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The Data Analysis of the Single Well Injection-Withdraw Tracer Experiment Using the
MACROTI
Toshihiko Shirakawa?, Yasuo Kanazawa?®, Koichiro Hatanaka®

Abstract

On understanding the radionuclide transport in natural barrier in radioactive waste
isolation research, the macroscopic dispersion in heterogeneous permeability field in the
underground rock is regarded as an important process. Therefore, we have conducted
lots of tracer experiments by the MACROII facility with an artificially constructed
heterogeneous permeability field. In order to study the scale dependence of dispersion
coefficients in case of laboratory experiments, we placed the flow cell horizontally, and
conducted injection-withdraw tracer experiment with a single well.

We have conducted 15 cases experiments. These cases were prepared by changing a
position of single well and the injection-withdraw time. At each position we have
conducted 9 cases and 6 cases experiments.

In this report, we evaluated the macroscopic dispersion coefficients by the fitting of
analytical solution to breakthrough curve measured by the 15 cases pumping tracer
experiment. Consequently, we could evaluate the dispersion coefficients for 12 cases of
15 cases. Then, we discussed the relation between a injection-withdraw flow rate and a
property of heterogeneous media and dispersion coefficient.

The conclusions obtained from the results of the evaluation are summarized as follows ,

It was found that the macroscopic dispersion coefficients tend to be increased with

increase of the average radius of tracer front spread around a single well.

We have conducted any experiments with s single well settled at two positions. In

case of that there is low permeability around a single well, we found dispersion

coefficients are large. In case of that there is high permeability around a single well,

we found dispersion coefficients are small.

In three cases that we could not evaluate because of incorrect accuracy of fitting, we

have found it possible that there is some points that dispersion coefficients were
strikingly small in tracer front.

1) Computer Software Development Co., Ltd.
2) Inspection Development Corporation
3) Waste Isolation Research Division, Tokai Works.
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HBOESE, PM—H%—7NV—A0XKESRERTIE, BRRACEIYICREL S, £/,
FL——3% - BAILBLTO L —H—BEOELICoWTIE, BEARYELES,
EARTETO M —F—BEEI M — - AR LERRELVWEEIONE, L
PLEPFD, FPL—H—BEOEIHES A5 &, B—ILELICRE L TH 5 EEEE No.12
BLU No.36 I22WT, b1 RUGHL TR, HEESERIGELTELT, £8BT
DEAM L —H—RBEE 1L LBEO P L—F—BES—H L%, (F322R)

FL— BB L VEEE LT, 1o, BEik - Bkt L EB0OEA -
BRERICAVEHHZEFEIDND, b9 121, KEOELI) FHEH TOH
HREAP PV ——OGBRICE I AHEBSELORD,

ABREHLLTHRELLNR (F228R) LEBUEHKBEOEVR2HRTL -0, £8
BTOEREARERVBEXREDOEHZTE L. BELLERZ2EIIIERT,
MEOHER, BERTOEA - BAHERR, BIIRERELELVEENELN:, £4
DX VITHEFTORERHE (FS105%) LBbIhA, HL, FHHREL 30 BEONET
= I DFYTHED, HEBBATOEBICIOWTIR 740 - LERLZVWOIBEETD
Bo Tz, MEDEBHIZOWTIERETOE - HKEERT L Z L TRALESHZMZ 544
BRIZLTHAEH, bTFPrLRrRE~OBEMLEAMOEE Lo TAELERHLTLES S
EHHERB INTW A, 72, MACROII T L Ty A ERHIHZEEMS [Vl TH Y,
AERGEMD [eo/min ] ICH_REEHICIEE LI WDEEFELPTVWIEDERD 1
2LLTELLNS, _

oI, ML=V ARMLEKRHOMRERS L AR E DEKER L) b5k
BEOBPRNI EPHRETED, (E345E) ZoFRAIC>WTRH,

HEKBEOTE L BKEOREIEEICIEL B,
I BARREFENT B Lo T, FTHESIERT 5,
REFEZLNRS,

—HARRFICROND, K - BAILTOI - —BEREEEREE LT, BK-B
KALLLTHEALTW2RESETONENRT ED 0, BREO L —F— L BRK
DH—2RAWTEIT, BEEFENEEL LT Ro TV ATRESEL 6D, /2,
EH L BEREET V 7ORERGEAHEIRE: Y — Xd NaCl 5%)id, SHORREMEX
MZREERE NaCl 19%)ICEHE L TWhWeD, LV IREORENEL, BESELR
TWIEDERLNRD, §, LEDVEFLHBET L0121, HFLhBEREEEEOER

VEA P LY —EBECHIZRBROBZA P L —H—EEE L 2 5,
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PHBREM I Ao LEERFT VT OBARRETALEND S,

INETOERLTEL, —EORBETOIMBLR > TELREETIZOWTIE, RH
By Y7 CRAHABELLBRKREERET, BRKEIMERAZCKEXROAZERTSZ
LT, HARERWETE, LIL, BE2siLeBRTOCHIT, KEOYERE
REBETHEBEREOEREER (Ay oA X0LEHE) £ RETALEFRELLR
b,
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#F31 FL—U—3% BARNBRUEABRTORS

&1

No.53 & * 7KL T,

=¥ —% 2400cc EA

htd100.1, htd150.1, htd200.1

Zf2

No.53 % - HBAKILT,

b - —% 3600cc TEA

htd100.2, htd150.2, htd200.2

%tk 3

No.53 i% » HBKILT,

b b —4—% 4800cc {EA

htd100.3, htd150.3, htd200.3

Zefh 4

No.52 {% - HIKILT,

b b —H—% 2400cc 7EA

hte100.1, htel50.1, hte200.1

%M 5

No.52 ¥ - BAKILT,

b L —H—% 3600cc FEA

hte100.2, hte150.2, hte200.2

3.2

ML —F—RELALN V- —REOCHMR

&1

X S BB

C/Co

&4

L]

C/Co

htd100.1

htd150.1

No.‘é;ﬁ

htd200.1

0.548

hte100.1

0.448

htel50.1

No.12

0.556

hte200.1

0.534

0.621

0.708

ColEA b L—H—ilpE

£33 HFABTOEGEA BKEE

CE~EACREL THHBERTORK b —F—RE

HEREBH | FHEARE | FHEKRE | ABRER EENEATE BT E
htd100.1 6.00l/hr 6.021/hr htel00.1 6.00V/hr 6.00l/hr
(100.00¢cc/min} (100.38¢cc/min) (100.00ce/min) (100.00ce/min)
htd150.1 5.891/hr 8.921/hr htel50.1 8.96l/hr 9.04/hr
(148.17ce/min) (148.67¢c/min) {149.83cc/min) (150.67cc/min)
htd200.1 12.03Vhr 12.061/hr hte200.1 12.12Vhr 12.061/hr
(200.50cc/min) (201.00cc/min) {202.00cc/min) (201.00cc/min)
htd100.2 6.00l/hr ~ 5.991/hr htel00.2 6.03hr 5.97/hx
(100.00cc/min) {99.83cc/min) {100,50cc/min) (99.50¢ce/min)
htd150.2 8.93Vhr 8.87l/hr htel50.2 9.01Vhr 9.02V/hr
{148.88ce/min) (147.88ce/min) (150.17ce/min) {150.33cc/min)
htd200.2 11.95Vhr 11.98Vhyr hte200.2 12.02V/hr 11.95V/hr
(199.167cc/min) (199.67ce/min) (200.38cc/min) {199.17cc/min)
htd100.3 5.96L/hr 6.02V/hr
{99.33cc/min) {100.33ce/min)
htd150.3 9.02V/hx 8.93l/hr
(150.38cc/min) (148.83ce/min)
htd200.3 11.99Vhr 12.00/ ar
(199.83ce/min) (200.00¢e/min)
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34 b L —PIEASE L EARE 0BG

REREHR | FEARRK A | HKEE B | BHlk AB Bk 04
htd100.1 | 1440sec 2370sec 48:80 62.50%
M1 | htd150.1| 960sec 1350sec 32:44 57.89%
htd200.1 [ 720sec 1140sec 24:37 60.66%
htd100.2 | 2160sec 2970sec 72:98 57.65%
%fF2 | htd150.2 | 1440sec | 2100sec 48:69 58.97%
htd200.2 | 1080sec 1680sec 36:55 60.44%
htd100.3 | 2880sec 4500sec 96:149 60.82%
&3 | htd150.3| 1920sec 2790sec 64:92 58.97%
htd200.3 | 1440sec 2310sec 48:76 61.29%
hte100.1 | 1440sec 2040sec 48:67 58.26%
&4 | htel50.1] 960sec 1530sec 32:50 60.98%
hte200.1 T20sec 1230sec 24:40 62.50%
hte100.2 | 2160sec 3030sec 72:100 58.14%
%5 | htel50.2 | 1440sec 2280sec 48:75 60.98%
hte200.2 | 1080sec 1860sec 36:61 62.89%
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4. PEEOHESE

41 T4 v T4 Y IIERT B ERROEH

Gelhar and Collins (1971) &, BKFOHERIZBIT 2 BEOHAMBEUTO LI
Lz

(WARAEICH BT D) WHTEHWRSILARGROAIHAER (P —F—i
B 1, (41) RO X ckREh B, ‘

ol d oC g (0l
=\ D, —uC \+D 4.1
ot 0x; ( * dx, i ]+ 7 9x; (BX,- ] @
T,
xi(i=1,2,3) . EEE {m]
Dix - HEEETF vV v [m2/s]
ui(i=1,2,3) . ZHEE [ms/s ]
e sl
Dn . 515 TR [m2/s]

B, u,Fhr—Y-0ORBHFREFA-THEE5E, ROERR,

u;=u
D, Dild,
Doy =Dgg =0u
D,=0 (i#k)
b, ZIT,

a . BAESEE [xn]



JNC TN8400 2001-012

a2 EHRZBE [m]

(4.1) REZWMBEBERTEIHRRD L,

o uZ™ = D ol
+u au + =27 795 98

ot 08 0s? o

‘ 2,7 2 '
3¢ 3C _ _ d°C (aa_zauac] (42)

b, 2T, s BENAROEMORESRZELTWD, $, a 1= BTV,

(42) X% —BWIIHEL St RFETHL I 2 b, BERBIE (Boundary layer
technique) 12X BEMUZTI o FEMEITI 72012, t, 5, u ZETO L) ITERTILS
Bo '

A
r= 1,
S=350 o (4.3)

ZHE E ToSo,Ustd t,su HEBETELIICERELLERTH S,
(4.3) TEELL-THE (42) RICEATD L,

2 2
90 % ey 2 C+8D[a ¢ 1 acaU] (4.0

or Va8 Y 387 552 U 98 oS
b, 2T,

D= DmTo/(aLa)

THb,
(4.4) XEBEBRBEIDUWCLIVEL, cOLE, 44) ROEDLEHFETLHI—ETEW
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BREETPORLZDICUTO L ) R EBZEAT D,
X(9)= jg Ulds (45)

ZIZT, 8=S ik, T=0IZBUBSDETHY, U U=UQDZ LE2FRL TS, (4.5)
REFHTSEE (44) Nix 46) XL HWERTE S,

3¢ aC 320 AU 3¢ A32C U aC
9t 9C _ _ DU _2 .
o7 Tax (E/U{axz 35 ax]+(8/ {axf Y BX} (4.6)

(4.6) REBLDEBERILTHD, BHELEHEZESLAUTOERH #8AT S,

s dS J-S as IS

H=X-T=] U(S) s uU(s) ‘s U(s)

(4.7)

%8B, SESHEARBLEEHPOMILAEHTHL, EHHEZEATIE (4.6) il
(4.8) KDL I ITEBTED,

2 2
| %:(E/U{a ¢.3u 30]+(a!>/zf2{a C 23U ac} (48)

dH?Z 938 oH oH? S oH

e WPEL L oTH (4.8) ANTEHOBERBFEOLICT A0, LT LS RIEREE
e hiEAT S,

H =e"? (4.9)
Kz (4.9 RE (4.8) RcRATH L, (4.10) KDL 3k b,

L
0C _guz(y142py-2)2Y 00 (41

9C _ (-1 4 pry-2
U™+ DU
( S df

T 1
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BREBEELICLY, (4.10) &2 411) ROLICERTE S,

dC _U(S)+D d*C

= (4.11)
oT  U*(§") 97
ZZT, O=0M% (4.12) KO LHICEBHET S,
szTul@ﬂdT' | (4.12)
0 54 (S’)
dSAT=U® L b (4.11) Xi, BF (4.18) RO EH itk B,
2
_a£= o°C (4.13)
0Q 3%
EHIZ (4.18) RERTILLTETE 414) XD &Ik b,
2
oC =aa f (4.14)
0w on
ZIT, p=x—tTh5b, 72, x, wld, s=s’IZBITEHETHY,
x= _{: u(s) " ds (4.15)
o= js'”(‘g Y+ Dy/ @ gst (4.16)

e d)
DEILEREND, (4.14) RO, B t=0 2B} 2 EH s=s, I BT 5 BAIERHEAD
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HEmOEAZREL,

(4maw) 72 expl-n?/ taw) (4.17)

LRIND, T2, RRIZBYABRECEL (HEEABOE) 5, AF v FHRIZELL
ThHE, (4.14) RoOMEiI,

Clx,t)= éC’oerfc{(X - t)/ [2aw(t K 2} (4.18)
L he TOT DB,
ufs)= Afs* (4.19)

TRINIZWMNBIBIT2FHOMEIC LO#EBTEA TS L, (4.15) &k (4.18) &0
WA e=0 L 3BT L TRETII L TWRRELR Y,
e Sk+1
Alk+1)

k47
Sr+

T Al +1)

Sr?k+1

Y Ve

2

DEHICRY, (4.18) RELTO LI IcE SIS,
1
C= Ec,,en%(e) (4.20)

ZZTHIEL, 2, SOBRTETOEHEEL TS,
LROBERETHALAD SN AP OHBENBEELEA-BRKLTWAESICBITA4
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HBRICERT 5,

B, BHZEFE e OHFCEALTWEHEICERTS L, HhEE,

u=A,/r
A, =@, /(2nnb)

LREING, 2B,

r | BiEEIR [m]
'n; ZERsE [—]
b KEDEE  [m]
Qi EAEE  [m¥s]

Thb, EROTNEOEE, (4.15) k& (4.16) ROFTEs=r—rey £ BL &,

r’-r’
X, =
1
24,
o+
; rZ-r?
.=
24,

r**_r? D _r*t-r?
@, z T 3
3A; o 4A4;

(4.21)

(4.22}

(4.23)

FERLND, B, tEARE, FREETTY FOBFPELTYS, XoT, (418)
K12, R C=0 DEMH, HASHD S 10 L ) RE C=ColeZbT 5 o kb,
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Co (dow, )1/2
2 2
= —é- erfe- r r 77 (
160 r*_p? D_r*_r?
a4, 4

(4.24)

EREND, —F, BHEEKLTWAEAIC (4.20) ReERTIZBCERTALE, it
i, :

u=A,/r
A, =Q,/(2rnb)

EEENG, 28,
Qe I FKEE  [ms/s]

ThHY, HREABREINL, 6:=T1, COBOBEIT Y ML, r=Ri &% 5, LR OFHENED
BaE, 411) Rk (4.12) ROoBEHEs=Ri—r B L,

(&7 - %)

= 4,25
Xg 24, (4.25)

(B2 —r*2)
(=34 = 4.26
2 74, (4.26)
2R} —r** % D . A -
w, = w4 m \RELIZINRE )t 4.27
2 3_445 4 ]g 1 A] ( 1 rw) r ( )

A ELENSE, B, IZBAKEBRTHY, =0k ti=Thi THb, LoT, (4.18) i,
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1 rZ - p*?
=—erfc

o
Co

16“{21?}3*1«*3 1 4 LD R4+£2-(R4.~r4)—r*4 ]]}1/2
3 dad, |t 4, "

(4.28)

EEkE3hb, Q2R EEAERE U, BAMGHE Uz =Qute) ZHWTCHRELT AL, HF
DHRIZBIILBERUTOLI RS,

B, ERIBWTHFOEEB IS THROBEIEALTBY, M EIREEL
OBED, U/U=0 L 222 IS ATERMICRS LD ITEA L,

L7zH3oT, (4.29) A%, BARFOHEAWIZBIT2BEOWBHBEEEL, <7 0RE
THELN L - —REOCHBMBE~NO 71 v 74 Y FICHWS,

4.2 SHEOHEFE

MACROUIBERTHE LN b L — Y —EEORBME FREOHS) LBKbOHER
KB ABREOHEHHE L ETEGFREFP_FTEILIV 74 v 71 72T, FHER
THETS,

421 74 vF4rFICERTAER
TA49F4vAZRETO (4.29) REHEWS,

. 12 1z
O _1_ .Uz _ U (4.29)
c, 2 U, U,

IIZTC, HHHT (4.29) RFONTA—FOFHBELTHTS &,

a |, |; Uz
3 R, U,
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C: HKILD b L—H—iBEF [-]

Co: b L—H—DWERRE -]
Uy @ EASR [m3]
Uy : Bk (3]
a . TEER {m]

Ri:EE7O Y M OEHEE [m]

B, BEIJOY POEHEFRBUTOXRLVEEL -,

7. Y2
R, =|—L 4.30
! (erﬁ] (4.30)

L ZZT,

b KEOEZ  [m]
g : HFRZE =]

THb,

422 T4 vF4vIEE

TAT4YTHERE, (4.29) RBWTCRMERSHR DA THEI LPL, EED
e% (4.29) RICRALCTHBEMBREER TS, S LAAHR L MACROIRERTE
LNBMEE O TREHRELFTHET 5, ZRTFIBEZMFTLTED 0 ITEW
Ex2LDHED « X FHEELTRET 2,

EFEMICIILTOFIER ETT 5,

D R4ALICEBH LA LI %7+ — 2D MACROISET— ¥ 2 HET 2,

@ (4.29) RIECADTE7—% (SEELM) 2F 42 KR LAZE 5% 7+ —ATH
T 5,

@ (429 REI—FA VT LATOTIARETLT I A v 74 Y7217

@ nHEZEETS

ZZT, BTICERT A MACROTRE: 7 — ¥ 1, BKEBEELUBRODDEMHT S,
B, BLASUEBLIEANT = 77 ANRDNT A —F 2344 10T RL 7
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F4.1 FHEERICHEHYT S MACROIREBRT— 7 Of

131 1
1440 2) 0.512 3)
1470 0.512
1500  0.512
1530  0.512
1560  0.512
1500  0.512
1620  0.512
1650  0.512
1680  0.512
1710 0.512
1740  0.512
1770 0.512
# 42 MACROLOHERTF—FFOINTFA—F
No. A o i
1 - T8 (BERRET— 50K
sec ¥ [
% b LR
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#43 SUEBHBIEETAANT—5 774 VOH

0.02 radius of well [m] ©»

1.667E-06 Qp:withdrawal flow rate 2)
1.667E-06 Uisinjection flow rate 3)
1440 [s1 4

0.1 bim] :thickness of flow layer 5)
0.375 theta[-]:porosity 6)

1. 000E-09 . DIm"2/s]:mol.diffusion 7)
1440 [s] &

1. 000E-06 DELT_ALPHA [m] 9

1. 000E-06 EPS:minimum slope 10)
100 ITERATION LIMIT 77)

Fdd APF—FT7ANVFDRT A%

No. | H{Z 2
1| m HADLEE
2 | msfs Bk g
3 | m3s EAWE
4 s TEART R
5| m AR REDE L)
6 | — ZEpREE
7 | m?s (KEBDZTFIFRE) 2
8 s BT R
9 | m TR

10§ — TIvFAVTF—YOR/NMEE
11§ — (74954 »7D) BARER
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4.2.3 MINEH |

MACRO I #5/k5 Bk, 2.1 I0R LS TERS N, PL—F—%EAT BRI
B22 R LI ETFAC—XEEE L TARHESZER L ARBRKEICBWTE
#i L7 MACRO I $KEERO 4 15 7 — R ORBEH 2 E 45 KRR L 720 RABEMIE
DOTEE L7287 — ADEN &GS E 4.6 1057 T o AR TER & 5KBEREIERNS X U
KR L BAREREIL, £ 4.5 OBBOEN [ min] % [SOBMICER L THERT S, €51,
KBOE S RUZRREE, RBREh: LTHNOEEERT 5, BRI, FL—¥ -0l
HEEE, LY NaQBHTHE I Ehh, BRERIIERSA T A ERFERL
72o '



JNC TN8400 2001-012

# 4.5 MACROIEHK b L —¥ —RE&Ht

ARG ERAHA E - BKRE E AR FTEA B
htd100.1 No.53 100cc/min 24min 2400cc
htd100.2 36min 3600cc
htd100.3 48min 4800cc
htd150.1 150ce/min 16min 2400ce
htd150.2 24min 3600cc
htd150.3 32min 4800cc
htd200.1 200cc/min 12min 2400cc
htd200.2 18min 3600cc
htd200.3 24min 4800cc
hte100.1 No.52 100ce/min 24min 2400¢cc
hte100.2 36min 3600cc
htel50.1 150cc/min 16min 2400cc
hte150.2 24min 3600cc
hte200.1 200cc/min 12min 2400cc
hte200.2 18min 3600cc




%46 MACROIEA I L —¥—BRERITAN

AN BAr | htd100.1 | hed100.2 | htd100.3 | htd150.1 | htd150.2 | htd150.3 | htd200.1 | htd200.2 | hid200.3 | htel100.1 | htei00.2 | hte150.1 | htel50.2 | hte200.1 | hte200.2
A5 i-4 ‘

HED m 0.02

FE

HARER | m¥s 1.667E-06 2.500E-06 3.333E-06 1.667E-06 2.500E-06 3.3323E-06
EAGE | md/s 1.667E-06 2.500E-06 3.333E-06 1.667E-06 2.500E-08 3.333E-06
ﬁé?‘;"f s 1440 2160 2880 960 1440 1920 720 1080 1440 1440 2160 960 1440 720 1080
BEHE | m 0.1

ZEREE — 0.875

(FkeFD | m2s 1.000E-09

G oA 4
#E) 2 &
%ﬁéﬁé 8 1440 2160 2880 960 1440 1920 720 1080 1440 1440 2160 960 1440 720 { 1080
B m 1.000E-06

S
sy — 1.000E-06

)
BAMEE

Bx - 100

i3k

¢10-1002 00¥8NL ONI°
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424 fRITRR ,

RERICLDBLNZ 15 r—AOTERHBEORRICH LT, 32 5Tl LHETOH
EEER L. | |

T4 TF4 YT UIREREER 43~ 4.17 2R L7z, & — A htd100.1, htd150.1,
htd150.2, htd150.3, htd200.1, htd200.2, htd200.3, htel00.1, htel00.2, htel50.2 iZ
DWTR 74 v T4 Y TOBERBL hbolzz bbb, BONIFHEMERIIDONT
LIBEAE RV ZE 2 bbb, COZEDPD, REBRBWTT4 v 71 ¥ FHBE
PEWEEIZOWTRE L,



JNC TN8400 2001-012

C/Co

C/C0o

1.2 [
o REER

1 F‘-M_T —ﬁg*ﬁﬂ%% —
08 \
0.6 "
04
0.2 %k\\_

0 ﬁh‘!!uzsnﬂ;

0 1000 2000 3000 4000

pEE [s]
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d
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M43 74954 TOFER (5 — A htd100.3)
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12

o BERIR
— FRATIER
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BRI [s]

G/CO0
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