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Thermal Water Flow Systems in the Higashine
Hot Spring Area, Yamagata Prefecture, Japan

Koichi URAKAMI

Faculty of Science, Hokkaido University

Abstract

During 1992 and 1993 geophysical and geochemical investigations were carried out in the
Higashine hot spring area, situated at the northeastern corner of the Yamagata basin in the
northern Honsyu. A numerical simulation was also made to reveal thermal water flow systems
in the area.Thermal waters with temperatures of 48.7 to 69.9C are pumped from six production
wells drilled to depths of 120 to 130m and used for bathing at hotels. Total discharge from the
wells is about 1,300 1/min. Thermal waters in the area are slightly alkaline sodium chloride type
waters with relatively low TDS (1,085~1,474mg/1) . Two major thermal water aquifers are
recognized from geological logs and temperature depth profiles measured at nonproductive wells.
The upper thermal water aquifer, which is encountered at a depth of 30 to 45m and extends to
a depth of 50 to 60m, contains low chloride thermal water with temperature of roughly 50C .
The lower aquifer, extending below a depth of 70 to 85m, contains high chloride thermal water
with temperature up to 84C which is comming up from the deep through the fractures formed
in fault zone. Production wells, however, discharge mixture of these waters due to pumping
through multilayered screen. Transmissvities of the thermal aquifers are determined by pump-
ing test to be 16.3 to 74.3cm?/s (mean, 34.7cm?2/s) . Numerical simulation for steady state heat
transfer using horizontal two-dimesional model, suggests that the lower thermal water aqui-
fer is cut on the east by fault extending along the east margin of the basin and bounded on the
north by low permeablity layer, therefore the thermal water from the deep spreads out within
permeable layer limited to the central and southern parts of the area.
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Fig. 1 Locaton map of the Higashine hot spring area
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Fig. 2 Location of wells in the Higashine hot spring area

Solid circles are production wells in 1993, and open circles are abandoned
wells.
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Fig. 3 Location of flowing wells in the Higashine hot spring area in 1949
The wells were used until three production wells were drilled in 1958 to pump
the required amount of thermal water at hotels.
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Fig. 4 Driller’s logs estimated from cutting samples
Location of the wells are shown in Fig. 2.
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Fig. 6 Hexa-daigram of major ions in thermal waters discharged from flowing
wells in Higashine hot spring area, measured in March 1949
Location of the flowing wells are shown in Fig. 3.
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Fig. 7 Tri-linear diagram of major anions in thermal waters
discharged from the Higashine and its surrounding areas
Open circles are groundwater discharged from artesian wells
shown in Fig.1.
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Table 1 Isotopic composition in selected thermal waters of Higashine
and its surrounding areas, sampled in July 1993

Well | Temperature | Chloride 0D 0180 Tritium
No. () (mg/1) (%) %) (TR)

GW 15.6 12.3 —63.4 —9.8 6.8

HG-13 64.3 411.8 w5 -0 —11.1 2.4

HG-15 67.3 326.6 —68.9 —10.7 4.3

HG-16 48.7 539.6 —175.3 —11.4 <0.3

SR- 1 96.4 528.2 —173.9 —11.3

HS- 1 43.2 10.9 —73-8 —116

EB- 1 48.1 616.3 —75.8 =112
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Fig. 9 Isotopic composition of selected thermal waters in Higashine
and its surrounding areas
Values in parenthesis indicate tritium comcentration in TR.
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Fig. 14 Relation between temperature and chloride content of thermal waters
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BWATEZERRLTWAS. EHIK, BA Table2 Changesintemperature and chloride
content with increasing pumping rate, measured

BT E s, BAKBIOO O at well 15 in June 1987

AR T HATEAEDRE L2, T Pumping rate | Temperature | Chloride
B0 ko, #ABIO L TIRHEOB M€ | (1/min) () (mg/1)
JE DR X 05 AEIFHMRE BT B Ll & 11:00 50.0 63.5 156.1
. 11:25 104.0 61.1 156.1
L2 AT, Fig. ldT BT, EEACITE 11:45 160.0 63.6 232.8
PEEBRCHE LT R oAy 2% | 2000 65.8 319.4
12:25 290.0 68.5 362.0
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HAfHa I N ABERRD Ll L Ebh 5.
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FEPDHI99IE F CTOIERLC E LN - THBDT, FHHEMLEORIEREE (19494 3 B JilE) %
W, BAREBHRE L OXER RS, TOSMERTE, Fig. 150X > 5. FTHRICEH
SR > TLRWEREZENRKELK-TED, BRBKTTIBBTHEIAHERTHEE
ERbhs. LR HREENAELEIAND LD, ThIIABHACLADTERL, LA,
WAKE T TRUOER ST KEDREENE L TWARDEEDILS.
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Fig. 15 Decrease in temperature of thermal water estimated from the mixing
line AB shown in Fig. 14
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6. 3 KB

6 HFTOBERECE VT, BHEE, ClE&AE, BHEYMET S L LK, HEHx15~T0
S LR, FOROKMOEERRE Lic. Tabledid, ThbDOMEMRE % DI DT
B5. BEEEI11,298/min TH B H, TTRAERLIIIE, WTFhOREFESZFHRML T
THTFADBEALRDS. HABICEEINEEBROCIEHRY540mg/l & LT, TEHORRH
KELLDOBBEYRD S L, BHBHENL,00/min &7csb.

Fig.161c, 4 ATTORETHE ShioKEE(LER L. ThbRBBHDOKAEE(LTSD,
BB LB OKEOEEIRLTHS. Kid, WTFhd, BEXEELCERCIHIC EAY
B, 105 SBT3 LEHERLC EATE I C k> T5h. BPLELEATLIRI 2D
WOARE 2R, ThE#ibKkeos Lic.

Table3 Temperature, chloride content, pumping rate and water level measured in July 1992

Well | Depth | Temperature | Chloride | Pumping rate | Water level below ground surface
No. | (m) () (mg/1) (1/min) Pumping level (m) | Static level (m)
10 120 60.6 383.4 164.9 18.30 12.76
12 130 69.9 462.9 22272 18.72 1255
13 130 64.3 411.8 336.5 12.50
14 120 59.0 433.1 205.5
15 121 67.3 326.6 252.6 15.42 11.00
16 120 48.7 539.6 116.2 10.75 9.47
10 12
6 — 6
E 4| E a4
g §
€ 2 |- & ot
o 1 1 1 1) 0 1 ] ] )
0 10 20 30 40 0 10 20 30 40
Time, min. Time, min.
15 a6
6 — 6 —
E E
s i . 4 -
o o
H 3
o ]
o 2 € 2|
0 I | | J 0 l | 1 1 1
o 10 20 30 40 0o 10 20 30 40
Time, min Time, min

Fig. 16 Time-recovery graphs at wells 10, 12, 15 and 16
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W () = f —du, u=— @)

EBbbaInb. TIT, SEHKEOIERE, tZBRBEOKBRHEITSS. EbI,
eI et Ll icid, (1R

Y
h—4 - {—0.5772-+1n {+ } (3)

v

EhbbaIhs. Fhdwx, KMELERREKC T2y b Lt EOEBOFREBEELD,
WKBOFBKBERHERDLZ ENTES.

LML, WEHKELYARD &, HEATOFER LS E, KR LT LLEFRICE 5 T
L. fok 2, BB RFETHE SRR E(Fig 1D 2 A5 &, 1058 LK, Ty
NENTER LEWCEREL ST TS,

b L, BBEHOA KB M TES» ORAYEWBEOENA NS E, £ 2 TR
B—EDHEREEZELZONEND, EhERKFEHACERRCEDT TS L35 L, BEEOFM
7 HWT, BIGFOKMEREZCERED,

R 3 _FRIS N )3
h LT W )=W,)} u, i s S @)

b, ZTT, rBEGHIOEIHETORMTH D, r ZBRI» CHE & KE—ED
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BHARMEDIE R D & T, BRFE ORI IT
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Fig. 17 Time-recovery graph at well 13
Broken line indicates time-recovery curve calculated from eq. (4)
with a distance of 175 m to fracture zone.
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Fig. 18 Time-recovery curves calculated from eq. (4) with
various distances form pumping well to fracture

@WE» D, BHEEILED IBRENMELEET S L, REFFOBEOHERS LHLNT, KL
ERENBDT L ERTFHEING. FE, W LELYRDTIRRHKEOHKEREE Itk
¥ DFHfE, T=35.8cm2/sec, S=1.3x10"*% L, Q=1001/min & LT, #HEHH H50cm K
NICBOKRMEALERHETS &, Fig. 180 X5 s. ROBEMHFIL()FR ML LFHE S DKL
TTHD, HBEZARL LR INEIKMEENTHS. RIBEHHDOKAE—EDRHAELTO
BEETH D, BABRELLIEHE T, TOHENEDONARHENEL Io-Tw5. T OFHREES
BRI FEKBERORECIIRDOERBF OB RTINS LR LT, £, S=1.3
X104 & L, 13B8REOKMELLID, HRRBLOKREDEKERE Y AW THEGIH 1 L
NEFTOEMARDTALE, 175me it (Fig.17). & bAHA, BMIRERIAH < KA HRE
ETHETHE LT L, SEOEHKABR TIFEREERDD LN TERP STDT,
EHNEDOMBREDLZ L3 THLL, EBROEIOEPOERZY 525 HDRTE L.

Fig.19%, 3 AFTORFECE W TEHE S hicKRE L E R L. 2 5RFIX, 6 miihic14
BRBOBHBEEIE LI L FOKMELTD 205 B Table 4 Transmissivities determined
2ODRPFLIZRPRE ST AKMELERLTED, K from pumping test
RMEDERIROZELD D, BRCENKEL S LD Well | Pumping rate | Transmissivity

FRTWD. Chit, BRMASFHEIRS LS, o No- | (/min) (cm?/s)
ECRBKEDER NS B HSTH Y, ETFrOHE 12 ;2;2 '17‘;;‘

Bhbbh, DWW TEEMICH 2HBOENE OFEN

B 13 336.5 33.7
Hobh3DThb. BAKRBROBERYTLDB L, 14 905.5 31.9
Table4d DX 5 C/n%. HAKBREIL, WELPDRD 44 116.2 17.3
74 : 21.7~60.0cm?/sec ("F-#935.8cm?2/sec) I3 1F % 34.7 (mean)

LT sTW 5.
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Fig. 19 Time-recovery graphs for wells 12, 2 and 16

7. BRERE

ESRARDO FTREEL AL DI, Fig. 20 Rd10ARE T, Y a7V LYy —
B X 5 IBHBEERIT - . BERIFig 21 LD TH . ZOMBRIIFERBHERY
WIRHERE L HRE LTV B 1edh, HEREREHINE S, BERISELNEVDT,
HA O R KB ORISR TENID D Z LIXTE b o, 1o7d, HR 3 TIREE 556~230mic 7 ohm-
m, 5S4 TiE80mUER 4 ohm-m &, FEFCELBHROMBENRL LN DL, FAAEECH A
DB END, ThALIITHORRHEAKBECDLSEEbh5.
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Fig. 20 Location map showing measurement points of
electric sounding with Schlunberger arrengement
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Fig. 21

Results of electric sounding
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8. EE

FREROBIEE L AR LDE, BEY I 2v—v 3 VRfTot. TTRBREI I,
COMIKTIE, 2O0ERHKRE@EAEL, WABIDAFEL, hbriktEk SREOM
JBaEhE LEARBEARBC L > THBINTWT, FhEROHEKBIE TN IERNEEER
FLARVWE M TREEC > Th3. £2 T, BERRYBE LTLWARKBIRZNSEL L,
KF2RTEETNAEANT, BEFTEERIT, #HKEOEE R RO T KD KES A E LR
B LFTHE8LMN. FFETRERRELE 2, BROMTAORN, BOEhiE
HWTHDBHE L.

8.1 EWAHRER
HoJE R ORI O T RDWIIE Z vy — DEERNTHE,
v=—KVh, q=—TVh 6)

LHbbadNs. TIT, vIIEHE, qEHAKBEMBESI)ORETHY, K, TIZEhEh
HOKIE DFEAFEE LOBKERE, TAHTHS. RAPH T KORhDBER THS T 5
&, Mg HRR

v(Th)= 0 (7)
Ligs.

o, MAPHTAOMARDNE, Thic ko THMNEIN D05, B(T XL F—)ED

TR

[aixi(Kijaixi)]_chLqig—fi_saz 0 ®)
Lieh. WEIBIVjEOVTEBHELELDEL, 1, 2,2 EhTh 2 KEEEDY, yIT
MG 5. o QKR Eib D OBBRITH D, HKE EHD OEAOR LM T KDEEC
HAILCTRAE R EN 29 L8 2, THETE?LDOBOUIE D is S B RBI L > T 5
EExde. Eio, o, ¢, RERPHTRKOBER LOLBTHY, BHWEORETSHS. ¢,
R T ARDBMLIRS I ) OMBDIRSTH 5. EHE, K 13, HKBOREERdET 5L,

K,=[K,+K1d ©)
EHODERBERTHS. CCT, K, RBRRPW T AL D LHBOMEHKTHS. K|
FRRPH T RDOWHE L2 5BE R ZE 2 I & ORI TS D, WhITH - 777 (R
HE)OFEHEERD,, WHAOSEEED &L, STHEEEATS L, BEIYE TSR
sl AL,

Kiz[DTIW6ﬁ+(DL—l%J%%L] (10)
L%, TET 4,37 REX v A=DTFNVETHY, 03XV —WED i HEADKGT TH 5.
AEKRETE, BROCHBTROWADBIRNDT, BUIMEEOATEIhZ 1D, Bidixo R
Rit

(VK’v8) —e6=0 (11)
Ligs.

8.2 HECAHWLEETL
Fig.221"9 & 5 7 3 km X 5 km ORI OWT, BTRE%E50me LT, Z45E2HWT
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AE L.
HEIZ3ODEFAR AL, ThbEWThbE USERAEHEY 52, BRI OERREE
CHIBOE N B DWTAREUMESRG L THS. Fig.231k, TNV 1EDPWT, EREMHL
oA BORKELYR L. N FAHEERIL 6 hITOREOMERRL, BE ST ila 3z
DEN ARG AT AEE Y RT. EHOEA (x=0) 8 LU0 OBER (y=0)Tix, BERILEER
SR 52T, BRERE L, 22 TOKELBREN HEFBALOSArLREL LS LI,
HEIOER (x=3km) TiE, KESMEE 2, REMN0CT—EEL Lic. HITKOKETHERE
DEICFIFTELWEEZLRADT, BRCH > THEBEXEN»bHARD, £hzi
P L TSP LI DR KESME LTEH L
fo. ¥, WEHOEEHSRERIZIL.2CTTH D, H 2
TARD KRG Z OHIR DT KRITITIEFE L &
E2Bh5DT, 11CEEIOMTKRDOKESE LT,
BERLMER I UHERKRR I R ZE LW IcfENR
LTH5. BUOER(y=>5km) Tk, NHEKED
BR&MEEEE, BEMNOCT—EL L.
- IRREO RIS IHILIRICE 7 2 1L 20 - T
B0, FOWMRAFEHBEOIH LTS EEZ,
HHOBERICH - TROPWEAREKEERBE, Th
DSBS KERILD s ThWhAE L. Lkl,
OB HIRBE G LT B HE DE
NHOMERLHT LS BETIE V. 2k, BHE
ELClamms OBR(Fig. 1) 2K 5 &, ERD

Free boundary

Impermeable
rock

Aquifer

Free boundary

=0

0

f(y),

h

ah/ay=0, 0=0

o 500 m

Fig. 23 Model 1, used in horizontal two-di-
mensional simulation for steady state
heat transfer
M : fracture zone; []: pumping area.

It is supposed that the aquifer is 35m thick
and overlain by an impermeable layer with
a constant thickness of 70m; top of the
impermeable layer is kept at annual mean
air temperature in the area and there is no
heat flux through bottom of the aquifer.
The values used in the simulations are:
thermal conductivities, 3.5% 1073 cal/cm2e
s C (permeable layers) and 4.0x 1073
cal/cm2ese C (impermeable layer) ; trans-
¢ 5 missivity of the aquifer, 35 cm?2/s; disper-
Wt S el L @\ v‘kf‘ﬂm»ﬂ/\L sivities of the aquifer, 20 m (longitudinal)
Fig. 22 Simulation area and 2 m (transversal).
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HIE LT M0 BIEEIZ W DD REMRABE LI 7o v bERTWAR, ZhbDRE
i}, Fig.15ici&bh A X5, —10COERBCH TN IHFROMIRICSHFM LTV, LK,
INLORENREEGHBEEC Ty hENB T EE, FHROHIBRICFEABLRGFET S EEKL,
COFEKDBHEEN S i, ShBR IO ERCAEE Lt bic. EhEEBITE
CHEH L TCTOIRRECODWTHREED Z L vz, EhEIZ135 RER X O16%5 RFEO _ERANT
boHEBELBLRS. bk, BREEOKBIC LD L, B3 TEHAEINGA LT\ 5ATHE
PR Z LR, DL EHBEK(Fig. 1 DGW)IZEE L TWT, BHESKROFHET
DT, WWERERE S S TREEZ SN, BEOBENLEEL L ZTThL
T ERERLT, EBNEHMFg 8 RT LY B FAETSE L.
HWEARRKPEERBOFKRCL L 23WT, HABIIEIRZ3BmE L, EHBEITOmDARE
KEBTEbLhTWA LB 2. BMRERIAEKENL.0x103cal/cmes*T, T DO HE L
FXT3.5x10 8 cal/cmeseC& L. %o, #HKE EWOBBELSRE %5.7x10""cal/cm2esC &
Liehs, Rk, HEEN O CRFEihTnhb L%, WKBOBEMEER L 5T, REKELRE
CTREHFICHHEEND B2 EDORBEDID. B, HKBO TURICHBW R4
HrEE, FITOBOHEADRLNEDE Lic. BAERKIE, BARKRBOFKRESBDIFEY
fill, 35cm?%/s &5 2 fc. BRE, BOHK CHE I NIERIO TS &SN, #HRDS
RKH#20m, BAMROSEEY 2me Lie. EFAV2RBIVETN 3 TR, BABEWL OHDHE
Wi s, BB KEREER G2 CHE LR, BEDLI A, SHERI MBI L > TED
BERILLD, L<{bhosTW\WOT, FBEIMBLCLOLVWT—EL Lic. WL LHHE
INTWARAOEE L, BHEELCIEEELDEFRMLLRDOLNBEE, 84CTH 5 2 1.
PEFE T, 9, ETNV1I~3EDOVWTRENORELBEGE IR TORWEEEZE L, WK
B ORERKESAPEESMICE I THELRAN, 28K, ETV3IXZHVT, 6 hFTDR
ErLREADBBE IR TCWEBAERE L. ShBTRKER—BHEIRTHBEE2, B
DI WHBERITZOXKEZESI08m s L, BEHRDAHE5TITEREHI8m & L.

8.3 FEHER

Fig.24, 251, ThZh, EFAI2HVCCEIE LEKBESME LOCRES MR LIt DT
HAH. KEFERSEMInTHD, REIEEREA1IC)LDETHS. KHEAMA LIERIT
HAED e D DWEELThOFAERL, FICHRELN0.2cmY/sLL EOLDODBRLTHS. &
Hh b OB OIS RIZ,687/min TH . EAN GHEFIROFEEE) b bRRIARAT S
T ARDOBMNENDED D, EELLIFECHED I WH OGN I N T 5. RESMIEE DI
NIEHEE N, EREAEROTALL AL TG AANED > T 5.

FTTEBRIc LS, WK EMBERCH - eEERLD D, T OFEMITEB ST
HHAATHWEEELZDRTWA. COIKRTS, ZOBERICE - THAERXKE LR, #T
KRBEE» LHKECEERAT L0 Mz Tw5EFHENE. £7 12 (Fig.26) T
X, HEUOERCH - TCEBEKEERYRE, TOBEYH.. BEREPHRAELORAL L, &
BO FEHmABRKE TR IR TWAZ End, Higl L TUIBHK & infKERE, 0.35cm?/s
NEXTHB. Fig.2TiF, EFTA22HVCCGHELLRESMTHS. BRADOMHBERIET I 2D
EFATRAELD, 3,524/min &7t - o, FBKBIR L - TAKI D D OH T KDHA A
2 bh, BRAENELSFERECHEN, KEhERENEEIN TN 5.

Lo Liehib, EFA 2 OFERETC OMIBORROBEHIRI &R T, & O
IO TS0LD BEMEHA D - 1o h, ThBIRRREE ZOREAOHBIC S AL R L, JLfloMh
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Fig. 24 Simulated hydraulic head and flow pattern for Model 1 with no
discharge from the pumping areas
Conter lines indicate hydraulic head in meter above mean sea level. A
constant head of 103 m is given at the fracture zones. Amount of thermal
water flowing into the aquifer from the fracture zones is computed to
be 1,687 1/min.
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Fig.

10 cu?/s LR I

25 Simulated temperature for Model 1 with no discharge from the
pumping areas

Temperature of thermal water flowing into the aquifer from the frac-
ture zone is given at 84°C . Temperatures in the figure are deducted by
that of groundwater, 11°C.
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Fig. 26 Model 2 Fig. 28 Model 3
Transmissivity assigned to semi-permeable Transmissivities assigned to three areas of the
layer is 0.35cm?/s. aquifer are: area A, 35cm?/s; area B, 15cm?%/s;

area C, lem?2/s.

BT 5 LT (Fig. 38B). 3% 5<, BREOIMTIHAKBOEKENELS, &
AORNTILHOMIKCIIED > Thiswh & Bhh 5. BE, HBARBROKR, RLLMTH L
2 BEETIE, KMZLD BT CRBKEDERNFAET L ENTRIRL. £, 28R
Fk L0168 RETIRMOREC L THER DS RBEKBRENE SR, Thid, TH~E
B 5 ICHE - TRIRHHER Y b S BB ~BT L, LEVLREEOHBENE /> T {1
LELZ RS, FIT, 543 (Fig.28) Tk, #KE%R 3 OB HT, BXREREE,

A : 35cm2/s, B 15cm?/s, C: 1cm?/s & L CRtHE L.

Fig.2913, A3 ZAVWTHE LLEES MR LIcd DTH5. RROHAAEIL8961/min
TH 5. BREOIMCERKBFERMNIFEFECAEVELD S, REDHEIBENTLHT LR
T, ¥1, EROEBENDL L, HREIGELIRL DI, RABZIER FOBETHILDEHA
EhTwab.

Fig.30i3, EFA 3%\, 6 HDRETHEE L TCWH L L TGIHRELERESiZRLE
LOTHS. BRCIIHTABREALTWAE, ClLEEELD, HABINLLOHEGER KD,
ABEOBERL L. BHBEEII1,0501/min TH 5. EREMIROKEY, BIGHOMER
HEIDomBESESIBmE L, BERRVBACHERTSmnEL Lickd e, BROMKEGE
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Fig. 27 Simulated temperature and flow pattern for Model 2 with no
discharge from the pumping areas
Amount of thermal water flowing into the aquifer from the fracture
zones is computed to be 3,524 1/min.
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TEMPERATURE

o 500 m

10 cm?/s
Fig. 29 Simulated temperature and flow pattern for Model 3 with no

discharge from the pumping areas
Amount of thermal water flowing into the aquifer from the fracture

zones is computed to be 896 1/min.
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Fig. 30 Simulated temperature and flow pattern for Model 3 with total
discharge of 1,050 I/min from pumping areas
A constant head of 108m is given at the fracture zone. Amount of ther-

mal water flowing into the aquifer from the fracture zones is computed
to be 1,687 1/min.
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PBEII L, 2,1931/min & 7c. 6 AFTDREH, SEEEHH LT Edic, ElhHOME
P &SRS 5 MR SAE U TWh b, BEAROEARENT, RO HE 4 5
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fie, LM HOMELRROEBREL S L > TR E S, RRIRRE & DI BRI 5
AT B TdIciy, BB - THBAE DAL, BAIIORIEEH LW KR~ T KNE
BERAT ORI TN C &R, BAHOIMCE OB GBS L, HROILM~D
THEIZ T3 EREANCLELEED LS TEbN .

95K &)

19924E 4 H 7 519934 2 A ¥ Tofifdlic, BXEAE, HARR, BRORAMAES I L OB
WERTO L L, 2ERITOFHEET AV ZACTHEELZTL, BARRROHHEREZH~
Tos

HRE R A BRI RS EE» SBETARETH D, BHEREHS~68CTOT MY
v A-HEALIR R, F M) v ALY c REBERR TH AN, EERERA 4V ORE MBI
KDDERAESNRD. BEITIMmORK HFEVRED LHEH LT RREIIEBDOSOs D% IR
PEA Llzte®d, SOsh% i - T L, HTFAMEA LRRIIMEFRS OREMNMES, M
BT % &, HCOs b3 LCI WA T AEAMNRD 5. T, TR EHDTSO0s 2375
WERAEELTHWAD, ThETAPMBOBEBROBAC LS DT, FFHCETHLER
Db LT, SOsMMEXHHCOs RER SN BLFERIGHE LT ScdbELLNRS. HT
KOBATEHEE DR OBREASIE D T, b)FTLu, 6D BODFHKRDL
SAMRTEL. COMKTIE, BEALORENLERIL TR, HHOLE, LBEOHTX
BEALTWS.

FEe R R LR E RS M OBERELS, FEORRHKEI L, O TR KE
D2 S>OEREKBEBREIET D ENHELMRE 1. EEOEBHKE LHEREDRR (CL
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FOSHERITEREEMNO TR SN T WA LHE S h 5. FHORRHEKE X RERED
BRClEARITE X 2540me/l B ER) 2 &2, REHBIOZOEMKIEDS > Tnb. &
ik, i, MELORRSHKBAFLETSETHRINS. ChbOHKER, BECDERE
fe EHEAMEOMIER ST, £fhd LTIREHAOEHKEREVHETHE#Eh, Ththod
BABLE TR ARANESERS LAV X5 mih TEEC > TV 5. HARMHARE TIXERS, A
WO T AKOEELZFOT . O ERERBROBROFERECDRAD, HWTFKMDET
bl CHERNABICED Ll E0ERCk > TWA EBbh%. Ei, EARERLH
D10 EIC B\ CTHABH B X 2 BRBEE LT - 1ot SRCHEFEMEV- 12D, HiBRE
REOHE L EASKEERHNT S 0T L, BBHERBIORR DS 10O RH KE
DL LN T A LI TEIeh ST

BAABROREER, BRAHKBOBEKREAKE LT, 17.3~T4.4cm?/s (FH34.7Tcm?¥/s) 318 5
Nic. ¥7c, BEEFEOKMELD, & OHBRICER,? LRELYE S HBOE N HAFET
BT EDHENDONTD, TOMEBEERRET DI LT TERL ST,

BUEZEOREEN S, BANEREZHLCHLDDEND % oD, FHERITH -
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TREERC X - THABARATCRE S h, HFANBEER» SHABANEERA Lt 2 &0,
B REOIMICEAREDE B S LIREVBILBANELE 0% M2 5 2 & BERNICLHE i
THRETHL LHEESRI. BELL, FRER T, HAEOLCHERH LD DERDES 5
Tofil, HEOCHINBCE N TH TEREMD LR LRADBER > TWEDLEbRS.
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