently,
new techniques of data analysis have been developed to facilitate the handling of the

large amount of data required for an adequate surface motion study (Reference 4).
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4,2 EXPERIMENTAL PROCEDURES

The basic technique used to study the ground surface motion resulting from the

Pre-Schooner II detonation consisted of:

a, Recording the surface motion by high-speed photography using carefully
designed targets,

b. Analyzing the high-speed photography films by means of data processing

techniques to determine displacement, velocity, and acceleration histories,

For Pre-Schooner II, two somewhat different experimental procedures were
used to document the surface motion, These procedures, referred to as the falling-
mass experiment and the surface target array experiment, are described in detail in

the following paragraphs.

4,2.1 Falling-Mass Experiment. The falling-mass experiment was designed to

determine accurately the motion of the surface GZ area at early times (t< 150 msec. ),
To accomplish this objective, Camera 7TFTX (Table 4, 1) was located in Camera Station
No. 1, 1125 feet SW of GZ, to record the motion of a 16-X 4-foot graduated plywood

TABLE 4,1 SURFACE MOTION CAMERA CHARACTERISTICS

Camera Type of Surface Nominal Type of
No. Motion Study Speed Film Field of View
Hor, Vert.
frames/sec ft ft

Camera Station No. 1 (1125 ft SW of GZ):

173 PS8 Visual Target 1000 MS Colar 468 333

5 HSE Visual Target 1000 MS Color 405 315

7 FTX Falling Mass 4000 Bl & Wh 66.6 44.3

Camera Station No, 2 (3382 ft NW of GZ);

7 e Flare Target 1000 LSB 703 500
10 HSE Flare Target 1000 LSB 4817 375
22 HSE Flare Target 3000 LSB 487 375

178 Ps2 Visual Target 1000 MS Color 703 500

770 P53 Visual Target 1000 MS Color 703 500
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target mounted on a 6-inch O, D, pipe. The pipe which supported the target was
emplaced in concrete to a depth of 5 feet at a location 7.1 feet west of GZ (Figure 4, 1).
The plywood target was graduated with alternating black and white lines, 6 inches wide.
A bowling ball, painted red, was suspended at the top of the target and released at the

= time of the detonation of the Pre-Schooner II event by means of a detonator inserted in

Station No.2 (CP) ®.
3382.5 feet fromGZ
Ys
-5’06 .
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64 "
®
S,
< qq. ®
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Figure 4.1 Target Array,
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the cord supporting the ball. The bowling ball served as a fixed reference point (in a
free-fall accelerating cartesian coordinate system) for measurement of the displace-

ment of the plywood target which moved with the rising ground surface,

The field of view of the falling-mass experiment camera (Table 4. 1) was suf-
ficiently wide to permit the detailed study of the early motion of the visual surface
targets located 20 feet on either side of GZ,

4.2.2 Surface Target Array Experiment. In order to obtain detailed documenta-

tion of the surface motion over the entire mound produced by the Pre-Schooner Il
detonation, visual surface and flare surface targets were placed as shown in Figure 4,1,
It was planned to record the displacement of these targets with high-speed motion
picture cameras, The location and characteristics of these cameras are given in

Table 4,1, Zero time was established for the cameras by an array of flash bulbs at

GZ which were activated by a ''zero fiducial" signal furnished by the fire control unit,

The visual surface targets consisted of 3-foot square red and white plywood panels
mounted on 6-inch O, D, pipes which were emplaced in concrete to depths not less than
3 feet. The plywood panel for the GZ visual surface target was centered 4 feet above
the ground surface. The panel centers of all the other visual targets were fixed at this

same elevation.

The flare surface targets consisted of baritol flares contained in aluminum ftlare
pots mounted on 6-inch O, D, pipes similar to those used to support the visual surface

targets. The flares were designed to have a luminous intensity of 500,000 candle power,

4.2,3 Data Analysis. A microscopic digitizer was used to facilitate analysis of

the surface motion films, The following procedure was used:

a, The film was placed on a platform under a microscope, and the platform was
moved manually by means of vernier screws until a target was positioned under cross-
hairs., By depressing a foot pedal, the film position coordinates were automatically
punched on an IBM card, The accuracy of this method was found to be superior to that

of either the Eyeball Flare Reading Technique or the Oscar Technique (Reference 5).

b, The raw digitized data were used as input to a 7094 computer code. The
computer accomplished a coordinate transformation, independently smoothed the data
positions, and computed the velocity and acceleration components of each target as a

function of time (Reference 4).

In the falling-mass experiment, the reference coordinate system used from frame
to frame was determined by a line parallel to the film edge passing through the center
of the ball,

In the surface target array experiment, targets 7TA and 7B (Figure 4. 1) were

used as position reference fiducials because no suitable reference points farther from
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GZ were available. These targets moved during the crater formation period; therefore,
some assumptions were required in order to justify their use as reference points.

These assumptions are discussed in Section 4. 4. 2b.

4.3 PREDICTED RESULTS

Predictions of critical features of the surface motion resulting from the Pre-
Schooner II detonation are summarized in Table 4, 2. All predictions were based on

the Pre-Schooner II design charge weight of 100 tons of nitromethane,

The SOC computer calculations were based on physical properties of the Pre-
Schooner II medium as determined from laboratory testing of small core samples
(Reference 6), The SOC calculations predicted that there would be no elastic pre-
cursor and that the peak spall velocity at GZ would be reached at about 1,3 msec after
the onset of spall at GZ.

TABLE 4, 2 PRE-SCHOONER II GZ SURFACE MOTION PREDICTIONS

Method of Calculation M Vv Vv t t t t 1

ft/sec ft/sec ft/sec msec msec msec msec msec

SOC code (Ref, 6) 250 = — 8.7 10.0 -- .- st

PUSH V code (Ref. 7) B 330 394 == = 27.8 175 310

Empirical Equation

for basalt (Ref. 8) 170 = = == == == e =
Definitions:

VS = peak spall velocity at GZ

Vvl = GZ velocity at time t

VV = GZ velocity at time ty

b= time of onset of spall velocity at GZ

= time of peak GZ spall velocity

sp
tg = time of onset of surface gas acceleration phase
tvl = time of first visible venting

t = time of total vent
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Modified data fromthe SOC calculations wereused as input for the PUSH V gas ac-
celeration code (Reference 7). Estimates of thetimes of venting were based on interpre-
tation of the PUSH V code results. .

The empirical peak spall velocity prediction shown in Table 4.2 was derived from
the results of cratering detonations in basalt (Reference 8). This empirical equation

is represented by the expression:

=2, 1
6 R :
6.41 X 10 ﬁ—

Vs

1l

in which,
R = the radial distance from the shot point to the free surface in feet

W

||

equivalent energy yield in kilotons

n

4,4 RESULTS AND DISCUSSION

4.4.1 Falling-Mass Experiment

a, Photography. The black and white high-speed film (4000 fr/sec) from
Camera 7 FTX (Table 4. 1) was scheduled for use to analyze the results of the falling-
mass experiment, This film could not be used for this purpose, however, because the
red bowling ball appeared white on the film and, consequently, was ''lost" in the white
stripes of the graduated target background. Fortunately, Camera 716 PS (which was
a part of the camera complement for the Pre-Schooner II Subsurface Effects Program)
recorded approximately the same picture in MS color as did Camera 7 FTX, The
field of view for Camera 716 PS was 77 feet (horizontal) X 55 feet, The film from this
camera, therefore, was used for the falling-mass surface motion study. Analysis of
the timing marks on the film indicated that the framing speed was 902 +4 frames per
second. This speed is congsiderably slower than that desired to best describe the sur-
face spall acceleration period, Since data were taken at every frame, the time interval

between data points for surface motion analyses was h = 1.11 msec.

b. Motion of the Graduated Target. The graduated target had very little

horizontal displacement or rotational motion. The lalling-mass target for the Dugout
event experienced significantly more rotational motion, yetreadings ontwo edges of the
target produced only slightly different results for vertical motion (Reference 5). Based
on this observation, itis reasonableto assume thatthe rotational motion of the Pre-
Schooner II graduated target would yield differences well within the errors of the tech-
nique. Readings were taken, therefore, at only one position on the graduated target,

Repeated readings of the film resulted in an average reading error of +0, 03 feet,

Figures 4.2, 4,3, and 4, 4 show smoothed displacement, velocity, and
acceleration components in the vertical direction. It can readily be shown (Reference

4) that the normal smoothing operation using smoothing parameter, P, and time interval,
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h
the minimum distance between peaks.

]

between data points corresponds roughly to low pass [iltering based on TC =2 2N,

Figure 4. 2 shows that the smoothing technique (which is necessary to
reduce '"reading error noise”)1 has its most pronounced effect on the desired signal
(actual target motion) during the most critical period for study of surface spall (10-30
msec). Since this period contains the largest high frequency contributions to the signal,
extreme care is necessary in applying any smoothing technique. Figure 4.3 compares
the falling-mass target velocities for three different degrees of smoothing, It should
be noted that while the reading error noise is reduced by increasing the smoothing
from P = 2.5 to P = 5, the steep rise in velocity is affected to a much lesser degree,
This suggests that most (but not necessarily all) of the significant wavelengths in the

critical region for surface spall analysis are greater than 11,1 msec.

The following results are based on the P = 5 curve in Figure 4. 3:

t, = 12 +2 msec (time of onset of spall velocity at GZ)
Vo, =129 54 fi/sec (peak spall velocity al GZ)
tsp = 27 +4 msec (time of peak spall)
tg = 68 45 msec (time of onset of surface gas acceleration phase)

It should be further noted that although the times ty and tg are sensitive
to the degree of smoothing, the peak spall velocity estimates would be only slightly
different whether P = 2,5, 5, or 10 unless the peak spall velocity occurred as a very
short duration peak (less than 5 msec) that for some reason quickly diminished to
129 ft/sec. While a feature such as the sharp peak described above is not a likely
occurrence, it is possible that a short wavelength phenomenon such as an elastic
precursor could be missed as a result of the relatively coarse time interval used

between data points and the film reading error,

Comparison of Figures 4.2, 4.3, and 4.4 reveals the significant amplifi -
cation of the higher frequencies which results from the differentiation process. Com-
pared with the continuously recording wide-frequency-response accelerometers used
in the Pre-5chooner II Subsurface Effects Program, the acceleration of the graduated
target is much too fluctuating and the data time interval too large to produce meaningiul
results for comparison with early-time code predictions, Analysis ol the graduated
target is capable, however, of giving the lower-frequency late-time accelerations which

the accelerometers would miss,

c. Motion of Visual Surface Targets near GZ. The field of view of the

film from Camera 716 PS was sufficiently wide to permit detailed study of targets 1A

1 n : : : i
"Reading error noise'' refers to the fluctuating error in the ability to read the target

positions and the resulting errors in computed velocities and accelerations.



and 1B (Figure 4. 1) using the falling-mass technique, Vertical velocity components
(smoothed using P = 5) of the graduated target and targets 1A and 1B are shown in
Figure 4.5. Figure 4.6 shows shows the unsmoothed horizontal displacement and
smoothed (P = 5) horizontal component of velocity of target 1B. This figure illustrates
the scatter in the displacement data, It is noted that the initial swing of the target
toward GZ occurred at about 18 msec. A torque was applied to the target such that the

bottom of the target, which was emplaced in the ground, moved outward with the
ground leaving the above-ground target mass behind the first 30 msec. Although the
fact that the target motion is not exactly the same as the ground surface motion has an
effect on early horizontal motion, horizontal velocity oscillations are not much larger
than the vertical oscillations, This is a distinct improvement over observed target
motions for previous cratering events. The rotation of the target has negligible eiffect

on the vertical motion.

4,4,2 Surface Target Array Experiment

a. Photography. The film from Camera 773 PS (Table 4. 1) was used
to analyze the motion of the array of visual surface targets along the line 7TA to 7B
(Figure 4.1) As a result of the larger field of view, the reading errors for this analysis
were larger than were those for the falling-mass experiment. With a reading error
of £0.18 feet, a fine data time interval was not considered to be warranted. Since no
timing lights appeared on the film, the camera speed was inferred by comparing the
displacements of targets 1A and 1B with the respective displacements on the falling-
mass experiment film, The camera speed determined in this manner was 880 frames
per second, and data were taken in three sets at intervals of 2, 4, and 8 frames (2,27,

4,54, 9,1 msec, respectively),

b, Effect of Using Nonstationary Reference Points, Since no better

reference points were available for use in analyzing the visual surface target motion,
targets 7A and 7B were used as position reference points (fiducial targets)., These
targets experienced some motion as a result of the Pre-Schooner II detonation, and,
therefore, in order to use them as reference points it was assumed that: (1) the
horizontal motion of these two targets was symimetrical about GZ, and (2) the vertical
motion was comparable to horizontal motion. By using the first agssumption, a coordi-
nate transformation was made based on target TA as the origin of coordinates, After
computing the horizontal displacement of target 7B in any one frame, a new transforma-
tion of coordinates was made such that the new origin was midway between targets 7TA and
7B. This origin moved vertically, however, from frame to frame with the mean actual
vertical velocity component ol targets 7A and 7B. The visual surface target motion was

measured relative to this coordinate system.

Figure 4.7 indicates the amount of error introduced as a result of the
above assumptions. Thisfigure shows a plot of the horizontal displacement and velocityof
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target 7B (smoothed such that Tc = 182 msec because of the large ratio of reading error
noise velocity to actual velocity). It should be noted that for early times (t < 200 msec)
the velocity is less than 1,5 ft/sec. Based on the assumption that vertical velocity is
equal to horizontal velocity for these fiducial targets (which is not unreasonable), this
error term must be added to the vertical velocities of the other targets. This
correction procedure is significant only for the targets most distant from GZ. (The
motion curves shown in Figure 4,7 also reveal the interesting phenomenon that for
these targets which were located at a considerable distance from GZ, the motion is

quite small until late times — 225 msec — and then begins to increase),

¢, Visual Surface Target Motion, Figure 4,8 shows long-time verti-

cal velocity components for all the visual surface targets, The data presented are
based on a smoothing factor such that Tc: = 45.4 msec, It is noted that a second phase
rise in velocity (gas acceleration) is barely evident 60 feet from GZ and is questionable
beyond that distance although the velocities tend to increase with late time for almost
all targets. Table 4.3 gives a resume of diagnostic information for the visual target
motions. The falling-mass film was used to analyze the motion of targets B, 1A, and
1B, For the other targets, the following data time interval and smoothing factor were

used,

h = 2,27 msec
P =5

it
c

22.T misee

The spall arrival times, ts’ are quite consistent for all the targets., A
travel-time curve (plot of ts versus distance R from the shot point to target) is reason-
ably well fitted by a straight line which indicates an average apparent shock wave
velocity of 6250 ft/sec,

FFigure 4. 9is a hodograph showing targettrajectories for early times (prior
toventing), From such a plotthe directions of earlytarget motion canbe measured, It
should be noted thatthetrajectories for some targetsare not straight, This is duepri-
marilytotarget rotation and, in small measure, to the acceleration of gravityas well as
tothe possibility that the ground actually may well be subjectedto a more horizontal push
atlater times, Table 4, 4 shows theinitial directions of target motion 90 and radial direc-
tion Br, bothillustratedin Figure 4.9, The primary observation which can be made is
that although EJO increases with increasing values of Hr‘ 90 is invariablyless than Qr and

this disparity increases as GI_ increases,

d. Flare Surface Target Motion, The first countdown for the Pre-

Schooner Il detonation was stopped at approximately 9 seconds prior to zero time
bhecause it appeared that some of the baritol flares (which were ignited at H-15 seconds)

were not burning properly., Since reloading of the flare holders with baritol would have

58



Targets | A,B(20 Feet)

200
—— = — == Tgrgets NWof GZ
150 Targets SE of GZ
Te =45.4msec
P=25
100
50 __/Time of Vent
(o]
| Targets2A,B(40Feet) = ¢~
| 100 —
[&]
8 50 |
pod
: © .
-‘é» N\/
®
>

ol P ——~ - <3 pergl=J F i
0 - o = el
L | 1 | 1 l 1 | 1 1 1 1 ) 1 i | L l
(0] 50 100 150 200 250 300 350 400 450

Time ,msec

Figure 4.8 Vertical Components of Velocities of Visual Surface Targets.

56



. TABLE 4, 3 RESUME OF DIAGNOSTIC TARGET VELOCITIES AND CHARACTERISTIC

TIMES
Target
No. & X R VS tg tsp Vvl tg
ft ft ft/sec msec msec ft/sec msec
6A 140 158 1245 27+4 37+15 8 =
5A 100 123 25E7. 2214 35160 23 ==
4A 80 107 44+4 1733 41+6 35 i1
3A 60 93 T3+£5 =3 4045 50 61+10 _
2A 40 81,5 94-+6 1442 4045 115 78x£10
1A 20 74 118+6 152 33%5 200 90£10
B i 71,5 12944 1212 27+4 o 68+5
1B 20 T4 103%6 13+2 2815 170 69+10
< 2B 40 81,6 T6+6 1542 39+ 115 =
3B 60 93 65+5 1643 38+6 80 ==
4 4B 80 107 33+4 1943 4917 40 =505
5B 100 123 21%5 21+4 60x15 24 SIS
6B 140 158 6+3 = 50+80 3 =

&Refer to Figure 4. 1 for target locations,

1

1}

distance from GZ to preshot target location

distance from shot point to preshot target location

peak vertical spall velocity

time of onset of vertical spall velocity

time of peak vertical spall velocity

vertical velocity at time of primary vent

time of onset of gas acceleration

graduated target
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required a time delay of several hours, and a delay of this length would have required
that the detonation be rescheduled for the next day (due to inadequate lighting conditions
for scientific photography), the Technical Director decided to proceed with a second
countdown without the flares, As a result of this sequence of events, no surface flare

motion study was possible for the Pre-Schooner II event,

4.4.3 Pertinent Cratering Formation Phenomena Observed from High-Speed

Photography. In addition to providing detailed information on Pre-Schooner

II surface motion, the high-speed motion picture films revealed several phenomena
pertinent to the formation of the crater, Table 4.5 presents a chronological history of
some of these phenomena, The height of the dome at the time of the primary vent was
23.4 feet and the width of the dome measured northwest to southwest was 215 feet. The
vent grew to the width of the dome (215 feet) at the time of total breakup of the mound,
The initial velocity of the venting gas was 1240 ft/sec, leveling off to 700 ft/sec

between 300 and 400 msec,
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TABLE 4,4 EARLY DIRECTION OF TARGET MOTION (90)

Target No. X Gr 90
6A 140 G3% 10! 49°
5A 100 54° 40! 47°
4A 80 48° 30! 40°
3A 60 40° 10! 18°
2A 40 29° 20! 20°
1A 20 14° 40! 10°

B 7 5%40! ==
1B 20 14° 40! 38
2B 40 292201 25°
3B 60 40° 10! 28°
4B 80 48° 30! 287
5B 100 : 54° 40! 32°
6B B Pl ' 63° 101 L 34°
i 3, LB == ==
90 = angle between vertical and the early direction of farget motirm
8. = angle between vertical and the straight line connecting the shot point with

the initial target position

8 and Qr shown in Figure 4, 9,

TABLE 4,5 CHRONOLOGY OF CRATERING FORMATION PHENOMENA

Time Comments
msec
0 Support cable on falling-ball experiment detonated

8.9 First motion of shallow push rod (see Section 5, 3. 6).
13.3 Bright flash appears to rise from the deep push rod hole; grows to aboul
10 feet in height (see Section 5. 3. 6).
158,94 Mound forms inner dome
204 Primary vent over GZ (vent grows to become total vent).

607 Mound appears to have completely broken up.
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4,5 INTERPRETATIONS AND CONCLUSIONS

4,5.1 Comparison of Predicted and Observed Ground Zero Surface Motion

a. General, Although the graduated target for the falling-mass experiment
was located 7.1 feet from GZ rather than at GZ, it is believed that the analysis of the
motion of this target accurately represents the GZ surface motion, Table 4.6 is a
compilation of the predicted GZ motion and the observed graduated target motion, A
discussion of the predicted and observed GZ surface motion phenomena is presented in

the following paragraphs.

TABLE 4.6 COMPILATION OF PREDICTED PRE-SCHOONER II GZ MOTION AND
OBSERVED GRADUATED TARGET MOTION

Feature Predicted Value Observed Value
SOC Code PUSH V Code
(Ref. 6) (Ref.. 1)
Vo ft/ sec 250 177 12944
Ve ft/sec -- 330 210420
ts’ msec 8.7 - 12£2
tsp’ msec 1020 =i 2T+4
tg’ msec 27. 8 i 68+t5
t ., msec == 15D 20045
vl
Vs = peak spall velocity at GZ
o1 - Vvelocity at time of primary vent (tvl) at GZ
t, = time of onset of spall velocity at GZ
tsp = time of peak spall velocity at GZ
tg = time of oneset of gas acceleration at GZ
tyy = time of primary vent at GZ

@Motion of the graduated target was not analyzed for times later than 144 msec. The
estimate of 210 ft/sec is based on the observed velocities of targets 1A and 1B at the

time of primary venting.
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b, Peak Spall Velocity, The peak spall velocity of 129 ft/sec, as

determined from the falling-mass experiment, is considerably less than that predicted
by the SOC calculation (250 ft/sec) and is somewhat below the empirical equation pre-
diction of 170 ft/sec (Reference 8) and the estimated value of 177 ft/sec predicted

in Reference 7. Part of the discrepancy between the predicted and observed peak spall
velocities is due to the fact that the predictions were based on a charge weight of 100
tons of NM while the actual charge weight was approximately 85.5 tons. The low
observed peak spall velocity suggests that the Pre-Schooner II medium was more
compressible and/or of lower strength than was indicated by the values used as input
into the SOC code (these values were based on strength and equation of state tests

made on small core samples).

c. Peak Velocity Prior to Venting, The PUSH V calculation pre-

dicted a peak velocity prior to primary venting of 330 ft/sec as compared with the

observed value of approximately 210 ft/sec., Since the input conditions for the PUSH V
calculations were dependent on SOC code output, the PUSH V solution cannot be
adequately evaluated. The time of primary venting was reasonably well estimated in
Reference 7; however, the primary vent developed into a total vent more rapidly than

was predicted.

d, Times of Onset of Spall Velocity and Peak Spall Velocity. The
time of onset of spall, ts = 12 msec, was approximately 3 msec later than was

predicted by the SOC code. This difference may very likely be due to the coarse time
interval used between data points and the data smoothing procedure used in analyzing

the surface motion photography.

The slow velocity rise time from the time of onset of spall (ts) to the
time of peak spall velocity (tsp = 27 msec) is believed to be significant relative to the
1.3 mseec SOC prediction. This slow rise time phenomenon could be attributed to one
or several of the following factors:

(1). A more compressible, lower-strength cratering medium than

was inferred from laboratory measurements on small core samples.

(2). Sluggishness of the target (due to inertia and poor coupling with

the ground).

(3). The coarse time interval used between data points in analyzing

the target motion and the high reading error noise level,

For the reasons indicated in Section 4, 4, 1b, it is believed that
Factor 3 as listed above did not have a significant effect on the rise time, Factor 2
is difficult to evaluate because the ground surface velocity was not measured directly.

Considering the low spall velocity mentioned in Section 4. 5, 1b, Factor 1 probably had
the most significant influence on the velocity rise time,
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e, Onset Time for Surface Gas Acceleration. If the observed secondary

rise in velocity at 68 msec has been correctly interpreted as the beginning of gas
acceleration at the ground surface, this phenomenon occurred at a much later time than
was predicted by the SOC code (27.8 msec). In the past, it has been estimated that the
surface gas acceleration phase begins at a time given by the sum of the following wave

travel times (Reference 3):

(1). FElastic wave travel time from the cavity to the surface through the

consolidated medium,

(2) Rarefaction wave travel time through the crushed medium from the

surface to the expanding cavity.

(3) Recompaction wave travel time through the crushed medium from the

cavity to the surface.

The observed Pre-Schooner II time ol onset of surface gas acceleration
was later than the time predicted by a factor greater than two, A very probable source
of the discrepancy between the observed and predicted values may be the equations of

state of the consolidated and crushed Pre-Schooner II media used in the SOC calculations.

4,5,2 Decrease in the Vertical Velocity Components with Distance From GZ,

The decrease of the peak vertical spall velocity component with distance from GZ is
another diagnostic feature which can be compared with cratering model predictions.
Ag indicated in Figure 4.9, the distance from the shot point to any surface target may

be expressed as:
R = Z/cos Br in which Z is the depth of burst,

If the peak vertical component of surface spall velocity is given by the expression
Vs « R™ in whichn isa constant,

then, this velocity component may be written as a function of cos Br; et

V_x(Z/cos 6 )" o« cos™ 6.,
S r r

Figure 4. 10 is a log-log plot of measured values of peak vertical component of
spall velocity (VS) versus cos Br for the Pre-Schooner II visual surface target array,
These data are reasonably well -fitted by a straight line with a slope of n = 3.0. The
velocities plotted in Figure 4, 10 have not been corrected for fiducial targel movement;
however, such a correction would decrease the value of the exponent, n, only slightly.
Previous measurements and code predictions for cratering detonations in desert
alluvium have resulted in exponents of n ~ 3 while the ground surface motion for the
Pre-Schooner CHARLIE event in basalt was characterized by an exponent of n ~ 6

(Reference 7).
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The reduction of the vertical component of velocity with increasing values
of Br at the time of primary vent of the Pre-Schooner II detonation was studied using a

plot similar to Figure 4, 10.
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eryror,

The exponent determined by a best straight line fit to the

data was n = 3.6. This exponent indicates
a slightly greater reduction in the effect
of gas acceleration with increasing dis-
tance from GZ as compared to that of the

spall phenomenon.

4.5,3 Early Directions of Motion.

Although the picture is confused some-
what by target rotation, the estimates of
the early directions of target motion
deviated from the radial direction from
shot point to target (Table 4.4), This
deviation increased with increasing dis-
tance from GZ, In this connection, it is
considered pertinent to note that the
initial direction of ground motion used in
the PUSH code models for gas accelera-

tion is assumed to be radial.

4,5.4 Ewvaluation of Experimental

Procedures, A portion of the Pre-

Schooner II surface motion study effort

was devoted to an evaluation of the
surface motion experimental procedures
which were used, Conclusions and rec-
ommendations based on this evaluation

are as follows:

a, The close-in photography of the
falling-mass experiment permits more
accurate target position readings (and,
consequently, considerably better early-
time GZ surface motion) than is possible

from the surface target array experiment.

b, The stripes on the graduated
target were unnecessary and, in fact,

added to the bowling ball position reading

Lack of contrast between the red bowling ball and white target strips rendered

black and white photography unsatisfactory for data analysis of the falling-mass



experiment. It is recommended that in future falling-mass experiments the graduated
target be replaced by a target of the same shape painted black except for two painted
white crosses which can be used as reference points. The crosses should be so located

that no portion of either one becomes obscured by the falling-mass during the vertical

motion of the target.

c. Improved design of the graduated target support and bracing of the
plywood panel to the support resulted in much smaller horizontal target motion than

that experienced during previous cratering events.

d. The Pre-Schooner II surface motion targets were designed with lower
centers of mass than were those for previous events and, as a resull, evidenced less

rotational oscillation,

e. The data analysis techniques used for the Pre-Schooner II surface
motion study reduced the data processing time sufficiently to permit the study of the

motion of many visual targets within a reasonable time frame.

f. The relatively coarse time interval between data points used for the
analyses of the Pre-Schooner II falling-mass experiment (necessitated by the low
framing rate — 902 fr/sec — of the camera) reduced, to some extent, the effectiveness

of the falling-mass experiment,

Reference 9 discusses the problem of choosing the optimum time interval
between data points so as to minimize: (1) reading errors, (2) distortion of the true

target motion, and (3) the data analysis effort,
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CHAPTER 5

SUBSURFACE EFFECTS MEASUREMENTS

5.1 INTRODUCTION

The scope of the Pre-Schooner II Subsurface Effects Technical Program included

the following four separate areas of measurements:

a, Measurement of early subsurface stress wave phenomena using stregs trans-

ducers, ferroelectric switches, slifer systems, and accelerometers,

b. Measurement of late cavity pressure using pressure transducers and fluid

coupling with the cavity.
c. Observation of late vertical subsurface ground motion using push rods.

d. Measurement of the temperature of the cavity gas at time of venting by

determination of luminosity,

This chapter describes the experimental procedure and the preliminary results
of the Subsurface Effects Technical Program, The reliability of the data obtained are
also discussed. Although some of the data may be corrected in the final report (Ref-
erence 1), the preliminary results presented in this chapter are believed to be sub-
stantially correct,

5.2 EXPERIMENTAL PROCEDURES (Reference 2)

5.2.1 Subsurface Stress Wave Measurements

a. Instrumentation Layout, The subsurface stress wave phenomena pro-

gram included measurements of the stress history from the Pre-Schooner II detonation
in the horizontal direction in the relatively uniform felsite rock, and the stress history
in the vertical direction through the layered structure consisting of the felsite, the
vitrophyre and vitrophyre breccia, the residual soil overburden, and the surface of the
earth, Figure 5.1 shows the layout of the stress wave instrumentation, and Figure 5. 2
shows a plan view of the instrument hole locations., These instrument holes were ap-
proximately 10 inches in diameter and were cased for the first 10 feet from the surface.
The instruments were grouted in place with a grout mixture designed to match the
density and compressibility of the felsite by the U, S, Army Corps of Engineers
Waterways Experiment Station., All of the holes were grouted up to the surface except
the accelerometer hole, I-3, in which the upper surface of the grout was 9 feet below

the surface of the ground.
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Figure 5.1 Subsurface Effects Instrumentation Layout.

b. Radial Stress History Instrumentation. To measure the radial stress

history in the horizontal direction, two tourmaline stress transducers were installed
in both hole I-5 and hole I-6 (28 and 50 feet from GZ, respectively) at shot depth
(Figure 5. 1),

To measure the radial stress history in the vertical direction, single
piezoelectric crystal transducers were placed in hole I-4 (15 feet from GZ) at
distances of 22,5, 29.9, 39.4, and 59.2 feet from the center of the detonation

(Figure 5. 1),

¢, Shock Arrival Time Instrumentation. Instrumentation to measure

shock arrival time in the vertical direction included ferroelectric switches and a

conventional slifer system,

The ferroelectric switches (located in hole I-4) consisted of ferroelectric
elements which would be quickly driven into saturation by the arrival of the stress '
wave, The signal from each switch was impressed on an RC circuit with a relatively
short time constant so that four arrival time switch systems could be connected in

parallel and recorded on a single recording channel,
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The conventional slifer system, which extended downward toward the
detonation point in hole I-4 along with other stress wave instrumentation, involved an
oscillator with a shorted cable which served as part of the frequency-determining
circuit of the slifer system, The basic operating principle of the slifer system is as
follows: (1) as the outgoing wave crushes and shorts the cable progressively it changes
the frequency of oscillation, and (2) this
oscillation frequency, in turn, serves as
a monitor of the position of the shock
front, The slifer cable used in Pre-
Schooner II was 3/8-inch Heliax H-3,

d. Subsurface Spall Instru-

mentation. The subsurface spall phe-
nomena which occurred during the Pre-
Schooner II crater formation was recorded
by means of a dual-mode slifer system.
This system was designed so that it would
oscillate in either the short-circuit or the
open-circuit condition, The frequencies
involved were widely separated so that the
mode of oscillation could be identified.
This dual-mode slifer system extended

down into hole I-4 1o shot level,

e. Acceleration Instrumen-

tation. An accelerometer, oriented to

measure the vertical component of ac-
FT - Flare Surface Motion Target

200 RS fee! VT — Visual Surface Motion Target celeration from the detonation, was placed
7y I-8 I ,I-2, etc.— Instrument Hole in hole I-3 near the upper surface of the
~ 200R R — Radius in feat )
ch" vilrophyre approximately 9 feet below the
Pl surface of the ground. In addition, ac-
celerometers oriented to measure both
the horizontal and vertical components
Figure 5,2 Location of Holes for Sub- of acceleration at the shot horizon, were
surface Instrumentation for Pre- placed in holes I-7 and I-8 (100 and 200
Schooner II. feet from the detonation point,

respectively),

5.2.2 Cavity Pressure Measurements

a. General Discussion, In

the mechanics of cratering, part of the momentum imparted to the material above the

charge location is given by the outgoing stress wave while the remainder is produced by
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the longer lasting pressure of the cavity gas. Since this second phase is of major
importance in the cratering mechanics, information on the history of the cavity gas

pressure is needed.

Up to this time, successful measurements of cavity gas pressure have not
been made because instruments have not been built to withstand the high stresses and
accelerations involved in the early phases of cavity expansion. In Project Pre-Schooner
II, an effort was made to measure this pressure by locating the pressure transducers
far from the explosion center, and by transmitting the pressure from the cavity to the
transducers through a fluid-filled pipe. Success of this method would then depend upon

the survival of this fluid column during the cavity expansion.

It was desired to measure only the relatively low pressures at relatively
late times in the cavity, so that sensitive pressure transducers were required, In
order to protect these transducers against destruction by the early shock and high
pressure, a throttling system was devised so that the early surge of pressure would
not reach these transducers. Over a longer time scale, however, these transducers

should measure cavity pressure with good accuracy.

b. Description of Cavity Pressure Measuring System. Two somewhat

independent systems were used to measure cavity pressure so that the results could be
checked against each other, In each system a fluid-filled steel pressure tube,

2-1/4 inches O, D, and 1-1/4 inches I.D., extended from above the surface of the
ground down to within about 8 feet 9 inches of the NM cavity, as is shown in Figure 5. 3.
In order to avoid closure of these steel pipes at the lower ends by the high-intensity |
stress wave from the explosion moving out through the rock material, PVC plastic
pipes 8 feet 5 inches long were used at the lower ends, so that these pipes would be
shattered by the ground shock but would not be sealed shut,

One of the pipes was filled with a high-viscosity silicone oil, while
glycerine was used in the other system. Since the velocity of sound in glycerine is
greater than that in the silicone oil, the pressure signal in the glycerine-filled system

should arrive earlier, giving a check on the proper behavior of the system.

The PVC plastic pipe at the lower end of the glycerine system was filled
with Dow MS-80-25, which would explode when the shock from the main explosion
reached it and in this way maintain an open channel from the shot cavity lto the steel
pressure pipe. In the other system the PVC pipe, as well asthe steel pipe above it,

was filled with Dow Corning 200 silicone fluid which had a viscosity of 1000 centistokes.

A tourmaline pressure transducer was located in the fluid near the upper
end of each pipe. Above these transducers an orifice led into a second chamber, where

a second tourmaline transducer was located, and from each second chamber another
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orifice led into a small third chamber, In this third chamber a Norwood bridge-type

pressure transducer was used in the silicone system, while a Photocon varying-
capacitance pressure gauge was used in the glycerine system, (The word "orifice"
is here meant as a small-diameter tube with length much greater than its inside

diameter, )

c. Fluid Pressure Transmission, When the cavity gas pressureis suddenly

applied at the lower end of the fluid pipes, a pressure disturbance will begin to move
up the fluid at a shock velocity somewhat higher than the sound velocity of the fluid,
The fluid itself behind the shock will be given a mass flow velocity obtained from the
equation P = puv, which relates pressure, density, and shock and particle velocities,
This stress wave will be attenuated as it moves upward because of the drag between
the viscous fluid and the pipe wall, An approximate analysis shows that the attenuation
constant for the energy carried by this stress wave should be of the order of 4n/pr2c
per unit length, where n is viscosity, p is fluid density, r is pipe radius, and c is

fluid sound velocity.

The pertinent properties of the Dow Corning 200 silicone fluid include a
density of 0,955 gm/cms, a viscosity of 1000 centistokes or 9,55 poise at 20°C, and a
compressibility of 10 percent for 20,000 psi, which converts to a bulk modulus, K, of
1.38 X 1010 dynes/cmz. Corresponding values for glycerine are a density of 1,260
gm/cms, a viscosity of 780 centipoise at 20°C, and a compressibility of 2.{2 X 10—5 per

bar at one bar, which converts to a bulk modulus of 4,55 X 1010 dynes/ cmg.

These fluids are quite compressible in comparison with steel so that the
fluid pressure pulse as constrained by the walls of the pipe will be essentially in one-
dimensional motion. Consequently, the sound velocities will be (K/p)l/Z, giving
velocities of 1, 20 X 10° cm/ sec for the silicone oil and 1.90 X 10° cm/sec for the
glycerine,

At a fluid viscosity of the order of 10 poise, the attenuation factor, 4n /przc, over

+O'2, which is relatively

the fluid pipe length is of the order of 0,2 nepers; i, e, , ¢
small, In both glycerine and the silicone o0il, however, the viscosity increases
greatly with pressure, as is shown in Figure 5,4, For viscosities greater than about
100 poise the energy attenuation factor will be greater than e < and the amplitude atten-
uation factor will be greater than £ so that the fluid will not effectively transmit a
fluid pressure pulse at sound velocity. From Figure 5.4 this viscosity is reached at a
pressure of about 1,5 kbars in the silicone oil and 5 kbars in the glycerine. This
viscosity variation will thus serve as a limiting factor with respect to the early peak

pressures that will arrive at the upper ends of the pipes,
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The flow rate through a tube is calculated from the Hagen-Poiseuille

law:

Flow rate = 8y

7rr4(p1 -pg) )

where Py " Py is the pressure differential from one end of the tube to the other, r is

tube radius, and l is tube length., This flow rate is countered by the pressure buildup
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Dow Silicone Fluid #F-200, 1000 cs.

in the chamber beyond, which is depen-
dent upon the compressibility of the fluid
and the volume of the chamber., This
leads to a time constant of buildup of
pressure in the chamber,

L8

T 1'41{

where V is volume of the chamber and K
is bulk modulus of the fluid,

The secondary orifice and
the third chamber should not have had an
appreciable effect on the pressure in the
second chamber because of the large

difference in orifice diameter.

A check on Reynolds number
for the flow through these throttling tubes
shows that the flow must have been lami-

nar, so that the foregoing analysis is valid,

The upper 40 inches of the
glycerine-containing pipe was filled with
the silicone oil so that all fluid flow in the

throttling system was silicone oil flow,

d. Predicted Pressures at

Transducers. The pressure pulse at
the top of the fluid pipes will be delayed

by the travel time of the pulse up the

fluid, In the silicone-filled pipe the pressure pulse will at first be carried along

by the ground stress wave out to 15 feet in about 1 msec. The time to traverse the re-

maining 60 feet will be (60)(30.48)/120 = 15,2 msec, which gives a pressure arrival time

of 16,2 msec.




In the glycerine-filled pipe the shock will travel out of the NM and through

the Dow MS-80-25 in about 1.2 msec, The glycerine travel time will be (53%)
(30.48)/190 = 8.6 msec, and the 40 inches of silicone oil will delay the signal 0.8 msec

more, totalling 10.6 msec,

The dimensions and calculated time constants of the four orifice systems
are given in Table 5.1, The pressure in the second chamber is calculated by numeri-
cally integrating the relation dP/dt = (P1 - P2)/tc, from a given P, history. The
pressure history in the third chamber is obtained by repeating this process, using the

previously calculated pressure history P2'
The pressure history, Pl’ is assumed to be that as obtained from SOC

machine calculations, but limited in peak pressure to 1.5 kbars in the silicone oil and

to 5 kbars in the glycerine, and delayed 16.2 msec in the silicone oil pipe and 10.6 msec
in the glycerine pipe.

Figure 5.5 gives the resulting synthesized pressures. It is observed that
these throttling systems do attenuate the early high pressure pulse and, also, that ai

late times the pressures in the three locations become equalized,

TABLE 5,1 PARAMETERS OF CAVITY PRESSURE THROTTLING SYSTEMS

Glycerine-filled Silicone Oil-filled

Pipe Pipe
Diameter of First Orifice, in, 0.0670 0.0995
L.ength of First Orifice, in, 2,25 2.25
Volume of Second Chamber, inB 9.17 9.17
Calculated Time Constant, msec 10.6 Tl
Observed Time Constant, msec j Lol 1055
Diameter of Second Orifice, in. 0.020 0.031
Length of Second Orifice, in. 1.06 1.06
Volume of Third Chamber, in® 0.1965 0.256
Calculated Time Constant, sec. 13.45 ]
Observed Time Constant, sec 7 ikl

5 3 Subsurf: Moti Measur bR imental Procedure, In order to

obscrve the late vertical molion of subsurface material at two different points, two
push rods were installed which extended vertically from these subsurface points up
through the surface of the ground. The lower ends of these rods were anchored into

the medium so that the vertical motion of the anchor points would be indicated by the
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vertical motion of the exposed upper ends of the rods, These rods were installed close

to the shot hole (Figure 5.6), 10 feet on either side, to minimize lateral motion.

Each push rod assembly consisted of a 3-inch-diameter solid steel rod with an
expansion anchor on the bottom end and a flare at the top, It had been intended to
expand the anchors into under-reamed hole sections 24 inches in diameter, but because

of difficulties encountered in under-

reaming, the anchors were expanded to

the final diameter of the under-reamed
H Li===5lare sections of about 15 inches. The anchor
point in hole I-1 was 49 feet 1 inch below

10(Faet 10Feet
‘ ‘ grade and that in hole I-2 was 28 feet

10 inches below grade. The rods them-
selves were coated with grease all the
28'l10" way to the surface during installation to
promote easier sliding of the rod through

49'1" the grout and rock during cavity expan-

sion, Both holes were grouted up to the

1A .
surface,

5 2.4 Method for Measurement of

Temperature of Venting Gas, An effort

was made on Pre-Schooner II to

[)_il\! determine by a photographic technique

the temperature of the gas vented during

Anchor the cratering. In a cratering event the
vented gas carries with it a suspension
of solid particles, and these particles
radiate approximately in a black-body
spectrum, At a high enough {temperature
this suspension will become luminous,
and photographiec determination of the
intensity of this emitted light will give

Figure 5.6 Push Rod System Geometry. an indication of the temperature of the

suspension,

For a NM cratering event, at vent
time the temperature of the burned gases should have dropped to a point where the sus-
pension no longer emits visible light, Consequently, on Pre-Schooner II, photography
was accomplished with infrared sensitive film so that lower temperatures could be

measured,
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Motion picture exposures were made with two different cameras located at the
CP photographic station 3380 feet from GZ, One camera, operating at 1000 frames per
second, was used with high-speed infrared 16-mm film with a Wratten W87 filter,
while the other camera, operating at 100 frames per second, was used with Eastman

5210 infrared film with the same type filter,

5.3 RESULTS AND DISCUSSIONS (Reference 2)

5.3.1 Stress Wave Measurements in Horizontal Direction

a, Radial Stress Histories, The observed stress histories for the four

tourmaline stress transducers in the horizontal array are given in Figure 5,7, The

7 | o | |
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Figure 5.7 Observed Radial Stress Histories in Horizontal Array.

lower transducer, located 27,36 feet from the shot point, indicated a shorted signal soon

after the stress wave arrived, while early failure did not occur for the other transducers.

The measured peak stress is compared with the results of the SOC

machine prediction calculation Pre-Schooner II-D in Figure 5,8, The SOC calculation
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was made for an energy release of 100 tons of NM, while the actual weight of NM
detonated was 85,5 tons. When a correction is made for this difference in designed
versus actual charge weight by translating the SOC curve in the direction of smaller
radius by a factor of (100/85.5)1/3, the agreement is seen to be quite good for two of

the three experimental points,

The measured stress 50 feet from shot point and 69 feet below the surface
is much lower than that from the transducer 4 feet deeper. It is believed that this is
an actual stress difference and not an
experimental error. Such a discrepancy

might conceivably have arisen from the

IOOt AR LA R SRV X AL Rt presence of porous rock in the vicinity
[ 3 of the upper transducer which would
- P fi result in lower stresses in that area,
E ' -
= 1ok -l The emergence of the
g_ E 3 elastic precursor from the stress wave is
@ - - -
13 - e shown in Figure 5,9, It is observed that
) L 4
- 1 this elastic component has an amplitude
:g | of the order of a kbar but that the
f = = medium was probably not homogeneous
o = - . .
) h - g -
@ ': SOC Pre-Schooner Il-D i enough to permit a more precise deter
Calculations mination of a maximum wave amplitude,
I~ ® Experimental Data ]
0.l RO e e W T T (R b. Shock Arrival Time
! . '9 100 Measurements. Shock arrival time in
Radial Distance, Meters 3
the horizontal direction was determined
from the observed signal arrival times
Figure 5.8 Comparison ol Experimental at: (1) the four tourmaline stress
with Computed Peak Radial Stress in transducers in holes I-5 and I-6,
Horizontal Direction. (2) the lowest ferroelectric switch in

hole I1-4, and (3) the accelerometers in
holes I-7 and I-8. Table 5, 2 presents a
tabulation of shock time of arrival in the

horizontal direction,

A graphical presentation of the data is given in Figure 5, 10 together
with the SOC Pre-Schooner II prediction calculation curve. It is periinent to note

the close agreement between the SOC predicted curve and the results,
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Figure 5.9 Observed Leading Edges of Stress Waves in Horizontal Array.

TABLE 5.2 GROUND STRESS TIME OF ARRIVAL IN HORIZONTAL DIRECTION

Gage Type Instrument Gage Radius Time of
Hole Arrival
ft msec
Tourmaline Pressure History =5 27.36 =
Tourmaline Pressure History 15 27.36 1.84
Tourmaline Pressure History I1-6 50,00 3.856
Tourmaline Pressure History I-6 50,00 3,28
Vertical Accelerometer L= 99.4 ach
Radial Accelerometer = 99.4 8.5
Vertical Accelerometer I-8 201,00 21,0
Radial Accelerometer I-8 201,00 21.0
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5.3.2 Stress Wave Measurements in Vertical Direction

a, Radial Stress Histories. The observed stress histories for the

vertical array of piezoelectric transducers are given in Figure 5.11. These histories

show the degradation of the stress front as the stress wave moves outward and the
emergence of the elastic precursor, The
stress wave broadens as it moves out but

when it approaches the surface the rare-

70 T T T
|igaigtany | I | It - : ; .
faction wave from the surface relieves
60 _— g.?.%fﬁ';ﬁ}os,fm“"m ® the stress and by so doing limits the
® Accelerometers width of this stress wave,
Tourmaline
g 50 |~ stress Transducers e The transducer 59.2 feet
® Ferroelectric from the explosion center was located
= L Switch
5 40 = 13.66 feet below the surface of the
g ground, Stress wave velocity in this
E 30— I region was quite low, probably of the
£ order of 5000 ft/sec. Consequently, the
& 20 = unloading wave should begin to arrive
some 5 msec after incidence of the stress
L Q= A wave. The observed width is in rough
agreement with this estimate,
. 0 | L I I 1 I_ 1L i ok
2 6 10 y 14 18 22 The transducer 39.4 feet
Detonation , msec y .
from the explosion center was located
34,6 feet below the surface of the ground.
In this case, stress unloading should
Figure 5.10 Signal Arrival Times in occur at (2) (34.6)/6 = 12 msec after the
Horizontal Array. onset of the stress wave. This unloading

wave should have been considerably at-

tenuated by energy loss in compaction

and by radial divergence, however, so that is would not have been expected to unload
the incident stress wave completely. It is not clear whether the observed signal
indicates this effect, Other data show that a spall occurred at about 16 msec 26 feet
below the surface of the ground. This spall ruptured the signal cable at this time,

while leaving intact the signal cable to the transducer 13, 66 feet deep,

The measured peak stresses are compared with the SOC Pre-Schooner II-B

calculalion in Figure 5,12, The measured points fall considerably below the SOC curve
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Figure 5.11 Observed Radial Stress Histories in Vertical Array.

and, in addition, show considerable scatter. It is believed that the scatter in the
experimental points is caused by the heterogeneous nature of the medium above shot
depth and that the experimental curve falls below the calculated curve because the
medium was more porous and compressible than had been assumed for the SOC

calculations,

The emergence of the eleastic precursor from the stress wave moving in
the vertical direction is shown in Figure 5.13. This phenomenon seems to be more
irregular than in the horizontal direction and is probably also caused by the presence

of friable zones and layers above shot depth,

b. Shock Arrival Time Measurements., The close-in ferroelectric switches

showed only a sudden single pulse, while those farther out showed the arrival of both
the elastic and the inelastic components as distorted by the differentiating effect of the

mixer circuit.
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The arrival times of the elastic precursors in the vertical direction

are given in Table 5.3, and are plotted in Figure 5, 14, along with other arrival time

data,

There is a rather wide scatter in the experimental points,

It is believed that

this scatter was caused by the heterogeneous nature of the medium,

The curve developed from the conventional slifer system data is also

plotted in Figure 5, 14,
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Figure 5. 12 Comparison of Experimental
with Computed Peak Radial Stress in

Vertical Direction.

This slifer curve agrees with the other points at small radii,

Farther from the shot point, however,

the observed slifer arrival time was

later than that from the other transducers
because the crushing of this cable required
a higher stress level than was required

to give a signal on the other transducers.

The slifer curve was
smoothed out to the radius of about 30
feet, while beyond this radius the curve
became jagged. This condition implies
that the rock and the grout around the
cable failed in a fine-grained manner out
to 30 feet, where the radial stress had
dropped to 2 or 3 kbars, but farther out
where the stress was lower the medium

failed in much larger chunks.

5.3.3 Subsurface Spall Measure-

ments, Figure 5, 15 presents the
experimental results of the dual-mode
slifer system located in hole I-4,

This system did not oscillate at all times,
The periods of nonoscillation may have
been caused by imperfect shorting of the

cable,

It may be noted from Figure 5, 15
that a subsurface spall occurred approxi-
mately 26 feet below the surface at 18

msec after shot time. This same spall

probably caused the cable failure on the tourmaline transducer 34.6 feet below the

surface at 16 msec, while no such failurc was observed on the next higher tourmaline

transducer 13.66 feet below the surface, which was above the separation zone,
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Figure 5,13 Observed Leading Edges of Stress Wave in Vertical Array.

TABLE 5,3 GROUND STRESS TIME OF ARRIVAL IN VERTICAL DIRECTION

Instrument Hole 1-4

12

Gage Type

Gage Radius

Time of Arrival

Ferroelectric Switch

Ferroelectric Switch

Ferroelectric Switch

Tourmaline Pressure Profile

Ferroelectric Switch

Tourmaline Pressure Profile

Ferroelectric Switch

Tourmaline Pressure Profile

Ferroelectric Switch

Ferroelectric Switch

Tourmaline Pressure Profile

Ferroelectric Switch

Vertical A cceler‘ometer'a

ft

15.28
16.2

20.
22,
24,
29,
34.
39,
44
55
59,
64.

O N O 0 A © © o ;o

msec

0.912
.01
.48
o A
.03
45
.09
3.46
3.67
5.23
5.61
(?)
6.9

I
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&Contained in Instrument Hole I-3,
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At 95 msec after shot time the slifer cable became shorted at a point 12 feet
below the surface, This shorting is probably due to late earth motion and is probably

not of particular significance,

5.3.4 Acceleration Measurements. The vertical acceleration observed at the

accelerometer located in hole I-3, 9.8 feet below the surface of the ground, is shown
in Figure 5, 16. This curve indicates the

presence of a low amplitude precursor

L e ) [ (e (e Tl R T : :
and a later arrival of the main stress
[ | wave which is in rough agreement with the
20 = stress history as measured with the
@ tourmaline transducer 13.66 feet below
E 16 the surface (only some 4 feet deeper).
; Only positive accelerations are observed,
; as should be the case for an accelerometer
o 2= :
& SOC so near the free surface in a medium
o« Pr%;?:&r:p&rnlﬁ without significant tensile strength,
S Experimental 7 The accelerometers located at shot
5 Slifer System Data
[ horizon in hole I-7, 99.4 feet from the
4 — ey detonation point, gave only a stress
Ferroelectric Switches - ; ; s
A Tourmaline Stress Transducers arrival time and possibly the beginning
" .I V°|'"°‘fl Af“'?"”“'““l | of the acceleration curve which is not
G i RS E BN G R AR R D presented in this report.
Time after Detonation , msec
The accelerometers located at
shot horizon in hole I-8, 201 feet from
Figure 5, 14 Signal Arrival Times in the detonation point, gave signals as
Vertical Direction. presented in Figure 5,17, These systems

gave improbable results soon after the

beginning of the negative half of the cycle,
The vertical accelerometer seems to have measured a small component of the hori-
zontal acceleration with no evidence of an independent vertical acceleration,

5.3.5 Cavity Pressure Experimental Results, Pressure signals were obtained

from the Photocon transducer and the upper tourmaline transducer in the glycerine
pipe system and from the Norwood transducer and the upper tourmaline transducer
in the silicone oil pipe system, Both tourmaline crystal transducers located near
the tops of the pipes but beneath the first orifices gave only signal arrival times

before failure.
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The signals from the Photocon gauge and the tourmaline transducer in the second
chamber of the glycerine pipe system are given in Figure 5.18. Also presented in this
figure are the pressures in the second chamber, as calculated from the Photocon

signal using a time constant of 11 msec,

200 — 1T T T T 1 and the pressure at the upper end of the
160 | pipe, as calculated from the tourmaline
signal using a time constant of 7 msec.
b o 1 These time constants were determined
e 80 B from the rate of decay of the signal after
° 40 = the pressure in the preceding chamber
% Ol i ™ i had apparently dropped essentially to
8 — Radial Acceleration zero., The observed and the synthesized
< =40["___ Vertical Acceleration & signals in the second chamber agree
=EOLs i quite well,
120 ) O T e | (| . ;
O 10 20 30 40 50 60 70 B8O The pressure in the third chamber
Time, msec of the silicone oil system as measured
with the Norwood gauge is given in
Figure 5,17 Observed Acceleration Figure 5.19, along with the pressure
201 Feet from Shot Point at Shot Depth. derived from this one in the second

chamber and at the top of the silicone oil
pipe, using time constants of 10,75 and 11 msec for the second and first orifices,
respectively, The signal from the tourmaline transducer in the second chamber was

defective and is not presented in this report,

The results obtained are fairly self-consistent and indicate that the peak pressure
at the top of the glycerine pipe was of the order of 2000 bars while that at the top of
the silicone oil pipe was of the order of 1500 bars. Loss of pressure in the glycerine
pipe occurred at 16 to 18 msec after shot time and at some 20 to 23 msec after shot

time in the silicone oil pipe.

Field examination of the pipes after the shot showed that the pipes had been badly
buckled by end thrust and had probably been broken by this type of motion and possibly
by subsurface spall rather than by internal pressure. Early pipe failure, with loss of
pressure into the surrounding rock, seems to be the reasonable explanation for the

observed results.

The original purpose of this phase of the program had been to measure cavity
pressure at very late times, This goal was not achieved because of the pipe failure,
It is concluded that more massive, larger diameter pressure pipes should have been

used,

The pressures as read over the abbreviated time interval agree quite well with

those predicted. The measurements are dependent upon the values chosen for the
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time constants over such a short time interval. Over the longer time interval that
measurements were being attempted (several time constants long) the transient effect
involving the time constants would have been unimportant, Assuming linear systems,
the area under the pressure-time curve for each transducer of a pipe system should

be the same, The signals obtained give self-consistent results in this regard.

Signal arrival times are given in Table 5.4 and are compared with the predicted

times, The arrival times for the glycerine pipe are in good agreement but in the

TABLE 5.4 CAVITY PRESSURE SYSTEM SIGNAL ARRIVAL TIMES

Glycerine-filled Silicone Oil-filled
Pipe Pipe
msec msec
Predicted 10.6 16.2
Observed:
Upper end of pipe (tourmaline) 10,7 138
Second chamber (tourmaline) 11,5 14.4
Third chamber (Photocon and Norwood) 11.7 14.6

silicone oil pipe the observed signals arrived considerably earlier than predicted.
Presumably at higher pressures the pulse velocity in the silicone oil increases

considerably.

5.3.6 Subsurface Motion Measurement Results, The flares mounted at the top

of the push rods were not used during the Pre-Schooner II detonation, but other motion
picture records show that the top ends of the push rods moved earlier and faster than
the ground surface. These top ends did not move as fast as they should have, however,

if they were to indicate true motion of the anchor points.

The 30-foot rod assembly was found and inspected after the shot, The fact that
this rod was rather badly buckled indicated that it probably did not slide upward
smoothly through the rock. This buckling may have been caused or accentuated by the
irregular nature of the medium in which voids may have been closed by lateral motion

of the rock,

The 10-foot section of casing originally located at the top of this push rod hole,

along with the grout inside it, remained attached to the push rod. The push rod had
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moved through it a total of only some 3 feet before the casing was carried along with
the rod. The fact that only portions of the 50-foot push rod system were found

indicate that the system failed at an early time,.

It is concluded that the motion of the upper ends of the rods did not correspond
with the motion of the lower ends, The rods were too small in diameter to withstand

the buckling and other lateral forces present.

5.3.7 Planned Procedure for Measurement of Venting Gas Temperature, It is

planned to calibrate the infrared sensitive film used during the Pre-Schooner II detona-
tion to obtain venting gas temperature measurements by exposing equivalent film to a
tungsten ribbon filament of various known temperatures, This calibration work has
not been completed to date, nor has the temperature experiment shot film been
developed, The results of this portion of the technical program will be included in

the final report (Reference 1),
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CHAPTER 6

GROUND SHOCK MEASUREMENTS

6.1 INTRODUCTION

The Operational Safety Division of the Nevada Operations Office, U, 5. Atomic
Energy Commission, sponsored the Pre-Schooner II Ground Shock Measurements
Program, The primary purpose of the program was to collect ground motion data
which could be used to facilitate more accurate ground motion predictions for the
proposed 100 kt Schooner nuclear cratering experiment, Eight seismic instrument
stations were located at various distances from SGZ for the following purposes: (1)
to provide a measure of the level of ground motion resulting from the Pre-Schooner II
detonation, and (2) to evaluate the effects of the thick alluvium blanket in the Snake

River Valley on the amplitude of the ground motion,

Roland F. Beers, Inc,, was designated by the Nevada Operations Office as the
responsible agency for development of the ground shock measurements technical plan
and analysis and interpretation of the results, The U, S, Coast and Geodetic Survey

(USCeGS) conducted the ground shock measurements program in the field.

This chapter presents the results of an initial examination, made by Roland F,
Beers, Inc.,, of the USC&GS ground motion recordings for the Pre-Schooner II experi-
ment (Reference 1). The scope of this initial examination included: (1) analysis of the
recordings to determine peak motions, and (2) plotting of the peak motions versus dis-
tance for comparison with predictions. No corrections are included in this chapter
for motions with frequencies in the portion of the spectrum where instrument response
varies with frequency. This correction as well as the derivation of acceleration and
displacement from the velocity records and the derivation of velocity from the accelera-

tion and displacement records will be included in the final report (Reference 2).

6.2 EXPERIMENTAL PROCEDURES

A total of eight recording stations were operated by USC&GS during the Pre-
Schooner II experiment, The stations were located on two lines: one to the east and

the other to the north.

The line to the east consisted of six stations: the closest at a distance of 2400
meters; the most distant in Twin Falls at a distance of 94.5 km, Strong-motion ac-

celerographs, recording three components of acceleration and displacement, were
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used at the two closest stations (Stations 1E and 2E). The fdur other stations on this
line consisted of NC-21 velocity meters, each station recording three components of

particle velocity.

Only two recording stations were used on the north line. The closest station (7N)
was located 13 km from GZ and the distant station was placed in the town of Bruneau,
about 57 km to the northwest. At each station, three components of particle velocity

were recorded with NC-21 velocity meters.

The locations of all stations are shown on Figure 6.1, USC&GS also placed
three-component, long-period Electro-Tech displacement meters-at Stations 4E and

5E (in addition to the NC-21 velocity meters).

6.3 RESULTS

Good records were obtained at all six of the stations instrumented with the NC-21
velocity meters. At the strong-motion accelerograph stations, all three components
of acceleration were recorded. However, at Station 1E, only the vertical and trans-
verse components of displacement were recorded and at Station 2E, only radial and
transverse components were recorded, No readable motions were recorded on the

Electro-Tech long-period displacement' meters.

Tables 6. 1 through 6. 3 list the peak surface motions and slant distances from
GZ for each station., Peak motions are given for each cor‘nponenf and for the resultant
vectof which was determined by analyzing the three components simultaneously in
order to determine the absolute value of peak motion. Where only two components
were recorded, a resultant vector was still computed as an approximation of the value

that would be obtained had all three components been recorded.

The peak resultant ‘vector of particle acceleration plotted versus slant distance is
shown on Figure 6, 2 along with the preshot prediction line, With only two data points,
it is not possible to evaluate the rate of attenuation of the acceleration. However, the
general level of observed motion agrees very well with the prediction line, The
vertical, radial, and transverse components of acceleration were also plotted versus

slant distances and are shown on Figures 6,3 through 6,5, respectively.

. 'The'peak resultant vector of displacement is plotted versus slant distance
on Figure 6.6.". The prediction line is also shown for comparison. As with the
acceleration data, only two measurements of displacement are available and no con-

clusion can be made about the rate of attenuation,

The level of motion is higher than predicted by a factor of about 3 at Station 1E
and about 1.5 at Station 2E, In Figure 6.7 the transverse component of displacement
is plotted versus slant distance. Graphs for vertical and radial displacement are not

-included because only one value was obtained for each of these components,
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TABLE 6.1 PEAK SURFACE PARTICLE ACCELERATION

Station Slant Bearing Acceleration
Distance from GZ Vertical Radial Transverse Resultant
Vector
meters g g g g
1E 2400 NT79° E 0.0108 0,0127 0.00643 0.0133
25 4720 N79° E 0.00348 0.00597 0.00413 0,00699
TABLE 6.2 PEAK SURFACE PARTICLE DISPLACEMENT
Station Slant Bearing Digplacement
Distance from GZ Vertical Radial Transverse Resultant
Vector
meters cm cm cm cm
1E 2400 N79° E 0.119 = 0.0120 0.120
2E 4720 N79° E -- 0,0171 0.0116 0.0184
4E 18890 NT2° E - - -- e
5 E 44650 N64° E = 2 i =
TABLE 6.3 PEAK SURFACE PARTICLE VELOCITY
Station Slant Bearing Velocity
Distance from GZ Vertical Radial Transverse Resultant
Vector
meters cm/ see cm/ sec cm/ sec cm/ sec
3E 10700 Ng2° B 0.0940 0,0841 0.111 0.124
4FE 18890 N72° E 0.0338 0.0220 0,0275 0,0400
5E 44650 N64° E 0.00346 0.00250 0.00202 0.00351
g 94500 NTT% B 0.000693 0,00167 0.000547 0.00171
TN 13000 N7°E 0.0279 0.0316 0.0359 0.0379
gN? 56800 N19°W 0.00574 0.00638 0.0106 0.0117

4Station 6E in Twin Falls and Station 8N in Bruneau are both on alluvium; all the

other stations are on hardrock.
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Figure 6,8 shows the peak resultant vector of particle velocity versus slant dis-
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tance in comparison with the prediction
lines. The closest four velocity stations
were located on hardrock, either basalt
or the Idavada formation, while the two
most distant were located in Bruneau and
Twin Falls on the thick alluvium of the
Snake River Valley. Two prediction lines
are shown, therefore; one for the hard-
rock stations and one for the alluvium,
The data measured on hardrock show a
rate of attenuation that is greater than
predicted, However, a firm conclusion
about the rate of attenuation is not justified
with only four data points. The level of
motion at all four stations was higher than
predicted by a factor ranging from about
1.7 to 4. With only two stations on
alluvium, no conclusion can be reached
concerning the rate of attenuation. The

observed motion at Twin Fallg Station (6 E)



falls exactly on the prediction line, while the motion at Bruneau (Station 8N) is approxi-
mately two and a half times the predicted value, The vertical, radial, and transverse
components of particle velocity are shown versus slant distance in Figures 6.9, 6,10,

and 6. 11, respectively.
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6.4 CONCLUSIONS

Usable data were obtained at all eight stations., These data will be helpful in the

future for making predictions for the Schooner event.

The two stations which recorded acceleration provided data which agree quite
well with predictions. The observed displacements and velocities were higher than

predicted.

Additional processing to correct for frequency response characteristics of the
instruments and to derive accelerations, displacements, and velocities at each

station will provide considerably more information. At the completion of the pro-
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processing, more meaningful conclusions can be drawn, particularly concerning the

significance of these results on the predicting capability for the Schooner event,
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CHAPTER 7

CLOUD DEVELOPMENT STUDIES

7.1 INTRODUCTION

Previous experience has shown that the clouds produced by high yield, high
explosive cratering events are reasonably accurate models of the clouds produced by
nuclear cratering events (References 1, 2, and 3), For this reason, a comprehensive
program was included on Project Pre-Schooner II (1) to document the development of
the base surge cloud and the main cloud resulting from the detonation, and (2) to track

the cloud for a short time as it dispersed downwind,

7.2 EXPERIMENTAL PROCEDURES

Three methods (cloud photography, a laser-radar system, and a fluorescent
particle tracer technique) were used on Pre-Schooner II to accomplish the objectives
of the Cloud Development Studies Program. Detailed information concerning these

cloud documentation techniques are presented in the following paragraphs.

7.2.1 Cloud Photography. The objective of the cloud photography program was

to document, as completely as possible, the early growth of the cloud up to stabiliza-
tion time. The elements required for this program included: (1) cloud camera stations,

(2) a target array, and (3) meteorological data collection,

a. Camera Complement, The cloud photography system for Pre-Schooner

Il consisted of three camera stations. Figure 7.1 shows the positions of the two ground
stations relative to GZ and the anticipated cloud path. As is indicated in the figure, one
station was located at the Pre-Schooner II Control Point (CP) and the other at the laser
station. The third cloud camera station consisted of a helicopter flying above and
slightly to the south of GZ, Table 7.1 presents a summary of pertinent data concerning

the characteristics of the cloud cameras located at each station,

The cameras in Camera Station No. 2 (located at the CP) were started by a
signal from the firing control console at a preset time, The cameras in Camera
Station No. 3 (located at the laser station) were started manually and the starting time
recorded, This starting time data together with the camera framing speed permitted
the determination of a time for each frame referenced to zero time for the detonation,

Zero time on the helicopter film was determined by a fiducial signal at GZ,
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TABLE 7,1 CLOUD CAMERA CHARACTERISTICS
Station Camera Speed Field of View
Vertical Horizontal
ft ft
Camera Station No. 2 CL: 70 10 frames/min 1840 2455
(located at CP) H70 20 frames/sec 2257 2525
Maurer 10 frames/min 50173 5073
Camera Station No. 3 DI 7.0 10 frames/min 8432 111253
loc: ; o :
(ocated at Lacer Station) 5 12-1/2 frames/sec 11346 15314
Helicopter Camera Mil 48 frames/sec -= -
Station

b, Target Array. To provide points of reference for the photography, an

array of bright red targets were placed on the surface at intervals of 500 feet in two
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orthogonal rows through GZ extending out to 2000 feet from GZ. The CP was in line
with one of the rows, Each target consisted of a horizontal section which was placed
on the ground and a vertical section. This type of target design facilitated use of the
targets as reference points for both the ground camera stations and the aerial (heli-
copter) camera station,

c. Meteorological Data, Radiosonde data were obtained at the time of the

Pre-Schooner II detonation by the U, S, Weather Bureau (USWB) (Reference 4). The

radiosonde balloon was released from the CP area at H + 1 min. Detailed temperature

lapse rate data up to ~1500 feet were taken. The data were used to correct the maxi-
mum crosswind base surge radius to that which would have been produced in a neutral
atmosphere. Other meteorological data recorded by USWB included wind speed and

direction, pressure, and.temperature up to 108,000 feet MSL.

7.2.2 Laser-Radar System. The laser-radar system was operated at the Pre-

Schooner 1I site prior to and during the actual detonation (1) to determine the ability

of the laser-radar system to record the presence of the cloud after standard photo-
graphic methods are no longer effective, and (2) to obtain estimates of distances to the
cloud and the dimensions of the cloud at times later than H + 10 minutes, It was en-
visioned that the experience gained during Pre-Schooner II in the operation of the laser-
radar system could be used to develop a laser-radar technique to measure the relative
concentration of debris along a path through the cloud corresponding to the laser beam

path. The location of the laser station is shown in Figure 7, 1.

The laser-radar system used during Pre-Schooner II is illustrated in Figure 7.2
(Reference 5). It consists of a fixed stand upon which rests a rotating table, which
in turn supports a receiving telescope which may be mechanically elevated or depressed.
Mounted on this receiving scope is a housing, which supports a laser package consisting
of a gas laser used fof alignment purposes, a Xenon flash tube, and a ruby laser. In
front of this laser box is a collinating telescope. In the center of the housing is a slot

for a still camera and to one side of this is mounted a viewing or sighting telescope.
The sequence of operations of the laser system is as follows:

(1) The ruby laser is pulsed with the Xenon flash tube (power to the Xenon
tube comes from a capacitor bank), and a beam of light is sent out through the collinating

telescope to the cloud.

(2) The return signal which results from scatter of this beam of light by the

cloud and the general atmo_sphere is filtered and then picked up by a photomultiplier tube,

(3) The electronic signal from the photomultiplier tube is transmitted to an
oscilloscope on which it is displayed on a time scale referenced to the ruby laser pulse

time,
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ing Telescope

Figure 7.2 Laser Apparatus
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(4) The distance to the cloud and the thickness of the cloud is then deter-
mined from the time it takes for the light to go to and from the front and back edges of
the cloud. It is assumed that the signals from these interfaces are easily recognizable

on the oscilloscope trace,

7.2.3 Fluorescent Particle Tracer Study., The fluorescent particle tracer study

was conducted on Pre-Schooner II to determine whether such tracers could be mixed
into the cloud in sufficient quantities to permit determination of cloud trajectory at

various times after the detonation,

Small quantities (20 kg) of two colors of a fluorescent tracer, zinc cadmium
sulfide (ZnCdS), were placed in two shallow holes near SGZ and covered loosely with
dirt.  Sampling stations downwind consisted of: (1) unmanned battery-operated ground
filter units and rotating surface impaction collectors, and (2) an ARMS aircraft (operated |
by Edgerton, Germeshausen, and Grier, Inc. (EG&G) equipped with a filter unit mount, 1
The ARMS aircraft was scheduled to sample the cloud during the time of laser beaming ‘
\

and as far downwind as daylight and terrain conditions would allow.

7.3 RESULTS

7.3.1 Cloud Photography Results

a. General., Figure 7.3 is a print from the helicopter film showing the

Pre-Schooner II cloud at about three-fourths of its maximum growth, The right side of
this print is in the general downwind direction. The specific cloud dimensions are.

discussed in the following péragraphs.

b. Base Surge Cloud Radius. Measurements of the base surge growth

were taken in six directions from GZ as shown in Figure 7.1. The downwind direction
at shot time (H + 1 minute) is also indicated in this figure, Curves showing base surge
radius development as a function of time have been plotted in Figures 7.4 through 7.9,
Each curve is labelled with the directions corresponding to those shown in Figure 7. 1.
Figure 7.6 (direction 3) is considered to be most representative of the cross wind, base
surge radius growth, The maximum base surge radius as determined from this curve
is 2100 feet,

c. Base Surge Cloud Height. Measurements of the base surge height were

made from the Maurer Camera film (Camera Station No., 3). Figure 7. 10 shows both
upwind and downwind time history. There was a higher lobe that extended to an eleva-
“tion of 700 teet on the downwind side which accounted for the difference in cloud height

measurements. The representative base surge cloud height is considered to be 420 feet.

d. Main Cloud Height. Data from two film prints (Maurer and CL70) were

used to determine the time history of the main cloud height. The data are plotted in

Figure 7.11. Maximum main cloud height at stabilization is approximately 1400 feet,
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Figure 7.3 Cloud Development As Viewed From Helicopter.
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Figure T.6
Time (Direction 3 - Camera Station

No, 2 - Maurer Camera).
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e, Main Cloud Radius, The tim

e history of the main cloud diameter was

measured using the Maurer camera at Camera Station No. 2, The data are plotted in
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Figure 7,10 Base Surge [leight versus

Time (Camera Station No, 2 - Maurer

Camera).

Figure 7,12, The maximum main cloud
radius as determined from the curve is

1750/2 feet = 875 feet,

f. Lapse Rate Conditions,

PFigure 7,13 is a plot of altitude versus
temperature at shot time (H + 1 minute)
up to 1735 feet, Above this altitude, the
lapse rate varied from slightly stable fo
isothermal. It is believed that the ex-
tremely unstable condition from the sur-
face to ~175 feet influenced the base
surge radial growth, The temperature
change over this elevation is 4,3 X 10_2
deg, C/meter,

Table 7. 2 presents a sum-
mary of the Pre-Schooner II cloud dimen-

sions at stabilization, The predicted base

surge cloud dimensions and the temperature-corrected base surge cloud radius as

shown in Table 7, 2 are discussed in Section 7. 4.
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Figure 7. 11 Main Cloud Height versus Time (Camera Station No, 2).
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7.3.2 Laser-Radar Resulis. The

laser-radar operation during the time of

the Pre-Schooner II detonation did not
result in the determination of meaningful
cloud dimension data, During dry run
periods prior to shot day, however, the
lager-radar system showed positive re-
sponse from cumulus clouds. In fact, the
distance to and thickness of the cumulus
clouds as determined by the laser system
during the dry runs agreed quile well with

local cloud dala provided by the USWB,

Analysis of the operational and
atmospheric conditions existing at detona-
tion time indicates that the position of the
sun was a very influential factor in the
poor response of the laser-radar system.
At the time of detonation (1709 MST), the
sun was in a position practically on a line
between GZ and the laser station, If is
believed that the high background signal
from the sun which was received at the
photomultiplier tube completely masked
the returning ruby laser signal, None of
the dry run laser operations, during which
positive response was achieved, had been
performed with the sun in a position simi-

lar to that on shot day.

Although the laser-radar operations
did not accomplish the stated program
objectives during the actual detonation, it
is believed that valuable field experience
was gained which will assist considerably
in improving the design of laser-radar
equipment for cloud tracking purposes,

T7..3.3 Fluorescent Particle Tracer
Results,

placed downwind operated properly.

All of the ground filter units
The

ARMS plane sampled the cloud for ap-

proximately 1 hour after the detonation,



TABLE 7,2 PRE-SCHOONER II CLOUD DIMENSIONS

Dimensions in feet,

Predicted Observed Temp, Corrected
Base Surge Radius 970% 2100 965%
Base Surge Height 1060 420-700 o
Main Cloud Radius - 875 ==
Main Cloud Height B 1400 =

4Neutral atmosphere.

To date, only a few of the ground filter unit samples have been analyzed, The
fluorescent tracer, ZnCdS, has been present in these samples (Reference 6). The
final results of this cloud tracer experiment will be reported in the final report

(Reference 7).

7.4 DISCUSSION AND INTERPRETATION

7.4.1 Analysis of Base Surge Cloud Dimensions, Previous studies have indica-

ted that the base surge growth is influenced by the temperature lapse rate (References
1, 2, and 3). A method for correcting the observed base surge radius to that which
would have been produced in a neutral atmosphere was developed for the Pre-Buggy
experiment (Reference 3) and was used to correct the observed cloud data for that
experiment as well as for the Dugout and Pre-Schooner I experiments (References 1
and 2), A plot of the base surge data from the above-mentioned experiments and the
data from nuclear cratering events (normalized to 1 kt using 0, 3 power scaling) versus
scaled depth of burst (in meters/ktl/g) has indicated a systematic difference in the
neutral-atmosphere base surge radius in basalt as compared to that in alluvium, In
making base surge predictions for Pre-Schooner 1I, it was believed that it would be more
nearly correct to scale from the basalt data rather than from the alluvium data since
the detonation medium was a hard, dry rock classified as rhyolite. Base surge pre-
dictions, therefore, were made by scaling from Danny Boy cloud data, since the scaled
depth of burst of Pre-Schooner IT was approximately the same as that for Danny Boy

(0.3 power scaling was used for base surge radius and 0.2 power scaling was used for
base surge height), Since the Danny Roy event had no main cloud, no main cloud dimen-

sions were predicted for Pre-Schooner II although all of the Pre-Schooner I 20-ton H, E,
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events had what appeared to be a small main cloud, and such a cloud was expected for
Pre-Schooner II, The predicted base surge height was not based on any specific

atmospheric conditions.

Figure 7. 14 gives the correction factor used to correlate the observed base
surge radius in an unstable atmosphere to that of a neutral atmosphere. The data for
for this plot are based on information con-

tained in Reference 3. Using this curve

i and a lapse rate of 4,3 X 10 deg. C/meter
L3S T L LR
—~ 0B} - (as determined for Pre-Schooner II shot
s g;h 4 day atmospheric conditions), a correction
a ’_' El . .
-g' o5k ol factor of 0.46 is obtained, As indicated
; 04k = in Table 7. 2, application of this correc-
X tion factor to the observed base surge
4 03 = ; : ‘ Y
2 radius results in a neutral-atmosphere
= 02k | hagse surge radius of 965 feet, The very
§ close agreement between observed and
-
é predicted dimensions is somewhat fortuitous
0.l | | fedie o aniag since the predicted dimension was based
' - 3 4 5678910 on a total charge weight of 100 tons of NM
<
= ‘sJZ— x 10 Deg. C/m and the actual base surge radius was pro-

duced by a charge weight of 85.5 tons of
NM, The Pre-Schooner II neutral-
Figure 7. 14 Correction Factor versus atmosphere base surge radius is plotted

I.apse Rate: on Figure 7, 15 together with data from the

other cratering events,

The effect of an unstable atmosphere
on base surge radius predictions is obvious from the foregoing discussion. The actual
base surge radius could be as much as a factor of two larger in an unstable atmosphere
than the radius that would be predicted from data based on an assumed neutral atmos-

phere condition.

7.4.2 Comments on L.aser-Radar Operation, Since the laser-radar system used

on Pre-Schooner II was an experimental item which had not been previously tested
under field conditions, the fact that no meaningful cloud data were oblained by this
technique is neither surprising nor particularly discouraging, The basic idea of using
a system such as laser-radar to track the cloud at late times is well-founded, It is
believed that the highly satisfactory response of the system to cumulus clouds during
dry run periods prior to shot day is sufficient encouragement to proceed with develop-
ment of a field operational laser-radar system for use in studying cloud behavior on

future cratering events.
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CHAPTER 8

AIR BLAST MEASUREMENTS

8.1 INTRODUCTION

The air blast resulting from nuclear cratering detonations is of major significance
in assessing the operational safety aspects of nuclear excavation. Damage to structures
in the region close to the detonation may be caused by the direct wave which is generally
only moderately affected by meteorological conditions. Structural damage at longer
ranges may result from atmospheric focusing of the air blast wave.

The following were the objectives of the Pre-Schooner II Air Blast Measurements
Program, which was sponsored by Sandia Corporation:

a. To determine the extent of close-in blast suppression for the Pre-Schooner II
detonation and to compare this suppression with that from other subsurface detonations,
(The blast suppression factor may be defined as the ratio of overpressure thal would be
expected from « surface detonation to the observed overpressure from a subsurface

detonation of the same yield at the same scaled range).

b, To determine long-range transmission 1‘actorsl for the Pre-Schooner Il deto-

nation and to compare the results with data from previous detonations,

c. To determine the nature of close-in air blast transmission as a function of

zenith angle and radial distance from 5GZ.

d. To provide air blast data which may be used to predict outputs from the

Schooner event and other planned nuclear excavation evenis,

8.2 EXPERIMENTAL PROCEDURES

8.2.1 Close-in Air Blast Measurements, Close-in air blast from the Pre-

Schooner II detonation was measured by a line of ground level air blast gages and by

an airborne blast gage array,

Lupransmission factor!" is defined as the ratio of peak overpressure for a buried
charge to that expected at the same range from the same yield detonated in free air.
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a. Ground Level Gages. The ground level air blast gages were included

in the air blast measurements program to determine the extent of blast suppression,
The line of gages extended from GZ on a bearing of 544°59' 46" E, The ground gage
station locations are shown in Figure 8, 1. Data pertaining to the characteristics of

the gages are given in Table 8, 1.

b. Airborne Gage Array, An airborne blast gage array was used to

determine the nature of close-in air blast transmission as a function of zenilh angle

and radial distance from SGZ.

The airborne blast gage array consisted of two lines of gages supported
from a balloon, The concrete anchor points for the gage-supporting cables were
located at distances of 150 and 1000 feet from GZ along the line of the ground level
gages, The airborne gage locations are shown in Figure 8.1. Pertinent data concern-

ing the characteristics of the airborne gages are given in Table 8, 2,

The signals generated by the air blast overpressure at the gages were
transmitted to a recording trailer at the CP by two methods. A radio-telemetry system
was used to transmit the signals from the following airborne gages: GA-3, GA-5, GA-T7,
GA-11, GA-13, and GA-15, The airblast signals from the other airborne gages and

from all the ground level gages were transmitted to the recording trailer by hard wire,

¢, Balloon Operation, The balloon operation conducted as a part of the

air blast measurements program was designed to accomplish a twolold objective: (1)
to support the two lines of air blast gages anchored 150 and 1000 feet from GZ, and
(2) to demonstrate the feasibility of rapidly pulling a balloon down immediately after

the detonation.

The helium-filled balleon which supported the two lines of airborne gages
was 44 feet in diameter and 147 feet long. The balloon was flown at an altitude of
approximately 4000 feet directly over the anchor point which supported the line of air-
borne gages 1000 feet southeast of GZ, The cable array attached to the balloon included
one pulldown cable with a 10-ton breaking strength, two guy cables with breaking
strengths of 5 tons one of which also served as a gage-supporting cable, and a lower

strength gage-supporting cable,

It was planned to start pulling the balloon down from an altitude ol 4000
feet to within 200 feet of the ground surface at 10 seconds after the Pre-Schooner II
detonation (H + 10 seconds). A tractor attached to a multiloop cable and sheave system
was scheduled for use to pull the balloon down at a descent rate of 18 to 20 mph, The
purpose of the pulldown operation was to demonsirate the capability of pulling the
balloon down below interference level in sufficient time to allow low-flying aircraft to
pass over the GZ area. It was anticipated that a successful demonstration of this pull-

down capacity would serve as evidence of the feasibility of using a balloon to support
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TABLE 8,1 CHARACTERISTICS OF GROUND LEVEL GAGES?

Gage Gage Liocation Full Gage Set Gageb
No., (Distance from GZ) Range Range
ft psi psi
G-0 0 == --
G-k 15 10 iR
=2 150 5 1
G-3 250 il 0.5
G-4 350 0.25 : 0.10
G-5 500 0,10 0.08
G-86 1000 0.05 0.04
G-T 2000 0.05 0.02
G-8 4000 D.05 0.01

4See Reference 1

bSet Gage Range corresponds to the predicted level of overpressure expected at
the gage location,

airborne blast gages in the vicinity of GZ during a nuclear cratering experiment, A
rapid pulldown capability would be mandatory in order to use balloon-supported air
blast gages in the vicinity of GZ during a nuclear cratering experiment since radio-
logical monitoring planes must pass over the GZ area at relatively low altitudes
shortly after shot time,

8.2.2 Long-Range Air Blast Measurements (Reference 2), Air blast waves at

long ranges scaled from previous cratering detonations buried near optimum depth of
burst have shown that:

a. Attenuation decreases with increasing yield
b. Attenuation is greater in alluvium than in hard rock
c. Attenuation is greater for N, E. than for H. E.

To verify these relations and to provide data [or extrapolation to large-scale
nuclear cratering experiments, six microbarograph stations were operated during
Pre-Schooner II, The stations were established to record long-range air blast signals
from the Pre-Schooner II detonation and from three H. E, calibration shots. The

microbarograph observations from the H, E, calibration shots were to be appropriately
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TABLE 8,2 CHARACTERISTICS OF AIRBORNE GAGE ARRAY?

Gage Elevation of Gage Full Gage Set Gageb |
No. Above Ground Range Range |
1t psi psi

Gages Supported from Line Anchored 150 feet from GZ:

GA-1 100 0,50 0.40
GA-2 200 0.25 0.20
GA-3 300 0.25 0,17
GA-4 400 0.25 0.15
GA-5 550 0.10 0.10
GA-6 750 0,10 0.08
GA-T 950 0.10 0.06
GA-8 1200 0.10 0.05

Gages Supported From Line Anchored 1000 feet from GZ:

GA=9 150 0.10 0.04
GA-10 300 0.10 0.05
GA-11 450 0.10 0.05
GA-12 650 0.10 0.05
GA-13 800 0.10 0.04
GA-14 1000 0.05 0.04
GA-15 1500 0.10 0.04

8See Reference 1.

bSet Gage Range corresponds to the predicted level of overpressure expected at the
gage locations.

scaled and compared with the signals from the Pre-Schooner Il detonation to calculate

the air blast transmission factors,

Due to the uncertainty in the projected upper wind conditions al shot time, it was
decided to operate the six microbarograph stations at various directions [rom the
detonation in order to insure maximum possible probability of obtaining meaningtul

long-range signals. The station locations selected were:
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Location Azimuth Referenced from GZ Distance from GZ

degrees feet
Arco, Idaho 050 662,144
American Falls, Idaho 079 704,187
Lucin, Utah 128 583,551
Martin Creek, Nevada 243 583,679
Rome, Oregon 275 623,445
Ontario, Oregon 325 686,796

These station locations are shown in Figure 8. 2.
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Figure 8.2 Microbarograph Station Locations.
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Three 1.2-ton H, E. calibration shots identified as HE No. 1, HE No. 2, and
HE No. 3, were scheduled to be fired on 15-foot high, wooden platforms at H - 2

minutes, H + 3 minutes, and H + 5 minutes, respectively.

Rocket upper-air observations were scheduled to be made at Tonopah to show

approximately the winds which caused the observed blast propagations,

8.3 PRELIMINARY RESULTS

8.3.1 Close-in Air Blast(Reference 3). To date, the close-in gage measurements

have not been completely analyzed, It is pertinent, however, based on a preliminary
examination of the records and observations at the Pre-Schooner Il site, to make some
general comments concerning the results of the close~in air blast measurements
program, A detailed presentation of the experimental procedure and the results will

be given in the final report (Reference 4).

a, Airborne Blast Gage Measurements, As is characteristic of high

explosive cratering detonations, the close-in air blast signal from the Pre-Schooner II
detonation was composed of two distinet signals, The first signal resulted from a
ground-shock-induced wave which reaches the epicenter after traveling at the sonic
velocity of the shot medium, From the vicinity of the epicenter this wave tends to
travel at sonic velocity in air. This pulse was followed by a second pulse which is
related to the venting gas generated by the explosion. A preliminary examination of
the Pre-Schooner II records for the airborne gages indicates that the gas-venting peak
over-ranged 11 of the 14 gages (Gage GA-7 was not used for the air blast measurement
program). The first peak associated with the ground-shock-induced wave appears to
have been within the range of all but 4 gages; and, therefore, it is believed that
meaningful first peak overpressure data can be obtained from the airborne gage
records, Ground-shock-induced pressures from the Pre-Schooner II detonation were

twice those from previous cratering detonations at comparable scaled ranges,

b. Ground Level Blast Gage Measurements, The ground level gage

records indicate that the gag-venting peak over-ranged the GZ gage (G-0) but that the
ground-shock-induced peak was within the range of the gage as was expected, At the
next ground gage station (G-1), the record shows that the gas-venting peak was less
than the ground-shock-induced peak. At the third station (G-2), the gas-venting peak
wasg approximately equal to the ground-shock-induced peak. At the other stations (G-3
through G-8), the peak from the venting gases was larger than the ground-shock-
induced peak and over-ranged the gages. An analysis of measurements from these
gapges will provide useful information concerning close-in air blast ground-shock-

induced propagation from the Pre-Schooner II detonation.
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The balloon which supported the airborne gages was lowered from an
elevation of 4000 feet to an elevation of 200 feet immediately following the detonation,
The lowering operation was completed in approximately 7 minutes, It is reasonable
to conclude, therefore, that balloon-supported air blast instruments which an appro-
priate pulldown arrangement can be used during a nuclear cratering experiment with-

out interfering with radiological monitoring aircraft,

8.3.2 Long-Range Air Blast (Reference 5). The first countdown for the Pre-

Schooner II detonation was stopped at 9 seconds prior to zero time because it appeared
that the baritol flares which were to be used as part of the ground surface motion
studies program were not burning properly. Since calibration shot HE No. 1 had been
fired at H - 2 minutes, the timing signal for calibration shot HE No, 3 (scheduled for
firing at H + 5 minutes) was changed to detonate that shot at H - 2 minutes for a new
zero time (this was a prearranged signal capability which had been incorporated in

the firing system). The Technical Director started the second countdown within 30
minutes after the first countdown had been stopped, and the Pre-Schooner II detonation
was fired, The two remaining H. E. calibration shots (HE No, 2 and HE No. 3) were

detonated as scheduled at H - 2 minutes and H + 3 minutes.

In fall, as in spring, there is a seasonal reversal of upper atmosphere wind
direction between summertime easterlies and wintertime westerlies, During these
transitions upper winds may be light and variable, and long-range blast propagation
is very weak in all directions., This was the case the day Pre-Schooner II was deto-
nated (30 September 1965). When unseasonable snows struck the region in early
September it was hoped that an early winter was at hand and that there would be good
eastward blast propagation on shot day. In fact just the week before Pre-Schooner II,
wind rocket reports from White Sands Missile Range showed some light winter
westerlies, It was expected that stronger westerlies would prevail over more northern
latitudes, As it turned out, however, the Tonopah wind rocket fired near shot time
showed generally light and variable winds at all altitudes below about 180,000 feet where
moderate westerlies did commence, The only sound ducting calculated from ozono-
sphere conditions was caused by the wind reported at 145,000 feet of 175° -35 knots.
This gave a small sound ring, about 10 miles wide, over the Ontario station (see
Figure 8. 2). Recordings at Ontario did not verity that such a propagation ring was
present., Pressure amplitudes recorded there were only one-fortieth to one-sixtieth

as large as were calculated,

A summary of all station records is shown in Table 8, 3, Calibration shots gave
only 2 to 5 ub wave amplitudes, via ozonosphere propagation, at Ontario, Rome, and
Martin Creek. No ozonosphere signals could be detected at any of the stations to the

east, Thus, it appears that weak easterlies aloft, remnants of summertime, gave
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TABLE 3.3 MICROBAROGRAPH MEASUREMENTS?

Stationb Signal Signal HE No. 2 Detonated at H - 2 Minutes Pre-Schooner II HE No. 3 Detonated at
& i r
e Travel Average _ Pressure i ek M1_r_1utes
Time, t Velocity, V. Amplitude, Py L v Py t v Py
sec ft/ sec ub sec ft/see ub sec ft/sec ub

Ontario Z a 7517 915 1,65 753.4 913 2.8a% 1521 915  2.64

b T56.4 910 2.0d 764.,3 900 2.64d 766.2 897 2.64

Rome (Open) 2Z a 700.2 888 551 02501 888 5.39 700.2 885 5.97

(Fenced) Z 21 699.8 888 4.60 702,3 8817 4.00 700.6 885 4.60

Martin Creek Z a 644 .3 900 4.44 649.5 800 .11 644.0 900 2.74
Lucin T a 510.8 1142 4.69° 511.5 1140 2.62°% 511.9 1140  5.81°

®HE No. 1:

Only Ontario station recorded signals: (1) t = 758.7 sec; V = 907 ft/sec; Py = 2.69 ub; and (2) t = T61.7

sec: V = 903 ft/ sec; Py = 3.52 ub. Rome, Martin Creek, and Lucin operators shut off recorders when

Pre-Schooner II was held at -9 sec before expected signal arrival times,

bNo signals detected at American Falls (wind noise 2 ub, gusts to 8 ub) and Arco (wind noise 20 ub, gusts to 50 ub).

CS:lgnal paths are Z: Ozonosphere (above 100,000 ft, MSL), and T: troposphere (below about 10,000 {t. MSL, in

this instance),

dEIectrical pulses on recording obscure probable maximum oscillation from blast waves,

€possible signals, fair correlation between records, wind noise =2 ub at 3 cps, but 20 ub at 1/2 cps.




the slight westward propagations which were relatively uniform in amplitude at the

three stations,

Weak signals reported at Lucin arrived early and, if real, must have been
propagated by northerly winds in the turbulent boundary layer, probably below
10,000 feet MSL, Wind noise on this Lucin record makes these signal reports sub-

ject to considerable doubt but they appear to correlate fairly well,

Use of snow-fence rings around MB sensors worked exceptionally well, Without
them, signal interpretation at the western stations would have been much more difficult,
At Rome two sensors were installed. One was set up without fencing, and the signal
reported from it could barely be separated from ambient noise by correlation. On
the fenced sensor, however, wind noise was filtered by a factor of at least 5 or 6 and
the blast signal was clear and easily read. Lower peak-to-peak amplitudes for the
fence-filtered signals may have been caused by attenuation by the fence. It may, on
the other hand, represent removal of spurious noise levels added to the open sensor

record, This factor must be investigated further in other experiments,

Transmission factor calculations were made for each pair of comparable signals,
one Pre-Schooner II wave and one calibration shot wave, Comparative data from
Ontario between HE No. 2 and Pre-Schooner II were not used in averaging because it
is clear that peak amplitude HE No, 2 waves were truly lost in electrical noise since
comparatively large transmissivity values resulted. It should also be noted that data
from Rome fenced and open sensors are not independent, The average transmissivity
for ten points was calculated as T = 0.187. The best data points are the two compari-
sons from fenced sensor records at Rome, where both HE No, 2 and HE No. 3 gave
4.6 ub amplitudes and T = 0.199. In summary, it is recommended that an average
value of T' = 0.19 be used for the Pre-Schooner II detonation, With so few good record
comparisons an adequate assessment for variability could not be made, but it appears
that signal variability between the shori time intervals is not so large as has been

found from NTS propagations,

A transmissivity of 0,19 for 155 feet/(kt)l/3 scaled burst depth agrees well with

other high explosives cratering test data,
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