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Field Operation of Explosion Seismic Experiment in Antarctica 

Akira !KAMI*, Yoichiro ICHINOSE**, Michiaki HARADA*** 
and Katsutada KAMINUMA **** 

Abstract: The summer-field party of the 20th Japanese Antarctic Research 

Expedition (JARE-20) carried out the experiments with the explosion seismic 

method at the Soya Coast in Antarctica. The purpose of the present experiment 

in Antarctica is to investigate the crustal structure and to establish the technique 

of the seismic prospecting in Antarctica, such as the laying of profiles and instru

mentation, development of ice drills, dynamite for the use at low temperatures, 

etc. 

The observation was conducted by 8 persons for a period of 19 days. The 

profile is about 70 km in length eastward from the Ongul Strait near Syowa 

Station. Ten observation points were set up every five kilometers along the 

profile in the Soya Coast. Shot points are located at both ends of the profile. 

Dynamite of 1000 kg in weight was blasted at the depth of 110 m in the Ongul 

Strait. On the other side of the profile, a total of 560 kg dynamite was installed 

from the depth of 17 m to the bottom (62.8 m). The experiment was successful. 
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Table 1. Specifications of the seismometer used in this experiment. 

Type 

Natural frequency 
Outer case dimensions 
Moment of inertia of the pendulum 
Sensitivity 
Coil resistance 
External circuit resistance 
Damping constant 
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2. OX 104 g cm2 

2.07V/cm/s 
1.6k!l 
lOk!l 
0.67 
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Time Code 
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u 
QI 

er: 

External 
Recorder 

jg) 1 ±-thttttiJrnllJJ!lr'- 5' v ::::r - ;,' - CJI-N O) 7'' o -:; :7 � 
Fig. 1. Block d iagram of the data recorder CJI-N used at each observation point. 

a2 �--�ffl�-?v::::r-7-� tl� 

Table 2. Specifications of the data recorder used in each observation point. 

Type Katsujima CJI-N 

Recorder and amplifier 
Recording mode Direct analogue recording 
Tracks/channels 4/4 
Tape speed 0. 2375 mm/s 
Input impeadance 30kn 
Gain of amplifier 30, 40, 50, 60, 70 and 80 dB 
Frequency response O dB±l dB from 0. 3 Hz to 30 Hz 
Signal-to-noise ratio 30dB or more 
Supply voltage DC 12 V 
Dissipation 35mA 

Clock 
Time base Crystal oscillator 
Accuracy ±5x10-1 

Output Second and minute marks with BCD serial 
code of day , hour and minute 

Supply voltage DC 12V 
Dissipation 75 mA (Display ON), 20 mA (Display OFF) 

frjtj@]f{qH::::. --CtUrRr"' - !I �fp-:, --c \, \ Q. CMOS vi, {1£ilili.�jft0) l� \, '*'.l:Jffi,�O) t O)� Jlh \ 

--Ct,,0. ;§;.,�1v.7'0)�j�iJ·;z.Q s:. cr:::.J:-:i--C, f3�5t� 1 n"-Fl"l9�c.btc. iJ BCD mfyU::z - F' 

{l'.;l,--Ct,,0. �J:::O){iO)vi-t"�--C, 50x33xl7cm3 0)� .:i. :11v � y� r :1 Y!l�c.*"3i'.)--cs 

0 . .:£- - !7 -:to J: cP�r@JliKHt, J::ITi:.O) J: 5 vc.{1£ilfr\.!riflt�%-mHc.A:htc.iJ;, r '7 /!! O).b 

fc.O) pgfflljO)wjf�O'- - 7° 0) J::t,1)vC.vi 4W 0) .,� * IH::. - !7 -�tHt' :37�'tJ: I) C t ilfil.oc� J;tf 

tdktrn·-e{3effl 'c' � 0 J: 5 �c. L tc.. 
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mntffB c -:t O)ftJ!0)$5} c �i. -��i;J!Jvc t� "? --C \.,' G. �tttf-BO)'}l��i !J r '7 A iltrtg (:t'l 

rffl:��) l5·, -:t0)�-£t�t.:r. :t-1v:r=· -Wltil;� < ,  f!£Ua�ltil\� t,, ;:_ c l5-� G. ;:_ O)ffl:iJ! 

�tr '77/:7��11b-tG�ftt;mfE1..,, -:tO)�, �Hil;ll:iGt�t,,J: 5 r '7-:/:7173vcf,[.;_;:_ 

fvl5·� IJ, ilt�O)�:;l:�t,m,U\t�vclkj:HO)*�il; ON O)�ftl5· 5 B, *�iJ; OFF O)�ftl5· 

21 s "'(-� Q iJ;, -20°c O)�f4rl5·ttt§iJ; 1 tUvi c·vc� < t� Q ;:_ c ��LI 1.., --c t-i-frl5·cb 

Q. V ::1 - �-- - j:o J: a;Lt�i@Ili\MITT <b -:t .h G O)ilt��i, r 7 / :7 173 vcm.;. ;:_tr;:_ C ii\"'('� Q 

ii;, 4W O).r�:t,1ve.-� -�1& 1J-0vtt-:;:_ c, �jJJO)�ftvcilt�iJ;EO.h--Ct�t,,;:_ cil•G 

7"1-t-B J: IJ i!t:1J�*�-t Q ;:_ c vc L,t-:. J:fh ,f-:O)�i, �Ji11U'd�f41ltrtg (=:�-��' 122-

50 H) "'(·� G. ;:_.ht .:r. :t-1v =¥ -WJ.tO)� \., ,11t�"t5-� IJ, i kf3l!ffi�vc�tJE� t � G ii• G. 

4'@JO)��vc�ttff�ftO)iltlll5'� G. ;:_ O)ilt�O)�:;l:�i/� :t- /Ve. - � -f3l!ffi�l5'*17 Br�, 

V ::1 - �---�ftllb��Q ;:_ C iJ\"'(5'� Q. 

3. 1. 4. 1* U\t ffi 

J::ta r '7 7/ :7 �tf*U\tffi173vc;\;h, �:1.krniJ:vc 20 cm �OC0)/\�17lfl IJ IDtfi: L,t-:. f*Uaffi 

0)7( � � �i, 102 x 65 x 41 cm3 l5·7"!-!Ht"".::. -vj.tl5·� 1J, ���Jtli-t G J: 5 tl�t5vc� "? 

t-:. 173:!Hc�t)J � 5 cm �J.tO)f*t\ii.tt�M I)' � G vc-:t O)*rnivc�t 7 IV � m��li -?f-:. :tt!l 

!UtiJ, G O)fB"%�t, f*U!Jij7"f-mvc -0vtt-: ::1 :t- :1 � -�:fl'-L, --c r '7 / :1173vc7'..nt-:. �ttO) 

tl:IEiJ\ r 7 / :7 �1*Ua.$i173vCA;rLt-: ii"'(·� Q J:?, �itO)fil%0)t.B:1JvltFft7"!-mvc0 

vt--c � Q. 

� JillU'd�fl ilt rtg l5· filfiltd c ftt* 0) I�)t � j:o ;:_ -t &::,� iJ; � Q 0) l5·, �� t.B A i=t � 2 n m 

filt'.vtt-:. f!£Ua���O)��l5't ;:_ O)��t.BAl=lvCJ: -?""CU\tltil\7"1-�UarvcriJ\Gf, �� 

vcwHIDil5·ffit,,f-:�ftt-j-frf*U\tO)�§�:!;lU-: L,t-:. wHIDil5·0)�JJlUO)� (Jlf1£�U\t-20
°C). 

f*Ua.$i 173 O)�Jilfiltd�fl'firtg J: IJ -:ffi:Mn t-:�mvcll�Jlf1£UaltH� 7'.n t-:iJ;, Jl�Uafit 

�t. '0 �-0) J: ? vc t� "? t.: .. 

1) 4W O)e.-�-�ffit,,f-:�ft +26°C 

2) 4 w 0) e. -� -� ffl \.,, t� \., ,�ft + 15°c 

t� t!.. L,�Jilfiltd�f4iltrtg0)¥5��1. BDtlffi�aIBi�vc� Lt,, c \.,, 5 11JU§tt t � IJ, 4-{i, 

92Jilfiltd�fl�rtg0)3E���O)�r�,1¥J�11:vc1*!-t Q -=f - � ��ob Q &::,�iJ\� Q. 

3.1. 5. � � H 

1¥Jffittl!�l5-�i, JJY �G t,,�t WWV t� c·O)ffl*ilt�O)�fil���t.� < t�t,,. L,t�iJ;-:> 
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-ell Jjt 0) � 1., , a-� �t --r:--*&mu.� 0) � tt � �1E-t 0 .:: c �-=- L ts:. .:: 0) ma� �t vt v :i - ;t -c c 

tK, &mfflv:i-�-0)�5�?c���X0)�5�?�K��. fl�tt0)���%. 

-*&iJU,�O)�gfO)�U�·fE%, &tJlUR-\ffi:%, u J: a JJY 0)'.3t{J§iJ;J:iJtgtJ:��-=-vt, -t0)�1Et 

�Ml� T - 7
°

�C�1fr-t 0 J: ? �ct.i:-:, -Cl, Q. .:: O)�ij��1Effl v :i - 3(" - O)�ft�� 3 vc� 

1. 

2. 

3. 

93 M�-�ffl�-Yv�-Y-�ft� 

Table 3. Specifications of the data r ecor der with calibr ation chr onometer . 

Type Katsujima CJI-C 

Recorder 
Recording mode Direct analogue recording 
Tracks/channels 4/4 
Tape speed 0.2375mm/s 
Supply voltage DC12V 
Dissipation 200mA 

Time code generator 
Time base Crystal oscillator 
Accuracy ±2x10-s 
Output Second and minute marks with BCD serial 

code of day, hour and minute 
Supply voltage DC 12V 
Dissipation 300mA 

Others 
External clock number Set up by digital switches 
JJY filter .fc=l. 6 kHz, Q=5 

�--------�-�---

Cryst a I Time Code 1----..;..CH� 
Oscillator t-----:j..., Oivi der 1--------1Generator 

External 
Chronometer 

Channel 
Number 

J J y 

Co de 
Generator 

Atrptifier Rectifier 

Bi as 
Oscillator 

CH 

@ 2 turr{f ir�IE.ffl :;:-· - 5' v -:::i - ;,·· - CJI-C � 7' o y 7 � 
Fig. 2. Block diagr am of the data r ecor der CJI-C used for calibr ating 

chr onometer . 
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1..,, tl-=f@�(l) 7· P ,:, � � � �  2 vc�-t. ;: (l)�ij�t{tIEffl v :2 - 17· - vc --c, BiJlU(l)fiJf&vc 

�h�h l� @J�W[��(l)�tt(l)�h����� L,, nM-t Q ;: � K l � .  --��K� 

Lt Q ��it(l)nI£:1:��te 1.., ts: . 

3. 2. i! 

0 5 10 15 20 2S 30km 

VI 

0--+�C!lf-r--+------r--------;-------+-----� 

VI 
in 

1 .- -2 __ � 
. ___ _ _  , • - - - .s _ _ 6 • -.- - - 1,-. ,  - �8 - _  9 ' . - -

\ . 

' H  

·10. _ 
. - - -* 

SHOT -2 

�--+---e<:.<..r----t----'------+-------+-----

39.S"E 40,0"E 40.5° E 41 , 0•E . 

� 3 :/1�,Bto J: tJitffl!LBO)Ulfflt 
Fig. 3. L ocat ions of shot and observ at ion p oint s. 

� 4 :Jl&l,¢,i,, fiffl!L¢,i,O){ftffltto J: tJ:Jl&l,¢,iJiJlffltl.BFr'li O)fe� 
Table 4. L ocat ions of shot point, observ at ion point s and d ist ances b etween 

shot point s and observ at ion point s. 

Shot and Latitude Longitude Distance from 
Height observation point (S) (E) Shot-1 I Shot-2 

Shot-1 (Ongul Strait) 69° 00' 27. 9" 39° 37' 51. 4" - llO m 68. 3 km 

No. 1 (S16) 69 01 46. 7  40 03 18 . 0 540 17. 2 km 51 . 3 

No. 2 69 02 16. 5 40 08 40. 2 610 20. 8 47. 6 

No. 3 69 02 40. 8 40 13 01 . 5  660 23 . 8  44. 6 

No. 4 69 03 27. 2 40 21 17. 9 780 29. 5 38. 9 

No. 5 69 04 14. 9 40 29 43. 0 900 35. 3 33. 1 

No. 6 69 05 01 . 1  40 37 50. 7 980 40. 9 27. 5 

No. 7 69 05 50. 3 40 46 24. 6 1040 46. 8 21 . 6  

No. 8 69 06 37. 7 40 54 32. 3 1080 52. 4 16. 0 

No . .  9 69 07 25. 2 41 02 40. 0 1 140 58. 0 10. 4 

No. 10 69 08 08. 8  41 10 04. 2 1 180 63 . 0  5. 3 

Shot-2 (Boring site) 69 08 54. 5 41 17 45. 9 1220 68. 3 
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;r., - r 0)¥Wvc{il00: L, �r:p H ;t., - r. c 5(3,t L--C \, , o .  :&W!il!U,�i�JO)j1c1j�vi 5km mit&-ezb 
o .  � 4 vc;i- :/ tl1r.,M1� 0)��Ji,� (shot-1 ) ,  fmiJl!J,�, ;f - Y :/ )tj.:tg,� (shot-2) O)�j!t, 

n�&, 7i;i1Jt, :ro l u shot-1 ,  shot-2 c :&fliJlU,�FJJO)JEejH:�-t. tiiJlU,BO)UZ:fi�!Evi, 
1J1U:J:t!!1f1fil l lJ O)mi&:��-fi�l L�!E��J,,.t::.tJ\ �utJJ;:fi�tJ:� < ,  �=':(l"Jvcvi No. 2-10 0) 

ffJUJlrL�vi, �J:Jff.O) JEe�1Hvc..�Jf t::, �· o 'i'tl'}tJ:tJ\ ---.:d::.. No. 1 b·f - Y :,1 �'jig,� ··e vt::RiJlU t 
fj- .,:d::. . u[�O)lt'izHi, �J:]j[O)jfg�f;l� J:fh ,t::.,�� ·-e t 100 m tl,�vCtJ: 0 --C 1., ' 0.  

3 .  3. ,S.., 3 ':I 1-- � - ? 
Y' 3 'Y r -� - :; �tMl-?- 0 )]$vi, ¥e?ifJz£J:fJlHc ::z 1 /L, '2:'JJ < C tJ, , JE��{M\ G O),(g·�·'i' 

TIZIJ.tftc�} 6 --e: o tce f' n: JS o tJ�. 0-@l vi, $ JUl1 vc.1t--C Iv Lt-.: '�1nci!'U�'i'� �WWr-t o 77 
t.:tz-YtJl., ,f-.:, 

�m L --c ::i--o < . 'fE {iti;n;r&:*�-t o c mEEvt o c tr.. 1J .  tJJWI 0))%6:t� H·;6r1t-t o .  ::. O)N:1t L
t::.�tinn: y- 3 'Y r !J 1 A c'JS o  (4. 2. vc..f1Vi&). 

4. 1. * � (I) 1± m 

4 . 'k � 

Y(�lffivt·j-�--c El *i1J1 JJl5'tti�;�?±vc J: 0 --c , {J£tiiil.-F c' O) f:fffJ nTfJ�tJ:��tJ:��-J '6 ht::.. 
1 )  T:ri� riu H· l!tf!ftl «·' 1 7 -;"  1 r 

f\e}fl L-t..:.1<�10)1:tiJ��:t� 5 vc� Lt::.. 

2 g A ry • mi r::j:1 JT-1 20 :;,i( , Mi. J:ffl 20 ;if;: 'i' ffl �ru: L-t::.. 
3) I�ffl'�tf 

I�ffi�Irtvc..�}fj -j- o .  A,@lvi�ffl-t o ::.  c tJ: < �ttPP&5} Lt::. . ,�j( VCvi!ttl&f!H§:tJ;
fil� IJ �-ttJ, 0 t::. . 

5) :ffl ;5<" 1 
ifl «"1 vt 1.t-1 7 -;" -1  r vc'filif'i'�� 6 �t::. cb O) c', f-§}}¥50)£vc..tJ: 0 .  
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� 5  * � 0) '!1: 'fm 
Table 5. The specificat ion of explosiv e. 

Used in sea water Used in inland 
Apparent specific gravity 1 .  55-1 . 65 1 .  60-1 .  65 
Detonation velocity 6500-7000m/s 7000-7500m/s 
Sympathetic detonation 8-1 1 8-1 1  
Relative weight strength 70% 60% 
Quality of water and pres- Perfect explosion at 0° C, Perfect explosion at -35° C, sure proof at low tempera- 10kg/cm2, 5 hours 7 kg/cm2, 48 hours ture 

Tokugiri-dynamite with water Sakura-dynamite with water and pressure proof. and pressure proof. Pressure of detonation and Peculiarity impact against rock and Sensitive. Freezing temperature is from water is hight. -3'.5° C to -40° C. Can be used till - 10° C. 
Installed in carton box Installed in paraffincarton Shape, etc. (250X 350X 155 mm) : cylinder (101 .5 <p mmX455 
20 kg/one block. mm) : 5 kg/one cylinder. 

if�4im vu:t, f :/ # - 1v� c20 kg ;.. IJ ) � mg �  !l 1 -J" -;>  1 r 0) 4iiC .. \ � --e�u IJ ,  ffl:r 3 * 
���M- LL����. � 0 kffi� �� IJ K L, ��� - � � f :/ # - �ffi�m� Lk. 

�J:J=fH:t , P3eJ:k 3l'' 1 -J" -;> 1  r (5 kg) �ir.vEvc'tflJ IJ ,  .:t O) *L\*!O) jjfijvliilJlf < vcfflr>�:� 1 
ffl����M- LL����. �3m lJ K Lk. 

4. 2. � s:p ffl $: 
iw4i c·O)ff�O)JJ$v:t,  3m��if!k.vc,�,Udt!k��w4ivc:15tT-t 0 :15tvf��$ c ,  7'' 1 

vc � 0 L .:C O) f&'��m:r�{i:ib � .g, Q JJi* C iJ�tl; 0 . 4-@Hi 7°
1 vc � Q -t°JJi*c·fj 0 t-=. . 

1 Ji 9 B !k�fi, .1(I&, iUJlU��:t-o J:: Uif�ffi.��Jl 2 � il�. r .b 1.:J iJ,  G �B�£:rtl! 
��- � hft. !k�ffltl, £:rli!O)m••K•A Lk. � 10 B :rtl!� c �J:$ K J:: o ���' 
1.i1if1l£ 0) {:s'z:tfil:�3f!* :/ !1'' 1v � O)j'!lf/t G L�· J:: IJ 97°NE, 680 m  O)ffivcf*5E Lt-: .  w4iffl 3l'' 
1 -J- -;> 1  r v:t�J:� El i!JlfI ( '7  :/ f !l 1v - ,f - ) c·iiU , �7Jcl:v:t .:t IJ vc*-tt�J:•c'vt 
lv 0 !  L, reffl-t o � c'-l- I) vc*-ttt-=. � � *� L L  :;� 1, \ tc. .  

WJ7.K O) /\ ti; vt" vi ,  1 1  B 8 ffifiJ, G 4 A --c-1:m�a Lt.:. _,... :/ F :::1'" - tf - vC J: 0 ffil�U c·��t.:w 
7Jc 0) JJ � vi 185 cm c' 'lb 0 tc.. 

!k�� -t ';/ r -t" o tc. � 0) /\vt,  �:.l:iJ, G � f  .... L 2 m @ 1f 0) * � � iJ� 'Jb h �:f-t-5tc''Jb 0 . 
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ml 7Jc-a: -J- :r. './ 'l - -e 2 m [2Q :1J K. -_l)J IJ J.6: �, ?x vc *HI iJ • < 30-40 cm 0) m § tt vc -17] IJ J.6: �, :. 

.h � ---::> 0  vi L --c·if:9 ;:.  L.  7' i:z ';/ :7 ttv=- L--Cl& IJ lli Lt-=. .  ;:. 0)1Jt*--c- 2 ti § i --c·ifill lJ -FvJ--c 

l. ' --:dc.lJ;, lfll7}(i=f::10),,� 1-:- 1v7J( IJ� L�lli L "C /\ O) i=f::l vcil i  0 O) c· ,  -J- :r. './ 'l - --C·O)fp*IJ;ill 

Ji vc tt:. '? tc.. -t :.  --c-q.:fflJ• G vi, m7JCr- './ 7
°

--C·t}l:7J( L ft:. IJ: G fl*�iw'c vtt-: .  �O)[;fil i --:> tc. 

7Jc vi�vcm�u --c- e' �:dJ\ M7J( O)l* '? tdkvi , -1- :r. './ ') - --c-m Q 0) (CiJ• ft:. I) O)[F-fi13J'<l'.°� Lt.:. . 

/\O)i=f::10) mj7Jc vc :7 =J ';I :7 IJ;A "? --C 1, , fc. G L < ,  15 O)i�W7J(iJ;nJUB  L, m1J( :f './ 7
°

vif:lli' tce 

� ft:. < ft:. '? tc.. 

j\ O) i=f::lvCA--:> --C O) fl*vir&:r�vc ti: "? tc. 0) --c- , ,.. ... './ F ;:;l- - 1i - � ff\, ' ,  2 m [Z_QjjO)�vc{H 

'? --c ?Ju� c fL � �� vt , :r L c fL 0) rJ39 � ffe:" , m 0) 1t 1., , tdJc 0) ;:. t1' I) � 0) � � rE 1, , m 1) < -r L tc. . 

-!fJJ IJ wJ� 1J,1JcJt � tc. t 1'J--c--t < 1, , ft 1J; G 1l*�;wtvt ,  ::k e- tct:IJl! vi 7 1  -v - i:z - 7"�t!H-.r , 

ffll:$--C·5 I '?  vi IJ Zr> vf t-:. 

:. 0)/\Zt>VJ"flF*vi,  1 3  B 1:pgiJi=f::1 i c·O) 2.5 B �� Lt:. 1 1 , 12 S vi 4 � --c- 21 Mi i --C'O){l 

*· 1 3 S viJ;Gtl 4 � 1J;1Jut.:> IJ 8 � --c- O) ft*--c-Zt> --:> tc. .  

1 3 13 !:pfiJiJ· G M7Jc�O)/\Zt>ftfp* c :Mz.fi L --C ,  j(�,i0)${/fu�tl6'obtc. .  Y' 1 -J- --? 1 H t--c 

lvffl*rffi 3 ffl�---::> Q -j-tc. ob ,  F' 7 A Ur 4 *� ffl \, ,  tc. 7'' 1 �f'F� L tc. . *ffl� 3 {ll1!Hc L k 0) 

vi , m_�O)tt{J[.vC l "? "C vi l ton O)j(�i��)!t1crEffl --C· e- t_c 1, ,:l'�� O) :_  c ��-_,t --C ,  5}- v-J

--C �ffl --C' e- Q l '5 vC L tc. tc. ob --C' Zr> Q .  F 7 A 11:r 1 ffl 0) le¥ jJ vi 200 kg, [3 it 30 kg ts:. 0) --C' 

7''1 O)n:1Jvi 680 kg. k�viJ:t:miJ; 1 .6 &--c- , 1 ton 0)7J(r:j::ic·0)1fc � viff!J 400 kg, LIJ· t 

'E2�fi'i i=f::10)�xt�*r-!'i O) lJ:1JIJ;Zr> IJ ,  � G vc.U < tJ: iJ 5c�vc7l( r:f=t vc---::> Q -t :.  c n; --c- e- 0 .  

14 B vi , 1N S ft� Lk*:tft vc 1 r!'i 20 kg 0) 3t 1 :r '< 1 r 48 $§ c IEmlJ 2 ri:i O)J;fl tl 1 c � 

� ob, -t ttvc¥e7iEl£3:KI �tHJR--C' e- Q l ? v::.${/rr-J L tc. . ¥87iElD=n: (200 m � r:' =- - ;PJZfif]l) 

vi/\ O)filJ• G _m� G L£ i --c-5! iJ ,  WUJlUilf{tf;: , i�!k�vcttiw'E L tc. . ,�:ir�JUfrT:ltEl:iJ:iJ .IJ ·  

IJ �¥e-t 0 ;:. c � !VJ <-- tc. ob,  XJl f 1 � ft 1? ill L --c IJ· G vi�f,,'Jt O)j'eff�1'�1%Jl. L tc. . IE,  ilJ  2 

---::> 0) tJUf 1 0) H!JJt)l'R vc 200 m 0) i:::- =- - 1v '11-fi f)l'R � tti ti L,  !Jdit � 7J( 1=r vc :t:\1'. � Ltd� £3: �JR c *5 

�,--c- � o l 5 vc L tc. . -t O) {fil , ---::> i) i:i - 7° O):f& iJ 1tvtt.£ c' 'la:' v-c-t� --C 0) £Jv1tnciJ 3.5 n� 

rJ3, � � L tc.. 

"':) iJ p - 7
° /i 14 sh mm 0) -J- 1  p / .:r.. 1 r p - 7

°
��m1tv-u�--c- 100 m O);ft � --c·ftffl L 

tc. . .:r.. 1  r i:z - f��ffl Ltc.:FJE r:!Hi, ?i/f_miJ;!U "? tc.A#f;fd. t-:hfJ'tlf <-· vc1$u, i:z - 7
°

r:. f� 

'? tc. f>H,'R� fltlJ�,,'R � fl---::> vt 0 ,c.,,retJ;j;' tct 1, ,  t.:. ob c· Zr> Q. 

1 ton O)j(� O) t '? c t �* O) _eg ,� � a. tJ 130 m --c-cf0 Q .  i:z - 7
°

0)1$tf�1'1a:'�l1d-
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Q c .1(�0)1* � �t 1 24 m c ft:. IJ ,  '6 "'? c '6 �$0) El'- ,1* � c fUi-9&-t Q . 

16'} 

.1(��w4tvC.A;h Q ��t. '0 I) p - 7
°

�A O)�i). G 100 m 1$�t LAfJlU vc.1(��, &:xl 

1JlU vc F 7 A ffiO) 7·· 1 �Mtf-0vt, � G vc-th-t;hO))l/mvc�l:lf!� IAJil·'- ,,g-j,y-l±° Q J: , vc L 

-c t.atf-0vtt-:. x�fJlUO)� J:}l[�tAO) Lz)(;J"fJlUil· G ftJ1t L -c .1<.��� 5 1 0  �f 1J ,  A0)4tvcA 

nt-: . .1<.��.i1�%1�Jc7J(9=1�cA 0 t-: c ::.  ;s ·-e:-�1:lf[vcM!u --e:-25 0 t-: i:r - 7
°

�-W 0 t-:. 7· 1 

1JlU O)�J:}l[vt , .1(�0) @ ]liJc J: G itrJ!J.l J: IJ Jl!t, ,J!J.l"t:·fiJJ1t L,  7· 1 i1�7l'cOOvcfft, ,f-: c 

:: ;s "t:·�1:lf[vcM!u "t:·25 0 t-: i:z - 7
°

� l& IJ �" ,t-: C� 4 ) . 

.1(�i1�lttsF1c19 , AO)�vc}Rh-C 25 "'? kIEi!J0)�3?'' 1 il· G 0) 1::· -=- - 1vffi*l�, 2 A "t:· � 

-0;hbQ J: , vc� IJ tH Lt-:. %�vc¥iri1�11: 'i "'? t-: c ::. 0 "t:·, IE 0):1JO)jj[ 3?·· 1 iJ. G 0) 1::· -=- -· 

1vffi*i c ¥e?i&i�fJlUi1• G 0)£3:*l c �*a*! Lt-: .  iUO) 1::· -=- - 1vffi*l�t . *itlM� v 3 - r � 

-l±"ffi��Jl.l( 7 - 7
°

"t:·�:f%1[ L -c � �TVffi C Lt-: .  ;: O){'p�i)� 30 73-vf c·"t:·, ;: O) F1c19WUJllJ�O)· 

��7 x � 1 c V 3 � r � - 1 �J& G $v!fl '6 Lk. 

V 3 � r � - 1 �ic�i" G t-: � O)��vt, ¥e7iJsi O)J�X�ffliJ• G  20 m vi c'' vi ft:.nt-:JWO)· 

� 0) $ vc 30 cm vi r· 0) A� ffil IJ � � t-: . 

• �.1<.� J: tflUJllJffle�O)filtfi!�mvt, ii?i&i,�il·  G 680 m •;ht-: Je,aw G L=B"*1JlU O)@J¥0) 

=B"O) l: c Lt-: . .¥e?i&ivt, 50 .¥e£Etvt O).JB?ilsi� (8 µF x 500 V) �ueffi Lt-:.  m:ttHvi?JllJ�m::ttL 

frilfflil� 0-100 0 �� L. @lltivcffiE;h Q fflffit:vt lO mA tl-r"t:·25 Q .  

ueffi L tdtl[7JlUffle�vt7.KJla�H. � / l/ ::z - 3?'' - ,  7' - 3?  l/ ::z - 3?'' - ,  :;t- V p 7,. ::z - 7
°

, 

tt!!'.!IH"t:·25 Q .  � / v ::z - 3?'' - c 7· - !I v ::z - 3?'' - vc vt ,  -th-thvcti!!'.!IHil· G O)'!B%,. 

��u, v 3 � 1- � - 1 �ic� Lt-:. 

lg! 4 tMi:f:1-"Cl);K��A. 
Fig. 4. Installation of dy namite to sea water . 
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'/ 3 'Y ], '"< - ;7 lifiJjzl! Lt�jfiPr-e, fJBJ/iE V:::. vi 3 V O)fi(z'i!ltlill,'a:'{!effl L, lO kO O)j�31t� 

@JU vCA.ht� .  7J( J11mnHt l f:]; �' c K. 20 ms $fil O) ,,{ ;L, 7, iJ;A "'.J L l ' O . it!!�r}Hi, Mark 

products �' 2;0 Hz, L-22D ml (J:T[JfJ) � {!Effl L, !J" :/ �
0 

:/ ;l}ftm 10 k0 (h =0.7) � 

AhWUJW.r��Jlr < 0)¥1·0)J:K. --t:  y J, Lk.  

ti Mi vi ,  1 J=J 14  s 1 3  a� oo 5} ic  rr "'.) t-=. aB -tUt�:rtl! c' 0) !toc vi, 3 c' 'iJi;; "'.) k .  

1J7ilt� -e�rn L k7J(J'E1 a�.H- 1· c ,  *�0)11Jrntu.r� c' (tffl L k 7J( IEi n� it c 0) uIE vi , 1 4  s vc 

S16 c'fi "'.) t�.  

4. 3. 7J<�q:1 tO)!tl� 

:;t :/ ;7·' 1v /fril� c' O)'Xf?il!iii;f� T --t o c -;- (' nJl tJ11J�i�'a:'ti�:£ L, 14 El 17 ff� 50 5-}l ll:ftllilU:t!!. 'a:' 

HB'e L S 1 6  � JI� Iv ts: . S 16  c'W\! vw Bl c 1s 1frE L, llr!i:trJ tMfu ii, G Jill Iv t� ii iJ11J t� ii c f* 11f � tv-c 

ib "'.) kkJi: 600k g �.  -t" 1? r:.1i1f�� 1v t-: .  

15  D IliJJ , KC-20 c'-t" 1J 'a:' 5 1 @" ;f - !J :/ f-+J- 1 r vC lwJ iJ, "'.) -c /:l:\ 9'c L ,  21 O�IJf:flJiI Lt:.  

2 1  B ,  --t�-c 0) !J'' 1 :r '"< 1 r �*fl'iii" G HJ L, :;t - ::.. :/ ;7·· '/ - r O)J:vc:sit�t-.: . 

22 El 22 � 30 5-} iJ, G 62.8 m 0) ::fL vc:ttr f 1 0) ilt -c Iv� �ijfef1 Lt�. :L� !J" 1 0) W{-C Iv vi, ;il1
, 

-v.&tJ:14T�10 <'' t� o0 1 *---::5"'Ju cb c'"'J o L -c Jd1, 0 1'�5Ec' 'if> ":) t� ii\ /f��KitlA!iJ O) ;t; !J 

� � V :/ � � - ���ffl L, -t" O) *��T � �k.  

�Mi�vUt!f�vc/\ii; �r:lii ., f.t \, ,  l '5 i1!1J:iJ, G�JIJt i c· 20 m 'a:'� Lt-: \, ,. H� --evi f 1 :r 

""<' 1  r O) f,t: -C !vPJfi�:l:vi 460kg c''if> "'.) td1\ �l�vcilit -c 1v L -C � o c ,  560kg Ah o z:. 

c iJ; c· @" , :rfuJ:iJ, G�:CT] i --C:' 1 7m c f! "'.) t�. ;: ;h viffil�IJ * vc7Gim7&�viE L�!vt-: rJ Lk 

t:.ob,  {m0El':HC}J\ \, ,::fL iJ; --C:' @" tdtt:!l<: U{t5E � ;h o .  !J" 1 ':r '"'< 1 ], O) � -C Iv li 23 �j 45 fnc 

ffit-T Lt�. 

23 B IE;U 2 {@ O)tfl !J'' 1 �fF� Lt�. JJ!il*l!Hi !J'' 1 :r '"'< 1 r O) q:t vUfilob��' 5'i-1m0) 5'Hc Uj 

t.!: \, ,  1 '5 ic Lt-:. ;: O) f'f*vt5'H\'Bii7; 1fill  < 4 �nJJ�� Lt-:. Lff& 1 -flruf"'Ju cb vc "':) o L -c ,1i-Jt 

;o , vc.i� -c Iv Lt�. 

3e1if!i*1= c 0)*5f,,'}l, '/ a y r '"? - :7 O)Jtz 1? jj vi, * :/ ;7·' 1vf/iJ�O)flMi c irut* vc Lk . 

1 7  � 50 :n"· 560 k g  0) !J" 1 :r '"< 1 J, 'a:''.ti?il!i � �t�. 500 m �ffi;htd9f--C:',r{;\j( Lkb\ ir{iJ, 

t.!: '/ 3 'Y ;7 �� st-: t Dt--c' , �� t 'if; tJ; G -r. ·,l13e 1f A <L 1 ":) t-: < '!k @" m � t.t iJ, "'.) t� . 

� "'.) ki)(�ffitl ,  �q:tK�� 'ifJ �-t" O) q:t �-m � ��� Lk.  
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5. 1. :fl � (I) ffl � 

;.1s:avt.AI:tt!!!t(1)'.li��fi ? t-:.th, 11��--r A.,J=fHJffi�HL �7JcJ*J: --c':JdJ: < c t 100 m :IJai 

-o c c t v;:,, -l- (7) Fai (7_) :1Jcffl-it :/ 7° 1i.- C ::z 7)  iJ;�J&--c· � o J: ? v;:, ffil ftffi:!:ttf6-Jf �m, �tmfJi 

j(�{�UH-++WF�J=i)f, iJZWF�&lI* (1*) i7\Jtlql --c·!jllfa Lk ,I. 7J ;::.  7J )V F !) )v camhR::ltiil 

iMa) --c:·25 0. 

1tE*biJ;ffi! (7) JWffiWliI!U�vt, -it - '"<' 1i.- F !J 1i.- (��Affi�1Jt,.:U �{f}§ L 150 m '! -t:·(7) :ltiil)�IJ 

'a:'IT --::> f-:. iJ\ " '  < 0iJ.O) r =; 7·· 1i.- t 25 0 --r ffi�IJJfilltvt l .2-1.5 m/h ;ffi!oc--c:·25 0 t-:. (lll EB, 

1972 ;  J»GEl3 • �f. 1973 ; v.tm, 1975 ; �EE. 1976) .  � 20 tJ(�O)AI:tt!!�tfjjJ!Uvt�Jt)jO) 

jE\, ,ra1v;:,fi 5 t-:.th, ffi�IJJfil§t(J_) [PJJ:iJ;� '! ;h, ,1. -JJ =- -JJ /V F !J )V)J;i:\iJ;1*m � n t-:. . 

;.1s:av1f�mt T (7_) �tffi--c·ftffl-t o t-:. oo, �1f (7):!:-tMiffl ,t; - !J :/ .fa --c:·vt", < 0iJ.O) r1=1imITn; 

h IJ, ?mt-:.v;:,7Jcfflffl ;t; - !J :/ ;�,.... c L 't �IH'a � ;ht-:.. -l-O)�M � ;ht-:.r1=1ilr1LS\:to J: rY:ttWvt 

IX (7) 3m IJ --c:-25 0 t-:. . 

1) 7Jc,S\T(J_)FWffi--c·vt, �IJ  IJ JfHlLl�lH;:.�EEfRH\ff1�1J( iJ;{tffl --c·� tJ: \,,(7_) --C:·, f11J  IJ JJ Ht ::z 7 

/� v 1i.-J:fiiv;:,f£:ft-t o J: 5 v;:, -t o .  

2) i:i '>' F C�wfft) �JlM L't -" '>'  F (ffif11Jfffi) v;:,tfJ1J�{�x. ot�:fJ--c·vt, i=z '>' F� 

�ffl-t o t-:.obiJ·tJ: IJ (7)]li:i:v;:,tJ: o (7) --c·, i=z ')' f (J_)�b IJ v;:,ffi:1J ,r - 7·· 1i.-�ffi ",--r F !J ii.- "" 

'>' F�0 IJ Tvf Q JJ:i=\v;:,-t Q, C ;h,v;:, J: IJ-" '>' F ��Jfillt {) rPJJ:-t Q, 

3) 0 IJTvft-:. F !J Jv*-f*iJ;@]� LfJ: \,, J: ? v;:,Jt ;t_ --r :ro  < 7 :/ 7  r /V !J (Bz:1Jaffl) iJ; 

�,�--c·, -it 1 F 7J ')' � - ' -it 1 F F !) IV' !) - 7 7' 7° 

!) :/ !f (7) 3 0 0) jj��� *-t-:.. 

4) tt!( �t�M£Mtvtlmt*& (-40- -50°C) v;:.-t o .  

UJ:(7)���- L. �tt. ���nt-:.*•(7)•��� 5 K� Lt-:.. 

*•vi F !J 1i.- ,  '"<' 7'  r ,  ? 1  :/ 'f- 'if� J:  IJ:finlt�n--r " ' o .  r !J 1i.- :1u J:'CJ TJ 1  Y '=f-O)f-J:t* 

'a:'� 6 v;:,� Lt-:..  

r !) Jv (7);ffnltvt, 7 :/7 r )V !J �vffix.td"I-� C '  -r: -� - i�Ji.v;:,1tm�h --r @�-t � 

i*Jtrt c ::z 7 /� v 1i.-) iJ. G tJ: o .  r13�:$t;)l/mv;:, vtffi�IJ i:::· ':I 1- 2 �:ro J: 'CJ ::i 7 -JJ ':I � - � ,  -l- 0) 

11-:'itH;:.vt �IJ IJ JwlYHtr�ffl 7' /� 1 =; 1i.-�vi*-t-:. r !J 1i.- --c·, F !J 1i.- £i c ,r - 7·· 1i.-vt 7' !J ,;, 7° !J :/ 

!f c @rtE@��=J:) --c:·�m�n--r " ' o .  �IJ IJ!wvt, r13 �7"f-�(7_) 7' /� 1 =; 1i.- v;:.-l- 0 --r 25n; 1J , 

pj � J: {f\H;:, 25 vt � h t-:.1( J: IJ � l*J v;:, 1-i 'b, J: fffi v;:, IHl �h o . ::z 7 -it :/ 7° 1i.- vt l*J �T fffi v;:, 
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sheave 

upper tower 

·fixed wire cable 

lower tower 

winch 

drill 

antitorque system 

spire 

jacket tube 

bit 

!B1 s r 1J Jt, � � � 
Fig. 5. Outlin e of the i ce dri ll. 

� 6 r 1J Jt, to J:: cf r'J 1 / 1- C'){±;j:�{ 
Table 6. The specificati on of dril l an d win ch . 

. _· .. --·--·-----·-==================.==== === 
Drill 

-------- ---------�-----------
Standard 

Outside diameter 137 ¢mm 
The maximum breadth (part of antitorque system) 166mm 
Bore 140¢mm 
Core diameter 107 ¢mm 
Core length 1000 mm 

(The shorter drill 700 mm) 
Total length 3130 mm (The shorter drill 2530 mm) 
Total weight about 60kg 
Motor 200 V, monophase, 450 W 

Ability 
Drilling depth 150 m 
Drilling speed 400 mm/min 
r.p.m. 130,...., 100 
Antitorque system 

{
(1) side cutter (2) side drill (3) leaf spring 

Core cutter methodreversal cutter 

Winch 

Winding capacity 12 mmX200m 
Maximum lifting weight 150kg 
Maximum lifting speed 20m/min 
Motor 100V, 1. 4kW 
Total weight 180 kg 

A IJ ,  F lJ 1v cJ I  � fflt,f�vc ::i 7 tJ 'Y � - 1::--,1:;TJ!t[r � :h l& IJ � t,f � :h Q. 1 @J � fflliiU!Ht, 
1000 mm (miJ� \, ,  F lJ }V "c'vi 500-700 mm) "c' � � . 

5. 2. if{- 1) / �-�ti'ffi 
1979 � 1 � 9 8 15 �� - lJ :/ .f -tt- 1'  r vcflj:;g 1-,; 10 8 !:f wjJ:P i "c'iJ�iJ�  "'.) -C � - lJ :/ !f 
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�-��•. mft. ��� 1 u�*m � � r ffl 9 �fi 0 t-: .  

�1m1::v::. 17 1  '/ 7 �  filtM�m�ik:5£ L,  1'F** ��•�tx����!?JJ <"t-:oo�ti C5 x 

40 x 200 cm3) 3 ;tt�� � . -t �l::v::. 17 1 '/ 7 �-1. ,t-:.  17 ,1  '/ 7fiJ{ffiv::. 'b .1: :j "?iJ;1. ,11::oo 

v::. t.i:: 0 --c 1. , Q -;" ;i.. r ir � ,eg .::. L, .::. h v::.-;" ;i.. r T fm, J:: fm � 1 u � - 7·· � � L � A, ti . � 

- 7· t. -;" ;i.. r ir � f13j v::. v 1 -z - � 3 * iJ. vt, .::. h � -;" ;i.. r � 0 t.i: 't § � m v::. � L ts: 3 * � 

filil• I. '1$ "c' tJ 1 -tr - � 5i 9 -;" 7- r � !ifil5E L ts: . 

0 �· v::. 17 1  '/ 7  � 1r - 7·· 11,, �5  I �  lli L � - f v::.il · vt--C � 1. ,  --c , 2 A -e:--;;- ;i.. r �fif 'bl::H\ 

vtil·� 2 Ail; � - 7''irv::.1& 9 #vtk ;i.. T - � 5 1 5i 0 --c -;"  ;i.. r �,eg .::. L, -;" ;i.. r ir� 17 1  '/ 

7 ir v::. ;3-; 1v Hij oo L ts: . 3 * � ;i.. T - � ? 'b 2 * vt -t 9 v::. 0 t.i:: �-, � 9 � 1 * vi. 1 m T v:. 

�ot>k�tiK0� t-;" ;t.. r �!ifil5E Lk. 

-e:-1& 9 #vt, � G v::.1t1f� 1:::' 7- 11::oo Lt-: .  

•�*m!Evt 5 kW je'mt,,�il· G r!£EE�. ::z '/ r i=z - 1v ;3-; � !l ;i.. �Jffi L*f*-"- c �� Lt-: .  

� 6 Km�ft--Ck n-; - 9 '/ ��--���-t. 

17 ,1 '/7fir:nv::. vtffl�IH'F*il;!@:£t.i: l  :H::.$1 2m, *� 2.7 m, �� 1.3 m �{'F*ffl e." 

� r �ffl 0 ts:. .::. � e.· � r ffl 9 v::. vt 6 A -e:- 5-6 �f13j�� Lt-: .  

�-� JE.J::v::. vtJE. l vt C L L "" .:::.  -z;Wt� ft L '  � G v::. e.· � r ffl 9 "(7'' p � !l �v::.ffl 9 lli 

Lt-:��ffi�z!; vft-: .  'P! n  7·· - ;i.. c �J::.$ KD 609 cb JE. l vt c L --CfUffl Lk (� 7 $P�) . 

-t""'--c �*vffiiJ;� 1_ ,  10 B 13 � 40 53-ffl�U � !ffl:k§ Lk. F 9 1v vt�ifI 2 *fflJif- L,  -t <J> 

� 6  -���T � k ¥- � � ��
Fig. 6 .  Installation of the ic e drill. 
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� 7 j),J: �t ffl 0) � 0) 7· 0  ,y 7 
Fig. 7. S n ow p it an d sn ow block for prote ctin g w in d. 

? ij*1,, ,:1J (1.8 m) ��JH Lk. JJ1cvi 4 mm, 7 '/ 7  r ;v ntY 1  F :n  ,y !7 - -C:'� 9 .  

ffil�U vt 4 @J § 'i -C:'JIJ�K-�dj., l&ht-.: ::r 7 0)* � vi 3.98 m vc;i! Lt-.:.  L;o, L, -t O)t& 

m�U vt-.f 9 il: :::r  7 il:@JJf£ -C:' � tJ: 1,, , 2::  1,, ,  5 r '7 7'' 1v i1: /±l fracot-: . 6 @J vt c' ::r  7 0)1& 1? � vf� 

� dj_  t-:: t&, 7 @] § �C-? --:> 2:: @JJtiZ-.t 9 C 2:: ii ;  -C:' � f-: . C 0) ffi¥ 0) ::r 7 0) * � vi 1.26 m -C:' � --:> 

k.  Ut& t ffu t: c 2:: il;iwt � ,  ":) 1,, ,  �c F 1J 1v t � vf Q c 2:: il: -c:, � tJ: < tJ: '? k. F 1J 1v 0) IE� 

lfii�** 1:) � L --C \,, 0 ? 'b �c 7 '/ 7 r JV ;1 il;fUil· tJ: < tJ: 1:) ,  F !J }v*-f* O)jJb;@] 1:) ftacot-::.  

F !J 1v 0)1ci't/mvi�imr 6.62 m -C:'� --:> k, 

F lJ 1v� @]J0Z-.f 0 t-:co�O) C '&' 1:) � 7-. ::r 'Y 7
°
�� --:> --C ,  A:JJ-C:'O)ffij�IJ � Mft§ Lt-.:.  � �  

1 .3 m -C:'� '? t-:: e.0 
'Y r vi , � G vcffil 1:J rvf G h, c 0) B 2.8 m 'i -C:'� Lt-:. � 1 1  B ,  <b 

'? 2:: t �1,, ,f!)f -C:' 5 m  'i -C:'ffij 1:J F 1J 1v�@]J0Z-.f 9 C c il:-c:, � t-:: . yf.1f0)1c},'M"fffivi, 1*fil!Z' 

2: c: co 0 C 2: tJ: < �f� L,  F"J f,.ij} mi 0) T 7 P '/�7-. ,,;; 1 '7 1v b:�ffl)�ffl L--C \, ,t-: (� 8, 9) . 

7'}1fil;�h --c \, ,f-:: C 2:: ii• GtlJtffr-.t Q 2:: ,  Wco vc..j}1f0)1ci't/mil;l±E ii; 1:) '  F lJ Jv il�@]ipi Lt-: 

fr.:J-r 7 P '/9.fil 7-. ,,.� 1 '7 ;q c 0- '? il·il· IJ ,  c 0) :1*1t� -C:' F 1J 1v 0) IE�ilii�** IJ ;Jg-t" ? 'b vc fllu:15 

2:: <b �:!fJ L,  -th G il:�;Jqc < 1,, ,i6A, -C:' F lJ ;v 0) 5 I �  J:vf il;�tl§ vc tJ: '? t-:: <b 0) 2:: J!U::ih Q. 

-th 'i -C:'ffil 9 � A, ti:JU:t � x. tJ: < tJ: '? k 0) -C:', 12 B ffik vc.. ;t; - 1J '/ ;1'' �ti:Z'�ti: L@ L,  

1 3  B ii· G ffil�IJ �MM Lt-: .  m1,,,  F !J 1 v  (1 .2 m) Z'ffi 1,, , , JJ1c� J: cf 7 '/7 r 1v ;1 v:t-th � 
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� 8  .ffl Lk � � � 7 r � � - � 

Fig. 8. Br ok en jack et tube. 

� 9 Wlffi Ltc :r 7 o >-�.:::z.,� 1 7 Jt., 
Fig. 9. Br ok en t eflon spir al band. 

175 

-c· c lm C t oy� �J§ Lt-: . f'F*J§ l:" ,y  Hi�� 4. 15 m cfI:. 9 , fr*vi-J;tJJ[l'fwm"(·S --:d-:. 

1 @Ive 15-20 cm vi c·ffillijlJ--:f Q c F' !J Jv ]J� .7,. A - .7-. vc* i tI:. < tI:. 9 ,  9" Lfifbl:tf-C i k 

:J:o 0-t" c \, ,  5 ;: c 'a:'� 9 � L-C *Iv ti . 1 @I 0) ::z 7 O)� � vi 30-40 cm, �1* c L -c O)ffijjijtl 

�Ifvi, 2 m/h �]f "(-� '? k. 

Lil�  1__,,  B s 11 � 10 ?t� r Y )V'a:' 5 l � � vr-c \, , Q �r:p "cJe1t�h\11:: i '? -c Li 0 t-: . 

�flt 13.48 m "(-� Q. \, ,;s \, ,;s�W.'a:'�� kiJ\ *slmltJ§iJ;biJ, GfRlff;P�:lm"'-�13.tUa� 

O)�.ft O)�jf'a:'fRffi Lt-: .  t-:!�3:El� O)&��J'tiJ;;t; - !J :/ 37·-it1  r vc:gl, ,f-: O)vi 15 s 21 

��"(-, -t 0) r[cl, 0) ;f - Y / ff'F*viJ:P .r1:-1t�· Q 'a:'�tJ:.iJ, "? t-:.-. 

:Jeffi:�O)i'&�vi�*'I-Mi,f-"(·, �W.vi-t" <-· vc%T Lt-: .  �:h�l& 9 1:R-t 5 c 22 ��iJ, G 

ffii�U'a:'!fflfrtt Lt-:. 5 @Jvi cffil -'.) k c ;: 0 "c'4-fltvi, l*J�'a:':fLr:pvc� L-C < Q c \, , ? *i&ii; 

161:. L k.  LiJ, L, 16 8 -it 1 F 7J 'Y � - c l*.1� � :i 1 :/ 1' e.0 
:/ O)�:m�tlJJ§ L-C °5 1  � J:.tf 

�;:, nlt;!J L, lf � iJ, G ffil �U 'a:' W lffl "(· � t-: . 
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j1fLl:iJ• G 15 m H c'' 0) c ;: 6 "-C\;!) 0 ;a:, -t ;h, i -c·vc. t :Lj v-c F 1J Iv ;a: 7' .L. - ;q=.jffi if, 
JH�t� r v 1v O)Jcvof�R5Z'a:'� '? --c � 0 c �j,--E! < tJ: 0 � t-'a:''.:stvtt.::... 1 @ 0):!1;�r1JIJMHJH:t 
10-15 0\ 5fl.;[ey ::z  7� 25 cm -c·, ffii:i!!IJ!m')i��r�v=.j/£1, ,iJ:$t&tJ: < j!g ,Z, -C· 1. , t..: .  

18B ::57JJ, F 1J 1viJ:t --::i c:mvthvfft*fl§$iJ:J:iJ; 0 0) -C'vifJ:l. 'iJ·c�x... ffir1]1r n-gl!tiJ: 
40 m 'a:'�x.. t.::.. c ;: 6 -c·, fl!J v=.filRJJ1\ L, t.::..-;k I. ,  F' 1J IV 'a:'�:lfil L --C �.ffl Lt..:. LiJ• L', 2 @I §  v=. 
F 1J 1v 0) 5 I� J:vf ;a:�fl§ c tJ: --::i t::... F 1J 1v@M£ 0) t.::..oo, :JL4t v=.�tmR5Z (60%) 'a:'mE L:ib,Z, 
t!.. .  40 ! v'l c'vfE L;0;,Z,t-:1f, F 1J 1vO)}E�@Jrri'a:'*'J rJ ;}z  Lc l. ' 0  c, F 1J 1viJ:@l{i-t" 0 J: 
5 v=. tJ: tJ 5 I� 21, tf 0 ;: c iJ: -c· � t.::... A /� 1 '7 ivvi, .b t..: t::.. u?ilRJJ'ij L --r 1. ,t::.. .  ;: 0) a�O)� � 
vi 41 m, ::z 7 O)*Bitvi 0.69 g/cm3 -C·26 --::i t::.. . 

1 9  B iJ, G.bt..:t..:ufll.1. , F 1J 1v-C·iftl_lr1JIJ 'a:'iwfrJt..:iJ\ �0tZ1& 0)ffAv=. J: IJ --it 1 F 11 'Y !J - 0) 

I1�iiJ:filR� L --C Li I, ' , f 1J Iv O)#�;a: 7' h - 7' vc \, ,iJ, tJ: < tJ: --::i t..: . 
�i. ,ffil�U:i!Et-C·, LiJ" lb r 1J 1vO):¥.Y.�vc=ts#LtJ:iJ�G{'p*viml. 'c 1. ,t.::..iJ\ 20 B ::57JJ F 

1J IV iJ:@lrjii L tJ: < tJ:. --::i t::... 5 I� 26 vf--C dj_ 0 c ,  /JRR-lvi, l*J� c rfJf O) iMHcr1JU tJ JW;a:�i i '? 

t..:t..: 00 �26 -? t..:. l*Jffc �� c ��f-t;: 2:: ���� < ,  �- n � - 7- l*JO)����oo --c 
�IJ IJ Jffl''a:'l1¥iJ" L--Cl& tJ vif Lt::... 

� < tJ: 0 vc "'.::>;h,--Cffil�UJ!ftvifr&T L, ::z 7 0) 1;l];h, tg < tJ: 0. 40m !;J,r*-CU, F' 1J IV 

iJ: ::z 7 tJ: L -c·26 iJ: --::i -c < 0 ;:  2:: n:t..:u:-t::..u 21, --::i t..:. # - 1J / f"' ft*vi 22 s 0)15Z i -c·m �, 
1r - 7··1v-:kv=.J: 0 �Ilitvi 62.84 m ctJ: '? t::... YW:JJ.t 61m -c·O) ::z 7 0)WJJtvi o.slg/cm3 -c· 

26 --::i t.::... 
�mir 4.15 m iJ" G O)ffijr1jiJ�!:fd)l�� 7 vc� Lt..: . 
�i:p 0) ::z 7 @JJDl$vi, F 1J 1v¥{.�@11t(vcxi-t 0 ::z 7f-*l&@Jtc O)iiJ I) i n ,  ··c-26 0 .  

5. 3. � �i (!) it � 

5. 3. 1 . i!x. � M m 

� @J 0) # - 1J :/ f ft*-c·t.�VJ:t 0) i!x.lWtfffllm vi, ?X 0) J: 5 f.t:. c ;: 6 -c· 26 --::i t..: . 
1) �1, ,fint5'i-�iJ:��� c c:·oo 0 c::. c tJ: < ?ilR� Lt..:. 
2) 1::· 7-ll:::.ob Lt..: T 7 t=1 :/tJ-7- /� 1 5 1viJ:�ffG?ilR1it Lt..:. 
3) ::z 7 n 'Y !J - iJ: 5 i < f'F* L t,n , ;:  c iJ:�iJ. '? t..: . 
4) l*J� :/ 3 1 / r l::.

0 
/ O)f1p!FJJJJ�iJ:�;i@� -C'26 '? t..: . 

5) 17 1  :/ =J- 7'' v - ::t-iJ:�E! c fJ:. --::i t..: . 
6) JB�t.iO)�f4�r,v� 1v 7"iJ:lili '? t..: . 



Working I 
hours of Date drilling 

(h m) 

January 1 3  5 :  40 I 
1 4  
1 5  1 : 00 
1 6  5 :  50 
1 7  9 :  0 0  
1 8  7 :  20 
19 8 :  50 
20 9 :  0 0  
21 8 :  40 
22 1 0 : 30 

T (total) T 65 : 50 
I A (average) 

* Cable length=62. 84 m 

I 
Depth 
(m) 

I 
I 

1 3. 48 I 

� 7 ffii l'Wl}U£ - � 
Table 7. D r illi ng situation. 

The Drilling Drilling number length speed of (m) (m/h) 
I 

elevation 

9. 33 I 1 . 64 I 35 I 
work off (due to generator trouble) 

1 4. 53 1 . 0 5  
I 

1 . 0 5  4 
22. 85 8. 32 1 . 43 34 
33. 81 1 0. 96 1 . 22 40 
41. 09 7. 28 0. 99 28 
44. 98 3. 89 0. 44 33 
50. 54 5. 56 0. 62 22 
57. 69 7. 1 5  0. 82 26 
61 . 82 4. 1 3  0. 39 25 

T 61 . 82 T 57. 67 A 0. 96 T 247 * 62. 84 

The Rate of 
number core 

of coreless collection 
collection (%) 

I 
9 74 

1 75 
1 97 
2 95 

4 86 
22 33 

I 5 77 
I 3 88 I 

1 2  52 

I 
T 59 A 76% 

Mean 
core 

length 
(cm) 

35. 9 

35. 0 
25. 2 
28. 8 
30. 3 
35. 4 
32. 7 
31 . 1  I 

I 
31. 8 

A 31 . 8  

Mean 
drilling 
time in 

one cycle 
(min) 

9. 7 

1 5. 0  
1 0. 3  
1 3. 5  
1 5. 7  
1 6. 1  
24. 5 
20. 0 
25. 2 

A 1 6. 7 

z 
? 
-.i �o 

-'° 
00 
0 

\.....I 

jft 
� 
77 
� 
q; 
&: >
H 
I+ 
[p'-
j� 
� 
� 
3 
ffi 
� 

-



l78 

t. 0) '.) t:> 1 ) -5) v :t ,  I-'" !J /V * {,t;: 0) r!& [lfl!: .3) 0 \di -t:" h C rt,j � tJ: t o y-e' L; 1£ � .L1 0 h 0 ""' 

� }.�r-c:- J.'.> 0 .  6) v1 1t�;,1�4ztJJ-1t}�IT(tO);r: rt vc J: 0 t 0) c }�:bh 0 .  

5. 3. 2. t,,��O) Fi:fHi\1:Ut 

5. 3 .  1 .  vcn� L tc. i'& llf�@ll9r tJJHs:., �� l�r::.. fH¥k L -c !� Ctc. n� - Y :/ �ll� filt O)f�fit 0) GX.L� � 

h 7.:i � � l.� c L -ox 0) J: '.5 tJ:. t. c iJ � J.'.> 1,f G h 0 .  

1) r1JU IJ mn: J: IJ 7'1-" - 7, t;::.. 2� n: ::i J: 5 vc FkJ1tt� J: UJHlO)tJ!(J.'.> ::i 1, ' vt:1.UffiJJnTtJ: E 

��nt-t- 0 .  

2) �u I) ff=JO)J�>t:__:i ::i 1\ O){ftffeltt;:; J: u?ll�ax� -c�iit-t- ::i . 

3) 1J3 tf O):Ft � vi fF*=Ml§�fiJ, G �· f'- -c 1 .5 m {ftiJ�:f� c }!�:b;h 0 .  

4) 71'�m�KitJ: c-'� f!iE Li6lv -C·-it 1 F 77 'Y !_l - O)ftiiJ;1iffiiW Ltc.ft1,0)fc. � v;::.., 77 ':J !_l - fi1 

r 0) �. v;::.. t -J1 ':J !,J - Z' "':) �-:J- tc.1f ii :  fg  , . 

5) 7, ,, �  1 ::; 1vZ' 1l:� 0 t-.:� 1J:1ff O) l*Jfilvc i::- 7, iJ� tU 0 vi IJ ,  9::i vcA ::i ::z 7 ,cx-J UH'::JJU:: 

t.r.. 0 0) -C', ts:. < -t-� � -c-� 0 .  

6) -1= - !_l -mViHt!VJ7JOc L tc.JJiJ: l;g ' ·  

7) 17 1  Y ':f- vt 180kg c 11J: 1, ,0) ''(', Ye IJ v;::..{/ffix.1'H1tc.JJiJ:fF:* L�-t-1. , . 

8) :JttiljbjiJ:fLO)TI[@vt�i:\:O)jd;� iJ; fl#� G h 0  J: '.5 vOiJf1§ tJ: l;_R IJ i: � < Ltc.:1.TtJ �f g , . 

1979 {f 1 .J=J 6 B ,  ATlillR�EYJb't: O)fg�iJ; 1 .b CJ iJ, G Sl6 ��¥tu �  h, AJ::.JiliE'f?i�t11U 

0) ;;t � v - -Y "' :/ vt tJfl!zft � htc. . 1 )=J 14 El ;;t Y �l 1v ifil�{i}}.i:.1rc', 23 El vUt fJ'] [S!OJ(J1( 1�j::i ··c-0) 

·�1il!iiJ�JiZ�J L, IWJfftJ;cYc O)fjt}llJ'{(�Jj[fL 't- 0 t. c iJ� -c- � tc. . 

1 .J=J 24 S iJ, G �ffi'.t S16 -C'ttt� L, 27 B �cRBf�l£i"t!:rt-o J: U I J� CJ �O)��fti\]!J�h·hh, -t

�--C O) ;;t� v - -;.,, "' :/iJ;f�T Lt-: . 

wsana�ofu:vc{l '.) AlU-o J: U4m�o)r�!TifJtJ: c" O)*li)i���l 10 vC:8'� Ltc.. i t-.:: ,  Yc *1,72J1,0) 

ffl��ffK�H" 0 fi�� J: U·���tt�'{(� 8 K� Lk. 

ffi W � s *mffi�����K J: IJ �� � hk, AI����O)�� O)-�'{(ffl� Lk. 

m Ghtc.!r'i!fHt, ilbt¥R't- o =fJE -C'&> o. S :;,fqc�H- o AI:!:ili!®ft�iJllHt , ::;$:'flH!i<tfilJJ£0);/jU#i 

O):f:J&{i -c- t ,  �-- ts:. < c ib +?a1:'i O)-lh-thO)�-IJ: r5* c ,  ln.lAJa{filfJt0)3![tf�-11�&�,�f -c-J.'.; 1J , 



No. 70, 1980) 

1979$ 
1 � 6 El �Ilg 

7 'i:k:llw 
8 'i:k:llw 

9 

Jan. 6 

7 

SYOWA 
"'""" STA"'"'" 

-·-·-·1 
10 

j 

Sei smograph _site 
S16 
No.1 2 3 4 S  

L 

Drilling 
site 

6 7 8 9 10 

---- Installation 
of drilling 
rig 

11 

12 
13  

i Op1�!n�o�! �;ming 
I Switch on seisrno-r,:4:0,;�':;. =-:'2:. 
I r - -- -- - - - - - - -- -

oetona tion 1 14 

15 
&._·-·--L-

Recovery of recording of t - - - - - - - - - - - - - - -- - -apes _ 
16 

l 7 

18  

19 
20  

21  
22  
2 3  

24  

25  

26 
27  

-•::== 
r- - - -- - - -- - - - - - - - - - - - - - -

L Swi tch on s . - - - - - - - -- -
e�-:_mo-recorder - - - -- -- - - - - ... Installation 

of dynamite 

Recovery of recordi�
g
- �: ���: - - � Detonation 

r- - - - - - - -- - - - - � 

--- Boring party 

------· Observation party 

-·-·-·· Explosion party 

� 10 lW.mr.J�tfffiO):Mi�cm 
Fig. 10. Diagram of the field operation. 

� s lW.mr.J�tfffiti(r� 
Table 8. Summary of the field operation. 

�� 6 i; l: T«t0)!10i:-;IJ{ 1.b t:J  iP G S16 ;,.,.�- � tl,;,$ 
�1:.. 't" � ;,.,.O)!/tz]i:-O)fj]j-�]j-
0815 152°1.Jfta;,.,. 
f:tl9B (�� · EB r:f=! · ,J\ 
� -mtEB) , KD609, 
KC26, lji) UJ 7• - 7-
1, 9Bfflt1 7·- ;z, 1 , 
't" � 1 . 
±-lli!Ut�ti,B �1*;! 
L, f!;/J) G:ifgtf, S16 
tP. G  30 km jfg/vt.:. 
f}r-C- -t- -v ;r f (No. 
7 ±-llii!O 
1500 ;t;- 1) / 7• 
-l;J- 1 1- iU;;f, �tiO) 
�ti. f'F�tffl e· ·:1 1-
iffl � ( 4 i;) (2. 7X2 
x 0. 6 m) 

0815 ¥- 1) /' 7. 
l:[ l: -MHc. f:f:19£ (W 
t$ · �JI I ) . KC28,  
't" � 1 . 5 km c.· l: 
fC±-llifflUt.:to J:: tf�� 
�jiO)�ji. 
1100 ;t; - 1) / 7· 
flf. l: �1rrE 

179 



180 

}j B  x� 

1 }j 10B Bcfs 
Fl 

1 1  B� 
±fu.b� 
� 

12 Bf/ lflrjr:p ±fu.b� 
� 

I 

I 

13 

14 

15 

;f - 1) / :7''fi£ 
11' * Jtl l:::0

:1 H i  � (5 1.S) (1 .  3 m '?l. 1:). 

'ltt�* *5c iJ) iRlc*JJri� 
1im7tT. 
1340 ffil�U!fijfri:'l 
1 540 V 1J ;t, 5 [  � 
J:vf�� c: ft- 6 (fft€ 
};£ 6.62 m) �� T:' 
1-· 1J ;i, � @Itx-t 6 tc. 

'cl) /J) l:::
o 

-:J r ffi1 � fr* (2 m  :l. T:') 
�� l:::

o 
::J r ffi1 � 11:* (5 m :l. 1:) 

2000 r 1J ;i, ':1 r '0' 
l: vf ,flx;-!JJ . � ?.#  � .  J� 
�Mztf.t 
¥- 1) / :7''�Jit!J);!<t 
ifJ t; J: ar� mtii: 
1800 %[rtc. /ci:f.1Jm 
::fcT 

2200 96��f®ollli 9t:T 
2220 ffi1 �jLl VT ml 
( 3 :ti) 
2230 JB�� c: O) 
��t'.f/Hr���!l!�R/J) tz:. 'c6�ft ,  1�:00-t 6 .  
2355 N� 3:'.. ;fL 1l1 
h:ft! c: -t  (�OC 14. 53 m) 

Tabl e 8 ( cont inu ed). 

Ji Mz f!I 

;IIJMzll iJ) i'g1£ -*� 1 ton , i&i!!UtJ 
�/J)ffl�-" /J);fffi;k 

lro}k'.i"C ffi1 � ( 4 :'ri) 
(2X2XO. 7 m) 

ff#7](1tffi1 � ( 4 16) 
� �  1 m, -·immf.rm ,c 3l-t-6 

jj litz �t 11m 
1300 :t ::.,, :7··;i, 7fiJ. 
�yfijrp ic -C1Jlil,Z Ck � 1 ton) 
1 750 - / iifi�� S l6 -"J!UiP 5 .  H;Jf'lt 
iJ)�JJ: 
j(� 600 kg � Sl6 
7) • f-'-:> ;f - 1) / 7''-if 1 
r "'�w:i5 

I 
! 

-rm mu :£1£ 

1350 YA mu� ii: iJ) 
A 1 :1 J- � }d1,� tc. 
'cl) S 16 -" /r-iJ IP '? (fft 
t$ · �J I !  • EB r:J=!) KC26, KC28 
1740 '§'J:iµiJ)� ::r·/J)!fil < -m:f- 1J ::.,- :7''-if 1 r -"':l f � � -t 
2020 J, tc.. tc. V' Sl6 -"J(iJ 1P 5 J4s rp KC i trf � -t t 6 . 
No. 6-7 1l\J T .:f  -t' ::.,,  
7' 

0600 
1 500 

1±1?£ 
S16 Ji!J � 

I 

I 

1000 Wt$·�J I I  · 
1 

fflr:J=l • - 1 � · 'tr� 
!J) 51; Sl6 a- 1:1:.176 . 
No. 7 .  ±fu,r.� ;l. T:'!J) r 
- 7° @1�. U$Jft!J) J
i ,, :7 Jc T 
2100 ;f - ') ::.,, :7'' -if 1 r iE!J:w 

1im ;; 



No. 70, 1980J 

18  

f*J � @I llx IC� :I;J 
1200 ffl �lj MJ tlfi 
( 4 ;g) �Ht 22. 85m 
ffl�H'r� ( 4 ;g) 
�& 33. 81 m 

ffl�Ht� ( 4 ;g) 
1730 Tuttt! L, tc. ft: 
t ,  r 1J 11.,ftffl . 2 oc 
§I /C 5 I �  J:vf::f '§5 c 
ti Q (�OC 41 .  09 m) 
::f�� (fj 60%) a'.' 
fl 40 I im: L-i6ts. 
1940 5 I �  J:vf � 
:I;J. r 1J Jt, I± .J, tc. tc. 
LffiltrJl 

19 ni;- ffl�U1t� ( 4 ;g) 
HU B (l)::f l'.m�t.:l:A -r: 
-+J- 1  i: n ';l :>1 -(l)if 
n{udlfJ L r 1J JI., (l) 
�liif:/J)ff;lftfr .ti !J ,  
ffl �tl il!OC 1g; r. �It 
44. 98m 

20 ,filr ffl�Ht� ( 4 i6) � 
�;-� 0C 50. 54 m. f*J� c 

�� c (l)fc1i IC �U !J � 
;i){-:J "!  !J (±f.nti < 
ti --:de. ::. c /J{ 'th --:de. 

22 

23 

Table 8 ( continued). 

2 4  11;11 
25 Bti 

S1 6 IC:':t��ffl�. ljm'8f, �;t,j(l)�:@ 
� � 

26 lfa1Jq:i 
7• 1) -If 
- i:1 

Bf 
27 � 

� fflt 

No. 8, 9 r - 7°@Il!x 

0900 S1 6 ili� 
No . 6 � "'[:(l)fmi!U)� 
{it(l) 7- 1 ,y f" a'.' A.ti 
G . :a-lJ (l) JMR IC 
J: Q {rr{if�;E. 
No. 6 IC( :t- -t '/ 7° 

0800 No. 6 1±1� 
tifflU�{if(l) .::z. 1 ,y f" 
A.he J MR IC J: G 
{rr{if�;E 
1600 f-- 1) '/ ,:?' 
-+.t 1 r fU:;f 

1400 
5 
1630 
ffl 
1900 No. 7 l:f:iJG 

2340 S16 fU:'ft 

181 



1 82 

t�A.t� vt 30 � 'z'1�k o .  4-@J viA.I:ttg�:i;f!"50) [{5cft 3 15 , xtl?: s 15 0) s � -e, 1,1 c 1u c: 
i"°""-C O) :,i-� v - s,, 3 :/'z'�Otl1 Lt..: .  

;: 0) l '5 tJ: t}A.� -c, IMJlU'z'�»t!Ii"" o J:J_l:, �*O) A.I:!:tE,l:O);JiJf�iJ; GIB?.&: L, �Jt)]r1� 

���W�i"" o v � - ¥ - ��tt. ��� - 9 :/ YO) � � =- � � F 9 �. �&. �ffKfi 

k o ;J(�tJ: t' ,  tfr L <  �%�/lJ-\f'f:iJ;fibht..: .  i"°"" -c iJ�71i11JJ:Ev+i <  '6 0) -C'vt tJ:: 1,, , iJ: , c vciJ:. 

< ti; 21 {3(�-C'O) A.If!l!.�Jj;1!U 0)�1jt!Z 0) 0 � t 0 vt o ;:  c iJ;-c, � t:.. .  

� � =- � 11v F 9 11v 0)/lJ-\frvi, �t�w.iill:*�{JX;ffillJ*�=:Wf:ft;J=ifr0)1'i7;Kft�WJ�t{ 0)1gr� c 1/lJiJf 

�MfJ�tt:i;;z±O) rii1 nc 1 -? -c -c, � t..:. . :k�vt B *truntr!�tt:�:;c±, v � - !f - vtJFH0h�1'rJ=ifr 

O)ia-JJ vc l � t 0) -C'ct> o .  ;: h G 0)7J k vc�1 < ��H-f L i -t". 

tri 20 t?Z f�*O) ·,q EEi g(�, U-1 1l!tfr����. tf�iJ!U'z'r�ff§.=f{� -':) -c 1,, ,f-:_ t!. 1,, , t..:. , 5(�J .  EEi q=i,  

1N2h, fl§ EEI ,  ��J I ! ,  'ffi�-15-�(� vi t:ot, � 20 t?d5do l u� 19 t?Z���O),W;pJO)-taniJ;#W� 

v:J-nvi, ;: 0) @.1J!U vtrr<:�J L tJ::iJ� -? t:.. . SJttc L, rw-= < t'01L$ L ct> vf o .  

i t-:.. ,  frnlf_:ttJ:!f!.Wf:Jt:mrn�:wri�ftf)O)i�rniit, 1�ffml.=:., W*ra-=, �*�tft 15-�� 

vc{tflR /"' �'11)TB::i' 'z' 1,, ,t:.. t!. 1,, ,t-:.. .  4� �=-t:tillr� Pl vc vt*@tf.ii '6 �lu -c· 1,, ,t-:.. t!. 1,, , t-:.. .  

nlZ ITl�:&li • J}f'fxW (1 973) : �7](. B *=T{1;J:UU11.iJ'(�rn!U�m 1 3 �[%{fgif;·, **· lrHi±iliMl:!ii!tU*!ciHt 

:iifpfs:t�. 216-218 .  
if!VllJ! � (1 97 5) : di-f: i il i!tU tv<1 i�Jc. ;to ft {S ttJi i!tU. B * r/g ;J:iJJZi1g:hUJl i!tU � � 1 5 t?Z � ffl"lr, J't!JX, tfil JI ffi 

±-!!Hi:ff%M, 149-1 51 .  
r1I EB�n1c (1 972) :  E-Jf%iEia. B 2Js:WJffi±-llin��mu�tH 12 ;x�ffltti·, J,fir;1{, rtH�±-!!!1.Bi1ti.!i!tIJ�-ti-Ht�* 

tm, 1 86. 
=&IEH*� (1976) :  U:�G01l;'f�. B :,f;:ffi;J:Ufut-:xti:�i!tU�� 16 t?Z�¥R�i·, *}i"(, tfil2ffi±-lli11Jf)"i:?fr, 19-20. 

(1979 :$ 10 Y.:1 31 B -xllli) 


