





DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.







FRI Instrum ion

Fielded on Data Present in
Instrumentation this Event Return this Report
| Plug Emplacement yes yes yes(@
Radiation yes yes yes
Pressure
Stemming yes yes yes
Challenge no - -
Cavity no - -
Atmospheric no - -
Motion
Free Field no - -
Surface yes yes yes
Plug yes yes yes
Stemming no - -
Surface Casing yes yes yes
Emplacement Pipe yes yes yes
Hydroyield (b) ves yes no
Collapse ©) yes no -
| Stress no - -
Strain(d) yes yes no
Other Measurements(®) yes yes yes

(a)  Description only.

(o) CORTEX and/or SLIFER in emplacement hole.

(c) EXCOR or CLIPER in emplacement hole.

(d) Strain load on emplacement pipe.

(e) Geophone array and pressure and temperature in the device canister.

Event Personnel
) inst .
B. Hudson LLNL C. Cordill LLNL
V. Wheeler LLNL M. Hatch EG&G/AVO
J. Kalinowski EG&G/AVO L. Davies EG&G/NVO
T. Stubbs EG&G/AVO L. Farthing EG&G/NVO
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The FRISCO event was detonated in hole U8m of the Nevada Test Site as indicated in
figure 1.1. The FRISCO device had a depth-of-burial (DOB) of 452 m in the Fraction Tuff of
area 8, about 160 m above the Paleozoic formation and 100 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 10:00 PDT on September 23 ,1982, and collapse progressed to the
surface at about 0.5 hour after detonation. The resulting crater had a mean radius of 69.5 m

and a maximum depth of 5.3 m

No radiation arrivals were detected above ground and the FRISCO containment was

considered successful.

1.2 Instrumentation

Figure 1.5 is a schematic layout of the instrumentation designed to monitor the
emplacement procedures and stemming performance of the FRISCO event.

Pressure and radiation were monitored at only one station; in the coarse stemming just

below the top plug.

Gas pressure and temperature measurements were attempted on a pinex pipe within the
device canister. These quantities were monitored on the pinex collar and on the pinex hat.
Strain (load) on the emplacement pipe was monitored during emplacement and noted from

time to time in the stemming log(®).




Vertical motion of the stemming plug, the surface casing, and the emplacement pipe as well
as the motion of the ground surface, 15.42 m from SGZ was monitored. Relative motion of the
surface casing and the top plug was derived from these measurements. Displacement
transducers (reel-type extensometers) were mounted between the surface casing and the
backfill above the top plug and also between the surface casing and the emplacement pipe to
obtain a direct measure of this relative motion.

Displacement transducers were also installed to detect the displacement of stemming

(slump) below each of the three plugs during stemming operations. Output from these devices

was monitored during and after the event, yielding some information on the coliapse.

Data from each of the above instruments were transmitted to the recording trailer by an
analog system and recorded on magnetic tape.

One CLIPER/CORRTEX sensor attached to the device canister and emplacement pipe
was fielded to estimate device yield and to monitor cavity collapse and chimney formation.
Results of the yield measurement are reported elsewhere(3).

A history of the fielding operations of the instrumentation is outlined in reference 4.
Details of the instrumentation are given in reference 5.

mplacemen

All three of the stemming plugs above the FRISCO event were composed of rigid coal-tar
epoxy (LAE 59, denoted CTE} The top piug was about 7.6 m thick while the lower two lower
plugs were about 2.3 m thick. A soft (about 2.2 m thick) layer of coal-tar and aggregate (LAE
58MY, denoted CTA) was poured on each of the three plugs to act as a gas seal. The
emplacement pipe was "greased" with hydroseal in the regions of the plugs to allow the pipe
to move freely through the 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 ground surface
derived backfill and the inside of the emplacement pipe was grouted for its full length. See
figure 1.4,
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Figure 1.1 Map of the Nevada Test Site indicating the location of hole U8m.
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Figure 1.5  As-built containment instrumentation plan for the emplacement hole (U8m) on the
FRISCO event.




2. Stemming Performance

2.1 Radiation and Pressure

Pressure and radiation were monitored on the FRISCO at the one station (31) below the
top plug as shown in figure 1.5. These measurements are shown in figures 2.1 and indicate
that no radiation reached this elevation and only a slight, brief explosion-induced pressure
drop at detonation time was seen.

The radiation data are consistent with satisfactory containment.

2.2 Motion

Explosion-induced histories of the motion measured on the FRISCO event are shown in
figures 2.2-2.6. Characteristics of the associated motion and transducers are given in tables
2.2-24.

Relative motion of the surface casing and top plug is shown infigure 2.7. Here the
difference between the derived displacement of station 62 (the surface casing) and station 26
(the top plug) is shown. During the first eight seconds after detonation there is almost no
separation between these elements: it is zero, to the accuracy of the measurements. Also
shown is the extensometer data from station 32 (between the surface casing and an anchor in
the backfill within the casing). If the top plug remains attached to the casing, the 0.72 m of
extension observed (initial extension is 0.28 m) may be attributable to compaction of the
stemming material above the plug. Considering the full depth of stemming between the
anchor of station 32 and the top of the top plug (26.25 m) this suggests a final linear

compaction of 2.6% at 8 s after detonation.




Figure 2.8 shows the relative vertical displacement between the emplacement pipe
(station 63) and the surface casing (station 62). Also shown is the derived vertical separation
between these two elements as derived from the extensometer between them (station 33).
Initially, the connection of the transducer was on the emplacement pipe vertically 1.12 m
above the attachment to the surface casing and 0.70 m horizontally apart form it. It was
assumed that all motion was vertical. The wave form for station 33 was set to be on the

baseline before the detonation. A close agreement between the extensometer history and
that of the difference of the displacement of stations 63 and 62 is observed.

Each of the plugs was instrumented with a pair of extensometers 10 sense stemming
slump during and after stemming and the system was recorded during and after the
detonation. Figures 2.9 - 2.11 show the wave forms of each of these transducers. The sand
anchors were held in position by explosive bolts until stemming covered them and then the
bolts were fired, releasing the anchors for measurement. When the bolits on the anchors of
stations 84 and 85 (middle plug) were fired the anchors fell about 1 m, almost the full extension
of the transducer. This rendered these stations nearly unusable. Each of the extensometers
at the bottom and top plugs had an initial extension of between 15 and 20 cm and underwent
an explosion-induced extension of about 3 cm (figures 2.9 and 2.11).




2. 1l henomen

Collapse-induced histories of the motion measured on the FRISCO event are shown in
figures 2.12-2.15. Collapse reached the ground surface at 1836 s after detonation with slap-
down occurming about 1.7 s later. The only down-hole collapse indications were from the
extensometer transducers, as seen in figures 2.9 - 2.11. Time of the progression of the
collapse front as a function of depth is given in the following table.

Table 2.1 Collapse Progression
Station Depth Collapse
(m) (s)
81 & 82 245.7 1832.6
84 & 85 122.5 1836.2"
87 & 88 38.6 1837.0
32 0 1837.0

* These stations probably malfunctioned.

The wave form of the relative displacement between the surface casing and top plug
during collapse is shown in figure 2.7 along with the extensdmeter reading between the
surface casing and the stemming at the top of the hole. If the difference between the
displacements of stations 62 and 26 are correct, the top plug was driven into the surface
casing by about 35 cm by the slap-down of collapse. The extensometer increases by about 70
cm leading to a final compression of the backfill stemming above the top plug of about 6.6 %.
Close agreement between the extensometer history and that of the difference of the
displacement of stations 63 and 62 during collapse is also shown in figure 2.8. Figures 2.9 -
2.11 show the behavior of the plug-associated extensometers during collapse. Again, since
the transducers associated with the middie plug were mounted at their maximum extension, it
is expected that only the collapse time is available from them.

Note the two-stage collapse experienced by the emplacement pipe (figure 2.14). The first
drop occurs at about 1835.2 s, midway between the times the collapse front passes the
deepest plug and the middle plug (see table 2.1). The pipe then falls slowly until the surface
collapse terminates with slap-down at about 1837.2 s.
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Explosion-induced vertical motion of the top plug (station 26 at a depth of 34.5 m)




100

200

Depth, m

400

500

I||1||l|||ll||||||||I||||l||||l||¢||||l|l|||||||||l||n|_J

Us8m

b

Figure 2.3

:I L] T 1 10 it 1 v L B L | S I AL L3 L j
> 4r :
& g F ]
S oA i .
?5’ :r 4 .
< ]
-4F . -
1_f\ |
L
T AAVIPA
-0 N W oot O . .
s ¥,
S - ]
_2 | O T | .1 I 1 | I | ) - | i S 1 1 L1 1
40 | R ] i1 1} F 3 1 B 1 1 T 1 L ¥ | L DL} 11 | LI
5 N
= 20
s | [
3 \ a
a NS
2 \o/
=)
ol | S . ] | S N N | 2! 1 l.l B N S I | 4[ N | L.t L1l
Time, s

Explosion-induced vertical motion of the surface casing (station 62) The traces

annotated with "a" are derived from the acceleration while the velocimeter-derived

signals are shown as heavy traces.

13




100

400

500

Usm

|Il|lLllll||4LlliIII_LIIIIIIIIIII|IIILI|II|IIII'III||II|||

Acceleration, ¢

Velocity, m/s

Displacement, m

| S

| . N )

i N

i1 1.1

L1 11

2

Time, s

4

Figure 24  Explosion-induced vertical motion of the emplacement pipe (station 63) The traces
annotated with "a" are derived from the acceleration while the velocimeter-derived

signals are shown as heavy traces.




20— ) B S B S B M S B Y BN N BED Ba BuN N NAN I T T 7]
@) E 4
c F -
U8m g - 3
.- 5 o :
i o) » -
X i FAF & n
] Q - -
: o— s \A ‘VM —
100—- :l i1 L i1 1 TH T T U S T O | L1t 11 LI:
1 ]
] T T T T T T T T T r>| T T T T T 1T T 7T
] 1F .
EZ°°‘_ % A \,\ .
o = Of § amim
prr) 1 EES £ F .
8. ] S 1: . :
Daoo{ = - .
: -2 .
] WA [ | T A [N W T UK WY T N O A N A ..
400—5 40T ld"ﬁi ™7 T 11 T T 1 T T 1 T 1
_ E :
. 5 LA
] €20
- Q
500 — g
] O
] S 0 / B
: 4 dvff
_2% L1 [ 3 | [] L1 1 L1 l.l A1 11 44 L1 1 it |6
Time, s

Figure 2.5

Explosion-inducéd vertical motion of the ground surface, 15.24 from SGZ
(station 61 .at a depth of 0.9 m) The traces annotated with "a" are derived from
the acceleration while the velocimeter-derived signals are shown as heavy

traces.

15




100

400

500

|Il||'lllll|||l|ll|Jl||l|'l||IIIIIIIIIllllll|l|lll|l|lll

o
Usm .gz “
R
§ 0 L Vh VAVAU W‘w""‘*‘ AN
] -
£ ’\\N\
S
"
£
. S
a
: N
$ X
2
0llll ’|||2I'II llll4JlIJ Lj16
Time, s

Figure 2.6

‘Explosion-induced vertical motion of the instrumentation trailer (station 71 ) The

traces.annotated with "a" are derived from the acceleration while the velocimeter-
derived signals are shown as heavy traces.




U8m /@
b 26 2T | I T B T T T
- ook
] =
] w3 - 4
E i - L . -
.‘200—; % ] — 32) -
£ %ET 3! N ]
Q. a N N
QO R
Q 300 — : E®) | -
i q) e o
; > B _
- fd - pu—
] KA I e
) o) B _
o a 62-20) - 1\_
i . 1 ! 1 | B I I
i 0 4 8 1835 1840
] Time, s
500—_

Figure 2.7  Relative vertical motion between surface casing and top plug (difference between
: displacement of stations 62 and 26) plotted with extensometer of station 32
{between surface casing and an anchor in the backfill).




usm

1 T
1 m@
100 A A
y 3 e
] 22 B E i 1 L IV |
£ ] s 0 1L ]
£ - 1L i
_.5- . g —8 B _ B _
4 Q_ - - b .
0 ] .9 = e = o -
Q) 3° T il (63-6....—| | (63-6D
i O LW T 1 5 i
] E i e s R ST _
: T U@ 1 +® -
- 0 4 8 1835 1840
. Time, s

Figure 2.8  Relative vertical motion between surface casing and emplacement pipe (difference
between displacement of stations 63 and 62) plotted with extensometer of station
33 (between surface casing and emplacement pipe).




U8m

o_
] ’ T 1 | T T T T T T T
3 0. _ -
100 0. B ( 81 ) ]
1 Fﬁ o —- |- —
J 0.4
£ ] e 02— - ]
.\200_; _ — R 9 / —
'E' ] g L1 1 S I | S N T T N TN T
5 §
] C T T T 1 T T T T T, T T 1
Q 300 b 1. !
4 el e ' . — - \ ]
: o (e ) _
400—: 04
; 0. 25 /
: 0 1 E T u
500 - L b1 I | S N NS VN N O N S|
] 0 4 8 1830 1840
] Time, s

Figure 29  Extensometer readings from stations 81 and 82, mounted between bottom plug
and underlying stemming.




U8m

0
i T T 1 T 1 1 1 T 1T T 1 1
1 A 1.0 =
. - - L —
] 0
] B 84) _
100—_ 0.6
] 0.4
& E o2
200—_ - — — e
£ i EJEE C“ 0 [ T | I | I IS DU AN MU HE N N
et N o
Q. =
Q - n
0300-: C‘I.O 1¥L|t T 1 llll|f‘ll
: ST s -
7 X o.
] w - (ssj ]
] 0.6
400 - — - —
] 0.4
' : 1 F :
] 0.2
5001- 0 L1 L1 [ I T N T N T A 1
] 0 4 8 1830 1840
k Time, s

Figure 2.10 Extensometer readings from stations 84 and 85, mounted middie bottom plug
and underlying stemming. These gauges seem to have malfunctioned.

20




Usm

0—5— ] 1 1 1 | 1 | L ) I 1 i LD
: ; e 1 N
| T (87) M
100 0.6 :
] 0.4
= ] E od— j
200—} — - -
. ] C“ A I R I S S O NS G I B
s S
4
QO 1 21 | — T 1 T T 1 [ T T 1
300 — {
0Q *°7 _,:_’2_. _ 4 L ] B
] 0
. w (88 / -
] 0.6 /
400 - B I ]
. 0.4
] . 0.4 1k J N
500_; 3 1 |i4 L1 I81830J I T I L;840
] Time, s

Figure 2.11 Extensometer readings from stations 87 and 88, mounted between top plug and
underiying stemming.

21




100

400

500

Ilnlllﬂ|||||1|||||||I|||||'||||||||||||||||||l||||ln1|J_]

Uusm

26

Acceleration, g

Velocity, m/s

Displacement, m

N
AFTTTTITTUIT

[ I |

TTTTTTT1

2l vl

pryaleshee

~
r< B ELELE BRI

TTT T TTTTT

LU L

rerirprret

] \
\

REEEENRNW

L1 o b

HEEEEREN

_8||||I|1||

LI I N O N O N N O N I I A A
0
\

-2 \
. ¥

p vy e be v o bes v g beyyg fea e v oo a s dirrytaay
1834 1838

Time, s

22

1842

Figure 2.12 Collapse-induced vertical motion of the top plug (station 26 at a depth of 34.5 m)
The traces annotated with "a” are derived from the acceleration while the
velocimeter-derived signals are shown as heavy traces.
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Figure 2.13 Collapse-induced vertical motion of the surface casing (station 62) The traces
annotated with "a" are derived from the acceleration while the velocimeter-derived
signhals are shown as heavy traces.
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Figure 2.14 Collapse-induced vertical motion of the emplacement pipe (station 63) The traces

annotated with "a" are derived from the acceleration while the velocimeter-derived
signals are shown as heavy traces.
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Figure 2.15 Collapse-induced vertical motion of the ground surface, 15.24 from SGZ (station 61
at a depth of 0.9 m) The traces annotated with "a” are derived from the acceleration
while the velocimeter-derived signals are shown as heavy traces.
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inment-Rel

Gauge Slant Range  Arrival Time Acceleration  Velocity Peak  Displacement Displacement
(m) (ms) Peak (g) (m/s) Peak (cm) Residual (cm)
26av 4175 11003, 219  0.96,(0), 1.66 1.05 335 3.5
26uv 4175 110(a), 220 - 1.04 32.0 1.8
6lav 451.4 242 1.50, 16(0) 1.20 34.2 0
81uv 451.4 245 - 1.15 31.8 -4.0
62av 452 120(2), 230 1.30, 5.2(b) 1.12 32.0 4
62uv 452 128(a), 238 - 1.13 31.2 0
63av 453.2 120(@) (c) 6.20 129 87
63uv 4532 122(2) - 6.20(2), 5.9 131 90
71av 505(d) 280 1.7, 3.3(0) 1.05 18.3 0
71uv s05(d) 285 - 0.98 16.4 -3.5

(a) Pipe-induced motion.

(b) Slap-down.
(c) Signal exceeds system limits; peak only approximate.
(d) Station in recording trailer, range approximate.




Table 2.3 Containment-Related Accelerometer Characteristics

Natural Frequency Damping Ratio System Range
Gauge (Hz) (g's)
26av 268 0.65 6
61av 530 0.60 50
62av 270 ' 0.65 6
63av : 655 0.60 ‘ 18
71av 220 0.65 10
| nt-Rel {e]4]] r Char. risti
Natural Time to 0.5 Calibration Operate System
Gauge Frequency Amplitude Temperature  Temperature Range
(Hz) (s) (°F) (°F) (nvs)
26uv 3.70 7.80 72.3 102.0 10
61uv 3.92 8.75 75.4 72.6 10
62uv 3.84 8.90 72.4 80.9 10
63uv 3.74 8.45 72.6 89.1 8
71uv 4.00 20.4 73.9 64.1 2
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Pressure and temperature were monitored in a PINEX line-of-sight pipe within the
diagnostics canister at locations corresponding to elements of the PINEX. Wave forms of
these quantities are shown, for completeness, in figure 3.1. Signals from these transducers
were corrupted after 10 ms and the data are otherwise questionable.

Data from stations 64, 85, and 66 each consisting of a vertically mounted geophone and
accelerometer are shown in figures 3.2 -3.4. As of this writing, the exact locations of the
stations are unknown. Since all of the signals exceeded their respective system limits, they
were digitized but not scaled to engineering units. These data are shown only for
completeness.
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Geophone and accelerometer output from station 64. Signals are shown as
digitized and the station location is unknown.
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Figure 3.3  Geophone and accelerometer output from station 65. Signals are shown as
digitized and the station location is unknown.
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Figure 3.4  Geophone and accelerometer output from station 66. Signals are shown as
digitized and the station location is unknown.
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