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. Event Descript
1.1 Site

The ISLAY event was detonated in hole U2er of the Nevada Test Site as indicated in figure
1.1. The ISLAY device had a depth-of-burial (DOB) of 294 m in the Tunnel Beds Tuffs of area 2,
about 160 m above the Paleozoic formation and 280 m above the standing water level, as
shown in the geologic cross-sections of figures 1.2 and 1.3(1). Stemming of the 2.44 m
diameter emplacement hole followed the plan shown in figure 1.4. A log of the stemming
operations was maintained by Holmes & Narver(2).

Detonation time was 07:31 PST on November 11,1981, and collapse progressed to the
surface at about 70 minutes after the detonation resulting in a crater having a mean radius of
50.9 m and a maximum depth of 8.5 m.

No radiation arrivals were detected above ground and the ISLAY containment was
considered successful.

1.2. Emplacement

There were four stemming plugs above the ISLAY event, each composed of rigid two-
part- epoxy (TPE). The first (bottom) and third plugs were 3.3 m thick and the second plug
was 6.86 m thick. Thickness of the top plug TPE was 5.2 m, about 3.1 m of which extended
below the surface casing. Each of these plugs was overiain with 2 1.8 m thick layer of soft
"coal-tar epoxy" to act as a gas seal. A drag ring system was mounted fo the emplacement
pipe at the position of the second rigid plug and the emplacement pipe in the regions of the
upper two plugs was coated with hydroseal to allow free motion of the pipe through these
plugs. Stemming between the plugs consisted of layers of fines and coarse gravel. The top
of the hole (above the top plug) was filled with surface-derived backfill to about 2.2 m below
the ground level. See figure 1.4.



ISLAY included a mechanical PINEX experiment as part of the device diagnostics and, for
this, the emplacement pipe was left open above the detector plate which was extracted to a
receptacle above the ball valve closure on the top of the pipe. This receptacle was detached
from the pipe shortly after the detonation and pulled to a location beyond the expected
extent of the resulting crater. Below the detector plate, the pipe was sealed with a series of
pressure domes.

1.3 Instrumentation

Figure 1.5 is a schematic layout of the instrumentation designed to monitor the containment
performance of the ISLAY event.

Nine stations were fielded in the stemming to monitor pressure and radiation. The
stemming region about 5 m beneath each of the four plugs contained pressure and radiation
stations as well as the region about 8 m above each of the plugs except the top. Two
additional elevations in the coarse stemming above and below the fines layer between the
bottom and second plugs were also monitored for pressure and radiation.

The internal gas pressure and temperature of four of the five sealed sections of the
emplacement pipe was monitored just below the corresponding pressure dome defining the
section. Motion of the emplacement pipe was monitored at each of the four pressure and
temperature stations, at the elevation of the deepest pressure dome, at the location of the
neutron detector plate (defining the fifth sealed section) and near the top of the pipe below
the ball valve. An additional station monitored pressure and radiation internal to the pipe near
its top at a depth of about 15 m.

Standard LLNL vertical motion canisters, containing variable reluctance velocity and
acceleration transducers, were emplaced in all four of the rigid stemming plugs and the ground
surface, 15.24 m from SGZ. The recording trailer was instrumented with one vertical
accelerometer.

Data from each of the above instruments were transmitied to the recording trailer by an
analog system and recorded on magnetic tape.
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Two CLIPER sensors, one attached to the instrumentation pendant and the other
attached to the emplacement pipe and diagnostic canister were fielded to monitor cavity
collapse and chimney formation.

Two "D-cable" systems were fielded to monitor the stemming emplacement and were
recorded post-shot to sense collapse.

Strain (load) was monitored at a station on the emplacement pipe near its top. These data
were recorded pre-shot on an LSI-11 computer and are not now available.

Results of the hydrodynamic yield measurements are reported elsewhere(®

A history of the fielding operations of the instrumentation is outlined in reference 4.
Further details of the instrumentation are given in reference 5.
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Figure 1.1  Map of the Nevada Test Site indicating the location of hole U2er.

4




WEST U2eb veZbe u2 >
e er .
— —= L2bp-1 A EAST

—

ELEVATION 1337 1329
T — A3 18 1304 pepTH
——J400m ! ! i ] !
i I ) H
A ; H Yucca '
. Jault P 0m
1200 m 5 B
— - +
QTa ) - o7 - - :
Ta Ta QTs T
] ] 2 ! 200 m
1000 m 7, 1. o oazeessml _====$%¥§ ;
— T.0. ==FE=2RT 3 0. T - ¢
e T = 9 Tp N
Tp S T s LR ST i
T .D. SxxEso o
v Teb o ___t_b 457 1” \ Sig = | 400 m
_ME» _——'_____” Pz \\\ \Tp ||
— SWL ~ 575 Ttb :
T — s, e . — . i =% N
Tt —— - bg,: 600 m
600 m * '
Pz \ |
I
// -i 800
m
7 CROSS SECTION OF U2er A-A° \ z .
) RDMc 3/18/81 ’\%‘
LEGEND ?
QTa - Alluvium % B #qs oo TE 205 oop [ 10k
Tp = Paintbrush Tuff :L‘ | - ' ve
Tbg - Grouse Canyon Member BN ' I ..N .
Ttb - Tunnel Beds and Older Tuffs SCAl . ! v - A
Pz - Paleozoic Rocks go ' . *
S:l. - :tat:c Water Level ~A 4 U2by "I/ - M
= Gravity Reference Point H __/0—?_\0 F 4
?-7 - Gravity Inferred Faul’t‘ PLAN VIEW U?eb Yezve u"" . 3 .
Y I Jaleomic Tag Hole = m—— ‘ ¥ /s
* - Bend in Section A ! { g !
500 A ' £ b4 ¢
a H >
s ’,’ A / M 267 000
4 4 2 . L3
' Pe2aa Uzgz :
° ! .
éUZl :

Figure 1.2  East-West geologic cross section through hole U2er.
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2. Stemming Performance
> 1 Radiali i p

Stemming pressure and radiation stations were fielded on the ISLAY event at nine
locations as indicated in figure 1.5. The pressure and radiation wave forms from about 50 s
before detonation until 4500 s after, recorded at all stemming stations, are shown in figures
2.1-2.9. '

Figure 2.1 indicates an early arrival of both pressure and radiation at the region below the
deepest rigid plug (station 32). The high radiation level and the pressure history suggest that
the cavity gasses migrated to this level. The change in pressure without an accompanying
change in radiation level seen at about 2000 s is likely due to a shift in stemming. A low-level
radiation arrival is seen at about 200 s in station 33 above the deepest rigid plug (figure 2.2)
indicating that the plug was a significant impedance to the cavity gas flow. Pressure histories
from all stations above the deepest plug can be explained as the result of stemming or ground

motion.

A hi-level radiation arrival occurring at about 850 s is seen at the bottom of the fines layer
(station 34, figure 2.3) and no radiation arrivals are seen at any station above this. Since this
radiation was about 4 orders-of-magnitude greater than the level seen at station 33 (at a
deeper location), the source must have been other that percolation of the cavity gasses
through the stemming. A possible scenario is the rupture of the emplacement pipe in the third
sealed section at about the location of the bottom of the fines layer. This would also require
compromise of the lower two pressure domes, allowing the cavity gasses to flow to that
elevation. The late time of the arrival further suggests that the rupture may have also been a
late time effect, if this scenario is correct. The lack of radiation seen at any station above this
level indicates that the fines layer acted as an impedance to gas flow.

The radiation history of station 36 (figure 2.5) after collapse would suggest that this
recording channel survived collapse. The level drops significantly below the ambient level of
the source chip indicating that these data should be ignored beyond collapse time.



The pressure channel just below the top plug (station 40, figure 2.9) did, however, survive
collapse and shows a characteristic pressure drop due to stemming fall at that time. The
radiation channel begins a random, rapid oscillation between levels of 0.001 and 100 R/Hr at
collapse, leading to the conclusion that it was lost at that time. The pressure history of station
40 is shown for the full recording time of greater that 6 hours in figure 2.10.

The first 20 s of the stemming pressure and radiation taken at stations 32 through 39 are
shown in figures 2.11-2.18. Data from station 40 are shown for 250 s in figure 2.19.

Only the top three radiation detectors failed to show prompt radiation that is probably shine
from the PINEX experiment in the emplacement pipe. Each of these three detectors was
discharged by the EMP and took the first couple of seconds to recover. Station 40 (figure 2.19)
required more than 150 s to recover, reducing the reliability of that transducer.

The peak of the prompt radiation was between 200 and 300 R/Hr at stations 32 through 35
(figures 2.11-2.14). All these stations were at elevations below the level of the pressure dome
defining the top of the third sealed section of emplacement pipe. Across the formation coupling
plug, the peak of the prompt radiation was down by about a factor of five (figures 2.15 and 2.16).
A secondary radiation arrival was seen at station 32 at about 11 s {figure 2.11). This was iikely
due to cavity gas percolating into that region.

2.2 Motion

Explosion-induced histories of the motion measured in the stemming and on the ground
surface during the ISLAY event are shown in figures 2.20-2.25. Only the acceleration
channels are shown since, as discussed in reference 4, all of the velocity channels in the plugs
and on the ground surface were compromised by an electrical grounding problem, presumably
occurring at zero time. Characteristics of the associated motion and transducers are given in
tables 2.1-2.3.

The drag ring system on the emplacement pipe may have induced motion that interfered
with the ground motion signal at this station at early times (figure 2.21). Since the pipe was
coated with hydroseal in the regions of the TPE plugs at elevations higher than the drag ring
(around stations 23 and 24, figures 2.22 and 2.23), the pipe-induced motion at these higher
stations was mitigated. The explosion-induced motion recorded in each of the rigid plugs and
the ground surface was otherwise unremarkable.
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Figure 2.3
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Figure 2.4
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Figure 2.15 First 20 s of pressure and radiation measured in the coarse stemming beneath the
formation coupling plug at a depth of 153.9 m (station 36).
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Figure 2.16 First 20 s of pressure and radiation measured in the coarse stemming above the
formation coupling plug at a depth of 130.8 m (station 37).

20



-
N

Pressure, psia
[e+]

Fey
¥

N

-t
o

Dose rate, R/Hr
o

1072

27

Figure 2.17 First 20 s of pressure and radiation measured in the coarse stemming below the
third rigid plug at a depth of 85.1 m (station 38).
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Figure 2.18 First 20 s of pressure and radiation measured in the coarse stemming above the
third rigid plug at a depth of 77.4 m (station 39).
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Figure 2.19 First 250 s of pressure and radiation measured in the coarse stemming beneath the
top plug at a depth of 42.1 m (station 40).
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Figure 2.20 Explosion-induced vertical motion of the bottom rigid plug (station 21, at a depth of
223.7 m). All motion is derived from the accelerometer channel.
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Explosion-induced_vertical motion of the second rigid plug (station 22, at a depth of
144.6 m ). All motion is derived from the accelerometer channel. The acceleration at
early time shows strong motion induced by the emplacement pipe and the drag ring.
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Figure 2.22 Explosion-induced vertical motion of the third rigid plug (station 23, at a depth of
89.6 m). All motion is derived from the accelerometer channel.
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Figure 2.23 Explosion-induced vertical motion of the top plug (station 24, at a depth of 35.7 m).
All motion is derived from the accelerometer channel.
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Figure 2.24 Explosion-induced vertical motion of the ground surface at a depth of 0.9 m and
horizontal range of 15.24 m (station 61). All motlon is derived from the
accelerometer channel.
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Figure 2.25 Explosion-induced vertical motion of the recording trailer.
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Jable 2.1 Summary of Containment-Related Motion

Gauge SlantRange  Arrival Time Acceleration  Velocity Peak Displacement Displacement

(m) {ms) Peak (g) (m/s) Peak (cm) Residual (cm)

4av 58.1 11.6(3) -515(a) -3(a) (b) (b)
4uv 11.4(2) - -5.8(2) (b) (b)
Sav 60.8 (c) - - - -
Suv (c) - - - -
6av 87.0 17.5(2) -220(3) -1.6(3), 12,0 38.5 20
6uv 18(a) - -1.9(2), 10.1 43.5 37
7av 115.6 (c) - - - -
7uv 21(a) - -1.5(@), 7.6 10 8
8av 1383 27.7(a) -41(a) -05(@), 12 2 1
8uv 28(3) - -0.8(3), 1.3 -1.1(d) -1.7(d)
Sav 155.3 37 3 0.51 6.0 2
9uv 37 - 0.53 6.4 (b)
tlav 295.9 160 1.6 0.45 24 -1.5
11uv 160 - 0.44 2.2 5.1
21av 70.3 36.3(a) 12.5(3) 57 10.3 88 80
21uv (e) - - - -
22av . 1495 32(a) -0.6(3) 2.6 0.54 6.8 -4
22uv (f) - - - .
23av 204.4 110 2 4(a) 0.39 4.9 -1
23uv H - - - -
24av 258.3 150 0.9, 10.7(9) 0.46 5.4 5.8
24uc ) - - - -
6 1av 294.4 185 1.8, 24(9) 0.51 7.0 -3.5
61uv 1)) - - - -
71av 330(h) 215 1.6, 3.3(0) 0.51 4.6 -4

(a) First motion (precursor or from pipe). (e} This channel lost at ZIP.

(b) Could not estimate this value. (f ) Channel lost: NATEL muttiplexer failure.

(c) This channel not functioning. (9) Slap-down.

(d) Uncorrectable baseline drift. (h) Approximate; station mounted in recording trailer.
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Table 2.2  Containment-Related Accelerometer Characteristics

Natural Frequency Damping Ratio System Range
Gauge (Hz) (g's)
4av 1175 0.67 4000
Sav 1720 0.65 4000
" 6av 1575 0.64 2000
7av 1250 0.65 500
8av 1300 0.60 300
Yav | 1300 0.65 ) 300
11av 680 0.75 100
21av 1350 0.65 400
22av 440 0.75 30
23av 191 0.65 6
24av 329 0.65 20
61av 580 0.55 30
71av 220 0.65 10
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Table 2.3  Containment-Related Velocimeter Characteristics

Natural Time to 0.5 Calibration Operate System
Gauge Frequency Amplitude Temperature Temperature Range
(Hz) (s) (°F) (°F) (mvs)
4uv 3.81 84 73.4 73.39 275
Suv 3.81 89 73.3 74.13 275
6uv 3.64 110 73.4 75.61 150
7uv 3.76 91 73.7 80.15 150
8uv 3.84 61 73.6 75.98 100
Suv 3.40 12.42 74.3 81.06 12
1tuv 3.74 9.57 74.02 7413 6
21uv 3.85 31 73.70 101.05 80
22uv 3.50 20.1 75.51 90.73 12
23uv 3.45 11.7 74.95 111.06 6
24uv 3.42 11.99 73.92 115.26 - 6
61uv 3.40 12.67 75.1 78.90 6
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3.1 Motion

Collapse-induced histories of the stemming motion measured on the ISLAY event are
shown in figures 3.1-3.6. Station 21 (figure 3.1) is shown for completeness: the motion data
are clearly invalid, giving only timing of signal loss. The oscillations between the NATEL
groups of VCO's introduced noise in the velocimeter channels, reducing their reliability. The
velocity gauge data are, never the less, shown in figures 3.2-3.6 along with the corresponding
accelerometer data. Notable is the onset of collapse at station 22, the formation coupling plug
(figure 3.2). This occurs at about 4211 s, the same time as it occurs at station 11, the top of the
emplacement pipe (figure 3.5). Strongly suggested is that the emplacement pipe remained a
solid unit between the formation coupling plug and the surface and fell as a unit with the
formation. Comparing figures 3.4 and 3.5, the top of the emplacement pipe reached nearly its

full downward excursion (greater than 4 m) before the top plug began to move.

Collapse reached the ground surface 4213 s after detonation with slap-down occurring
about 2 s later. See figure 3.6.

3.2 Radiati P

Pressure and radiation histories recorded during the 20 s of the collapse activity are shown
in figures 3.7 - 3.14. All stations below the formation coupling plug show a drop in pressure
indicating a stémming fall preceding the loss of signal. The loss of signal was abrupt at all
stations above the formation coupling plug with the exception of the station just below the top
plug (which survived collapse - station 40, figure 3.14). This suggests cable breakage, possibly
due to the movement of the emplacement pipe before the stemming moved.

An change in radiation corresponding in time to the decrease in pressure is seen at all
stations below the formation coupling plug with the greatest change being seen at the stations
at or below the fines layer (figures 3.7-3.9).
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Progression of the collapse is shown in figure 3.15 by the position of the broken ends of
the CLIPER cable and pressure histories. Pressure records show the position of the onset of
collapse to move uniformly up the hole to the elevation of the formation coupling plug. Above
this, the signals that were lost were apparently lost by a mechanism other than stemming fall.
The CLIPER record is surprising in that it should have broken with the instrumentation cables
with which it was mounted.

CLIPER station 91, mounted on the emplacement pipe and diagnostics canister, gave no
usable information.

D-cable information is not in a form that is usable to investigate the progression of the cavity
collapse.
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Figure 3.3
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Collapse-induced vertical motion of the third rigid plug (station 23, at a depth of
89.6 m). All motion is derived from the accelerometer channel. Electronic cycling
between the VCO groups is evident in the noise following collapse. Displacement
is derived from the velocity gauge data only.
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Figure 3.4  Collapse-induced vertical motion of the top plug (station 24, at a depth of 35.7 m).
All motion is derived from the accelerometer channel. Traces annotated with "a" are
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Figure 3.5
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derived from the accelerometer data.



Figure 3.6
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Figure 3.7
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Figure 3.8  Collapse epoch pressure and radiation as monitored in the coarse stemming above
the deepest rigid plug (station 33 at a depth of 211.5m).
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Figure 3.9
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Collapse epoch pressure and radiation measured in the coarse stemming below
the fines layer (station 34 at a depth of 191.1 m).
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Figure 3.10 Collapse epoch pressure and radiation measured in the coarse stemming above
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Figure 3.11 Collapse epoch pressure and radiation measured in the coarse stemming beneath
the formation coupling plug (station 36 at a depth of 153.2 m).
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Figure 3.12 Collapse epoch pressure and radiation measured in the coarse stemming above the
formation coupling plug (station 37 at a depth of 130.7 m).
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Figure 3.13 Collapse epoch pressure and radiation measured in the coarse stemming below
the third plug (station 38 at a depth of 95.1 m).
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Figure 3.14 Collapse epoch pressure and radiation measured in the coarse stemming above
the third plug (station 39 at a depth of 77.4 m).
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Figure 3.15 Collapse epoch pressure and radiation measured in the coarse stemming beneath
the top plug (station 40 at a depth of 42.1 m).
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Figure 3.16 Progression of collapse as shown by the position of the break in the CLIPER cable
on the instrumentation pendant (station 93). Also shown are representative
pressure wave forms. Pressure histories at stations below the formation coupling
plug indicate a stemming fall before cable station loss while above that plug, the loss
of signal is suggestive of a cable breakage at the time of the drop of the formation
coupling plug. For magnitudes of the pressure drops see figures 3.7-3.14.
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4.1 Motion

Vertical motion of the emplacement pipe was monitored at elevations below each of the four
deepest pressure domes below the formation coupling plug. Three additional motion stations
were fielded on the pipe at the location of the deepest pressure dome, the detector plate and
near the top of the pipe below the ball valve. Motion histories obtained at these locations are
shown in figures 4.1-4.7. Peak motion values and transducer characteristics are given in tables
3.1-3.3.

Just below the deepest pressure dohe (station 4, figure 4.1) and at it (station 5, figure 4.2)
there was little correlation between the histories measured by the velocity gauge and
accelerometer after the first 20 ms suggesting that the pipe, or at least the gauge mounts, were
compromised at early time. Motion at all other stations on the pipe below the formation coupling
plug (figures 4.3-4.5) indicate good correlation between acceleration and velocity at early times
(prior to 0.2 s) but divergence at later times.

Station 9, on the pipe at the elevation of the detector plate (figure 4.6) closely matches the
motion of station 22 (figure 2.21) indicating that the drag rings force the motion of the pipe to be
the same as that of the formation coupling plug. It does not, however, match that of the pipe at
station 8 (figure 4.5).

To insure that the line-of-sight for the neutron PINEX experiment remained open during
emplacement, the pipe was supported from the top by break-away beams. The motion of the
top of the pipe (station 11, figure 4.7) included noise contributions from the break-away beams
and a major downward motion from the release of tension at about 20 ms.
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12 P T : | Radiati

Five sections of the emplacement pipe were sealed by pressure domes intended to retard
and retain the gas pressure generated by the device. The top pressure dome included a
recoverable neutron detector which was drawn up through the pipe beyond the ball valve which
was then closed shortly after the shot. Each of the four deepest sealed sections was internally
monitored for pressure and temperature and the resulting data are shown in figures 4.8-4.11.

Stations 4 and 6 just below the first and second pressure domes, respectively, (figure 4.8
and 4.9) were both instrumented with high and low sensitivity pressure gauges. The detected
pressure was too low to be accurately measured by the low sensitivity sensors and it appears
that only station 4 detected gas flow in the pipe. The temperature change in station 4 may have
been due gas stagnation at the first pressure dome. A slight pressure jump of about 0.28 bar (4
psi) lasted for about 1.2 s at station 6 and there was no accompanying temperature change .

Station 7, just below the third pressure dome and above the fines layer (figure 4.10) shows
a pressure rise of about 3 psi for the first 200 s and then a drop of about 8 psi in pressure
beginning about 3000 s terminating with collapse. This suggests that the pipe section below
the third pressure dome may have been in communication with the surrounding stemming,
confirming the pipe rupture referred to in section 2.1.

Station 8, just below the formation coupling plug (figure 4.11) shows a slight downward
drift in both pressure and temperature. No conclusions are made about these data.

The emplacement pipe was also instrumented for internal pressure and radiation at a
station 11 in the top section at a depth of about 15 m. Histories of these measurements are
shown in figure 4.12. No change from ambient background values are seen.
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Figure 4.1  Vertical motion recorded on the emplacement pipe 2.7 m below the first pressure
dome above the diagnostics canister (station 4 at a depth of 235.9 m). Heavy traces
are the histories derived from the velocity gauge.
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Figure 4.2  Vertical motion recorded on the emplacement pipe at the first pressure dome above
the diagnostics canister (station 5 at a depth of 233.2 m). Heavy traces are the
histories derived from the velocity gauge.
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Figure 4.3  Vertical motion recorded on the emplacement pipe 1.6 m below the second
pressure dome above the diagnostics canister (station 6 at a depth of 207.0 m).
Heavy traces are the histories derived from the velocity gauge.

61



200 T T T T T T T T T T T T T T T T
o_ O
_ c
) .g100
©
i Q
— ©
Q
] <
. OFF
i | IS T VO AN NN N NN NN SO NN S TN N NN NN N O
100 4 [ |

Velocity, m/s

(]

(@]

o

|
Displacement, cm

Time, s

Figure 4.4  Vertical motion recorded on the emplacement pipe 1.6 m below the third pressure
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Figure 4.5
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Vertical motion recorded on the emplacement pipe 10.9 m below the fourth
pressure dome above the diagnostics canister (station 8 at a depth of 155.7 m).
Heavy traces are the histories derived from the velocity gauge. :
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Figure 4.6  Vertical motion recorded on the emplacement pipe at the detector plate above the
formation coupling plug (station 9 at a depth of 138.7 m). Heavy traces are the
histories derived from the velocity gauge.
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Figure 4.7
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Vertical motion recorded on the emplacement pipe 1.9 m above ground and
below the ball valve (station 11). Heavy traces are the histories derived from the

velocity gauge.
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Figure 4.8
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Pressure and temperature recorded in the emplacement pipe 2.7 m below the first
pressure dome above the diagnostics canister (station 4 at a depth of 235.9 m).

The low sensitivity pressure channel had a system range of 690 bars while the high
sensitivity channel had a range of 210 bars.
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Figure 4.9
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Pressure and temperature recorded in the emplacement pipe 1.6 m below the
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207.0 m). The low sensitivity pressure channel had a system range of 210 bars
while the high sensitivity channel had a range of 1000 psi.
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Figure 4.10 Pressure and temperature recorded in the emplacement pipe 1.6 m below the third
pressure dome above the diagnostics canister (station 7 at a depth of 178.4 m).
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Figure 4.11
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Pressure and temperature recorded in the emplacement pipe 10.9 m below the
fourth pressure dome above the diagnostics canister (station 8 at a depth of 155.7

m).
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Figure 4.12 Pressure and radiation recorded in the emplacement pipe near its top (station 10 at a
depth of 15.2 m).
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