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AFHCIE TStudy of solute transport mechanism in porous media (ZALEWIZEIT DIEEEE A 7= X LT
B 2890 1 LL, ITO6 EhbLERIINLD.

%1% lntroduction (Fim) | TiE, KX OWEERE BMEZBRITWS. T7bb, THEVGYMEREC R
{LIRSFEHL PR 6 D VEIRIREIC B L CoBBlg 2 M35 Z L O LBEM AR T2 & & big, HARB IO
IRARE, —HRFN & AWRIICE T 2R OBLRZ B L TW\Wb. 2 aBiE 2T, ZAENOBEMEKE IV
TBFR OWRIEE A B = A L BB LI OEEY 2 2 —ya V2 HWTREAT L Z EBARFEORHTH D
LBRTND.

% 2 & [Experimental investigation of solute transport in saturated porous media using X-ray computed
tomography (FSFIZAEIZKIT D XMa L Ea—¥ MES T 7 40— (CT) &AW IEIREE O FEBRIVIFZE) | T,
ZAVE IR T D IR & R E T A 72D X R CT Z WA FIEZREL TV 5. ZILENE
DOVRIRIERE Z2 e CHMIT 2 L L biZ, T —0F—RA v MEREOFEZBEHAL, HtmB X ORITHmO
IR R EREANCEHME L TV 5. AEIEHI L7227 VSRR X2 HEERID K W St o#ifH &2 B 3— L TEY,
Z OB T B TICHHRIC L 0 KB SN 503, IO EETERNILZRHL TV,

% 3% [Experimental investigation of solute transport in partially saturated porous media using X-ray
computed tomography (Fi/rafnZfLEIZH51F D X f CT & W7o EiRiE O ERRAAFIE) | TIL, BRERIZE TS
TRIHAE & B G 2 FEBRIICH S LTV A, IBARICEB W TET ¥ 3 U 7 8hRIC & 0 IRIRE S K & 72
WA T, FAMBIZE U THBUCG 22BN ENT 5. FHIRRIZESWT, EHE—A VN, S8R,
R, AN T —HOREE EENICHHN L, WREEORMEA SN LTV,

% 4 & [Solute transport in variably saturated porous media studied by lattice Boltzmann simulations
at the pore scale (k4 ZRfaFRIES T D L ALE N OEIREGE DO 7RV < ik AT 22l A 7 —VHfif s
Ral—va )| T, ZRAZ—AHIEY R 2 b—3 3 IS XD IR E & IS 2 LIS LT 5.
PR 7 RE R I BN W CLE Y36 K OVBIRE 72 SEIR S B S 7o 3, FRfARE & & SISy 724y
BB~ CHERT 5. WESNE, B R ERET R ENENR) 12 8 & 16 B DR S A7 — /b le > TRk
L. BV 2 b—va VOB E LIS AVERE IR A REEA O CT Bg ) b TR S N7z 3IRITT ¥ 4 VIl
BEHNTERY, EBRE2ERT D ML, ELAEO CT BiE ) O EEMNTIC L DR EEZBET 5, Wb
LTVENTy T HANEEBETEDL I EEEIEL TS,

% 5 & [Influence of stagnant zones on solute transport in heterogeneous porous media at the pore scale

(REELHENICEBIT DB A 7 — VRIS 5 2 DA IR O E) | TIX, SHEBRO R —MEN RS
B I BIF T L2 ORI L QD ZERIEEOARE ML L TUREDORNEZ B I R2NWT v Ry RR7,
PEERUE, B & OMBEHBNFET D, T 0 OWEMONEEREZINIC KT TRELH LN T 57201,
AAREIOE G E CT G Z x5 L U THEHBEERE I F Y 2 b—a Y ETo o REERLAEBARTIE,
RO LU A I L 0 BHIBIESO®%R T — VU U VR BIER S D . A KBLR 7 ik ¢, &
B ORI HRIRE N KA CTH D OICx L, MR Tl o riEsn EE e &E 2 -3, AT E5IC &
DWW, XPREEIR & RO M OWEREE X 2T T —HE AW TER L.

%6 % lConclusions (ffif) ) TlE, AL THEONIZFHERERIEL, SBOBRELMIL TV 5.
PLEZBES 512, RSUIZVENICE T 2 RS & o BBL8 % £ FLUE N ORRIRIEE 4345 O EHERHA & Z2f A
=BT I 2 b=y a AHESHWTH LN LB DO THY, Tk, T¥EE HKTD2LIANKEV.
Ko TRBIE L (T%) OFIimXeE LTHoRMMERH D LBOLND.
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Predicting the fate of dissolved chemicals (e.g., CO2, NaCl, and non—aqueous phase liquid (NAPL)) within arbitrary saturated porous
media is essential for multiple fundamental engineering processes. This work intends to elucidate the solute transport mechanism in porous
media through the column-scale microfocus X-ray computed tomography (CT) experiment and the pore—scale lattice Boltzmann method
(LBM) simulation.

An innovative three—dimensional (3D) tracer dispersion experiment was designed to investigate the solute transport mechanism under a
steady—state single or two—phase flow condition, where Nal plume was point-released into an unconsolidated particle bed saturated with
NaCl solvent or partially saturated with NaCl solvent and pump oil. With the aid of high-resolution CT, the spatial and temporal
concentration configuration of the tracer plume could be synchronously recorded, relating to the brightness of the CT image. In this work,
the influence of Péclet number (Pe) and NaCl saturation (S,) on the dispersion coefficient was comprehensively studied. Results indicated
the asymptotic dispersion coefficient was obtainable within the experimental scale, and could be summarized as a power law of Pe. In

addition, the dispersion coefficient has a non—monotonic dependency on S, which peaks at an intermediate value.

In parallel, LBM coupled with different mass transfer schemes was developed to simulate the dispersion process. Direct pore—scale
simulations for single/two—phase fluid flow and solute transport were performed based on high-resolution 3D digital CT image same as
those used in the tracer experiment as well as porous media with different levels of heterogeneities. Solute transport mechanisms were
thoroughly investigated by the method of time/space moments, Lagrangian velocity correction function (LVCEF), dilution index, scalar
dissipation rate (SDR), residence time distribution (RTD), breakthrough curves, and the dispersion coefficient as a function of Pe.
Numerical simulations revealed the transient solute transport behavior like the ballistic and super diffusive dispersion, whereas asymptotic
dispersion behavior appeared at longer characteristic times. The dispersion coefficient increases when Pe increases or when the porous
medium becomes more heterogeneous. To conclude, the proposed experimental and computational schemes are of practical means to study

dispersion behavior in porous media.
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