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1. Event DescricXion 

JARLSBERG was detonated on August 27,1983 at 07:OO PDT. All phenomena 
appeared normal with chimney collapse reaching the ground surface about 15 minutes later. 
The average radius of the resulting crater was 41 -4 m and the depth at surfaceground-zero 
(SGZ) was 7.0 m. 

No radiation was detected above ground and the containment was satisfactory. 

1.2 Site 

JARLSBERG was located in hole U1 Oca of the Nevada Test Site as shown in Figure 1.1. 
A depth of burst of 200 m placed the detonation in the layered tuffs about 100 m above the 
Paleozoic contact and nearly 300 m above the static water level. Geologic cross sections 
through this hole and plan maps of the local region are shown in Figures 1.2 and 1.3"). The 
stemming plan of the 2.24 m diameter hole is shown in Figure 1.4. 

1.3 Instrumentation 

Containment instrumentation for the emplacement hole is shown in Figure 1.5. Further 
details of the instrumentation installation is given in Reference 2. 

The satellite hole, UelOaa, was instrumented for both stress and motion as shown in 
Figure 1.6. The gauge stations were emplaced on a fiber-glass pipe and the 0.31 m diameter 
hole grouted to within 36 rn of the surface with the remainder of the hole stemmed with two- 
part-epoxy (TPE). 

As indicated in Figure 1.7, an array of six vertical motion stations were placed near the 
ground surface at a depth of 0.61 m. 
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A pre-shot lightning strike on the grounding system destroyed several transducers and 

possibly damaged others. Those transducer channels which appeared to have been 
damaged due to lightning or other phenomena are: 

Emplacement hole: All strain gauge channels except 82 and all pressure and radiation 

channels. 

Satellite hole: Stations 42 and 43, were dead pre-shot; channels 41 uv, 47at, 48uv, and 

49ut were damaged by shock. Data from all stress (soil pressure) channels except 54s 
appeared invalid. 

Surface array: Channels 63av, 64uv, Suv, and 66uv, were all damaged by EMP. 
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Figure 1.1 Map of the Nevada Test Site indicating the location of hole U1 Oca. 
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Figure 1.2 Plan view of the region near Hole UlOca with a North-South geologic cross section 
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Figure 1.6 As-built instrumentation plan for the satellite hole (Uel Oaa). 
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2. EmDIacement 

2.1. .PiDe strain 

Pre-shot, the pipe strain gauge is used to monitor the load on the emplacement pipe. 
The load upon landing was 82,500 pounds. 

2.2. Plua level and temDerature 

A thermistor in the top plug monitored the plug temperature history which was observed 
in the stemming trailer. A satisfactory plug temperature history was a requirement for the 
completion of stemming of the hole. As of this writing, the actual histories of the TPE plugs 
temperature are not available. 

No other emplacement data are available except through the stemming log of Holmes & 
(3) Narver . 
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3, Stemmina Performance 

None of the channels serviced by the multiplexers fielded below the deepest plug 
survived the EMP, while both of the multiplexers above the TPE plug at the 105 m depth 
operated satisfactorily. 

3.1 Pressure and Radiation 

Stations 31 and 32 were inoperative pre-shot although they calibrated properly 60 

seconds before the event. These stations were among those with multiplexers fielded below 
the deepest plug and thus yielded no information. 

3.2 Stress and Strain 

Stations 11-18 and 81 were among those with multiplexers fielded below the deepest 
plug and thus yielded no information. The only strain station which may have yielded valid 
data from the emplacement hole was 82. Figure 3.1 shows the explosion-induced strain 
histories measured in the deepest TPE plug. 

3.3 Motion 

The three Celesco displacement gauge records are shown in Figure 3.2. Both the time 
around detonation and the time around collapse are covered. Stations 1 and 3 are anchored 
to the emplacement pipe with their free ends placed in the stemming and the top plug, 
respectively. 

The two stemming plugs were instrumented with both vertical acceleration and velocity 

gauges; the data from these are shown in Figures 3.3 and 3.4. Peak amplitudes and times-of- 
arrival are included in the summary table 3.1. Noise levels in the recording system tend to 
make the displacements derived from acceleration suspect. 

Characteristics of the transducers are given in tables 3.2 and 3.3. 
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3.4 Collame 

Figure 3.4 shows the strain in the deepest plug monitored during collapse while the 

collapse-induced motions recorded at stations 21 and 22 are shown in figures 3.6 and 3.7. 

Collapse was monitored by a cliper cable system (Station 92). Positions of the cable break 
are plotted as a function of time in Figure 3.8. Also included are records from the other 
stations showing collapse activity within the stemming column. Only the cliper data are plotted 
to scale, the other information merely indicates timing. Stations 21 and 22 are represented by 

the derived displacement while Station 82 (strain) is represented by its vertical component. 

The sensor cables for stations 91 and 92 were used as “D” cables for monitoring the 

stemming procedures and as CLIPERs for monitoring cavity collapse. Station 92 was 

switched to standard CLIPER electronics at about 0.1 s after detonation for recording while 
station 91 was recorded as a “ D  cable for times after detonation. Computer software for 
converting the “D” cable signal to CLIPER equivalent information has not been developed, 
thus the station 91 data are not presented. 

L 
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Figure 3.1 Explosion-induced horizontal and vertical strains measured in the TPE plug at a 
depth of 105 m (station 82). 



JARLSBERG 
CELESCO DISPLACEMENT GAGES 

STATION 1: SURFACE CASING TO TOP PLUG 
200 

100 
n z 
0 0  
I 

W 
v, 

STATiON 2: EMPLACEMENT PIPE TO STEMMING 

-I 
Q STATION 3:  SURFACE CASING TO S T E W I N G  
0 200 
I- 
rE 100 w > 

- 
---_ 

0 

2 4 6 945 950 955 

T I ME (SECONDS) 

Figure 3.2. Relative displacement between surface casing, stemming and emplacement pipe, 
both during the explosion and subsequent collapse. 

14 



n 

v s 
>- 
I- - 
0 
0 
-J 
w > 

0 0 .6  1 .o P .0  2.6 3.0 3.8 d.8 6.0 

J 

1 

t 

0 

-1 

-7. 

D 0 . 6  1 .o t .e 2 .0 1 . 6  i . 0  S.6 4.0 1.8 8.0  

0 1 2 3 4 5 

Time, s 

Figure 3.3. Explosion-induced vertical motion of the deepest TPE plug at a depth of 106 m 
(Station 21). Records annotated with “ A  were derived from the accelerometer. 

15 



n 
c3 
U 

0 0.6 

n 

t. 
I- - 

1 .o 

0 .8  

0 

1.0 1 .e 0 . 0  2.8 s.0 S.6 4.0 *.6 8.0 

W > -1.0 
0 0.8 t .a t .e 0 . 0  2 .8  s.0 a.6 e.0 4.8 8.0 

n o.zo 
I - 0.10 

0 . 2 8  

L1 z 0 . 7 0  w 

U 

0 1 2 

Time, s 
3 4 5 

16 

Figure 3.4. Explosion-induced vertical motion of the top TPE plug at a depth of 35 m (Station 
22). Records annotated with "A" were derived from the accelerometer. 
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4. Surface Motion 

See Figure 1.7 for a lay-out of the relative positions of the surface array instrumentation. 

All surface stations were instrumented with vertical accelerometers and velocity gauges 
and each contained a supplemental accelerometer denoted "gv" to identify it as one that is 
usually employed as a geophone oriented in the vertical direction. All of the "gv" gauges 

(except at station 62) were over-ranged and thus had "clipped" peaks. When shown with the 
data from velocity gauges, the velocity and displacement histories derived from the standard 
accelerometers are annotated with an "A". The histories obtained from the geophone 
accelerometers are annotated with a "B". All the surface motion histories, both measured and 
derived are presented in figures 4.1 through 4.6. All three transducers of Station 62 
remained within band and are presented in Figure 4.2. As indicated in section 1.2, the 
velocity transducers for stations 64, 65, and 66 all malfunctioned at zero time and the records 
presented are thus derived from the accelerometer histories. The accelerometer at station 63 
(channel 63av) was apparently damaged by the EMP and is also excluded. 

All three channels of Station 61 were processed to yield the motion during collapse, 
(Figure 4.7). Although the plot is not precise enough to show it, 61gv indicates a "free-fall" 
period (negative acceleration of close to -1 9). This channel was severely clipped (the band- 
width was 21.3 g) so the integrals from this channel should not be accepted. 

A summary of the explosion-induced surface motion data is included in table 3.1 and the 
transducer characteristics are given in tables 3.2 and 3.3. Included in table 3.1 are the 
horizontal azimuthal directions of propagation from the working point to the respective 
stations. 
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Figure 4.1 Explosion-induced vertical motion of the ground surface at a horizontal range of 
10.1 m and azimuth of 187.0° from surface ground zero (station 61). Traces 
annotated with “A” were derived from the accelerometer. 
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Figure 4.5 Explosion-induced vertical motion of the ground surface at a horizontal range of 
180.6 m and azimuth of 177.7O from surface ground zero (station 65). Traces 
annotated with “ A  were derived from the supplemental accelerometer. 
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Explosion-induced vertical motion of the ground surface at a horizontal range of 
169.3 m and azimuth of 219.3O from surface ground zero (station 66). Traces 
annotated with " B  were derived from the supplemental accelerometer. 
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Table 3.1 

Surface and Emplacement Hole Motion Summarv 
Gauge Slant Azimutht Arrival Peak Peak Peak Residual - 

Range angle Time Acceleration Velocity Displacement Displacement 
(rn) (degrees) (ms) (9) (m/s) (m) (cm) 

21av 94.0 NA 19(a), 45 8.3 2.25 0.280 (b) 
21 uv 2.20 0.265 200 
22av 165.4 NA 35(a), 91 1.46 1.20 0.207 24 
22uv 1.30 0.223 45 
61gv (c) 

61 uv 1.24 0.204 -1 5 
62gv 166,241 0.630 0.200 0.0260 9 
62av 324.7 198.4 21 3 0.628 0.203 0.0265 -2 
62uv 0.1 81 0.0243 2 
639v (c) 
63av 242.3 142.8 145 (e) 

64gv (c) 3.75 2.00 fb) 
64av 242.3 242.7 135 2.15, 11 .dd) 0.820 0.103 -90 
64uv (e) 
65gv (c) 
65av 278.3 177.7 166 1.36, 3.27(d) 0.505 0.065 -17 
65uv (e) 1.77 
66gv (c) 
66av 278.5 219.3 154 1.53, 1.95@) 0.465 0.052 3 

61av 210.6 187.0 125 2.9, 12.1(d) 1.35 0.234 (b) 

1 63uv 0.830 0.136 

66uv (e) 
t Horizontal angle of propagation from the working point; zero = East 
(a) emplacement pipe-induced arrival 
(b) invalid data 
(c) peaks invalid: data out of band 
(d) slapdown peak 
(e) malfunction; reason unknown 
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Table 3.2 

Sur ~~S Arr 

Natural Damping System 
Gauge Frequency Ratio Range type + 

(9) (Hz) 

21 av NA NA 80 vr 

22av 41 0 0.65 16 vr 

61 av 570 0.65 30.0 vr 

61 gv 253 NA 1.0 pr 

62av 260 0.62 3.0 vr 

62gv 250 NA 0.5 pr 

63av 267 0.65 4.0 vr 

63gv 250 NA 0.5 pr 

64av 260 0.65 4.0 vr 

64gv 252 NA 0.5 pr 

65av 170 0.60 3.0 vr 

65gv 254 NA 0.5 pr 

66av 170 0.70 3.0 vr 
66gv 253 NA 0.5 pr 

t pr = Piezoresitive; vr = variable reluctance 
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Table 3.3 

Surface Arrav & EmDlacement Hole Velocimeter Characteristics 

Natural Time to 0.5 Calibration Operate System 
Gauge Frequency Amplitude Temperature Temperature Range 

Wz) (9 (OC) (OC) (WS) 

21 uv NA 11.3 24.2 NA 16.0 

22uv 3.558 7.30 23.31 42.1 7 8.0 

61 uv 3.473 9.63 23.52 23.30 9.0 

62uv 3.51 9 8.61 24.46 22.37 2.0 

63uv 3.558 9.00 23.53 22.05 3 .O 

64uv 3.645 7.94 23.68 21.32 3.0 

65uv 3.450 9.71 24.02 20.89 2.0 

66uv 3.606 8.05 24.90 19.71 2.0 
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5. Satellite Hole f Free-Field) Measurements 

5.1 Motion 

Data from all of the reporting stations are seen in Figures 5.1 through 5.21. Stations 42 

and 43 were lost before the event and thus are not shown. 

A summary of the explosion-induced free-field motion data is included in Table 5.1. 
Tables 5.2 and 5.3 list the characteristics of the motion transducers fielded in the satellite hole 
U1 Oaa. 

5.2 Stress (so i l  pressure) 

Only station 54 appeared operational, however the signals received from stations 5154 
are shown in figure 5.22. Stations 55 and 56 were inoperative pre-shot and not recorded. 
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Figure 5.1 Explosion-induced vertical motion at a depth of 384 m in hole UelOaa (station 41). 
Traces annotated with “ A  were derived from the accelerometer. 
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Figure 5.2 Explosion-induced radial-horizontal motion at a depth of 384 m in hole Uel Oaa 
(station 41). Traces annotated with “ A  were derived from the accelerometer. 
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0 0 .e 1 .n 1 .e 2.0 1.6 1.0 

0 . a  

n 

W 
0 0 . 4 6  

$ 0.10 

n.oo 

- a m  

W 

> 
V 

W 
g-05 
> -a10 

4.16 
0 0.6 1 .o t .e 2 .o 2.6 I .o 

0 1 2 

Time, s 
3 

Figure 5.4 Explosion-induced vertical motion at a depth of 304 m in hole UelOaa (station 44). 
Traces annotated with “ A  were derived from the accelerometer. 
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Figure 5.5 Explosion-induced radial-horizontal motion at a depth of 304 m in hole UelOaa 
(station 44). Traces annotated with "A" were derived from the accelerometer. 
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Figure 5.6 Explosion-induced transverse-horizontal motion at a depth of 304 rn in hole 

UelOaa (station 44). Traces annotated with “ A  were derived from the 
accelerometer. 
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Figure 5.7 Explosion-induced vertical motion at a depth of 251m in hole UelOaa (station 45). 
Traces annotated with "A" were derived from the accelerometer. 
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Figure 5.8 Explosion-induced radial-horizontal motion at a depth of 251 m in hole UelOaa 
(station 45). Traces annotated with " A  were derived from the accelerometer. 
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Figure 5.9 
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Explosion-induced transverse-horizontal motion at a depth of 251 rn in hole 
UelOaa (station 45). Traces annotated with “ A  were derived from the 
accelerometer. 
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Figure 5.1 1 Explosion-induced radial-horizontal motion at a depth of 198 m in hole Uel Oaa 
(station 46). Traces annotated with "A" were derived from the accelerometer. 
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Figure 5.12 Explosion-induced transverse-horizontal motion at a depth of 198 rn in hole 
UelOaa (station 46). Traces annotated with " A  were derived from the 
accelerometer. 
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Figure 5.13 Explosion-induced vertical motion at a depth of 173 m in hole UelOaa (station 47). 
Traces annotated with " A  were derived from the accelerometer. 
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Figure 5.14 Explosion-induced radial-horizontal motion at a depth of 173 m in hole UelOaa 
(station 47). Traces annotated with "A" were derived from the accelerometer. 
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Figure 5.15 Explosion-induced transverse-horizontal motion at a depth of 173 m in hole 
UelOaa (station 47). Traces annotated with "A" were derived from the 
accelerometer. 
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JARLSBERG: STATION 48 ( R )  
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Figure 5.17 Explosion-induced radial-horizontal motion at a depth of 113 m in hole UelOaa 
(station 48). Traces annotated with "A" were derived from the accelerometer. 
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Figure 5.18 Explosion-induced transverse-horizontal motion at a depth of 113 rn in hole 
Uel Oaa (station 48). Traces annotated with “A” were derived from the 
accelerometer. 
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Figure 5.19 Explosion-induced vertical motion at a depth of 56m in hole UelOaa (station 49). 
Traces annotated with “A” were derived from the accelerometer. 
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Figure 5.20 Explosion-induced radial-horizontal motion at a depth of 56 rn in hole Uel Oaa 
(station 49). Traces annotated with "A" were derived from the accelerometer. 
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Figure 5.21 Explosion-induced transverse-horizontal motion at a depth of 56 m in hole 
UelOaa (station 49). Traces annotated with "A" were derived from the 
accelerometer. 
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Figure 5.22. Mean stress (pressure) measured in hole UelOaa. It is suggested that only station 
54 reported valid information. Stations 55 and 56 were inoperative pre-shot and 
not recorded. 
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Table 5.1 
Satellite Hole [f ree-f ield) Motion Summarv 

Gauge Slant Arrival Peak Peak Peak Residual 
Range Time Acceleration Velocity Displacement Displacement 

(m) (ms) (9) (m/s) (m) (mm) 
41av ~ 138 0.24 0.99 0.006 10 
41 uv (a) 
41 ar 361 .O 136 0.146 0.042 0.0075 3 
41 ur 0.112 0.014 2 

141 0.048 0.1 00 0.0032 -8 
-0.056 -0.0062 1 

41 at (b) 
41 ut 
44av 156 -0.28 -0.1 10 -0.0083 -9 
44uv -0.1 10 -0.0083 0 
44ar 327.4 159 0.44 0.187 0.0264 17 
44ur 0.196 0.0277 14 
44at 158 -0.1 03 -0.037 -0.0022 4 
44ut -0.037 -0.0022 7 
45av 156 -0.27 -0.092 -0.0054 -7 
45uv 
45ar 
45ur 
45at 

314.7 152 

154 

0.59 

-0.14 

-0.096 

-0.250 
-0.045 

0.240 
-0.0052 
0.0367 
0.0375 
-0.0037 

2 
18 
15 
8 

45ut -0.058 -0.0050 6 
46av 162 0.125 0.021 0.01 64 7 

310.5 
46uv 0.022 0.01 72 3 
46ar 166 0.600 0.280 0.0375 12 
46ur 0.31 0 0.0396 15 
46at 166 -0.095 -0.033 -0.001 8 12 
46ut -0.025 -0.001 0 17 
47av 168 0.123 0.038 0.001 3 0 
47uv 0.044 0.00145 -3 

20 47ar 312.2 168 0.660 0.294 0.0372 
47u r 
47at 

0.320 0.0395 15 

47ut 180 -0.050 -0.0032 8 
48av 168 0.175 0.084 0.01 89 10 

(4 
328.0 

48uv 
48ar 166 0.430 0.244 0.0400 10 
48ur 0.248 0,0405 15 
4aat 166 -0.071 -0.028 -0.0025 7 

49av 185 0.135 0.1 33 0.01 88 6 
49uv 0.137 0.01 87 5 
49ar 342.8 185 0.365 0.248 0.0433 13 

11 49ur 
49at 184 -0.033 0.1 60 0.0305 15 

48ut -0.022 -0.001 1 1 7 w  

0.277 0.0470 

49ut (C) 
(a) Malfunction. 
(b) These data are highly questionable. 
(c) Data invalid: noise influences magnitude 
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Table 5.2 

Sat el I ite Hole Accelero meter Character i s t i cs t  

Natural Damping System 
Gauge Frequency Ratio Range 

(Hz) (a) 
41 av 182 0.70 1.6 

41 ar 138 0.65 1.6 

41 at 175 0.70 2.0 

44av 180 0.70 2.0 

44ar 122 0.75 2.0 

44at 158 0.85 2.0 

45av 170 0.65 2.0 

45ar 117 0.65 2.0 

45at 132 0.65 2.0 

46av 175 0.70 2.0 

46ar 170 0.65 2.0 

46at 145 0.70 2.0 

47av 175 0.60 2.0 

47ar 175 0.75 2.0 

47at 145 0.65 2.0 

48av 184 0.65 2.0 

48ar 169 0.70 2.0 

48at 145 0.75 2.0 

49av 170 0.65 2.0 

49ar 120 0.65 2.0 

49at 152 0.60 2.0 * All accelerometers are variable reluctance devices 
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Table 5.3 

Sate I I i te Hole Velo ci meter Characteristics 
Natural Time to 0.5 Calibration Operate System 

Gauge Frequency Amplitude Temperature Temperature Range 
(H-4 (SI (OC) (OC) (n-w 

41 ur 3.600 9.39 24.17 29.91 1.4 

41 ut 3.594 9.38 24.07 29.91 1.4 

44uv 3.543 8.82 25.80 28.93 2.0 

44ur 3.51 8 9.94 22.54 28.93 2.0 

44u t 3 356 9.1 7 24.08 28.93 2.0 

45uv 3.657 8.61 25.90 27.05 2.0 

45ur 3.502 9.38 24.24 27.05 2 .o 
45ut 3.384 9.28 24.55 27.05 2.0 

46uv 3.518 9.74 26.05 23.61 2.0 

46ur 3.444 9.30 24.34 23.61 2.0 

46ut 3.624 9.50 22.73 23.61 2.0 

47uv 3.55 1 9.22 25.46 22.89 2.0 

47ur 3.685 9.36 22.82 22.89 2.0 

47u t 3 3 7 7  9.20 23.06 22.89 2.0 

48uv 3.640 8.38 25.63 18.83 2.0 

48ur 3.452 8.82 24.46 18.83 2.0 

48u t 3.362 9.76 22.77 18.83 2.0 

49uv 3.396 10.32 25.72 17.73 2.0 

49ur 3.512 9.21 22.39 17.73 2.0 

49ut 3.464 9.27 22.40 17.73 2.0 
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