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ABSTRACT 

Barometric and water-surface waves generated by Mike shot were studied by means of 25 
instruments in 19 locations in the Pacific Basin ranging from 12 to 4600 nautical miles from 
Ground Zero, Several new kinds of instruments were constructed and used, and deep-sea in¬ 
strument stations were installed on the tops of two sea mounts. 

The first water waves arriving at Eniwetok Island apparently traveled along paths outside 
the lagoon. 

At several of the stations there were two distinct arrivals of water waves, the first ap¬ 
parently being driven by the propagated rise in atmospheric pressure caused by the explosion 
and thus traveling at the speed of sound and the second moving along the water surface in the 
usual manner at a velocity of the square root of gh. 

At the distant island stations a long-continued persistence of wave activity substantially 
above background was observed, modulated by sporadic enhancements that suggest reflections 
from major land masses. 

For reasons not yet completely understood, the waves were much lower than had been 
estimated, particularly at the nearer observation points. The highest waves recorded were 
less than 3 ft. 
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SECRET 

BAROMETRIC AND WATER-SURFACE WAVES 

PRODUCED BY MIKE SHOT 

1 OBJECTIVE 

The object of Project 6.4b was primarily to measure the water-surface disturbances pro¬ 
duced by Mike shot. It was believed that large waves might be raised (interesting in their own 
right) from which it would be possible to make some estimate of the amount of energy that went 
into wave making. Also, it was hoped that, even in the complex situation of the test, there 
would be an opportunity to check the scaling laws. As it turned out, neither was possible. In 
addition, it was believed that some progress could be made in determining the mechanics of the 
air-linked wave (a forced wave driven at high velocity by the propagated disturbance in baro¬ 
metric pressure). This was more successful. 

The largest man-made geophysical event naturally created considerable curiosity and 
generated much speculation as to both immediate and ultimate effects. Chief among these was 
what seemed a remote but real possibility that the explosion would trigger a submarine land¬ 
slide at the edge of the atoll and create a true tsunami (seismic sea wave). Fortunately this 
did not happen, but a secondary objective was the preparation for the measurement of such 
waves and the establishment of a system for warning distant populated shores if destructive 
waves were created. 

2 BACKGROUND 

When the Scripps Institution oí Oceanography (SIO) was asked to participate in Operation 
Ivy, the first request was for predictions of the possible heights of the water-surface waves at 
various points. By examining the results obtained by many small TNT explosions (such as 
those made by Leech in the Seal experiments1) and using the data obtained at Operation Cross¬ 
roads,2 it was possible to make an estimate of the waves that could be expected (1) if a valid 
extrapolation can be made from small TNT explosions to large thermonuclear explosions in a 
nonhomogeneous medium and (2) if the blast were to occur at the water surface over deep 
water. However, because the shot was to be fired over the mid-point of a wide coral reef and 
because there is considerable doubt that TNT can be scaled up for interface shots, the estimate 
was ’Rtle more than a poorly educated guess. Some of the questions that arose follow. 

1. How would the reef act? The Stephenson3 model-shot craters were examined, and it was 
noted that blasted reef material seemed to have reacted as sand reacts. 

2. Would the crater extend beyond the reef and include water in which a wave could be 
generated directly? 

2. Would a major piece of the outer rim of the atoll be broken away and slough off, thus 
causing a great wave (tsunami)—which has apparently happened on the north rim of nearby 
Bikini in the geologic past? 
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4. How much of the bomb energy would go into wave making? 
5. If large waves were formed, would those sweeping around the atoll and across the is¬ 

lands arrive before a wave crossing the lagoon could reach the same point, thus confusing the 
record? 

These questions could not be answered in advance and indeed have not yet been answered 
completely. At any rate, estimates of wave height at certain specific places were made and re¬ 
ported to the Scientific Director at Los Alamos, N. Mex., on June 6, 1952. For example, it was 
thought that the waves at Runit (inside the lagoon) might be 30 ft high; at Eniwetok (inside), 16 
ft; at sea mounts 26 and 72 miles away in the open ocean to the north, 20 ft and 6 ft, respective¬ 
ly; and at Bikini, 2 to 6 ft. Once in the open ocean the waves would propagate with little loss of 
energy and radiate outward for hundreds of miles. As has already been mentioned, the possi¬ 
bility of tsunami generation by a submarine landslide had to be considered. 

The time available from the entrance of SIO into the project until Mike shot was of the 
order of six months. In this time the history of near-water explosions had to be reviewed, es¬ 
timates of wave height and period made, and an instrument system devised, built, and installed 
which would measure the waves at a number of widely separated points —each with different 
characteristics. 

The selection of points at which instruments would be placed was based principally on the 
availability of favorable natural locations at a range of distances from the test site; these sites 
and distances are itemized in Table 1. The location of Mike shot on the north rim of the atoll 
facing open ocean led to the decision to utilize the crests of undersea mountains for important 
instrument stations, although this had never been attempted before, (These stations are called 
“sea mounts” in this report.) 

3 INSTRUMENTATION 

Because of uncertainties of prediction, there was a rather wide range of wave heights and 
periods over which the instruments needed to be responsive, and a number of these were n - 
quired by circumstances to operate in the face of a complex high-level background composed 
of wind waves, swell, seiches, and tides. It was evident that only very specialized instruments 
would do the job and that no one instrument would be satisfactory for all the locations. Eventu¬ 
ally it was found necessary to build three types of wave-recording instruments; these are dis¬ 
cussed in Secs. 3.1 to 3.3. 

3.1 Absolute-pressure Recorders (BA), Mark X 

A special set of conditions existed at Eniwetok Lagoon which made it seem logical to use 
an undamped pressure pickup that rested in 25 ft of water on the lagoon floor and accepted 
pressure from all sources. This was possible because (1) the local wind waves at the selected 
locations (Runit Island and Eniwetok Island) were small and of short period, (2) only low swell 
enters the lagoon, and (3) the tidal range (±6 ft) is small In comparison to the height of the ex¬ 
pected waves. Moreover, it was difficult to predict the probable wave period and whether or 
not appreciable seiching would take place. The pressure pickup was so designed as to be able 
to accept a wave with a 29.5-ft crest and a 14,5-ft trough (predicted heights at Runit) with a 
resolution of better than 6 in. (13.1 cm of sea water per winding on the potentiometer). The 
signal was transmitted ashore through armored three-conductor submarine cable to automatic 
(untended) Esterline-Angus recorders housed in bunkers. This was believed to be the simplest 
possible instrument that could be built to operate untended for as long as four days. At Runit 
the height of the waves from the blast was about one-tenth of that expected, and as a conse¬ 
quence the instrument did not give a highly resolved record. 

3.2 Differential-pressure Recorders (BD), Mark IX 

In the Marshall Islands area outside Eniwetok Lagoon, where it was possible to predict the 
wave period with some confidence, a differential-pressure pickup was used which had special 
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band-pass characteristics. By means of a system of capillaries and air volumes, these instru¬ 
ments were able to distinguish between the long low waves resulting from the explosion and the 
wind waves, the swell, and the tides. Because of the need for speed, instrument design was 
based on the theory that, wherever possible, tested and readily available components and tech¬ 
niques should be used even if these were less than the ultimate that could be desired. Accord¬ 
ingly, it was decided to modify the Mark IX Shore Wave Recorder (developed on the Berkeley 
Campus of the University of California), which was as near to being a “tried and true” instru¬ 
ment as wave recorders can be. In the Mark IX a flexible diaphragm responds to the pressure 
changes caused by passing waves and moves the slide wire of a potentiometer. A three-con¬ 
ductor submarine cable leads ashore, and changes in the voltage across a bridge are recorded 
on an Esterline-Angus recorder. The electrical system was retained almost intact, but the 
pressure pickup as it finally appeared (designated Model 6) had lost its resemblance to the 
original and was much simpler to construct. 

This double-differential system consists of three chambers interconnected with capillary 
tubes, as shown in Fig. 1. Rapid fluctuations in pressure, created by short-period wind waves 
or swell, compress the compliant bellows which is open to the sea, but little or no flow of air 
into the signal chamber takes place. Very long period waves, such as the tides, cause air to 
flow from the bellor s into the signal chamber and thence to the reference chamber where the 
long-term average outside pressure is maintained. 

The particular waves that this instrument seeks are of such duration that a substantial 
flow of air can take place only through the outer capillary; the change in pressure in the signal 
chamber with respect to that in the reference chamber creates the force that drives the po¬ 
tentiometer. The size of the capillaries was so calculated as to “tune” the flow of air to some 
period T (varying from 1 to 3 min, depending on the depth of the pickup and the size of the 
capillaries) of optimum response. The band pass is broad and symmetrical, with the response 
falling off by l/e for T = '/ßTo and T = 8T0, so that for very short and very long periods the re¬ 
sponse varies as T and T“1, respectively. 

Although much care and effort were spent on the Mark IX instrument system, it returned 
little information; this is partly because it was intended to instrument much larger waves than 
those which it apparently received and partly because of inexplicable inconsistencies in the 
field calibrations. The instrument was designed to record variations in sea level of as little as 
2 in. (4.28 cm), but the least measurable signal seemed to be about 8 in. (20 cm), and this was 
found to change somewhat over a period of time. 

The Mark IX instruments were placed in two general locations. At Bikini Atoll two shore 
recording installations were made in which the pressure pickups were located in 45 and 60 ft 
of water on the edges of the deep passes west of Chieerete and Eninman Islands. Here the in¬ 
struments were placed, inspected, and calibrated by underwater swimmers, perhaps being the 
first time an instrument system has been tied to the SCUBA (self-contained underwater 
breathing apparatus). 

The other Mark IX installations were made on specially developed deep-sea instrument 
stations moored on the crests of undersea mountains. Almost due north of Ground Zero at 
distance» of 26 and 72 miles are two such mountains that come within about a mile of the sea 
surface — shallow water for the Pacific. By using the comparatively flat summits of these sea 
mounts as platforms, it was hoped that it would be possible to record the waves from Mike shot 
in the unconfused deep-water situation. The SIO research vessel, Horizon, successfully placed 
three of these stations on the three days before Mike shot day, and Mark IX instruments were 
installed thereon. No waves from Mike shot were recorded, presumably because they were too 
low. 

3.3 Differential-water-level Recorder (VD) 

The need for a simple mechanical means of measuring long-period waves at distant points 
(where the instruments could be tended) led to the development of a device for this purpose by 
William Van Dorn. This instrument was intended to be attached to a wharf or piling, and a hy¬ 
draulic band-pass filter similar to that employed in the Mark IX was used. The maximum re- 
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REFERENCE CHAMBER 
(PRESSURE DUE TO 

INTE0RATED WATER LEVEL) 

Signal chamber 

(PRESSURE CHANGES CAUSED 1 
BY LONG PERIOD WAVES) 

EXISTING AT 150-FT DEPTH 

Fig. 1 Schematic diagram of pressure pickup of Mark IX Model 6 wave meter. 
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sponse was for a period of T0 = 700 sec; 1/e of maximum response was at 130 and 3300 sec. 
The pen of the recorder was attached by a wire and pulley system directly to the compliant 
bellows so that the entire instrument was mechanical. Because such instruments need to be 
protected from the sea, they were set up in comparatively quiet areas (bays), which unfortunate¬ 
ly have a natural oscillation of their own that is excited by long waves from outside; this made 
it impossible to determine the deep-water period of the disturbance. Moreover, these instru¬ 
ments were highly sensitive to waves within the band pass, and the seiching created by Mike 
shot caused the pen to oscillate so fast that the heights of the “folded waves” were uncertain. 

From what was known of the bomb and its probable wave-generation characteristics, this 
was the least number of instrument types required to be constructed in order to do a satis¬ 
factory measurement job. In addition to these instruments that were especially designed and 
built for the instrumentation program, it was found possible to make use of certain existing in¬ 
struments in the Pacific area. These are discussed in Secs. 3.4 to 3.7. 

3.4 Tide Gauges (TG) 

The United States Coast and Geodetic Survey operates standard tide gauges at many points 
in the Pacific; when apprised of the problem, they were highly cooperative and not only allowed 
use of the records but made an effort to ensure proper and uninterrupted functioning throughout 
the test. In their instrument water is admitted to the pipe through a small opening that damps 
out the short-period waves and swell but allows the tide to enter unimpeded. Intermediate- 
period waves (from 2 to 8 min) are only slightly reduced in amplitude, depending on the size of 
the pipe and the orifice; for a properly functioning gauge the reduction is less than 20 per cent, 
but fouling organisms may effectively alter the size of the orifice. Possible orifice reduction 
from this or other cause has been ignored in our computations, and the values in Table 1 are 
therefore minimum values. 

3.5 Tsunami Recorders (TR) 

A tsunami (seismic sea wave) recorder4 has been in operation at La Jolla, Calif., for 
several years; a similar instrument, maintained at Oceanside, Calif., sends signals to La Jolla 
via a radio link, and the information from both is recorded side by side on a multichannel 
Speedomax. The tsunami recorder has three pneumatic filter stages, making it a sort of elabo¬ 
rate differential-water-level recorder. Maximum response is at T0 = 45 min, and 1/e of maxi¬ 
mum response is at 10 and 100 min. Waves from Mike shot were indistinguishable from back¬ 
ground on the tsunami recorder. 

3.6 Microbarographs (MB) 

The microbarograph* consists of a weight suspended from a sensitive strain gauge in a 
carefully shielded location at the foot of Scripps Pier in La Jolla. Changes in atmospheric 
pressure affect the buoyancy of the suspended weight, and the output of the strain gauge is re¬ 
corded on the same multichannel Speedomax as the tsunami recorders. Pressures of 0.1 mb 
are discernible, and time can be resolved to V2 min. 

3.7 Barographs (B) 

Five ordinary Bendix-Friez barographs were placed at strategic points; from them the 
time of arrival of the air wave was obtainable. Similar records were also obtained from vari¬ 
ous air and weather stations. With a good deal of imagmation, signals down to a fraction of a 
millibar can be recognized; the time scale can be read to the nearest hour or so, and with 
special preparations, precautions, and care it can be read to the nearest minute. At nearby 
stations the air waves were surprisingly sharp, and consequently the peak amplitude was prob¬ 
ably not recorded. 

♦This Statham microbarograph would be better named “millibarograph.” 
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4 RESULTS 

Table 1 summarizes the locations and distances of the various types of instruments, the 
background extant at the time the signals were received, and the time of arrival, period, and 
height of the waves. Sections 4.1 to 4.3 serve to amplify and explain Table 1; for convenience 
in discussion the stations are divided into the Eniwetok, the Marshall Islands, and the far 
stations. 

4.1 Eniwetok Atoll 

At 1916Z at Eniwetok the B and the BA recorded comparable signals, whereas the TG 
showed no signal. At 1938 to 1940Z the BA and the TG recorded comparable signals, whereas 
the B show no signal. Apparently the BA first acted as a barograph and then as a water-level 
recorder. This is reasonable since the BA cannot distinguish between pressure changes due to 
changes in air pressure above an undisturbed water surface and those due to a change in water 
level only. 

From this it is inferred that the first arrival recorded by the BA at Runit was also the ef¬ 
fect of air pressure. If the same ratio as that at Eniwetok is used (41 mb on B corresponds to 
56 cm on BA), it is inferred that a B instrument at Runit would have recorded a doub’e ampli¬ 
tude of 106 X (41/56) = 77 mb. (Note: The pressure exerted by 1 cm of sea water is 1.00 mb.) 

The first water arrival at Eniwetok showed up on the TG at 1925Z but was benerth the min¬ 
imum amplitude resolution of the BA (13 cm). The travel time is only 10 min, definitely too 
short for travel through the lagoon. Such a travel time is consistent with a longer path through 
the deeper water around the outside of the atoll. 

As an order-of-magnitude calculation, consider a circular island of radius r0 and bottom 
slope m. The depth h a distance r from shore is 

h = mr 

and the distance along an arc at this depth is 

d = 6{r + r0) 

where 0 is the angle subtended by the arc at the island (lagoon) center. The travel time 

7Í'Kr_,/,(r + r*» 
has a minimum value 2r01/¡» K at r = r,,, when 

K = 0(gm)1/2 

Letting r0 - 15 miles, m - tan 30°, and 0 = 120° gives a minimum travel time of 7 min. The 
time for the waves to travel from shore to this arc and then back has to be added. 

The second, and higher, water arrivals as recorded on both the TG and the BA are still 
somewhat earlier than the computed arrival time, but not so much as to exclude the possibility 
that these have traveled through the lagoon. Thus the computed travel times would have to be 
shortened if high pressure or winds some distance from Ground Zero could have initiated the 
wave action. 

With regard to the water arrivals at Runit, the time resolution (0.1 in./min) of the BA is 
too poor and the travel time is too short to give any evidence as to the travel path. 

The period of the water waves was 2 min at Runit and 4 min at Eniwetok. The BA was too 
insensitive to record background in either location, but at Eniwetok the TG did show a back¬ 
ground of approximately this period. The Important fact here is that these periods are much 
shorter than the seiche period of Eniwetok Lagoon, which is about 45 min. They may, however, 
correspond to shelf seiches over the relatively shoal bottom on either side of the islands. 
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The amplitudes for the higher waves were 2 ft at Runit and nearly 3 ft at Eniwetok. It is 
not yet understood why they were higher at the more distant station, but this suggests a com¬ 
plex mechanism even at these short ranges. 

It is appropriate to summarize (see Table 2) the effects of the high-altitude King shot as 
recorded on the Eniwetok TG, this being the only place where water waves were recorded. 
Here again there are two distinct arrivals, corresponding roughly to an ocean and a lagoon 
path, respectively. The corresponding travel times for Mike shot were 10 and 23 min for ap- 

Table 2 —EFFECTS OF HIGH-ALTITUDE KING SHOT AS RECORDED BY TG, ENIWETOK 

Travel time, min Height, cm Period, min Number of waves 

10 7 5 
30 10 3 

proximately twice the distance. Again, the periods are much shorter than those for the funda¬ 
mental lagoon seiche. 

The tsunami of 4 November did, however, excite the fundamental lagoon seiche. At the be¬ 
ginning of the tsunami the Eniwetok TG recorded two 45-min waves of 1.4 ft height, but these 
then degenerated to 4 to 5 min shelf seiches of about 1 ft height, which diminished to background 
in one day. 

If, in future tests, the waves at Eniwetok were to be four times as high, i.e., 10 ft high, 
they could cause some damage, especially at high tide on a stormy day. Offhand, it might be 
expected that, if the explosion were set off on a float in the lagoon, the resulting wave action 
could easily be damaging. With such an arrangement the energy might go into a long-period 
lagoon seiche instead of the recorded short-period shelf seiche. 

It should be pointed out that the photographic records at Runit and Eniwetok qualitatively 
confirm the measured wave height. In addition, the record from one of the closer islands at a 
4-mile range shows no discernible wave, although a long-period wave of 1 cm height could 
have been observed and the record was operated for an adequate length of time. 

4.2 Marshall Islands Area (25 to 500 Miles) 

The BD instruments on the sea mounts and at Bikini Atoll and a TG instrument at Kwajalein 
are included in the Marshall Islands Area. 

At sea mount No. 26 the instrument broke loose and was not recovered. 
At sea mount No. 72 the BD recorder indicated a change in sea level of not more than 50 

cm, but no reliable calibration exists for this instrument. For the sake of comparison with the 
amplitudes measured at Eniwetok it will be convenient to refer the heights to a standard water 
depth of 20 ft. If there are no resonances, it is found from geometric optics that the height 
varies inversely with the fourth root of depth. Hence the wave height in 20 ft of water would 
have been 50 x (4500/20)74 = 240 cm, which is not surprising in view of the amplitudes meas¬ 
ured in the lagoon. 

At Bikini the greatest possible wave height (referred to 20 ft depth) is 15 x (60/20)1/4 = 20 
cm if the Eninman instrument can be trusted or 30 x (30/20)'/4 = 33 cm otherwise. 

There is a questionable indication on the Kwajalein TG of the arrival of 6-cm waves at 
about 2027Z, 16 min after the computed arrival. 

4.3 Far Stations (500 to 5000 Miles) 

The most interesting feature observed at the far stations is the arrival*of a water disturb¬ 
ance simultaneously with the a, air mode (for discussion of this and other modes of arrival see 
Sec. 5.2). This is clear at Guam and somewhat less so at Wake, and there is an indication of it 
at Midway. Because of the construction of the VD, the possibility that the wave recorders at 
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these stations were simply acting as barographs as did the BA for the shock wave at Runit and 
Eniwetok can be immediately relinquished. At Wake the disturbance showed up on both the VD 
and the TG. The water disturbance was much greater than the barographic disturbance at all 
three localities. Thus the heights of the at mode, given in Table 3, show some variation, 
whereas the numerical values in millibars and centimeters would have been nearly the same if 
the wave recorder simply measured air pressure. 

The existence of such air-coupled water waves has been noted by Ewing and Press5 in their 
study of the great Krakatoa explosions. The water waves owe their existence to the fact that the 

Table 3—-HEIGHTS OF THE ^ MODE OF ARRIVAL 

Location B value, mb VD value, cm TG value, cm 

Wake 0.7 16 10 
Guam 0.1 22 

Midway 0.2 15 (?) 

velocity of the free water waves (/gh = 206 m/sec) is of the same order of magnitude as that of 
the free air waves (/ghj = 319 m/sec). In the final analysis this is due to the existence on the 
earth of just so much water and just so much air to make h and hj of the same order. There is, 
however, still the problem as to whether the two velocities are close enough to account for the 
measure “leakage” of energy from the air into the water. It is hoped that this problem may be 
further investigated at a later time. 

It will be noted that the ratio of the water-wave velocity to the velocity of the first air mode 
is 0.65, whereas for the second air mode it is 0.74. Thus the water waves should be more 
closely coupled to the second air mode. There is, however, no positive indication in our 
records of a water wave that arrived with the velocity of the second air mode. This provides 
evidence that the second air mode, if it does exist, is smaller compared to the first air mode. 

In the cases of Guam, Midway, and Kawaihae, an enhancement in amplitude Is noted many 
hours after the first arrival of the water waves. 

These features may be the result of reflection from continents and island chains. The com¬ 
puted travel times are 15 hr for Kawaihae, 17 hr for Midway, and 23 hr for Guam for reflec¬ 
tions from the American Continent, and 5 to 8 hr for Guam for a reflection from the Asiatic 
Continent. There is some support in the records for American reflections at Midway and 
Kawaihae and an Asiatic reflection at Guam, but this evidence is very poor. The problem is a 
complex one and needs further study. Tsunami reflections are discussed in reference 6. 

Closely connected with this problem of continental reflection is the problem of island 
scattering. For what otherwise could be the reason for the continued disturbance between the 
arrival of the direct waves and the continental reflections? The duration of the direct signal 
should amount to a dozen or so waves, or a few hours at most. The local seiche actions also 
disappear within a few hours after the wind dies down. An investigation of this “afterglow” is 
in progress by the authors, making use of records from the tsunamis of 1 April 1946 and 
5 November 1952, and possibly a South An-erican shock, in addition to the present records. 

The predominant role played by the "tuning” of the local seiches to the incoming signal in 
determining wave height is demonstrated by comparison of the VD records at Guam and Wake 
Islands. Although Guam is twice as far from Eniwetok as Wake, the wave height at Guam is 
over three times that at Wake. For this reason it is not considered possible to estimate quan¬ 
titatively the total energy that has gone into water waves. The disturbance was equivalent to 
that caused by a small tsunami. The energy of the very large tsunami of 4 November 1952 was 
probably from a hundred to a thousand times larger. 

4.4 Summary of SIO Barographic Measurements 

For Runit the conversion factor from BA to B has been discussed previously. For the near¬ 
by stations the signal was remarkably sharp, and it is doubtful whether the barographs recorded 
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more than a fraction of the peak amplitude. With increasing distance the signal softens, and the 
instruments can be expected to give a more faithful record. No doubt, as far as measurements 
of the air pressure wave are concerned, the results given in Table 4 are of little use compared 
to the results obtained by others using a more adequate instrumentation. The principal reason 
for the use of the barographs was to study the possibility of air-coupled water waves, and in 
this respect our expectations were fulfilled. 

Table 4—BAROGHAPHIC MEASUREMENTS 

Station 
Distance, 

nautical miles 

Height, mb 
,— -*_s Number 

Instrument Crest Trough Total Period of waves 

Runit n.5 
Eniwetok 21 
Horizon 65 
Sea mount No, 72 65 

Eninman 195 
Wake 523 
Guam 1033 
Midway 1535 
La Jolla 4578 

BA +60 -17 
B +31 -10 
B +4.7 -0.7 

B +4.7 -0.7 
B +2.0 -0.7 
B 
B 

B No signal 
MB +0.15 -0.15 

77 40 sec 1 

41 1 min (?) 1 
5.4 4 min 5 
5.4 4 min 5 
2.7 ? 2 

0.7 2.5 min 2 
0.1 3 min 3 

0.3 8 to 3 min 10 

5 REMARKS ON THE ANALYSIS OF DATA 

5.1 Seiching 

Most tide gauges are located in semiprotected areas such as bays and inlets which have 
certain characteristic modes of oscillation depending on their dimensions. These oscillations 
are known as seiches. The most important is usually the fundamental mode, which is of the 
order of the time required for a /gh wave to travel from one side of the area to the other and 
back again. Seiche action should exist also along straight, open coast lines with continental 
shelves and (at least theoretically) over sea mounts because outgoing waves are “refracted 
back” from deep water, and hence wave energy is “trapped" over the shelf or sea mount. 

The problem is to reconstruct, as well as possible, the deep-water waves from the instru¬ 
mental records. This involves taking into account not only the frequency-response character¬ 
istics of the instrument but also those of the local bodies of water. The latter probably have a 
complicated line spectrum (fundamental first overtone, etc.), and the distribution of energy 
along this spectrum depends also on the spectral distribution of the forcing function. 

It is necessary then to study the waves caused by the explosion and their decay with dis¬ 
tance and time by observing them through a series of response systems (instrument + locai 
waters), each with different response characteristics and having in common only that none of 
them are known. Under the circumstances all one can really dc is consider travel times at 
such stations where the waves are recorded. 

In Table 1 under “Background,” the period and height of the seiche (probably wind in¬ 
duced) before the arrival of the waves from the explosion are given. It will be noted that in 
each instance the period of the recorded signal is more or less the period of the seiche. This 
would indicate one predominant spectral line of the local waters and a rather broad spectrum 
of the incoming disturbance, i.e., the disi irbance did not consist of a long series of fairly uni¬ 
form waves. 

5.2 Computed Air and Water Arrivals 

With the exception of the stations at Eniwetok Atoll itself and at Guam, it is difficult to 
distinguish the arrival of the first waves since they hardly exceed twice the background. Thus 

17 

SECRET- RESTRICTED DATA 



it was necessary to follow the undesirable expedient of computing the various arrival times 
for each station and then searching for evidence in the records; this is unfortunate but was the 
best that could be done under the circumstances. However, significant records are given in 
Figs. A.l to A. 13. Readers will differ as to whether too much or too little imagination has been 
used in interpreting these records. 

The records are marked with three possible arrival times; these are given in Table 5. 
They are also given in Table 1, together with the observed arrival times. 

The velocity for the water wave represents a mean value (corresponding to a depth of 
14,150 ft) which is a good enough approximation in the Central Pacific Basin. For Kawaihae 
this leads to a travel time of 6 hr 10 min, compared to 6 hr 5 min as obtained by numerical in¬ 
tegration using actual depths.* For La Jolla the mean velocity gives a travel time of 10 hr 45 
min, whereas numerical integration yields 11 hr 27 min. 

Table 5 —POSSIBLE ARRIVAL TIMES 

Velocity 

Mode Metere/sec Knots 

at (first air mode) 318.8 620 
a2 (second air mode) 280.0 544 
w (water wave) 206 400 

The first air mode, aj, travels at a velocity f jh1 for an equivalent depth of the atmosphere 
of h! = 10.4 km. This is the velocity with which the waves produced by the Krakatoa eruption 
and the great Siberian meteor were propagated. This wave motion reaches to the cold tropo- 
pause, and its velocity of 319 m/sec is less than the velocity of sound at sea level (332 m/sec). 

The second air mode, a2, corresponds to a resonance period of the atmosphere of exactly 
12 hr, which has long been proposed to account for the amplification of the semidiurnal at¬ 
mospheric tide. It can be shown that the tropopause is transparent to this mode and that it can 
be trapped only in a second temperature minimum, above the stratosphere. Pekeris detected 
some indications of this second mode in the Krakatoa records, but we have found no positive 
indication of it here. For further discussion of the air modes see reference 7. 

6 RECOMMENDATIONS 

It is recommended that a standard (20 kt) fission weapon be detonated at the water surface 
in deep water. This unconfused situation can be used to clearly establish once and for all the 
wave-making ability of atomic explosions and the validity of TNT scaling at an air-water inter¬ 
face (see Appendix B). 

The object of Mike shot was to test a new weapon, and a semiquantitative go-no-go answer 
sufficed. The measurements of such obviously secondary effects as the waves produced had 
very little bearing on the immediate problem. On the other hand, the likelihood of using oceanic 
areas for future tests of ever-larger weapons is increasing, and almost inevitably the time 
will arrive when one of these will, through the mechanism of the waves produced, influence the 
peoples of Pacific coastal areas. The results of all atomic explosions to date are inconclusive 
in the sense that it cannot be determined from the study of their effects whether the TNT scal¬ 
ing laws hold for atomic explosions at the air-water interface (a very logical place to locate a 
test weapon). The energy of a much larger weapon than Mike, even though it be located on the 

*U. S. Coast and Geodetic Survey: Seismic Sea Wave Warning System; Chart 1: Seismic 
Sea Wave Travel Times to Honolulu. 
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reef, might be released in such a manner as to generate large waves. The result, in either 
case, is uncertain. 

7 CONCLUSIONS 

The waves created by Mike shot were much smaller than anticipated and so failed to rise 
far above background. In spite of their low amplitude, however, it was possible to extract 
several useful and scientifically important pieces of information from the records. 

1. The existence of an air-coupled wave at Guam and perhaps at Wake and Midway was 
demonstrated. 

2. The records at Eniwetok Island indicated that the first wave to arrive there traveled 
around the atoll, in deep water, and into the lagoon, preceding the waves that directly crossed 
the shallow lagoon. 

3. The reflection of the waves by continents is suggested by an enhancement in amplitude 
many hours after the first arrivals. 

4. A phenomenon designated as “afterglow” was observed. Afterglow is the seiching of the 
various bays and lagoons long after the cessation of the original disturbance. 

Certain advances were made in oceanic insü -mentation and in the techniques that aid the 
study of reefs and waves. 

1. For the first time the top of an undersea mountain was used as an instrument station, 
and a special light, inexpensive deep-sea mooring was devised and anchored thereon. 

2. An instrument system was tied to the underwater-swimming technique, and free divers 
worked with instruments (adjusting air volumes, calibrating, and orienting) on the ocean 
bottom. 

3. Coral reefs were examined in detail where divers had seldom before operated (on the 
outer edges of reefs, against vertical coral cliffs where line diving would be virtual suicide, 
and in surge channels), in spite of the fact that large sharks (previously alleged to be dangerous) 
abounded. 

4. An absolute-pressure wave-recorder system was built for use in Eniwetok Lagoon, 
where it recorded both the barometric wave and the water waves. 

5. A double-differential (3 chamber) shore-recording pressure pickup was built and oper¬ 
ated both on the reefs of Bikini and on the sea-mount moorings. 

6. A portable mechanical long-wave recorder was devised and built which was carried via 
aircraft (suitcase-sized package) to distant islands and installed by a single scientist. Four of 
these were operated. 
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APPENDIX A 

RECORDS OF WAVE AND TIDE STATIONS 
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Fig. A.3 Tide gauge (TG), Eniwetok. 
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Fig. A.4—Tide gauge (TG), Kwajalein. 
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Fig. A.9—Tide gauge (TG), Yap. 
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APPENDIX B 

SUGGESTION FOR A MODEL TEST AT BIKINS ATOLL 

The change in the plan to conduct test No. 1 of the Operation Castle series at the water 
surface over fairly deep water (which would have been the first United States atomic weapon 
so detonated) and replace it with an overland shot has left in its wake a feeling of unfinished 
business, for there are certain important pieces of information which can only be obtained by 
such a test. 

1. What are the subsurface pressures at various depths and distances? Aside from the 
theoretical value of knowing the distribution of pressures on each side of the interface of two 
homogeneous mediums, there is probably an immediate military use for such data. For ex- 
ample, how close can a submarine get to the explosion of its own torpedoes (armed with atomic 
warheads)? 

2. What is the true nature of the base surge? How big are the drops; are they radioactive? 
What is the probable contaminative effect on a ship? The results of Baker shot, Operation 
Crossroads, were inconclusive in this respect, and more questions were presented by these 
results than were answered. 

3. What is the nature of the water-surface waves raised by an atomic explosion at the 
water surface? Earlier data indicate that for TNT explosions much larger waves are raised 
by a surface shot than by equivalent explosions at any other depth. The British apparently re¬ 
garded this piece of information as being so significant that they detonated their first atomic 
weapon at the water surface and have withheld the results of the test. It should be pointed out 
that Baker shot had the complexities that (a) the shot was not at the surface, (b) the bottom 
effect was great since the water was only 180 ft deep, and (c) waves propagated in shallow 
water. 

4. Can TNT explosions be scaled up to give data on atomic explosions in nonhomogeneous 
mediums? There is considerable difference of opinion on this point which can hardly be re¬ 
solved without a clear-cut test. 

The attendant difficulties of mooring, photographing, and instrumenting a full-scale ther¬ 
monuclear weapon are many, and, considering the limitations of present knowledge and the 
probable cost of such an event, the cancellation of the proposed water-surface test seems like 
a logical decision. However, it is suggested that, in order to answer the preceding questions, 
a substitute test be conducted which could be regarded as a model of the thermonuclear 
weapon. This would involve the detonation of a small fission weapon (of the order of 1 to 20 
kt—equivalent weight of TNT) at or near the site originally proposed for the Operation Castle 
shot No. 1. 

There are several logical reasons, apart from the direct value of answering the previous¬ 
ly stated questions, for conducting such a test. 

1. Such a test would be a useful “dress rehearsal” in which some of the mechanical prob¬ 
lems of mooring, observing the oceanic currents, arranging photographic gear, etc., could be 
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worked out on a reduced and consequently less expensive scale. For example, seme oí the in¬ 
struments and cameras could be hand started and operated, thus saving expensive starting 
mechanisms. 

2. The reduced size of the test would make It possible to get much closer to Ground Zero 
(which considerably simplifies the wave photographic program) and make it quite certain that 
no widespread destructive waves will be created. (Such waves are predicted from a full-scale 
test if TNT scaling is used.) 

3. The circumstances under which waves, pressure, and base surge would be created are 
greatly simplified. The proportion of heat energy to mechanical energy would be known, and 
the relatively small explosion would not be subject to the influence of the ocean bottom. 
Whereas a large explosion would “feci bottom” in the proposed 4000 ft of water, bottom slop¬ 
ing 22° at that, the model shot would be small enough so that these factors would become 
unimportant and the situation would be quite clear cut. 

4. A great number of model experiments dealing with underwater explosions at the sur¬ 
face and at various depths have been conducted, and their results have been used to predict 
possible results cf comparable atomic explosions. The special situation extant at the Cross¬ 
roads Baker sho*, the only intermediate-size explosion, does not necessarily confirm the 
scaling laws frr other situations. In predicting pressures and surface-water waves, scientists 
ere in the position of scaling directly from charges of the order of 8 lb of TNT to those of 8 
billion lb (4 Mt), a rather large increase. There is some evidence that this is not a very ac¬ 
curate way to predict effects. 

5. Pacific forces afloat, especially the submariners, would probably welcome an oppor¬ 
tunity to cautiously approach a blast ha /ing a known yield and thereby accustom the personnel 
to direct contact with atomic weapons. This would be comparable to the experiments by the 
Army at Las Vegas, where ground troops were allowed to occupy positions within a few hun¬ 
dred yards of atomic explosions. Obviously a submarine at a nearby but safe distance would 
make an excellent instrument platform. 

36 

SECRET- RESTRICTED DATA 


