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ABSTRACT

Prediction=s and evaluations eof ground motion,
stemming, containment and physical effects of ground
motion on subsurface facilities aud aquifers were made
for the Salm.n event. These preadictions have been
compared with observed data where availatle.

Analysis of seis .ic records included correcticns
Tor instirument response ana the derivation of non-
recorded motions ty differentiation and integration. The
observed ground motions along the instrumented lines to
the east and south compared favorably with predictions
but records from other stations indicate that large
azimuthal variations in ground notions occurred.
Additionally, uncertaintyv exists concerning amplitude
of motions owing to lack of complete low frequency
measurements

The prediction of containment and the evaluation
of the adequacy of the stemming plan were substantiated
by the test results. Available post-shot data permits
the following quantitative comparisons: Cavity radius

19 meters predicted, 16.% meters observed; cracking radius
58 meters predicted, 45-60 meters observed; radiocactive
crack radius 46 meters predicted, 37 meters observed; depth

of spall 1C meters predicted, 12 meters observed; vertical

L

it

displacement of spall 0.14 meters predicted, 0.1 meters

St

observed. 1o
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Roland F. Beers, Inc., under Contract AT(29-2)-1163
with the Nevada Operations Office (NVOO), U. S. Atomic
Energy Commission (AEC) is responsitle to the Operational
Safety Division of that office for the following:

a} Evaluation of containment of underground
nuclear explosions

b) Prediction of ground motions

€} Evaluation of the physical effects of
ground motions on aquifers and subsurface
facilities.

The 5+kt Salmon event was the second contained under-
ground nuclear test conducted in a salt medium and the
first in a salt dome. This event presented special pre-
diction problems due to the absence of directly applicable
experience and its location off the Nevada Test Site in
the vicinity of populated areas in southweslern Mississippi.

The possibility of a contaianment failure is a problem
for essentially every event. This hazard becomes parii-

cularly important when an off-site event is considered.




In analvzing Salmen from this viewnocint, Gnome proyided
the only previous experience in a salt medium upon which
to base predictions. The prediction of phenomenclogy,
therefore, was based primarily on the available Gnome

data. Where conditions were dissimilar, thecretical

analyses and extrapolation of

in

xperience from other
media were employved.

Ground mction resulting from underground testing
of nuclear devices is a substantial as ' ell as a con-
tinuing operational safety problem. Current methods of

predicting ground motion employ empirical relationships

O
o]

rived from observed data. Proper use of these relation-

ships for prediction purpeoses requires that the test con-

}

ditions for which predictions are to be made be comparable
with those which provided the data used in deriving the
relationships.

Scaling of ground motion for yield and distance are
fundamental steps in making predictions. To perform such
scaling, the variation in amplitude with yield and distance
must be defined. Appreciable departure in yield, source
geometry, method of emplacement and physical properties
of the transmission p.th from previous experiments sub-

stantially affect the manner of scaling and the agreement



between predicted and observed ground mocions.

The results of the earlier 3.1 kt Gnome event in
salt nezar Calsbad, N. M. were used to the greatest extent
possible. As Gnome yas the only test conducted in salt
prior to Salmon, the observed ground motions at Gaome
were appiied to Salmon by using cube-root scaling
modified by calculationz to account for the differences
in geologic environment. The scope of the transmission

problem is defined in Section 1.4.

1.2 OBJECTIVES

The purpose of containment studies was to provide
the Opera:ional Safety Division with an independent
evaluation ¢f the probability of containment and the
adequacy of the stemming concept and plan. In performing
this function, dependence was placed on theoretical
considerations and on empirical data collected in laxrge
measure by cothers. This supply of data was generally
arranged by HVQD, but alsc was obtained by direct! contact

with the Technical Director where appropriate.
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The obiectives of Rgcland F. Beers, Inc. participaticn
in seismic aspects of the Salmon event were to provide
Operational Safety Division with predictions of anticinated
ground motion, to provide a plan of instrumentation which
would include monitoring of selected locations as well as
providing benefit to the long range seismic studies, and
to provide processing and analysis of the recorded seismic
data,

The purpose of studies of the effects of ground
motion on aquifers was to evaluate the possibility of
physical damage. This information couid then be used in
analyses of the possibility of ground water contamination.

The purpose of studies of the effects of ground
motion on the Sand shaft, oil and gas facilities, and
other underground installations was to evalvate the

possibility of damage.

1.3 INSTRUMENTATION

Thoe measurement program designed to meet the needs
of Operational Safety consisted of iastruments on two
radial lines from surface zero, at selected cities and
points of interest, and a safety net encircling Tatum

Dome at xa _.i of approximately 56 to 64 kilometers.

i
b
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Each of the radial lines, one to the east and the
other to the scuth, were approximately 6.4 km long and
consisted of 6 stations measuring three components of
particle acceleration and particle displacement with the
USCEGS strong motion accelerograph. The locations of
these stations are shown in Figure 1.1,

Additionally, accelerographs measuring the same
quantities as above were placed at Purvis, Lumberton
and the Baxterville Qil Field. Vibration meters were
used to record three components of displacement at
Hattiesburg and Columbia. The safety net consisted of
wood-Anderson seismographs measuring two horizontal com-
ponents (N-S and E-W) at six surrounding communities:
Tylertown, Prentiss, Ellisville, Beaumont, Perkinston
and Bogalusa.

Additional instrumentation supplementing the Safety
Program was provided by USCEGS: Wiss. Janney, Elstner
and Assoc.; and AFTAC. The additional USC&GS stations

‘ere located 16 km south (105}, 32 km south (208), at
Ville Platte, Louisiana (160 SW), Silsbee, Texas (272 SW)
and Hockley, Texas (380 SW)}. Each of these stations

consisted of an array of NC-21 velocity meters. Vertical,
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radial and transverse components plus three additional
vertical components at 300 meter intervals were emploved.

Wiss, Janney, Elstner and Assoc. instrumented three
stations to the north of surface zerc at distances of
8.8, 16.6 and 20.2 kilometers. Three components of dis-
placement were measured at all three stations th
Sprengnether Portable Blast and Vibration Seismographs.
In addition, three components of velocity were measured
at the closest staticn using a system consisting of M-B
vibration } _.k-ups (type 124) and a four-channel Edin
oscillograph and associated amplifiers. At the middle
station three components of acceleration were measured
using Shure Bros. Model 61B acceleration pick-ups and
an Esterline Angus Instrument Co. three-channel oscil-
lograph and associated amplifiers. These stations were
designated 1N, 2N and 3N in order of increasing distance.

The AFTAC stations were located at Eutaw, Alabama;
Jena, Louisiana; Cumberland Plateau Observatory, Tennessee;
Grapevine, Texas; and Wichita Mountain Observatory, Oklahoma.
Long-period Sprengnether (2.5 sec. period) and Benioff
seismographs were employed at these stations,

All station locsticns are shown on Figures 1.1-1,3,

Table 1.1 lists all stations, the type of instrument used




i

and the type of motion and numher of componentis measured,

1.4.1 Seismic Effects

o

il

The Tatum Dome, site of Proiect Dribhle, has gz
configuration and geologic environment tvpical of mosi
salt domes in the gulf coast section of the United States.

The dome is shaped roughly like a vertical cvlinder,

about 1.6 kilometers in diameter, which has pushed unp

o 4

through relatively soft sed mentary deposits., The top

P

07 the salt is amproximately 457 meters helow the surface.

o

Directlv overlying the salt is s caprock of anhydrite
roughly 152 meters thick. This is overlain by 30-61
melers of limestone caprock. The areal extent of the
anhydrite and limestone is approximately equivalent to
tha* of the salt. Overiving the limestone are about 229-
244 meters of sediments {clays, shale, sandstone, etc.).
The ohysical properties of .ch of these lavers overlying
the salt affect the ground motion amplitude and were
considered when predictions were computed,

Since tne Salmon event was in salt, the ground

motion measurements recorded for the Gnome event (3.1 kt

in salt) provided a basis for making Dribble predictions.
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Hecause

i

manv differences 1
Cnome

0

Wl

eclogic environment,
measurements were not considered
indicators of motions tr be expected for Salmon.
the subsurface

However.
measurements in salt

at Gnome were considered
applicable to surface predictions of the Salmon event as

long as the local geology was taken into account.

Prior to the Dribble chemical explosive {HE) tests,

it was believed that the structural configuration of the
dome might cause a variable rate of

amplitude decay with
distance; therefore, possible shadow zones as well as
azimuthal variations

were anticipated.
Dribble HE tests and

>

r, the

Howeve
a review of data chserved from HE

shots in a dome in Louisiana (Project Cowboy) indicated

that while some azimuthal variation could be expected,

the decay of surface amplitudes with distance would

follow a relatively uniform exponential rate.

The presence of a fairly thick section of soft,
poorly consolidated sediments near the surface suggested

the possibility of the generation of large amplitude
surface waves,

The empirical data furnished by the Dribble

HE tests indicated that it was possible to generate surface

waves in this area by detonating shots in the near-surface

o sl zmms e e o

. L vmmms_iooe o




sediments. However, for the three i000-pound 454 kag)

shots in salt no evidence of suriace waves was chserved,

While these data seemed to indicate that surface waves

B0

would not be a hazard for shots in €alt, it was -mphasized

!ﬁ“\h

that considerable uncertaintyv accompanied the scaling
effects of 1000 pounds (454 kg) to 5 kt (vield ratio

of 10,000 to 1).

1.4.2 Phenomenology and Containment

: The evaluation of containment of the Salmon event
was based on procedures developed as part of a long-
range program directed to the continuing improvement
cf confidence in predictions.

Currentlv, greater dependence is placed on empirical
relationships, and it is probable that experience will
always be a major factor in evaluation. However, a large
part of the improvement will come from greater knowledge
of the pressure-time history and temperature-time historv
of underground explosions. This is being actively pursued,
and some of the results were emploved in the development
¢f predictions and the evaluation for Salmon.

1.4.3 Effects of Ground Motion on Aquifers and
Subsurface Facilities

The evaluation of the physical effects of ground




Lid

ol

motion on aquifers was based on the predicted transient

motions and permanent displacements in relation to
genleogic factors.

The evaluatioun of the effects of ground motion on
subsurface facilities was based primarily on earthquake
experience and nuclear test effects on similar facilities.
Correlation of predicted motions with those which damaged

or failed to damage similar facilities in earthquakes or

nuclear tests provided criteria.
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STAT! INSTRUMENT ACCIELERATION DISPLACEMENT VELOCITY
s5-1 Strong Motion ZRT ZRT
5-1 Accelerograph ZRT ZRT
5-2 " ZRT ZRT
5-3 " ZRT ZRT
S-a " ZRT ZRT
S-5 %% ZRT ZRT
S-6 * ZRT ZRT
E-1 ' ZRT ZRT
E-1 ' ZRT ZRT
E-2 " ZRT ZRT
E-3 b ZRT ZRT
E-4 ' ZRT ZRT
E-5 ' ZRT ZRT
. E-6 0 ZRT ZRT
= Bexterville " ZRT ZRT
011 Field 2
Purvis L ZRT ZRT
Lumberton LY ZRT ZRT
Uulf Refinery Jibration Meter ZRT
Hattiesburg 1 L RT
Columbia o % RT
165 NC-21 Velocity Meter ZZZZRT
205 g 1 X ZZZ7ZRT
1608W ' J g ZZZZRT
2725W " e i ZZZFZRT
3805w " o R ZZZ7ZRT
Tylertown wWood-Anderson N-5, E-=W
Prentiss o L " '
Ellisville gt n r %
Béaumont 13] 1t 1t i34
Pzrkinston 8 r " W
Bcgalusa £t 1 e tt
WISS, JANNEY, ELSTNER & ASSOCIATES
IN Sprengnether ZRT
M~BE 61 Vibration ZRT
2N Sprengnether ZRT ZRT
Shure Bros. ZRT
2N ZRT
AFTAC-LONG BANGE SEISMIC MEASUREMENTS
Eutaw L.P, Sprengnether ZRT
Benioff ZRT
Jena L.P. Sprengnetherx ZET
Benioff ZRT
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Cumberland
Piateau
Grapevine

Wichita Mt.

TABLE 1.1 CONTINUED

AFTAC=-LONC RANGE SEISMIC MEASUREMENTS

iL..P. Sprengnether ZN
Benioff NE
L.P. Sprengnether z
Benioff Not Analvzed
L.P. Sprengnether Z E
~13-
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CHARTER 2

PREDICTIONS

2.1 ENVIRONMENT

2.1.1 Location and Topography

The Tatum Dome area is about 75 to 100 meters above sed
level, and is moderately dissected with narrow, flat-
topped ridges rising about 30 meters above intervening
valleys. The hills are well drained, but usually the
bottomlands are wet during most of the year. The principal
streams in the area are alf Moon and Grantham Creeks which
flow into Lower Little Creek about one to two kilometers
north of the dome (Reference 2.1). The area immediately
over the dome is a topographic low.

2.1.2 Geolegic Setting

All formatiens outcropping in the State of Mississippi are
of upper Cretacecus and Tertiary age. The older formations,
exposed along the northern edge of the State, are overlain
toc the south-southwest by progressively younger beds, which
outcrop in roughly parallel bands. In general, the forma-
tions thicken to the south-southwest. Younger beds dip
about 1.9 meters per kilometer tc the south whereas dips
on the base of the older, deeper Eocene beds are about

6.6 meters per kilometer southward {Reference 2,1}.

A

l,
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Tatur. Dome is a large buried salt stock that has pierced
sedimentary deposits of early Cretaceous to Oligocene
{(middle Tertiary) age. Sediments of Miocene age surround
and overlie the dome but are thinner over the dome than in
the surrounding area. Rocks of Eocene age are absent on
the crest of the dome (Reference 2.2). Regional strikes and
dips are locally disturbed around the dome.

2.1.3 Local Stratigraphy and Lithology

Stratigraphic relations over and around the dome are shown
in the attached cross section (Figure 2.1) extending south-
west through the dome. Figure 2.2 shows the .ocation of
this section and all drill holes presently in the dome area.

Figure 2.3 is a generalized stratigraphic section through
Station 1, the former location of the Salmon Event. A section
through Station 3, the location of the Sand Event, is shown
in Figure 2.4. Lithologic descriptions of the various rock
types in the dome area are given on this figure. The sedi-
ments over the dome are mainly sands, clays and silts in
varying mixtures. The true raprock which underlies the
Catahoula Sandstone is composed of two dominant lithologic
units. The upper unit is gray to brown, fine- tc medium-

grained, crystalline limestone. The limestoune contains

~18-
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zones of high permeability, in which varying quantities of
drilling fluid were reported lost while drilling. It alsco
contains some lenses of gray to brown, medium-grained, cal-
carecus, loose sand. This sand may be eiti.er contained as
lenses within the limestone or as interfingering lenses of
the Catahoula Sandstoae with the caprock limestone (Refer-
ence 2.3). In ome places, the limestone has been leached,
forming channels and vugs. The lower 6 meters of the lime-
stone {in WP-4) consists of vuggy brecciated black calcitic
limestone. The limestone at its base grades into several
meters of gypsum which in turn grades down intoc the anhydrite
which composes the lower dominant lithologic unit of the cap-
rock. The anhydrite is medium gray, hard, and finely crys-
talline. In WP-4, the upper part of the anhydrite has been
highly fractured, and gypsum veins line the s.ickensided
surfaces. Its basal contact with the salt is sharp. The
salt varies from gray to very light gray, anhydrite-bearing
halite to transparent, very coarse crystalline, almost pure
halite. The salt is banded with nearly vertical alternating
thin bands ¢f anhydrite-bearing halite and almost pure

halite (Reference 2.4).

Tabulations of drill heole information and litholeogic logs

are shown in Tables 2.1 and 2.2. Lithologic logs are

HIR




available fer the following holes on or near Tatum Salt

Bome:

WP=1 DR-15
WP-4 Dr=19

E-1 DR-8B

E-2 DR=-16

E-3 BR=-17

E=4 DR=12

E-5 DR=13

2-6 DR~14

E-7 DR-16

E-9 DR=17

HT=-1 PR-6, DR-32, DR-40
HT=2 DR-7, DR-32, DR-40
HT-3 DR=31

2.1.4 Physical Properties

Phy=sical properties for the salt and surrounding sed-
iments are compiled in Tables 2.3 and Z.4.

2.1.5 Structure

Physical prspérties applied to calculation of the compound
transmission coefficient in a vertical secticn at HT-3 are
shown on Table 2.5, The enclosced cross section {Figure 2.1)
extending southwest through HT-1 and HT-2 best shows the
structural relations across the dome. Figure 2.5 shows
the location of all other available c¢ross sections through

Tatum Dome.
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Faulting of the caprock is indicated in the vicinity of
E-7, 610 meters southeast of Sand shot peint (See Figure 2.1}.
There a2 41 meter section of brecciated sandstone, calcite
conglomerate and black chert gravel was found where the
anhydrite would normally be. Numerous fractures are present
in the anhydrite -- as mentioned previocusly.

Although little mention of deinting is made specifically
in the literature, it seems reasonsble to expect its moderate
development in the more brittle lithologic types including
sandstones, limestones, anhydrites and gypsum, The salt
within the dome, is essentially free from jointing and
fracturing.

2.1.8 Hydrology

A complete and up-to-date review of the hydrology of the
dome area is contained in USGS Technical Letter: DRIBBLE-34,
There are five aquifers of importance in the Tatum Dome area
{shown on Figure 2.1); all of which are under artesian
bressure except the "Local Aquifer' which holds perched
water. Aquifer 5 in the Cook Mountain limestone is the
shallowest of the saline aquifers in the area and is about
790 meters deep near the dome, It is separated from the
deepest fresh water aquifer {#4) by several hunired meters

of impervious clays. Both of these arnuifers are discentinuous
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over the dome, Aquifer 4 has a very small vield and is not
presently a water supply source.

Aquifers 1, 2, and 3 are Miocene sandstone units which
are continucus over the dome. Locally they are the principal
sources of fresh water. Aquifer 2a in the Pascagoula and
Hattiesburg Formations has the highest permeability.

The calcitic portion of the caprock is another major
water-bearing unit. The following is quoted from Reference 2.2:

"IThe calcite caprock contains numerous open frac-
tures filled with water that probably have been
enlarged by solution. In nearly all test holes
drilled through the calcite capreck, lost circu-
lation has been a major preblem in drilling.

When drilling fluid is lost from a hole being
drilled through the caprock, the loss is reflec-
ted almost iumediately as a rise in water levels
in an observation well along the east margin of
the calcite caprock. These conditions suggest
that the calcite caprock has a high permeability.

The aguifer in the caprock may be in hydraulic
continuity .... with aquifer 4 along the flank
of the dome."

Possible aquifer contamination is summarized in the same

reference:

"On the remote chance that radicactivity might
escape from the salt stock in which the nuclear
devices are proposed to be detonated, the activ-
ity would most likely enter the caprock, the
overlying sands of aguifer 3, or aquifers 4 and
5 on the flank. Computed values of the rate of
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i

movement of water in aquifers 3, 4, and
indicate the movewent will be less than
melers per year. This slow rate of move-
ment coupled with the high Tfion] exchance
capacity of the material comprising the
aquifers lead to the conclusions that the
o7f site contamination potential is small
to nil, The highest rate of movenment,
about 49 meters per yvear, was computed
for aquifer 2a. Tt is unlikely that
radiocactivity would be released into this
aquifer, several hundred feet above the
caprock, "

) A

2.2 PHENOMENOLOGY AND CONTAINMENT :

2.2.1 Radius of Cavity

The prediction of cavity radius for the Salmon Event was
based upon the cavity realized from the Gnome Event, a 3.1 kt
detonation in a similar medium {revised from 3.5 kt on the
basis of information in Reference 2.5). The Gnome cavity
was not spherical but resembled an oblate sphercid with
the vertical dimension from the W.P. to the bottom of the

cavity being about 16 meters and the average horizontal

radius being on the order of 25 meters. The Salmon cavity

was anticipated to more nearly approach a spherical shape
since the bedding plane effects existent at Gnome would
not be present, and prediction of the cavity radiuz was
accomplished by applying cube root scaling to the Gnome

radii. The predictions were stated in terms of a '"most

[ i
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probable" radius and a "maximum probable’ radius to account

for possible variations due tc stratigraphy.

3

L

|
”
pd
(o))
i

19 mreters - Most probable radius

H

5.0\3 . :
(5_T> X 25 = 30 meter. - Maximum probable rad:ius

For comparative purpeses, both of these figures were utilized
where applicable to subseguent calculations.

2.2.2 C(Cracking Radius

The fracturing of the medium surrounding the bpost-shot

b

cavity were divided into several zones for thz purposes of
anaiysis. In the region immediately surrounding the cavity,

disnlacement asscociated with cavity expansion was expected

=

to cccur by plastic deformation such that the condition of
nost-shot rock would closely resemble that of the oricinal
in . itu condition. Farther out, larcer block-type shear

failures were expected which would mesk any fraciuvres

i

sveloped from tension, The outer limitl o

Dy
oy
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e
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was expecied io have a radial orientaticn and to hwe

tensional, This out>r limit is of partiicular

-

<ince: these fractures present nossible channels for radio-
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these fractiures can bhe atiributed to

]

The creation o
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]

lhe passage of the shock wave and the subsequent expansion
of the cavity wall, causing radial displacements and strains
throughout the medium. An in‘estigation was made 03 these

possible mechanisms in relation to the fracturing which

occurred at Gnome. Here, the cuter 1limit of crackin

]

3

other than bed separation, was estimated to be

b

-

with the major lateral shock-induced effe
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o
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o
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42 meters.
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to a radius o
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gure 2.6 shows the predicted and ob:erved horizontal

i

radial displacements for the Gnome Event. Predictions were
obtained by use of the method outlined in Appendix A. The
permanent displacement at the outer limit of cracking was

creation of fractiures is more

[t

found tc be one meter. Th

Joed

ocgically associated with strains rather than gress dis-

placements, and therefcre, the radial strain was computed

and found to be .021 meters per meter or 2.1%. The allcwable
¢ mpressive strain for salt was cbtained from the Waterways
Experiment Station test of the Dribble cores (Reference 2.6)
by uniaxial compressicn. The strain at ultimate strength

for 12 tests averaged 2.07% which

ry

ompares remarkably well

with that computec above on the tasis f displacementis.

Predictionrse of the anticipated permanent disnlacements and
P i
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strains for the Salmon Event were made, based on the most
probable cavity radius of 19 meters and the maximum probable
cavity radius of 30 meters. These are shown in Figure 2.7.
Utilizing a radial strain of 2.,1%, the outer limits of
cracking associated with these radii for the Salmon EBEvent

were predicted to be 58 and 91 meters, respectively.

2.2.53 Radius of Radiation Injection intc Cracks by
Particulates and Condensates

At the Gnome Event, injection of intrusive breccia into
post-shot fissures occurred to a distance of at least 34
meters, and fracturing to 70 meters {(Reference 2.,7). Other
estimates have placed the limit of radicactivity at dis-
tances as large as 61 meters. Accepting the greater dis-
tance and assumin. that the ratioc of the radius of radio-
activity to the radius of cracking wculd be similar 7.r
Gnome and Salmon events, the outer limit for Salmon was

predicted to be:

61

25 X 5B = 46 meters - Most probable

61 , ,
S5 X 91 = 73 meters - Maximum probable.

The cracking limits of 58 and 91 meters were derived in

Section 2.2.2,.
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A similar computaticn was performed using data from
Rainjer where fracturing extended 85 meters {Reference 2.8}
and radioactivity 58 meters (Reference 2.9},

the radicactive radius would then be:

For Salmon,

58

B8 X 58 = 39 meters - Most probable
55
— ¥ 91 =
85 9

62

meters - Maximum probable.
These agree fairly well

with

the values obtained above;
therefore, 46 and 73 meters were predicted as being,

_ n
rzspectively, the most probable and maximum probable limits
2.2.4

of radiation injection into fractures.

Height of Chimney

For other events, an estimate ¢f chimney height has been
made on the basis of

2873 {1 *+ n)
n -1

where (H) is the height above the working point, (R} is
the

the

o

radius of both the cavity and chimney, and {n} equals
swell ractor, ratio of volume of chimney rubble to
the volume occupied in s

itu {see Appendix A},

An appropriate salt swell factor has not been determined
on the basis of past experience.

Gnome did not lend itself

1
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to this purpose since the formatior of a chimney was incom-

nlete. Thus, in order to predict a possible maximum chimney i
: height for the Salmon Event, the swell fac*or was assumed i
§ to he 1.35. This was the value determined for the massive E
% granodiorite at Hardhat. An assessment of the range of 1

swell factors asscciated with the excavation of hard mater-

b

ials indicated that this factor was reasonable for the

intended purpose. Thus, with most probable and maximum |

probable cavity radii values of 19 and 30 meters, respectively, r

[ia

and a swell factor of 1.35, a most probable chimney height was

calcuiated as 85 meters while a maximum probable height was y

i

calculated as 133 meters, Based upon Salmon stratigraphy and
Gnome experience wherain a chimney did not form in the halite ¢
{though cavity collapse did occur teo a height of about 28 !
meters above the Zero Point), it was considered unlikely ;
that a similar chimney would develop for the Salmon Event. :
Therefore, it was emphasized that the values of chimney !
height represented those based upon the assumption that a

chimney would develop as at Hardhat, By reason of the

experience at Gnome, it was considered unlikely that the

chimney height would attain a value as larage as these figures.

2.2.5 Dbepth of Spalling

The posseibility of spalling a2t ground zero owing to the

detconation of a 5 kt device at a depth of B23 meters was
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investigated by means of a

raphical analysis. The geo-

]

logic settine, densities and velocities of the various
beds and transmission coefficients used are shown in
Tables 2.6 and 2.7.

The analysis presented in Figure 2.8 was constructed
from the physical and computed data by a procedure similar
to that outlined in Appendix A. The use of this method
required a prediction of the anticipated pressure versus

d4istance. The prediction procedure for cbtaining bressure

»"“h

was re-examined, and was found to be of sufficient accurany

to permii an estimate of the order of magnitude of spalling

effects. In this analysis, the conservative single spall

method was empioyed. An assumption of multiple spalls

i

}.J-
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S
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would have permitted energy to be trapped in the

{-J
H
&
2
[
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spalls, thereby decreasing the deprth of spalling

A tensile strength of zeroc was assumed for the mediun.
Results predicted on this basis indicated that spalling

should occur to a maximum denth of about 20 meters. The

driving force, or difference between net tension and over-

.

burden pressure, to produce spallinc in this recion was,

howev=r, very low -- iess than 1 bar (10 dvnes/sq. cm.}.

- - = -

This means that if the atmospheric pressure of apoproximately

1 bar is added to the overburden, spalling would be predicted

it uh
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1o only about 10 meters. Any tensile strength of the medium
would alsc add restraint. The conclusion, therefore, was
that the probability of major spalling at surface ground
zero was rather low, but that some projection of unconsoli-
dated surface material might take place,

Predicted displacement at the surface of any possible
spall was computed using the predicted free-field particle
velocity obtained from machine calculations and multiplying

n coeflficient as follows:
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The vertical displacement of any dislodaed material would
thus be of small magnitude.

2.2.6 Radius of Spalling

i~

he demarcation line between the region where spalling
cccurs and that where surface motion is soleiy due to seismic
waves is essentially non-existent. Rather, a transition
occurs from the maximum vertical displacement, which cccurs
at surface zero due to spalling, to a region where displace~
ments by this mechanism are infinitesimal. Since the prob-

ability of a major spall at surface zerc was low and the

magnitude of the anticipated displacement was only 14 cm,
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the }aﬁéral extent of spalling was nct expected to be very
great. From an examination of surface displacement versus
horizontal distance (Figure 2.9) for several events, it

was seen that displacements due to spalling decreased
rapidly with increasing range. The anticipated Salmon dis-
pl: :ement was seen toc be much less than those of the previous
events shown. The lateral extent of spalling would also be
small, something less than 300 meters.

2,2.7 Elastic Radius

From an analysis of the Gnome data on measured particle
velocity {Reference 2.10)} a distinect change in the attenua-

tion rate was seen at 100 meters. This corresponded to a

particle velocity of about 1.2 x 10® cm/sec., In terms of
pressure, a value of 1.1 K bars was taken 235 the limit on
the elastic precursor for salt (Reference 2.11}.

Scaling the 100 meter distance to the Salmon yield gave:

i
533 7
é;Ti X 100 = 118 meters.

2.2.8 Stemming Predictions

The evaluation was accomplished by correlating stemming
data from previous events at NTS and Project Gnome with the

stemming plan for the Salmon event.
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Emplacement Holes - Stations 1 and 1A - The satisfactory

containment of drill hole events in alluvium or granite by
complete stemming with sand, and more recently with pea-
sized gravel, has been generally demonstrated at the Nevada
Test Site. For the Salmon Event, the emplacement hole was

originally designated as Station 1: however, considerable

A

difficulties were encountered ir the drilling, casing, and

grouting of this hole. These resulted in the decision to
abandon this location (N537,328.14, E269,540.96) and to
drill a new hole about 9.21 meters north to Be designated
- Stéﬁ:imz 1A (N537,358.14, E269,540.96). The Station 1
hole was bottomed at 464.5 meters, and it was understood
that this was to be used both as a pre- and post-shot hole.

Tre difficulties referred to are enumerated in the Fenix

and Scisson, Inc. report dated January, 1964 (Reference 2.123.

7

is report and the Fenix and Scisson, Inc. revised speci-
fications for Station 1A (Reference 2.13) were reviewed to
ascertain those factors pertinent to an evaluation of
operational safety,

In regard to Station 1, Fenix and Scisson, Inc. data
{Reference 2.12) showed this hole to be grouted to the

surface with 50-50 pozmix, salt-saturated cement, 6% gel.

s




However, it was understood (Refererce 2.14) that the grout
terminated some 76 meters below the surface, and that the
material left in the hole frem surface tc 76 meters was
apparently mud-contaminated cement, Further, it was
indicated that Lawrence Radiation Laboratory had requested
that the following actions be taken to enable this hole to
be used for pre- and post-shot activities:

1. Place a 9 to 12 meter plug of salt-saturated
cement in the bottom of the subject hole;

2. Backfill hole to surface with a graded river
run sand;

3. Bolt a steel flange on top of either the
66 centimeter (26") conductor pipe or the 51 centimeter
{20") casing after completion of the blow-cut preventer
cellarx,

It was concluded that either of the above situations
constituted adequate stemming of the Station 1 hole from the
viewpoint of containment inasmuch as this hole penetrated
only to a depth of 464,51 meters,

In regard to Station 1A, Reference 2.15 shows that
cement grout would be placed both inside of the hole and
the 14 centimeter (5%") diameter casing to a level approximately

183 meters above the center of the device. This would place

=33
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the top of the grout some 30 meters into the bottom of the
51 centimeter (20"} diameter casing. Above this level, pea-
sized gravel was to be placed in both casings throughout the

remaining hole to the surface, Chinney development appeared

particularly critical in respesct to the integrity of the

stemming, It was previously stated in Section 2.2.4 that

(gl [HIKER]

the calculated possible maximum chimney height was 133 meters.,

If the full height developed, there xould still remain sonme

TR

50 meters of grout plug which would be effective as stemming
and in preventing the loss of gravel by flow into the cavity.

However, based upon experience at Gnome and a cemparison of

eI

media, it was considered likely that litile, if any, chimney
A {
would develop for the Salmon Event. \\
On the basis of the foregoing, it was concluded that the

stemming proposed for Station 1A was adequate for preventing

immediate release of radicactive products through the

emplacement hole.

Instrument Holes -

E-15 (N537,415.13, E269,491.64) and
E-16 (N537,414.35, E269,591.63):

These holes were located about 23 meters laterally from
Station 1A; however, E-16 was planned for a depth of only

297.2 meters while E-15 was ioc penetrate to a depth of

oY
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823 mete.s, Accordingly, the lower pertion of E-15 would

be within the predicted cav’*y radius of 30 meters while

the bottom of E-1¢ wouid be well beyond the predicted .
cracking radius of 91 meters. Reference 2.16 indicates

that both these holes were to be grouted to the surface,

and this manner of stemming was considered adeguate,

E-4 (N537,915.26, E270,425.47), E-6 (N538,050.45,
E268,734.48), and WP-4 (N536,303.98, E369 173,86 :

Reference 2,17 states that the shortest conceivable
venting path was through the brine-filled holes above the
grout in E-4 and WP-4. It was also stated that these two
holes would be grouted to a radial distance of at least
350.52 meters from the device. The same treatment wouid
apply tc E-6 which would also be brine-filled to the sur-
face. This distance of 350,52 meters provided a facter
of safety agairst any unknown geologic effects. Thus,
the stemming for these three holes was considered adeguate,

E-14 Complex: E-14 (N537,199,.25, E269,006.28)

E-14T (N527,199.25, E268,986.28), and
E-11B (N537,121.75, E269,026.12):

Initially, only hcle E-14 was planned, and this was to
have been grouted to the surface; however, grouting of full
depth was not achieved dus to failure of grout hoses,

Fod

Reference 2.18 provides a historical summary of the events
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cornected with +. drilling, casing, and grouting ¢f this
hole and the subsequent attempts to achiave a satisfactory
installation of inst:uﬂeutaticn by means of grouting through
two additicnal holes, E-14T andg E-14B. These were drililed
and whipstocked 1o connect with E-14 at approximate depths
of 580 and 1220 meters, Tespectively. Attempis were then
- de t circulate grcut from E-~14B into =-14 and out of
E-14T. Circvlation was achieved; however, grouting was
only Partially successful in that only the canister at a
depth of 610 retlers was grouted. After study, it was con-
cludead that grout was cutting across the holes somewhere
around a depth of 610 meters.

Laterally, these holes were 171 to 177 meters fronm
Station lA. This Placed them some 79 meters bevond the
predicted cracking radius or 91 meters, Veriically, the
device and pPresumed channel wore Separated by a little gver
200 meters, thus placing the channel at aboyt 125 meters
beyond the predicted ¢racking radius. Thus, it was con-
sidered unliikely that communication woulgd be establi.hed

el ther laterally or vertically,
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The - onclusions summarized below were based upon
study of Reference 2.18 and upon knowledge gained from
March 13, 1964, Dribble Review Panel meeting at NVOO. The
data from these sources constituted the latest official
information available to Beers, Inc, regarding E-14 compleX.
Conclusions, and reasons therefor, regarding operaticna’
safety predictions and securing E-14 complex were as
follows:

1. 1In regari to all 3 holes of E-14 complex, Beers,
Inc. assumed casing to be satisfactorily grouted to medium
as there was no information to the contrary;

2. E-14T was considered to be adequately stemmed and
no additional treatment was required. This hole became
fully plugged with grout in process of attempting to grout
E-14. For the lack of information to the contrary, the
grout within this hole was assumed to be satisfactory:

3. It was learned at the NVOO meeting of March 13 that
E-14B would be utilized as an instrument hole. It was
assumed bv Beers, Inc. that the installation would normally
include arouting to the surface in this hoie. On this and
the further assumption that this grouting would be accomplished

without difficulty, this hole would be considered to be

i

adequately stemmed, and no firther treatment would be

lllh

required;
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4, E-14 had a grout plug which was presumed to be a

little over 600 meters in length. Although this plug was

not consistent as fluid bled fism *nle for several weeks

HEIETET .

following cessation of grouting operations, it was still
considered ito be adequate stemming for this hole. This
statement was based on the opinion that the possibility

of communication being established between E-14 and
Station 1A was remote. There was less assurance of safety

with the condition of inconsistent grout than with a ‘hole

which is tightly grouted; however, it was emphasized that
\ the possibility of communication was considered remc'e.
From the March 13 meeting at NVQOO, it was understecod that
\ LRL was either designing, or could design, a pressure seal
device for E-14 hole which would provide for cable instal-
lation, as it was desired to maintain instrumentation capa;
bility in this hole. Beers, Inc. concurred with the prin-
ciple of use of such device from standpoint of increasing

degree of safety in regard tu uncertainty of grout condition;

S ——

however, Beers, Inc. did not lay on a requirement for the
use because the possibility of communication was considered
remote. It was interpreted from Reference 2.21 that the

plug in E-14 hole extended from approximately 510 meters

to surface.

-38-
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This was based on a statement by Fenix and Scisson,

Inc. that grout was observed coming out of hole after
pumping in 34.4 cubic meters. It was calculated that

this volume of grout was sufficient to fill 28 centimeters
{11") ID casing to a depth of approximately 578 meters,
considering approximate volume of cables and hoses, The
plug, therefore, was considered essentially continuous
from the surface to a depth of about 610 meters,

2.2.9 Possibility of Secondary Explosions

The halite at a depth of 823 meters had no significant
water content (Reference 2.6, Table 6). The planned pro-
cedure for emplacement of the device required grouting
around the device and inside the casing to an elevation

183 meters above the working point. Therefore, there was

a high degree of assurance that there would be no substantial

quantities of water present in the vicinity of the shot

point. Also, the volume of air would be extremely small.

Accordingly, following the explosion, when the condensation

of all gaseous halite, grout and metal had occurred and

the temperature had dropped to the melting point of halite,

about 788°C (1450°F), the cavity would be expected to have

a very low absolute pressure., Theoretically, if there were
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s+ it was seen that
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of material would remain zs a

barrier toc prompt release. This thickness .as considered

sufficient to prohibit any prompt venting by this means.
2.2.11

Damage to Grout Seals and Aguifer Contamination

Concern had been expressed that, as a result of the

expiosion, there could be relative movement of the ca ng
and surrounding media, particular? t

riy at the depth of aqgui-

fers i, 2 and

{.2..

2. Such relative motion might cause damage

to the seal established by grouting the space between the

casing and the hole, particularly where grouting might

net be sound,

An important consideration was that the casirg.

{51 centimeter (20"} OD, 197.9 kilcgrams per meter, J-55,
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ST&C, 8rd), extended into the tor of the halite to a total
depth of approximately 670 meters. This placed the bottom
at about 152 meters above the W.P, This was a distinctly
different situation from that in other events where the
explosion occurred at the bottom of the casing, causing
it to be pushed upward. While precise calculations were
not feasible, an approximate evaluation indicated that the
relative motion of the casing and surrcunding media would
be unlikely to damage the seal if properly placed.

Should there be damage, two possibilities exist:
{a}) Flow of water between aquifers, and {b) Escape of
radioactive gases if communication should develop between
the cavity and bottom of casing. In either case it was
difficult to find any reason for alarm. All aquifers
penetrated by the Station 1A hole contained fresh water,
and the head on each was such that flow through any channel
along the casing would be small. Racdicactive contamination
outside the casing at this distance from the explosion was

not believed to be a consideration. However, this was a

question beycnd the scope of Beers, Inc. contract,




The second possibility was felt to be very remote as

communication was not likely on the basis of the circum-
stances predicted.

These are described elsewhere in this
report. An evaluation of the degree of damage to the grout

seal was not possible since the effectiveness of grouting
was indeterminate.

However, on the basis of previous
remarks, the escape of hazardous quantities of radioactive

gases could not be visualized, even if communication was

established between the cavity and the bottom of the casing.

2.2.12 Securing of Station 3 Holes

Reference 2.19 transmitted the Fenix and Scisson, Inc.

proposal for providing a new Station 3A Access Shaf+t.

This
information was transmitted for the purpcse of providing basic

data on which to base predictions of damage to these shafts
at Station 3 as a result of the Salmon Event. ihis Section
pertains solely to means for securing Station 3 holes

because the status of Station 3 holes was uncertain at the

time predictions were made.

The vent and access holes wers located approximately

510 meters from Station 1A Emplacement Hole.

Insofar as
containment was concerned, the possibility of any
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discussed below. A tabulation of predicted motion at
various distances is provided in Table 2.8,

2.3.1.1 Acceleration

i'redictions of peak surface particle acceleration
were based on the observed radial accelerations measured
in salt at Gnome {References 2.10 and 2,20) and illustrated
in Figure 2.10 in scaled form, i.e., scaled acceleration
versus scaled distance. Surface accelerations for Salmen
were determined from this graph in the following manner.
Given the yieid and distance, the scaled distance was
computed by dividing distance by the cube root of the yield,
and the corresponding scaled acceleration was read from the
graph. The scaled acceleration was converted to real accel-
eration by dividing by the cube root of the yield. At or
near surface zero the value of acceleration was then multi-
plied by a factor of 3.52, called the compound transmission
coefficient, which compensates for alterations of amplitude
due to the free surface and the various stratigraphic units
which would be traversed by the seismic waves which reach
the surface, 7The compound transmission coefficient is the
product of transmission coefficients computed at each

interface encountered. Each transmission coefficient, T,

-4
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at an individual interface was computed using

T = oac, * 0,0 (25)

where ¢ is density, ¢ is sonic velocity and subscripts 1
and 2 refer to the incident and transmitting media respec-
t_vely. This equation is valid only at normal incidence.
Computation of the coefficient at other angles of incidence
was quite ~omplex and required accurate ray tracing whiczh
in the case of the Tatum Dome was not feasible. Therefore,
the vilues computed from the above equation were used near
surface zero only. At all other locations, a factor of
2.0 was used. A graphical display of predicted acceleration
versus distance is given in Figure 2.11.

2.3.1.2 Velocgity

At Gnome, subsurface measurements of radial particle
velocity in salt were made by Sandia Corporation (Refer-
ence 2.10) and Stanford Research Institute (Reference 2,20),.

least sgquares regression line through these data yielded

the following relationships between velocity and distance:

u = 3,04 x 108 R-1.€4 (2.4)
where particle velocity, u, is in cm/sec and distance,

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>