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Seismic Experiments in the Dolomites
(Lago Lagorai) t0 investigate the Earth’s Crust in the

Eastern Alpine Area

By H. CLOSS, Hannover1)‚ and C. MORELLI, Triestez)

Eingegangen am 9. August 1962

Zusammenfassung: Die „Sous—Commission des Explosions Alpines“ führte eine Reihe von
Explosionen durch, deren Zweck erläutert wird. Die Wahl eines Sees als Schußpunktes
wird diskutiert und Einzelheiten der Durchführung werden beschrieben. Die Zusammen-
setzung der Trupps und der Instrumentierung wird in Listen gegeben.

Summary: The “Sous-Commission des Explosions Alpines” carried out a series of explosions;
the aim of experiments is described, the choice of a lake as shotpoint is discussed, operational
details are illustrated, data on seismic parties and instruments are tabulated.

Part I.

History of the Experiments “Lago Lagorai 1961”

H. CLoss

For a long time already, there was agreement among the active members of the
“Sous—Commission des Explosions Alpines” (SCEA) in the endeavour to search for
a shotpoint in Switzerland in order to supplement earlier investigations in the Western
Alps (shotpoints near Briancon, in the “Alpes maritimes” and in the region of the
Ivrea Zone). It was the aim to make observations from there into several directions.
Preparations were successfully carried through by the Swiss geophysicist SÜSSTRUNK.
lt was he who found a high-mountain lake suitable in many respects, namely the
Lago Bianco. It was, however, found that expenditures for such an enterprise in
Switzerland would be extremely high. Already the transportation of charges in amounts
as they were used so far in such experiments would necessitate the construction of a
wire ropeway. The last discussions on this seismic project had taken place with
GASSMANN3) in Helsinki, in the fall of 1960, on the occasion of the lUGG-Meeting.

The technical and with them the nancial dif culties, obstructing such a project in
Switzerland induced me, before l reported to the SCEA, to scrutinize, once more, all

1) Bundesanstalt für Bodenforschung, Hannover, Wiesenstraße 1

2) Osservatorio Geo sico Sperimentale, Viale R. Gessi 4, Trieste

3) Geophysikalisches Institut der Technischen Hochschule, Zürich
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plans set up so far, under consideration of experiences made by other observers and
myself in the Western Alps. The selection of suitable recording points allowing very
high magni cation, the recording on outcropping or only little covered crystalline,
the ring of explosions in a lake lying in a crystalline region, all these facts resulted
in so good seismograms to let the idea take shape already then, in future experiments
to try and manage with smaller charges. In view of the dif culties arising in connection
with the Swiss project, so important for our work in the Alps, I now considered it
necessary to initiate pre-studies at appropriate places in the Alps in order to derive
from them as many data as possible about optimal conditions for explosions them-
selves, about the radiation of seismic energy and furthermore about the absorption
of seismic energy in the subsoil. In personal discussions, in particular with MEYER
(USA) and RIZNICHENKO (USSR) during the Congress in Helsinki I found my ideas
con rmed. At the nal meeting of the SCEA in Helsinki, I therefore introduced my
proposal to use the Lago Bianco in Switzerland at rst merely as a testcase and to
record, with calibrated highly sensitive instruments, mainly relatively small explosions
in different distances, and thereby to observe the natural ground motion at di erent
daytimes. The experiments were to be extended as far as to allow a conclusion
respecting the minimum of explosives still rendering possible the detection of the
Moho-Discontinuity as rst or well-de ned later arrivals. This proposal was agreed
by the SCEA, in particular by GASSMANN, the scienti c representative of Switzerland
in this circlel).

When in spring 1961 a projecting group in Hannover started to get busy with
this project, I had a discussion on this matter with MORELLI in the Hague, on the
occasion of the Meeting of the European Association of Exploration Geophysicists.
MORELLI repeated earlier o ‘ers and told me that now he had discovered a high-
mountain lake (Lago Lagorai) which in his opinion would be particularly well-suited
for experiments of the above described kind, especially because the problem of trans-
portation of explosives and other items could be solved much easier. Consequently
we decided to change the experiments originally planned for Switzerland over t0
Italy, under the management of MORELLI. The special preparatory work carried
through by ROSENBACH2) and STEIN3) revealed that the originally small experiment
was to become a considerably larger one, because it was found that only really ex-
tensive seismic data could bring about a solution of problems so decisive for future
large explosions.

The interpretation of seismic data from the Western Alps gave only little infor-
mation about the Conrad-Discontinuity. I therefore deemed it important to extend

1) IUGG-Chronicle Nr. 38, 1961, p. 186.
2) Meteorologisch-Geophysikalisches Institut d. Johann—Gutenberg-Universität Mainz,

Mainz, Saarstraße 21.

3) Geophysikalische Abteilung des Niedersächsischen Landesamtes für Bodenforschung,
Hannover, Wiesenstraße 1.
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the investigations at least so far as to be able to make a contribution regarding the
nature and depth range of this discontinuity. We owe it to the nevertiring activity
of MORELLI that the program Lago Lagorai could, in spite of unexpected obstacles,
be realized.

Special circumstances caused the last decisions to be rather short-dated so that
only part of the institutes and scientists belonging to SCEA could take part. The
nancial basis for the German participants was ascertained, in a way much to be

thanked for, by a research program of the Deutsche Forschzmgsgemeinschaft, Bad
Godesberg.

The following chapters shall describe the procedure and some results of the seismic
program which ran under the competent management of MORELLI and ROSENBACH
and was elaborated in detail by STEIN. One part of the results will be published in
Italy (“Bolletino di Geo sica teorica ed applicata”), another part, compiled by
MÜLLER, STEIN and VEEs, appears in the same issue of the “Zeitschrift für Geo-
physik” under the heading “Seismic Scaling Laws for Explosions on a Lake Bottom”.

Here I may, summarizing, just state that the Lago Lagorai has proved to be an
excellent experimental area. Moreover, during the time of investigations, we had the
best possible meteorological conditions, after a period free of rainfall. On some
pro le sections we were able, with shots smaller than 1 ton, to record with certainty
Signals of the Moho-Discontinuity as later arrivals with large amplitudes. A velo-
City of more than 7 km/sec was found for the Conrad-Discontinuity, a velocity
as it has become known also from the Ivrea Zone. The velocity of 6,5 km/sec as it
is almost always found in Western Europe, could not be asoertained so far. We now
dispose of a very rich amount of observation data for studying the relations between
Charge weights, distances and amplitudes. The interpretation carried through hitherto
yielded, for several stations, a relation between Charge weight and amplitude which
can be approximated by a simple power law. For future experiments at other places of
the Alps or outside them, therefore, the experiences gained with “Lago Lagorai 1961”
may be used as a standard to be employed together with small testshots. It is most
likely that with charges 5 to 10 times smaller than the maximum charges of the ex-
plosions 1958 in Lac Nögre, the investigations of the Moho- and Conrad-Discon—
tinuity will be successful. It is hoped that this great progress in the techniques of
explosion studies of crustal structure may nd its con rmation in the second part
of the project Lago Lagorai in 1962. If such a Chance is offered to save many tons of
explosives and, in consequence, to reduce also the other technical expenditure, one
will succeed in nding appropriate points for explosions also in other parts of the
Alps or the forelands, as they are wanted for a complete and perfeet treatment of our
project in the Alps.

I may express here my great appreciation to all participants (as they are listed in
MORELLI’s report) in this team work, for their personal endeavours in the work
and their obvious readiness for collegiate cooperation.
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Part II.

Preparations and Performance of the Experiments “Lago Lagorai 1961”
C. MORELLI

l . Introductory Remarks

The “Sous-Commission des Explosions Alpines” (SCEA1)) of the European Seismo-
logical Association realised, in the past years, a series of experiments in the Western
Alps (Table l).

Table 1. Explosions of the SCEA.

Year Zone Depth Charge Distance
Maximum

1956 Lac Rond des Roehilles 7 m 10 tons 150 km
1958 Lac Negre 30 m 25 tons 330 km
1960 [vrea in the ground 2 tons _—

A series of experiments in the central part of the Alps was proposed by the author
during the meetings of the SCEA in Gif-sur-Ivette (April 1959), Toronto (Sept. 1960),
and again presented by O. VECCHIA at the meeting in Frankfurt (Jan. 3rd, 19612)). A
point in the central part of the Alps was considered advisable for the following
reasons:

Possibilities for pro les in all directions
Prosecution of the program of the SCEA from West t0 East
Possibility of having the reversals from the Swiss Alps, from Bavaria (Eschenlohe) and
from the Eastern Alps.

The original program, ready for summer 1961, was suddenly endangered as a con—
sequence of the attempts begun in the Dolomites region on June 13th, 1961.

Nevertheless, personal contacts of the author with the Military authorities in this
region solved these dif culties at the beginning of August 1961. In accordance with
H. CLoss, a special program was therefore immediately announced for September 1961
and realized as l am going t0 report here.

2. Choice of the Lake

From previous experiences all over the world, but especially in USSR and USA, it
is known that the best results are obtained by ring under water. Suf cient coverage
of water is needed in function of the size of the Charge, and good elastic charac-
teristics are wanted for the bottom rocks t0 avoid dispersion of energy at the higher

1) President: CLoss‚ Members: CALOI, GASSMANN, GIRLANDA, KUNZ, LABROUSTE, MORELLI,
REICH, ROTHE, TOPERCZER, WEBER.

2) IUGG—Chroniele, Nr. 38, 1961, p. 186.
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frequencies near the shot points. Moreover, the lake should be as near as possible to
the basement rocks, so that elastic energy be allowed to enter directly into the best
conducting layers.

With these peculiarities in mind, a search for a suitable lake was started in the
Italian Alps in 1958. It was immediately obvious that in such an important touristic
region a11 the lakes accessible by roads would have hotels or other houses nearby, and
that about all the other important ones were hydroelectric or shing reserves.

To solve this problem, the author reeommended to the Operators of the Osservatorio
Geo sico Sperimentale, Trieste (O.G.S.), who were engaged along every road and
every practicable path in the Dolomites in the 1958 and 1959 summer season, for the
gravimetric and magnetic survey of this region (about 2000 stations) to look for such
a lake.

Finally‚ Mr. M. PISANI succeeded in nding it in the region between Cavalese and
Tesero, near Trento with:

a) suf cient size (660 >< 300 m) and depth (29 m),
b) good geological conditions (some few hundred meters of a very compact porphyry,

directly 1ying on the cristalline),
C) very bad access road (an ancient military road of the 1st World War 1914 to 1918)

and therefore no hotels or inhabitants.

There was only one dif culty: the lake is a shing reserve; but fortunately for our
purposes, owing probably to biological or chemical conditions, the quality of the
shes was not very good, and the quantity small. But above all we had the good luck

of nding in the Agricultural and Fishing Department of the Public Administration of
the Trentino—Alto Adige Region a comprehensive help in giving us the permission for
explosions in the lake: we may repeat here our sincere thanks to Dr. DONATO TURRINI,
Assessor for Agriculture of the “Regione Trentino-Alto Adige”, and to Professor
LIVIo BONOMI, Director of the Hunting and Fishing Of ee.

3. Explosives

The explosives were surplus ones, kindly placed at our disposal by the Italian Navy
at a very low price. For the 1961 experiments, 2,5 tons of refuse tritol were used, With
the following characteristics:

Table 2. Characteristics of Explosives (TNT).

Melting Point: + 80°3C
Speci c heat of explosion:

at constant pressure: 920 Kcal/kg
at constant volume: 980 Kcal/kg

Velocity of explosion: 6710 i 35 m/sec
Potential energy: 418,500 kgm/kg : 4,105 >< 1013 erg/kg
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Owing to the above mentioned politieal conditions in this region, we requested that
the transportations, guarding and operations could always remain under military
control. This was kindly granted by the Military Authorities in Bolzano, by placing at
our disposal 9 soldiers and l sergeant shooter.

The same Military Authorities gave us 4 special transportable boats with relating
bridges for the preparation and transportation of the’charges on the lake, and l special
3 >< 3 motor vehicle for the transportation o‘ gart of the military personnel.

We express here our gratitude to the Military Aut'.orities for their kindness.

4. General Organization

The base for the operations was located in Tesero, on the Main Dolomite Road
between Cavalese and Predazzo. Aecomodation for most of the people working on the
lake was found in Lago di Tesero.

Transport of the explosives, boats and all the instruments and equipments to the
lake was carried through with 4 >< 4 vehicles by the O.G.S. This Observatory also
supplied the main part of the shot-point equipment.

These were:

a) one 24 traces recording camera, for time Signal comparison, hydrophone and
geophone Signals, chronometer Signal and shot instant;

b) two radio receivers for time Signals;

c) batteries, developing equipment, misc.

The point of operation was established adjacent to the lake, under a tent. As ope-
rators acted the Messrs. SCOTTI, SCHLAPPA and DIQUAL of the O.G.S., Dr. STEIN of the
Niedersächsisches Landesamt für Bodenforschung (NLfB), Hannover.

A steel cable was stretched across the chosen (maximum depth) section through the
lake to allow better movements of the boats with the explosives and the re nding of
the same position.

Time Signals were mostly received from Pontoise, Potsdam and Torino (special
broadcastings were organized by the Istituto Elettrotecnico Nazionale “Galileo
Ferraris”, to which, too, we here express our thanks).

'

Radio communications were ascertained between the point of operation near the
lake, and the of ce and, if possible, also with the refraction crew of the O.G.S.
employing special 40 Watt transistorized transmitters and receivers manufactured by
the O.G.S.

The Of ce was established in Lago di Tesero. Mr. VISINTINI of the O.G.S., and
Mr. BEHNKE of the NLfB, Hannover, cooperated there simultaneously.

Main objectives and activities of the Of ce were the following:

a) Radio communication with the point of operation at the lake, and radio or telephone
communication with the seismic parties;
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b) selection of points for stations on the pro les and distribution of the stations, with
the cartographic material, to the di 'erent seismic parties;

c) provisional reading of the records after every shot;

d) calculation of provisional travel—time—curves.

5. Participants

Table 3 summarizes details referring to the seismic parties. They occupied stations
on three pro les (see report BEHNKE, GIESE, PRODEHL, DE VISINTINI). The maximum
distances at which recordings were made are:

Western pro le: 133 km

Northern pro le: 132 km

Eastern pro le: 168 km

Three stations in di erent directions and distances remained in xed positions for
pursuing the variations of characteristics of the records as depending upon the
variations at the shot-point (Charge and depth).

Re ection observations were made by two parties near the shot-point (see report
FUCHS and KAPPELMEYER).

6. Explosions

The list of explosions is indicated in Table 4. The numbers refer to explosions both
for the pro ling and the xed stations, the letters to smaller explosions only for the
xed stations.

The initial results were indeed so good that we decided to increase the charges for
allowing the pro ling, but on the other hand, to reduce them progressively for the
purpose of studying energy and frequency problems through the above mentioned
three stations in xed positions.

The rst day explosions (Sept. 11th) were devoted to comparison problems: all
instruments recorded simultaneously on Passo di Lavaze (Northern Pro le, St. n. l)
to check the comparability of their calibration (frequency, amplitude response and
phase shift).

In the days preceding and following the explosions, all the instruments that were
not yet calibrated on the same standard, had their ealibration done in the Of ce at
Lago di Tesero, on a portable calibration device kindly brought along by NLfB
Hannover. -

The last column in Table 4 indicates in a rst approximation the total energy Et
(with reference to Table 2).
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Table 3. List of Crews, Participants and Equipment.

H. CLoss and C. MORELLI

Town Clausthal Hannover Mainz München Stuttgart Trieste

Symbol CL H1 — H3 MZ M1 — M7 S TS

Stationary —— Hst Mzst Mst Sst —
Station

Institution Bergakade- Nieders. Inst. f. Inst. f. Landes- O.G.S.
mie Landesamt Geoph. angew. Geo- Erdbeben—

für Boden- Universität phys. Univ. dienst
forschung

Research MENZEL CLoss ROSENBACH ANGEN- HILLER MORELLI
Director HEISTER

Party- FUCHS STEIN VEEs FÖRTSCH, MÜLLER VISINTINI
Chief GIESE

Party HEHN ARASCHMID BERRER KAMM ANSORGE DIQUAL
Members HIRSCHLEBER BEHNKE JAKOB PRODEHL BINDER SAFFI

KAMINSKI HÄNEL KELLER RUMMEL SCHICK SCHLAPPA
KESSEL KAPPEL- NEHMIZ SCHUCH SCOTTI
PETÖVALVI MEYER TURKOWSKY SIMONI

KOHLMEIER WOHLEN-
PUSKEPPE- BERG
LEIT
SCHNEEMANN

Instru- SIE, P-l l, l near-st. 2 refr. 2 refr. 2 refr. 2 VLF
ments re . l re .—— refr. 2 and l 8 refr. 2 and 1 24 geoph.

148 7,5 cps 2 refr. cps geoph. without cps geoph. 2 cps
geoph., refr. 2 and 2,8 ampli er 4>< 1100 m
2 and 4,5 cps geoph.- 2 and 4,5 cables
cps geoph. cps geoph.

Radio 2 Berta 6 Berta 2 Party-boy 4 Berta 2 Party-boy 6 RT O.G.S.
3 Pinguin Pinguin l Pinguin 6 Pinguin 2 Pinguin
Akkord Party-boy
2 Grundig l Braun 6 RCV

Cars 2 VW-Bus l VW-Bus 2 VW-Bus 2 VW-Bus l VW-Bus 4 4 ><4
1 VW l VW-Bus
1 Unimog
l Mercedes
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Table 4. List of the explosions.

Horizontal coordinates of shot point:
—3°, West M. te Mario, fuse: E : 1,695,008 N : 5,123,372

M. te Mario, fuse: E : 2,252,885 N : 5,125,894

Height of the lake surface: 1868.5 m.

Number Day Origine Time3) Charge Depth Et
(1) (2) (Sept. 1961) (C.E.T.) (kg) (m) 1013 erg

1 11 Sept. 10.01.00,562 40 28.5 164
2 11 Sept. 14.59.59,541? 40 10.0 164
3 12 Sept. 10.01.00,661 40 18.0 164
4 12 Sept. 14.01.00‚591 40 23.5 164
5 13 Sept. 14.00.59‚991 40 28.5 164
6 14 Sept. 10.00.59‚800 120 28.5 493
7 15 Sept. 10.00.59‚352 200 28.5 821

A 15 Sept. 10.31.00‚633 20 28.5 82
8 16 Sept. 10.01.01,022 280 28.5 1149
9 18 Sept. 10.01.00‚434 200 28.5 821

B 18 Sept. 10.31.00,333 20 28.5 82
10 20 Sept. 10.01.00,287 160 28.5 657

C 20 Sept. 10.31.00,382 10 28.5 41
D 21 Sept. 10.01.00,356 80 28.5 328
E 21 Sept. 10.31.00,317 5 28.5 21

11 22 Sept. 10.00.59,788 400 28.5 1642
F 22 Sept. 10.31.00‚409 20 28.5 82
G 23 Sept. 09.01.00,330 4 28.5 16
H 23 Sept. 10.01.00,376 7 28.5 16
I 23 Sept. 10.01.00,320 12 28.5 49

12 25 Sept. 10.01.00,579 760 28.5 3116
L 25 Sept. 10.01.00,481 2 28.5 8

1) Charges for a11 stations.
2) Small Charges for near and xed stations.
3) Referred t0 Pontoise.
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Seismic Scaling Laws for Explosions on a Lake Bottom 1)

ST. MÜLLER, Stuttgart 2), A. STEIN, Hannover 3) and R. VEES, Mainz4)

Eingegangen am 2. August 1962

Summary: In September 1961 a series of 22 explosions was set o ' for experimental purposes
on the bottom of a lake near Trento in Italy. During these tests the Charge size varied between
2 and 760 kg of TNT. A11 shots were recorded along three refraction pro les using calibrated
equipment. The maximum recording distance was 168 km.
Three seismic stations were kept at the same locations during the entire operation. Their
main object was to determine the relationship between ground amplitudes of rst arrivals
and weight of the explosive Charge. The distances between the shotpoint and these permanent
stations were 1.50, 21.15, and 34.05 km, respectively.
The response curves of the instrumental equipment are discussed. Examples of seismograms
are shown which demonstrate that the frequency spectrum of the rst arrivals does not change
systematically with increasing charge size. Characteristic second and later arrivals, clearly
recorded in a distance of 21.15 km, must be interpreted as signals radiated from the rising
gas bubble. It must be ascribed to the low background noise level that excellent seismograms
could be obtained in a distance of 34.05 km from the shotpoint even with charges as small
as 5 kg.
The amplitudes of true ground motion were determined for rst arrivals. Ten sets of data
were then tted to power laws of the form:

a z const ° Wn
(a -: amplitude in miL; W : Charge weight in kg)

by least-square methods. The average value of the exponent n equals 0.65 for the entire
series, while the mean deviation of the individual values from the power functions is about
16 per cent.
If the relation between seismic amplitudes and Charge weight is plotted on a log—log scale
a systematic curvature is noticed for some sets of data which indicates that a simple power
law is not suf cient to t the observations. This e ect has been investigated more closely
for two sets of the experimental data.

Zusammenfassung: Im September 1961 wurden in einem See bei Trento (Italien) 22 Versuchs-
sprengungen mit Ladungen zwischen 2 und 760 kg TNT abgetan und auf drei Refraktions-
pro len bis zu Entfernungen von 168 km mit geeichten Apparaturen registriert.

1) Preliminary results presented at the meeting of the “Sous-Commission des Explosions
Alpines” (SCEA) held in Trieste (Italy), December 12——14, 1961.

2) Geophysikalisches Institut der Technischen Hochschule, Stuttgart, Richard-Wagner-
Straße 44.

3) Niedersächsisches Landesamt für Bodenforschung, Hannover, Wiesenstraße 1.
4) Institut für Meteorologie und Geophysik der Universität, Mainz, Saarstraße 21.
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Während der gesamten Versuchsserie waren 3 permanente seismische Stationen aufgebaut,
um die Bodenamplituden der Ersteinsätze in Abhängigkeit von der Ladungsmenge zu un-
tersuchen. Die Entfernungen dieser Feststationen vom Explosionspunkt betrugen 1,50 km,
21,15 km und 34,05 km.
Die Eichkurven der verwendeten Geräte werden diskutiert. An Hand von Seismogrammen
wird gezeigt, daß die Frequenz im Bereich der Ersteinsätze sich nicht systematisch mit wach-
sender Ladung ändert. Markante Zweiteinsätze, registriert in 21,15 km Entfernung, müssen
als Blubber-Einsätze gedeutet werden. Wegen der geringen Bodenunruhe ergaben sich noch
in 34,05 km Entfernung vom Explosionspunkt gute Seismogramme für Ladungen bis herab
zu 5 kg.
Die wahren Bodenamplituden der Ersteinsätze wurden für lO Meßreihen in Abhängigkeit
von der Ladungsmenge ermittelt und nach der Methode der kleinsten Quadrate durch Potenz-
gesetze der Form:

a : const ' Wln
(a z Amplitude in mu; W z Ladung in kg)

dargestellt. Für den Ladungsexponenten ergibt sich im Mittel über alle Meßreihen der
Wert n z 0,65. Die mittlere Abweichung der Meßwerte von den Potenzfunktionen beträgt
etwa 16 Prozent.
Einige Meßreihen zeigen im doppellogarithmischen a-W-Diagramm eine Krümmung, die
darauf hinweist, daß ein einfaches Potenzgesetz zur Anpassung an die Meßwerte nicht aus-
reicht. Für zWei der Meßreihen wird dieser Effekt näher untersucht.

A. Introduction and Scope of Investigations

In September 1961 a series of 22 explosions was set off for experimental purposes on
the bottom of a lake called the “Lago Lagorai”. This body of water is situated in the
Italian Dolomites. During the test series the Charge size varied between 2 and 760 kg
of TNT. All shots were recorded along three refraction pro les using calibrated
equipment. The maximum recording distance was 168 km. The measurements were
part of the research program “Determination of Crustal Structure in Central Europe”
nanced by the Deutsche Forschungsgemeinschaft, and were carried out in collabora—

tion with the Osservatorio Geo sico Sperimentale of Trieste (Italy). The “Sous-
Commission des Explosions Alpines” (SCEA of CSE) acted as joint sponsor [32].
A detailed account of the organization and realization of the “Project Lago Lagorai
1961” has been given elsewhere [11, 12].

The object of the experimental investigations was rstly to measure the process of
wave propagation quantitatively in order to gain some insight into the dependence of
true ground motion on Charge weight and distance. The second purpose was to obtain
seismic information about the deeper crustal layers in the central and eastern part of
the Alps [3, l4]. This aim was limited by the relatively small charges used. It has been
proven within the past decade that the seismic ef ciency of shots in bodies of water is
relatively high. Particularly favourable examples since the early work of GAMBURZEW
16] are recent refraction results obtained in America [33] and Europe [15].
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The present paper will essentially be limited t0 a discussion 0f the relation between
the amplitudes of true ground motion as observed in rst arrivals and the size of the
explosive Charge. T0 this end three permanent stations were installed at sites with low
background noise. The seismic pickups were placed 0n solid rock and remained there
during the entire test series. This way instrumental variations at the Observation
points were held at a minimum. Figure 1 shows the three permanent stations and their
position with respect t0 the refraction pro les t0 the north, east and west. The dis-
tances from the shotpoint were 1.50 km for the station “Malga Fraton”, 21.15 km for
the station “Passo di Rolle”, and 34.05 km f0r the station “Castello di Tono”. The
stations will be designated in this order by I, II, and III. For convenience these ab-
breviations will be used subsequently.

g
BOLZANO

N \ P......... 7.0 2,0 km

Ora c

.
Predazzo 5 ‘k- Ca volese Ü P.“ d/ Rolle (1.1)

D . 9’ (9
k d I' F ‘

Casr. Tom(111)\ M ‚ F {3 „‚„
R

0
gCZ'G fafonL

/ crtfno

O
I

Mezzocorona L090 L090“)!

Fig. l: Shotpoint, permanent stations and refraction pro les.

The “Lago Lagorai” is situated 1868 meters above sea level embedded in the s0—
called “Bolzano Quartz-Porphyry”. The compressional velocity in the porphyry was
determined t0 be nearly 5.0 km/sec. According t0 the refraction results the por-
phyry layer ‘beneath the lake is about 1.5 km thick and lies directly 0n top of
the crystalline basement [3]. Table 1 lists with increasing Charge weight the dates,
origin times (in Central European Time), and code numbers of the 22 explosions.
The code letters designate smaller shots which were chiefly recorded by the three
permanent stations. They supplemented the range of larger charges primarily set 01T
for refraction work. A comparison of Signals from explosion N0. 2 at a water depth of
10 m with results of explosion N0. 3 at a depth of 18 m and explosion N0. 4 at a
depth of 23 m showed that oating charges 0f 40 kg radiated less seismic energy than
shots of 40 kg on the bottom of the lake. All subsequent explosions were therefore
detonated 0n the lake bottom at a depth of 28 m. In this fashion good stemming was
also provided for the larger blasts. The higher seismic ef ciency of shots in water had
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Table I:
EXPLOSION DATA

Lago Lagorai 196l

Charge Weight Day Origin Time Code Number
(kg) (Sept. 1961) (C. E. T.)

2 25 10:31:00.481 L
4 23 09:01 :00.330 G
5 21 10:31 :00.317 E
7 23 10:01 :00.376 H

10 20 10:31 :00.382 C
12 23 10:31:00.320 1
20 18 10:31:00.333 B
20 15 10:31:00.633 A
20 22 10:31:00.409 F
40 11 10:01:00.562 1
40 11 14:59:59.54] ? 2
40 12 10:01:00.661 3
40 12 14:01 :00.591 4
40 13 14:00:59.991 5
80 21 10:01:00.356 D

120 14 10:00:59.800 6
160 20 10:01:00.287 10
200 18 10:01:00.434 9
200 15 10:00:59.352 7
280 16 10:01:01.022 8
400 22 10:00: 59.788 1|
760 25 10:01:00.579 12

previously been observed by SCHULZE and FÖRTSCH [28]. They stated that best results
were obtained if the detonating Charge was oating about 5 to 10 m above ground.

Seismic scaling laws are usually approximated by power laws of the form:

a =Const'Wn

a is the amplitude of ground motion, and W is the weight of the explosive Charge.
n is a suitably ehosen exponent. The relation between seismic amplitude and Charge
weight for explosions on the bottom of water-covered locations has hardly been
discussed in the literature (see e.g. LUECKE [21]). But there is a variety of papers
dealing with explosion processes in quarry and construction blasting, in drill holes as
we11 as underground nuclear detonations, and their recording withgregular geophones
on land (see Table 2). Similar investigations, also listed in Table 2, deal with shots in
water which were picked up by hydrophones. Furthermore there are attempts to
interpret measured relations through theoretical investigations based on radially sym-
metric explosion mechanisms (ref. [29,30] and Table 3). A11 these considerations,
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Table 3:
THEORETICAL SCALING LAWS

a — - const ° Wn

Author Year Exponent n Type of Explosion and Restrictions

MORRIS [22] 1950 1/2 Seismic Shooting
BLAKE [7] 1952 1/3 _<_ n g 1 Underground Explosions:

{n = 1/3 for high frequencies or very
O’BRIEN [23, 24] 1957, 1960 1/3 g n S 1 large charges
GASKELL [17] 1956 5/6 Drill Hole Explosions
LATTER, MARTINELLI 1959 l or 4/3 Underground Nuclear Explosions:
and TELLER [19] n = 4’3, if pulse duration mR/V,

where R 2 Charge radius
V *— sound velocity

O’BRIEN [24] 1960 2/3 Underwater Explosions
More precisely: n = 0.63 for TNT

WESTON [35] 1960 1 Underground Explosions:
Valid only for A [m] > 300 ' W%

and f [cps] < 800 - W“Ä‘‚
where W [kg]

PEET [25] 1960 1/3 _<_ n g 4/3 Drill Hole Explosions:
n = 1/3 for large charges
n = 4/3 for small charges

CARPENTER, SAVILL 1962 1/3 g n _<_ 1 Underground Explosions:
and WRIGHT [10] n = 1/3 for very large charges or high

frequencies (recording band-
width important)

however, cannot be used without serious restrictions in describing explosive sources
at a plane interface between solid material and water.

The recording program carried out at the three permanent stations as well as the
interpretation has been a joint undertaking of the “Landeserdbebendienst Baden-
Württemberg” and the “Geophysikalisches Institut der Technischen Hochschule
Stuttgart”, of the “Niedersächsisches Landesamt für Bodenforschung”, and of the
“Institut für Meteorologie und Geophysik der Universität Mainz”. The participation
of one recording team of the “Institut für Angewandte Geophysik der Universität
München” is gratefully acknowledged.

B. Description of the Seismic Field Equipment

The equipment installed at the three permanent stations consisted of four 3-com—
ponent seismograph systems and two additional vertical pickups. Response curves of
the various instruments are shown in Figures 2 and 3. The Roman numerals designate
the number of the permanent station at which the equipment was used, while the
Arabic numerals denote di ‘erent recording traces at the respective permanent station.
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Fig. 2: Relative magni eatien characteristies of vertieal-eomponent instruments I-2, II-l,
II-2, and III—1. The peaks in the response curves are designated by “V : 100 per cent ( %)".

YÜO „ . J, „k
V[?fT—: {f Huhn

50 “HER

30 .- '
,- . _ .. ._-_ _______

7 3 5 F0 . 30 5G
Java?

Fig. 3: Frequency response characteristies in terms of ground—particle veleeity fer vertieal-
compenent instruments I-l and III-2. The peaks in the response curves are designated by

“V = 100 per cent (“/J’.

Figure 2 presents relative magni cation characteristics in which the maxima have
been set arbitrarily equal te 100 per cent (%). The curve I-2 eorrespends t0 a Het-
tinger displacement pickup B 2/25 (vertical component; natural frequency f0 = 0.7 cps)
werking into a Hottinger carrier-frequency system KWS/T-S and a galvanometer
(f0 = 120 eps). The maximum gain used was 8900 for the peak in the magni cation
eurve (V 2 100%). At station II a 3-eomponent Hottinger recerding system was
eperating. Its displacement transducers designed by BAULE [2] were of the variable
inductance type (vertieal component f0 = 2 cps; horizontal component f“ z 1 eps).
Their Signal was fed into carrier—frequency ampli ers and a hot-stylus recnrder
(f0 : 110 eps). Curve II-l correspends t0 the vertical (Z) component of that system.
The maximum gain usecl during the test series was 206000 für the peak in the magni ca—
tien charaeteristies. A lew-pass lter (cuto ' slope 60 db/eetave) suppressed disturbing
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higher frequencies above 30 cps. At the same station a 3-component seismograph
system without ampli ers recorded simultaneously. It consisted of three seismometers
FS 60 (f0 z 2 cps for both the vertical and horizontal component) designed by
BERCKHEMER [4] and very sensitive galvanometers of the type A 82 manufactured by
Kipp & Zonen (fO —_: 18 cps). Curve II-2 represents the overall frequency response of
the vertical component for that system. The maximum magni cation which may be
utilized reaches 1.38 ' 106, a rather high value for a recording system without any
ampli ers. At station III another 3-component seismograph system was installed
consisting of three WILLMORE seismometers (f0 = 1 cps), electronic ampli ers and
galvanometers (fO : 120 cps). Curve III-1 shows the vertical component of that
station. The maximum corresponds to an overall gain value of 1.9 ' 106 in the most
sensitive recording range used in the eld.

Two of the instruments had frequency response characteristics which are to be
more suitably described in terms of ground-particle velocity (see Figure 3). Curve I-l
corresponds to the vertical component of a 3-component set with three seismometers
FS 60 and a Siemens recorder Oscillo l-6 (galvanometer frequency f0 = 250 cps). A
resistive attenuating network takes care that the damping of both the seismometer and
the galvanometer remains unaltered if the sensitivity is changed. For full sensitivity the
peak in the response characteristics corresponds to an amplitude of 32.0 mm on the
seismogram if the true amplitude in terms of ground-particle velocity is 1 mm/sec. At
station III an additional vertical instrument was recording which consisted of a
seismometer FS 60, a modulator and carrier-frequency system KWS/T-S, a low-pass
lter and a hot-stylus recorder. The maximum of the response curve III-2 corresponds

in the most sensitive range to an amplitude of 31.8 mm for a ground-particle velocity
of l u/sec.

The frequency response characteristics of Figures 2 and 3 were determined by
means of shaking-table experiments. The response curves of the matching horizontal
components differ only slightly from those of the vertical components shown in
Figures 2 and 3.

C. Presentation of Experimental Data

The essential results will now be illustrated by some examples. Seismogram tracings
of the vertical component at station I for various Charge sizes are displayed in Figure 4
(compare with curve I-l in Figure 3). The rst arrivals have travelled in the upper part
of the porphyry cover with a velocity of 4.5 km/sec. They show a nearly sinusoidal
character.

In formulating the relations between seismic amplitude and Charge weight it is
most convenient for interpreting the experimental data to de ne as the double pseudo-
amplitude 2 A the sum of the rst two amplitude extrema in the seismogram. The
quantity 2 A is more appropriate than a single amplitude measured from a hypothetic
zero line because of the higher reading accuracy which can be obtained also for the
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very small shots. Besides the scattor of data will be reduced. As tho psoudo-period T
tho time difference between tho rst two maxima or minima will be understood. The
psoudo-frequoncy thus de ned is usecl to determine truo ground motion from the
froquency response curves. Surprisingly n0 systematic dependenco on Charge waight
oould be observod as is seen in Figure 4. The statistical variation of the pseudo-fre-
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Fig. 4: Seismogram tracings of vortical component at station I (seo froquency charactaristios
I-l in Fig. 3). T is the pseudo-period and A is the pseudo-amplitude of tho rst arrival. Note

di 'erenoss in sonsitivity.

quoncy is also vory small. The mean value obtained is 27.7 j: 1.3 cps. An explanation
for tho physical roason of this frequenoy is hard to nd. It is also present in tho dis-
plaoement trace (compare Figur: 5), and is, therofore, not oausod by rosonance
phenomona in the seismometers. The galvanometers are also hardly responsible sinoe
their natura] frequsncy is around 250 cps. If it waro a highsr harmonio of tho bubblo
frequency its value should depond in a certain way on tho size of tho explosive ohasgo.
There is some indication that this frequoncy may be oaused by a resonance phenomonon
in tho lake or at the recording site.

Fig. 5: Racording of the 280 kg—explosion at station I. For traoes 1, 2, 4 soo fraquancy oharas
toristics I-l in Fig. 3. For traco 3 see magni cation charactoristics 1—2 in Fig. 2. Traco 5 i
tho timo signal of PONTDISE (91.15 kc). Interval botween tims marks is 60,161 soo. Travel tim

of rst onset is 0.334 sec.
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By looking at Figure 5 it is possible to compare directly the vertical components of
ground displacement (trace 3) and of ground-particle velocity (trace 4) as recorded at
station I. While the rst arriving wave group in trace 3 contains dominating frequen-
cies between 4 and 6 cps, trace 4 shows mainly frequencies between 27 and 30 cps. But
the high frequencies may also be recognized in trace 3 and the low frequencies in
trace 4. The signal in trace 4 should theoretically be the derivative with respect to time
of trace 3, if a constant factor is neglected. The ratio of the two frequencies mentioned
before is about six and, therefore, the high frequencies will appear about six times as
strongly in trace 4 as they do in trace 3. The traces l (Hl _—_ horizontal transverse
component) and 2 (HH 2 horizontal longitudinal component) together with trace 4
(Z : vertical component) represent the above-mentioned 3-component station I-l.

The last example has made clear that any determination of true ground motion and
the formulation of any relation between seismic amplitude and Charge size depends on
the frequency response curve of the instrument used. In the case under discussion,
following the de nition of the pseudo-period T and of the pseudo-amplitude A as given
in Figure 4, different processes with different pseudo-frequencies will inevitably be
examined when the true ground motion of the rst arrival is determined. Under these
circumstances the ground amplitudes obtained will, of course, have different values
depending on the respective frequency response characteristics (compare Table 4).

Whereas for a' sinusoidal ground motion the ground amplitude will be the same
after it has been corrected for by means of the appropriate frequency response curve,
if measured at the same place with di erent instruments, this will no longer be true for
seismic impulses, unless the sensitivity curves are very similar or the seismic pulse has
a quasi—sinusoidal form. If the sensitivity curve, for instance, peaks in a rather narrow
frequency band, then the instrument will single out those parts in the Fourier spectrum
of the ground motion which correspond to the maximum of the sensitivity curve. The
pseudo-frequency will then have exactly that value. Strictly speaking this means that
the seismograms should rstly be Fourier—analyzed. The amplitudes of the single
Fourier components must then separately be examined with regard to their dependence
on Charge weight. On the other hand, the pseudo—amplitude as de ned before will
ultimately control if a rst arrival is visible in a refraction seismogram or lost in the
background noise. All these problems also make it dif cult to compare experimental
results of different authors.

Figure 6 presents the seismogram of the 280 kg-explosion recorded at station II with
a 3—component system of displacement transducers (ref. II-l in Figure 3). The com-
ponents Z and HII show pronounced rst arrivals, while the component Hi does not,
as is to be expected. About 0.68 sec after the rst arrival on the vertical component the
waveform repeats itself. All seismograms at station II exhibit such a second arrival
with a time delay depending on the size of the explosive Charge. This phenomenon
nds its explanation in the well-known bubble effect [20, 26]. A graph is shown in

Figure 7, in which the measured time intervals between rst and second arrivals are



|00000299||

269Seismic Scaling Laws for Explosions

‚vom:

„58om

05
co

EEEEE

„2c

2:

US».

E2552:

„6c

05

cooäun

oucoötä

oE:

o5

wctsmmoE
3

856563

mm3
u

xucosgtönsoma

2:

oocämE

„2:0:t

mit
E
9

o6

n6m

66

odm

6..“

m.Nm

_.__

odN

_.:

hdm

_6

odn

66

N.mw

66

09:6—

w.mm

Omno

NNN

omN6

ooß

N—

06

o6N

66

6.0N

66

mNN

N.N_

w.w_

N.N_

o.NN

QM

wün

N6

N66

m6

0000

m66

oowm

oHN

ONwN

006

_—

m6

QNN

66

w.N_

66

m6.

w.m_

©.N_

w.m_

o6.

5m

ÜON

m6

©._m

N6

CONo

06m

OOON

ßNN

oof

OwN

w

m6

N.w_

66

wd.

66

m6.

6.N_

Wo.

6.:

_.m_

9m

6.0.

66

_dN

N6

09%

ohN

owf

ONN

o9;

DON

o

n6

N.w_

66

W:

66

od—

N.:

wd

N.:

_.:

m.m

_..\._

N6

w._N

N6

A506

man

O6NN

m.©N

0o:

OON

ß

h6

o.N_

m6

nun

m6

w.N_

N.:

ww.w

Ü:

N.o_

o6

odN

66

m.NN

m6

08m

N.mm

Cm:

o.©N

0mm.

o2

o—

ß6

5m

m6

m.»

m6

0.:

6N.

mm.m

wö—

06

N.m

0.x.

N6

„WM:

N6

CONm

Nöm

Omg

oHN

O6w

0N.

o

‚m6

6.5

N6

m6

m6

0.x

I

I

h.
:

moß

_.m

mö—

66

w.o_

m6

Om6m

w.O6

Owß

WON

Omn

0m

Q

m6

N.m

m6

mm6

m6

Om.m

I

I

I

I

w.N

9m.

m6

wd

66

oooN

9mm

ooo

N.wN

26

O6

m

o6

_.m

N6

Cm.m

N6

0—
6

wim—

6m.N

‚Ö:

w6.N

Rum

No.5

m6

mNd

_6

O62

man

2m

odN

OON

ON

m

o6

m.N

m6

o.
.N

m6

0—
.N

o.N_

ww;

0N.

6o.N

w.m

m06

o6

m06

N6

2.:

6.mm

ooN

d

02

N.

_

o6

_.N

m6

Kb.—

N6

owN

Nd

NÜ—

Nd

nm;

m6

ooN

x16

2mm

66

o2.

9mm

OmN

_dN

2N

o.

U

b6

.4

b6

mm;

h6

6w._

w.o_

Nm._

m.m_

mm;

I

wo;

I

I

_.m

ewß

mNm

o:

ßdN

o2

ß

I

I

I

o6

Nß;

o6

Nm._

I

I

6.
2

_._

I

I

I

I

m6

00m

06m

06—

NdN

:_

m

m

I

I

I

I

I

I

I

I

w.N_

0.—

I

3.6

N6

GEN

w.m

oom

06m

06—

mdN

m0.

6

Ü

I

I

I

I

I

I

_.w

ood

wd

wod

I

I

I

I

.6

OwN

w.mm

ON_

©.wN

wn

N

4

mao

1€

mao

1€

mmo

1E

mao

1€

mno

16

mao

1€

mao

16

mao

in:

mm0

1€

mmo

1€

w

a

m

a

m

c

AL

c

A1

c

‚w

B

m

a

‚w

B

‚H

B

‚w

u

wx

qU

S:
„N

2:

„z:

Z:
„N

N-:
‚z:

G:
„N

21::

_-:
„N

E
„N

E

‚z:

E
„N

3

md<>mmm<

‚Hmy—mm

‚m0

mMHUZm—DOm—Mm

QZ<

mHQD m m2<

.6

mit“



270 ST. MÜLLER, A. STEIN and R. VEES

MIN/WM

MWVNW

Fig. 6: Recording of the. 280 kg-explosion at station II (See magni cation characteristics II-l
in Fig. 2). The tüp trace is the time Signal of PONTOISE (91.15 kc). Travel time of rst onset

' is 3.84 sec.

I Z 80 kg 67% I
_.-_.._ _ . . ‚ ____ __J|j‘:__Q-‘1356-l i

._ __—

i
Z 160 kg 50%W

! [HI—— 0.5:: See ----=- -
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‚ ; . . . . . ‚ : . WIE]
i - l - E 1 1 J i i i |1 ' ' l I l l -

J" 3 .5 F0 30 59 .709 300 500 795:]Ü“—

Fig. 7: Measured bubble effect at station II compared With theoretical curve after CÜLE [13].
At ist the time di ‘erence between rst arrival and rst bubble Signal. Upper part Shows seis-

mogram tracings (Z, II—l) with well-marked bubble Signal.

compared with a theoretical curve based on a bubble formula by WILLIs cited in CDLE’s
book [13]. The in uence of the free surfaoe and of the lake bottom have not been
taken into 'accnunt. The experimental values are in excellent agreement with the
theoretical predictiuns.

T0 avoid the generation of bubbles the shooting depth could have been chosen

appropriately. This possibility was ruled out since a seismic scaling 1aw would only be
nt‘ linn'ted value if one additional parameter, e.g. the depth of Charge, varies with the
Charge size. At station I (see Figure 4) the bubble e ect was less distinctly visible,

because für the larger shots the rst bubblc Signal interfered with the shear and
surfaoe waves. In the records at station III (compare Figure 10) bubble arrivals coulcl

hardly be disoerned.
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Figure 8 shows a display of 3-component recordings for the two 200 kg-explosions
and the 760 kg-explosion at station II. The seismogram traces can apparently be well
reproduced if shots with the same Charge size are repeated. In the case of the two

W7/(c7) W°/o) I4 sec l5 |6 l7 W |5 110 [11 h1
200 63MVW

Z 200 52WM
750 40MWW

200 35 MAMA/WANN
H„200 37 WWW

760 23WWW

200 36 w w “Ad/WEM

#1200 29MWW
760 23 Mumm/VW

Fig. 8: Seismogram tracings of 3-component station II-l. Note excellent reproducibility of
the two different 200 kg-shots.

200 kg-explosions the three components d0 hardly differ in their appearance. Only the
amplitudes are slightly changed. If these two seismograms are compared with the
record of the 760 kg-explosion the agreement in waveform is not so striking anymore,
particularly not in the later portions of the various traces. This is at least partly due
t0 interference of the refracted waves with bubble Signals, since the bubble pulses will
arrive progressively later with increasing Charge weight (ref. Figure 7). It is seen
speci cally that distinct later arrivals are preserved when the Charge size is altered, but
that their onsets cannot be xed at the same spot in the seismogram any longer. This
example elucidates the problems which are involved in the interpretation of later
arrivals obtained in seismic refraction work. It has to be examined, as has been
planned, if for varying Charge size the later arrivals can be reproduced more reliably
by shooting above the critical depth such that n0 disturbing bubble pulses will be
generated. The present test series has proven that simultaneous recording at several
permanent stations makes it possible t0 control the bubble e 'ect and t0 eliminate its
in uences when interpreting the records.

Figure 9 shows the seismogram of the 280 kg-explosion at station III recorded
with the 3-component instrument III—l (see Figure 2). The rst arrivals are refracted P
waves which have travelled along the top of the crystalline basement with a velocity of
5.9 km/sec. In Figure 10 seismogram tracings of the vertical component at that station
are reproduced for several shots of the test series. The lowest tracing corresponds to
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4- s
-J151|H‚_

Fig. 9: Recording üf‘ the 280 kg-explosion at Station III (see magni cation characteristics III-I
in Fig. 2). The bottom trace Shows the time Signal of PONTDISE (91.15 kc). Travel time of rst

onset is 6.19 sec.

the Signal from a 5 kg-blast which was recorded with a magni cation of 1.17 ' 105 at
5 cps. In spite of the small Charge size and the relatively large distance nf 34.05 km the
seismogram Shows a pronounced rst arrival. The stable weather conditions during the
test series as well as the favourable recording location in the dungeon of the “Castellü
di T0110” rendered auch a high magni cation possible without introducing too much
noise intn the record.

A3 i5 seen in Figure 10 the waveforms for Charges of 5, 7, 12, and 20 kg are: very
similar t0 each other. They all exhibit a second arrival about l second after the: rst

W cg] 17- 70 *5
750 4.8

‚f 36C

75C? MM

3 Ü WM

W

5
„W

Fig. 10: Seismogram tracings of vertical component Z, III-1 (see magni cation characteristics
in Fig. 2). The absolute magni cationV refers t0 a frequency of 5 cps.
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arrival. Once the Charge weight reaches and exceeds 40 kg n0 indication of such a
second arrival is discernible anymore. It must be concluded that this abrupt change in
waveform cannot be attributed t0 the bubble etTect.

The results of the amplitude evaluation are listed in Table 4. It contains only the
data of rst arrivals. 16 out of the 22 explosions were used in the compilation. All of
them were set off on the bottom of the “Lago Lagorai”. The column “Code” denotes
the explosions by letters or numbers following the notation in Table 1. The second
column gives the Charge weight W in kg. In the adjoining columns the various com-
ponents are listed together with the abbreviations introduced in Section B, which
simultaneously refer t0 the corresponding frequency response characteristics in
Figures 2 and 3. The Hl-Components were not evaluated quantitatively. Starting from
the double pseudo-amplitudes 2 A in the seismogram the double pseudo-amplitudes
2a of true ground motion were determined by means of the frequency response
characteristics. In Table 4 the pseudo-amplitudes a in mit and the appertaining pseudo-
frequencies f 2 l/T in cps (ref. Figure 4) are listed.

D. Evaluation and Interpretation of the Experimental Results

The amplitudes of the rst arrivals (ref. Table 4) were tted to power laws of the
form:

a=C°W“ (1)
by least-square methods. a is the pseudo-amplitude in mir, and W is the Charge weight
in kg. The constant C has the dimension of m51 ' kg‘“.

The least-square t was made on a log-log scale. Instead of the variables a and W,
the logarithmic variables:

X ElogW — log Wi (2 a)
and

YElog a—log ai (2b)

are introduced. The overlined quantities are mean values for one set of data. The
measured values are then:'

Xi =logWi —log Wi (20)
and

Yi=10g ai—l—O—g—‘Z (2d)

Thus the distribution of points (Xi, Yi) is centered in the XY-plane. Introducing
(2a) and (2 b) into (1) we obtain:

Y=nX+logC+nlogWi—logai. (3a)

The sum of the quadratic deviations:

5:2 [Y(Xi)—Yi]2=Z(nXi+logC+nlog Wi—logai —Yi)2 (3b)
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is differentiated with respect t0 n and C and then set equal to zero:

and

2 __..__. _—
gä=2—ö(nXi+logC+nlogWi—logai—-Yi)=0

From (3 d) follows:

logC+nlogWi —logai =0
since:

Xi =0
and

according t0 (2c) and (2 d). Then (3 a) reduces t0:

Y=nX
and (3 C) simpli es to:

a —— XYi=0 ;
XY

n = ——— .
Xi

Using the previous relations (3 b) can be written in the form:

S =
Z [Yi — Y (Xi)]2= Z (logaa(wi)>

If the quantity:

a (W1) E C ' W?
di ‘ers only slightly from the measured value a1 one can write approximately:

10g =Ol
g(l+ai—a(wi)>zai—a(wi).a(Wi) a (Wi) a (Wa)

The mean absolute error:

F 4m —Y(Xi>]2
of the least-square t in the XY-plane reduces approximately t0:

N ai—a(wi)
2

F"\/l a<wi> l
if (5 a) and (5 c) are inserted into (5 d).

(3 C)

(3d)

(3 e)

(4 a)

(4 b)

(5 a)

(5 b)

(5 C)

(5 d)

(5 e)

The mean absolute error in the XY—plane, therefore, corresponds approximately to
the mean relative deviation of the measured amplitudes a1 from the theoretical values
a(Wi). This statement only holds if these deviations are suf ciently small.
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Table 5 contains the results of the least-square t. The rst line indicates the instru-
ment component, the recording point and the type of instrument. The second line
gives the constant C which depends primarily upon the distance from the shotpoint,
but also upon the frequency response curve of the instrument as pointed out in
Section C. The third line shows the computed power exponents n. Its values lie
between 0.59 and 0.72. The average value is n :: 0.65 in good agreement with the
results of LUECKE [21] and O’BRIEN [24] obtained from similar experiments.

Table 5:

FIT 0F OBSERVATIONS T0 POWER LAWS OF THE FORM

a 2 C-Wn

(a in mn; W in kg; C in my. ° kg—n)

Code 2,1—1 H„‚ 1-1 Z.I-2 2,114 H„, 11—1 z, 11-2 H„,II—2 2,111—1 H„,III—1 z, III-2 Mean

C 37.6 45.4 203 1.17 1.13 0.38 0.38 0.53 0.52 0.34 —
n 0.70 0.72 0.63 0.61 0.60 0.65 0.63 0.64 0.59 0.72 0.65
F 0.12 0.20 0.12 0.14 0.36 0.14 0.15 0.11 0.16 0.13 0.16

The rst arrival at Station I is the direct wave through the porphyry 1ayer, but the
rst arrivals recorded at stations II and III are refracted waves from the crystalline

basement. In spite of this the corresponding power exponents of Table 5 d0 not
differ systematically.

The mean value F for all sets of data was 0.16. As pointed out before this corres-
ponds approximately t0 a mean relative amplitude deviation of 16 per cent. In deter-
mining empirical seismic scaling laws deviations of this order must be considered
small.

Four sets of data are displayed in Figures 11, 12, and 13. The remaining six sets
of data can be taken from Table 4. Figure 11 presents the amplitudes of the traces
Z, I-l and Z, I-2 in a log-log diagram. The calculated power laws are also shown.
The difference in amplitudes of the two laws for station I is caused by the different
frequency response characteristics. The Charge weight exponents n are 0.63 for the
upper graph (ground displacement; pseudo-frequency 4—6 cps) and 0.70 for the
lower graph (ground-particle velocity; pseudo-frequency 26—30 cps). This means
that in the range of higher frequencies the amplitude increases more rapidly with the
Charge weight than it does in the range of lower frequencies.

In the center part of the lower graph almost all measured points lie below the
tted power function. At the margins most of the points lie above the power function.

The distribution of measured values shows a slight curvature which cannot be des-
cribed by a simple power law. The dotted graph is an attempt to t the measured
values t0 a curved line.
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Fig. 11: Seismic scaling laws für rst arrivals (Z) measured at Station I (A z 1.50 km).
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Fig. 12: Seismic scaling law for rst arrivals (Z) measured at station II (A z 21.15 km).
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Fig. 13: Seismic scaling law für rst arrivals (Z) measured at station III (A z 34.05 km).
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Figure 12 Shows the results for the traee Z, II-2. The power exponent n is 0.65 and
the mean percentage error is 14%. The curvature mentioned above can also be
discerned. Figure l3 Shows the results of the trace Z, III-1. The exponent n in this
case is 0.64, while the mean percentage error is 11%. No curvature can be seen.

The eurvature e 'ect for the trace Z, I—l will now be investigated more closely. If
the seismic ef ciency would be independent of the Charge weight, the seismie energy
should be proportional to the chemical energy of the explosive Charge and sheuld
thus be proportional t0 the weight of Charge. On the other hand, the seismic energy
is proportional to the amplitude squared of the rst arrival, if the character of the
seismogram is independent of the Charge weight. The quotient of the amplitude and
the square root of the Charge weight, therefore, is a quantity independent of the
Charge weight provided the seismic ef ciency does not depend on the Charge weight.
This quotient will be called the residual amplitude function (DON). Figure 14 Shows

50

i
0 -" "1' J ' ' ! T—I'TWÜ‘EÜ'H
2 3 5 70 30 50 700 30C? 500 7000

Fig. l4: Residual amplitude function (I) (W) obtained at station I. For explanation see text.

the residual amplitude function of Z, I-l. The white points correspond to the hori-
zontal. component directed towards the shotpoint (H II ‚ I-l). The black ones cOrrespond
to Z, I-I. The Charge weight is plotted along the abscissa 011 a logarithmic scale, while
the ordinate gives the residual amplitude function on a linear scale. For simplicity
the amplitudes Ä of the ground-particle velocity were used in the calculation.

For small eharges the curves in Figure l4 Start with a horizontal tangent. This
means that the seismic ef ciency in the range of small charges seems to be eonstant
for explosions on a lake bottom. The residual amplitude function (I)(W) can therefore
be represented by a sum consisting of a constant plus a power function.
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In this fashion the residual amplitude functions can be written in the form:

cpz (W) =9.0 +0.21-w°-7 (6a)

valid for the vertical component, and:

cI>„„ (W)=12.2+0.36'W0'7 (6 b)
describing the behaviour of the horizontal component. The horizontal amplitudes
are larger than the vertical ones, since the rst arrival at station I corresponds to the
direct wave through the porphyry cover. For small charges the second term in the
relations (6 a) and (6 b) is negligible, and the amplitudes are approximately proportio-
nal to the square root of the Charge weight. For very big charges the constant would
become negligible, and the amplitudes would be nearly proportional to W12. For
the biggest Charge of 760 kg used in the test series the term WI'2 contributes about
71 per cent to the total theoretical amplitude of Z, I-l.

This example demonstrates that the seismic ef ciency becomes greater with in-
creasing Charge weight. For the biggest Charge used a decreasing tendency seems to
be indicated. .

The measurements shall be continued in August 1962. The Charge weight will then
be increased up to about 6 tons of explosives. Seismic exploration of the crustal
structure in the central and eastern part of the Alps is the primary objective of these
larger explosions. Of equal interest, however, is the extension of the various seismic
scaling laws to bigger Charge weights. In addition explosions with very small charges
will answer the question, if a square root relation is approached asymptotically for
small enough Charge weights.
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Addendum

After completion of the manuscript the following paper has come to the authors’
attention:

BÄTH, M., and E. TRYGGVASONI
Amplitudes of Explosion-Generated Seismic Waves.
Part I: Icelandic Explosions in 1959 and 1960.
Geo sica Pura e Applicata, Vol. 51, pp. 91—99, 1962.

This paper reports on the relation between seismic amplitudes and Charge weight
(50 kg g W g 990 kg) for explosions in a crater lake at a water depth of 30 m (depth
of lake 45 m) recorded at a distance of 29.36 km. The amplitudes of the direct wave
(f z 1.25 cps) through the top lava layer were found to be proportional to the 3/4th
power of the Charge weight up to about 200 kg, but increased much slower for bigger
Charges. For the refracted wave (f 2 5 10 cps) along the lava-basalt interface a
Charge weight exponent of n = 0.96 j: 0.06 was obtained.
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Ein neues automatisches Registriergerät
für ionosphärische Driftmessungen

Von H. KOCH, R. SCHMINDER und D. KÜRSCHNER, Collm 1)

Eingegangen am 14.Juli 1962

Zusammenfassung: Es wird ein Registriergerät für ionosphärische Driftmessungen nach der
KRAUTKRÄMER—Methode beschrieben, das die unmittelbare Aufzeichnung der zwischen
korrespondierenden Extrema in den Signalspannungskurven auftretenden Zeitdi ’erenzen ge—
stattet. Das Gerät ist im Betrieb und in bezug auf die Auswertung der Messungen sehr wirt-
schaftlich und gestattet kontinuierliche Registrierungen. Vergleichsmessungen mit herkömm-
lichen Verfahren ergaben, daß das Gerät trotz einiger in der Methode begründeter Beschrän-
kungen hinreichend genaue Mittelwerte für Driftgeschwindigkeit und Driftrichtung liefert.

Summary: A recorder for ionospheric drift measurements according to KRAUTKRÄMER’S
method is described, which allows of directly the time di ‘erences between corresponding
extremes in the signal voltage curves. The apparatus offers economy in operation and in
evaluation of measurements and permits of making continuous registrations. Comparative
measurements using conventional techniques have shown that, in spite of some inherent
limitations, the apparatus is capable of yielding suf ciently accurate mean values of drift
velocity and drift direction.

Die Messung ionosphärischer Driftbewegungen wird auch im IQSY 1964/65 wieder
im Vordergrund des Interesses stehen. Nach einleitender Beschreibung des bisher bei
der KRAUTKRÄMER-Methode üblichen photographischen Registrierverfahrens wird
über ein Gerät berichtet, das eine automatische direktschreibende Registrierung der
Zeitdi erenzen zwischen korrespondierenden Extremen dreier oder mehrerer Fading-
spuren ermöglicht. Den Abschluß der Arbeit bildet die Diskussion der Ergebnisse von
Vergleichsregistrierungen nach beiden Verfahren.

1. Die Driftmessung mit Hilfe photographischer Aufzeichnung der Fadingspuren

Am Geophysikalischen Observatorium Collm (51° 18.6’ N; 13° 0.2' E) werden seit
April 1959 ionosphärische Driftmessungen auf 272 kHz nach der KRAUTKRÄMER-
Methode (1) durchgeführt. Die Anlage besteht aus einem mit drei Peilempfängern (zur
Auspeilung der Bodenwelle) besetzten Dreieck von etwa 300 m Seitenlänge. Registriert
wird der Sender Öeskoslovensko (49° 10' N; 17° 30’ E) in einem Abstand von 400 km
vom Observatorium Collm. Zur Registrierung dient ein selbstentwickelter Vier-
schleifenoszillograph (die 4. Spur ist für spätere 4—Punkt-Messungen vorgesehen). Die
Papierbreite beträgt 10 cm oder 12 cm, der meist benutzte Vorschub 5 cm/min. Durch
ein Spiegelsystem ist es möglich, die doppelte Streifenbreite auszunutzen. Die Regi-

1) H. KOCH, R. SCHMINDER, D. KÜRSCHNER, Geophysikalisches Observatorium der Karl-
Marx-Universität Leipzig, Collm über Oschatz/Sa.
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strierspuren werden durch unterschiedliche kurzzeitige Spurunterbrechungen unter-
schieden. Die alle 15 sec durch eine Einfadenlampe eingeblendete Zeitmarke liefert
einen dünnen Strich über die ganze Papierbreite. Die Regelung der Eingangsspannung
erfolgt für jede Spur durch drei Potentiometer für Grob—, Mittel- und Feineinstellung.
Außerdem sind an dem Registriergerät zwei getrennte Eingänge vorgesehen, so daß
durch Umschaltung abwechselnd mit zwei Empfängernetzen (z. B. zwei verschiedenen
Frequenzen) gemessen werden kann. Zur visuellen Beobachtung der Fadings werden
die Spuren durch ein Spiegelsystem auf eine Mattscheibe abgebildet. Die Auswertung
erfolgt durch Ausmessung der Zeitdifferenzen zwischen den Fadingextremen mit Hilfe
einer Meßlupe und anschließender graphischer Bestimmung der Driftparameter. Über
Einzelheiten der Auswertung und über die Ergebnisse mehrjähriger Driftmessungen
im Langwellenbereich wird an anderer Stelle berichtet.

2. Das automatische Driftregistriergerät

Die dargelegte Art der Driftmessung beschränkt aus Gründen des nanziellen und
arbeitskräftetechnischen Aufwandes die Registrierdauer auf kurze Zeitspannen, die
am Abend nach Einfall der Raumwelle im Langwellenbereich zu festgelegten Terminen
über jeweils 20 Minuten durchgeführt werden. Wünschenswert ist jedoch eine konti-
nuierliche automatische Registrierung, die wirtschaftlich ist, unbeaufsichtigt bleiben
kann und trotzdem ein Optimum an Informationsinhalt besitzt. Im Frühjahr 1962
wurde am Observatorium Collm ein automatisches Driftmeßgerät in Dauerbetrieb
genommen, das diese Forderungen weitgehend erfüllt.

Die Konstruktion basiert auf einem Prinzip, das sich von dem des bekannten
PHILLIPs-Recorders, der gleichaussehende Registrierungen liefert, grundlegend unter-
scheidet. Während der PHILLIPs-Recorder Zeitdifferenzen schreibt, die zwischen dem
Erreichen gleicher absoluter Spannungswerte in den Signalkurven auftreten, wird in
dem vorliegenden Gerät die Empfängerausgangsspannung elektrisch differenziert, wo-
bei mit der Di erenzierspannung die Relaiskontakte exakt im Zeitpunkt des Auf-
tretens der Extrema betätigt werden. Der PHILLIPs-Recorder liefert nur dann reelle
Zeitdi erenzen, wenn im Idealfall die Signalspannungskurven völlig identisch und nur
zeitverschoben sind. Ferner kann es bei diesem Recorder leicht zu Übersteuerungs-
erscheinungen kommen, die unser automatisch arbeitendes Gerät vermeidet. — Die
Registrierung liefert unmittelbar auf zwei im Gerät nebeneinander hängenden Mittel-
punktnull-Tintenschreibern die Größe und das Vorzeichen der Zeitdifferenzen von
zwei Fadingspuren gegen eine dritte. Die Streifenbreite beträgt 7 cm, der Papiervor-
schub l8 cm/Std. Die Stundenzeitmarken werden von der Zeitzeichenanlage des
Hauses gegeben. Dazu wird über ein Relais die Signalspannung ab- und die Zeit-
zeichenspannung zugeschaltet. Die Auswertung erfolgt durch Mittelung der Zeit—
differenzen in Stundenintervallen. Die Bestimmung der Driftparameter ist infolge der
Tatsache, daß man bei diesem Gerät die zwischen drei Punkten auftretenden zwei
Zeitdifferenzen einander nicht zuordnen kann, auf die Berechnung einer mittleren
Driftgeschwindigkeit v und -richtung 45 beschränkt. Sie wird mit Hilfe eines graphi-
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sehen Verfahrens durchgeführt. Damit ist gewährleistet, daß die Auswertung mit ver-
hältnismäßig geringem Aufwand erfolgen kann, ganz abgesehen von dem Vorteil, die
Driftverhältnisse an den Schreibern zumindest qualitativ sofort übersehen zu können.

3. Beschreibung des automatischen Registriergerätes und seiner Funktionsweise
Über das automatische Driftregistriergerät ist von KÜRSCHNER [3] bereits kurz be-

richtet worden.
Um die Extremwerte einer Registrierkurve festzustellen, kann man die Kurve

differenzieren. Apparativ bedeutet das, die Punkte aufzusuchen, für welche die
l. Ableitung der Eingangsspannung gleich Null wird und die Zeitdi 'erenzen zwischen
diesen Punkten aufzuschreiben.

In dem an die drei bei der KRAUTKRÄMER—Methode verwendeten Empfänger ange-
schlossenen Registriergerät spielen sich nacheinander folgende Vorgänge ab:

a) Differenzierung der Eingangsspannung in jedem Kanal,
b) Verstärkung der Di 'erenzierspannung,
c) Ladung eines Kondensators in der Relaisstufe proportional zur Zeit zwischen dem

Auftreten zweier zusammengehöriger Extremwerte (das Gerät verarbeitet hierbei
nur die Minima),

d) Entladung des Kondensators über das Registriergerät.

Die im folgenden verwendeten Bezeichnungen beziehen sich auf die Abb. l und 2, an
Hand derer die Arbeitsweise der Apparatur beschrieben werden soll.
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Abb. l : Schaltbild des automatischen Driftmeßgerätes (Einzelheiten siehe 3).
Die Erdpotentiale der beiden Stufen jedes Kanals (EI, E2) sind vollständig getrennt. Mit
der gezeichneten Polung von Ud registriert die Apparatur die Fadingminima. Bei Umpolung

von Ud werden die Maxima registriert.
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Abb. 2: Zur Funktiohsweise des automatischen Driftmeßgerätes.
a) Eingangsspannung am Steuergitter der Röhre l (U5),
b) differenzierte Eingangsspannung,
c) Arbeitsphasen der Relais A und B,
d) Spannung an den Kondensatoren C1 und C2 (Um),
e) Spannung an dem Kondensator CL (Um).
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Am Ausgang der im Al—Betrieb arbeitenden Empfangsgeräte ist ein Ton von ca.
l kHz als Schwebung hörbar, deren Amplitude als proportional mit der Eingangs-
feldstärke angenommen werden kann. Durch den im Eingang jedes Kanals eingebauten
Graetz-Gleichrichter wird eine pulsierende Gleichspannung erzeugt, die durch den
Siebkondensator C5 geglättet wird, so daß schließlich Spannungskurven von der in
Abb. 2a dargestellten Art entstehen.

Die pulsierende Gleichspannung steuert die Röhre l negativ an, so daß diese Span-
nung mit größerer Amplitude und einer Phasenverschiebung von 180O an dem Arbeits-
widerstand Ra abfällt. An dem Widerstand Rd, der zu dem Differenziernetzwerk
gehört, ergibt sich damit eine Spannung (Abb. 2b), deren Verlauf genau der ersten
Ableitung der am Steuergitter der Röhre l anliegenden pulsierenden Gleichspannung
entspricht.

Diese Spannung wird so an das Steuergitter der Röhre 2 geführt, daß diese negativ
angesteuert wird, wenn die Eingangsfeldstärke am Empfänger abfällt. Dadurch wird
erreicht, daß das Relais A abfällt. Im Punkte des Minimums ist die erste Ableitung
gleich Null, so daß Röhre 2 nicht mehr negativ angesteuert wird und das Relais A
anzieht. Der Schaltzustand des Relais A und des synchron dazu arbeitenden Relais D
ist in Abb. 2c dargestellt. Die Relaisstufe verarbeitet nur die in der Registrierung auf-
tretenden Minima.

Da die elektrischen Vorgänge im 2. und 3. Kanal des Registriergerätes völlig analog
denen des l. Kanals verlaufen, wird das Relais B gegenüber dem Relais A um die Zeit
später anziehen, um die ein Minimum der vom Empfänger B kommenden Registrier-
spannung gegenüber dem zugehörigen Minimum der vom Empfänger A erzeugten
Registrierspannung zeitlich verschoben ist. Die auftretenden Zeitverschiebungen
zwischen zusammengehörigen Extremwerten werden auf eine der drei Kurven bezogen
(in Abb. 2 die Kurve B). Mit je einer Relaisstufe werden dann die verschiedenen Zeit-
dilTerenzen zwischen der Kurve A und B (bzw. B und C bei Hinzunahme der dritten
Spur) in Spannungsstöße umgewandelt und von zwei Mittelpunktnull-Tintenschrei—
bern aufgezeichnet. Der Übersichtlichkeit halber soll sich die nun folgende Beschrei-
bung der Arbeitsweise der Relaisstufe auf die Diskussion der Registrierung einer Zeit-
verzögerung zwischen den Kurven A und B beschränken.

Bis zum Auftreten desselben Minimums in den beiden Signalspannungen vergeht
eine Zeitspanne, in der in beiden Kanälen die Eingangsenergie ständig kleiner wird.
Die Relais D und E fallen ab (siehe auch Abb. 2c) und die Kontakte d 11‘, d '1" und e‘I',
ell" (Abb. 1) werden geschlossen, so daß die Kondensatoren C1 und C2 an ULl bzw.
an UL2 sofort geladen werden (Abb. 2d). Nachdem in einer der beiden Spannungs-
kurven ein Minimum aufgetreten ist, zieht das zugehörige Relais D oder E an, und der
Kondensator CL wird über den Widerstand RL bei Schließen der Kontakte d l, ell,
oder dll, eI von C1 oder C2 geladen (Abb. 2e). Wenn Relais D zuerst anzieht, wird C1.
über d I, e'1 von Cl geladen, zieht Relais E zuerst an, erfolgt diese Ladung mit um-
gekehrter Polung über e', a"1 durch C2.
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Wenn das Minimum auch am zweiten Empfänger auftritt, wird der Ladevorgang
unterbrochen, und die Kondensatoren C1 und C2 entladen sich über die Kontakte d ",
e" und d m, em. Da der Kondensator CL direkt mit einem Mittelpunktnull-Tinten-
schreiber verbunden ist, kann man aus der Größe eines Ausschlages die Größe der
Zeitdifferenz und aus der Richtung des Ausschlages das Vorzeichen dieser Differenz
bestimmen.

4. Ergebnisse von Vergleichsmessungen

Vergleiche zwischen den Ergebnissen von Messungen nach dem photographischen
und dem automatischen, direktschreibenden Verfahren zeigten, daß das neue Drift-
registriergerät in 1/ 2jährigem Probebetrieb zu einem voll einsatzfähigen Instrument ent-
wickelt worden ist. Die Abb. 3 und 4 geben zwei Parallelregistrierungen wieder.

Es handelt sich um Ausschnitte aus Registrierungen vom 28. 4. 62.
Das Stationsnetz besteht aus den Meßpunkten B (Basis), E (Ost) und S (Süd). Die

Zeitdifferenzen werden auf B bezogen; dabei wird eine Zeitdifferenz als negativ fest-
gesetzt, wenn ein Extremum an den Punkten E bzw. S vor B und als positiv, wenn es
an den Punkten E bzw. S später als in B eintritt. Die Betrachtung der Registrierungen
und deren Auswertungen in den Abb. 3 und 4 zeigt die Vorteile und Nachteile der
beiden Methoden:

Neben den Vorteilen des rationellen Betriebes hat das automatische Registrier—
verfahren den Nachteil, daß Zeitabschnitte fehlenden Fadings von solchen mit feh-
lender Zeitverschiebung (Wellenfront parallel zweier Empfänger) nicht zu unterschei-
den sind. Damit kann bei der Mittelung der Zeitdifferenzen der so erhaltene Mittelwert
zu groß werden, ein Fehler, der sich sowohl auf die Richtung als auch auf die Ge—
schwindigkeit auswirkt. Im Beispiel der Abb. 4 wird das sehr deutlich. Die photo-
graphische Aufnahme zeigt, daß der Zeitunterschied B — S häu g Null oder sehr klein
ist. Das hat zur Folge, daß auf der B—S-Komponente der automatischen Registrie—
rung nur verhältnismäßig wenig Zeitdifferenzen registriert werden. (Es darf in diesem
Zusammenhang daran erinnert werden, daß, abgesehen von diesem Effekt, beim Ver-
gleich der Anzahl der bei der photographischen Registrierung ausgewerteten und der
bei der automatischen Registrierung geschriebenen Zeitdifferenzen berücksichtigt wer-
den muß, daß die Automatik nur die Minima verarbeitet.) Der aus der Mittelung der
Zeitdifferenzen in Abb. 3 (Automatik, Komponente B —— S) erhaltene Wert wird aus
diesem Grunde zu groß, und es ergibt sich ein Fehler in der Richtung von 17°.

Weiterhin ist'die Genauigkeit der Zeitdifferenzenablesung im Falle der automati-
schen Registrierung geringer als bei der photographischen. Dasselbe trifft für die Beur-
teilung der physikalischen Realität der Registrierung zu, da die Automatik auch solche
Extrema verarbeitet, die wegen fehlender Formähnlichkeit der Fadingspuren bei
visueller Betrachtung nicht ausgewertet würden.

Diese Feststellungen ändern aber nichts an der Tatsache, daß für eine kontinuierliche
Driftregistrierung bei bezüglich der Auswertung kleinstmöglichem Aufwand das
automatische Registriergerät hinreichend exakte Messungen gestattet. Die über
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längere Zeiten gemittelten Werte sind für die Geschwindigkeit und Richtung der Drift
durchaus repräsentativ. Die Gegenüberstellung der Mittelwerte der automatischen und
photographischen Driftregistrierung für die Zeit vom 15. bis 30. 4. 62 gibt für den
Zeitraum 21.00 bis 22.00 UT (Automatik) bzw. 21.00 bis 21.20 UT (Vierschleifen-
oszillograph) folgendes Ergebnis: ‚ : 57 m/sec, d5 z 250°; v : 52 m/sec, Q5 2 266°.
Die Unterschiede zwischen den Ergebnissen liegen durchaus in der Größenordnung
der mit der KRAUTKRÄMER-Methode im Prinzip zu erreichenden Genauigkeit. Bei
entsprechendem Aufwand ist es auch möglich, durch Vierpunktmessungen den Fehler,
der in der automatischen Registrierung durch die Vernachlässigung der Null-Zeit-
differenzen entsteht, zu vermeiden. Die automatische Registrierung vermittelt neben
dem Erhalt von ausreichend exakten Mittelwerten, auf die es für die meisten Zwecke
ankommt, auch einen anschaulichen Überblick über die Größe der Streuung und über
kurzzeitige Winddrehungen. In Abb. 3 wird z. B. zwischen 21.30 bis 21.50 UT eine
Driftrichtung gemessen, die von der mittleren Richtung an diesem Abend deutlich
abweicht. Liegt eine nur über 20 Minuten vorgenommene photographische Registrie-
rung gerade in diesem Zeitraum, entsteht ein ganz falsches Bild.

Daraus ergibt sich zusammenfassend:
Das neue automatische Driftregistriergerät stellt eine wertvolle, für kontinuierliche

Registrierungen unentbehrliche Hilfe dar. Das Gerät liefert selbständig für die meisten
Zwecke hinreichend genaue Mittelwerte der Driftgeschwindigkeit und -richtung. Es
zeichnet sich durch seine billige Arbeitsweise und die wenig aufwendige Auswertung
der Registrierungen aus und läßt eine unmittelbare sofortige Einsicht in die Registrie-
rung während des Vorganges selbst zu. Damit ist es auch zu anderen Verwendungs-
zwecken, etwa zur troposphärischen Windmessung mit Hilfe von UKW und damit für
die synoptische Meterologie, geeignet.

Es gleicht in dieser Beziehung einem Meßfühler, der mit Windänderungen in großen
Entfernungen vom Meßpunkt (nämlich im Re exionspunkt) verbundene meterologi-
sche Vorgänge, wie Frontdurchgänge, zu erkennen gestattet.

Es ist uns eine angenehme P icht, Herrn Ulrich Leiterer, Observatorium Collm, für
die sorgfältige Auswertung der Registrierungen unseren herzlichsten Dank auszu-
sprechen.
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Absorption of natural fallout in soil

By H. ISRAEL and R. HAAS, Aachenl)

Eingegangen am 7. August 1962

Zusammenfassung: Laboratoriumsuntersuchungen zur Frage der Fallout-Verteilung im
Boden zeigen, daß die radioaktiven Sto e in den obersten Bodenschichten abgelagert werden.
Die Messungen wurden durch künstliche Beregnung verschiedener Bodenarten mit Wasser,
das mit ThB aktiviert war, durchgeführt. Die so gewonnenen Verteilungen ähneln denen des
Strontium-90-Fallout. ThB kann also als tracer für Fallout-Untersuchungen Verwendung
nden.

Summary: lt is shown by Laboratory experiments on the problem of fall-out distribution in
soil that radioactivity is absorbed in the uppermost layers of the ground. The measurements
were made by sprinkling water activated with ThB on di erent types of soil. The distributions
in the soil are found to be very similar t0 these of the Sr90-fallout. By these results the con—
clusion is justi ed that ThB can be used as tracer to detect the fall-out distribution in soil.

The atmospheric content of natural radioactive material can be understood as the
consequence of a circulation process [1]. After the exhalation of radon and thoron
from the soil they will be distributed in the atmosphere by the “austausch”. They are
returned t0 the ground by precipitation and other processes, most of them after having
changed into their decay products. Here they are washed into the soil by rain.

There are different reasons why we wish t0 know their distribution in the soil.
In particular, we may assume that the laws governing these distributions may be
applied also to the distribution of arti cial radioactive fall-out. This expectation was
veri ed during our experiments.

We made a series of experiments, using different kinds of soil. I want to give a
report on the results obtained.

As tracer we used ThB (Pbm). This nuclid is well suited to these experiments:
Firstly it can be easily separated from its mother products, thoron and ThA;

secondly there must be considered only one daughter product — namely the ThC

(Biziz).
The measurements were made with “arti cial rain”, i. e. by sprinkling water,

activated with thoron, on different types of soil [2]. The absorption rate was found

1) Prof. Dr. HANS ISRAEL und cand. phys. ROLAND HAAS, Meteorologisches Observatorium
des Deutschen Wetterdienstes, Aachen, Pipinstraße 12.
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by measuring the change of concentration of ThB in the water before and after passing
through a layer of given thickness or by measuring the distribution nf ThB in dilferent
depths of the soil samples.

These experiments let t0 the result that in all Gases the ThB was already deposited
in the uppermost decimeters of the soil. The distribution a5 function of depth can be
discribed by the following formula:

R(z)=R(0)1*e—”‘"+R(o)2-e_“2'z (1)

where R(z) i5 the “rest-activity”, i. e. the content of ThB in a depth z and deeper.
R(o) x R0501 + 120.27)2 is assumed t0 be 100%.

'

Table l gives some examples. The distributions am characterised by the sum of two
exponential functions with half — value — depths of some mm’s and some cm’s
respectively.
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Table 1 : Examples für the sorption uf ThB in di 'erent types Df 5011.

N0. Type uf soil R(a)1 0:1 half-value 412(10)2 012 half-value
depth in cm depth in cm

a Rhine sand 94 3,78 0,18 6 0,21 3,3
(Rheinsand)

b Rhine sand‘) 24 1,98 0,35 76 0,14 5,0
(Rheinsand)

c Humic sand 85 3,84 0,18 15 0,20 3,5
(humoser Sand) .

d Lnam (Lehm) 86 3,30 0,21 l4 0,23 3,0

1) Tap water.

3:3

151%]

______ _—

s- i“ :
!

“i N
1: .5. zugu— L 4 .
C ä 5 h)
2—; 1€ 104- _— — l
ä ä B. - ___ _ 1
E ä 64—— __-—.
Q: ‚ 1

1 1 ’T ‘—‘ '

in
'Io

...

es

rak vifa'.‘

so „--_..4 4.— 4 .4-
50 „l ;.

[.ÜÄXH—F—m

__ _i _

'I'h E i

! \ - c)
10' . I4——4 — +- 4 4
E}——— 1 — —— —

1|
-—

r,|.__ -___ L _ _ 1'- -—-
: r .

2- \ i

1 \. 1..__- _ _
0 2 4 6 8 10

———-- Hefe in cm

Fig. 2: Distribution of bomb-produced Sr“ in di 'erent snils.

a: Schleswig-Holstein (mean values) [3]; b: Berlin (sand) [4];
c: Freiburg i. Br. (humic sand) [5];
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d: Freiburg i. Br. (sand) [5].
















