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ABSTRACT 

Airblast was measured from distances of a few hundred feet to about six miles 
from single one-ton surface, near surface, and buried explosions. Similar measure¬ 
ments were made perpendicular to and off the ends of buried single row-charges 
detonated simultaneously and with delays between charges in the rows, and buried 
double-row charges detonated simultaneously and with delays between rows. Ex¬ 
plosives were either ammonium nitrate and fuel oil or aluminized ammonium nitrate 

slurry. 

Single charges detonated at and near the surface gave peak overpressures and 
impulses close to those of TNT charges burst similarly. Buried single charges had 
positive impulses comparable to those from TNT, but had ground-shock-induced peak 
overpressures about twice those of TNT, and gas-venting peak overpressures from 
two to eight times those of TNT, 

A one-ton charge placed at the bottom of a 14-inch-diameter unstemmed hole 
produced overpressures and airblast energy about midway between an equivalent sui- 
face burst and a completely stemmed explosion at the same depth. 

Waveforms from all row-charge detonations were complex, and neither peak 
overpressures nor positive impulses could be related consistently to those from 
single charges orto smaller buried TNT charges in a more uniform medium. 

No airblast damage occurred at either Jansen or Trinidad, Colorado at a maxi¬ 
mum peak overpressure of 0.009 psi. 

Key words: Plowshare, cratering, chemical explosives 
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AIRBLAST FROM PROJECT TRINIDAD DETONATIONS 

Introduction and Objectives 

Project TRINIDAD was a series of cratering experiments conducted with 
chemical explosives in interbedded sandstones and shales near Trinidad, Colorado. 
The series had multiple objectives, which included obtaining crater dimensions 
from single charges in interbedded sandstones and shales as a function of burial 
depth; determining the relative cratering effectiveness of aluminized ammonium 
nitrate slurry as against an ammonium nitrate/fuel oil combination; finding the 
effectiveness of row-charge cratering in non-level terrain; establishing the relative 
cratering effectiveness of simultaneous and delayed row-charge detonations, and 
investigating safety aspects such as ground motion and airblast resulting from single 
and row-charge detonations. Except for Shot D-l, all charges weighed one or two 

tons. 
Table I summarizes the one-ton single-charge events. One-ton row-charge 

events are summarized in Table II, and side-hill shots in Table III. 

TABLE I 

Summary of Single-Charge Events - B Series 

Shot No. Explosive 

Planned 
Charge-Burial 

Depth (ft) 

B-l 

B-2 

B-3 

B-4 

B-5 

B-6 

B-7 

B-S 

B-9 

B-10C 

B- IIe 

B-12c 

B- 13e 

B- 14 

B-I5d 

ANFO 

ANFO 

ANFO 

A ANS* 

A A NS 

A A NS 

A A NS 

A A NS 

AANS 

A A NS 

AANS 

AANS 

AANS 

AANS 

AANS 

16 

18 

20 

1 ö 

19 

21.5 

24 

28 

Canee 1led 

-3.8 

-1.9 

0.0 

1.9 

21.5 

21.5 

(a) Ammonium nitrate and fuel oil. 
(b) Aluminized ammonium nitrate slurry (TD-2). 

(c) In spherical container. 
(d) Unstemmed 14“Ínch-dinmctcr holt'. 



TABLE II 

Summary of Row-Charge Events - C Series 

Shot No. 

C-l 

C-2 

C-3 

C-4 

C-5 

C-6b 

Number 
of 

Charges 

5 

5 

7 

5 

5 

10 

Explosive 

A ANS 3 

AANS 

AANS 

AANS 

AANS 

AANS 

Planned 

Charge-Burial 
Depth (ft) 

18 

20.4 

23.5 

20.4 

20.4 

20.4 

Charge Spacing 

_(ft) 

32 

25 

18 

25 

25 

25 

(a) Aluminized ammonium nitrate slurry (TD-2) 
(b) Double row, 39 ft between rows. 

Delay 
(sec) 

0 

0 

0 

0,050 

0.025 

0 

TABLE III 

Summary of Side-Hill Cuts - D Series 

Shot No. 

D-l 

D-2 

D-3 

Explosive Charge 

ANFO A 

B 

C 

D 

E 

F 
G 

H 

I 

AANS 5 ea 
(TD-1) 

AANS (IR-10) 

Uphill row(a) 

6 ea 
Downhill row(a) 

6 ea 

Charge 

Weight 

jjjkl 
300 

700 

1200 
1700 

2000 
2000 
1200 
500 

200 

2000 

4000 

2000 

Planned 

Charge-Burial 
Depth (ft) 

13 
17.5 

20.5 

23.0 

23.5 
23.5 

20.5 

16.0 

11.0 

18 

25 

19 

"Charge 

Spacing 

-(It) 

10 
13 

14 
15 

16 

15 
12 
9 

32 

35 

35 

Delay 
(sec) 

None 

None 

None^k) 

None 

(continued) 



Table III continued 

Shot No« 

D-4 

Explosive 

Charge 
Weight 

Charge (lbs) 

Uph 
AANS (TDrl) 
ill row'* ' 2000 

4000 
4000 
4000 
4000 
4000 
4000 
4000 
4000 
4000 
4000 
4000 
4000 
2000 

Planned 
Charge-Burial 

Depth (ft) 

20 
25 
28 
28 
28 
26 
25 
24 
24 
24 
25 
24 
22 
18 

Charge 
Spacing Delay 

27 
28 
25 
25 
2b 
29 
33 
35 
35 
33 
33 
36 
35 

None 

Downhill row (O 

A 
B 
C 
D 
E 
F 
G 
II 
I 
J 
K 
L 
M 
N 
0 
F 
Q 
R 

2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 

18 
18 
21 
21 
22 
21 
19 
19 
18 
19 
19 
22 
23 
23 
23 
23 
22 
21 

26 
28 
24 
22 
22 
25 
27 
29 
29 
27 
24 
20 
19 
19 
19 
20 
21 

None (<1) 

(a) Spacing between rows was 40 ft. 
(b) Downhill row detonated 0.25 sec before uphill row. 
(c) Spacing between rows was 46 ft. 
(d) Downhill row detonated 0.141 sec before uphill row. 

Background 

Charges were detonated in an interbedded sandstone-and-shale medium. Aii 
blast measurements have been made on many single-charge chemical-explosive 
detonations, including shots in both dry soilsl"? and dry rocks.8-10 There have 



I;"1'" "0,l,:u’Ul;1' aii,;1i,taHl moasm-oments on single charges detonated in sandstone or 
dry •'•hale; and, while single-charge cratering explosions have been fired in wet shale H 
no alrldast measurements were made. TNT was used on all the cratering shots in 
r'1, ,, .°.1 W , ' riil'l,la'sl loeasurements were made, except for three shots in the 
C AI SA series,1 where nitromethane was used. TNT was used for two of the three 
single-charge series in rock«. 9 and nitromethane for the third. 10 Records from all 
measurements on single-charge shots except TUGBOAT12 show waveforms consist¬ 
ing ol a ground-shock-induced pulse followed by a gas-venting pulse, which is in turn 
lo!lowed by a negative phase. The interval between the two positive pulses charac¬ 
teristically lengthens with increased burial depth for a given medium, and, at greater 
burst depths whore the interval is long, pressure may make a brief excursion below 
ambient between pulses. The Interval is also medium-dependent and is relatively 
longer lor media in which gas venting occurs relatively late. Peak overpressures of 
both pulses decrease with increased charge burial depth, the gas-venting peak de¬ 
creasing more rapidly until, at depths at which gases are contained, there is no gas- 
venting pulse but only a ground-shock-induced pulse. In the Project TUGBOAT 
single-charge detonations^ (and as noted later, some multiple-charge detonations 
m wet media), no gas-venting pulse was observed. It is presumed that the gas cavity 
instead of venting early, continued to expand within a vertical column of ejecta until 
When venting finally occurred, the cavity volume was so large that cavity pressures’ 
had dropped to nearly ambient. TUGBOAT was different in one other respect from 
previous cratering shots on which airblast measurements had been made in that 
aluminized ammonium nitrate slurry (AA NS) was used. While the gas-venting pulse 
may also depend on the type of explosive, it is worth noting that in the case of nitro¬ 
methane, strong venting pulses were observed on shots in both dry soil7 and dry 
rocklu 'HA were absent from multiple-charge shots in saturated shale. 13-14 Figure 1 
shows that for shots in dry alluvium, 1 nitromethane produces both ground-shock- 
induced and gas-venting peaks larger than for equal amounts of TNT. 

Figure 1. Airblast measured 140 feet from 1000-pound charges 
of nitromethane and TNT buried 12. 5 feet deep 

in 
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Airblast has been measured on TNT row charges in soil15 and on nitromethane 
row charges in basalt^ and wet shale. 13 The latter two, with the same exploste 
one m a dry and one in a wet medium, respectively display the presence and absence 
of the gas-venting pulse noted earlier. Thus, a small or absent gas-venting pulse 
may be a characteristic of shots in water and saturated materials. 

Attempts to relate airblast parameters to the number of charges 15 show that 
the ra 10 of airblast from a row charge to that from a single charge takes the form 
n« wh„™ „ 1. .ta number o, ol,.rBe. and . i, dependent on aaimu “otarse burial 
depth, spacing between charges, medium, and possibly on type of explosive Mea- 

differerit'e T™ TRINIDAD charges will permit evaluation‘of « for 
different explosives in a new medium together with different combinations of charge 
buna! depth and spacing. Obviously, where a function is dependent on as many as 

can be denied measurements on many series before the dependencies 

AANST^i™rr pr0ject included a series of surface and near-surface charges of 
AANS. I igure 2 shows a pressure-distance relationship cube-root-scaled to a 9non., 
pound charge based on the references given below. Information from each source has 
been extrapolated to lower overpressures, as indicated by dashed extensions on the curve 

Kirkwood-Brinkley theoretical free-air curve for cast 
TNT with linear extrapolation beyond 1. 35 psi at the 
rate of the lowest overpressures calculated. 

A similar but more recent calculation to lower over¬ 
pressures. 18 

A surface-burst curve based on (a) and the 2VV theory 
(perfect reflection assumed). 

A measured surface-burst curve for hemispherical 
charges of cast TNT. 19 

Measurements made on surface bursts of various sizes 
of hemispherical ANPO charges. 20j21 

Figure 2 shows that the larger hemispherical ANFO charges produce peak 

ofVcastTNT.eS ^ ^ ^ 1638 th°Se pr°duCed b>' hemispherical charges 

slurries'61,6 ^ ^ rep°rted airblast experience with aluminized ammonium nitrate 

Instrumentation 

Cages re either Statham unbonded strain gages, Dynisco bonded strain gages 
or Pace P-7 -lable-reluctance gages. Signals were telemetered from the stations 
to the Corps oi . .ngmeers field office, where they were recorded on seven-track 

11 

HÉÉMÉa _ 



& 
fe; 

played back in the flelT't^feakefe^ibl^Vlsicorder records were 
based on actual measurements. 3 ^118 ment for expected pressures 

Figure 2. Peak overpressure vs distance for one-ton free 
air and surface bursts of TNT and ANK) 
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Plan of Measurements 

The number and location of stations varied according to the complexity of a 
shot and the peak overpressures expected. For Shots B-l to B-8, pressures were 
measured at three close-in stations ranging from 140 to 2000 feet. On all shots, 
the distances at which measurements were made were chosen to match the amplitude 
capability of gages in a particular canister, so as to minimize work in the field. On 
Shots B-10 to B-13, where higher overpressures were expected, the three close-in 
stations were augmented by stations at Sopris, Piedmont, Jansen, and Trinidad. 
Stations at Trinidad and Jansen had the primary objective of documenting over¬ 
pressure for legal purposes in the event of claims for blast damage, 

Stations at Trinidad and Jansen were retained on shots of the C series. On the 
simultaneous detonations, three stations were located off one end of the rows. For 
nonsimultaneous detonations, two stations were located perpendicular to the rows 
and two stations off each end of the rows. 

On the D series, the stations at Trinidad and Jansen remained. On Shot D-l, two 
stations were placed perpendicular to and on each side of the row, to record terrain 
effects both uphill and downhill from the side-hill cut. Two stations were located 
off one end of the row in a direction approximately 90° from the azimuth to Jansen 
and Trinidad. On Shots D-2, D-3, and D-4, two stations were located perpendicular 
to the rows and three stations off the ends of the rows. The latter three were opposite 
the end of the row closest to Jansen and Trinidad; this was made necessary by terrain 
limitations on station locations. 

Expected Peak Overpressures - B Series 

Since there was no past experience on airblast measurements in a sandstone- 
shale medium, and little experience with this type of explosive at the planned charge 
burial depths, predictions were made on the basis of airblast from TNT charges 
buried in a variety of media. The following expressions had been derived^- from data 
from past explosions for ground-shock-induced and gas-venting peak overpressures, 
and for positive-pliase impulse as a function of range and charge burial depth based on 
buried charges detonated in a variety of media. 

Ground-shock-induced peak overpressure: 

Ap = 

1.05 

10 exp 0.6 
/DOB \ 

(1) 
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Gas-venting peak overpressure: 

V 0.93 

à p = “W 
10 exp 1. 5 

/dob\ 

\w1/3i 

(2) 

Positive-phase impulse: 

15 

I = 
(^) 

-0.5 

10 exp 

<3) 

DOB is the charge-burial depth in feet, r the horizontal distance from the epicenter 
in feet, Ap the peak overpressure in pounds per square inch, and I the scaled 
positive-phase impulse in psi-msec. 

At a scaled distance of 5 ft/lb1/3, or 63 feet from a 2000-pound charge, the 
above expressions give the peak overpressures shown in Fig. 3 as a function of 
scaled charge-burial depth. Figure 3 and an R"1 distance attenuation rate lead to 
the predictions of Table IV for the single-charge series. Predictions for Shots B-10 
through B-13 are based on the surface-burst data of Fig. 2, Peak overpressures for 
the 14-inch-diameter unstemmed hole could only be predicted as being more than those 
of completely stemmed Shot B-6, and less than those of a surface burst. The large 
uncertainty was accommodated by using two double-gage canisters at two stations, 
with each canister covering two overlapping factors of 20 above peaks measured in 
Shot B-6. 

Results - B Series 

The results of the measurements of the B series are summarized in Appendix A, 
Tables A-l through A-14. The data from these tables have been plotted vs distance 
in Figs. 4 through 11, Reproductions of pressure-time records and their integrals 
constitute Appendix B. 

Subsurface Bursts, B-l through B-8 

Quality of Records -- No records were obtained for Station 1 on Shot B-2, or 
Station 2 on Shot B-7. Records for Station 2 on Shot B-2 and Station 1 on Shot B-7 
were noisy. Peaks were limited on the low-range gage at one station on four shots 
and at two stations on one shot. Where peaks were on the high side of the uncertainty 

14 
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spanned by high- and low-range gages, it was anticipated that the low-range (high- 
sensitivity) gage would be overranged. The low-range gage used in Canister 6 on four 
of the shots apparently received mechanical damage between calibration and shot time, 
resulting in a very poor response characteristic, indicative of extraneous mechanical 
or acoustic damping. Records obtained by this gage show slow rise times, low, round¬ 
ed peaks, and generally smaller impulses than by its companion high-range gage. 

All other records obtained on the B series were quite good. 

Figure 3, Peak overpressure as a function of scaled burial 
depth at a scaled distance of 5 ft/lb^ ^ 
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Wave Shape -- Characteristic wave shapes included a ground-shock-induced 
pulse and a gas-venting pulse separated by an interval that increased with increased 
burial depth. For all but the deepest shot, the gas-venting pulse had a larger ampli¬ 
tude than the ground-shock-induced pulse. For the shallowest ANFO shot, the gas¬ 
venting pulse followed the ground-shock-induced pulse so closely that it is not possible 
to be certain that there are two separate pulses. 

Ground-Shock-Induced Peak Overpressures -- For comparison, the ground- 
shock-induced and gas-venting peak overpressures have been plotted in Fig, 12 
against burial depth for interpolation between measurements for 630 feet. This is 
approximately the logarithmic middle of the range of measurements. The comparison 
in Fig, 12 illustrates three points. The ground-shock-induced peak overpressures for 
four of the five A A NS shots were about 2. 1 times the prediction based on TNT charges. 
The ground-shock-induced peaks from the shallowest of the ANFO shots showed about the 
same increase. The two deeper ANFO shots had ground-shock-induccd peaks only 
about 15 percent above those for TNT shots. 

Figure 12. Comparison of measured and predicted 
peak overpressure 
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17 msec. Because Hie Primacorcl Jnil-n • • ? Siolmd-shock-induced peak by about 

shock-Induced pulse has an a^pat'cnt 0^^^« TOBPÍt,,;'Uei’.fnd ^ gr0lUld- 
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factor of 3. The shallowest and deepe^1 A^VFO^shots’h'd °ther AANS data by aboUt a 
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venting times to, Shots B-C i n t0 °ther ChargeS* Thc coaled 
comparison, in contrast with thaf "of AtT f? c°mpared ‘o the others. This 
anomalously low and that u 7 • * suSSests Hint Shots B-5 and B-6 were 

<« - yr* *r*-.K18 
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M^ure 13, Scaled venting time as a i’unction of scaled burial depth 

L-igure 14. Comparison of measured impulse at 030 feet with prediction 
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Surface and N'car-Surt'acc Bursts - B-10 through B-13 

Quality of Records Excellent records were obtained with the following ex. 
copiions. On Shot B-13, records at the Piedmont station were lost when the bleed 
Plug on the gage canister was left open. At the Viola station, on the same shot 
t eco rds on the low-range gage were lost and a poor record was obtained for thé 
high-range gage. On the same shot, the negative peak on the high-range gage at 
the Jansen station was limited. b ë S 

VVave Shape -- In general, the waveforms were characteristic of those of free 
air or surface bursts, with a sharp rise, decay into a negative phase, and recovery 
to ambient pressure. One notable characteristic was the increase in rise time with 
distance, the close stations having very short rise times and the more distant station 
at Trinidad having rise times approaching 100 milliseconds. 

. ,°11 Shot 11 a focus was recorded at Trinidad. Some suggestion of a refracted 
signal may appear at Piedmont, where a weak pulse follows the principal sinusoidal 
pulse by almost 1 second. At Jansen, the refracted pulse is almost identical with the 
P^e transmitted along the ground, and follows it by 0. 8 second. At Trinidad, the 
pulse transmitted along the ground has become very weak and arrives at about*30 
seconds. The focus from higher paths begins about 0. 5 sec later and as" a 
sinusoidal pulse with a strong spike superimposed on the later portion of the positive 
phase. 1 

One other unusual characteristic appeared in the waveform measured at Station 
: °n Sh1°t B:12' where the ne£ative phase ends abruptly with a sharp rise in pressure, 

similar abrupt rise was observed on B-13 at Stations 1 and 2, and something of its 
character can still be seen in the rapid recovery from negative pressures at the 
So pris station. 

Overpressures -- Peak overpressures are plotted versus distance in 
Fig, 15. At the three closest stations, differences between the four shots were 
relatively small. Because of atmospheric effects on attenuation with distance, differ¬ 
ences increase significantly beyond 4000 feet. 

Peak overpressures for a TNT hemisphere from Ref. 19 have been scaled to 
the Project TRINIDAD altitude and for the average temperature of the four events 
and are shown in Fig. 15 as a line of plus signs. At the two closest stations, the * 
results show good agreement with the TNT results. At the Sopris station and beyond 
the order had changed somewhat, and the deepest shot, B-13, gave the highest peaks! 
P10fneJ^ the. surface burst, B-12, were below the peaks of B-13, and below those of 
the TNT hemisphere surface burst at the Sopris station and beyond. The pressures 
for the tangent surface shot (B-ll) were below those of B-13 by a factor of 2 or more 
A very high peak developed at Station 2 on B-12 due to an exceptionally sharp spike. 

Positive-Phase Impulse -- Positive-phase impulses versus distance are com¬ 
pared for the four shots in Fig. 16. Positive-impulse data for TNT hemispherical 
charges have been added to Fig. 16 from Ref. 23. Differences between positive 
impulses of all shots and the TNT hemispheres are not great, although there is a 
tendency for the impulses to be smaller than for TNT hemispheres. Of the four shots 
impulses for the deepest shot, B-13, were smallest at the closest stations and greatest 
beyond 9000 feet. 
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The data show that atmospheric effects on attenuation exert a more significant 
influence on airblast than do small differences in depth or height of burst. 

Focus -- No meteorological measurements other than surface temperature and 
wind direction and velocity were made; hence the effects on blast propagation of other 
meteorology must be presumed or deduced. Surface temperature was 37°F when 
Shot B-ll was fired, and surface-wind velocity was NE at 13 mph, or about 15 ft/sec 
in the direction of propagation toward Piedmont, Jansen, and Trinidad. 

On all shots, rates of attenuation with distance increase for pressure (Fig. 15), 
impulse (Fig. 16), and energy (Fig. 17) beyond the Piedmont station. This is charac¬ 
teristic where a temperature gradient exists, with warmer temperatures at the 
ground, as is common for the season and time of day when these shots were fired. 

Figure 17. Energy flux vs distance for Shot B-ll 
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Between Viola and Piedmont, the rate of attenuation for peak overpressures 
was and for positive impulse was From Piedmont to Trinidad, the 
rates were R~2.53 ancj p-2.15 respectively for the original pulse. The peak over¬ 
pressure measured at Trinidad in the focus was 6,7 to 9 times that in the wave tians 
mitted directly along the ground. The positive impulse in the focus pulse was about 
3 to 3. 5 times greater. 

Attenuation of energy with distance presents an interesting change in rate, as 
illustrated in Fig, 17, which shows energy per unit area versus distance. Energy 
was attenuated at R~2*85 to Piedmont but at R**5*3 beyond. The refracted pulse at 
Jansen had energy nearly equal to that of the original pulse and, considering total 
energy, extends the p“2»83 attenuation to Jansen. The energy per unit area in the 
focus at Trinidad was about 30 times that in the original wave propagated along the 
ground, and about 5 times that which would have been observed if attenuation to 
Trinidad had continued at R -2.8,0 

Since neither temperature nor winds above the surface were determined, no 
precise source for the refracted wave can be isolated. An estimate using standard 
atmosphere conditions suggests refraction from an altitude of about 3000 feet above 

the ground. 

Bursts in Equivalent Stemmed and Unstemmed Holes - B-H and E-15 

Shot B-14 was converted from an unstemmed shot to a stemmed shot and Shot 
B-15 was added to the series as the unstemmed experiment. It was detonated at the 
bottom of a 14-inch-diameter unstemmed hole. The burial depth was the same as 
for stemmed Shots B-6 and B-14. Since there was no prior experience on which to 
base pressure predictions for Shot B-15, a wider range of uncertainty had to be 
accommodated. Peak overpressures were expected to lie somewhere above those 
of an equivalent stemmed shot and below those of an equivalent surface burst. To 
accommodate the larger uncertainty for Shot B-15, canisters were removed from 
Sopris and Piedmont to provide dual canisters at Station 1 and Viola. The high- 
range and low-range canisters each contained two gages, and each pair covered a 
high and a low range. Because measured pressures were about midway between 
upper and lower limits, records were obtained by all four gages. 

Quality of Records -- On Shot B-14, no information was obtained from the 
Jansen station. Records obtained from Station 1 were very noisy. At the Trinidad 
station, an approximately 30-Hz signal was recorded on the carrier. In addition, the 
record at Trinidad was poor because the low amplitude of the blast wave resulted in 
a very low signal-to-noise ratio. 

On Shot B-15, no record was obtained by the high-range gage at Station 2. At 
Station 1, the high-range canister (No. 2) gave values consistently lower than the 
low-range canister (No, 9) by about 15 percent. Values for both gages in the high- 
range canister were consistent with each other, as were both gages in the low-range 
canister. No failures in calibration or equipment could be found to account for the 
difference, leading one to suspect that the low values for the high-range canister 
resulted from human error, most probably failure to remove the cloth tape used for 
weather protection over the canister intake port. 



All other records on the two shots were good. 

Vyave Simpe -- On the deeply buried shots, the waveform consisted of a ground- 
shock-induced pulse followed by a gas-venting pulse. On both shots, B-6 and B-14, 
the ground-shock-induced peak was slightly greater than that from venting gases. 
Hie two shots were different in the time sequence of venting, however, in that the 
separation between the two pulses was 0.1 second for Shot B-6 and only 0. 065 second 
for Shot 13-14, Since burial depth was the same for both shots, the difference in vent¬ 
ing time must be attributed to geological variation, even though the charges were 
detonated only 360 feet apart. 

The unstemmed hole of Shot B-15 made it, in essence, a vertical cannon. The 
ground-shock-induced pulse and the "muzzle blast11 occurred at the same time and 
are inseparable. The combination provided the dominant first peak. This early 
pulse was followed by a negative phase that was interrupted by the gas-venting pulse, 
which has been identified as the second peak. The time separation for the two peaks' 
is about 70 milliseconds, essentially the same as for Shot B-14. 

geak Overpressures -- Peak overpressures for the stemmed and unstemmed 
detonations are compared in Fig, 18, which also shows peak overpressures from the 
surface burst, B-12. Shot B-15 peak overpressures fall approximately midway 
between those of the surface-bursts and the completely contained shots out to about 
5000 feet. The attenuation rate is almost exactly R"1 over the entire range. The 
much more rapid attenuation of peak overpressures from the surface-burst results 
in the overpressures being approximately equal at the Trinidad station. 

Positive-Phase Impulse -- A similar comparison of por .tive-phase impulses is 
made in Fig, 19. At the closest station, positive impulses fiom the unstemmed shot 
are only 50 percent greater than those of the corresponding stemmed shots. Again, 
because of the more rapid attenuation of the surface burst and the approximate R“0»8 
rate of attenuation for B-15, the impulses for the unstemmed event nearly equal those 
of the surface burst at the Trinidad station. 

gnergy The meteorology for Shots B-14 and B-15 was not appreciably 
different from that for the surface-bursts, Shots B-10 through B-13. The latter were 
fired during the first four days of the week, and Shots B-14 and B-15 on the last day 
of the same week. The difference in rates of attenuation in the two cases is quite 
pronounced, leading to the speculation that the stronger shocks of the surface-burst 
start with an essentially hemispherical propagation, which results in loss of peak 
overpressure and impulse at the greater distances as meteorology prevents uniform 
distribution of energy through the hemisphere. By contrast, airblast from the unstemmec 
shot probably propagates initially as a vertically prolate dome, with a pressure and 
energy gradient decreasing from top to bottom. There is probably a tendency at the 
longer propagation ranges for more of the energy to feed down from the upper portion 
into levels closer to the ground than is true at the shorter ranges. 

From Table V and Fig. 20, it is clear that energy in airblast from the un¬ 
stemmed hole is about a factor of 20 below that of a surface-burst, and that complete 
stemming provides about another factor-of-10 reduction. 
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TABLE V 

Surface Burst B- I 1 
Unstemmed B- 1 5 
Completely Stemmed 

Station 

Distance ft 

^Comparison of Enemy 

1 

B-G, B- 14 

Percent 

100 
5 
0.6 

600 

Equivalent 
Charge Weight 
___llbs) 

2000 
100 

12 

Percent 

100 
3.5 
0.3 

Viola 

2238 

Equivalent 
Charge Weight 

(lbs) 

2000 
70 

G 

Figure 20. Energy flux vs distance for comoarabln ^ 
and unstemmed detonations °mpalable ste'"med 

10 



At jOO feet, the uiisteniined shot provided H0 times es much oiier/ry in aii’blest 
as did the equivalent stemmed shots at the same burial depth. It is impossible to 
apportion the energy in the airblast between the ground-shock-induced pulse, the 
cannon-muzzle pulse, and the gas-venting pulse. 

Kxpected Peak Overpressures - (’ Series 

Predictions for the C series were based on the measured results of the single- 
charge A A NS shots of the 13 series. 

The variation in peak overpressures for the single-charge A A NS shots ran be 
embraced by the predicted peak ground-shock-induced overpressure curve (for TNT) 
in Fig, 12 and another curve four times the amplitude of the first. Flic former was 
used for the low-range gage, the latter for the high-range gage, both modified by 
multipliers for row-charge detonations. 

Multipliers of the single-charge results were based on Kef. If). There, charges 
at. DOB =1.5 ft/lb 1 /3 and spacing (S) = 2. 0 ft/lb1showed that, for gas-venting 
peak overpressures, which were dominant, at that scaled burial depth, the increase 
for row-charge over single-charge peak overpressure was as follows: 

row _ 

^single 

Perpendicular to the row o = 0.42, and off the end o = 0.0(3. For a five-charge row, 
the ratios became 2 and 1.3 for the two azimuths respectively. Conservatism dictated 
rounding these values to 2.5 and 1,5 for Shot C-2, which had nearly the same scaled 
spacing and burial depth. The same ratios were used for C-l and C-O. In the latter 
case peak overpressures off the end were increased by a factor of 2 for (he double 
row. Perpendicular to the row an increase of only t. 5 was used. This was based on 
displacement of waveforms from one row by 34 msec relative to the other row, which, 
for a waveform like B-6, resulted in less than doubling. Thus, for C-0 the multi¬ 
pliers were 3,75 perpendicular to the row and 3 off the end. It should be noted that 
set ranges for this shot were established at a time when C-G was to have been a non- 
simultaneous row, and would thus bear less relation to expected pressures than for 
other shots, C-6 was adapted to a simultaneous double row by changing station 
locations and, at stations that, could not be relocated, by using gages different, than 
those planned. 

Scaled DOB (1.87 ft/lbl/3) and scaled spacing (1.43 ft/lb^’^) of Shot C-3 wore 
close to those in another series (reported in Ref. 15) for which o = 0. G8 off the ends 
of the row and o- = 0. 87 perpendicular to the row. 

Ratios for a five-charge row arc 3 and 4 respectively. 



Results - C Series 

T,hl,Tlr)1'enlllS 0,r Te™U1'ementS 0,1 the c series al'e summarized in Appendix A, 
1 abiot. A -1 a through A-20. Reproductions of the pressure-time records and their 
integrals constitute Appendix C, 

Quality of Records 

rhe station at Trinidad was not operated for Shots C-3, C-4 or C-5 On r 1 
C-„ and C-G, the calibration step was malfunctioning and, as a result, amplitude ’ 

eve °S in" Pr6 reCOl;d,S are inaCCUrate- Pressure-time waveforms are valid, how- 
9 I1,“"’ CaUbratlon stePs were limited for the high-range gage on C-l 

mínale Hco AtHrd rf the low"rallfie £aSe 0,1 C’2 was degraded by noise aver- 
"g p 1 aps,1 /U th,e Jansen station, the transmitter drifted out of band on Shot 

C Records obtained at Jansen on the other shots had values for the high gage 

bra iVnnreA "r, p0SPeCt t0 thOSe °f the low-ranffe Sage because of unstable cali- 
bi ation. A calibration was estimated to within ±15 percent and the data corrected 
accordingly On Shot C-l, the transmitter for the E-3 station drifted out of band 
and no record was obtained. On Shot C-4, the 2E-2 station was nearly a mile back 
m Long Canyon, causing transmission to be intermittent. Transmission at shot 

. ,C ld peanait„a Slgnal to be obtained. A noisy and unusable record was ob- 
tamed on Shot C-2 from the S-3 station. 

On Shot C-6 no record was obtained at Station S-l for the low-range gage 

Obtained ;rge ^ ^ T calibration- bat an accurate calibration was 
btaincc by using identical calibrations from other shots. On Shot C-3 the values 

ob ainod rtí , rrange gage at Station E-3 also aPPear high with respect to those 
oh ame 1 by the high-range gage at the same station, and to pressures observed at 
othe stations. No reason has been uncovered, although the canister for that gage 
wns used on no other shot in the C series, ^ ^ 

All other gages used in the C series provided excellent records. 

Simultaneous Single Rows - Shots C-l, C-2. C-3 

Shots C-l, C-2, and C-3 were fired in the order of increasing depth of burial 
and decreasing spacing between charges. " 

.^av£Shg£g - Perpendicular to the simultaneous single rows, the waveforms 
exhibit easily identifiable ground-shock-induced and gas-venting pulses. The former 
pu se is the smaller tor the C-l shot, is slightly larger than the gas-venting pulse for 
C-_, and is considerably larger for C-3. Thus, the increased depth of burial sup- 
pi esses the gas-venting pulse more than the ground-shock-induced pulse; the sun- 
pression is not overcome by closer spacing of charges. 

Off the end of the row, separate contributions of some but not all individual 
charges can be identified for the shot with the larger spacing, C-l. For Shots C-2 
and C-3. with closer spacing, contribution of individual charges is quite indistinct. 



At the Jansen and Trinidad stations, single positive and negative pulses were observed 
and, as in the case of C-'.i at Trinidad and C-J at Jansen, it is not clear that Ilu» two 
separate positive peaks are directly related to the two pulses, 

Ground-Shock- Induced Peak ( tverpressu res Perpendicular to the rows ( Pig, 21 ), 
the ground-shock-induced peak overpressures wore approximately the same for all 
three shots in spile of changes in charge spacing and burial depth, and the increase 
from 5 to 7 charges on Shot .‘I, 

Figure 21, Ground-shock-induced peak overpressures 
vs distance perpendicular to row 

Off the end of the rows (Fig. 22), the ground-shock-induced peaks were approxi¬ 
mately the same for C-1 and C-S, but the C-2 peaks were roughly half those of the 
other two shots. Kxoept for this latter ease, azimuthal differences in the ground- 
shock-induced peak overpressures were small. 
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Figure 22. G round-shock-induced peak overpressures 
vs distance off the ends of rows 

Gas-Venting Peak Overpressures -- At the closest station, peaks perpendicular 
to tlie Tows (Pig. 2 2 ) dec re a s cd in the order of the shots, but at the greater distances, 
different rates of attenuation for the different shots changed the order of and the spread 
between peak values. For example, at 750 feet the peaks for C-2 and C-3 were re¬ 
spectively 0,50 and 0,33 times those of C-l, 

Off the ends of the rows (Fig. 24), the gas-venting peaks for C-2 and C-3 were 
0, 35 and 0. 27 times those of C-l. Thus, we may conclude that deeper burial was more 
effective in reducing gas-venting peak overpressures than the closer spacing or the two 
additional charges of C-3 were in increasing it. 

In comparing gas-venting peak overpressures perpendicular to the row and off 
the end, one can note that the azimuthal differences observed at the closest stations 
diminish at the greater distances. Azimuthal effects became relatively unimportant 
beyond 1,000, 1,500, and 3,000 feel for Shots C-l, C-2, and C-3, Thus, azimuthal 
effects were not preserved and the source appears to approach a point source as the 
distance to the place of observation is increased. This is not the conclusion one would 
have drawn from the small-charge work15 and from the long-range measurements on 
PKK-GONTX)l.A III. ' 24 
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bctwo^i'h^poo^Xtsc^cVbv vnrP^ndiCU?ar -11° r°WS (Pig- 25)* the differences 
tends to obscure the other îcmls n tr^ lmpUlse att°nuation with distance 
closer than 1,500 feet Differences are not large, however, at distances 

Figure 25. Positive-phase impulse vs distance perpendicular to rows 

n°r the, nnd® 0f Ule rOWS (Pig- 2G)' positive-phase impulses for C-2 and C-3 

chargi of C-3 d?d ^°86 °f ^1, AlthoUgh the two additional argos of C 3 did not contribute to increased peak overpressures with respect to 
C-l, they did contribute additional impulse. respect to 



Figure 26. Positive-phase impulse vs distance off the ends of rows 

Azimuthal effects of impulse were somewhat different for each of the three 
shots. On C-l, azimuthal differences had disappeared by about 1, 000 feet. On C-2, 
impulse off the ends of the row was about 80 percent of that perpendicular to the row'. 
The same ratio continued to approximately 2, 000 feet. In the case of C-3, impulse 
at 750 feet was about the same in the two directions but, because of different rates 
of attenuation, that off the end of the row had become about 80 percent of the impulse 
perpendicular to the row by about 2, 000 feet. 

Nonsimultaneous Single Rows - Shots C-4 and 05 

Shot C-4 was detonated with 50-millisecond intervals between each two charges. 
For Shot C-5 the interval was 25 milliseconds. For both shots the charge detonated 
first was at the north end of the row-end IE for purposes of station identification. 
The results for these two shots can be compared with those of C-2, for which the 
spacing and burial depth were the same, but where the charges were detonated 
simultaneously. 



íín.s-venÜMs pulses could'be'observQd° groUnd-sh°ck-induccd and 
quilo large with respect to the grolmd 77, , °f C'4' the gas-venting pulse was 

•uîd Ï'1! r° that °bServecl on sol'le °f the singlenchaCrffesUJeeé 3110 T PUlSe Shape was 
a id R-t for examples.) Off both ends of the C 4 Ju waveforms of Shots B-3 
those perpendicular to the row. 4 ’ waveforms were similar to 

Off (he ends of C-5 f hnr 

for two sources is not: anderst o o dl °'t 17 r e c o'r d7 ' í ^S~^nii^ Pulsu«. and the reason 
(opposite the initiation point of the first charge)Me 31 UV0 StatÍ°nS °ff the end 
peaks approximately equal in amnlihiri* .1 ge) aie similar m having two separate 
Although the first of ^ ^ 100 milliseconds 
fication may not be correct. Excent for- n 38 ^^’■shöGk-induced, the identi- 
the detonation was initiated on ShorC-5 wVZ° Stations °Wos^ the end on which h”° -——■» & zzzzz s r~zr— 
ÍK .0 «» two rows 
700 feet and had amplitudes approximately oTtMM h approximately equal at 
simultaneous detonations. Because the nHn ' • GS tllose of tlle corresponding 
the overpressures tend to app^ch ct0",^8 W6re les* those !f C-2, 
of C-5 attenuate with distant at a ^ 

At 700 feet from C-I^the pealMaf’«?777777 'Tt m^SUred at °PPosite ends, 
the opposite end, wore 0. G and 0. 65 times resneet v 7° 10,1 Was initiated, and at 

« *.«- ,,0,. xSorrrr 
between 40~0 and f,7 PerPendicular to the two rows (Fig 23) 

‘T °f C'5- At tvrtce 
ally rapid attenuation of gas-venting peaks on C 4 r beCaUSe of the exception- 
meaningless for the same reason. ' ComPariso" with C-2 is almost 

Off the ends of the rows « 

end of C-4 are twice those of C-5. * On Ihe^pnosTt^ PGa^f measured off the initiated 
are 2.) percent greater than those on the initIupH PGakS measured on C-4 
equal to the peaks measured perpendicular to h G ' 7 Wer<5 aPPro^mately 
on the end opposite from the initiated end were ^ 75 PeakS measured 

=;:rtrinitiafed ^ 

thathofruW (Pig-125)* -~se 

a’t~ MaTh^Â?;1^8 TTsat “7 
1.500 feet. On both shots, pasitive-phasc imnnt? 7 ^ the Values of C'2 at 
was approximately equal (Fig 96) to that me P ¡ measufod off the initiated end 

g ' t0 that measured perpendicular to the row. At 



1,000 feet from the end opposite from the initiated end, impulses were 1. 4 times those 
at the initiated end for C-4 (based on measurement at one station), and 1.6 times those 
at the initiated end for C-5. In this latter case the positive-phase impulse very closely 
approaches that observed off the end of 0 2. 

Simultaneous Double Row - Shot C-6 

The charge spacing and burial depth for Shot C-6 was the same as for 02, The 
spacing between the two rows was 39 feet. 

Wave Shape -- The waveform perpendicular to the rows was not as expected. 
In the case of PRE-GONDOLA III (two rows of one-ton charges with a spacing of about 
120 feet between rows), there were ground-shock-induced pulses only, and the separate 
peaks from each row were separated, as expected, by about 110 milliseconds. The 
waveform from Shot C-6, however, had both ground-shock-induced and gas-venting 
pulses. The separation of only about 35 milliseconds was small compared to the total 
duration of the positive phase, and the contributions of the individual rows could not be 
clearly identified. 

Off the end of the double row, the pressure waveform was approximately sinus¬ 
oidal, with no clearly identifiable contributions of separate charges or separate rows, 

Ground-Shock-Induced Peak Overpressures -- At 1,100 feet, perpendicular to 
the rows (Fig. 21), the ground-shock-induced peak overpressures were about double 
those measured on Shot C-2. 

Off the end of the rows (Fig. 22), the pressures were 2 to 2-1/2 times those of 
C-2, the variation resulting from different rates of attenuation with distance for the 
two shots. Comparison of pressures off the end of the row to those perpendicular to 
the row is difficult because of different rates of attenuation in the two directions. 
Pressures perpendicular were 25 percent higher than off the end at 1, 000 feet, and 
60 percent higher at 3, 000 feet. 

Gas-Venting Peak Overpressures -- Both perpendicular to the row and off the 
end of the rows (Figs. 23 and 24), gas-venting peak overpressures were four to five 
times those measured on C-2 at about 1, 500 feet. Here again there were variations 
due to differences in rates of attenuation. Pressures measured perpendicular to the 
row were 30 to 50 percent greater than off the end of the row over the range of 1,000 
to 3,000 feet. 

Positive-Phase Impulse -- At 1,500 feet, both perpendicular to the row (Fig. 25) 
and off the end of the rows (Fig. 26), positive-phase impulse was about three times 
that of C-2. Off the end of the row, positive-phase impulse for this shot had a re¬ 
markably uniform attenuation from the close-in station all the way to Trinidad, at a 
rate of Positive-phase impulses were essentially equal, perpendicular to and 
off the end of the row, over the range of 1, 100 to 2, 7 00 feet. 
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f'-°m Single-charge Airblast 

coinpare^wirií'l1hose^from^co^respondingrsin2lerch,r0m ^OW C*1fr®e ^tonations were 
this ratio had the form u«; that ó was differ ent for^ ^et?na‘lons' 14 was fo«nd that 
was also a function of charge burial denth nnd «, • each air-blast parameter, and 

the same explosive and medium were used for sineîe an/t“06 T that earlier serles 
sumod that the use of a ratio would eliminate the effect of boTh SeC ^ Pre' 
vides an opportunity to examine , . GII^ct 01 Doth« The C series pro- 
medium and new explosives. 10nS UpS °r larSer charges with a new 

Shots,SÍhereÍX;bntagae ^ ^ °f the C ser'ies 
chosen is the line-charge-equivalent h .var^ables to a single one. The one 

dob is scaled acco.dín^to the siuare rít ^ where 
unit length. Table VI suinimH^« eclu:ivalent explosive energy per 

the table illustra es^he Z t íat ÍZnT ^ ^ The last of 
changed to optimise effeeüvenesa o ivni = g 15 Val.'iedj burial dePth is also 
is achieved over a relatively small ranee^fT excavatlon* and that this effectiveness 
hurst. Shot C-6 has been included in the t 1 lne~°h.arSe equivalent scaled depths of 

ovea though it consisted row. 

Series Charge 
or Sliots Weight 

—-Ü^L. 

A (Ref, i5) 64 

B (Ref. 15) 64 

C-1 2000 

C-2 2000 

G-3 2000 

C-6 2000 

TABLE VI 

Line-Charge Equivalent Scaled Burial Depths 

Explosive Medium Scaled^ Seeing Scaled^DOB Icaïed'DOB' 

TNT Playa 

TNT Playa 

AANS Sandstone shale 

AANS Sandstone shale 

AANS Sandstone shale 

AANS Sandstone shale 

1.31 

2.00 

2.54 

1.98 

1.43 

1.98 

7, , 177 acaiea UUB 
m/lb1/3) f ft/(Ib/ft) i/^i 

1.73 

1.50 

1.43 

1.58 

1.83 

1.58 

1.98 

2.18 

2.28 

2.22 

2.19 

2.22 

forced to agree with those of the corresponding single charges Thus S r ? 
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Figure 29. Ratio of row-charge to single-charge positive 
impulse as a function of number of charges 

For the C series shots, these factors contribute to uncertainty: 

1. Single-charge shots were not at exactly the same burial 
depth as the row charges, so some interpolation was 
necessary. 

2. Interpolation was difficult because of irregular depth-of- 
burst dependence of the single charges--see Fig. 12. 
Interpolation was based on 2. 1 times the TNT ground- 
shock-induced peak overpressure prediction line of Fig. 12, 
and 5 times the TNT gas-venting peak overpressure pre¬ 
diction line. For positive impulse the line of Fig. 14 was 
used. For single charges, an attenuation rate of R“1 about 
the 630-foot intercept from Figs. 12 and 14 was assumed. 
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“ï; rsrd““■ - ‘ts^, 
feet. blastwave over a range from about 300 to 1,500 

3. 
Attenuation rates for the single charges were close to R'l 
while those of the row charges were often quite different, ' 

consistent agreemeLfbetweln^hrrlSoÏfoTthe aS are neither 
work, nor consistent trends estabLhed foï hfC ser^its^lf if °/- 
dependent on A, agreement between C-3 and the A - o ill ? are trUly 
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Predictions and Results - D Series 
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Since each shot in the D series was quite different from the other three, each 
will be discussed separately. 

Shot D-t 

Shot D-l was a single-row detonation; the charge weights, spacings, and burial 
depths are listed in Table VII. Charge weights were unequal, as were spacings and 
burial depths. Table VII also lists the scaled spacings and scaled burial depths for 
the shot. Average scaled burial depth was 1. 92 ft/lb1/3 and average scaled spacing 
averaged 1. 29 ft/lb1'0. Average charge weight was 1089 pounds. Prediction was 
made as if the row were nine equal charges, with uniform scaled spacing and scaled 
burial depth, and with each equal to the average value for Shot D-l. The pressure- 
distance function for a single 1089-pound charge at a scaled burial depth of 1. 92 
r* /iut / 3 ,],-.1 ^,■_1 „...„I i.---1 r   _ _1_ . .  ... .,, r, n n ft /lbw ° was determined and increased for a row charge by using data of Ref. 15 to 
estimate overpressure off the end of and perpendicular to the row. Although the 
uncertainty was greater because of the variation in parameters, experience on the 
C series had shown that a fairly large range of uncertainty could be accommodated 
by using two gages at each station. 

TABLE VII 

Charge Placement: Shot D-l 
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Measurements were made perpendicular to the row in both directions. Since 
the shot was to excavate a side-hill cut, it was desirable to make measurements in 
both up- and downhill directions to examine the results for terrain effects. Mea¬ 
surements were also made off the Charge I end, 

Wave Shape -- At the closest stations perpendicular to the row in both direc 
tions, the waveform was a very sharp short-duration spike of an amplitude that was 
quite large with respect to the rest of the signal. By the time it reached the second 
station in both directions, the spike was becoming broader and of lower amplitude. 
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At the two closest stations in each direction, the spike was followed by a lower and 
longer-duration spike. Although both of these coincide in time with the ground- 
shock-induced pulse, the spike with the very short duration may well have resulted 
from the Primacord delonation on the ground surface. Perpendicular to the row 
the gas-venting pulse was a minor one. Off the end of the row at all stations a # 
dominant ground-shock-induced pulse was followed approximately 0.2 second latt*r 
by a gas-venting pulse. Waveforms at the more distant Jansen station were similar 
the one record obtained at Trinidad shows a simple sinusoidal pulse. 

Ovpi;pro.s.sLires - Figuro 30 shows peak ovorpi assures for both the ground 
shock-induced and gas-venting pulses. Peaks measured at .lausen are shown as an 
extension of those measured off the ends of I he row at the closer stations. Perpen¬ 
dicular to the row there was very little difference between the two directions, indi¬ 
cating that terrain effects were small. If the largest-amplitude spike is used at the 
closest stations, the attenuation rates to (lie second stations are very large with 
respect to the rates off the end of the row. If the second peak is used, however, 
attenuation rates more nearly match those in the other direction. This argues 
strongly that the first very sharp spike must indeed be attributed to detonation of 
the surface Primacord. G round-shock-induced peaks were about eight times the 
gas-venting peaks. 

Figure 30. Peak overpressure vs distance for Shot 11-1 
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l'«>Hiiivi' I’liast^IinpuJst- -- PoHilivi-pImHo impulso lins boon plotted versus 
1 ! ; ;l",'', ''' '''r1 -u- ,'1"' «lii’lVivtifcs in impulse in the three directions are small 

In;uip; thai from the uphill direction is slitihtly lower than off the end, and that in 
i h' downhill direction sliijhlly Inrifei', ai>ain indicatin« that terrain effects wore 
shim! . 

■’iifiire 111. Positive impulse vs distance for Shot D-l 

Positive-phase impulse versus distance for a single 1089-pound charge at the 
average scaled burial depth of the row has been added to the figure. Over most of 
the range of measurement, the impulse from the row charge was 3 to 3-1/2 times 
that of the equivalent single charge. If one compares this ratio of impulse for a 
9-ebarge row to the impulse for a single charge with other data in 1¾. 29, the 
results are no more satisfying than for the C series. Note, too, that the average 
line-charge equivalent scaled burial depth (A) is 2. 15 compared with 2. 12 for shots 
in Hu* serios in Kiij. 2D. 



Shot D-2 was a single-row detonation consisting of five one-ton charges spaced 
32 feet apart. Actual burial depths for Shots A through E are given in Table A-22. 
The average scaled depth was 1. 4 ft/lb1/3. Prediction was made by assuming that 
overpressures would be comparable to those of Shots C-l and C-2, Stations E-l, 
E-2, and E-3 were off the Charge E end, while that at Jansen was about 27° from the 
axis of the Charge A end. 

Wave Shape -- Perpendicular to the row, the gas-venting pulse gave greater 
amplitudes than the ground-shock-induced pulse, while off the end of the row, the 
ground-shock-induced pulse gave the larger amplitudes. Between Station E- 3 at 

3,740 feet, and Jansen at about 14, 000 feet, the two positive pulses merged into one 
pulse with a single peak. 

Peak Overpressures -- Figure 32 shows ground-shock-induced and gas-venting 
peak overpressures versus distance, both perpendicular to the row and off the end of 
the row. As in the case of Shot D-l, a large-amplitude, short-duration spike has 
been attributed to Primacord detonation, and the ground-shock-induced peak has been 
identified as a lower-amplitude peak at a slightly later time. Ground-shock-induced 
peaks perpendicular to the row were about 1. 5 times those off the end of the row, but 
the gas-venting peaks perpendicular to the row were between 4 and 5 times those off 

the end. 

Positive-Phase Impulse -- Perpendicular to the row, positive-phase impulses 
(Figi 33) were about twice those measured at comparable distances off the end of the 
row. Shot D-2 had an equivalent line-charge scaled burial depth of 2. 23 ft/(lb/ft) -. 
Row-charge and single-charge ratios from Fig. 33 at about 1,500 feet agree with the 
A = 2. 12 line of Fig. 29 off the end of the row, but are high when compared with re¬ 
sults perpendicular to the row. 

Comparison of Shots D-2 and C-l -- Both Shots C-l and D-2 were rows of 
five one-ton charges. The spacing and burial depths were identical, 32 and 18 feet 
respectively. C-l was fired beneath a slope of approximately 5° and D-2 beneath a 
slope of about 18°. The geology was similar,though not identical, in the two locations, 

which were 6,425 feet apart. 

Perpendicular to the rows, the ground-shock-induced peak overpressures for 
D-2 averaged about 2-1/2 times those of C-l, whereas off the end they were l.G times 
those of C-l. Gas-venting peak overpressures perpendicular to D-2 averaged three 
times those of C-l, and off the end they were only 70 percent of those of C-l. 
Positive-phase impulse measured perpendicular to D-2 was 1.6 times tha1 perpen¬ 
dicular to C-l, and impulse measured off the end of D-2 was about 75 percent of that 
of C-l. In the vicinity of Jansen and Trinidad, differences between the two shots 

were small. 

Shot D-3 

Shot D-3 was the detonation of a double row in the geomet ry shown in Fig. 34. 
The pre-shearing holes were loaded with Primacord in order to iix the uphill crater 





Figure 34. I.ayout for Shot D-3 

boundary. The Primacord was detonated at zero time, the one-ton row was detonated 
50 milliseconds after zero time, and the two-ton row 300 milliseconds after zero. 
Charges in the row were 35 feet apart. Burial depth for the one-ton row charges A 
through F are given in Table A-23, Scaled burial depth was 1.53 ft/lb*/^ for both rows. 
There is some evidence that the two-ton charge, 13 (fourth from the cast), produced 
a low-order detonation. 

Wave Shape -- Perpendicular to the row, the waveform consisted of two major 
positive pulses, each followed by a negative pulse. The first positive pulse contains 
both the ground-shock-induced and the gas-venting peaks from the one-ton row. 
These are preceded by spikes from the Primacord detonation and the pre-shearing 
holes. The second positive pulse coincides with that expected from the gas-venting 
pulse of the two-ton row. The ground-shock-induced pulse of the two-ton row appears 
to coincide with the first negative pulse, and may be related to the minor perturba¬ 
tion occurring near the bottom of that negative pulse. 

Off the end of the rows the waveform consists of three positive pulses. The 
first two arc separated by a decrease to about ambient pressure, and the second and 
third are separated by a brief but pronounced negative phase. The third is followed 
by a broad negative phase, which in turn is followed by a final positive phase with 
small amplitude. Observed from the end of the row, the source appears to have a 
length of 175 feet. Assuming simultaneity of each separate row source, the source 
would span an interval of approximately 155 milliseconds between a signal from the 
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Clos,.st chnrtío and a comparable signal from the farthest charge. If the time inter- 
vn l bet ween ground-shock-induced and gas-venting pulses is assumed to be equal 
o h.H m or pointed from shots m the B series, the time span of each pulse can be 

c.-d minted, ns illustrated in Pig. 35. It thus appears that the first positive pulse 
mm be associated with the pro-shearing shots plus the ground-shock-induced and 
gus-venting pulses of the one-ton row. The second peak must be associated with 

inducedT'1 T P i? ‘T’ Ule ?10re distant one-ton charges, and the ground-shock- 
‘ !. k ^!om U,le c ososl charges in the two-ton row. The final pulse requires 
contributions trom the ground-shock-induced pulses of distant two-toñ charges and 

has n‘TVn nfi I’“ S°1 01 311 tW°"ton charSRS* A single one-ton-charge detonation 
has a positive-phase duration of about 0. 25 second. Where times of arrival from 

ekmern nh f«'Parated by 0. 15 second, the negative phase of the 
c oses! charge coincides with part of the positive phase from the farthest charge 
W ith a six-charge row the interaction of waveforms is very complex and is not 
explored further m this report. 

Figure 35. Sequence of airblast pulses off end of Shot D-3 

jlcak Overpressures -- Peak overpressures have been plotted as functions of 
distance m Pig. 3G. Perpendicular to the rows, the ground-shock-induced peak 
Irom lho one-ton row is consistently lower than the other two peaks. Due to changes 
in wave shape, the gas-venting peak from the one-ton row is larger than that from 
I lie two-ton row at the closest station, but is smaller at the more distant station 





~L1( [,sl- s c> 11 n Pu - In l?ig. 3” the positive-phase impulse, both 
pri priulicular to and off the ends of the rows, has been plotted versus distance. 

I wo values of impulse are shown. The upper values are the total positive impulse 
derived from the contributions of both rows. The lower values are for the one-ton 
row above. At the closest stations, both the total impulse and the one-ton row 
impulse perpendicular to the rows are about 50 percent greater than their equi¬ 
valents off tlie end of the rows. The total impulse in each direction is 1, 8 to 1. 9 
times the one-1 on row impulse in the same direction. At the distant stations, 
maximum and total impulses converge, and the reason for the convergence can be 
seen in I lie impulse-lime curves in Appendix D. 

Figure 37. Positive impulse vs distance for Shot D-3 



Impulse-distance values for single 1, 2, and 3-ton charges at comparable 
scaled burial depths have been added to the figure. From these one may obtain 
row-charge to single-charge impulse ratios for comparison with Fig. 29. If the 
one-ton row impulse is used and compared with the one-ton single-charge impulse, 
ratios of 4. 0 and 2.8 are obtained respectively for the perpendicular and off the 
ends of the rows. Since Ù equals 2. 55 for the one-ton row, agreement with other 
data in Fig. 29 is not especially good. The agreement is not improved if one chooses 
instead to consider the double row as being equivalent to a single row of 3-ton charges, 
and this impulse is compared with the total impulse. In this case A equals 2. 12. It does 
not appear that a meaningful comparison could be made on the basis of a two-ton row. 

Shot D-4 

Shot D-4 consisted of the detonation of a row of 18 one-ton charges and, after 
a short delay, a row of 12 two-ton charges flanked on each end by a single one-ton 
charge. Pre-shearing holes loaded with Primacord were detonated at zero time, 
the one-ton row charge at 9 msec, and the two-ton row at 150 msec. The cross 
section was similar to that of Fig. 34 except that the spacing between rows was 
46 feet and the slope of the ground profile was considerably less at the east end. 
Both the one-ton charges were emplaced in 30-inch-diameter holes. Holes for the 
one-ton charges were underreamed, producing charges with a height-to-diameter 
ratio close to one. Holes for the two-ton charges were not underreamed, and the 
30-inch-diameter cylinder of explosive was approximately 10 feet high. The depths 
of burial given in Table A-24 arc to the mid-height of the explosive cylinder. This 
large L/D ratio would probably cause gas venting to occur relatively earlier than 
for in equivalent spherical charge buried in the same depth. 

Wave Shape -- Wave shapes for this event were quite complex and varied 
significantly with azimuth about the rows. On the north perpendicular line (closest 
to the one-ton row), the ground-shock-induced pulse from the one-ton row arrived 
first, followed by a pulse which included the combined contributions of the gas- 
venting pulse of the one-ton row and the ground-shock-induced pulse of the two-ton 
row. This in turn was followed by a brief negative phase and the gas-venting pulse 
from the two-ton row, which were followed by a final negative phase. Along the 
south perpendicular (nearest the subsequent detonation of the two-ton row), the first 
signal resulted from the nearby Primacord used for the pre-shearing holes. This 
was followed by the ground-shock-induced pulse of the one-ton row. The gas-venting 
pulse of the one-ton row is superimposed on the ground-shock-induced pulse of the 
two-ton row; the ground-shock-induced pulse of the two-ton row can be identified 
with an intermediate peak on the rising slope of the same pulse. This single positive 
phase was followed by a conventional negative phase. 

Off the end of the rows the complex waveform and the sequence of pulses is as 
illustrated in Fig. 38. The ground-shock-induced pulse from the nearest one-ton 
charge is the first pulse observed. This is followed at an appropriate time by the 
gas-venting pulse from the nearest one-ton charge, superimposed on the ground- 
shock-induced pulse from a somewhat more distant charge in the one-ton row. Be¬ 
cause of the 400-foot length of the rows, the interval spanned by the contribution 
of any one signal is approximately 0. 36 second. Thus, off the end of the D-3 shot, 
positive-phase contributions of a given pulse are in part offset by negative-phase 
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Piffuro 38. Sequence of airblast pulses off end of Shot D-4 

contributions of earlier pulses with differences in time related to the positions of the 
contributing Chartres. In Table A-24, peaks after the first two whose source could be 
defined have been identified by numbers 4 through 6 because of the impossibility of 
assigning them a specific source. 

Figure 38 shows that the final and dominant peak had contributions from the 
gas-venting pulse of the one-ton tow, together with gas-venting and groimd-shock- 
induced peaks from the two-ton row. The train of positive pulses was followed by a 
substantial negative phase. 

Peak Overpressures -- Figure 39 shows ground-shock-induced peak over¬ 
pressures hoth perpendicular to and off the ends of the rows. Those along the north 
perpendicular are from 2.3 to almost 10 times those measured off the end, the 
difference being due to the very low attenuation rate of ground-shock-induced peaks 
along the north perpendicular. The single measurement along the south perpendicular 
had values approximately 75 percent of those measured along the north perpendicular. 
Kates of attenuation off the end of the row are greater than those for gas-venting peaks 
from the one-ton row (Fig. 40), but are in agreement with those of the third peak mea¬ 
sured off the end of the row (Fig, 41). 
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Figure 42, Peak overpressure vs distance 
from 2-ton row of Shot D-4 

The four peaks that follow the ground-shock-induced and gas-venling peaks 
measured off the ends of the rows are shown in Fig. 41. The third and fourth peaks 
become nearly equal by the second and third stations. It should be kept in mind that 
the divergence at the closest station may be a result of those records having been 
purged of electrically induced amplitude shifts. The fifth and sixth peaks, which 
constitute the dominant pulse measured off the ends, were nearly equal and attenuated 
at about the same rate. The dominant peak observed at the Trinidad station has been 
attributed to attenuation of the sixth peak solely on the basis of the extrapolation 
illustrated in Fig. 41. 
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Positivo - Phase Impulse -- Positive-phase impulse measured along the south 
perpendicular was approximately 40 percent greater than that measured along either 
the north perpendicular or off the ends of the rows (Fig. 43). Values measured at 
the close station along the north perpendicular were 80 percent of those measured 
off the end, whereas those measured at the far station were 50 percent greater. 
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Figure 43, Positive impulse vs distance from Shot D-4 

Damage Potential of TRINIDAD Airblast 

Maximum overpressures recorded at Trinidad were 0.0067 to 0,009 psi on 
Shot B-ll, where a focus was recorded. Probabilities of damage, based on 
San Antonio experience for the Medina explosion, were shown^5 to be 

__ c in-3 A 1.22 A 2.78 
D 5 3. 71 X 10 A Ap 
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where D is damage intensity in broken panes per thousand, A is pane area in square 
feet, and Ap is incident overpressure in millibars. Numbers of typical pane sixes 
for San Antonio in 1963 are shown in Table VIII, together with the total glass in 
Trinidad based on the 197 0 census, and an assumption that the two cities are alike in 
glass distribution as related to population, (The difference in the ages of the cities 
may detract from the accuracy of the assumption, but there is no way to verify this.) 
Assuming modal values of 1, 6, 25, and 50 ft^ respectively for size categories A 
through D gives breakage probabilities (per thousand) of 0.00043, 0.0038, 0.022, and 
0.051 for 0,0067 psi, and 0.00099, 0.0088, 0.050, and 0.117 for 0.009 psi. Relating 
these probabilities to the estimated window census for Trinidad leads to the proba¬ 
bilities of breakage shown on the last two lines of Table VIII for the two overpressures. 
It was noted earlier that the differences in overpressure were related to the over¬ 
pressure spike rather than to the overall wave; i, e., impulses were equal. Since the 
large value came from the more sensitive gage, it may be the more accurate of the 
two. 

TABLE VIII 

Probability of Glass Breakage 

Pane Size Category 
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Table VIII suggests that the probability of breaking even one pane in Trinidad 
was less than one. More than three months after Shot B-ll, no claims for glass 
breakage had been filed. Since probability increases as Ap2,78, it would appear that 
from a purely economic standpoint, overpressures 2 or 3 times larger would have 
been acceptable for a project of the magnitude of TRINIDAD. It also should be noted 
that the next highest overpressure recorded at Trinidad was about half that observed 
on Shot B-11. 

Summary and Conclusions 

Airblast measurements were made on Project TRINIDAD as functions of 
distance on 24 detonations. There were nine buried single charges; four were deto¬ 
nated on or near the surface, and one was detonated at the bottom of a 14-inch 
unstemmed hole. There were three simultaneously detonated single rows with 
different combinations of spacing and burial depth, two nonsimultaneously detonated 
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rows, and one shot involving simultaneous detonation of two equal parallel rows. The 
last series consisted of four detonations, the first three being side-hill cuts, and the 
last a cross-hill cut. The first detonation involved nine unequal charges with un¬ 
equal spacings and burial depths. The second was a simultaneous five-charge deto¬ 
nation with uniform charge weight, spacing, and burial depth. The third side-hill 
cut consisted of six one-ton charges detonated 0. 25 second before detonation of a row 
of six two-ton charges 40 feet from the one-ton row. 

The three buried single charges of ANFO gave ground-shock-induced peak 
overpressures approximately equal to those of TNT, but the gas-venting peak over¬ 
pressures were approximately 10 times those to be expected from a TNT shot, 
G round-shock-induced peak overpressures from the AANS detonations were about 
twice those to be expected from TNT detonations, whereas the gas-venting peaks 
were 2-10 times greater. By contrast, positive-phase impulses were almost exactly 
what would have been expected from TNT detonations. 

The four surface and near-surface bursts gave no consistent differences that 
could be attributed to charge location with respect to the surface. Peak overpressures 
and impulses were close to those previously measured on surface detonations of TNT 
or ANFO. Meteorological effects on blast attenuation with distance were more pro¬ 
nounced than the effects of height or depth of burst. 

A one-ton AANS charge detonated at a depth of 20. 9 feet at the bottom of a 
14-inch-diameter unstemmed hole gave peak overpressures approximately midway 
between those of an equivalent surface burst and those of a completely stemmed 
detonation at the same burial depth. The energy in the airblast from the unstemmed 
hole was approximately 10 times that of a stemmed shot and l/20th that of an equi¬ 
valent surface burst. 

For the simultaneous rows, the ground-shock-induced peak overpressures were 
approximately equal. Closer spacing and an increase in the number of charges from 
five to seven for the closest spacing was insufficient to offset the decrease in gas- 
venting peak overpressures caused by the greater burial depths. (However, the two 
additional charges for the shot with the closest spacing and greatest burial depth did 
increase the positive-phase impulse for that shot. ) 

The two nonsimultaneous row-charge detonations had delays of 25 and 50 milli¬ 
seconds between detonations of each two charges. Perpendicular to the rows, the 
ground-shock-induced peaks were approximately equal to but below those from an 
equivalent simultaneous detonation. Off the end at which the first charge was deto¬ 
nated, the ground-shock-induced peaks again were approximately equal to and less 
than for a simultaneous detonation. On the opposite end, the ground-shock-induced 
peaks for the 50-millisecond delay were less than for the 25-millisecond delay; the 
peaks for the latter were greater than for a simultaneous detonation. Perpendicular 
to the rows, gas-venting peak overpressures for the 50-millisecond delay were twice 
those for the 25-millisecond delay. On the end opposite the initiated end, gas-venting 
peak overpressures were 1. 25 times and 1. 4 times those off the initiated end for the 
50- and 25-millisecond delays respectively. Perpendicular to the row, positive-phase 
impulses for both delayed shots were approximately 2-1/2 times those for a simultane¬ 
ous detonation. Off the initiated end, impulses were about equal to those perpendicular 
to the row, and off the opposite end, they were 1. 4 and 1. 6 times the impulses of a 
simultaneous detonation for the 50- and 25-millisecond delays respectively. 
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,,., Gl'ount -shock-induced peak overpressures perpendicular to the simultaneous 
double-row detonation were approximately twice those of a single-row detonation 
whereas off the end they were from 2 to 2-1/2 times as great. Gas-venting peak' 
overpressures both perpendicular and off the end were 4 to 5 times those of a simrle- 
row detonation. Gas-venting peak overpressures measured perpendicular to the 
double row were 1. 3 to 1. 5 times those measured off the ends of the rows Positive- 
phase impulses showed little azimuthal variation, and those measured perpendicu ar 

°„; "• ”” u™e mrasureri pc,, c J cut' „ a 

An effort to relate the number oí’ charges to the ratios of row-charge airblast to 
singte-charge airb ast parameters showed no consistent agreement with oariier work 
loi which relationships had been derived. 

, , rhe unequal-charge side-hill cut, where measurements were made both uphill 
and downhill perpendicular to the row, showed that terrain effects were relatively 
S™ ' Ground-shock-induced peak overpressures measured on that detonation were 
8 times the gas-venting peak overpressures. The five-charge side-hill cut had 
gas-venting peaks larger than ground-shock-induced peaks perpendicular to the row 
they were smaller off the end of the row. Ground-shock-induced peaks perpendicular 
o the row were 1. 5 times those off the end, whereas gas-venting peaks were 4 o 5 

times those observed off the end. 

The delayed detonation of a one-ton and two-ton row provided complex wave¬ 
forms^ especially off the ends of the rows; there the waveform consisted of three 
approximately equal peaks. The first two were identified as the ground-shock-induced 
and gas-venting peaks of the one-ton row and the third as a gas-venting peak from the 
wo-ton row detonated 0. 25 second later. The ground-shock-induced peak for the two- 

hn nnW ^ C0Unt<;3racted ^ tho negative phase following the gas-venting pulse from 
Ïon ™ rT POrpendlCUlar to the rows' the largest of the three peaks was less 

than 50 percent greater than the small one. Off the end of the rows, the three peaks 
were approximately equal in the 2,000-4,000 feet range, but at greater distances the 
gas venting peaks from the two-ton row attenuated more rapidly than tho rest. 

The delayed one-ton and two-ton cross-hill cut gave peak ground-shock-induced 
overpressures perpendicular to the one-ton row (detonated first) that were greater 

ÍrdicuTartÍT'T1CUliar 1:0 ,:he tWO*t0n rOW- Gas'vcnting peak overpressures per¬ 
pendicular o the two-ton row were more than three times those in the opposite 
irection, due to the addition of pulses from both rows. The complex waveforms off 

hi iiiund lrrSHhari .fiX íliñtr peaks- The first was clearl>’ associated with the giound-shoek-induced pulse from the nearest one-ton charge. The second was 

ZZS?,*l": errn“ig ^of ttai —« «««ir -»u, » ô“«ïbûiô„ 
rom the ground-shock-induced pulses of a more distant one-ton charge. The four 

subsequent peaks, including the largest and last, were a result of complex inter- 
action oi positive and negative pulses from several charges. Azimuthal variation of 
positive impulse was not pronounced. 

Maximum overpressure recorded at Trinidad on any shot was 0. 000 psi 
Estimates of a window census for Trinidad suggest that the probability of breaking 
even one window was close to one, ^ 

01 

■ 
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Summary of Airblast Measurements 
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APPENDIX B 

Pressure-Time Records for the B Series 
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Figure B-l. Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-l, Station 1 



Figure B-2 Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lowei) for TRINIDAD Shot B-l, Station 2 
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Figure B-3. Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-l, Station 3 
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Figure B-4. Pressure~time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-2, Station 2 
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Figure B-5* Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-2# Station 3 
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Figure B-G. Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower)for TRINIDAD Shot B-3, Station 1 
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Figure B-7, Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-3, Station 2 
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Figure B-8. Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-3, Station 3 
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Figure B-9, Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-4, Station 1 
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Figure B-10. Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-4, Station 2 
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Figure 13-11. Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-4, Station 3 
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Figure B-12, Pressure-time and impulse-time for lügh-rnnge gage (upper) ami 
low-range gage (lower) for TRINIDAD Shot H-5, Station 1 
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Ficure B-14. Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-5, Station 3 
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Figure B-15, Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-G, Station 1 
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Figure 17. Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-G, Station 3 

104 



í»IMD*D 07-IMl TB|*.|a*0 07 1M| 

-.001 

0.0 ,?5 .50 
t|«E tSECJ 

ti»lM3*0 1)7 - |lO TB|M0*0 B7.1LO 

Figure B-18, Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-7, Station 1 
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Figure B-19. Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-7, Station 3 
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Figure B-20. Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-8, Station 1 
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Figure B-21, Pressure-time and impulse-time for high-range gage (upper) and 
low-range gage (lower) for TRINIDAD Shot B-8, Station 2 
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Figuro B-25. Pressure-time ami impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot B-10, Station Viola 
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Figure B-44. Pressure"time und impulse “time for low~rstige gage (upper) and 
high-range gage (lower) for TRINIDAD Shot B-12, Station Piedmont 3 
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Figure B-49. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot B-13, Station Sopris 
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Figure B-50. Pressure-time and impulse-time for low-range gage (upper) and 
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Figure B-GO, Pressure-time and impulse-time for low-range gage (upper) and 
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Figure C-l. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot C-l, Station Side 1 
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Figure 025. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot 04, Station Jansen 
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high-range gage (lower) for TRINIDAD Shot C-5, Station Initiated 
End 2 
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Figure 032. Pressure-time and impulse-time for low-range gage (upper) and 
nigh-range gage (lower) for TRINIDAD Shot 05, Station Jansen 
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Figure C-33, Pressure-time and impulse-time for high-range gage 
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Figure C-34. Pressure-time and impulse-time for low-range gage (upper) and high- 
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Figure C-39. Pressure-time and impulse-time for low-range gage (upper) and 
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Figure C-40. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot C-6, Station Trinidad 
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APPENDIX D 

Pressure-Time Records for the D Series 
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Figure D-1. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-1, Station Uphill, 
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Figure D-2. Pi-essure-time and impulse-time for low-range gage (upper) and 
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Side 2 
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Figure D-4, Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-l, Station Downhill 
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Figure D-õ, Pressure-time and impulse-time for low-range gage (upper) and 
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Figure D-0. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-2, StationSide 1 
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Figure D-10. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-2, Station Side 2 
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Figure D-11. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-2, Station End 1 

200 

,-::n 

‘ V 

:] 

.,: 

•« 
-,, 

'.>1 

-*r| 

I t í 
s 

1 
:jC 

] 

I 

-■i - 

-¾ 

- - - - - - iHBffi " 

. : >' ’J 



9t*»:3 0 3 3??? 

ItIC CK) 

7. CS ?.äC 
TI« (»CO 

3.s: 

Figure D-12. Pressure-time and impulse-time for lew-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-2f End 2 
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Figure D-13. Pressure-time and impulse-time for low-range gage <upper) and 
high-range gage (lower) for TRINIDAD Shot D-2, Station End 3 
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Figure D-14. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-2, Station Jansen 
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Figure D-15. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-2, Station Trinidad 
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Figure D-16. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-3, Station Side 1 
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Figure D-18. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-3, Station End 1 
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Figure D-19. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-3, Station End 2 
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Figure D-20. Presaure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-3, End 3 
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Figure D-23. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-4, Station North Side 1 
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Figure D-24. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-4, Station North Side 2 



' • " . i jpai ---- 

MME {«O 

Figure D-25. Pressure-time and impulse-time for low-rang 
high-range gage (lower) for TRINIDAD Shot D 
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Figure D-27. Pressure-time and impulse-time for low-range gage (upper) and 
high-range gage (lower) for TRINIDAD Shot D-4, Station End 2 
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