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Abstract

The present paper is a preliminary technical report of the develop -
meat of ocean-l.ottom seismograph observation in' the Bohai Sea area
of China, conducted under financial support from Japan Foundation
for Shipbuilding Advauncement.

This report mainly includes the following contents:

( 1 ) The seismicity and seismic risk assessment of ihe Bohai Sea
area and its vicinity.

( 2 )Conditions for sea-bottom seismograph observation in the
Bohai Sea area.

( 3 ) Some results of preliminary study on instruments and techn-
iques for ocean-bottom seismograph observation in the Bohai Sea ar-
ea.

( 4 ) The results of experimental modelling researches on the nois-
es of ocean-bottom seismograph observation in the cawe of shallow
sea.

The historical and present seismicity, the long-term seismic risk,
and the relation betweeu large earthquakes which occurred in North
China and Japan have been studied. The problems on irfluences of a
strong earthquake and tsunami upon the Bohai Sea mnavigation routes
and near populated areas were discussed. Based on the result the nec-
essity of sea-bottom seismograph observation in the Bohai Sea area

was explained.
The conditions in the Bohai Sea area, introduced in this paper,
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include the sea-bottom geomorphology, strong waves and meteorologic-
al conditions, and the sea navigation and Sea work condition in this
sea area. _

. Some problems on the instruments and techniques for ssza-bottom
seismograph observation in the Bohai Sea area were studied and disc-
ussed. The preliminary seismograph observation test at the platform
of an oil well in the Bohai Sea area was made by the Seismological
Bureau of Tianjin, Some new techniques, and Successes in noisc reduc-
tion and signal transmission ete. of sea-bottom seismograph observati-
on advanced by the Meteorological Rescarch Institute of Japan Me-
teorological Agency ( IMA ) may be applied to the sea-bottom seismogr-
aph observation in the Bohai Sea area. On the basis of these results,
a preliminary project to develop the sea-bottom seismograph observa-
tion in the Bohai Sea area of China was proposed.

To study the noises of sea-bottom seismograph observation in the
case of shallow sea, a new experimental modelling research has be-
en completed. The noises caused by sea surface source and sea interior
source were studied separately. Some important experimental results
have been presented.

The preliminary results, obtained in this paper, may be useful to
develop the sea-bottom seismograph observation in the Bohai Sea area
and its vicinity.
1.INTRODUCTION

More than 10 large and moderate cities including Tianjin (K@),
Dalian ( X#), Yantai (8 ), Qinhuangdao ( £8%), Tangshan (JFU),
Yingkou(#& ) are located near Bohai Sea. There are three shipping
lines in Bohai Sea used to sea transportation from Tianjin, Qinhuangd-
ao and Yingkou to Japan and other countries. Obviously,the establis-
hment of the sea-bottom Seismograph observation system in the Bohai
Sea area will be helpful to determining earthquake hypocenters and
studying characteristics of the seismicity, seismic precursors and the
earthquake prediction in the area and its vieinity which is very impo-
rtant for the populated cities near Bohai ea Sas well as for the sea
navigation routes.

For developing the cooperative research works on ecarthquake and
tsunami prediction between seismologists of IMA and the State
Seisniological Bureau of China, three seismologists of the Seismological
Bureau of Tianjin Municipality under financial support from Japan
Foundation for Shipbuilding Advancement have worked in the Seismo
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logical and Volcanological Research Division, Meteoroloyical Research
Institute of JMA for two months (January 26 — March 26, 1987 ). On
Fehruary 27, Mr. Ryoichi Sasakawa, Chairman of the Foundation for
Shipbuilding Advancement, accompanied by Mr. Hisashi Suzukis Mana-
ging Director, and Mr. Haruo Shibazaki, Manager of Internatjonal
Affairs Division of this foundation met them and had cordial and
friendly talks with them. The main coorperative research topic in this
period was the study on the sea-bottom seismograph observation in
the Bohai Sea area of China by applying some new techniques, succe-
sses and experiences of the ocean-bottom seismograph obscrvation(OBS)
developed by the Meteorological Research Institute of JMA. Under the
kind help and support of the Institute of Ocean Environmental Tech-
nology of Japan Foundation for Shipbuilding Advancement, a new
experimental modelling research on noises of a sea-botiom seismogr-
aph observation system in the cuse of shallow sea has bheen conduct-
ed.

This report presents the preliminary results of cooparative resear
ch work on the development of the sea-bottom seisnmiograph rbser-
vation system in the Bohai Sea area of China.
2.SEISMICITY AND SEISMIC RISK OF BOHAI SEA AREA AND ITS VICIHI-

TY

2.1 Historical and recent seismicity

The Bohai Sea area is a part of North China, seismmically active
region, and at the same time it belongs to the Tancheang-Lujiang seis-
mic belt. Untjl 1986, there occurred 13 earthquakes of magnitude 4.0-
4.9, 5 earthquakes of magnitude 5.0—5.9, 5 earthquakes of magnitude
7.9 in the Bohai Seca

6.0—6.9, and 4 earthquakes of magnitude 7.0
arca and its vicinity. Generally, at preseat in this area the small
events of magnitude 1.0—1.9 are counted in hundreds per year and the
events of magnitude 2.0—2.9 are counted in tens per year in averatge,
respectivel¥. Therefore, this area is a frequently seiszaically active
period of North China continued until the present. In this period, fo-
Tabie 1 The parameters of M=7.0 earthquakes
in Bahai Sea area. ( 1548-1969)

E— . e

No ] Date ‘ Latitude l Longitude | Magnitude
1L e/ | 33.0°N | 121.0°F T 7.0
2 \ 1597/10/6 ! 38.5°N ! 120.0°E ' 7.0
3 -. 1888/ 6 /13 ' 38.5°K | 126.0°E 7.5
il !
4 1969/7 /18 : 38.3°N : PTG ORI 7.4
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ur large earthquakes of magnitude 7.0 and larger had occurred in the
Botal Sea area, as shown in Table 1.

Figure 1 shows the distribution of earthquakc epicenters in the
Bohai Sea area and its vicinity during the period from 405 to 1986,
From this plot, we can see that the Seismic activity in this area was
actually very high.

2.2, Assessment of long-term seismic risk

According to the earthquake catalozue, the seismicity of North
China region including the Bohai Sea avea can be characterized by so-
me active periods, and the duration of every active period was about
300 years. At present, the third active period belaycd ia more than
250 years and its end will be in forthcoming 50—100 years.

Based on the analysis of seismic activity of North China region,
in general, the mean recurrence time intervals for ecarthquakes of va-
rious magnitudes in this region approximately are about 10 years for
M=15 earthquakes, about 30 yecars for earthquakes of M=0, about 100
years for earthquakes of M=7, and about 300—400 years for carthqu-
akes of M=8. The Bolhai Sea area is a spccial seismically active

area of North China region. According to incomplete statistics, there
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Fig.1 The distribution of carthquake epicenters in Bohai Sea area
( 408~1960, Ms=4.7, 19571 —1086, Ms=4.0),
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occurred 3 earthquakes of magnitude larger than 7 and & earthquakes
of magnitude larger than 6 since 1597, respectively. This indicates that
the recurrence time intervals of the earthquakes in Bolai Sca area
are shorter than the mean time intervals for North China region.
Moreover, after 199 the Boliai Sea area has become velatively qu-~
ict region in seismicity, and has appeared to be a seism ¢ gap region
(see Fig.2). There fore, the seismic risk of M=7.0, even M=7.5 earthq-

wakes must he considered in the forthcoming 100 years.
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Fig. 2  The distribution of earthquake epicenters in Bohai Sea area
and its vicinity (1972—~1983)
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2.3, The reintion i)e’tween large earthquakes of North China and
Japan

Based on the analysis of ecarthquake catalogues, it cin be seen that
there is a remarkable correlation between the large eartiiquakes which
occurred in North China and in Japanese oceanic trenct and in the
west part of the Japan Sea. Generally, we can elucidat. the approxi-
mately similar seismic circles: firstly, a M=7—8 great earthquake oc-
curred in the Japanese oceanic trench, then, a large decp éarf'hquake
occurred in the west part of the Japan Sea or Heilongjiang region of
East-Norih China, and finally. the earthquake of M226.0 occurred in
North China. Since 1918 the such seismic circles can b noted more
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remarkably, as shown in Table 2(10).

Table 2 The seismic circles of earthquakes in North China. Jzpan Oceanic
Trench. and West part of Japan Sea.

Period of Focal Thef Qepthe 1
eT10 o] 3 . oca . . 0l oceanic .
circle Date ([Latitude | Longitude de oth(km) District I trench near Magnityde
- epicenter
1918/11/8| 44.1°N | 148.9°F B & 4.0KM | 7.3
1018-1922 [1920/5/6| 43.0°N 131.6°E 520 Boundary bertween | 61z4
China USSR and l
Korea
1922/ 9 /28| 39.2°N | 1206°E Bohai sea _ i 6171
1931/8/9| 41.2°N | 142.5°E A5 1.5KM | 7.6
1930-1932 {1931/ 2 /20 44.B°N | 136.7°E 350 N%rth part of lapan ‘ 7.4MG
ca
1932/8 /22| 36.1°N | 121.6°E Fast of Qingdao | 6174
1945/2/10] 409°N | 142.1°E IR H ! 1.0KM t 7.3
1943-1946 (1946/1 /11) 45.0°N | 131.0°E Muling ~ pT.2(MG
1944/12/19] 39.7°N | 124.3°E South of Dandong | 1 6374
1947/11/14 41.7°N | 145.7°E Bk 3 ST O ' 6.0KM | 6.7
1947-1950 1949/4/8| 42.0°N | 131.0°E . 600 Boundary between . 8. TIMG
China, USSR and Ko-| |
fead
1948/5/23 3.7°N | 121.9°E West north of Weihai' -6
1968/ 6 /16 40.7°N | 143.6°E Off Sanriky | 2.0KM 7.9
1068-1972 [1969/8/31| 38.6°N | 134.6°E 420 |The middle part of | ' 6.8
' lapan Sea ' .
1969/7 /18] 38.2°N | 119.4°E Bohai Sea , T4

2.4, Strong sea waves and tsunami in the Bohai Sea area and its
vicinity

According to historical materials, strong sea waves which occurred
in the Bohai Sea area can be caused only by the combinational action
of astro_nomical factors ( the large tides in full moon, waning moon in
spring and autumn equinoxes ) and meteorological factors (strong east
cold wave, near east heavy wind, typhoon and storm ). From the hi-
storical data on strong sea waves in 1895, 1938 and 1965, we can obta-
in this conclusion, because in the recent 100 years only these events of
strong sea waves occurred in the given sea area. At the same time,
the historical data on large earthquakes in the Bohai Bay and Laizhou
Bay show that only any tsunami caused by earthquakes had not occu-
rred in these two sea areas.

For example, the large earthquake of M=7.4 which occurred in the
Bohai Sea area did not cause any tsunami, and even some people of

the Tanggu land region went to ships on the Bohai Sea to take shelter
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from the earthquake.'

2.5. Tafluence of Bohai Sea earthquakes on navigative

Generally, because the Bohai Sea earthquakes can nol cause to
unamis, their direct. influences on navigation . may be envagl weak.For
example, on Juae 18388, when the largest earthquake (M =7.5) occurred
in Bohai Sea, several skips navigating on the sca were valy vilirated,
but not damaged. Of course, the direct factors caused by earthqual. -
es, such as damage of port, evacuation of population, land and sea
disaster relief and the others may influence the navigalion strongly.

2.6. The necessity of sea-bottom seismograph observation system
in the Bohai Sca arca

At first, in order to predict the large earthquakes oceurring just
in the Bohai Sca area, we must develop the sea-bottoras seismograph
observation system in this area. In fact, the earthquakes of Bohai
Sea area might be predicted by using seismic precursors. For example,
after G. Wei (10), the Bohai earthquake (M=7.4) occurred on July
18, 1969 was an event of main-aftershock type, and some precursory
anomalous variatios in regional seismicity, such as b-value decrease
and belt-shaped distribution of earthquakes (see Fig.2 ) and the others
had occurred bafore this large earthquake. The seismological observa-
tions on sea-bottom are very useful to study the seismic patterns and
seismic precursors before the forthcoming large Bohai Sca earthquakes
for predicting them.
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Fig.8 The disiribution of earthquake epicenters in Bohsi Ser arca
and its vicinity before 1960 Behai carthquake of M =7
a.1960--TJuly, 1969 b.Jen., 1266—TJu'y, 1960
Secondly, the Bohai sea-bottom seismograpl observations can  he
used to seismological researches and earthquake prediction in its ad-

jacent land regions, especially in the most important ¢rd seismically
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enough riskful Beijing-~Tangshan region, because in this region the St-
ate Seismological Bureau of China has established enough dense land
seismological network, excepting the Bohai Bay area which is a free
ctegion without seismic stations.. : . J .
3.THE CONDIT!IONS FOR SEA-BOTTOM SEISMOGRAPH OBSERVATION
SYSTEM IN THE BOHA! SEA AREA

3.1.The main characteristics of sea-bottom geological structure
and crustal structure in the Bohai Sea area

The Bohai Sea is a subsidence basin of the mesozonic—Neozonic
era. It coasists of the depression of the Liaodong Bay, depression of
central Bohai and the fault zone of Yingkou—Weifang., The area of
Huanghe River mouth and area Bohai Bay belong to the Jiyang basin
and Huanghua basin, separately. Figure 4 is a rough sketch of the
structures of the Bohai Sea area and its vicinity(7). The fault zone
of Yingkou—Weifang northwards through Laizhou Bay enters the sea,
then, crosses Miaoxi, Bodong, Liaodong Bay, and at Yingkou disemb-
arks. The north-westward directed Zhangjiakou—Penlai deep fault zone
crosses the Jiyunhe cannal. The Haihe river, stretches along the north
side of interior swell of the Bohai Sea, then intersects Yingkou—We-
ifang fault zone and approaches to the Shandong peninsula. The Bohai
earthquake of 1969 (M =7.4) just occurred in the intersecting area of
these two fault zones.

r_] wam [ kit iﬁj_'iff};’;“‘]

"' &Aul-‘!i ﬂ iEﬂL[h _,_..f_."_f_:t_:ﬁ/'q—au‘vcé'qdl

== OIS o
== 7 £
: e ' _v/g / _p:)‘
W“(‘SANHE:‘:’.EC:, e
Sz :,T"_ sAl‘(i‘-.lzLN /
T~ (50! "j’ VLYY
‘ﬂ/\{ X
\&fﬁ\““ S“‘/ DALIAN
/
H"E;H!"Azm ANG» % §, o) JPENGLe
ARDN O / I W / ﬂf Q\{Y'\P:T”
VP Ay - 4 Rt
i / ,' JINAN, 4) s
KINGTAL TR o\ g lﬁl_j; Y-
I / [— A 7
E‘ /f TS ] WEIFALS
Ve /)!__.._.__& ’"ﬂ 3'“”' QI" LE

Fig.4 The structure sketch of Bohai Sea area and its vicinity

Figure 5 shows the features of the earth’s crust structure in the
Bohai Sea area(6). From this plot we can find an earth’s mantle sw-

ell zone directed south—westwards from the Liaohe river depression.
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The highest poiﬁt of this mantle swell zone is located i1 the central
Bohai depression. The depth of the Moho discontinuity 'n this point
is 29.4 km. A series of depression of tertiary period are distributed
oo the above-mentioned mantle swell zone. Moreover, the other
two mantle swell zones, directed approximately east—westwards and
south—northwards, respectively, were discovered in this area. Therefo-
re, we have 3 mantle swell zones intersected each others in the highe-
st point of the earth’s mantle under the central Bohai depressio. Co-
rresponding to them, there are 3 depression zones intersected each ot-
her in the central Bohai depression. The thickness of the deposit of
tertiary period in the central Bohai depression 1is very large, about
8 km,
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Fig. 8 The crust structure in Bohai Sea area and vicinity

a.Depth of Moho discontinuity b.Depth of Canrad discontinuity

Figure 6 shows the sketch of Tancheng—Lujiang fault zone, called
Tan-Lu fault zone for simplicity(8). This is a deep, complicated, and
large scale fault. It is more than 2500 km long from Suihua in the
north to Susong in the south. The Tan-Lu fault zone al present is an
active fault zone, and become to be an important seismically active
belt in the east part of China. The largest historical large earthquake
of North China, that is Linyi great earthquake(M=8.5) in 1668, just
had occurred on this seismic belt. The Bohai Sea area is located on
the middle part of Tan-Lu fault zone. In the interior part of the Bo-
hai Sea, the Tan-Lu fault is wide and also complicated. Since the te-
rtiary period, this fault zone has become intense depression and cros-
sed by north—western Zhangjiakou—Penglai fault zonme. But, the Yi-
ngkou—Weifany fault zone has stable north-north-east djrection cont-
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inuously. It can be divided remarkably into two parts by the central
Bohai depression as a boundary. The northern part of the Yingkou—
Weifang fault is characterized by length in 300 km and extent in 5—20
km. In this part enough more stratums of the mesozonic era distribut-
ed, and the fault may control the stratums of cenozonic era. The le-
ngth and extent of the southern part of Yingkou—Weifang fault are
200 km and 40—50 km, respectively. The thickness of deposit of ceno-
zonic era in the central Bohai depression may be closed to 9500 km,
and in the Liaohe river depression it is 6000—7000 m.
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Fig. 8 The sketch of Tancheng—Lujiang Fault Zone

3.2 Brief review of sea-bottom geomorphologic conditions in the
Bohai Sea area

The Bohai Sea is basically confined by land, only opened by the
Bohai Sea channel in the east. It is a nearly closed sea basin on the
continental structure. Its length from east-north to west-south is ab-
out 300 sea miles, and its extent in east-west direction is about 187
miles. The extent of the Bohai channel in north-south direction is 57
sea miles. In general, the area of the Bohai Sea is about 77C0) km3,
and its average depth is 18 m. Because the Yellow river, Haihe river,
Luanhe river, Liaohe river flow into the Bohai Sea and carry a lot of
silt there, the Bohai Sea in general is shallow, excepting its deeper
central part and channel part (see Fig.7). The slope of the Bohai -
bottom is small, and its surface has been covered by the recent sedi+
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ment. All three main bays of the Bohai Sea, namely, tie Bohai Bay,

Liaodong Bay, and l.aizhou Bay liave ooze-typz coasts.
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Fig.7 The sketch of lsobathes of Bohai Sea

The Bohai Bay is an arc-shape shallow bay concave westward. In
the aspect of lcctonic structtre this bay and its coast area belong tlo
the same depression with a cast-western tectonic line. The thickuess of
sedimentary layer of cenozoic era in the whole Bohai Sei is more than
3 km. At present, this bay continuously subsides. The sea-bottom
relief is smooth and dull. Its isobathes are parallel to cast,and water
depth in generally more than 20 m. The sea water is yel.ow and cont-
ains a lot of silt. The sediment mainly consists of powder sand and
ooze.

The Liaodong Ba)" is located in the north of the WBohai Sea. The
sea-bottom relief is characterized by smooth slope from ihe bay top
and both east und west side to the ceutral part. The east side of ihis
bay is deeper than the west side. The central part of the bay mouth
is the deepest, and its water depth is 32 m. The tectonie structure of
the Liaodong Bay is a graben-type depression located beiween two gr-
eat faults. The top of this bay links up with the plain »>f lower rea-
ches of the Liaohe river. The sediment is silt carried by the river. In
the bay top, it is covered by ooze, and in the sides it ‘s covered by
powder sand.

The Laizhou Bay also can be characterized by smocth shape fo
central basin. In the most of the bay, water depth is no more than
10-m. The deepest part is located in the west of the bay, and its dep-
th is 18 m. The structure of Laizhou Bay belongs to depiession region.
The thickness oi its sediment of cenozonic era is 8 km. The Tan-Lu
fault zone crosses the ecast of the Laizhou Bay. The suriace sediment

mainly is powder sand.
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The central basin of the Bohai Sea is located between the above-
mentioned three bays and the Bohai channel. Ils northern part is na-
rrowy but the southern part is broad. So, the shape ia an approxima-
tely triangle. The water depth there is 20—25 m. The central part of
this basin is low-lying, and the northeastern part is relatively high in
sea-bottom relief. The tectonic structure is also a graben-type depre-
ssion between the two great faults belonging to the Tan-Lu fault zo-
ne. The thickness of sediment of the cenozoic era is 5 km. The surface
sediment is sand and powder sand.

The Bohai channel is 57 sea miles in south—north width. The Mi-
aodao archipelago consisting of more than 40 islands of different sca-
les is located in the channel mouth and forms 8 main water ways. In
general, thé water ways in the north are wide and deep, but those in
the south are narrow and shallow. The Lacotiesan water way is a
maiu passage way where the water from the Yellow sea enters into
ths Bohai Sea with a large speed. The larzest depth of the Bohai ch-
anncl is 78 m. This is.the limited depth of the Bohai Sea, loo.

The sea bottom under the water ways is covered by gravel, in so~
me places we can find the bedrock outeropping,

3.3. Stormy waves and meteorological conditions in the Bohai Sea
area

The Bohai Sea is a sea area of strong tidal current. The sea curre-
nt in the Bohai Sea is weak, and its speed is often equivalent to abo-
ut 1/10 of largest tidal current. The most strong stormy waves appear
in winter. They are often of 3 or 4 grade, but the cold waves may
approach 6 grade. The heights of stormy waves are different in diffe-
rent seasons. For example, the mean height of stormy waves in Janu-
ary, April, July and October are 11—17, 1.0—1.3, <0.9 and 1.2-—1.4
m, respectively. In the period from summer to autumn, the strong
stormy waves of grade 6 may sometimes occur under influence of a
typhoon. The highest stromy waves often appear in the north of Mi-
aodao archipelago and the central Bohai Sea, and the lowest stormy
waves are in the Liaodong Bay and Bohai Bay.

The annual mean atmospheric temperature is 12° C, the highest
and lowest atmospheric temperatures in many years are 39.9C and
-18.3T, respectively. )

The annual mean wind speed is 4.5 m/secy and the largest is 26.5
m/sec. The winds are usually from west—north in winter and ecast—

south in summer.
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3.4.Conditions of navigation and sea work in the Bohai Sea area

The sea lines in Bohai are enough busy. More than {0 ships navig-
ate in the Bohai Sea every day. The Bohai Sea oil field has been de-
veloping and constructing. The fishers usually go fishing in the sea,
especially in the fishing season.

3.5.Conclusion on the conditions for sea-bottom seismograph ob-
servation system in Bohai

The Bohai Sea is an interior sea where the stormy waves are we-
ak, and the mean water depth is only 18 m. There are nome installat-
ions on the sea which can be used to seismic observations. They are:
the platforms of oil wells, navigation marks, light houses, meteorol-
ogical buoys, and the others. All these conditions are helpful fto
developing the sea-bottom seismograph observation in the Bohai Sea
area.

However, the Bohai is a shallow sea with thick sadimeni. This
condition may cause some difficulties to seismograph observatiou. The
navigation, fishing, and sea work of oil field also may cause some
influences which must be considered in the observation.
4.PRELIMINARY INVESTIGATION OF INSTRUNENTS AND TECHNIQUES

FOR SEA—BOTTOM SEISMOGRAPH OBSERVATION SYSTEM IN THE BO -
HAI SEA AREA

4.1.Scismograph observation test on platform of oil well in the
Bohai Sea

The ocean seiemograph observation system was advanced since 30
years of recent centenary. The development of sea oil field, monitori-
ng of underground nuclear test and study of sea and ocean seismicity
have given a great motivity to develop the ocean-botiom seismograph
observation. Many important observation and researcl works were
completed by American and Japanese scientists and scientists of some
countries. A

In recent years, several organizations of China started to develop
sea seismograph observation system. One of them is the Seismological
Bureau of Tianjin. This bureau has begun a sea-bottom seismograph
observation test on platform of oil well in the Bohai Sesa since 1985.

At first, some sea-bottom observations in the oil wells at platfo-
rms Nos. 7 and 8 under the Bohai Sea and directly on its sea bottom
were completed by using deep well seismometers. Figura 8 shows the
locations of the platforms of oil well in the Bohai Sea wused to the
seismograph observation. The water depths in the areas of platforms
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Nos. 7 and 8 are 7 m and 26 m, respectively. The depths of oil well
of platforms Nos. 7 and 8 are about 160m and 260m, respectively. The
deep well seismometer of JDS—2 type was put into the well bottom.
Then, the seismic signal recorded by the deep well "seismometer was
transmitted by cable to the platform and recorded there by seismogt-
aph recorder of DI—1 type. The deep well seismometer of IDS—2 type
is a seismometer of electromagnetic type, and its natural period is 0.8
sece The amplification of recorder system is about 10000—30000. In the
test period, the near and distant earthquakes had recorded very clear-
ly. ‘

Secondly, the test on transmission of seismic signal from the pl-
atform No. 7 to the center of observation in Tianjin was made. The
seismic signals recorded on the sea were transmitted by #768” radio
seismograph telemetering transmitter through FM—FM way to the Do-
ngtai station on the land. After demodulation, these were converted
into original seismic signals, then these signals were input into “PTY
—8” seismograph telemetering transmitter and transmitted to the ob-
servation center in Tianjin via telephone line ( see Fig.8).

The result of test on the platform No. 8 indicates that the backg-
round noise is larger than that on the platform No. 7.

ek

@ STATION emmee TELEPHONE LINE
®THE OBSERVATION  _____ RADLOD
B CENTER
THE ;PLATFORM -OF
OIL WELL

Fig.8 The locations of oil platforms used to seismograph observation test

in Bohai Sea and the.transmission ways of seismic signals on the sea

4.2.Sea-ocean noises and seismograph observatioo ‘

Studies of seismic noises and microseisms are very important “for
seismological ‘observations. There are many specialists ‘and scientists
in the world, who conducted the ocedn noises. A series ~of successful
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results were obtained. Based on the data, observed at some standard
observational points in 1963, the anslyses of absolute and relative
power density spectra of ocean noises and the researches of worldwi-
de microseismic activity were conducted by G. D. Hair and J. H. Funk
in 1964. From power density spectra of noisesy, it was noted that a
uniform. worldwide pattern of slopes was observed between 1 cps and
2 cps. The same change in the slope was observed by Vinnik and Pr
uchkina in 1964(8). Figure 9 shows that the number of stations whose
spectral slope ( frequency 1.0 cps or greater) falls within each slope
increment of 10 dB/octave. It was noted that 84.1 percent of the si-
ope’s values fall within the range of 10—40 dB/octave and that of
these 48.8 percent fall within the range of 20~30 dB/octave. Iyer has
supgested that the earth itself is filled with noise(2). The other caus-
es of noisess from cultural noise to sea storms, have been investigat-
eds, too. The problem lends itself for further study. G. D. Hair and
J. H. Funk considered that two separate sources generating microseis-
ms above and below 1 cps respectively can be suggested, and that the
spectra above 1 cps are independent of storms, fronts, ote. The spec-
tra for frequencies less. than 1.0 cps show greater seasonal variations.
These variations were concluded to be mostly meteoroloyical in origin.
Monthly contour maps of average noise show that noise is seasonally

variable and that it is attenuated at continental structures.
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Fig.® Comparison of spectral slopes-at frequency of 1.0 cps ot qreater-
During the period of development of a cable-type ‘ocean-bottom
seismograph (OBS) observation system, the relation betwgen _ocean
microseisms and environmental.conditions were studied by the Meteor-
ological Research Institute(MRD- of JMA(5). The : results show. -that
the amplitudes of ocean-bottom microseismic noises are relevant to
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stormy waves on the ocean surface. Figure 10 compares the amplitud-
es of three kinds of stormy phenomena ( wind, wave and swell ) obser-
ved at the Omaezaki Weather Station of JMA and corresponding mi-

croseismic noises. . :

mfCraseisms

Fig,10Comparison of three kinds of
phenomena observed at Omaezaki weather
station and the corresponding microseisms
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A. William Prothero, Jr. considers the noises caused by sources of
geophysical fields include the background microseismic noises asd the
noises induced by ocean current. In the shallow sea and the sea area
where geoph&sical prospecting is developed, the noises from activities
of living things and humankind may play important roles. Moreover,
the soft sediment on the ocean or sea bottom may amplify the micro-
seismic noises.

The problem on the influences. of noises from sea surface to sea-
bottom seismograph observation is very important to shallow sea, su-
ch as the Bohai Sea of China. In order to study this problem, we have
completed some modelling experiments by using a water channel. The
results obtained will be described in the next section of this reprot.

‘The studies of-ocean and sea noises can be wused to calculate the
theoretical limits of perceptibility for a given station and determine
the countermeasures against the seasonal variations of noise levels.
Moreoyer, the analyses of neise spectra .are useful to choose the freq-
uency band of seismograph, H. Brander gave an example for comparis-
on of-spectra power density of deep sea-bottom noises with that of
land noisesy as shown in Fig. 11. From this plots we can see that the
spectra. pawer density of deep sea-bottom noises in high frequency
demain is>obviously smaller thaan that in its low Hfrequency domain.
Figure 12 shows the seismic noise spectrum observed by using OBS. This
result. was obtained by H. Matsumoto and M. Takahashi(4). For co-
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mparison, some noise spectra observed on the land by Brune and Oli-
ver (1959, MAX, AVE, MIN) and by Peterson and Orsini (1976, P&O)
are shown in Fig. 4,5, too. From these plots, we tcan’ see that? the
amplitudes of ocean-bottom noises with period in 2—3 second are in
10 times larger than that of land noises with the same period. But, in
the frequency range of the short period small earthquakes, the diffe-

rence between them becomes unremarkable.

VEL
(M/SEC P-P)
1%10°

5110J

2 - = 2
?M?‘
i .
{
s,
Aﬁ
_— N
QXX
X XX
s <s

—
=

LAND .
N\

SPB.IRA POWER DENSITY [(ut SEC)’ CPS)
5 5
- L
7, 74
%
s
0. p]
L%
s
e
_

0.02

I’""T e e e
-~
x X
—_
o o
E

00501 011 2 5 10
FREQ(H.)

——t e e ] P
ro 3 4 5 6 T 0.01
FREQUENCY(CPS)

E]

Fig.11 Comparison of spectral power densities i~ Fig.12 Comparison of noise spectra on
observed on the sea bottom and on the land the sea observed by OBS and on the land

- Finally, the noise from ship navigating on the sea is an anpother
type noise. This noise is often characterized by high frequency, higher
than 10 cps. Moreover, when the ship is navigating at the distance,
more than 5 km from seismometer, its influence may be ecnough weak.

From the above-mentioned results, it can be seen that the 0.2—2
cps band is most noisy frequency band on the sea bottom for seismic
observation.

4.3.Preliminary project for development of sea-bottom seismograph
observation system in the Bohai Sea area.

The ocean-bottom seismograph systems, prepared by seismologists
in different countries, in aspect of their locations can be classified
into three kinds. The first kind OBS systems include the anchored bu-
oy type OBS, pop-up OBS, cable type OBS, etc. The seismometers of
such kind OBS systems are put dowan directly into the ocean bottom.
The OBS systems of second kind are so-called hydrophone systems
characterized by hanging the sensors in the water. The OBS systems
of the third kind are characterized by using holes or wells directly
into the ocean or sea bottom and putting the sensors in holes or we-
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lls. according to the present conditions, we can consider ithat the
OBS systems of the third kind may be more suitable to sea-bottom
seismograph observation in the Bohai Seca area.

Bascd on the results obtained in this report for development of
the sea-bottom seismograph ovbservalion in the Pohai Sea area can be
proposed.

1.Establishing the sea-bottom seismograph observalion sysiemw in
the Bohai Sea on the sea footing of oil platforms.

According to the geological ard geophysical conditions, and consi-
dering the fact that some oil platforms may be used, we can suggest
to establish the sea-bottom seismograph observation system in  the
Bohai Sea area direetly on the sea footings of oil platforms. The oil
platforms in the Bohai Sea can be used as centers of secismological ob-
servation or relay stations. The seismometers can be put ina the oil
wells on platforms or pul down oa the sca botiom. Ths sea-bottom
seismograph observation by using oil vwells on platform at present also
has good prospect. To be alike to the case of deep well observation on
the land, we can expect to gel emough high signal to noise ratio, if
the used well is enough deep. Of course, the parameters of deep well
seismonteter used to oil well on the sea platform must be determined
according to the features of sea-bottom microseismic toises.

It is important to find a footing on the sea. For example, in or-
der to monitor the activity of earthquakes in nests cast off Fukushi-
ma Prefecture, northern Japan, the Cenler of Earthquake Prediction
Observation of Tohoku University has established an OIP seismologic-
al observation point on the Pacific ocean by using of the $50 compa
ny as a footing in the sea. A hydrophone hanging on the wellstand in
the water was used as a sensor. The seismic signal detecled by the
hydrophone was transmitted to the platform by cable, and then iran-
smitted to a land station by radio communication of 400 Meps.,

‘At Lhe same time, it is necessary to develop the sea-bottom se-
ismograph observation system of the first kind in which lhe seiswom-
eters are put on the sea bottom directly.

2.0n design of the sca-bottom seismograph.

The key problem for the seca-bottoin seismograph obscrvation in
shallow sea is how to enhance the signal to noise ratio. ‘From the
above-mentioned discussion on sea-bottom microseismic 110i5¢Sy wWe can
obtain that the most noisy frequency band on the sea bottom is® the

band in 0.2—2 ¢cps. Therefore, to avoid the noisy hand of sea botiom
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noises, the natural frequency of seismometers must be tiken as about
1.5 cps for recording the near earthquakes. In the other cases, we can
cut the lower frequency signal from the sensor by wusin: an eleetrie
filters Moreover, the developing low-noise pre-amplifier and putting
it into the cylinder sealed container together with seismometer is use-
ful to enhance the signal to noise rativ.

In order to the coupling between seismometer and sea bottony, we
can apply the method of water work to free the seismometer sensor
into sea-bottom silt. In this case in the seismometer design, we must
consider its performancc.

3.The means of record, transmitio1, and power supply.

The seismic signal, dzteciad by seismometer, can be recorded by
slow speed tape reccorder or by usiug visual record way. The seismic
signal detected in {he Rohai Sea also can be transmitted to the land
relay station by 100 Mcps radio communication installation through
EM-FM way or PCM way. Then, the signal will be transmitted to the
observation center. Considering the effect of curvature «f the carth’s
surface, the communication distance d and antenna heirtht h in 400
Mcps communication must satisfy the following relation:

d=+v 2kah(m) (km),
where the constant k=4/5.

The above expression can be written as:

d=4.12vh(m) (km).

When d =83km, we can find h~400m.

The location of land receive station must be chosen according to
the relief features of the Bohai coast region by using natural height
difference for reduction of the spending.

Finally, to supply the power, we can use & solar cell system whi-
ch is more suitable to seismological observation on the sea. In this
case, the sea-bottom seizmograph observation system must be designed
on the basis of maximum decrease of power. The application of seis-
mic signal transmission system of detonation by contract may be eff-
ective for power decrease.
5.AN EXPERIMENT FOR ASSESSMENT OF THE SEISMIC NOISE UNDER

THE BOHAI SEA AREA

In order to study the relaiion between roughness o sea surface
and seismic nuize, a modellire experiznent was carried out using a
water channel. A feaszibility studs was conducted for testing an appl

icability of hydrophone as & sensor of the sea~hottom srismograph ob-
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servation svstem in the Boliai Sea area, too.

5.1.Modelling experiment

An experiment was carried out at the lnstitute of Ocean Eanviron-
niental Technology of Japan Fundation of Shipbuilding Advancement
on March 4 and 5, 1987. The

vhe water channel used in the present experiment is given in

and performance of
Table 3.
The hydrophone was set at the middle part of the water channel,

characteristics

and the position of the hydrophone was manually changed in accorda-

Tabie 3 Charamerlst.cs and Performance of the channel

- -

Equipment

N R N TR

{ Chara(.terlstlcs and
| performance

ceem s e AL e R e e

‘ Remarks

Tank
(Horizodtal circulating
type)

Wave Cenerator
(Flao type hydroelectric
system)

Length of incasuring part 60m
Width of measuring part 3.8m
Depth of measuring part 5. 1m
:.tandard watgr ucpth 3;4

U, 6m
wave length 10m

Regular, irregular and transient
waves -

Max. wave height

Max.

|

"Meascring parte

' Reinforced coneret construciion with
steel plate iinings inside

ITunnel parte

Stcel plate construction

Current Cenerator
(Axiul flow pump

with variable pitch impel-

let)

Air Blower

Suriuce Ccrrent
Generator
(Water jet type)

0il Dispersing Device

|Current velocity at measuring
ipart 0.1-1.8m/sec

{Current direction

n,vel’slble

3.6x0, 4m

5-2 O:n/sec

jSlze of duct
‘Wind velocity

‘Max velocity at ouilet 0,6m/sec

Rate of dispersion )
max, 1.5m3/m:n

Installed on a carriafe®

Installed on a common-usc carriage®

Me asurirg Carriage®

Mono rail Hoist

Houyse

Length 4. 0m
Width 4,83m
Capacityx No. of unit

28t‘< umts
|Length R0m
iWndth 12m
Eaves height ©12.4m

Floor area Total 2,426m?2

1

|

Stee! box girder stryctufe
|
!

Two on the north and one on Hm
south of measuring part

13-storicd, steel framed construction
covenng measyring part and the fol-
lowlng rooms,

[st flor-

power room, machinerg room
2nd floor:

working platform, oil supply tank
2rd floor--

! control room. rhemical laboratory

|

*All the carriages are set on ra.ls which are laid on the side walls of the measuring pail

of the rhannel, and can be moved

and fixed at

any position hr man power,
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nce with the measurement conditions, in order to determine the vertj-
cal distribution of pressure intensity. The experiment was conducted
by changing wave types, too. The three different type waves were pr-
oduced at the following ways;

1) Propagating wave

We produced propagating waves by a wave generctor. The generat-
or is stop the operation when a head wave reaches just above the hy-
drophone ,in order to avoid uncontrolled signals which will be induced
by interferance of generated original waves.

2) Wind wave

Wind waves were produced by an air blower.

3)Dummy seismic waves

Some waves similar to seismic waves were generated by dropping
" an iron block on the iron bridge on the water channel. The hydropho-
ne was hanged from the bridge. Figure 13 shows the schematic diagram
of the me-asuring equipment, and in Table 4 are given characteristics of

the hydrophone use in the experiment.

Table 4 Specification of Hydrophone

ltem ‘ specification
. m Natural frequency ? - 8Hz
o | Ly Sensitivity 7.5V/bar
/N 1 " o Response 1101138~ 800Hz
vl L{;\/,Q m \[.‘; ] Impedance 2500
L l/ : ) DC resistance 40Q
I, e . . Maximum working depth 75m
5 }:'f-‘,’:,l,”m 7@ Destruction depth 150m
4 'f"ll"'r . _ Operating temperature 035
o Case dimensions Diameter 5cm
Fig.13 Schematic diagram of the Length 12cm
measuring system Weight 230g

5.2 Results obtdined from the experiment
~ Figure 14 shows the C‘Omposi‘te record of the hydrophone obtained
by the present experiment. From these records, we can find directly
some features of the pressure intensity distribution in the water.

In the records of the propagating wave experiments, we can find
that the amplitude is decreasing when the position of the hydrophone
becomes aeeper. Howevers we can not find significant change in'ampl-
itude by depth in case of records obtaired by the wind wave experim-
ent. - ' S Co o

Moreover, the records"by the d-ummyAsignal show almostly same
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amplitude, irrespective of the depth of hydrophone.

5.3. Evaluation of the experiment

The water pressure distribution in the water induced from the pr-
opagating surface wave can be caleulated by a hydrostatic theory.
More concretely, relative intensity can be calculated by tbe following
abriged formula,

Pw =1/cosh(kh),

where Pw is relative pressure in the water by surface wave, b the
wave number and h depth.

By using of the formula, we can eslimate the distributions of pr-
essure and relative intensity in the water channel. The result of the
calculation for some cases is given in Table 5. Meanwhile, the records
in Fig. 14a are obtained when the wave generator sent wave train
whose wave length and wave height are 3m and 30cm, respectively.

The records show that the
amplitude distribution as a fu-
nction of the depth of the hyd

Table 5 Result of the calculation
for the relative Pressure
distribulion

rophone harmonizes with that

Depth Relative pressur
-— - : ST P — caleulated by the above formula.
1 1/1.05 .
On the contrary, the records in
2 1/1.18
8 1/1.43 Fig. 14b and 14b differ from that
4 1/1.81 in Fig. 14a. This means that the
° 1/2.85 features of the signals shown in
1000 1/00 € € : :

- Figs. 11b and 14h may differ fr
om those of the signals shown in Fig. 14a.

Many records for P waves reflected at the sea surlace, which were
obtained by the Tokai OBS, proved that the amplitude attenuation of
compressional waves is very small. This evidence secems to sugeest thal
both the signals generated by the air blower and iron bhlock masy he
compressional waves.

5.4d. Application to the sea-bottom seismograph observation system

in the Bohai Sea area

The seismic noise level of the Bohai Sea area can be estimated fr-
om the result stated above. The mean sea depth of the Bohai Sea area
is nearly 18m. Therefore, the relative pressure at the sea bottom cau-
sed by the surface sea wave will reduce to 1/4 of the surface pressu-
re; but signals recorded by the sea-bottom seismograph will be conta-
minated by this pressure due to roughness of the sea surface.

Because the mean sea depth of the JMA OBS sites exceeds 1000mi,
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seismic noise due to 1he surface roughuess of the sea can noi  exist
near the OBS. However, the compressional waves produced by the wi-
nd will coniaminate signals obtained by both the systen 2ither of the
Tokai OBS or the sea~bottom of the Bohai Sea.

5.5, Comment to the design for the sea-bottom seismograph systcm

in the DBohai Sca

Needless to say, it is indispensable to evaluate envi:vamenial no-
ises, before fixing of the specification of the total system. Through
the present experiment, we evaluated the difference in the features of
noises prodnced by different types of noise sources. And, at same
time, the present experiment proved the usefullness and convenience of

a hydrophone for the scismological observations,
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