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Technical note on thermal conductivity measurement for drilled core samples

— Report —

Technical note on thermal conductivity measurement for drilled core samples

Osamu Tadai'®, Weiren Lin?, Wataru Tanikawa?, Takehiro Hirose?, Masumi Sakaguchi'

To establish reliable methods for determining the thermal conductivity of drilled core and cuttings samples, we
measured thermal conductivity for a series of sliced specimens of sandstone from India and compressed kaolin powder.
The results showed that specimen size required for precise measurement is more than 100 mm in length, 40 mm in
width, and 20 mm in thickness for most rocks and sediments collected from drilling in which a box-type probe is used.
In addition, a positive correlation was recognized between the bulk density of compressed kaolin powder and its
thermal conductivity value. We believe that it is possible to determine thermal conductivity of disaggregated
geomaterials and cuttings recovered during drilling by using a needle-type probe and a small sample holder in which the

cutting sample is placed and pressed to remove pore space.
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Fig. 1 Temperature converted from data-logger records versus time for a

thermal conductivity measurement of sandstone from India.
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Table 1 Physical properties of the sandstone from India; sd. = standard deviation from three measurements

K1 A Y FEOHEOWERM  (sd. @ 3MEE OFEERE)

Physical property average sd.  Condition

Density 2.34 003 Dry
[x 10°kgm ] 243 003 Wet
Porosity [%] 9.06 0.16 -

S-Wave Velocity 2.50 0.13 Dry

[kms '] 2.46 017 Wet

P-Wave Velocity 3.73 0.03 Dry

[kms '] 4.10 003  Wet

(a)

100 mm

Cross section of needle probe (PD-NO)

Heater

cesssssscessesssaeed

Sensor Probe (Standard)

<QTM-500>
<PD-11>
—  — | — |

— —
CJooooca D
oo | |
IZIEIEIDEI%

Specimen Thermal Conductivity meter Data Logger
Fig.2  (a) Measurement system for thermal conductivity (QTM-500 from Kyoto Electronics Manufacturing Co. Ltd.):

(D Specimen, @ Sensor probe (PD-11), (3 Needle Probe (PD-NO0), 4 Thermal conductivity meter, & Data logger.

(b) Schematic TC measurement system and 2 types of probes: Bottom view of standard probe and cross section of

needle probe. These sensors have a heater and K-type thermocouple.
2 (a) BmEAERE (QTM-500 © HUBE T T 3Epa et
OWEARE @Ky 7 2870—7 @ =—FAVTE—T7 @REE 67— uh—
(b) FrEEIE R OB & 71 — 7 DRy
Ry 7 AT U—T % FpoHR, == A7 0—7ORN. HATREE L e KB 574 5.
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ZHWTT R o7z, ISR LG - FIEHIZK
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HWEBREIELNDE 7O —TOAREEZHFR, X512,
FERATIE, BRI OB L BYREROMRE L ) il
MRS 572012, A4+ v (RRARESHE) 2MH L.
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HEDOH A XZPET H 72012, RFHS-W L HBHS-TIC
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O F—T7UICEV110 T, 24 S5,

@ T —FNTSREHEHE L TERE TS e 5.

@ Ry 7 AMTU—T7% N THERZHET 5.

BUREROPEIZ3 T O 0 BT,

@ FHEZUWLTHA X (F, ES) 2EHT 5.

® O~® kT,

EHI, EIAELSE/HBIS-WI, HKHIS-TI~T5
ZoWVWTDO~B%1T9. Galsonetal. (1987) %°Sass et al.
(1984) 12X, EAKIREED FRL OB RSN 2 DK FE
IZBWTKRGDEFEDZEZI/IHEL TNDBDT, KBIET
X DB RIT HOICBEREDOREZ M T LT,
AR A X L BYRESRE i & OBIfRE IR,

24, =— PV 70— 7D Aft (52ER2)

—— NVl T 0 — 7% 7 BmERiilgicBnWe, 7
O — 7 OUEHR/NRONE AR % Kb BN H 5. Bufrill
AP 1) 2 2 T AFEHERE (R & 150 mm, 1§60 mm,
20mm) 12, POEFE=1 mmD=— FILTHEE50 mmDIL
R A, F2ICo— MVEl T O — 72 BREIICRA L,
FNENOIFAFESICBOTHEEREZ Lz, &b,
HIENT A — & —DNEATERIL 12=0.25 [AZ] D4 & Lz,

Fig.3 Specimens for thermal conductivity measurements: Specimen IS-A is a thermal conductivity measurement for anisotropy and size effect, and

Specimen IS-C is for anisotropy and volumetric water content effect. Thin dashed lines indicate the bedding plane. Bold dashed lines are the slice

plane. Measurement Directions are (1) Perpendicular, ) Parallel, and ) Needle probe.

3 BMmEERE R BRBHS-A VLR I S 4 A% 3HiliT 2720012, BBHS-CIEE/KEROE L NS 72D L7z, Wekiid, Reime
AROUIITTHZ 3. BYEESRAED TN, D Perpendicular, @ Parallel, ) =— ML 70 —7"T#h 5.
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25. WO B TEE & O EKEDBE (F25R3)
BULEROHEREREEIC X 5 2B ML X U EKFEORE
ZEHMET 572002, B IS-A LB IS-C &M L7,
Fig. 3O G O F 1 %773, T & Buins
BT BH MRy 7 AR 70— 7 % YT 7 B8 30
#“Perpendicular” Jll5g, JERLH & PATORE % “Parallel”
WEEHS. 512, Ky s ARFa—7rt=— LAY
O—7OlE%E T 572012, AEHS-C OMlfiZ ¢ =1 mm
DRI NVEMHLT, HE35mmofLEIT7 (Fig. 3).
INSORBEKITRL, BET Y —% 2 HwTEE
L7235 60 IFHHHE L C, 3. 2ok, Zhoo
AEEARPOWMO ML TT YT Iy FITE8AR, Ky
7 A7 1 — 7% v C Perpendicular /i) 3 X UM Parallel
FHOBIEEREZE L7z, AFHS-C TR, EHlc=—F
VT U — TN & B BYREEREIE DB L7z,
RFS-AIZOWTIE, 110TC TR I, 7
sr— % TOREHIEHI L, Perpendicular/i[f)# X O Parallel
H M OBYREARAYE L7z,
AEHS-ClzonTlE, 110 CoF—TVIicAh, EiEz
K 5~10 g FOMEIEL. WOHLTRLT YT Y
Sy FIEAk, SRR E LB IR0 SR KT DY
—AbZ X% 72O 12K LB L7, 2L C, Ky 7 R
70— X5 245 TOWEE =— PVl 7o —712
XBWER, TV Ty TEHCTHR L. IhHDfE
HERIKADFEFH L D T THELZ-.

(a)

2.6. iR ORIEDRE (95Hd)

Ry 7 AMT o — T HEHRE 24868 (3100
mm, 40 mm, JEX20mmPll) 2ok ET
H5. LarL, FIZIEHREENIBIZ, S cmolETaf
WEALT BGENEL L, ENENOEMOBLER L IE
TEICHET AL, F2, v T4y T ADED
CHEEL SR L Ao N wWEEb D 5. 2L
r—ATlE, DNELEETHREHI gL =— FAVES
O—THREMTHE. Hy T4 Y TADL) Rilkoy;
&, BERREEARICHEDT, ——FLr7Fu—7%fA
FTAIUL, BRERWENTRETH L. £ T, TOER
T, 77uryBOMFEEREALVS (B =18 mm,
& =62 mm : Fig. 4 a) 1265T T40 KLz s
A A) Y EREDIAAR, HEREZIS, =—FrvTu—7
50 mmiFA L CERER 2w L. 20k, Bk
BOBEEZEDL2DIIZ, T7aYRVTONEELERL
HEEIS mmOBEHKEA M E A LTT L AEZ VT,
FIUYRVIHNOHF) Y RIEE L. TLATHE
X, B L72WEoE S HIANI BT 5 B E ORI —454
ZRET 72012, WBOEEIZEMNISF, FEET
EEsE 1L, TV AOEIEA2MPa DL EIZR 5
T 7RV RFELIBRLZOT, WESE
(Fig. 4b) CHliui L CTHEBRZ #kfi L7z,

(b)

Fig.4 Compression experiment on kaolin powder:

(a) Teflon holder and stopper. Scale bar is 20 mm.

(b) Compressor and pressure-resistant steel belts.

M4 H4) > OFEETE

(@778 By (NE=18mm, HE=62mm), &

(b) 7 L AR E S
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3. BB X OE 5
3.1. Ky 7 A7 a— TR LB LA £ X

HEHEAE (IS-W) DIF & BYRER DK % Table 25 &
U'Fig. 51779, sURHIEAT40 mm & 0 IR, Bifriisk
DOEMHIL 3.6~3.8 W' K TLEL T4 (Fig. 5). —
H, HEOEDS 40 mm & D 3k < 7% B & BREER O EfEAS
B b, AL T —THEML T E T—7 VL
IE, BUREROBENZER (0.024 Wm'K', Pribnow et
al., 1996) IZHEL T3 0T, MEHERTEYZEDVI S
%0, WENBORE;EEIIC LA LEEZ6NS.

45
40 t
35 |
30 - o

O IS-W (ave. n=3)
O IS-A (ave. n=3)

20

I
I
I
25 O !
I
I
I

Thermal conductivity [ Wm'K"]

15

10 30 50 70

Width [mm]

90 110 130

Fig.5 Variation of TC measurement values with width of specimens.
The dashed line shows a thermal conductivity value of 3.7 wm'K
B5 HE IR OIRI N9 5 SRRl 2 b

FNE, MRS 3.7 W KL AR

o T, BREE)I3.5 Wm 'K FEOSHE M EII,
AEOWEIL 40 mmPl ELEEE W) ZEDF 2 A, BHFOX
Wk (B 21, Schén, 1998) &4 HOERTHA L 722k
{383 3.5 Wm 'K 2SKER DA ARl o G R B g s il
WCHET 20T, Ry 7 AM7u—712 X 5HHIE (R
E=#20 mm) OBUEBERHAER, 13EAEDYA 40mm
DFFHETHHTH L LdbroT.

Wi (=62 mm) OJES %% 2 7236 OBREsR
DPERERD—E % Table 3 B X UFig. 6 (T/RT. EED
20 mm & Y EWEE, BREERONENIZ3.6~3.8 WmTK!

g 45
E 1=37

******************* D S S o S
E o35 | g7 ©
Z o
£ i
3 25 1) ! OIS-T (ave. n=3)
-§ ! © IS-W1 (ave. n=3)
3 15 F X : X IS-T1~T5 (ave.)
Tg . X 1 O IS-A (ave. n=3)
B I
= 05 X :

0 10 20 30 40 50

Thickness [mm]

Fig. 6 Variation of TC measurement values with thickness of specimens.
The dashed line shows a thermal conductivity value of 3.7 Wm' 'K
6 WEHFFIOEL 120§ 2 BYREEALE O %A L

RRNE, B3 WK AR

Table 2 Results of thermal conductivity measurement values with width of specimen; sd. = standard deviation from three measurements

2 WEAHFEOM TS 2B EERME R (sd. © 3ERHIE O
Sample Run Width Weight measured Thermal Conductivity (Wm 'K™")
P Number (mm) (g) 1st 2nd 3rd average sd.
TS0023 60 3496 3.698 3.722 3.678 3.70 0.02
TS0033 50 2954 3.735 3.644 3.727 3.70 0.05
IS-W TS0044 40 2364 3.595 3.608 3.613 3.61 0.01
TS0051 33 191.7  3.415 3.300 3.367 3.36 0.06
TS0056 26 1546 2.880 2.882 2.926 2.90 0.03
TS0061 21 1239  2.463 2454 2.454 2.46 0.01
IS-A TS0017 122 1339.2  3.760 3.778 3.731 3.76 0.02

Table 3 Results of thermal conductivity measurement values with thickness of specimen; sd. = standard deviation from three measurements

2 3 WEMHEEOE ST 2 BRESHIEORER (sd. © 3[EEIE O
Specimen Run Thickness ~ Weight measured Thermal Conductivity (Wm 'K ")
Number (mm) (g) Ist 2nd 3rd average sd.
TS0022 40 681.3 3.784 3.747 3.766 3.77 0.02
TS0032 32 5469 3.714 3.734 3.744 3.73 0.02
IS-T TS0043 25 4347 3.686 3.695 3.651 3.68 0.02
TS0050 21 356.2 3.681 3.645 3.689 3.67 0.02
TS0055 16 2428 3.151 3.244 3.168 3.19 0.05
TS0060 10 1791 2.418 2.454 2417 243 0.02
TS0024 3.400 3.517 3.574 3.50 0.09
1S-W1 TS0034 17 270.9 3.494 3.520 3.592 3.54 0.05
TS0042 3.487 3.607 3.555 3.55 0.06
IS-T1 TS0035 6 1102 1.587 1.562 1.554 1.57 0.02
IS-T2 TS0036 5 88.0 1.286 1.283 1.286 1.28 0.00
IS-T3 TS0068 3 545 0.812 0.809 0.809 0.81 0.00
IS-T4 TS0069 5 89.3 1.304 1.301 1.310 1.31 0.00
IS-T5 TS0067 2 399 0.611 0.639 0.632 0.63 0.01
IS-A TS0017 40 1339.2 3.760 3.778 3.731 3.76 0.02

JAMSTEC Rep. Res. Dev., Volume 9 Number 2, September 2009, 1—14



O. Tadai et al.,

TREL, RPEA20 mm & O #OhE, BuBEEl el
PR 2B, U, REOIROZEFR:, SRR T
RELEE 2D, WEISEEELS527-LE2 515, Fig. 7
&, BEHIS-T (EX=40 mm) &iEHS-T5 (F& =2 mm)
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mmDAR—=H—|ZiE L T & T RPHKIH O 83 % Yl bAzE
REBT DL WEHIS-TORENZLHHERTDH

ZOIK L, FEHS-TSOREINZ, WERHITELEA
AL TS, IS, HDIEADEHGEL IS-T5 DRELR

HEEAS AT SN TV DN TH 5. 6o T, Bfmilsk
233.5 WK FREEO#E (If=62mm) OflEIziE, R
BOIE 1220 mmPl ESBEE WD S EDF R 5.

Ry 7 2R 70 —7 % 723 E Ol & 2 X OFZER DR
ERETDE, 1L ALOEHABORRERAE LT
A 1L, £E100 mm, TEAY40 mm, JEX2320 mm&
k. Pl 7B OMAE, B 40 mmPl LoE T 7R
FHZ 100 mm LI EORE I REZ FRIAMEIET 5 2 EANEL

WARERIE OBEGITH D T L Dbz,

32. =— FAEITa— 7O AR

HH#RF ) Iy T2 — FVEI SO — 7O AR L
BURER DB Table 4 3 X ' Fig. 81277, 70— 7 O
AmAT30 mm & Y RV, BYREROfEIZ0.24 Wm'K!
&Y, ) ar I AFEEREOM0.239 W 'K & 13T
—H L7z —%, fHARED30 mmPlT OB IIIEAREORK
Pt L TR ERNIEL o7z, == PRI TR —T70
FARA30 mm& D K&, BFEOMRRR 2408 L 5
WAL, BEN TG E LRI B AR R
DONFEIREFE N TV B2 55,

WeoT, BMEERAT0.239 Wm'K! @ & ) (TR EIC
&, 7O—70FARIF30 mmbl EHIUX%eE Lz lE s
PEHENDLE V) TENFZ L. BYLBERENE - L KX
W PRI N DL RROE AR BRI OY Ao T,
TU—TOMARRVLELABOTA X (HE) &L
WCHEBRWICRET 2LENH B EEZTVBEY, 4k
DFEE L2,

Table 4 Results of thermal conductivity measurement values with penetrated length of needle probe; sd. = standard deviation from three measurements

F 4 Z— PV 7u—TOMAR L BYRBEERIEORR (sd. @ 3[Rl OB )
Sampl Run inserted Length measured Thermal Conductivity (Wm 'K ")
ple
Number (mm) 1st 2nd 3rd average sd.
TNO0O070 50 0.2384 0.2394 0.2403 0.239 0.001
TNOO71 45 0.2398 0.2388 0.2413 0.240 0.001
TNO0072 40 0.2351 0.2428 0.2407 0.240 0.004
TNO073 35 0.2411 0.2400 0.2427 0.241 0.001
Silicon rubber TNO0O078 34 0.2366 0.2400 0.2369 0.238 0.002
A=0239Wm 'Kl TNO077 32 0.2358 0.2328 0.2326 0.234 0.002
TNOO74 30 0.2310 0.2306 0.2312 0.231 0.000
TNOO079 29 0.2248 0.2223 0.2244 0.224 0.001
TNOO075 27 0.2204 0.2076 0.2072 0.212 0.008
TNO0O76 25 0.1839 0.1820 0.1801 0.182 0.002
- 030 r
=
b 1 - é 0.25 [..A=0239_ S A A-mmm N N
g o IS-T i YA
° Z 020 =
o x IS-T5 S ! |
° 08 | ° 2 A
b . xR 3
o 0% S 015 '
[t X XX 3 .
[} ( x % c |
S 06 8 i
3 — 010 r :
E 04 I E A Needle (ave. n=3)
o - 000000000OOTIIIILD s 005 !
45 T 0 0000000 = i
u% 0.2 0.00 ‘
10 100 20 30 40 50 60

Time [s]
Fig. 7 Comparison of data logger records between IS-T and IS-T5.

7 RVBHS-T & SEHS-T5 ORBERF OK BT DX bt

Penetrate length of probe [ mm]

Fig. 8 Variation of TC measurement values with penetrated length of
needle probe. The dashed line shows a thermal conductivity value of
0.239 Wm 'K

8 —— FVEIT O — 7O AR & Bl i il
FRNE, BMEEER0.239 WK 2R
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33. BARBOE

K THRIFN & /723K S-AB X OV IS-COKRS & HIE S &
72 D B X KR K L O BIfR % Table 58 X O
Fig. iRy, MfEaEkEE, rhcE 5 MBAKo%f
AR O &AL T2 HA&EZRL, KrmEsT
KL L72HDTHA. Fig. 90 (a) & (b) &, HEHI
PRLLGEO/ETH Y, RETHERS. MBI ZAL
LARWVEAT T, SABOEKEIE L &5 I NEYRE
RH L B AEAHREICERD Sz (Fig. 9). HERERIRGE
IZBIF BBYRER)I3.6 ~3.7 Wm'K'THBDIH LT,
TREREOBYLEHR 4.6 ~4.8 Wm 'K &4 1.1 Wm 'K '
WEZ RS, STIOFEBRTIE, WEMuIRHE & IREIRAE O Bz
R TH28% DEWDED bz, 2T, 2R &0 8Ys
WROEVIKDS, 4 FEOWEDZEREZTIE L% 2
HIETHMTHIENTESL, ZOMIIE, JHIEED
TSN L HORETIIERBARETH L LEZ M5
DT, JRHIEREO B HE 21T ) Bl s & &
NDHIRGOREELZ Bidse T iUt 52w,

34. BURBER ORI OVT

[l U GRS TlE L 72508 IS-A B X U5RFHIS-C
T, Ky AWM 7o — 7 OB P &l %
(Perpendicular) 7 5 NI4T (Parallel) J71A)T, ZA(5E

ORI WEATRD 57z (TableS & Fig.9). HBuIREICH
U % iEHIS-A B X UK IS-C @ Perpendicular ) O# %
EREHN 3.7 Wm'K!, THAHDIxF LT, Parallel JHD
BAEERIE3.6 Wm 'K £ 0.1 Wm ' K- YR il 7173
(Table 5). 512, {EIREIZBWTH, Perpendicular
FOBILEED A 4.7~ 4.8 Wm 'K TH 2 DI L
C, Parallel HnOfEil, 4.5~4.6 Wm 'K &K% 7R
§ (Table 5). AAREKESLEMIZB1T S Perpendicular 77
] & Parallel Ml OB DL 2k D S &, 1.02-1.07D
HPHIZH Y, FE1.04THho72. Thbb, KWFEICH
WHERERERE O & H BV A BV TSI 71 & TEH 1)
DOBUREIDEFFIEDTRD H i, BUREROENITHI4 %
BED -7, ISR, Pribnow et al. (2000) T
WESNTOBMHEE D /NS WAS, HERREEIC X B R 7R %2
BROEH D JF D BY LR OMER RIS B L 5252 &
RT. GEoC, MEIEE R & oMU RE O B SRR
TIFZERSNBHEEEICD X 5725, BAlEoOREE G
HEETLUEND 5.

35. =— FWBIZa—7 LRy 7 2R 70— T DI
= FVB 7 a— 72X % RAEHS-C okl g

(Table 6) &, 7u—7OJ)NEBHMAFTTHSDT,

Ry 7 AW 70— 7 @ Parallel J5 1] 0 BUE SR 745 5 &

Table 5 Results of TC measurement values with volumetric water content and anisotropy of Indian sandstone; sd. = standard deviation from three measurements
5 A Y FEREOEKEEHRHEE O & BUREERIE (sd. @ 3EEIE ORHERA)

s Run Weight Water measured Thermal Conductivity (Wm 'K ")
ample Content
Number (g) ) 1st 2nd 3rd average sd.
<Perpendicular>
TS0013 2116.1 741 4820 4707 4.702 474 0.067
TS0014 2105.0 6.14 4640 4853 4688 473 0.112
TS0019 2113.4 710 4881 4846 4748 4.82 0.069
TS0025 2104.4 6.08 4597 4671 4692 4.65 0.050
1S-C TS0029 2097.1 525 4689 4749 4601 4.68 0.074
TS0039 2083.5 370 4860 4753 4810 4.81 0.054
TS0047 2068.5 200 4442 4440 4385 442 0.032
TS0052 2059.7 1.00 4301 4183 4.126 4.20 0.089
TS0058 2053.3 027 3788 3784 3774 3.78 0.007
TS0065 2050.9 000 3773 3.676  3.715 3.72 0.049
TS0005 1350.3 1.89 4.333 4.294 4.159 4.26 0.091
IS-A TS0011 1387.1 818 4852 4819 4719 4.80 0.069
TS0017 1339.3 002 3760 3.778  3.731 3.76 0.023
<parallel>
TS0012 2116.1 741 4460 4510 4560 4.51 0.050
TS0015 2105.0 6.14 4597 4587 4698 463 0.062
TS0020 2113.4 710 4676 4539 4567 459 0.072
TS0026 2104.4 6.08 4658 4503 4.391 452 0.134
1S-C TS0030 20971 525 4627 4569 4492 4.56 0.068
TS0040 2083.5 370 4591 4572 4471 454 0.065
TS0048 2068.5 200 4321 4273 4204 427 0.059
TS0053 2059.7 1.00 3876 3928 3.967 3.92 0.045
TS0059 2053.3 027 3668 3.619 3.605 3.63 0.033
TS0064 2050.9 000 3644 3567  3.536 3.58 0.056
TS0006 1350.3 189 4140 4119 4148 414 0.015
IS-A TS0010 1387.1 818 4470 4771 4722 4.65 0.161
TS0018 1339.3 002 3600 3.586  3.607 3.60 0.011
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L7z (Fig.10). &5 5 b EKRBOEUITH % 2fnE
ROZAIIFE CHEAZRTA, == FVE7e—-712k 5%
BSERIILMER R LTS, Ky 7 2870 —712 &
5B (Fig. 10, A &=— U7 o—72k
ZErEs (Fig. 10, AH) 0L, F¥Tl.1 Wm'K!
Thb. T2, —— FWVRTO—FIC X 5 MEHEERY &
270 — 7 OHEM & DLIZ0.68-0.83 DHIPHIZ 5 L
THBY, FHMIIZ0.73TH - 7.

== VA7 — 712 L B BfRER OB & LT,
AABHS-COBGETE A AAHIM C THRWILA ML T & %
o727z, TH—T O AR 35 mmAp A TR L
&, FUWV (¢ =1 mm) THIFFLIZFFALZZIEL0.6
mm®»=— FVE 70 —7 L HE & OBED 5 TR
ENZFS5NA. Pribnow et al. (1996) 1%, 22X DOEz
B 0.024 Wm'K!, KOBZEHRZ0.61 Wm'K1E L
T, BMEERICE 2 2R 0OFBPRET EZIERHL T

Table 6 Results of TC measurement values of Indian sandstone with needle probe; sd. = standard deviation from three measurements

F 6 ——FVTu—=TI2L B A ¥ FIEMEOBYBERNERT (sd. @ 3ERE D)
S Run Weight Water Thermal Conductivity (Wm™ 'K
ample Content
Number (g) ) 1st 2nd 3rd average sd.
TNO0021 21134 710  3.226 3.306 3.201 3.24 0.055
TNO0027 2104.4 6.08  3.246 3.360 3.387 3.33 0.075
TNO031 2097.1 525  3.838 3.887 3.590 3.77 0.159
IS-C TNOO041 2083.5 370  3.351 3.352  3.291 3.33 0.035
TNO0049 2068.5 200 3.129 2904 2832 2.96 0.155
TNO054 2059.7 1.00 2951 3.096 2.980 3.01 0.077
TNO0O057 2053.3 027 2680 2599 2.652 2.64 0.041
TNO066 2050.9 0.00 2364 2504 2411 243 0.071
(a) Perpendicular
(b) Parallel
_ 50 | _ §
% o o g 0y O :M 5.0
E 46 E o
E . Z 46 | o o8 o,©
> >
Sa2 5 0% S 42 - S
° °
S 33 3 =
§ S O IS-C (ave. n=3) § 38 (P OI1S-C (ave. n=3)
g 34 r S 1S-A (ave. n=3) g 34 1 O 18-A (ave. n=3)
o )
< <
= 30 ~ 30
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 40 6.0 8.0 10.0
Volumetric water content [%] Volumetric water content [%]
Fig.9 Plots of TC measurement values with volumetric water content: (a) Perpendicular measurement, (b) Parallel measurement.
9 A ¥ FERGOERFEBLEARIEM  (a)HEfihiG & iH, (b) HERfHERL & 74T
E‘ 50 r
T 45 | o = 0o O
E 40 - O
> A
2 35 m 8
> o A A A
530 [ & &
he} A
5 25 K ANeedle (ave. n=3)
*_(: 20 1 OB ( 3)
ox type (ave. n=
E 15 |
2
= 10
0.0 2.0 4.0 6.0 8.0 10.0
Volumetric water content [%]
Fig. 10 Comparison of measurement values between needle probe and standard probe.
10 =—MUil7a—7 Ry 7 2870 — 7 OB O
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Wh, Tu—7 LRBOMICBREI O3 ) T 0 T LR,
BoBBERNEOYE, =— FVll7a—7 LRy 7 28
Tu—7oOWEMEE, EH5H 024 Wm!'K e S L7,
foT, =— FVEIZO— 7% TEYEERZHET Y
&, Tu—T7 LRBOBRMABI V%R §T5 I EDVELETH
). BUBEEDEN ) — 22 MO THRE 27T 5 2 & T
T =TI HPEMEDEINEL Db e EZ HND.

Sass et al. (1971) *°Pribnow and Sass (1995) i,
[l LZERsRTh UL, 2o albh & i IS RE L7
B OBIBERNEORREL TS LERLTVS.
o T, VAR IPEEREAHI LT Ta—7D
WATEZTRTENL, =—FVTa—712X 5%
PEMTH L LPFTE 5.

3.6. A VB L BGERE L DBR

AFY) VRBORNFTEE L = — VR T O — 7% v
THE (INZAFEHESMT: - 17=0.25 [A%]) L7zBYmER OB
(&) #Fig. 111IR$ (Table 7). 771 ¥k ¥ OREA
J D7z, TUARE HWIE L 230081, 24
VIREIOBRE2.0x 10 kgm? TTH o7z, AL THET

ETEBEOFIANI BT, BLERD I+ B O%EE
ETFOAEBIBIRICH B Z & AYrH 5. Pribnowetal. (1996)
1E, WS OBYERAZERE X OO FhEho b
LEENMATT HE LT, KROEFNVEEH L.

Aoy = Aaie?® * Aminera e @)
CTIE, gy SR OBYRERT, @132, 14,
32RO EEEEHR (0.024 Wm 'K, Pribnow et al., 1996),
X mineral \ISEMOBYRERCTH L. T3, Mk + YA b
DBUTEH2.60 Wm'K'  (Schon, 1998) % A pinera & LT
Ty MR, Fig l1OFERICR L. FEBICHW 2+
) VEBHIME A A ) A P ERR DD, ETMICE
BEMEERANZ, ORI IEIAE 2 8/ N LT
Wb, KIZ, EllF—5 % 4) i & 2HAHEERGEO
FRE B CTR L. COfRR, RoOBERDE SNz,

-
—

Aay= 00249 - 3530-9) Ce e (5)

ZZTIE, ZBER G, HEEBIEAE O OV 7 L LR

Table 7 Results of TC measurement values of kaolin powder with the needle probe; sd. = standard deviation from three measurements

T = NVEITO—=TN2 X% A4 ¥ OBYRBEESRNERER (sd. @ 3ERE DR

Weight density Thermal Conductivity (Wm ™ 'K™")

remarks

Sample Condition @ (e/em®d st

2nd 3rd

Brick (¢ =15mm) 93 083 0.139
Brick (¢ =15mm) 108 096 0.227
Teflon( =18mm) 227 146 0.639
Teflon(¢p =18mm) 259 167 0.795
Teflon( =18mm) 28.1 1.81 0.931
Teflon(¢p =18mm) 303 195 1.082
Teflon(¢p =18mm) 320 206 1.122

average  sd.

0.138 0.139 0.14 0.00 0
0.224 0.235 0.23 0.01 0-1MPa
0.643 0.632 0.64 0.01  1MPa
0.660 0.600 0.68 010 2MPa
0918 0.923 0.92 0.01  3MPa
1.023 1.023 1.04 0.03 4MPa
1.078 1.036 1.08 0.04 5MPa

08 r
06 r
0.4
0.2

A mineral =353 [quKﬂ]

/\

A mineral

=260 [Wm'K']

A Kaolin measured data

0.0

Thermal conductivity [Wm'K?']

0.5 1.0

20 2.5

Density [ X 10°%kgm ]

Fig. 11  Variation of TC measurement values with kaolin density and curves of the two- phase model (Pribnow et al., 1996).

11 7Y V) & SYBERiE iR, #ifitidPribnow et al. (1996)D —AHIE 7 M HDNTEML L 22 2 773
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W (2.59%10° kgm?) 205, $=1- /7bulk//QminVG%ff!ACS
N5, Figllh s, EH L4 VPO zEER & i
L OBRIIBEDOET IV L AT S 2 EAMERS .

B4 VREOBREROfED 0.2~1.1 W m'K'&
EZ RS O, BRI TH Y, oEL
72hF ) CREOEERL WD EEZ LS. A1k,
WEA ST ROMETIER L, FHMOEREIT 7
ETHbD. 2750, FBL L HICREERNEL DT
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EL, BUBERZWET 2LENH L. T2, WEHD
BRI IKEFEATOSE ZEDNL VDT, MR
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s LTINS,

4, F& ¥

WHI2 7 25N H Y T4 ¥ 7 AR OBIEER DN E
TR 572012, IR G 12X5
BUBER DI TR E AT - 72, JRS, ShRlkloiz
LB, SRR, BACROREERRRD L & DI,
H v T4 0T AR LIS ASAEOWE Z i a7z, E ok
R, BRI OWE UL i/ NROGFEH A X 3B R
WKAFT 200, 122 AEOHHIRETIE, Ry 7 287
O—7% M 7z86, s O IHEEDS 20 mm BELETH
LT ENbhot == VAT —TOWA, HERT:
BUREREIRT ) 3 TAICBNWTE, 72— 7O AR
F30mmPl ETH Y, BEEROFHCHETIES HIZIHA
TRULENDH L. ST QTM-500 DI~ H R %
HITERL TN D7, BrBERANSEATHN S LA /NS WEE
IZBWTH 77— & 0 H— DRk CIIERED Wi
T2HDT, WABIROMEEE T Wil 2 e 35 2
LI, BYREERIE ISR R R A X2 ET5 S
EAWIFFTE 5.

WG OB(RESR B FUAFRD S, R THV A
v FEO ST, BHEEHOWNE L FEE 7R OHE T
BT 4% DN DD 2 Ehbholz. —T, Ak
A5 2 (SRR S TR L 72 B s R 1§ % 2R 0%
BIIIEFITRE L, HEIRBOWEIC BV TR O &K
OEALL WX ) IO REREEZ D RITNE R bW
&R PR L 72,

== NWVHIZT 0 — 712X B 4 ¥ NEORA OBYRESR
EDFERDPAR y 7 270 — T ORERERDBIRELL E L0
&, =— P 7o—7 Lo T 5 25 AV T
b, ZOBRMELET B72012, 5, BEBEROENT
) =22 L To— P 70— 72 & 2Bkl g 21T
B\, TORPREMGE Lz,

i

REBFROFENGICH 721, HEEHIZEPHRBME R =2 7158
it BHEZE, IRERERKICIE, FEEBREONEEREE DS
W LTRADLTWwW72wiz, kst~ vy - -2 -
TS IR, S AR 54 o2
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vz, IS L UEoOER KT 5.

2% Lk

Blackwell, D. D. and Steele, J. L. (1989) , Thermal
conductivity of sedimentary rocks: Measurement
and significance, in “Thermal History of
Sedimentary Basins,” Eds. N. D. Naeser and T. H.
McCulloh, Springer-Verlag, NewYork, Berlin,
Heidelberg, London, Paris, Tokyo, 13-36.

Blum, P. (1997) , Physical Properties Handbook: A
Guide to the Shipboard Measurement of Physical
Properties of Deep-sea Cores, ODP Tech. Note, 26.

Goto, S., Kinoshita, M., Schultz, A. and Von Herzen, R.
P. (2003) , Estimate of heat flux and its temporal
variation at the TAG hydrothermal mound, Mid-
Atlantic Ridge 26°N, J. Geophys. Res., 108, NO. B9,
2434, doi:10. 1029/2001JB000703.

Galson, D. P.,, Wilson, N. P. Schari, U. and Rybach, L.
(1987), A comparison of divided-bar and QTM
methods of measuring thermal conductivity,
Geothermics, 16, 215-226.

Hartmann, A., Rath, V. and Clauser, C. (2005) ,
Thermal conductivity from core and well log data,
Int. J. Rock Mech. Min. Sci., 42, 1042-1055.

Horai, K. (1981), Thermal conductivity of sediments
and igneous rocks recovered during deep sea
drilling project Leg 60, Init. Repts. DSDPE, 60, 807-834.

Kano, Y., Mori, J., Fujio, R., Ito, H., Yanagidani, T.,
Nakao, S., and Ma, K. F. (2006) , Heat signature
on the Chelungpu fault associated with the 1999
Chi-Chi, Taiwan Earthquake, Geophys. Res. Lett., 33,
L14306, doi:10.1029/2006GL026733.

Lachenbruch, A. (1980) , Frictional heating, fluid
pressure, and the resistance to fault motion, J.
Geophys. Res., 85, 6097-6112.

HABE S (1999), A1110, MU OBE KO
RGBT, TISHNY B 7y 7 1K, 182-183.
HAHBIME S (2001), R 2616, Tt KBz A AIDB

BRSO, JISHNY K7 7k KY), 799-806.

JAMSTEC Rep. Res. Dev., Volume 9 Number 2, September 2009, 1—14 13



FHI R O IR E FATINEAE L X 2 BMREAIE O RS LA LIS 1) ) 7292k

Technical note on thermal conductivity measurement for drilled core samples

HABUEH S (2007), R 2251-2, itk osfmEs
DFERTT - 5280 L BlE CPATER), JISHNV K
7 7 iKY, 267-280.

Pribnow, D. F. C., Davis, E. E. and Fisher, A. T. (2000),
Borehole heat flow along the eastern flank of Juan
de Fuca Ridge, including effects of anisotropy and
temperature dependence of sediment thermal
conductivity, J. Geophys. Res., 105, 13,449-13,456.

Pribnow, D. F. C. and Sass, J.H. (1995), Determination
of thermal conductivity for deep boreholes, J.
Geophys. Res., 100, 9981-9994.

Pribnow, D. F. C., Williams, C. F., Sass, J.H. and Keating, R.
(1996), Thermal conductivity of water-saturated
rocks from the KTB pilot hole at temperatures of 25 to
300 C, Geophys. Res. Lett., 23, 391-394.

AN - VEHFE - MHGERE - S5 (2000), SH0H
MHBRERIZ 31T 2 SR Ol X OWzti, Mg T
Pk, 48, 11, 28-31.

Sass, J.H., Lachenbruch, A. H. and Munroe, R. J. (1971),

Thermal conductivity of rocks from measurements

on fragments and its application to heat-flow
Determination, J. Geophys. Res., 76, 3391-3401.

Sass, J.H., Stone, C. and Munroe, R.J. (1984), Thermal
conductivity determinations on solid rock-a
comparison between a steady-state divided bar
apparatus and a commercial transient line-source
device, Jour. Volcanol. Geotherm. Res., 20, 145-153.

Schén, J. H.  (1998), Ch. 8 Thermal properties of rocks, in
Physical properties of rocks, Second Ed. - Handbook
of geophysical exploration, Seismic exploration, Vol.
18, Pergamon, Netherlands, 323-378.

Tanaka, H., Chen, W. M., Wang, C. Y., Ma, K. F., Urata,
N., Mori, J. and Ando, M. (2006) , Frictional heat
from faulting of the 1999 Chi-Chi, Taiwan
earthquake, Geophys. Res. Lett., 33, L16316,
doi:10.1029/2006GL026673.

Von Herzen, R. P. and Maxwell, A. E. (1959), The
measurement of thermal conductivity of deep-sea
sediments by a needle probe methods. J. Geophys.
Res., 64, 1557-1563.

14 JAMSTEC Rep. Res. Dev., Volume 9 Number 2, September 2009, 1—14



	掘削試料の非定常細線加熱法による熱伝導率測定の高精度化に向けた実験
	Technical note on thermal conductivity measurement for drilled core samples
	1. はじめに
	2. 実験方法
	2.1. 熱伝導率測定装置
	2.2. 実験内容の概要
	2.3. 試料の幅および厚さの影響（実験1）
	2.4. ニードル型プローブの挿入量（実験2）
	2.5. 試料の異方性および含水率の影響（実験3）
	2.6. 粉体試料の密度の影響（実験4）

	3. 実験結果および考察
	3.1. ボックス型プローブ測定に必要な試料サイズ
	3.2. ニードル型プローブの挿入量
	3.3. 含水率の影響
	3.4. 熱伝導率の異方性について
	3.5. ニードル型プローブとボックス型プローブの比較
	3.6. カオリン密度と熱伝導率との関係

	4. まとめ
	謝辞
	参考文献




