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Study on Remote Sensing of Geothermal Resources (1)

—Surface temperature-change simulation model instrument—
By
Kashiro NiszmmMura & Hirokazu Hase
Abstract

Temperature measurements obtaining isothermal contour lines at geothermally anom-
alous undergrounds have been done for the purposes of geothermal exploration of geothermal
power generation plant, hot spring and so on. These measurements are usually made at a depth
of negligible diurnal solar fluctuation effect, say 1 meter underground. Therefore the measure-
ment method, easy as it may be, is time consuming and holds a possible error of missing temper-
ature anomaly along a narrow fracture. An airborne thermal infrared remote sensing method
may solve these problems in terms of its rapid and complete coverage of the area concerned. The
thermal infrared imagery is not available for above-mentioned or any other practical geologic
purposes in Japan today, but the day should come soon because of its usefulness. The problem in
use of the thermal imagery for geothermal survey is the detection of geothermal heat energy
component out of complicated surface temperature regime caused by both geothermal and
solar energy. Needless to say, the imagery is a radiance map of the surface and does not show any
heat transfer process or underground information directly.

An experimental study to get a limitation of detectable geothermal heat flow was done by
one of the authors at the natural geothermal surface, but he realized that the measurement
should be done in a laboratory in order to get more realistic limitation value. A natural geo-
thermal surface usually forms convective-conductive heat transfer system within a surface
material and it causes evaporative heat discharge at the surface. The geothermal heat discharge
system of such surface takes quite complicated process and it is not suitable to get the limitation
value.

A surface temperature-change simulation model instrument was constructed for the la-
boratory study of knowing interaction of geothermal and solar energy at a shallow underground.
In the report, the authors describe the outline of the model kit and obtained thermal property
values of the sand sample such as density, specific heat and thermal conductivity. Geothermal
simulation test is not included in the report.

An about 80 cm long acryl pipe with 25 cm in diameter was used as a sample container.

It was set on the hotwater tank. An electric heat bulb was hung above the pipe and electric
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power supply to the bulb was changed sinusoidally of its intensity by a 24 hour-cycle clock
connected potentiometer unit. The sand sample taken from the Pliocene Renkoji formation at
Machida-shi, Tokyo was sifted 0.50 to 0.25 mm grain size and it was dried for six months under
natural condition. Final moisture content was 1.37%, (weight %). The sand sample was packed
in the pipe and total of nine thermister temperature probes was buried in the sand of 80, 70, 60,
40, 30, 20, 15, 10 and 5 cm depths from the surface respectively. The simulation model is com-
posed of the hotwater tank as a geothermal heat source, the sand sample as a surface material of
conductive heat transfer body and the electric bulb as a solar energy source. Sun angle effect,

difference of spectral radiant energy distribution, difference of scattered and direct radiation

ratio and other effects of the heat source bulb may be minor in the experiment.

Thermal properties of the sand sample are as follows:

density (p) = 1.33 gr cm™
specific heat (¢} = 0.15

thermal conductivity (k) = 0.92 x 1073 cal cm™ sec™*°C™?

Thermal conductivity was measured by time lag of sinusoidal temperature wave prop-

agation obtained from Fourier’s heat conduction equation.
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B D8R (enhancement)—TH b, fhikHEkPIEROR
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BT —<Thb, L LOTROBELSICEE, FAH
B U HREFRIIHIRE 12 3 1 B BHREE TR 72
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1. REHEOBHLES

HFEFHICR T, HABEVE L RERERY &
DGR E T —<iC L7zWF5eii b 7> (RosErTsoN and
Dawson, 1964; MiLLER, 1969; HasE, 1970), % Hid >
T LIS OHBEFEREMEICRT 2 REHERE b
LIZ FROBRERRZL O TH B 0ENMCRIT2RR
ik, PESMG SHEL T, 2 bhiEmiciEni
DEENEEND LD ETHINS, FEEZ, ERE
PRNEE L 2B M T CHE T R ¥ — LR = 2
F-OWEEREHLMICL, HIRETL X 6RO
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ELTRIESNIZLDOTH B,

RIS B R e B RAF B D—> & LTHII
Mz bhoo0b54H, LROMESEHAL,CTST
L, HEEEHIRIC BT S IRIMVRILE T — & OB EH
BRCEE L BEELREEFL2LbOTH 5, T b
B, RCHUIRICFEE S D B OBUEE 2RI < v
vy 75 2 LR P RGO R E BTN TS
B3, WBEEELSI L &b Ic BB TR & e
FRIMRMLG I BB R O 7= OF H &R E LTH]
BTE3ThHA9,

4 H, B b HRERESMRR S 5\ I BERE S
HMEBLZENEZOATVEN, TRANERTBIC
Z, WEEEOMEEROEEEDLIITHON I, K
KOS BB, 58 L 5 RANREER
S OMRENERIT B 1T B FRAF BT (reststrahlen) DAL &\~
5 Beffr e m BIEE R S ho s i i 7 & 72 (LEcauer,
1971, 2 bDOIEEA L bbb T, HBEEDHBD
DICEHERR TR XV -0 EL2 - 2 THRHTE
SHBFEEORFMEEZH S ic 5 2 & EREROE
—®HTHD5,

2. KBOWRMEME

BT YRR BHHFIT TR 5 Ml R —2%, HiRE
THHRERLLTE OB DT, KEzxAX

—DOEBE 2 HWBT XL X —RNEELRT TSRS

e — I HERTER AR = F L ¥ — & LI
SNDEREEBEBIUHTIC L > TRESH D,

K= 2 ¥ — 3B 0RCEEHELR LB OE
WHERE UTESS R PEE 0BRSS T,
ZOMAHRRRERMREZ bR DN TR+
5, HIREICEV THERRE 2 B2 555, XKB=xV
F—iz L2 EETTHEBEY (BHEEERER) oRkMm
rEEICT R IHROBEER LTS,

FEHBORSREIHETR L ZI5mEEZ b,
BREIAVNESVEES, B X332 OREHE
ficggiish s,

HEE CTHIEBE R & 5 X370 KEO BN
Bl 75 BREE (MR T 80 em) (26 T—4R &3 U Tl
BEHPBO OB EPLELETHS ) LELLR
%, FEOSRMERE S & 5B B PR S
WZHEWTE X 200 ~ 300 ycal cn~%sec™ TH 5 5 Life
E&hi- (Hasg, 1970),

LA L7As 6 200 ~ 300 pucal cm™2 sec™ DI _E iz
FUF =BT, ThPHERR CHELRHITES L
BELRV, Tbb 2 OERLESFEEERHRZLT

(FEHT MBS « BRHER)

Tvinv, BERT 80 cm LLRIZB T BKRE @ HER T
k2R I7HFITKREL, BT CHET ZLF—i2
X o TAEUBREERIL, HMEREEOH/NEHIZE T
5 AL S IRETILEREL XA v, A v
EAFERDoTL, HEEREDS / NILEY 3R T
EDIEERELRCTHH 5, EDBEIZ D L S v
T, MEECTHEELE L b2 B3 ORFEEH &2
W2t Boicit, ERECBITBEEAZHESRMLEDD

LTCRAMEERETRETHA O LELORS, LD
Hh > BRES BB 0T E n+HREEIE, KB
AZELDMETEBEE (ZZTRME T80 em & 48
E) WRWT, KIBOFME O BE - 2 5 EER
PEETBEVOSREZHRACLTV 3, REEOR
IRISLTEDLNZLDTH B,

KB 2N X0 B2 B LIRS B Y
AT KDV TECL OPDOREAR S 305, 2hbid
COHMODIRERTES D EEL NS, HE
RO HERLSDEFIRETNERO LB Th 5,

D KEP RSN 3BT XN X —3—ETH BN
HERO BRI X > TEIL L, BB KNEEE D
BlloTwd, ZOEBTIHNEEYEEL, 6
TRAF—BE FRERA B SR 30T, Bl
B LT ohitEATH S,

2) EFEBELIC X - THIEREICET A= 2 F
—BOHEIRBOTN B 1.7: 1) LiBr5, #
PR & BUR L DEESE 72 D IRIEE N A 5V 7
VAREREN b OWH EZIT B L VTR L
3, TORBEDPEL THDICKNEBROEERH 7 2
ETOHFIREL, TEBETREMSEREL LS X
51z L7z,

3) BRRENKE L HRBROZNZRAL B0
IZ R Y N VREIREE DNF RS,

4) BIROTRBEECIEABERERERE L 5
X OWRBEE NI L O CHEORMEBELITREAERDO ¥
VIRTUOBEREIC IV RRRRILDEEL LN
3,

INLOMBERIES SN, [BENERRL IUHIER
B oOBEREE 2 b r— L TEBRREDEFTNRH B D
T, X BNIRERIIF CBIT 2 EIEL ViZ s
EomwbnEirs s,

1) KB=AE— 0B X 3 EEREE LR BEAT A—
—N (=noise) LEx7cL &0, WHMTINVF—itXoTEL
b3 RERRS S(=signal) & DR,
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3. EBOWME

EBIIRICOND 3ODHTENSRD, Thbb, &
TER BT S AR L R BB T — & — R X
VBEZ V7 h kb, PEHIEIESH0m T 7Y v
HEE» 2D, MENIBREB TRz T3, &
BT BRI = RV ¥ — & (A8 U ORI R EEER 2
5D, ThoPEESEREHERTSEINE2HK),

3.1 HIBRRERE @igsr o)

BB Z v 7 R THEME LS LA (25.0 cm) @
MHEweirl, BEERLZE bem Th 5, EELER
LiZBREINZF v 7 ~DEZEOBHHRIE T IZB8 1 hiz
BHRIC L - ThEh, FVvI/NEBEORE2Y b v—
NEF 7 EERERE OEMERSI T itk oTUT
bhdiEh, BRAROBRARAUEZIZI-Th 2
vhr—ATES, BRBROBR, ¥ 7 3BIHERE
7B ETOREDRECREELBRLLVBEDI LA
e bz, Z OMBETEERS AV i 25 R

(23 % % 3 %)

WICEK, BRET ucal TTOREBEREY ZHZ &2
T&, EROBHOLEDIZIETHTH B,

3.2 EBEME
EERRABHIEA T 7 U VT, £ 83.50 cm, I
23.00 cm, BEE 1.00 cm oM EE AL I TH D, FTEIE
EE Imm Ofithca ¥ RAIEH LTESE, HROBEICE
SREDBIELHE L7z, F/REHE QBRI ITRE DR E
WiE &850, AFH0VFTCER 1.0 cm OERSET
BWAILERT, S oRBoakFEL B e TE
BETRIZLEBREL TR L0 om 0 gk 1 7%
ABMATEICHERRE L (B 1R8I UE 2KEH8),
EERFEL (BRED ARBAShZIER X, V-3
AR 2 ARB XY — 3 A HEFET 84, FHO0oA
Th b, EIRFEFOEBIEHIILE = — VIR T O
S VF 2 =T TREVEKROBAE LV OE T, &Rt
BNRA OREEFH, 27.37 co® © EREREOE
BHNETHIT 34,664.93 cm® TH B,

3.3 KBRERIE

H1E HRmREEFNVEEDOIE
The arrangement of the surface temperature-change
simulation model instrument
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Schematic diagram of the kit
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Electric power supply control system unit
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Y5y 1Y 2475 — NEROFEMELTIOV, 1A
PRV ELTYS, M T VRBARICIE T AEEMNES
ERLTEEBRRE Lok,

YA URY HARABKETERMHEFIEA (2SF210,
A, IV —F—f) BHERA L, EHERERIIOA
Thd, 7y—rERIIEK 40 mA TEEL, Fhickt
BLTEBRVENT 5, ¥F'— N BROBERT v
g A—F Lk oTITFRbh3,

RFVYaX—F— 2EEIFERBEBERE (B
M) OBEET Y g A—F—5 R Lz, HEER
DIEFEIE, AR OMRIRIEEEIR (375 watt) 235 K H
84V, 3.8 AETTLE00T, BEHNID L ERA
2200 Ch D, T OFREROEHERITHIIBET
Vg A - OEEAE U TIERESMICETS
L OERBLBVWTHIESh, TOMEECL ES5&R
FUY g A—F—FEELE (B4R KT vg A—
& —OEEE b v 2 i 20 gr TZ O BRI 24 1 [EiR
OREFTEL - HEE L CEEET 5, REREE 4Rz &
HLNTH 5,

FIMEREBIR THR O L 0T 125 watt FfFH 0
VWOBNREIIRKA 100V, 1.27ATH 5, FAEH®KD

(% 23 % # 3 &)

FTAEIEY T AE L, REMELEICTE3120F
BHLIcATGVT VARG 2bN5 L 9B E Lz, LB
BEBRIIMIC 250watt, 375 watt DD EEHRTE, =
DL EDAFTEMICEED ¥ — M BEOEIT T E B
Ry, BIUR; ICLVFAHTES (EIXBH).,

4. BIEICAWEREICONT

FERIZ A 7 BB S = T = I R B
R ORBE D HEI L 7o RbaEh T, BRI RTET E
TEEET O SR HAN T H 5, RS Wz BB Es
BNEE LY OKRER-RERER~ RN TH D, ThE
BRGNS & THRPEMBREITRY, S35 0iKE o
TRIFEETAHZTBRABE L THER L, 5220k Ay
Va®ERE (53vE, 0.500mm) BIUWA vy
B60% (55 H,0.250 mm) o 2 FHEE v, ZOHRE
EYEFEA L. 2 bheElEo 55 TR 0.250 mm
LT ORI T2 %% TH 2, BEHOEHEE
B T TREFICE IS E/IEEATES, &’
BHIBALET TS - & bR L RBIZ & 5 D8R
IECIRE 100°C, 36HFHEILL_ BB I IE Lz Bk Rk
1.36~1.38%C, SEHELE LTL.37% (FEEE) 725
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Resistance change (voltage change) versus rotation angle curve of control
unit (The Value of potentiometer resistance was fixed by the curve in
order to get standard sine curve voltage change
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iz,

WG OO IGIEERET 2 ERIYWBEOEE, R
IUOBRERTH 5, FHSh WA O ZH 50
BIIRDELEBY TH D,

41 B E plerem™)

DR OEEHE i+ BEERR o ERXP LU-T
50012 & o 7r, = ORFEEK 500gr & ToEHE 0.01
gr DFEFETRERETH 5, ABE~ORERTIRER
BTIREY, o0 LOEDONIEETH-IZAXH]

(FEH EmER « BAEF)

BFEFD L CRBEEBRBAS L%, BBicELLA
BHETITe oz, 1971465 B20H, SEEICIBAE TR
T B BREHATE B 44,218.92 gr Th o7z, FDHEL
EVRESENELI-OTERICHES b — I 2 7 EHEF
DNEEEMEL, Hicicmsiel 1,849.52 gr &Mz
EFEnE 15 kg OFEEZIFTRE O BE % o,

1971429 A 6 HEE, REHIZE LRBRRNomREN
B b — R BRE L AT RN TEBR 1T Ve -
Teo Thbb, FIVERBEBIRC X 28T FF— s
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Exponentially decreasing temperature amplitude versus

depth curve in the pipe
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#%, BEOKBEEICRIT B EL ORI SFEEET
ZHFEL TV 3 (B5K) . 2 0BRIT FEEOHE L HFT
B5HDTHD, HEOEE (o) IZFEHRE: (46,068.44 gr)
R BRI OEZN AR (34,664.983 em®) T Hl o7, 1.33
grem ) ThD,

B BRE ORI THOZEIVKIZ X - TS h
THEO@EL LT, 1.39 gr om™ BPHEERICLY X
Bilic, TOZLIBSHE bICERIEITT 5 TR
FTTLDTHB,

42 b # c

WP IIBEEOBREE VT o7z, TR 6D
b OEHAES, EEELS IUCRIIBARTHS,

HEBEIRICDORBEFIC LIehS - TT i o7, B
EFPICBEmBOREKE AN, ZOEE % EHRICTG
+3., MFIEERIZ AR &R & EIE N T m
L, RENEEMBNERE & EEIRBICGELZ L2 AT
FEAWMY 2L TR EREN P AN, BEFHOBRE
TR SHEAFHET S LOTH S, B RO EITINEL
B VRIS B ERT CRETICANS R, &
VWERTHDB, TODICHRERICECHEEERY A1)
TEEE» SRE TP AE P ARLNRE XD
WLkl

BEBFHICETAI =T AORETRPLEITHEOY v
—EERA L, BEFPOKEI 23.70°CTHR (25.4
Q) kYIRS, EREEPICIC DTN TR DB LR
LERIDES&E525 5, BEFTci#Eeth s Ah

(% 23% % 3 %)

BHRER P ORE S EE LAY 25, BE ok
15, RERREE 36 X O3 A - MR A O BRIRIB EE FHEEE 255
NTEERIREBICET B IR —EBH 2 E+ 50T, ®KE
BAESROBREFHER IEFICBREETH D, ZOR
EBELT, EELEIRBRAEROBMEFHEER,
BB ST 7 R CRERGE & &b I ER
HORENRTRTEE T vy L, TOBEBREHS OE
BB EHEAR L b 5 AOBEBEEZA L, £
7o BHEAERT OBEF P OIRE RO FE TR
(6., Z 9 LT b BVIIED 72T LB Ll
EERZE1IRICTRTLEBYITH S,
INEDEEMCT, WERDBHEE C LThIER
K37z Yo
(Ww + Ey + Ep) (Ty — Ty) = CWs (Ts — Ty)
- Wy + Ey + Ey (Ty — T,
“hngC= W+W1 + Sz_( 22> 1)
GEERIIIE 1 RBR)
1 ROFMEERATIEHEC =0. 15038 5N 5,
BoNBEREIMOE L L TRZYRLDEEZ N
% (7= & 21¥ IncersoLL and others, 1954, p. 288 7z ¥ 7>
5), L LHBMEIBREOBE TS Y, BEEE N
B AR L O CEEREMSI o) bR L iR
B5EKRRE L ORICEFER D D, TRbLIEED
REDOEAEIZL.383% (EE%) TREBAOHSDO
BIKEL.3T% L VNSRBI OFBTH D L5 T
LHRTED, TOMERBEONMETIC L DBELHEE
EhBP, T TR EEOEKBMEL AT > Z ittt 3,

1
i
1 %\\h\ BREIRAR 0 IEH NS
1
HE 2 fUs BEE N . o
BAER O REIRE | ——
%=29.10C i
284 i
- S
B w1l
&
W A
~ 269 . B
C &
244
HE £ R SHEREHRAB N 0 B IR
o T = 23450
Bt 0 BARERL
22
] 3 5 7 g w3 s 20 25
£ A BB B

%6 X WHRBHRAICAE S BEFOBEEEL
Temp- cature increase caused by heated sand sample in the calorimeter

8 —(154)




HMARFOBRRRmcBAT 5H(1)

BIR DRABOLIWECLERWEE

e B i HIEME
= A 25.4°C
— | AR EE 73%
Wy | BEIHTPOREAE 401.89 gr
Wy BREOEE 310.42 gr
E; R o K Y B (97. 56X 0. 208%) 20.29 gr
E, RIEZABIOCHBEFRESOKY 0.58 gr
& (2.92X0.20%%)
T, HEMAER O HEHEE 23.45°C
T, HEMAE#OHREFRE 29.10°C
Ts SN & h e B BUBHE B 80.00°C

¥ LI ADHE

w35 20 LB (INGERSOLL {1, 1954 & ¥ Bl F)

4.3 BfEEZE k(calcmlsect ¢

BBHEIM OB 2 ELT 2 & iz < insita DRIETHYE
MR kb Te, FROVRIEHERD b ERBMICE
BRI IREIRAIC S 2, KED SEEEHT T LI
U BRBEELOV 45 2 TRAORMEFh & e
BT Licdo T, Ry MR o (= 2wk, B0
S X OVIALE 0 SRR § 23R Te,

Fsp% Fourier DREEHEA LS — a 702, E
BRBIRINIC LS DRI 6 = 05 5in "8t B4l
& LT IR

Ox = @Se“x\/gsin (_2}_)71 t— x \/U(LP) ...... ®

O, R BEE xcm 2B 1T 5EEC
6, REWEC
X RE cm
o @ BPEEE cm? sec!
P : JEH sec
t @ BRI sec

R L, 24REHEH CERERNIC BT ARE
DD, EEOBEE R\ CERT 5EHE & 0BRIE%
K TEHE %2 505 (INcERsoLL and others, 1954, p. 48)

;= % n% ®

iRt TFhT, RETEHE2bhEERELK
WRERORKE, BMERBEEX LBV CEBTS %
TRETLI KRB TS,

LR EHERHIRIL E LT, 197145 9 H29 H 108522 510
A2 RISKE TO77RM, ROMRBEHEREEEIL, &
ARERLE HBREG L, 2 bheilBln b, x=5

(PR B MBS « RARFRF)

cm b LizE &, t=1025 %, FRECBTSEE
LG b 2 bNAMHOTRIXEbD TRAE L,
TOZ LEHE TSR S ROEEE L L OREHE
LEEBLC—HETHEIL2ESTILOTHS, B
B BGEEERIE 4.6 X 1072 cm? sec™ T, R DEVE
BTk =0.92 X 1073 cal cm™tsec™! °CG 1 TH 3,

5. F Z

HEEE HRE 0 5 O BARRELY, — I IIBVEE R
T UBHHER Y 27 2FET 2MREYE 5 b 78 &
N, FREEE UCHE, &%, 2808k aSicE-
TREHCHB SRS, ZHhSOHEHEITHEERRE
HIEFICHELETH B, Lo Lar bmBmmE SR
TR L, BuERE M eI X 2 R4, HiRE 2 5
DHEIERRE R LOEROTLMATH N EBHTE, 13
AEHERIZE->Thahd, EETHARTLLTH
5o % HIBGRE (3 thR W E T OB IE I R
THHHLEZBNDOT, HFE TR TE 5 HEE
BOBREHLMCT B DICR ERNL 5k, sl
I X 2B OFGER & T X 2 BRI ML S
NBVATFABEZDZEBUNETHD, 20X 5%k
R EREICB V- TORMLEN S, BREIC X 58k
BRsEs LR 2 ik T AREAR) 53K
B ENBEN OREEROWEITEETH S, FEETHE
LA BVEE R B ICITEER (22~25C) KBIT5E
KERL.37% (BEW) ORBMOMEERTHS, B
RERIERC L > TLERTE, SLICEERESR
BHEKETHD, &ITEKRNSBUUN (ER%) &
BT 2BGERDENEIEELDTREY, TN L
BRI DZEEDR AN E o TEDBNB D, HDVIE
HBRESIE I - TED BRI L > TRELELTS
ZEERLTV D, ERRBROMHTEREET T
FRREBESEZLOEAVTRY, ERENTEHESE
KRERERICAZ LSBT B LR CERTEY, L
PL, ZERREIRBOEBICE > TEBEPEPTED
DEBREIND, Lizh - TEBROK OB EAENI
N VBN TS 2HAI10E, ZORR CHERR
BRIWETDIZEVPLETHHSH EEXBND,

Sz b2 BYRER k= 0.92 X 1078 cal cm™t sec™?
CCH IR ETHRESRTE LR VECERE R L
T3, 7z& z21F INGERSOLL i X AVITEEHE LTz ~
HIRA SR OBVRERR T 0.63 X 1073 cal cm™sec™? °C1
ThY, deVies iz T 1.3% (BEEB%) 0akEs
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