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ZIEIRE R E R Y — 4 R WA s 7 M X A= B ke i A

BLREY, BERT, 5 R, Euak’
(1. P EBER ASHEEAFEPO Wi SXKIEBAESEEE SRS, s 100085;
2. MR KRR 25 TR, 1L M 225009;
3. T ELOE R d E LK R E R G, dbst 1000835
4, EEFEIENIR LRE MR SHERY IR, EE EIgpEiN 77843)

TR 2% VA IS B 0 TR IR R RN, H TR BB AL 5 B B B I LR N BRI 2 B IO R R A
fifb, ST T AR BA BT U S B Y — P IX AR (TRM) , R JH] Laplace 72 4t 1 de Hoog $UC{E 30 28 4o Jy 6 R 75 T 45
TYR AT, 3BT T 25 SR BIOR I 280015 ) BB D W R0 TRM 22 (8] B B2 56 3, AU ARSE 3 05 i 38 1 2%
R TBORRE 23 B TR A S5 R0k 0%, A RS 17 4 8 5 1 250cm Y — 4k Al 3 50 b A vp 98 iz B 5 7 .
SEOLARH  SERCVREE SO TR BRI RN B SR, AT DU AR S DX ERE f P PR, E 2 R ORI
W, XA — R 2 AT R ORI RO SORE SR BORE BE AL D 12 B B R 28 1 PR KK TR BE DL 245 2R 15 552
DUAP A7 A2 2, T R T80 O 328 % B 2 6 50 R ) 1) TRM P SSRGS J8E 7 T R R i, B 0% o 0 b RS0 AR 149 )5
KA BT A a2 i F o ST, AR A B rh R B TR 2 B B TG R s I, SO s R R e
15 J50PR BT ) TRM BE 6% 50 5 RS FDLI 1 45 R R B s R i A

KRB IREUEEANY s WD s RO AR AT

HESES: S152 XERERIRAD: A
1 W=

WA Z LA s B, R BRI S BORTREDE . KESBMBLEH LY, 7%
JHAXF - 95 B 7 #2 (Convection—Dispersion Equation, CDE)MF 8 % iz £ [n] @), SR A5 A9 7R B A &
B, o bl A G A B B A 3G, i HL A B Ah SR I8 A R 0 VRO — b s O R S A
(R B R 2 B 6 RS SRl 2 LA T oP SR B B v T R 8 AR R S 1) AR R 8 K T 3
(4 BRG FR g K 8l 1 R B ROBE AR, 0 WSS R, Z LA RTEAR R R AR Tk, R R A R
TURBUERPEFI K 745 S 38 B0 2 ] A S 2 77 A R BIORS B 20000 1) 2 B R 27

FEF AR T A T A K R LA BE LA A R AN, A 56 2 3 B NP BE BB 8 Ok T IR R IR
RO R S (AR S K 1 B R B L A B R A R A A B 1 s RUBE OB, TR A AN v
B R BB AR AR 5, (45 BE AL 5 v A SEBR IR B R i R A BR . U 2 E R SR EUE SE B
B R AR -, SR CDE %5 8 5 1455 A (FUKE 9k i8R MR 4K Oy 38 6 B B 19 pR BOR B KRB | i
JRIE i FE . Pickens Fl Grisk "4 Hi A L% Pk RS 50 R B0k R AF SR BUE S5 P18 ITB X R, T
MR 00 F CDE 943 BROCEC IR, VR 222 F W0 T 2% I8 IR EIOR B A0 1 CDE 5 B s g b
Pang 1l Hunt ™ i F1 Fi] 8m K 1) 1 AE 5256 YR IE 1% 1935 F

16 CDE JE7y | 37 42 58 4 9 [X 455 7 (Two—Region Model, TRM) 1y — Rl ¥y BEAR SE- iy, & T
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LB R AT BEAEE MR B, B T A R B b SR S G RS AR B4
PR, 75 TRM Al b 2% 58 o) OR804GB S A S8t AL AR 189 5047 ot vh i B 7 R RS B s B8 5
B HE, DA CT TRM 3R O RN RIS 40 o ST 45 8 T 2l 2 W - 39 v TRM B4 o At A
i, OSBRI R 2, RO N S, IRAE AT e AR IR A I B R
SERON R, B RUTREE L A B B SCRURE I, o A 256 2 SR T AR R A

WG, AR SORE SR B BEAR D 38 B8 B R I AR R AR BeR K, 25 BT A I B R A, L T
JE TR AR BE RN Y — ZE T JTs M Y IXBE Y, AR B AU T B O 1 250cm (8 — ZE{E 33 Jot A Y
W IIE B BORE, G g R Y 3 A

2 Bes SR A

21 BRREHBFE  PIXEEDE LA 2> R — AT gl B Sl 37 DU — S 1T Sl i s X
Har 3y DX e KR SR A AR Tl — B 0 IR AR B PR E AR RT3 X, A al gl DX % R
LAY OB 28 5 1T ) K8 A R s A, LR R 5 4 XA VA R AR B 25 LT L AE U8
V8 T W P A B O, o B TR B X)L B 2 PR 43, S e SRR FR AT 8l X o AR
Ty DX B 9 S5 e A R A T o AR i L SR IROAR T Tl AR A T gl DX Ay R T R A
75 A, L SRR R [ AR A B U B A — B R O R, (R AR RO A S MR DL By B A e i
B, —ERE AR T T K R s R

ac ac aC
wm+ﬁnKJ7£ﬂ:0mé%Phix)a;}—qa;"—w(Qn—Cm)—mem+ﬁ%Kdey% (1)
ac,
[eim + (1 _f )pb Kfl ]a_l”” sw (Cm - Cim) - [Oim ’ulim + (1 _f )pb K{l /'L.sim]cim (2)

o 0, 0, 53 K+ B b R] SRR A B KRB KR (UYL s € FC,, 43 5 vl s FAS R]
B KIS I RS (M/LY) 5 g (=08,) R K i 5 (/T , o o] 3 K380 60 2 AL BRIk (/T 5 w9 i
S ZBCCUT) 5 f O B %S AT 8l XS rp 80 A 18 5T 32 ik 14 - 4667 W% S DX 9 EE 9] 5 p, oA b SR ) T 2 (MY
L) 5 K, A W B 3 22 36 43 E R (LMD 5 ey, R, 53 500 A9 T 803 R AS T 8l X3 v 8 04— B e i
RBCUT) 5, Mg, 73590 A AT S F0AS AT 2y DIl W8 AR 9 5 ) — B ik 2R 8 (1/T) 5 o R 78 B (L) 5 o
IS (T) o D, () 9 7] 3 KR K 3 1 kR B (LT, 2053 7 0, D, (o) AT RAFRR K"
D, (x)=a(x) (3)

AP ale) MM IRHBUE(L) .

AAE RO R R () BRI, SIAM AR & R =1+/p,K,/60,, R, =1+(1=f)p,K, /0, . w =,
+p, K, 10, Filw, =, +(1=f )p, K, 160, . I XA TR (i s iy st ] AT 4k

ac, 9 ac, aC,,
0,R,~— —9mg;Phix)ax}—Ueﬁgg‘—w(cm—cm)—amﬂmcm (4)
aC.
aimRim Bt :w(cm _Cim)_gim MimCim (5)

M4 Pickens i Grisk ™ (9 IF 75 25 5, A% TR FH 28 1 R $50 R B0k R AE SR B S8 IR B I R
I IS SRR ) 3k X 5l
o(x)=kx (6)
Kb EAIREE S is B IR M RHE
a(x):a(l—e_bx) (7)
K o B TS5 I A i HT U (L) s b R E(LT) .
M (6) A (7) 0T LUE YR E0UE o BE 55 00 2ok eR B0, SR E0E 2 B A I 1 0 PR o b 2
T2 R P02 Oy B g %) 48 5 R BS0IT RIS A i — R RS W S B B R p g i g oK, Z e T
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Wi Eao 5380, k, aBUbOIEANIS, DR BERE RS I A AR O, A5 IR BV A R A R R
JERON BT . KX (3) . K (60) A (TACATT R (4) 5 (5) B S 25 P R R EE 2800 1) ¥ 5z 7% 7
DB SRy R UL, K R FRORE Az B B R ) 4R e o BRI 1% T XA AR 5 B i TRML (Two—Region Mod-
el with Linear Scale—dependent Dispersivity) , ¥ 8 8 12 7% 5 25 1% 45 45 ok £ T 19 P DX 485 2 f 7k Ry
TRME (Two-Region Model with Exponential Scale—dependent Dispersivity) , i ¥ A~ %5 f& 5/ #0RFE #5000 B
YRR by H ) W DX A Y 8 % o TRMC (Two—Region Model with Constant Dispersivity ) .
22 MRIMIAFEME BTMVIRERELCY C,, B

Cm(x, 0)=C, (x, 0)=Ci O<x< oo (8)

im

DS A NS UR TS

aC
ax’"(oo, t)=0 O<t<o® (9)

AR I8 3 PN R R A b SR, o3 o) D e RE LRI R SR e TR R A SR T B N A A
e, R R A 0(10), XADAE(12)
c. (0, t)=C, O<t<w® (10)

aC

/UC .\f:O _Dm(x) ax’n

m

o=vC, O<t<ow (11)

x

aC
wlizo= D, (x) axm w0 =M (1) (12)

s CooM AR TR U BE (M/L) 5 M Ay B3 T RR T A0 7 T (/L) 5 o) Sy B Jik o i . ML
FRERM S, X TRMLATRME, D, (x=0)=0, Iy @ 550 55 Wk 8 R 75510

vC

3 TR figk A ik 0 4

3.1 #REBVFE Laplace FEIRIREMTRE K B2 (4) 1 F2(5) 4 B X ¢ fF Laplace 254, 5.

2

0 D (x )ddf;” +0,[D,(x)- v]ddcx'" ~(w+6, 1, +p0, R )C +wC, +0 R C =0 (13
6, R,.(pC,-C)=0(C, -C,)-6,1,C, (14)
st € RIC, 431 C, I C, 1 Laplace Z5HUE R ; p Jh Laplace 5 4,
R (14)75 .
s

B UASHACATT R (13) I B BEAG

d’c dc,

. 0. R
9"1 DYIZ (x ) dx 3 + 017] [D"I (x ) w

N _(w+p0. R, +0,, 1, +0'"'ij(pc'" rec, _C"):O (16)

im~ im

2

wb. ,LLL.m+9m,LLm(w+p0 R. +0. ,LLL.m)

im m = im im

- (1)0 R +0 R (w+P0 R +01',m,l‘l’im)

im’ im m- - m im = im

%Y:C_M—Ci/(p+§0) , IREQ16) A &AL R

2

X o

o

dd; +[D,;(x)—v]'jli—§—w=0 (17)

D, (%)

. 0. R.
J—:tqq: l/lz wv,, L, +Rm](p+(p)o

0, (w+pb, R, +0,, 1)

3.1.1 TRML £ Laplace % 1a] 89 f# 47 2 45X (O MMA B R(17), GIAAERE, =k HE>0, P
(17)45%
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2d2Y +(1—%j§dl-(lj2¢rgzyzo (18)

dé? d¢ kv
JiRE(18) J& F T i 2 i Bessel "'
{2%+(1—2r)5%—Y§+(—/\2X2§2X+r2—r2)(2)Y=() (19)
K =k, A=2J0 [ko, x=1.
iR 1) By g N "
Y=EAK (AE) + B, (AS)] (20)

e L) FK (x) 53 50 r B 925 — LSS 25 1 5% 4t Bessel R EL; A, Tl B A H i1 AL 25 00 2 I 1
JE BRI, # TRML v a] 3y X0 57 7E Laplace %5 8] (9 B
C, = {AK ) +B LA +C[(p+e) (21)
N AR AER(9), Y o i, dc—m/dfd‘é\éﬁﬁliﬁ, 456 M o it Bessel AR BT, B b0
RO MR AR R, TR A S A, R, BRI 1 R4, 5
D) F=(15), BpAT15 3] TRML 7£ Laplace 25 [b] {9 i A7 % o
® 1 RJE 4 B4 F TRML A TRME 76 Laplace %3 [] ) fif A7 A R 50 A, A, 1 ik X

R R A (TRML) A,(TRME)
i HE EL 10 5 | Co/p—Ct/(pHP))‘, Co/ P=C:/(p+e)
URERE SR o 270 (r) TR (y. v+l yomls 1)
M-vC, /(p+e M-vC, /(p+e¢
VR TE A S A,:¢)\’ A, [(r+e)

27 (r) :UF('}’, y+1; y-n+1; 1)

3.1.2 TRME % Laplace = 18 ¢4 f# 47 2 B0 (DA T RR(1T), FIAAE R z=e", W FE(17)725 Ky

Y oAy
z(l z)dz2 \1 ab}z & +avb2(/1Y-0 (22)

i (22) )& TR 25 5 19 Gauss B LM 578

2
z(l_z)ddzg —[Q—(1+y+n)]zc(li—lz/+y7]Y=0 (23)

Kt =0, 'y:ﬁ|:—l+ /1+‘L—“¢}, n:ﬁ{—l— /1+4U—“¢} .

7 AL (23) 1 A8 S R 1S z<oo, O A AT A SRR OB LA s AT 20
Y:AzzfyF(y, y+1; y-n+1; z_1)+Bzz_’7F(7], n+l; n-y+1; z_l) (24)
K. Flm, n; c; x)4 Gauss H UM pREL, A, Fl B, /& H 30 5t 200 0 1 28 R A
1% TRME AT 3y [X 335 Jit 78 Laplace %3 [8] 1 & B2 R
T F e et e b B E el moye s )G () (29
AR T i A4 9), Y 2> w dCT/déZ AT B, AR ER LA sR AR TER , B, A 0
RIS B _E S 40, vl DAAR SR o A, B9 R A 2, HARG IR R 2 s . A, RInI155]
TRME 7£ Laplace =5 [ 9 i T % o 246, =0, Ho=0R1f=18f, TRM K%k CDE. Kk, o FiR#HESH
i v] B AT B 2 R AR B AL 9 CDE 7E Laplace %3 [] (1) fif b7 i
3.2 Laplace {EF THAE X T C L1524 Laplace 23 [A] A9 %, 1T DL 1 £ M7 ol 80 Laplace
0008 4y A B B R SIS ] AR R R R AT 0 R e T T B A e O, SO R TR A R, T
H RS EE N AR 2, A — 8 Ge 8 ) A BT 306 28 $00 45 ) 8 Y AF 52 23 0] 04 A T A o 500 3 AR 4
S — R AR A R0m B R Laplace 36 A8 46y 1, A6 HUT K RS s % n) A B 9 AR B T2 N
R DR, SR P T B 50 B SR A TR 5 > S AT 7 e SR T 11 e R SR SRS TR P R A 1%
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AR de Hoog BB AR #5538, 1% )5 W J2 2 T Fourier JEUR T A3 B e 553, AN &
e, W B T Stehfest X0 978 46 55025 B Ok AR B(E R BRI IR 5 9 ke i, T EL AR I PR R 0T SR B T
i, de Hoog Jir & A1 1Y QDAL % 1 (quotient differences algorithm) Ft Crump %5 {EL 196 48 #2753 % 1 19 EPAL
4 1 (epsilon partial sums algorithm) A %™ . de Hoog B ¥ iy A 2 0™

- . .
C()= TLexp(pot ){%C_'(po) + ZlRe {C_'(po + ]Tmﬂexp ];EU } (26)

A 27 S U ALY A 4 bR BN Fourier A B, THER T /2, — MW T=08,, ., Hrhe HNit
SEEFIE Y B RRAE s py=u—In(E)/(2T) , w K F 39 A8 3 bR BT A5 A7 s AR AR W 95358, B Sk o 300 B2 1% 6l X 352
2, LB — B =0 E =10"; 2N FZEMTE, —MEN=20 3k 7] LLiE SIS Re R A
Bz s i= =1 o ASCHiH 7MY A Matlab HH50FE 7, 35385 70 7 52 23 8] (19 1% .

AR S F AR 3] i TRML F1TRME B 2 % 47 /% 75 Laplace 23 0] J& 58 48 28 HUER K, K BEFRE S
F W th de Hoog %I F 33 A5 46 J5 v it 0 15 22 AR i/ o R, 2 ph AL A > 9 A0 A 00 0 32 50 4 /2 3T
HECR, RS BBUE M R . T IR B AT, — I A R TS S B B
PR, o w] DL 00 BB K A 7 1 RS BE SR AL S 2% 0 AR, W T S BR R s B ) A, A AT
REAS AN BB ATE Laplace 25 [8] (U AT 2635 20, R, FUBER A AT PR 22 5l R G 5 8008 ) v ok i, Jonfs
S5 R0 A — et

4 BRI

N 43 B AR TR R DG R AIE L S0 R IR RO X R GE B B R A, AR SC 4% T TRML
TRME 5 TRMC IR S B M2k, 00T T & Z RS RO R o Ry 1o Frfa o, R 2% J I Joi Ay W o
B, AP 0, B SO BT« K & ¢=0.4m/d, +IEEKEO=0.4, 1[5
KIS EB(=0,/10)=0.75, JiEACH R Bw=0.01/d, %A BEERA, AR M=100kg/m’

& 1} x,=10m 4t TRML F1 TRMC i ik 19 28 & th 2k ny e . 7E 1(a) #1IE 1(b) Hr, TRML i & 43
5129 0.05 F10.2, 1 X 1 Y TRMC 575 FRE o, ) IR %5 kg, B TRMC B 97 U S TRML7E O 2 iz 75 X
IR [ SR B 9 B KA (=, =kxy) , 423108 0.5m F12m. B, TRML A 1 20 5 ih 28 19 40 47 3
/N T TRMC 25 37 11 48 14 43 A1 36 i, TRML 7 25 37 11 2 0% i g AR 38 0 o2 vk J32 22 /)N 7 TRMC 25 35 i 4%
fh % 07 3 B, T FL TRMIL 25 37 il £k (1 i {0 3 39 06 /0 J9r 595 1) 6] i) 0 985 43 591 K F TRMC 27 37 il £& 1)
XA, AP 17RO B T TRML (9 5/ #50RE 2 DA O 2R P 3 48 3] oy, HEAE AN DX 98 IRE SF- 22
{H 2/ F TRMC (9 3R 805, B TRML () 5% S0 &0 0 2/ F TRMC 1 98 8800 o &l 2 24 x,=10m &k TRME
I TRMC #3814 28 1% M 2 19 Lh 5 o 72’ 2a F12b . TRME H 9% 805 19 R 2043 510 a=2m, 5=0.02/m
M a=5m, 5=0.05/m. TRMC H ) % 8L o, B TRME ¥R 8L 19 e KM, Bla=a, =a(l-e""), 53514
0.36m 1 1.97m, R B &, M TRME Fl TRMC 2F i il & 1) L %5 b n] DLAS 5] 5 Hi 16 TRML i TRMC X5 L
SIBT—BUW SR, X T A 2 T AR B IE S

M b0 43 B, 40 2R TRMC (9 3% B BOUDN Tray,, 95— AN {H, W TRMC 28 3% M 46 A AT AR S
TRML 5 TRMC i 34 (1 28 375 1 £8 — B0, A< SORF I 2 3045 8 00 R BIORE 7 SR 25 PR IR B2 2800 1) TG X
TR 1) S RV (o) o S5 AR HRORE SR T 48 A~ 328 8% DX IR IR0 000 1 SRR, 2 3 A X IR
B PS8 . ARSCR AR 1 5 Bk iE it e, B

0, = () [ (27)
MR (27) M= (6), A3 TRML ) 25 505K B Ky -
1 % 1
a, = x—ojo kxdx = Ekxo (28)

— 635 —



TRME A9 45580 /R i 2 (27) Al (7) 115

=l e )=

s (28), ﬁkﬁomﬂmzﬁ,ﬁﬁ%@uw%@um$TMﬁm£ﬂ%ﬁ o, 53512 0.25m
Al 1m. 4 TRMC 19 9% 8% B TRML S5 30 7R 8% B (a=a,) , HEEEHIMZE B L LK 1. Y a=2m, b=
0.02/m il a=5m, 5=0.05/m i}, F =X (29) 38 8 E 2(a) A 2(b) o TRME A9 %5 30K 805 o, 53 3124 0.19m
M1.07m, ULy, TRMCEIMZE B & W R 2. WIE T FE 20T LB H, SR He i, TRMC il if 1) 28
i% i £ 5 TRML Fl TRME 19 8 880 45 SR W) & 847, 55 902 £=0.05 1 a=2m, 6=0.02/m i} , 25K 9EH —
o HERIME 0.2, o F1b 4 40 E] Sm H10.05/m i, B REUR B RN B sR Ik, TRMC /R4 25
5 TRML #1 TRME Z [8] A — %€ fi 25, TRMC 7€ ¥ B W [} 3c i A5 818 22 R K T TRML 1 TRME 79 31 53 25
B, WE1(b)AE 2(b) iR o LA EXTH o T 25 R 3200, SR S AR - 35 05 v 1 F 550 1 45 30K BU% o, I
%T%ﬁﬁrﬂﬁm%m AT DL AR Sy DS R BIORE 97 804 . R AR A0R U IE . TRMC 4 34 1) 25
B MR AT LT (AR R 2% R R R B AR i) TRML A TRME BR300 45 5%, {FL 2 33 ol s {81 04 0 e B £ B
IR ORS00 1) 8 R T A T ALK

(xo +e_bxo/b> —al/b

(29)

(a)k=0.05 @ © TRML (b) k=0.2 o TRML
o Q TRMC(a =) TRMC(a =)

— — — TRMC(@=0ax)

\ ——— TRMC(@c=max)

WREE/(g/L)

8 1
fi g /d it i /d

1 x,=10m 4k TRML FI TRMC AL 14 25 i 1 28 LL ¢

(@a=2/m  £Y o TRML (b) - 8/1115/ o TRML
15k 6=0.02/m  § TRMC (=) TRMC(= )
i \ ———TRMC@=nax)

———TRMC (@=0max)

WE(gL)

0 s ‘10 15 20 0 Erevier 5 10 15 20 25
i)/ Hf[F/d

B2 x,=10m 4k TRME Al TRMC #2401 i 5 37 i £k b 4

5 BRI

g A B R Y f 5 A, 4351 % FH TRML ., TRME F1 TRMC X — 4 JF ¥ 5 K 4= 4 o NaCl iz # (1 52 56
VORI AT . 1% 525 Huang %87 76 %8 P9 R K B 0 1 250em,  HE7TT 24 10emx 10em (¥ 7K F- 1 #
i. BIHAT I, ZEBRELRE I RIERKOIES R LG22 —, R PREA 1
grp . Wb, HE . BRARER A CRLAR 1~2em) %Ay ﬁ,%ﬁ o B IR AT RS R L B IR
SR F0) (4 T PR A A T LA A R R A R SR AR Y R A5 R . E AR AR P, AR 100em M %
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— AR E PR, HOSRTE AR T I P M AR RO R W A, TR
h Cy=6g/L 1) NaCl ¥ 1 o 552 56 0 A5 1) Il 359 03 = A 19 5 L Bt % 1 K 3 3 3 43 591 4 0.37 i1 0.239em/min .
SCG SRR R, L SRR R L B NaCl s vk B2 FURH 7 RS 80 1) A2 O T 48 ke A e 45 0 S [] B 221
NaCl {4 S0 e B2 B, DA A5 20 25000 i 9 28 08 T 4k o 52 36 206 B RN R 4 ok A8 P 2 D Sk [ 21 ]

SR SF PR R NaCL 7, FE i R A LT B AT LLZMS AN S 2 p i Jo 194 1 I e
Ve . Bl B, B SR TRMC 814 1 200em 4k it 2555 dh £k, 5 2 1T 3K 1K &% #8=0.6901, J&
A R H0=2.9417x 10" /min 135K i R % D, =60.484cm’/min., TRML FIl TRME ) 8l w B TRMC #8145
RN T, B2 518 0.690 1 F12.9417x107 /min, TRML i R &k, TRME H i o F1 b, )3 1 18145
1 200cm Ak (4 5533 M 2615 5], 45 5K £=0.0832, ¢=56.292cm H1 b=0.0179/cm. F|H LA F 414 1 200cm
I ZE, A3 BIR A DL b 3 R X 1 200em 22 1 2 e o7 B AL (9 1) 28 i i S AT 0 . ALK R
e 2SN 7 AR iR 22 RMSE (Root Mean Square Error) X /4~ 48 bR PEA FHIRMSE /R0 F -

il 2
Z(Cio _Cie)
rP=l-Sl—— (30)
(c.-C)
[=1 Lo g
1< 2
RMSE = F;(ci"—cie) (31)

KXy ¢, € 0050 g ST ANASEILLI BE AR s IV A LI A5 Ak 1 e B B AN B € b s o P 408

3 o0 4 1 200em 4k 375 5 20 37 il 4k 2 {E 5 TRME . TRMC AT TRML B9 #8144 45 3R g, Hop
TRME 81 & 1 r'=0.9786 Fl RMSE=0.0489, TRMC 4 # r’=0.9903 F1 RMSE=0.0330, TRML 1 & # r'=
0.9847 F1 RMSE=0.0414, #ituiisEin, NIE3Wal LLE H, TRME, TRMC Fl TRML 4 #8, 4 {8 o %% —
2, S RE LA

0.8
= 0.6~
%
7
Z04F
o S
0.2[ TRME
—-——TRMC
0 600 1200 1800 2400

Fi i /min
B3 A4 1 200cm &b 2835 i 28 52 5 TRME, TRMC I TRML 45 4% 5 e 4%

& 4 43 51 & 400cm . 600cm ., 800cm A1 1 000cm 4b ¥ FBF 52 1 {H 5 TRME ., TRMC F1 TRML ) i il 2%
SR, AR TN CR B3 bR R BE A A RMSE WL 2. MBI 4 AT LUF Y, TRMC A TRML #AS A 4 4
Hi AL )47 Ak 1) 2 a5 i, T 45 SR 5 S 2 3 il 2R (W T R B K w25, il HL TRMC A1 TRML 76
5 375 4 I sty AR e A A UL B R /N T SCIAE . 5 TRMC AT TRMLAH e, TRME AR H0RS BE A T 4%
KR, TOMNZE RS SOE LW, B AR T 2R B I R R FUNARAE, niE 4 iR . AR 24
A LAFE Y, TRME $00 45 5 6 7~ %k F TRMC A TRML X W 89 7~ {8, 1 RMSE I %2/ F TRMC 1 TRML
X 17 ) RMSE {#

TR ME, REK LB LR ZEMMEERT &AM TR, b TRENRE
BIPE, AT IR AL (995 3% i AN AH 45 R RY S0 R FH Y 2 1 200em W7 187 A0 45 B 1B 3 T, HIXIR
HHARRARILE KW LR B ERE, A~ M2, TRM ¥ 6] 5 # 0 o) 50 7e & - al LR
e L, st A 38 RO R 7 0 RUBE b I N 8 S M B A 1 S ), L 220 W I B AL R AR A 2
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TRME . TRMC #I TRML F i 5 2 5 528 69 22 55 7=k — g s . R, JE3 R A o A R miORL B 2400
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One-dimensional two-region model for reactive solute transport with scale-dependent

dispersion and its application

GAO Guang-yao"*, FENG Shao-yuan®®, MA Ying’, ZHAN Hong-bin*
(1. Research Center for Eco—Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China;
2. Yangzhou University, Yangzhou 225009, China; 3. China Agricultural University, Beijing 100083, China;
4. Texas A&M University, College Station, TX 77843, USA)

Abstract: This study proposed a two-region model (TRM) to describe reactive solute transport with
scale—dependent dispersion in heterogeneous porous media. The model was derived from the conventional
TRM but assumed the dispersivity to be a linear and exponential function of travel distance. The linear ad-
sorption and first—order degradation of solute were also considered in the model. The Laplace transform tech-
nique and de Hoog numerical inversion method were applied to solve the developed model. The break-
through curves (BTCs) obtained from TRM with scale—dependent and constant dispersion were compared,
and the effective dispersivity for TRM with scale-dependent dispersion was calculated by averaging the dis-
tance—dependent dispersivity with arithmetic method. This effective dispersivity could reflect the accumulated
scale—dependent dispersion effect over the entire travel domain, but discrepancy will occur if the dispersion
effect is great. The applicability of the proposed model was tested with concentration data obtained from a
1 250cm long and highly heterogeneous soil column. The simulation results indicated that the TRM with con-
stant and linear distance—dependent dispersivity were unable to describe the measured BTCs in the column
adequately, while the TRM with exponential distance—dependent dispersivity satisfactorily captured the evolu-
tion of BTCs. Therefore, the proposed TRM with scale-dependent dispersion by assuming the dispersivity to
be a function of distance is a simple and practical approach to describe solute transport at relatively large
scale in heterogeneous porous media, but the increase of dispersivity with distance is limited as it has
bounds.

Key words: scale—dependent dispersion; two-region model; reactive solute; model application

(SEAE& M. BkFy)

— 640 —





