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Optimum Identification of Dispersion Coefficients
in Porous Media

Satoshi ToHMA and Kazutaka BABA

Abstract

Recently, the problem of predicting the movement of pollutants in groundwater has gained attentions.
To solve such problems a number of numerical methods has been developed. But dispersion coefficients

are always assumed to be a known values, the result of such numerical approach then becomes question-
able.

In this paper, dispersion coefficients were investigated using laboratory column and sand aquifer
tracer tests.

Powell’s conjugate direction method was applied together with the error function type solution to
obtain the dispersion coefficients. Powell’s method is efficient technique for the parameter identification
of dispersion phenomena in porous media. Comparing the observed data and analytical solutions,
obtained dispersion coefficients were reasonable.
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Fig. 1 Experimental Setup.
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Table—1 Values of the Iterations

1.0
g 0.9 COLUMNSAND) in the identification of
z T;soni-rf;L CURVE — V and K,
O 0.81 EXPERIMENTAL VALUE o
5 071 Iteration |4 K.
z oo Initial | 0.68200 | 0.09500
2 o 1 0.78200 | 0.09500
§ ' H=75cM| 70 6 2 0.58200 | 0.09500
5 o 3 0.66206 | 0.09500
£ 4 0.64212 | 0.09500
g 0.2 5 0.60225 | 0.09500
0.1 6 0.65145 | 0.09500
o5 s e o 230 a0 3o a0 7 0.66078 | 0.09500
TIME (sec) 8 0.65051 | 0.09500
§ . . 9 0.65051 | 0.19500
Fig.2 Comparison of measured concentration 10 0.65051 | 0.14500

histories with analytical solutions. 1 0.65051 | 0.04500

; . N ; 12 0.65051 | 0.10133
WIE0.5 DRBIRIES 52 5. —i, SHARKOMIII o | o oo | o tes
BOBHAROFNTREE 0.16 2 5 0.84 F TOXRM % 45 #0HF & 14 0.65051 | 0.07602

15 0.65051 | 0.09145
e R N 6) .
EET B ERATHFL NS, 16 0.63476 | 0.08967

Ki=((x— Vtoe)/(tois)? - 17 0.66625 | 0.09322
o 22 18 0.65066 | 0.09147

(= Vios) [(tos) "*)*/8 19 0.65044 | 0.09116

o N2 EAED 5 Powell iz L D 35 X — 9 HEE 20 0.65038 | 0.09081

¥ %#8f2% Table— 112787, ZOBHHIZKRY) 251 >~
BR CE¥£20.13em) 2 5 % 5 4RI B W T, BIES x=66.0cm TH S 72 b v —H %
90 W 5 134 B T 2 WED 23D T — & % v 72, AP Tld 20 Bl SR CholflEic E L
TBY, VHETH 2FEHE E OMMEZEIZ 5 BUNTDH 5,

[ X M7z T B O iR g 2 Q)RUSARA L TR 5 N 5 5H5E & S5l & % Table— 2 (2R
Yo MBHBDED LD & fH, THIREE DWHLIETH L Z LRBDHLNLD,

Table—2 Identification values by powell’s method

STYRENE HEAD=18.0CM TIME= 90.0 - 134.0SEC
INITIAL VALUE VELOCITY= 0.6820 DISPERSION COE.
IDENTI. VALUE VELOCITY= 0.650¢4 DISPERSION COE.

0.0950
0.0908

sxxxs CALCULATION VALUE TABLE xszxsx

-0009 0.0029 0.0079 0.0190 0.0405 0.0775 0.1343 0.2130 0.3113 0.64231
-5394 0.6504 0.7482 0.8280 0.8887 0.9316 0.9601 0.9779 0.9883 0.9941
<9972 0.9987 0.9994

[N~ Ne)

sxsxx EXPERIMENTAL DATA TABLE zsxxxx
0.0013 0.0031 0.0042 0.0144 0.0366 0.0789 0.1317 0.2106 0.3116 0.4307
0.5416 0.6506 0.7465 0.8208 0.8847 0.9354 0.9618 0.9749 0.9944 1.0000
1.0000 1.0000 1.0000

ERROR SQUARE SUM= 0.00031
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Fig.3 Comparison of measured concentration history with analytical solution.

5.2 ZREUFEDE AN CRLNLERO—BI% Fig. 3i12RY, RRIIHHKEIC
BWOKIEZ H=4.8cm OEHFICS WM L —H 2 8B0R L, BU&E» S 40.0cm iz b 2
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B EERE (ERICEAH) D3IED T X —F2FELTW5, 3HEZERICEET 22
DIIFR% D SHWEOBET — 2 7213 1 E TO SFULOBET — I W EE % 255,
ZTCRE—HED TAEDT— 3 2 L 72, FHEME & FERIE & o Heh & Rk & Ot - 1 5 1t
TEGREIE —RITER & FRRICHIREICRIES N TWB L EZ L b,

A O REBGAIBRIT E— 7 Sl CIENMEZ 2L Twb, —ic, ML — %8R
B L 72556 OGBS IR E AR T L & L ICBRL, ERMHHICE D2 Eo5sn
TWBh, AREBRTIE ML —F oA D SRR T4 <, $BBIRIBIR L 7005 5 Fl
T2LDEEZLND, QRICBWTIZNBELEE L THERy 2 8AL T3, Table
SIIKEEEZ A2 B TS NIz EIRE 2R L T B, #EH M BREUE TR o B
ELLWEDKRE L B0, BAMSEGREIZIZIT—EEL L 5 2 L RBH LN 5, KHAS
AR EU 2 FHEE AR S (NaCl 354 2.0 X 10 °cm?/sec) ” D#y 10 0% & 225, EBRCHEH
L 72K B RISRED 2O ERICEAH~OBEI AKX X200 L Bbh b,

Table—3 Identification of V,K; and Ky

K OH E | W | HEF SRR | B o EUR K/ K,
H(cm) Vicm,'s) Ki(cm?,/s) Kr(cm?,/s)
4.80 0.0169 0.00317 0.000111 0.0350
8.55 0.0357 0.00489 0.000188 0.0384
11.45 0.0404 0.00558 0.000230 0.0412
15.80 0.0538 0.00685 0.000187 0.0273
17.50 0.0627 0.00795 0.000196 0.0247
19.90 0.0693 0.00859 0.000180 0.0210
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P.=Vd/K, (8)

22z, Pei7Vv¥, 4R, R y—"

AERIZBWTIZZ ORI VEDIIIF—FEE

(Pe=1.0) &%, G- TR o EbRE &
X & ZHBIRRAE T 5 Z L bbb, Fig

4 13— RITTEER 100 T— %, RIGHEE
B2 722 NF DL THL E>»
LN 2 FEAUC & ) ROBIfR 272,
K., =0.139 V"%
(0.01< V<1.0cm/sec) (9)
b3 & HE D7 4 BOR B33 I 1 ) .

L. SE#0.139 IBM L 28O P E "ot o0 T~ - o
EERL T3, ZOfEIRREID 22 # 2 Fig.4 Relation between velocity and
RS 3 R 4 0 IR CX 2, dispersion coefficient.

°

0.014

DISPERSION COEFFICIENT KL(cMZs)

® GLASS BEADS
A STYRENE BEADS (L)
A STYRENE BEADS(S)

6. f& B

AIFRIC BN TRLNLRREBENT L LRNDEBY) TH 5,
1) S HER L Powell 2 #lA G4 2 Z L2 L ) BUREIC O IREE 2 HEE TE 5,
2) HEH TS EAREL T & ORI KOBIRY LT 5,
K.=0.139 V' (0.01< V <1.0cm/sec)
3) BEH S EAREUIHE S A BURE D 1072 DA —Ficdh B,

7. » & H» &

UEZIZ¥)— 2 hEr2 BT 2882 AT, B8R 2IKIC BT 2 KRS B9 8RR %
Powell iz & W &BEET 5 HiEE R L 72, ZORER, —KIOR U RIGFESHEICE L TH
FEIZ D EAR S 2 SKDIF S 2 & AEREE L7z, #EH M BdRES, BRERES 1.0 cm/sec LI
HHIC B W TTTRERBUCIZITHEIT 5 Z & 20D S 1172, HEDT 1.0 cm/sec DIFAARERR
TIEVA NV ZE Re=1.0 124 T 5, ZOEIZEERIVERTH 5 2H0 FRMEICHLT 2
b, FEROHBIBIRIIERB TR LoD EFEZ Hb,

ZOFEEFEEOR T HBERO TN AWV B, BYRWE I RERRLT & ALFUE F 72135

23



Bl B Bg—F

RAGR 2 EL 2HEICIIRER G HIRE & BB & LRI L 520 bwn, L
» UBHERR T — 8T h 2 ERfIRZED 2 L € Table— 1 D% K> 2354, FHER
VIR OSAICHE L € 600 FREEL, =, ZRu@i+17) 1238 LEH L TE
PRBEE LD, 51329 LI2ERILE & TEBRDEEWH O FRICEET 252
DEHFETH 5,

BE AWM ROETICH 1Y), BIBEEURE THV 72 AR AR TR R RER AR,  Fub k2
AR T AR EREREEIRE I B BRI R RE L 2 M E 2R LET. o8,
A ROFTEICIIIINKRERGH B> F— B I EW TEARFERUBEEF > ¥ —DE
FrBBEFERAL 22 & 21589 2,

(BAI594E5 H19 H A28

& £ x &

1) Pinder, G. F, W. G. Gray : Finite Element Simulation in Surface and Subsurface Hydrology,
Academic Press, 1977

2) FIEHF—BR, PEEM, HPE— SR ARMEERC 51 2 IEE R EACBER O A RERERN, A
FEWOUHSEE, No. 331, pp.133-141, 1983

3) Box, M. J, D. Davies (2H FR) : EEERBE{bos:, KRS, pp.42-47, 1972

4) /INRIERER, SLILAIE @ Powell 0B HMERIC & 2 5 > 7 R TVEROER, BETRYELHLE, $65
%, Dp.42-47, 1976

5) Hidi4)

6) Fried, J. J.,, M. A. Combarnous : Dispersion in Porous Media, Advances in Hydroscience, Vol. 7, pp.
169-282, 1971

7) fEHIER, HEILFH SN SIMEENIC B 290 T M ERBERICBET 2R, ER¥ESH T
&%, No. 246, pp. 73-82,1976

24



