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Geophysical Study at Matsukawa Geothermal Area

by
Masami HAYAKAWA

Geological Survey of Japan

Abstract Before explaining on Geophysical Study at Matsukawa Geothermal area, the writer tried to
summarize the role of geophyhysical prospecting to make clear the underground structure of geothermal field.

At the present stage, it is difficult to know the true picture of geothermal structure including the hydro-
thermal system and the behavior of magma by only one geophysical method, that means the synthesized
method of various kinds of geophysical prospecting and also geological and geochemical studies will be most
effective for our present purpose.

Besides this, new techniques are very necessary to establish the Reservoir engineering as in the case of
oil prospecting. .

The writer will explain on the geophysical study at Matsukawa a little in detail in the following. For
this study, many of my friend have joined.  They are Messrs. K. Baba, S. Takaki, S. Tanaka, K. Mori, Y
Ono (Geological Survey of |Japan), Members of Azumakako Co., Members of Teikoku Oil Co.. And also
Prof. H. Takeuchi of the University of Tokyo helped me in considering the heat problem. The writer
wishes to express his cordial thanks to them.

During last eight yeays since 1958, the writers have conducted seismic and electrical prospectings and
geophysical logging by using some test wells. Besides these, Hayakawa has also calculated the underground
temperature distribution under the assumption of some geophysical states. Paralleling to the geological
studies descrived in the previous paper, they started with laboratory experiments including density, porosity,
and ultrasonic wave velocity measurements by using the specimens of outcrops at and adjacent area of this
geothermal field

From these results tentatively they presumed as follows by combining geological data. Matsukawa andesite
might correspond to the first cover-rock because of the high velocity and low porosity while the subsequent
dacite tuff formation probably might be the first reservoir of hot water because of low velocity and high
porosity. Likewise the dacite lava beneath the dacite tuff might correspond to the second cover-rock and the
underlaid marine sediments correspond to the second reservoir.

Consequently they rather prefered the reflection seismic method instead of refraction method because the
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seismic velocity might not increase with depth. For the seismic prospecting we utilized the magnetic tape
recording system and.after the several trials of playback, some nice reflection records were obtained. (Fig. 8)
The vertical axis shows the depth from the surface in meter and the horizontal axis shows the lateral
distances between shot to detectors. -

As the result of seismic records, deptﬁs of reflection interfaces from the surface were obtained, and they
are 160, 550, 980, 1300, and 2000 meters. By taking the geological events into consideration these reflection
faces should correspond to the boundaries detween different formations. As explained before, the first layer
consisting of hard andesite may be the cover-rock. Below this from 160 meters to 550 in depth, there are
possible reservoir for hot water. The layer between 550 and 980 meters corresponds to the dacite formation
and as already explained before this formation was named the second cover-rock. But this is not so com-
plete cover-rock as the first one, as it includes some cracks according to the seismograms. Below this layer
to 1300 meters, there ‘will be sedimentary formation. Below this to 2000 meters, there will be so-called
Green-tuff formation. From seismic records it is easy to predict vertical fissures in it, which will provide
steam and gas paths. Deeper than 2000 meters the material must correspond to chert or slate of Palaeozoic
formation. ' _

Some test bore-holes were drilled from which we. could obtain the temperature distribution in the shallow
part ih this area. It was very effective for us to know the temperature distribution in the shallow part of
this field. This result did not contradict with the presumed fault structure in seismic profile.

Also the result of the temperature calculation did not contradict with the present shallow temperature

curves.

Paralleling with seismic prospecting, electrical prospecting was also conducted.  In the case of seismic

survey, the traverse line was set along Matsukawa river. In the electrical prospecting the traverse lines were
set not only in the same direction of seismic one but also in the perpendicular direction of it. They applied
vertical electric sounding of Schlumberger method. ~ The maximum distance between two current electrodes
was 4 kilo-meters and many resistivity data were obtained, (Fig. 9). Generally speaking all of such curve
show more or less the same character. In the abscissa you will see the half of electrode distance that is
AB/2 in meter. In the ordinate you will see the apparent resistivity in ohm-meter. Both of them are

expressed in logarithmic scale.

As you see here, the electric apparent resistivity shows higher in the shallow part and it shows low resis-

tivity in the intermediate. ~Again there is resistivity high. By the calculation the first high is thought to
correspond to the surface debris or the first cover as in the seismic prospecting, first low to the first reservoir
and the second high may correspond to the second cover. In some of the curves we can see the second
low resistivity at deeper part. Probably this may indicate the existence of the marine sediments.

Here is a resistivity profile with some of resistivity logging data which correspond to the perpendicular
direction to the seismic traverse. (Fig. 10) As is in the case of seismic profile the vertical line shows the
depth from the surface, and the scale of both horizontal and vertical direction is the same each other. As
will be seen easily from this profile, near the surface there are debris or the first cover, below this the first
reservoir and finally the second cover. This, the second cover part has comparatively high resistivity as
shown here, 100~20002m. It means that this formation does not contain clayey material and is more
compact formation than overlain formation. As the writer will write later, however, we have found that
this part can feed a lot of steam and hot water through the wells at present productive area.

Although soon later the writer will explain about.electrical logging, tentatively yon will see the resistivity
logs here in this profile. As you will see easily here the high resistivity part in'this profile just corresponds

to the high resistivity logging data. If we look carefully at this high resistive part of log, we can see the

minute low resistivity values among the high resistivity domain in the log which may indicate the existence -
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of fissures in the compact lava.

You will see the electric logs in Fig. 11. The vertical line indicates the depth from the surface in meter.
On the right side of the axis the resistivity values are shown in ohm-meter while on the left side self-
potentials are shown in milli-volt. These dotted lines are the boundaries between Matsukawa andesite and
dacite tuff, and dacite lava and marine sediments respectively obtained by geological core analysis. In
between these two dotted lines you will see the break-lines which connect each other the similar characteristio
part of each curves. '

Now let’s here remember some experiments in test wells. By using the data obtained from these test
wells we can say the surface cold water might flow seasonaly into the so-called first reservoir. On the other
hand, the resistivity logs show small value in shallow part, say about until 550 meters while at deeper part
than that depth resistivity value shows high esspecially in well No. 1. So synthesizing the above phenomena,
we decided to set the casing pipe until the depth of 550 meters to avoid the surface cold water flow into
the well. Later this arrangement was proved to be good. Anyway, in the deeper part than this depth we
set slotted pipes.

Now you will see the temperature recovery curves by taking example of well No. 1. in Fig. 13. In
vertical line the depth from the surface is shown in meter as in the former case and in the horizontal line,
temperature is shown in degree-centigrade. Immediately after the completion of the well, the mud water
which was used for drilling was replaced by the pure cold water. One day after this arrangement the
temperature curve became like the figure. The second day, the température increased a little. Likewise

finally one week later the temperature became higher as in the figure.

From Hayakawa’s calculation of underground temperature distribution we expezted the temperature of

- 300°C at the depth of 1000 meters, so we expected as if the temperature might increase a little more than

the final curves in this graph, however, we could not help stopping measurement at this stage because of
some finantial reasoh. Consequently some amount of water were taken out from the well and suddenly a lot
of steam were gushing out from the outlet of this well with the amount of 60tons per hour under about
6 kg/cm? pressure which might correspond to 6,000 kW from this only one well.

Likewise another three wells began to discharge steam and water also immediately after excluding some
amount of water from the well head. Fig. 12. shows the results of the final temperature measurement con-
ducted just before making them to discharge steam and hot water.

Now let’s go back to the temperature recovery curves of No. 1 well showed before in Fig. 13, and pay
our notice to these comparatively high temperature parts which showed the rapid temperature increase in the
later stage of this one week. By comparing these parts with the resistivity logs we can say that hot water
or steam were penetrating from the country formation into the well through fissures.

Finally by taking these facts we have arrived at the following conclusion regarding the existing state of
hot water or steam.

At the beginning stage of the study we thought that the ‘second cover rock formation could not supply a
lot of steam and hot water for the well which penetrated it. But finally it became clear from many
evidences just the writer told that hot water or consequently steam might come from the deep heat source
through the faults, fissures or cracks into the narrow pockets in the lava of so-called second cover. The
rocks which form the first reservoir are more porous than the second cover-rock, of course, but that resevoir
does not contain hot water and steam enough to supply for the productive wells because it does not possess
many cracks and fissures, and furthermore the surface cold water may flow into it as I told before.
Consequently we are now tapping the hot water and steam from the hard formation named firstly as the
second cover and from the second reservoir, becanse the hard formation has blenty of cracks and.or fissures,

and it also acts as the cover-rock against the surface cold water.

— 37 —




RIS S 5 EEEA I D\ TR BT, HiEd
T OMT RS O I IR, TR W EHER
NEDX S e BHAB U T B, HBHWISHEER
RUNICFHEAIN S B0, DL 5 BT OWT
SN TEE\,

SEHV Y ETRD WS, ARKRC L 2 REBE
DO, FEMCEIe s TRIREZ L ThHE, F
EDIBITOZNE, BEOPTH BKATHLEED
AT, ATEALEMKE LTUREBT ORI TS, L
ALBIRIE, TOVh L BEOME 1 o% &
S THRTHMEAL S DTILIgw -, FHTHAD X 5 7l
TREEDHM L L AT KWTILTH B, fnTEE
I 5 TL BKIEDWT L, FTob DBOME

O BIRDHS R BT 2FHF5 b o

DN TEbhbi 2 &A1\ ThH b,

Lisl, S BBEIFDOILIRDLE5ICEL L
ENTES, FTHCONWTONRE D, HBDOTETF
~V PADERE, HABEHTEEOBMAL LD L
A (CRIEEFRE~ 7 =L bl T 3) BT, K
CHRETAET LR UL 5 s D OrEH T, FEHH8
PTBILE D= ~O—HiE EF L, HRPIED
BLEIh QENALRKkmOLIA) 2, W3
~ 7= @Y ED2L B,

Zhid Al Fe, Mg, Ca, Na &DERENHR D
Yo TWaBH, PUEREN FT-TL %L, olivine,
pyroxene, amphibolite, biotite, pottasium, feld-
spar, qnartz 7p EDfFER A ET D, —H~ 7 <@b D

BB B 1
B ATHC=A ¥~k b 2 TUEST B O
e [ ] O O mo | o | o
o w B |® O4|mK|EE|8 M| @iEe | i
3 S.P.It
El WERNERRERE | W 5 | W B X B BPRE | Ok /b &
CEEFD
Jb T ORF BT VEFRIC X 5| (FEfRIRYZE
i g ROk SRR (04 WE
R % | -
D BRI X & X X 5 OB (R X L® bit4lICl Si SO,
K A& e T X bRk HhED Y ;
" LN & T — ABADR
% %o lil
Noyxzog A |z s | ormmemesurs| N Na/K
g WER % CHEET 5K (p. tic
: % D) Ln)
- X © X X CH, & CO.
i N
-_ I Cl2) Cl gy
Y i3 7AY b=
o & 7 il i
L h R EE D H#E
% E
— 7N ) 7N 7N 0% » E\K
. E
m & L DAL TR ﬁDTK% E
il £ DLW T oz o] | rYANY
| R e mrEogld Bh2M
DD B B W B = ZEHD it
N B H B BT S . (EEh | e
W B4 I _ DHD) _;\.‘ﬁ
T BRI 7 aN 7N BEIEK, formation
_ (7 ~@ (e S Hw (2 Y —| (Ea AR EE |pressure
) Lho S T B I DT E
#h . (BEE ez p
L oTh)

(&

(K\‘:‘

®




/
&)

K

e i IEFE R CHESEME DRy, o & %X H20(volu-
me T80%LA L), #ic CO,HyS, SOz, HCl & NHCI
7o &L FRICHERS & LT HF, Ne, Hy, CHy, B:O,
2 CONnEERTN B, '
LEATHERMILES L, ThDDORIHOBEZ
Fehteds i EICIT A D Hh e TRB D TH B, FEER
W X AUTEE S D HBER < (Fo & i 2kbar LLED,
T B B B { 75 o 1ok (T~800°CHAT) b
E, Fofic a¥hs b H:0 ok GEKE) 3
e DbDIs (9% BE), L LENZ BHE
EREGIREBTIE, £OoR &Ehs ESER NS
W LEDioTy BBWEZAT, TER=s/<HlBYD
POEGER, BWEZADLDIIENEVR Do
T, /<EINEGHALTHEMRE XLDDL
& FERICIEAD HO ORI BHIBHDT, o
T B BT it i (residual magma) FroFk

L GERRECHIMLTL b, & DIEKEH R D rock

formation DFEF I D/ WAL, B, HFELT
BRBIC T 5 THH Do FRREADET L HREL
L, b h OBWHSTINTEER
St Bh BHBGIET T TETN S

W REOBRERY LD Lic, £ LTHEINEREC LS
kAR Lice ShbEhERITonT, BT il
TR ERAL 5, '

FFEACOVTUL, bAORER TIREENK,
TEFOHVCEBTREED, L LTHEREDD
5EZHTIRERIRHL C TRECIL D, BEDL
= % E L reconnaissance survey & LTIL AT
BB, TREINKPNEN D LTI, B D
WTFAHRT 5l L L~ <~oREIR
Lo THEBECEMTHLDOLH B, & ZIITA 2
~ OEIHE T O TG E B o Bffy KR Lic
GE1RD. ¥ oRTKBE BHo SEHIHO
BRELBZ ERTEBTHH D,

RITWETH B, BIolr cap rock pi—F LILH
BEHENRKRT, TRTEEOLHVBOL 5 CEE
DNEL DL B & RIEEMEL 05, LHLR
BRIV, FLTHLINBDL DELED T
LRELKRTH 5, HECHLHBREHEO S VWHAnE
LTH bbb, isicBE ORBEEIREHE

-

sl B A > TS HEEICH - T

l

ipothese 2 gu Groben Hy FAG

BELTYL, - O%E H0 OfR

L 374°C GRUGETN 220 KHE) KA

Eohiut, Bk LTIFEELA .

T, WICBBEKORBCD S,

xT kst =/ =ho H0 D

fiwe, H3ens o DIHROKRN < 7 <1

DOFICBALTL B ENRTHE

xbhb, o OWe, BE - EHCE

U, G BOKOE THUT OH

FLE B % ik formation Dk Ly

FREAERT 52 EnELBNRD,

= OF b LHRE A D DKDE

AR &, FEEOBKE XKD

ES (38 X ORED #ROBE%TS

BT 3sv B 8% (cap ¥ 7cid cover

rock) BFAETHEIFHICIFRETH

\Schema int

X

b ChbBbhF Ly 1OL DT

1000m.

o N Vio Plrcéne

-
P
“a

T, EHITRE L OFREOT A

I I

° o
° 4

o |° lo T \_ Mo Pliocéne densité 20—

Wi 2 DIEE, 2 OREBDOH DY

l
il

perno Tries '
Argites "sagliose” * 2,60 ||

CR Y

DX 5 SA, WToRTFEEL

Permos Triss " 245 |

O HEEEORTHEE LR LT

H50R

T CThtc, ZDRO—FBLEMET




ROCCASTRADA
ANOMALIE  RESIDUELLE

d= 26
Echelle = 1:86000

Zone %e//z/mam %/////

cone /‘717?0,\'/'/770/77

o
1

4G
2
) % 7
so— 39

\ \ ; \
i

"

) SN
Al WIN\
\‘ ¥ A\,\ & \\ P— /
'.'\\\‘; ZN
»‘ ,l

.’l'llll -

7
%
Z

<

———

.\\

ML s—a 1
i\ / 26 /2 . A g J' /2):;;\
\a P L I, —

2N o Al

2
o

\ /( Qk\\\\§\\ &"l':' lrml\(%////// Sy

' NN Il i @i

| §/////3“%7/"4{'l"“‘%- At
)| M

° 626

B E—RCIRE I BWENRD O (ETFEHLIOS4 B N S,

DY 5 FMIBHBN), Tl =7 =D X 50k Hifko B0, FOHIELTT 4 A5 v F OB, >
FTIRRE (SE) Wis maWBErH Y., &% FOPALSTEEHA~DOY) ) a5 3 RITF Lic,

D& 5 IeEE BT O LT FIH S h B g FrRT - RATIHIEC I HTFISE D 1 B LC,
— 40 —

(&

@

]




L

MEFETIL OB A A 4 RICE Lic, & OEAITAD
FEBEEOMBET ORTERLZ &N TE S,
KREBGHEBCONTELTHRL S, CO%E,
BHEEHEET B L, bAOWERTI—RTIIXR, ¥
EIX

200 km

X FDHNER UF Cl isE g Ehi- KBIEA -
TWBE) Tilheied, BRFECE > THER L
HTFME 2B BD K Wb, —EE 8o
R B 5, IRER TR N E B DT,

ARSI el L TR SVASYIS

400 El o T B, %5@?‘\’—4 £ "‘@ﬁﬂ;@l‘lﬂ}.;ﬁ?

REYKJAVIK A
AKUREYRI .19
o

SwW

TJORNES

TOHEHIED 1 FlA R L1,
RICHKTH B8, WERIE—RCEED
BB L »TZ &b, fo& xif magnetite
DE5EDOHELEATHHKRELR —
BT HEBEWC TR E LV, ek OYE

— —A— 34-4,0_ — —_— —

B L il e b i DR BERE CH

—4,7-5,2
ey _/LB

5 GRVBRCOSHBRIKED = &L TH

7 063kmsec
49
.
6
7

C=5.5— 5,7
////

5o RKWIMIBOSH B L 5ins & AT, 5
WO BCIBZ END D, FloF o ) —
B LEORBC /s L, WRERETAHE
BB Do WFEHILD F — A D CILREKEY

\ TUSRNEY
l&.

* \ axurevhi (4)\\\ "

NEO-VOLCANIC ZONE

Trghiodyng

Reyrjones
riguvik

o E)

w&\®

9)

& o®§*

REYRIAVIg "\\

Q‘i

(b)

////

00km

ll \\\\ e

.\

Y

LOW-TEMPERATURE LINES =

ICELAND

HIGH-TEMPERATURE AREAS
MAGNITUDE T o
b4

DER DL NE T - T DA, T ORI
B DI HAGTIT OFTRARAB O
E—BLT 5, BEEIL L - THRERF O
MEAID S &b, WHHH OFERCITHFT
BB o FOLILZE R SIRA DB & RS HE
MERTEN, AT D&M EDBENY
Z Loy SR IR P OB SKSRE Ao
BZIENTED, SHLIKEEYEZ LRTIC
Lo T, WFD~7 =¥ 5168 % 205
5 BTHEM L H %o

“}H

100 1000




PED5 s, BHERIIZEROBOWEL L~
ZETHY, FHMCRAET v v ARCER LT
b0 THICE~AME L BS (LB BAIMC=%

NF—Fh g 50T, WTHEOHIITIESCH |

XX YVEFEHTH S,

RICTRE DT, T 1 mOSRESffilcE DL
LRDIEN, BETORICKHT HREBE(LD iy
—L r RARDFLEL DB I0E - EIOBRIC X b 8K
it ot D BUKIC i 2t D35, &b AATRITEIK
TH ol b OO X 28R, HBWIRC X ) &S
LR ERAZ BN DEEFIH IR TV 5,
BB L CLRMERTH D, COBRYECR

BEX

h= const.
plane N

Figure 3

e VARIATION DU GRADIENT GEOTHERMIQUE

EN TRAVERS DU _CHAMP DE LARBERELLO

AT pour 10m. en degres

' B X

IR Lice FRc@as g ik T TR ARE S
2TH BRI D = L 535 B0 B EX
OSBRI A A T 5, B 7RI &) — Ol
BB s A A L BRIER L 0 Wb v R
e _

I R X — R HLIFPY T O SRR - RN - TR
X IS A BT ET HDTH B2, EN
DT B FEM AT R T Do 7o & 2T RS
MHLZ BT B, —RICEDORICE SRR & R
DI ENRNZ B, HAEBETI, bAOLHERE
DIDEARIIC /> T AR T, EHh B E Dl
M HNCAEIEIIC s B L 2 ARD B, DXk
AL, OB SRR T A E A E—FT Do
FhF DL 5T, 1L UHHHERERIER Y
RS, BMORERE & SITHICMOBAL D bHH
LD, —RCRE R ED BB D TIL, BEE L
DB TIX T b O#Eh B L 5 T, #BokH A
FRBRCE S Th b EhB I ERTOES,
BT 374°C X b B HeO ik E LTI 1248
LG9, BEEKELWIRELDOTHAHA, T OHE
IR CRENCHIET 2 REKE CHRA /R #k &
BHZ L, RIBEDORIGHY TH B WEBRBIIHIH
WX, FZETKREDDDL LELANLRE

..... «———Gradient theorique moyen

~. - Gradient mesuré

0.
12 97M9 94 83 65
v 1 ' T I
o ! ]

3
{500 Ay 13 4!

)
01 he

F 250

cotes en m.

-750 iy

:
1" g
L1000 Rt

Zone sterile

NE.
124 Forages profonds

Sondages d'étude

T

REHHRE A e e —

Couverture d' 'argille scagliose’

T
T L DR
~~~~~~

Substratum calcaire

-

2

‘o




@

)

PEWVI X OREECLFIH SRS, — R hhb
L reservoir engineering DXHFMEI TR X Fo sl %
BB LA D, Tt ETHERIE b &% FIH,
RET BRI D B, HIBABRSR o B e D
BECOWTCESHOMEL LTERL, 42 JILEF
L SNV THL,

L TRTAHEICHEA TTEEME LT, EhEH
(FEELTHRINRD BT D ENnTES, Thitl
DY, BBO b v~A, LI TORE
HOLERARDZENTE S, BTN LR
AR P AEFES R EIET D, —RICEE B
Lo THEEXBTHE, BECL T ¥ R i+
%o ®x Otk OIRSHE IR &L OBRIE 4TI BT
RIS R Twb, #A bk y 7id, TRTOHEM%
S BRIRT B & 5 itk ic Bk L ffdic, B
BEAEL b LIBHEAH L TR DTH- T, TR
RETIE, Shy sHRED 4 Ffoh 35 a8
AF7 yVEFEALY=RVITE s TRMEN, R
BOEIE EXBEL KB DX, BH A2 b0
2 DWRICHT 5= ¥~ 5708, RECL - TE
DB EERTLDTHEI, VA~ T ) VI AN
1 ADWERPIE R LD E, FRECONT=FL
¥~ DRARRILHBRS—E Ly 52 W REDE
WIEEAWERDOACE - TP T bbb, &0
IR & HHELEE & 238 3 2 BRI, v 4 — v
AR BRI A BOEH LI DT, Thiy
4 = v OBBIER E HHT TV D, '
uL@iﬁkw%&<&Ab%1%xf&5w‘ﬁ
WCIFSRICIE OB R LRI E DI L FE LT A
L, WTENRBOBEEHE EDROBMK TN D%
BT ENTELNEMELD S, FMBECIIENE
DEELHEETE 20 Lhic, BT Ol
w ETHEI R TH B, MMOFE TR Y B3R
WRDEATHENRD D,

BB HIER TR & 2 D5 B OHIER{EFIT OV T
A ONEBOELDIE LTI 5, MBI OMFE &
LTk, —f81c Cl, Si, SO, 7 & DHEFA D & M
1t Bixh, Na/K OHO/PNE G T HE O s 6
FENEWS X5/ LNV B, TRITHIT R T #
FEBEIMTIebh 5845, BB O Na L B#KFOKH
BRshsicn, BodLL HIRETOLILDDH,
T b ETIGE & & Na/K OfipvhE e b icd
’C"*ﬁ)%o
RSk 5 BT & LT, CHy2 COnic dslt 5 Cl2g
CB D74V b — 7R D, WTFO & b IEE

R D LA Tk T 50 C2H,+C10: 2
C3H,+C120; il FH\ T fhfas o 4 Zi3
BT TH B, BINTIWTIL, AKRDOPBHIL 319°C
USRI LI, SRS Ofh USGS Ok A b
%, O L EAKROBFRAMAG THKOHT TORE
HLBRTWBD, LA i A B O 43 R
DWW TEZ Thic, SO S FPHHFRO L &1,
BN DYIER IO TRERTHRE S (2 FTIH
WRREEE#ED = — < SHOBPHC L LI L on
EADD '

WINC RiT 2 FER & L CUIB S LOBR Y E
e Lico BENXYAVACEH T H L HIE,LRIR T
Hb. &&@ﬁTtoufﬁkat@fA@mmw
e oo BRI LEIF Ak Ffoth, BofBARE &
SEAALTEE LTHIETK. K. ToheE ik TdHh
Bo Teinieh B kD BEERIIM OB B, SEILE

HAEHTET 5, It OBI CREENTebh, £
K A BRB A i Lic, & OFHEIBARIFE L
FPIZ LT o foo F LT OEESHEC#K RO
ELTTIn oo TeRSHLIBLBESLA DI LEITRD
BSEDIcbicfTichh b L2 E 2 bh b,

LAl SPGB AT O B = - TR
c [ fE— « HESH - DFFELIL LD ORRE,
A LIHILTK. K. OB E - FRARELIE ULdED
BIRE, AR TEK. K., HEKZOMPIEHT
7o EDJj 42 DI I A B e, & SR il A
EFBRETH B,

WE - HEFHLEBIT T I hTW 50 Te
AL, TTHEBEENLLIRDL L 5,

I OFEICOWTUL, mm@@mﬁfmmmw
LT TR L OFEE b - T B2, KILHH T
AR Ao X e ok dbsgEE OREFIFTIL < H VD L 0
THHH,
FHCHIBEEOTEM Y LB Ldic, Hbh
Uz DAHEDERERHEPL, FA M O27 -4 v 7
NEFT, BPITERTOMBEEE (BFK) -
FE  IRBEOWELT I o7 .

T OFER, B DOTITH HHETE Xh B T £ E ]
CHBEEEOEROS D LhvbhoTeDT, MR
BEELERTL LI L,

FEFER DR T, WENHES & & & HR N
FIENEL LRV T, BIFEIEY TRV R
TooTIREHERELE LTl ¥ LM
BHIHTIL ) 4 XSO T, REFE T — 7RO
Batw v, Bl st 2 UEBIEE ik, EMIC

— 43 —




BT BEL  OFERBROEE, 0 X 5 kekilisy
& LT 7e ) Eh IR OFEGE D Lo Th
AP O ESHLYTHRBEEIMD L SIS,
LbAHATNERFBHTRER OMBOET K -
TBBNE D%, FURDO LM BIEF TRV L, L
U BIBOERT CORMA v~ 4 v 2D
DL, TRERB R L F IR IARDICERICI5hs o T
WAL ERMEREDO T OMEL L ELIRART, 2
5D Z EEH DT E WD LS B &
SEXIThTHE KEOWENDNTL BDTH B,
T X 3 L, YL CHEEDS 160m 7% T8
BINZIE, £ OTF 550m 7 Tk d LRI
EEBIKE, SHIEOTF 980m (¥ Crihfs g
HiES (FBBRIKE), T LTED Tl 5 i
BUEOILEEE GXEhE o4 m%rﬂb)&&L&

JR4&E (Green tuff formation) & OIER % Cikihz
#351,300m, f L F\ i Zd green tuff formation
L DT O WAL OB,  HHEH SR 2km OEFEX
CHBHIEAH S EBYpiount,

ek, T OHBEEOMNICIL, X Lo T oRE
O TORBEEF L O leho DT, %
DIER BT o THhiz,

ETEECT > THENED X 52 E b Bhs—\
<ODTTe o T EBREESNT 100°C D & & A T—H »
B EZ R T8, IR b 2EOME & LTIEE A
WAL TB, ORERC X % EBRCIHEERE A
e, KEGAKERE LTLAe D FREERENS L I
WOTHEBRDHBLDER S, —FHEAC L > TUELE S
Mo Z OFEFE, IR S BIEE DY A
ERBCHEIIML T 5, Lictio T, ChHHEI

~

e

debris

M. andesite

or somma

© tuff

tuff breccia

welded
tuff

u ’s.shale
1q.ss
tuff cong.

m [ dacitetuff
i b. shale

1 "tuff ss
Jtuff ss &
\vhard sh,

green tuff

chert,slate

x sshot point’

e o observation

‘point

\.

mIlZlE (RS

a_~1

ERIEERKE
CEE— TR0 D

BRI A
GRS s Lol /)

«
X

®




MR LT SOHSER 225, Bk X LR mE»
S 1km OBt b THRHIREF I X % S8 Mk LT
WBDT, BB L olcl 5 TH b,
L ZAT—F, BEGYEEDHLEIMEVDH, BL
5 EWBOTTT — Fvic X 5B LB & L
TEEEYAG, BrNBHELY AP LTH
FHEBEEWTEBRBOFLOAUF, Wi b E €2km
LWHRILLTERE LLDOTHS,

AEFI33, B4 T7e o BB REEE [ L4
(RFHPEFE) THotend, 40, 4AUECIZ TR &I
BIFEAET (2 OB b & T dkm) 32
Lico MiJ5 D3040 % MBI 1 BHOEL TH B,

XTEFDOFBRYEIRCHELICH, Thhrbialk
KGN T Ebro TER, RIhbABRA X ST,
O IR HL, B Z ORRORI R ED L (2D
FBORE LD DRIDE H EXCHIGT BbiFTH
M), fEERE LT EICHTS RIERObWE
RnhbRDBIENTED,

#9:

PQm

I
10¢ A[ M—V

1.0 s, AB/2
10 10% 10° 2x10°

FhhbRD L, TR JURR (ab/2 2% 1km)
SF DT E T 2km 272 % JERA B> 20D T L,
—F DL ACHEHCEHECEROLONRH Y GBI
RINERM L), ThrbESEL B0 B 0ndb
5 (ARZLZEEOBRIKAE), £ LTh —E &L
LIANTEL (ChEREHRKER & L TA
72)o F LTH 5 EHFOFIT FORIEHA hE e
DESRGHOALZ HDLH B, i HEE L

LELThI, .

o THIRESR L BREEOHRELILK L TAR 3
&‘Kwﬁl&ﬁb#of<6°¢&b%‘ifmm
FEETH B, TDE I AITIBEREEOKE - C
L, BROPpI G E, BN EEORELDXED
e &, FRICHIEH OBV b, BEE
LCHELTV A, SHITHE CER) DFHLERD
Tz &R, { DHtFOREDOHEL KW &
EFE LIV

ROFWRLNEEERK AR EE DN
L, JBEROKRENZ &, AT EHOBEEDORE
Wk, FREREBH OB &l EnL, HEKRE
PIEOSH O EEL bR TA L5, BIKERE
LT AHBT, heRER T BHEEOROHR B
BRI - TWB L 7, WhOLFRERE D
TEMNTELS,

AR 05 eMERERSBACE, FLBRREND
T, BBRYAVLEXETHHH, YHIROES
Tl RCHEROKEVH DILEFERS K E WD
T, T TRIBRCHE L, ¥ LITBuKORFR
BE3EIERFG, CHITKRD X D BB X
Bo BRI 8% LW ORI OWTIR, kI
AR L S BHOFHHTCTIREND LB, Th
e F ORRBKNEO TS EEL DR D Dh, B
B 1 DBESBRHOECC LD D,
EREEFTTIRAOEC I —EH L & hig
Vo BEEFIMEWVE WS R, WWENEEEEA
TWA L, XORENENC &, SHIEOESE
EREGWC L, REBAORRICI-CHBH IR S
P FDOWTRTH B H B Z LR ERIET T
s Ly, L LIFFE O OB b, K
DEGHRBMOADEDORE WESG, 2% HEED
HBHESOROER B O E 2 A TREDEN KIEH
LCHkh, Landhiphe 50T <Al S
ZENbh DT, BUKRHRRE L Lic, BBREAD
AR X CTTRB &, R UHIEAN T b BUKRER
DHBHE, FOEBIEROIO I EI M- D
LTWigls,

RICBERIK AR TH A, 22 Th RV E
M U< SORBRE - FLBR « @ - RS » b, 8§
9 @ cover (cap) rock D% WIEABEFEL D LH
TE B, e LI DEER—F LOBINELERL D
i EH DS, Licalo THRE ORI & b B
KOBFIEENEEIN B X 5 LEETH S,

XBRFOTOIEEE, Zhicdm UL 5 ekt




MHE 2 DBKRD BV IIELKOH BB LY E L D TH
5, LELOWIKRIGT, HFEEH, S 500m ¥ TORE
OLAMBN D4 D &S HICHBREDRS TLREC
TLENT 5 EERE L BRI IEN D Tl i h
OB EARDHEE S DT, S LB Lk
TeBUK, EIEIRKOIEE L LD TH B, HiBgE
SABRC BB, FHTHEVIEANLELR
¥, Th X b green tuff formation %”E{—‘E@O&
F—=V) VORI Sy, L LB~ X
ST, BADH ) Zob & LT OERB U TILIER T K]
THb, ,
Z & TR CESRBERO—MAE L 1 nE L
THLDELBERTI I, B DL ST, BRok
WEDOD 2HF TORBINE R DIERVILIER 7o %
Ahbhic, TOFIRMNS L <bad ke, Fl
IZi% debris 41 DIEENDH D, FSEDOTICE
DT, TLTLZDOTIZHE 2D cover 23 %, &
D2 D cover i1 100~2005m D HIRIE B &
RLTWB, UL, SOBFTENENH D, B
KPIEZDHE D b Ll o>T B, T cover DEL
EHOWIBERBOS TLEVIERAYFRT, LT
FOBRKKRBOBERDOE AL LS ADE, 0
PRI DECE SN E A EZHIEDH B, b 5L
ERANBGHEEOF OB EICHY LT3,
F10X

PRODUCTIVE
AREA S

well
3081

LB HF T BEREO HIRR & 7 L
fo CELLRD, HElii: REMHOHEX, F LTERE
KA IS, ENCERBMEATRL T %, &
BB D LB ~0 B M E RN E L & BRI
BRIKE, Thr b RERIVERE (BEEIKE . %
LUC B E (RER), ofEolmaRT, &5
LR DOBICECHERIL, ThEREHFEOR U
IO EBObB L AEHERIELDOTHS,

Zhbik, T ORE (55K TIIREL sk L
7o) OOINOEHEHLLTHBI ENL LD,

21X

No.4 No.1 No.2 No.3
oM | MaTSUKAWA N
100 ANDESITE S
200
300 L
400
500
600
700 -
800{ &
900{ ||
10001 £
1100
1200
1300 °ﬂyy

aool 4 o 0200

=1207

Z OMPLICIEE R LT O H L . FRICHE
AR R A A OMEDH 5 & & AMEZEN
CHREEH, B . FRBRFRIMRER DT H b b
ExX bR T, RYHSEHC L - 0E L EFE
Ligo Lnb 2D EC DRGNS S ik ok 2
WEH 2 @ cover LIl B L o BRI A AU,
BAEDBIER 1 FHOBI )i —FB > TV BDT
BBo SHIIEBONI 2 DDMBRICE > THEX R
X, R - BAESEE L OonDIBIC X 5T, &
DL 5 g AhE D L 5 RETRE LTV 200
b Litiel s D EIXBARILIEH L O BIHTF DFEIR
REKLBETHE, COZLDWMRI ENPNDETH
55, )

ST CHIBEEOMERY X Rb &, HaB
/b5 green tuff formation # 3 - TS
HENEN, REOBHDO L VBALE LTW L DM
Rbhs, & CROEMCEER IR OTE N 55
Tighbh AT I BTV DR E NS, &
DI Lit, EROIWBHED 1 DIHY%T 5 L0
ML L, FBERNRREL FH L i
[

ZH5THEMTHkm D WUicdh 5 4% (residual
magma) b, TOER BE B THRE S 1 H A

FRRZESR, HDH VBRI R[S > TH-TL -

HIENEZDBND, OB, URDOTZ L THDHA,
b L DEENITACULTHIE, T DL DTk e
L CIAFEE LBV Lo L OBEELIT Thiug,
DR DES (formation pressure) ZJf U CHH
HBVIREHOVT RN DB THEET 5,

I TEDEE, BB IETOH A « &K F i B
KIEF T, & THRBOMBIEENOERGHES =

(&

{
(-

O

®




)

()

LT LV, Ll A0 bomPemK, &L
IRl » T DT E % H - T Tl
NI, B2 oRBBACEEL TSI ENEL
bbb, FHITE L, W2 OENDHBOT, EHEE
EMBBLRAALEITEZ b, TrLAEWIED
Ny BB L, HBVIRHD Lol
EMBBEAIRAATHT THEERANOAMN oL F
2bhB, CDZLETFA MR~ Y v IERP S5 BRIT
D BRI,

ThebbT A PO LARESOR, —BB X LS
LThbEH AlcoT, BRAVERIE E 578
FOWH2~3HAOURBOEE BRI L TR L
Fro SOOI LMD T A FFHICIHWTHH UL BRI
hiz, Thbos, REHLODHL LEDREIILE
hER200m, 250mTH o7, TZTIDREX LS
Rz ZH, RDX S Ehibdolc,

FRiLH AEHET (CHIMHBOTRESE L D H
BEERTFH ), formation DHzEclL KAVKREIC
BA-TL B, 2D, L2727 TENRL, ER
739 TR L GFF) ohickEA Y
ATKHEA - TETRELER T, & 575 LTREME
FTLTC, FECLISFECRTAWE SR U TR o
D, TZTHEETKLE->TTH, Thrbidsied
DEERINCD, KITELHL LB, BEDOH D
heat supply 23% %75, EF L THAMHCET
E, T ZCHEY boiling point #Z 2 AEWW5 2 LIT
feho TAME—Y VI TOBUBERILIZDIS
o EMBERBRL T, FRT3ABDT A PR
— )~ FOREL, B HEDOREX L 300m T Lic, %

. DRERRCE AN BB LEL LB O TH D, —

¥, @S HEHITEGA TR ECER R L, 550
m}HBECUTCIREEAR L, chbDI&%¥
BIZART, 500~550mDELFTHLLEXANRD
Sl Lie (Bebs X5, 2O LRIER R
HTH o)

Dk bbmotc X 510, # 1 FRENO LRI
F\WTIT, BE Bukofds X OTRENEL LTV
5o L b FAMEMOBTASH Y AT
TRIAEKTHS, T LTRCEZHDENRANS
B A« &R LOBUKIX, MBS X 5 s
DEZATERIBELIWIhE L, ABROKE
WEBHOHIBOL ZATRBRACEN - TOE, %
LTERNR L OOFBBEY DL b, 2D &L, #1
OERBBILEK Y E XTI v, 2 FRBOSAIR
MK EIIEELEZ NS, ZOEBDFHB DT

‘ WTOBEESFHRDOZ L &2EZLTHI D,

— BT DEEED AL, T DU A & DEFDEE
@5 EEMBEHELEZX LR IREL OMCHS D
DEEIRTWE, LaL, ShiTERCE H %0
FIBBEE SOOI 0B b PRI Sk fE
BHAHIERTED, DL S ELIINIch ORS
OMBEFH IR TN SO0 EE T, BVUOHTR
ESTOHETEICIL, BEELE VI IEHbIRT A PR
— Y v ERFIR LT, TOMTHMRRE 2T ¥
7T X B BRI X B RERER L - T, K-V ¥
FHEX D XL OREXHR LTV %,

CHRBEELTC L B3 TH BN, DX 5T
BT T, EH L D S50, HhBx
SHUTOHERC L BBOBEIE, ThiCX > T/l
LEBLTERKYHIcd B INKE BB LIFD
PoLBbh5,

B HEIRC ST, ThAbDZ EHERICA
hT, FAME—Y v 7 (BE500m % TO) ORE
S L, DRICRBR TR o 1e 7 KDRVHF OIRE
ATEERFA LT, OO T ORESMAFEL
Thic, FDOFHADRLYHIRD L > TH %,

T DL B %5l - THUF BT B Bk ¥ 70X EK
MEF-L, H5HT permeable 7; formation i tH A
ST, FOHEBET AEEOETENIik®
2 5E, FRICBEKANESR S,

3
k0t
oo pe Wit dsl) B reservoir PYO—E D
7
f---porosity
u-+-viscosity

c---compressibility

---permeability
THbH, CORIMEHEOREFMUETHAnD, £
DOEFE T ZENTES,

o TEASGHRE S T, formation PJTEL
ROEEH boiling point L% &\ 5 REXHRIT 5
L, BT ORESHNEBORDDTH D,

T THREERSIEE (5 A A=Y v 7D 500
mEX ¥ TO) BESMHCEHED X 5 (Fbiyis
permeability #{K5E LC) L T34 COERE
EOHA (A1) 8H-T, I bBOKESKE
HANBHE I, T OMBPCEEIRE TS E
RET B E, FOEITH ENSKZKMD e 5,
Fio, B ORESMAS 1,000m X T 300°C BE




DEDRE L b D, FERFICE 2 SR 58T
BOWAICIL, 2005 10 L Lo & 0Tl il b
e R, ERIE - BRI RE B SRR A
T, 1,300m BEOHF RIS = L1ty ote, Ehe
S DX Sl b, 2 ORFEE TIBUK E TR
tEZBR5,

BAE A RKDOHFEREOLN, Th T ERLRE1E
BRTw5b, ThLDRESNAFI2RICTR Lic, =
o A RDIF T, HFBRTERER HE POk
SO DEIKIEKEMNZ B, P€o TRIIT—BERE
D) Inb, BEEBTWHCRENFE OB MDA
FORBECIE ST DEVIEFERB ZENT
x5 (BEL3RD.

12X

TEMPERATURE LOG CROSS SECTION
900

No.4 Nol on N0.2 No.3
*"100 200" 100200300°C 100 200 300°C 100 200 300

oM .
100 B : 2 |700
To 1 s 2 1700
200 to Lo i 1600
40 } bl = [500
400 ' 12 | {400
500 i \\ {300
600 £1200
700 2 it100
800 s 3 i i
900 - 5 =) too
1000, & = £ 200
1100 T f 1080 = £300
1200 i[21 3 1207 ' f400
1300 : \/ 500
1400' U116 0_200% 600
13X

!109°C 1200 300°C -

11900

v
i

203 45({78&a)’

Y, HERERNLE O RICRE S TIERIEL

TEAZ ENFEERL VEVCX 5 h 2%, L
Lohik, dLbod BEEATIE, EHCHENT
BH D2, TEN EFA LHRRSRIGIS L o 3T
Ihd, ShnbATh, 3EAENBIIEECILE
< WEOBTHC LS Z &b b THAD,

B HICRMINCIE, KA R DKL E DA
B APE 5 RIS 5 CET X8, MaIwig
DEREBIRICDOVT LS LTI o THITHEEE X
BT, b1 BHOTIME TR T A P K~
VY ZBR-20H BN, FOHFETE0m DLz HD
TREERDS, BHFEEE 1 BHMEKH LT L LD ER UL
200°CH 0 KL B40MD L = AR H B = LT kY
BWRERTHDH, —F 1 BHOBMKELKOTE LR T
150°C TH Do SDI L FLIFRDI & 2 iE (1 B3
TIL940m D) I AN L, FRNABKNEL S o
2 T77 > T5E, HOTHEREKTAEL,
LAl 2 BOWBEZIRE & 2 5 EIC )k » TfRT 5D
TH5, ’

Thebb o WS, RIEHFBERIT

PVr=const
TV 1=const
T=273°+t 1=C/C, THbhrINh 5,

Z 2w PRES, Vidte, CoixSErksh, Coix
S EE (K

Ly WHWAHESEOEENS 7=1.3,

EIETFTEHE 1, E2REL28F> L E 2 5
L TDECEThEhM 3 ETOORERT RS 5,

5T 300°x0.7X0.7=150°
Lich, RRIBACERE, 2 BOBBEIRC L > T
fREMDL T LB,

L AT, BONIE 2 OIFEITE 1 OB& T EEe
Tiew & ik Tieaixrt, £ LTV < B permea-
ble THs & bah~xt, L LIhANKERHELD
WO RBILILBEELZEL T,

IMPBROFERIL, Z OEERIKEPI NI Ay
vy bDX57ebDRH Y, THbOMBI DA -T
W, 12O EROHEMBO L7 > TWBZ M
bﬁ\ofco

ZLTOLAH 2 OB EE X ICIIBHBOES
I, XLoEZLINLPLIT T AHI LD
oot

&3 L, MBWREOHEE DEMET 2 KE Lichs,
Z43M4> formation pressure (T F 72H S T 7z,
BAEI AN AT Lics — 22— T, Zh2E
Bia L T BHLTCBHRTH B,

(&

@

®




®

@

Flo, WS onDHhEDOH -, 1A, BB E
IR EOSA L BRI & LTI TRV 23, Jh#kh
KEDHE, BRABAIUERTHL LD X 5 DL
BEES5THbB, LHLINLSHOMETHY,
¥ o HFPRMEE OF B OMESS capacity o ifE
-, Reservoir Engineering O ili»fEsr Shicith
e hie,

I ZTHIE, TR TR—k S DRLOEES, BT
THTHBIANE - ) v 7OHFEXE L GESHS R
TWBDHM TR S,

FHRCEBEAF OB L T2 BKORYHC5
DA,

%hmﬁﬁﬁmm&ﬁLf\ﬁ%%6$ﬁmmmm-

X10%cm?®) FHBZ LN TES, B HIR5 B
RiX, SDHERDRTHLHIN B, Tihbb,
Q=CPV( T— To)

S CteB, o X EE, VIX&R, Tolxdn
O EATTRE LTUL A5 TER KD FRIO R
B, Tk ORETH 5, = DREY TS
150°CE LCAhB & (FFRD¥E % 15cm & 2 C)

50x10¢ 150
3600  mX152

_7.5%10° .
- 1 2
= ax10° =3 x103cal/cm?/sec L 7c%,

505 OFETIE, BMEETHITF 2 B~ % Bl
fix 1.5% 10 %cal/cm?/sec THBH 5, FD 2X10°
EOBBIHR TV B LD, THITRNA R
f@% LIAT, fiic chx BB AR b o
o EWROBETIIFHF O LITES, BKER
Akwbmxfma,#F®¢®ﬁ§ma@;5k
ELTE ek, LI BRL LR, FFHFECD
WTEABREMEY VELT, BEOKRTERMS
LINTE D,
ITRENDHFEDOWTEEY DD, DI L EE
T OREERBAY KB L CTREcz L ThH 5
2, @tk LTH BN, BOBEERIHLL S, T
ML Z OBIERHEITH B, & OFHF LHFTHE,
Detins 2 BRI O 5 Bichle h DREECE 5, 2D
Enb, EDNOBENM T LIANETR TS0
AHRETE B, Tiehb—ICH T bAANHOH X

Q=1X1Xx—=

‘hbﬁﬁﬁ%ﬁﬁ?bom‘yrﬁmﬁ iz @=k

2T s en 5 B2 s, ;yﬂanruaa
;Efﬁ%oC:VQ@mﬁm\ zumTomm
R, T LTRRREERLHLHL LT 5,
STREMUL 5 HELHT, FHOR D /T

[ o CHEIT 5 » T 5 B (heat flux) %%
R hHo TIbhbEHERDOMR Iz effective conductiv-
ity %#EX TRHEDTHb, SO EILEZ2FHELT
=& Lozl 2F D Q=k’—‘;—f&%< el
BTE B,

TR HRAFNLLTBE, ¥F45250E
T CHIUE, 1kmLDOFEREAZ D DIk E B L F
— #— [ BT 10793 100 F4E (10%E) B bixhns 5
THH5,

ThuEEDHEAT, 1 1ED 255 50 1461 (4
X10°%E) CHMETERONDDTHBMD, £ 0
o & b effective conductivity (3, 525 D4
D108 fFLTeD, =T OMERIESOEE, £+
FORHELT, $25DINfEMIEL B EMNTE
5 (52513100mT3C, 4 DAL, 000mT300°C
@z o -

Ltﬁaf%%\Q=MéiR&05®%E§fm
EBIANFRETN 5 # R D 108X 10=10"f5 & /25,
ZOZ LA~ F—NCHIOEE LA

T 502 ThBE, RARENRD 220HKT,
BTS2 5 DBUDL06ERE b OB, HFED2 B ot
WASHEORHE IR TWB I D, ZhiZ2 L
XZETHBHMN, IEXLTHBE, ZhIHF LW
SHLEIEFHT Y v — FICER LT, =% AF %K
HLichbicfiisH iy,

LI AT, AT ZWEIEA T UTERE N X
DBETBTHD 5D,

T E T, WToEE (x7 <) BHoR>T
WARBEEREL TLLD, ThX C, o, 4T, v TH
BT ENTED, & Ciihs, o IXEE, 471
TEBE D L EORNE OBREX, v IEHTH S,
S0 HEEA /NS BICART 100°C, FEE% 2km &
T5&. %Milxlx100><%7r><(2><105)3=1.6x1018
Liche —F, 1ADIHFH D ER 50ton DZEKHH
HWERTHBEDTHEND, BB 1 AOFHF»1D

7.5 10°
3.6% 108

DBFAE BN LTV 5,

BT AATIE
1.6x10"
8% 10°

14E1T 86,400X 365=3%107sec TH B H, 10%E
DE D IFER LD ERLIND,

LI ATHL RGO BEEY Fb #illcrofc
B, E537BTHAH 50

=2xX10%cal/sec

=2x10"sec




T OBECIL, B2 B ITEA EDMEET, o5
RERECEROTEM AT, Fhh OHEOR
AT ErEdAEZETHAd, FLT~ I vDH
Mt bbAA LR LS Lck i3 o sk EHD
SBLIETHA S,

T, CITABFHFOILIOLTH LR THE
5

4 FFIHITIFF40411 |, 50ton/MERREE D44 2\ 3K
KA LTA % — F Lichs, ROy — v 758
DI RN CHIE Lic,  OBEORBT, 15
ST HTE Drp s BB DO FEK AR X B Ao,
HEOBIKEY FEA SRR QOB FtondfE), = 0fl
R, HROFORBICEAE U, BECLERRA
FELEDTH-T,

BN DOBEIL, COBETHAENS Ihvate k
57eb DD, —fRICESHBD DI LB OK A FHFFIC)F
ATBIEE, LIV ERLDLTHL,

LODRGEDPHBIF T 5, ZHIBT £ U O
T /AR B DI BB AT W TH B,

19629 DT L Th D, FvA—HltDm v F —(l15
& T, M ETHE 5 7oKk h il - ¢, HFe
CHEETIO VS S LT, 3.700m I h o
BOHFE -, T LTRAES A, WF~DFEAR
BRI LD TH B, FMBICEA LIcKDREIT kR X
% 177 6,000ton TH - 7=,

ETABRANAILZ ED o To CHITKT AL
LHBAD L Bl T, 2 OHFEL TR
RO UDIDTH B, 12 UdiK LR Tk i
S DT, ﬂﬂ@l%oo%&tkl®m&\ﬁbw
Z D% LFHH 2 F ton BEOKE AN, LRI
U THIBIERE LD TH B, DWIC, 1ok havk
THE19634F 9 AR TKOBEAL—EITY - 1o, B2
mie, BAMOWEBORIZEN » T oo L L,
BEK DILIE T B D BAE19644E 9 [ 20K HFFOTEK %
Bt LIcE A, o TV iDL DT EFfoF foE
ﬁ%ioto%mLEm—%ﬁwﬁﬁmgﬂkf%
oo HLARHDML, WERITBE OILA X Lidhs
HExy &ﬂ:of.@f‘@éo

C DK TR, 18824 LASKBOEM b BB D 7 o 1
LIARFIE, BELKREM T, TOMEALL
IKOIBE L6075 ton 3T < W R s7s, HEBOKBE L 700
B 3780, ARMEBRTEIC KA, FLTKRES
DFHIFEEVETBEDO L O T A o7ch, I H
B Ve d—-DAr—AT </ =%, — Fit gk
4.3CHotce 7 2V HOHWEFHENL 2 7 5 KL

HMFH, 2w 7 FREEE HIILCo o Pigic Yo
oo .

KEDICBFEIAEAF s HER 10km DPEHRC &
TOAD 5T B, EICHES DFL10kmas B 20kmic
LRELDLH DN, WL OhOMBHLLOHET
W, FEOT 10km DL Z HIZKBS L b D3 %
b, ZOEDHMBOE S OILT OWBE & I5R X
B ECRERLTHWATHA Y EFHVTw B, 7
bbb, HERENE WL D0 Ao Tl 2 0 HiR
T, KK ANIAI DI BEDOE R L5
DTH5,

BRI Lo TH B, PRI S DKEEA
THILERE T, TS HBHORBOE LA
OE R THEEEL S B & L, X O Thdix
e b2 ETH D, bivbhogaicit,
B o TERKDOMB RO TUIE I X - TEH
JEE & DR « KBS, BBOKZBZL3EL
Thhig s sy,

RHNLEHA OEER L LTk, lboft, E&
L THE L CRESRE 2 M Lic, T h RSk
HHLDOTHY, JOMECBRORBIEE/RS,
itﬁk@%%@tw‘ébmﬁm%ﬁ HREE b
DETHA D,
—km\_@mmm%%%@mgogmm\%mw%
FEOW AT OGN - HHOH st LA LTS
ES LN

I, BINORD AT, Bk Thg < B
fﬂTkWﬂ%@AL%Lto%@&ﬁb:CLbb
T EE LR,

BRTFBTCL, BoikBickes{ibkirehs
5F&51%th“ﬁ@L®bHu&méh.%hk
DU TERBHERIRE & BIBii T - Bk bl g6
REFZZ OB TITEEN X, OB OWTH
A R s Ltk o T,

FHEFL, BEhTIORRICHETH LI »
yrg

B 2 A 3 B OFHT, AR ERAIC W TTH -
oo MBEWFRII0M & LTc@Pncs L L, ks
D IR S hre,

B 70 C B ARSI CICTE D . %330 BB

FHRE, DB FEES LR SR, & LEML
F—=FAKEAT, BFOMANIIBAREEAEL - B
B (RE R - IR E L, F L OIS LB
BRFFRERE - PReRE R R E B BE,

(@

@

(]




BFCE B, SILHTERESE RIS R
XAT, BEFACTK Kt M40 < & F L
1o

12 U I BRI R S 2E R o Py 75 % A B IR A
B bV, DS TER 2 LB B LR D X 5 il
e 17, o :

FFELDE, RO TFTO< Y A LBTIR, Bh
MEOERE U EOBREC B L ANH N, LThH
W Bk~ =T, S DERE, WALSDRER
T EFRETRCE DT LA L b BRHEDD & Tl
BB ECANTED, Chik~7 <DL
Wy SR e AU KRS L e B, £ LT
HHBERENT DL AT, ZORKGHERY
L= /= E Y D H A FIIIREN, S DT
B Lok s L, REE Bk E 2%, 2D
WA RIELE 374°C L kTl HoO 133k Tild 0 14
P FAFLAMRLEDOL b DTH DN, D
BELT CRENRETELD 5 VITBKE s h &
SOX YR — ) v A LI L 5 THERS
RTHEENHTE, FOERKK L > Ta— CVEEHKL
FBT 5, DX 5 oA O T Y L%
foadic, HWEY: - BB < HIERILE DT
bR D, WTIREGDH D\ T BIK % 72D B IR D
KREuBE DX T B, TICHTHLD2OWICERER
T E LTKREITH DB, A &Y — 20— F V-
TAARTYE « T 27« VELRHEROMBMIEE &
FOWERDOH D S F, S HICAKDIEEE - B - A
BRSE - RE - BA - RESOBIR, T LTHAE, BA
TRERNBIIBTEBCIIFL I X BIHEOD
MR D TETEE» B, £ LTHESL - T

BHEHBE LT TEEBIWERER - K% - JUNE

NEDRBELCEEFERED 5V ERBELFIET 24
Wb b, BB+ % EERES OFBRIL, BRTi
COMBRESE SRS D, SROLENCTREL T
5 &, BLEWCSEBIY Y BRI OB
DWTO FBILTKK LHERAER & OFFEHE ON
A, & ITH T REE S RBIC DV THEE s X OB EEEE
- BEREHEC X 2 THIER Y, RO e
E DI e, Fle T E DBI#T= L -2

7 YFI7A4 554 DONTREE vy i & LI
B i) 7,

EHEObL, BERLENDSEOEFTONTULT
D DD b D LF A B~ BT,

Flgos&x - ) vI/EENDRER, 2B, 0
W ERCEAEEN MBI RAAEARLES
VBE MR ] (REF(ETK KRR, i
W OFEEE) L El, @BV DOTH
% (Z OGS H—WEEEOEB KIS DB =
=PI VINT, FLEON= o — 2~ 7 OFEELRE
T R Uictsda EIF7o).

B AR I A B DI s SRS LT,

Plodbe, BERWCREEIANGRTALUVLAHL
AOMTFMNSH D, FhiTkIlox Lk, & xXE
+. BINOTHECER LI r - feh, BAROERR Y
B> =k A — BT B E XD, 1 DOOHE
WORKE Ha (AROBE L BEOYE), AAE
X OHERT O Z s BERAIED DM BAFEE DR OT
M (EBEL) EREFe 7y M BRRETRO <
=D OREE, Ay — A6 L L L OREKR, Thic
L AEIROHE R, UHMSREEORM, WEARBEOLE O
SEEBIIK IR KIIFBH B CILEFNIFRBECHT
LD, AAL = . — 7 v F OB Ol
DB, FEREBUKOSHE, T LORKICHEERT
DORBE ORIk & FE F R L ToRII DS E
D r, BERKUTHBGEENTELNE I 2, ET
H5bo

WMHFFEARDAY ¥ . —AThHH Y, BT
B s 2 LS R, SZELB Lk 5 liEs
Ca D L hBsteshicicbh, THICERFILE
Z i BV, FREEB IR R R SR Ty
LG % DHic D ITE LTI LTI,

52 W A 30 55 b M L T12Wp2e1c & DRIIERE
AR, HEEPTARE L,

(B L R 2 LT T EEE oMss (2%
FRAR) | OHEARTE | #HR L Lic, ThbOIERIC
W, ERATARICOWT, BlEEET, BTEORETE
R, TR X OB TR O BRE
LR v )o

— 51 —




