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ABSTRACT 

In the summer of 1965, a series of ten spherical cast TNT charges, 

each weighing approximately 10,000 lb were exploded at Mono Lake, 

California. As part of that program, URS Corporation conducted a pro- 

ject to acquire ground-based, high- and normal-speed, motion picture 

photography of base surge, plume, and wave run-up characteristics on 

all shots, and another to acquire aerial photography of wave refraction 

on two shots. 

The high-speed and normal-speed motion pictures show excellent 

detail of base surge and plume. Run-up information is good; on many 

films waves within waves can be seen near the shore. The aerial photog- 

raphy obtained is good, and wave generation, refraction, and run-up can 

readily be seen. 
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Section 1 

INTRODUCTION 

In the summer of 1965, a series of ten spherical, cast TNT charges, 

each weighing approximately 10,000 lb, were exploded at Mono Lake, 

California.    The study is part of a program to broaden and extend the 

present knowledge of wave generation,  propagation,  and run-up over 

variable-depth hydrography.     The purposes of the portion of the study 

described In this report were to acquire ground-based motion picture 

photography of base surge, plume, and run-up characteristics on all tests 

and to acquire aerial photography of two tests suitable for later wave- 

refraction analysis. 
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Section 2 

INSTRUMENTATION 

TOWERS 

All ground-based photography was conducted from towers positioned at 

strategic points along the beach front,    i^evated camera positions were 

chosen in order to improve the view of the detonation and run-up phenomena 

and to eliminate heat-wave distortion, which is a problem at ground level 

when taking motion pictures at a considerable distance from a subject. 

Figure 1 shows the tower locations in relationship to the overall 

test facility.    Towers 1 and 2, located adjacent to Run-Up Ramps 1 and 2, 

were of a scaffold type,  50 ft high, with 5- by 5-ft work platforms; 

Tower No.  3,  also with a work platform, was 20 ft high and of a standard 

communications-type configuration. 

CAMERAS 

During the test, two high-speed and five normal-speed cameras were 

utilized. One high-speed camera (500 frames/sec Fastax WF3 with a 152-mm 

lens) was located on Tower No. 1, approximately 1 mile from ground zero. 

Another high-speed camera (500 frames/sec Red Lake Hycam with a 152-mm 

lens) was located on Tower No. 3, approximately 2.8 miles from ground 

zero. These high-speed cameras were mounted on tripods and secured to the 

work platforms with cables and tumbuckles. Normal-speed (16 frames/sec) 

Gun Sight Aiming Point (GSAP) cameras were also located on Towers 1,2, 

and 3.  On Tower No. 1, two GSAP cameras monitored run-up information and 

a third camera was directed toward the point of detonation. The GSAP 

camera on Tower No. 2 was positioned toward Run-Up Ramp No. 2; the GSAP 

camera on Tower No. 3 was pointed toward ground zero.  Figure 2 shows a 

typical GSAP camera mount used during the tests. 
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At the base of Towers 1 and 3, F-56 Falrchild aerial-type cameras 

(provided URS at no cost by the U.S. Naval Ordnance Laboratory) with 

8.25-in. and 20-in. lenses, respectively, were mounted and focused on 

ground zero. These cameras were operated at an exposure rate of approx- 

imately one picture every 3 sec for a 4-min duration in order to gather 

supplementary data on base surge and plume formation. 

! 

i 

All  the cameras were activated either manually or by hard wire trips 

to relays.    High-speed cameras were started one second before detonation 

by a trip signal from the firing console.    GSAP cameras directed toward 

ground zero were also started automatically 10 sec before the detonation. 

All other cameras were started manually at different times. 

The  timing lights  for high-speed cameras were operated through a 

DC-to-AC converter,  which was activated 10 sec before detonation to allow 

the timing lights to stabilize.    Figure 3 shows the camera circuit used 

for the high-speed cameras. 

LENSES 

During pre-test preparations, calculations were made, using informa- 

tion from previous studies on cavity and plume sizes, to determine the 

lenses required to achieve optimum data coverage. Optical qualities of 

certain lens types were also considered at that time.  (Lenses with focal 

lengths of 2 in. or greater, when used in conjunction with rotary prism 

cameras, give high-quality pictures because light passes through the 

prism in a more parallel beam.) The 152-mr- lens selected, satisfied both 

the optical qualities desired and provided sufficient detail for plume and 

base-surge information.  The field of view provided by the 152-nun lens at 

1 mile was 350 ft high by 500 ft wide. At 2.8 miles it was 980 ft high 

by 1,400 ft wide.  The focal lengths of the lenses used on the GSAP cam- 

eras were 35 mm for run-up and 78 mm for base surge and plume. 

FILM 

The film used  in the high-speed cameras was selected during pre-test 

exposures  taken at the test facility.    Two different types of high-speed 

1 
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16-nun color film (Ektachrome MS and Ektachrome ER) were tried.  Lens speed, 

aperture settings, and camera voltages were varied during these tests.  It 

was found that Ektachrome MS was a very fine-grained film with good color 

contrast.  It also proved to be excellent for making copies. Ektachrome 

ER was found to be very grainy, had less contrast, and produced copies of 

poor quality. 

The most important factor in the film selection was the exposure rate 

at which the cameras were to operate. Ektachrome ER is suited for very 

high-speed camera operation; Ektachrome MS is designed for slower camera 

speeds.  Since 500 frames/sec is a relatively slow framing rate in high- 

speed photography, the high light-sensitivity of Ektachrome ER was not 

required, and the higher quality Ektachrome MS was chosen. 

Standard Kodak Kodachrome II magazines were used in the GSAP cameras. 

POWER SOURCE 

All  cameras were operated from DC sources.     (When operating the Fastax 

at framing rates lower than 1,000 frames/sec,  DC is  required because of 

the torque characteristics of  the motors.)    Heavy-duty storage batteries 

were used and recharged between each test.    These batteries were not 

removed from the towers after installation;   therefore the  same batteries 

were used with the same cameras  for the entire series.     A small portable 

generator and a series-type battery  charger were transported from tower to 

tower to recharge batteries. 
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Fig . 2a . GSAP Came ra 7 5-mm Lens 

Fi g . 2b. GSAP Ca mera 35-mm Lens 



i 
I 
I 
I 
r 
r 
r 
E 
L 

: 

o 

.— 

:: 

CO 

3 
o 
►1 

s 

I 
I 

: 
Z-l"39  SHH 8 



''«^    lft«f 

I 
Ml •t:> 

URS  654-2 9 

I 
Section 3 

RESULTS 

Tests were completed on the Mono Lake Project on September 9, 1965. 

A table showing shot sequence, data, and charge position is presented in 

Table 1. The high-speed motion pictures taken of base surge and plume 

show excellent detail, and information can readily be obtained from these 

films. The run-up information obtained is good, and on many films, waves 

within waves can be seen near the shore.  With the aerial photography, 

fine coverage was obtained on one shot, and there is a possibility that 

additional information might be gleaned from the other shots covered. 

Table 2 shows camera performance of all ground- and tower-based 

cameras for the entire test series.  As can be seen, the majority of 

information loss occurred during the first two shots of the series; after 

the second shot, field operations were perfected and there was little 

subsequent loss of data.  On shots one and two, certain relays malfunc- 

tioned, a gun-camera motor and gun-camera magazine failed, and the manual 

control (initially established for Tower No. 3) proved unsatisfactory. 

Data reductions made since the test series ended are given In 

Appendixes A and B.  In Appendix A, tracings of plume and base surge 

taken from the projected films are shown.  Time increments und a scale 

(in feet) are presented along with each tracing.  In Appendix B, the 

run-up data in tabular form is shown. Note that the entries for wave 

heights and distances between waves are approximations since these 

phenomenon were measured from oblique photography. 

* Initially, Tower No. 3 was to be controlled manually since its location 
was quite remote from the test area.  Since radio silence was deemed 
necessary at that time, a telephone line was installed to Tower No. 3 
to signal the operator the precise time to start the cameras.  When 
this method of starting cameras proved unsatisfactory, a relay was 
installed at Tower No. 3 and the telephone line was converted to a 
trip-line to improve timing. Also, radio silence was withdrawn. 
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Table 1 

TEST SEQUENCE 

SHOT NO. DATE CHARGE POSITION (ft) 

081365 0 

081765 -0.67 

082365 -1.4 

082465 -1.04 

082665 -8.2 

082665 0 

082765 -41 

083065 -51.5 

080765 -21 

10* 090865 -1.04 

* Different ground zero — approximately 2,000 ft closer to the 
beach. 
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A brief review oi the type of data acquired from each typo of camera 

station Is given on the following pages. 

BASE SURGE AND PLUME 

High-Speed Photography 

Good correlation between measurements made from Tower 1 (Fastax) and 

Tower 3 (Hycam) photography was the general rule; Figs. 4 and 5 typify 

this. Since these cameras viewed the detonation from different angles 

(see Fig. 1), this good correlation indicates that the columns expanded 

uniformly, with little or no radial asymmetries. The slight differences in 

column diameter reductions are well within the accuracies attainable with 

the resolving power of the lenses used. 

In the shallow-depth charge-placement tests, the column is obscured 

initially by the fireball and then by vapor condensation. Figure 6 shows 

this occurrence, along with the column development to maximum size before 

collapse and the beginning of base surge. Although it is not obvious on 

Fig. 6, the films themselves also clearly show the shock wave propagating 

in air away from ground zero. 

For the deeper shots (-8.2 ft to -51.5 ft) a different type of column 

forms (Figs. 7 and 8). The outer edge of the dome, initially formed by 

the underwater shock wave, slows appreciably, while the inner part, driven 

by the expansion of the underwater bubble, travels at high velocity. This 

creates a skirt effect at the base of the column. This skirt becomes more 

pronounced with increased placement depth of the explosive. The air shock 

wave from these shots can also clearly be seen on the films. 

Figure 9 is a plot of column diameter at its maximum point of expan- 

sion vs depth of charge. 

♦ Note especially the large changes in diameter that occur for surface and 
near-surface bursts. These are the first measurements of which we are 
aware, that show such differences for surface effects other than waves. 
Small variations in measurements from the four cameras (two high-speed and 
two normal-speed) were found. Figure 9 shows averages of the four sepa- 
rate measurements. 
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Normal-Speed Photography 

Normal-speed cameras provided additional  plume data from Towers  1 

and 3  to supplement  the high-speed data;  excellent  agreement between the 

normal- and high-speed photography was obtained.     Tracings of the plume 

and base surge are presented  in Appendix A for further analysis. 

Base surge  information   (Fig.   10) was obtained  for shots at the upper 

charge placements.    At the lower charge placements  the bubble created by 

the detonation rose to the surface and  Interacted with the column above, 

causing too much turbulence.     This  turbulence extended beyond the field 

of view of  the camera lenses used,  and  therefore,  base-surge  information 

could not be obtained from these films. 

The F-56 Fairchild cameras used during the program provided still 

further coverage on plume and base surge.     In Figs.   11  and 12,  the cameras 

from Towers  1  and 3 have  caught the column at the start of  its downward 

movement and  the beginning of  the base  surge. 

RUN-UP 

Normal-Speed Photography 

Run-up data was monitored at Ramp No. 1 (1 on 50 slope) and No. 2 

(1 on 30 slope).  The first wave approached the ramps in groups of three — 

one large wave and two smaller ones riding behind.  After the oscillation 

at ground zero had subsided, one of the two smaller waves was no longer 

visible.  This three-wave group can readily be seen in Fig. 13.  The later, 

two-move pattern, can be seen in Fig. 14.  All reduced data from wave run- 

up is available in tabular form in Appendix B. 

AERIAL 

Wave refraction information was gathered on Shots 4 and 8. An Itek 

Hyac Panoramic camera (which sweeps a 120-deg arc) with colored film was 

used with excellent results.  Figures 15, 16, and 17 are typical aerial 
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photographs obtained during the program. Figure 15 was obtained during 

Shot 4; Figs. 16 and 17 during Shot 8.  In these photos, wave generation 

can clearly be seen along with the overall wave pattern being formed. 

Very definite wave run-up can be observed in Fig. 15b. 
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Fig. 6. 16-mm Frame Sequence, Shot 10 (Tower No. 3, -1.04 ft, Hycam) 
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Fig. 7. 16-mm Frame Sequence, Shot 9 (Tower No. 3, -21 ft, Hycam) 
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Photo of Plume and Base Surge, Shot 4 (Tower No . l , -1. 04 ft , 
F-56 Fairchild Came r a , 8 . 25-in . Lense, Tn + -1 .5 s ec ) 
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Fi g . 12. Photo of Plume a nd Base Surge, Shot 10 (Towe r No . 3, - 1 .04 ft, 
F-56 Fairchild Camera, 20-in. Lens e, T

0 
+ ~1 .5 se c) 
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Fi g . 13 . Pho to of Run-Up, Three-Wave Patte rn, Shot 4 (Tower No. 1, -1 .04 ft, 
F- 56 Fai r chi l d Came r a , 8 .25-in. Lens e, T + ~2.75 min) 

0 
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Fig . 14 . Photo of Run-Up, Two-Wave Pattern , Shot 10 (Tower No. 3 , -1. 04 ft, 
F-56 Fa irchild Camera, 20-in. Lense, T

0 
+ -2.45 min) 
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Fig. 15a.  Photo of Wave Generation,   Fig. 15b.  Photo of Wave Run-Up, 
Shot 4 (T + '-'42 sec) o Shot 4 (To + ^4.1 min) 
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Fig. 16. Photo of Wave Generation , Shot l:l (10,200 ft AltJ tudc, -51. 3 fl, 
T

0 
+ ~2 .81 min) 
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Ft ~: . 17. Pllolo o[ \\"ave Hun-Up, S lH>l H (10,200 [t Altitude, - ~>1 . 3 [l, 

T 1- - ·l.4H min ) 
() 
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TRACINGS OF PLUME AND BASE SURGE 
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URS 654-2 B-l 

Appendix B 

TABULAR PRESENTATION OF WAVE RUN-UP 



~~»     1*1 I 

URS 654-2 B-3 

SHOT NO.   3 

DATE:   082365 

CHARGE POSITION:   -1.4  ft 

CAMERA:   GSAP,   TOWER NO.   1, 
RUN-UP RAMP NO.   1 

WAVE 
NO. 

TIME 
(sec) 

RUN-UP 
DISTANCE (ft) 

EST. WAVE 
HEIGHT (In.) 

EST. DISTANCE 
BETWEEN WAVES (ft) 

1 * 0 1 0 0 

2 13.3 7.5 3 5 

3 24.9 15 5 7 

4 26.8 8 4 4 

5 28.9 8 2 40 

6 36.1 13 4 7 

7 38.5 10 3 40 

8 46.3 12 4 6 

9 48.6 12 3 38 

10 56 12.5 4 5 

11 58 12 2 37 

12 65.5 12 3 4 

13 67.3 12 2 36 

14 74.3 12 2 4 

15 75.8 11 2 34 

*  Throughout Appendix B,  zero time   is the  time of  initial water surge 
at beach. 



B-4 URS 654-2 

SHOT NO.   4 

DATE:   082465 

CHARGE POSITION -1.04  ft 

CAMERA:   GSAP,   TOWER NO.   2, 
RUN-UP RAMP NO.   2 

WAVE 
NO. 

TIME 
(sec) 

RUN-UP 
DISTANCE   (ft) 

EST.   WAVE 
HEIGHT (in.) 

EST.   DISTANCE 
BETWEEN WAVES  (ft) 

1 * 0 2 0 0 

2 12.2 16 3 50 

3 24.4 20 6 10 

4 26.1 10 3 50 

5 36.2 17 5 10 

6 40.1 9.5 3 45 

7 46.5 15 5 10 

8 50.8 11 2 42 

9 56.7 15 4 10 

10 61 13 2 40 

11 

12 

13 

14 

15 



»   I' 

i 
r URS 654-2 B-5 

SHOT NO.   5 

DATE:  082665 

CHARGE POSITION -8.2  ft 

CAMERA:   GSAP,   TOWER NO.   1, 
RUN-UP RAMP NO.   1 

♦ ' 

WAVE 

|      N0- 

TIME 
i      (sec) 

RUN-UP 
DISTANCE   (ft) 

EST.   WAVE 
HEIGHT  (in.) 

EST.   DISTANCE 
BETWEEN WAVES   (ft) 

1 ♦ 0 2.5 0 o                    1 
I         2 8.5 12 3 55 

1         3 25.9 13 4 
8                              1 

1         4 27.4 12 2 50                              j 

5 36.8 12 3 9                              1 

!        6 39 11 2 45 

1         7 46.9 10 3 9 

1        8 48.5 11 2 44 

|        9 56.7 10 2 10                              j 

|      10 58.5 10 2 40 

i      11 65.4 12 2 10 

1      12 67.1 10 2 37 

1       13        ! 74.3 10 2 1° 

!      14 75.9 7.5 2 36                             1 

15 82.9 12 2 11                             ! 



B-6 URS  654-2 

SHOT NO.   5 

DATE:   082665 

CHARGE POSITION -8.2  ft 

CAMERA:   GSAP,   TOWER NO.   2, 
RUN-UP RAMP NO.   2 

WAVE 
NO. 

TIME 
(sec) 

RUN-UP 
DISTANCE  (ft) 

EST.   WAVE 
HEIGHT  (in.) 

EST.   DISTANCE 
BETWEEN WAVES   (ft) 

1 ♦ 0 7 0 - 

2 14.1 20 5 10 

3 16.4 10 3 65 

4 26.4 20 4 10 

5 28.2 8 3 60 

6 37.8 15 3 9 

t 39.7 12 2 58 

8 48.6 15 3 10 

9 50.5 17 2 55 

10 59.3 15 3 10 

11 61.2 13 2 49 

12 

13 

14 

15 

II 

I 
I 

■^■«1 ~~1 

I 



URS  654-2 B-7 

SHOT NO.   6 

DATE:   082665 

CHARGE POSITION 0  ft 

CAMERA:   GSAP,   TOWER NO.   2, 
RUN-UP RAMP NO.   2 

WAVE 
NO. 

TIME 
(sec) 

RUN-UP 
DISTANCE   (ft) 

EST.   WAVE 
HEIGHT   (in.) 

EST.   DISTANCE 
BETWEEN WAVES   (ft) 

1 ♦ 0 5 0 0 

2 8.8 8 3 5 

3 10.4 8 3 6 

4 20.3 16 4 50 

5 22.7 16 3 10 

6 30.7 10 4 50 

7 32.4 12 3 10 

8 40 20 4 48 

9 41.8 15 3 10 

10 49.5 14 3 45 

11 

12 

13 

14 

15 

  m 



B-8 URS 654-2 

SHOT NO.   7 

DATE:   082765 

CHARGE POSITION -41  ft 

CAMERA:   GSAP TOWER NO.   I 
RUN-UP RAMP NO.   1 

WAVE 
NO. 

TIME 
(sec) 

RUN-UP 
DISTANCE   (ft) 

EST.   WAVE 
HEIGHT (in.) 

EST.   DISTANCE 
BETWEEN WAVES   (ft) 

1 ♦ 0 2 0 0 

2 7 14 5 5 

3 8.3 8 3 60 

4 19.8 11 4 5 

5 21.3 10 3 57 

6 31.2 11 4 5 

7 42.7 11 3 50 

8 52.1 11 3 5 

9 53.5 9 2 40 

10 61.2 10 3 7.5 

11 63.4 8 2 37 

12 70.3 11 3 9 

13 71.3 7.5 2 36 

14 79.6 10 3 9 

15 81.0 7.5 2 35 

■■ ■■ 
■ 

■" ■—  



URS  654-2 B-9 

SHOT NO.   « 

DATE:   083065 

CHARGE POSITION  -51.5  ft 

CAMERA:   GSAP TOWER NO.   1 
RUN-UP RAMP NO.   1 

WAVE 
NO. 

TIME 
(sec) 

RUN-UP 
DISTANCE   (ft) 

EST.   WAVE 
HEIGHT  (in.) 

EST.   DISTANCE 
BETWEEN WAVES   (ft) 

1 ♦  0 3 0 0 

2 17.9 11 4 5 

3 19.9 5 2 52 

4 23.4 16 4 7 

5 31.1 5 3 47 

6 38.8 12 4 7 

7 41.1 7 3 45 

8 49.2 11 4 8 

9 51.4 6 3 40 

10 58.2 11 3 8 

11 59.7 6 2 35 

12 67.3 11 2 10 

13 69.5 5 2 33 

14 75.6 12 2 10 

15 78.3 4.5 2 30 

-J"   ' 



B-10 URS 654-2 

SHOT NO.   H 

DATE:   083065 

CHARGE POSITION  -51.5   11 

CAMERA:   GSAI» TOWER NO 2 
RUN-UP RAMP NO 2 

WAVE 
NO 

TIME 
(sec) 

RUN-UP 
DISTANCE (It) 

EST, WAVE 
HEIGHT (in.) 

EST. DISTANCE 
BETWEEN WAVES (It) 

1 ♦ 0 2 0 0 

2 13.3 12 5 60 

3 25.8 16 5 5D 

4 37.4 20 5 50 

5 48.2 23 5 10 

6 49.8 20 4 45 

7 57.8 21 5 10 

8 59.9 12 4 45 

9 68.4 15 5 10 

10 

11 

12 

13 

14 

15 

i 

-• 

.. 

I 

"T"»"" v im 



URS  654-2 B-ll 

SHOT NO.   9 

DATE:   090765 

CHARGE POSITION  -21  ft 

CAMERA:   GSAP TOWER NO.   1 
RUN-UP RAMP NO.   1 

WAVE 
NO. 

TIME 
(sec) 

RUN-UP 
DISTANCE   (ft) 

EST.   WAVE 
HEIGHT  (in.) 

EST.   DISTANCE 
BETWEEN WAVES   (ft) 

1 ♦ 0 2 0 0 

2 11.5 10 8 5 

3 13 5 6 10 

4 14.5 5 3 50 

5 24.3 13 6 5 

6 25.7 6 4 10 

7 27.8 5 3 45 

8 35.6 11 4 4 

9 36.3 7.5 3 47 

10 45.9 10 4 5 

11 47.2 7.5 4 45 

12 55.4 9.5 4 4 

13 56.8 6.5 3 43 

14 64.7 10 3 4 

15 66.1 7 2 40 



B-12 URS 654-2 

i 

I 

SHOT NO.   10 

DATE:  090865 

CHARGE POSITION -1.04  ft 

CAMERA:   GSAP TOWER NO.   2 
RUN-UP RAMP NO.   2 

WAVE 
NO 

TIME 

(sec) 
RUN-UP 

DISTANCE   (ft) 
EST.   WAVE 

HEIGHT (in.) 
EST.   DISTANCE 

BETWEEN WAVES   (ft) 

1 ♦ 0 6 0 0 

2 12 15 3 5 

3 13.3 20 3 55 

4 22.1 15 3 5 

5 23.6 22 3 45 

6 30.9 17 3 5 

7 32.4 22 3 42 

8 38.0 15 3 5 

9 39.4 22 2 37 

10 46.0 15 3 5 

11 47.3 20 2 35 

12 53.9 15 3 5 

13 55.1 15 2 35 

14 61.2 15 2 35 

15 69.4 15 2 35 

L 



URS  654-2 B-13 

SHOT  NO.    10 

DATE:   09()K65 

CHARGE  POSITION   -1.04   ft 

CAMERA:   GSAP TOWER NO  1, 
RUN-UP KAMP NO.   1 

WAVE 
NO 

TIME 
(sec) 

RUN-UP 
DISTANCE   (It) 

EST.   WAVE 
HEIGHT   (in.) 

EST.   DISTANCE 
BETWEEN  WAVES   (ft) 

I ♦   0 10 0 0 

2 10.4 13.5 3 5 

3 11.4 14 3 45 

A 19,1 15 3 5 

5 ?0. 2 11 2 37 

6 1'6.5 19 3 5 

7 •,7.7 19 ? 35 

H 33.9 20 3 5 

9 35.2 19 2 35 

10 40.7 10 3 4 

11 42.3 18 2 35 

IV 47.3 10 3 4 

13 48.4 19 2 35 

14 55.1 11 3 4 

15 56.5 20 2 35 



km-* 

UNCLASSIFIED 
Security Classification 

DOCUMENT CONTROL DATA • R&D 
(Secunly cla»*ilicalioii ut title   body ol abmract and inijnxing annvlation must he entered whan the overall report n clattilied) 

1    ORITilNATING ACTIWCY f<".>rp<.r«(-. aufhor; 

URS Cc)rj)()ration 
1811  Trousdale Drive 

 Burl innaine .   Cal ilornia 

2a     REPORT   SECURITY    CLASSIFICATION 

UNCLASSIFIED 
26    5ROUP 

3   REPORT TITLE 

Explosion-Generated Wave  Tests 
Ground  and  Aerial   Photography 

-  Mono  Lake,  California 

4    DESCRIPTIVE NOTES (Type ol report and Inclutlvt data*) 

Final   Report 
5   AUTHORrS) a.a«l name   lirut name   Initial) 

Walter,   D. 

6   REPORT DATE 

January  19G6 
7«     TOTAL  NO    OF   PASES 

51 
76    NO    OF REFS 

None 
8a     CONTRACT   OR   ORANT   NO. 

Nonr-4959(00) 
6.    PROJECT   NO 

9a     ORIGINATOR'S  REPORT   NUMBERfS; 

URS 654-2 

0b.  OTHER REPORT  NOfS; (Any otharnumbmrt thai may ba aailfnad 
thia report) 

10   AVAILABILITY/LIMITATION  NOTICES 

Reproduction in whole or in part if permitted for any purpose of the 
United States Government 

It. SUPPLEMENTARY NOTES It- SPONSORING MILITARY ACTIVITY 

Office of Naval Research 
Washington, D.C.  20360 

13   ABSTRACT 

In  the  summer of  1965,   a series  of   ten spherical  cast   TNT charges,  each 
weighing approximately  10,000 lb were exploded  at Mono Lake,   California.     As 
part of  that  program,   URS Corporation  conducted a project   to  acquire  ground-based, 
high- and normal-speed,  motion picture photography of base  surge,  plume,  and 
wave  run-up characteristics on all   shots,   and  another  to acquire  aerial  photog- 
raphy of wave  refraction on  two  shots. 

The high-speed  and  normal-speed  motion  pictures  show excellent  detail  of 
base  surge  and  plume.     Run-up  information   is   good;   on many  films waves within 
waves can be seen near  the shore.     The aerial   photography obtained  is good,   and 
wave  generation,   refraction,   and  run-up can  readily be  seen. 

DD FORM 
1  JAN 64 1473 UNCLASSIFIED 

Security Classification 



1« ( 

UNCLASSIFIED 
Security Clagsification 

Mi 
14 

KEY WORDS 
LINK A 

ROLI WT 

LINK 

ROLI «KT 

LINKC 
ROLK WT 

Wave Run-up 

Wave Generation by Explosions 

Surface Effects 

Wave Refraction 

INSTRUCTIONS 
1.   ORIGINATING ACTIVITY:   Enter the name and address 
of the contractor, subcontractor, grantee. Department of De- 
fense activity or other organization (corporate author) issuing 
the report. 
2a.   REPORT SECUBTY CLASSIFICATION:   Enter the over- 
all security classificvtion of the report.   Indicate whether 
"Restricted Data" is included.   Marking is to be in accord- 
ance with appropriate security regulations. 
26.   GROUP:   Automatic downgrading is specified in DoD Di- 
rective 5200.10 and Armed Forces Industrial Manual. Enter 
the group number.   Also, when applicable, show that optional 
markings have been used for Group 3 and Group 4 as author- 
ized. 
3. REPORT TITLE:   Enter the complete report title in all 
capital letters.   Titles in all cases should be unclassified. 
If a meaningful title cannot be selected without classifica- 
tion, show title classification in all capitals in parenthesis 
immediately following the title. 
4. DESCRIPTIVE NOTES:   If appropriate, enter the type of 
report, e.g., interim, progress, summary, annual, or final. 
Give the inclusive dates when a specific reporting period is 
covered. 
5. AUTHOR(S):   Enter the name(s) of authoKs) as shown on 
or in the report.   Entei last name, first name, middle initial. 
If military, show rank end branch of service.   The name of 
the principal author i« en absolute minimum requirement 
6. REPORT DATE:   Enter the date of the report as day, 
month, year, or month, year.   If more than one date appears 
on the report, use dme of publication. 
7«.   TOTAL NUMDi* OF PAGES:   The total page count 
should follow normal pagination procedures, i.e., enter the 
number of pages containing information. 
76.   NUMBER OF REFERENCES   Enter the total number of 
references cited in the report. 
8a.   CONTRACT OR GRANT NUMBER:   If appropriate, enter 
the applicable number of the contract or grant under which 
the report was written. 
8b, 8c. & 8d. PROJECT NUMBER: Enter the appropriate 
military department identification, such as project number, 
subproject number, system numbers, task number, etc. 
9a.   ORIGINATOR'S REPORT NUMBER(S):   Enter the offi- 
cial report number by which the document will be identified 
and controlled by the originating activity.   This number must 
be unique to this report. 
9b. OTHER REPORT NUMBER(S): If the report has been 
assigned any other report numbers (either by the originator 
or by the sponsor), also enter this number(s). 
10.   AVAILABILITY/LIMITATION NOTICES:   Enter any lim- 
itations on further dissemination of the report, other than those 

imposed by security clsssification, using standard statements 
such as: 

(I) 

(2) 

(3) 

"Qualified requesters may obtain copies of this 
report from DOC" 
"Foreign announcement and dissemination of this 
report by DDC is not authorized," 
"U. S. Government agencies may obtain copies of 
this report directly from DDC   Other qualified DDC 
users shall request through 

(4)    "U. S. military agencies may obtain copies of this 
report directly from DDC   Other quslified users 
shall request through 

(5)    "All distribution of this report is controlled. Qual- 
ified DDC users shall request through 

If the report has been furnished to the Office of Technical 
Services, Department of Commerce, for sale to the public, indi- 
cate this fact and enter the price, if known, 
1L SUPPLEMENTARY NOTES: Use for additionpl explana- 
tory notes. 
12. SPONSORING MILITARY ACTIVITY: Enter the name of 
the departmental project office or laboratory sponsoring (pay- 
ing tor) the research end development   Include address. 
13. ABSTRACT:  Enter sn abstract giving a brief snd fsctusl 
summary of the document indicative of the report, even though 
it may also appear elcewhere in the body of the technical re- 
port.   If additional spsce is required, a continuation sheet shall 
be attached. 

It is highly desirable that the abstract of classified reports 
be unclsssified.   Each paragraph of the abstract shall end with 
sn indication of the military security clsssification of the in- 
formation in the paragraph, represented as (TS), (S). (C), or (U). 

There is no limitation on the length of the abstrsct.   How- 
ever, the suggested length is from 150 to 225 words. 

14. KEY WORDS:   Key words are technically meaningful terms 
or short phrases that characterize s report and may be used ss 
indes entries for cataloging the report.   Key words must be 
selected so that no security classificstion is required.   Identi- 
fiers, such as equipment model designation, trade name, military 
project code name, geographic location, may be used ss key 
words but will be followed by an indication of technical con- 
text.   The assignment of links, rules, snd weights is optional. 

I 

UNCLASSIFIED 
Seeiirifw CAammi(if»tinn 



DHi^BH ^HBBW 

^4^7 z£4 

February 14,   1966 

URS 
■ 

CORPORATION 

ERRATA 

Attention is  called to the following corrections  in URS report 654-2, 
Explosion-Generated Wave Tests,  Mono Lake,  California,  Ground and Aerial 
Photography, 
January  1966. 

Page A-9:    This distance scale in this illustration is  incorrect.    The 
scale should be the same as all other illustrations relating 
to Hycam Tower No.  3 

Pages A-10,   14,  22,  24:     The distance scales  in these illustrations  should 
read 0,   50,   100,   150,   200,   250,  300. 
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