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A Study of Hydrodynamic Dispersions in the Unsaturated and the Saturated
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ABSTRACT

Using a continuous injection tracer test at a multi-soil layer deposit, the difference of hydrodynamic dispersions in
unsaturated and saturated zones were analyzed through breakthrough curves of Rhodamine WT, linear regression of
concentration versus time, concentration variation rates versus time, and concentration ratio according to the distance from
injection well. As a result of continuous injection tracer test, the difference of the maximum concentrations of Rhodamine
WT in unsaturated and saturated zones were 13-15 times after 160 hours, and the increased rate of concentration versus
time in unsaturated zone was about 10 times higher than in saturated zone. The fluctuation of Rhodamine WT
breakthrough curve and concentration variation rate with time in saturated zone were larger than in unsaturated zone.
Rhodamine WT concentration ratio with the distance from the injection well in saturation zone was linearly decreased
faster than in unsaturated zone, and the elapsed time necessary for the concentration ratio less than 2 was longer in
saturation zone. The differences resulted from the lower concentration and slower hydrodynamic dispersion of Rhodamine
WT at the saturation zone of the multi-soil layer deposit, in which groundwater flow significantly flow and aquifer
materials have high hydraulic heterogeneity. Effective porosity, longitudinal and transverse dispersivities were estimated
10.19~10.50%, 0.80~1.98 m and 0.02~0.04 m, respectively. The field longitudinal dispersivity is over 12 times larger than
the laboratory longitudinal dispersivity by the scale-dependent effect.

Key words : Continuous injection tracer test, Unsaturated zone, Saturated zone, Hydrodynamic dispersion, Break-
through curve, Dispersivity, Scale-dependent effect
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Table 1. The condition of test wells for continuous injection tracer test

A5 - o)

)
rp

Well Well depth Inner diameter Filter gravel Casing interval ~ Screen interval Location
No. (GL-, m) (m) (m) (GL-, m) (GL-, m)
n 6.0 0.058 0.016
M1 6.0 0.058 0.016 0.0~3.0 3.0~6.0 Saturated zone
M2 6.0 0.058 0.016
M3 3.0 0.085 -
M4 3.0 0.085 - 0.0~1.5 1.5~3.0 Unsaturated zone
M5 3.0 0.085 -

(a) 0.053 m Gro%%ce .085 m

}}N
1 | |3.0m
‘ 15m
Packing
with gmv!els

30m

-

11 : Injection well
ML, M2, M3, M4 and M5 : Monitoring wells

Fig. 1. Vertical profiles and arrangement of test wells : (a) vertical profiles, (b) arrangement.

Table 2. Physical and hydrological parameters of soil layers at the test site

Sampling interval #10 sieve Residual #200 sieve Cumulative  Porosity Laboratory hydraulic Laboratory longitudinal
(GL-, m) gravel (o) passage rate (%) (%) conductivity (m/sec) dispersivity (cm)
2527 4.15 18.14 51.1 2.43x107° 23
2.7~3.7 0.70 71.30 52.3 1.02x1078 0.2
3.7-4.2 19.16 3.72 43.3 9.27x107* 16.5
3} 3.02~3.07 me] WA W T ARk 5
Y
n=1_fcs (O cm opelen, 1T 7 E3, M2EolM 7

A7 ne FFE, v E49] AZEATH NN, 1.
© 29 HAFTHNmM’], Ga= g FArels Alg
Aol o3 ARWS} 37742 m T EARIE E
o) TE T B visle FEldsms 408 o]
2, FEAAGE 8~80H) Ax =& Ao et o}
2 29 Ze2 € o] 7io] AFRANA F
5ol =t

AEFY FAAAG oliF AldgE VhE B £
EE AFEA U 1, M1 2 M2F] XESle A
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Fig. 2. Typical soil cross section at the test site.

2.3, 8% FNEs

Al e SRR AN slugbail test)O 2 AR
HRew, 1 A#rt Table 39 Fel=d] ot &4
AL FUA B (slug test) B EATH (bail test)2] 25HA
2 FPEHAJT FYAFE Aol A B =¥

2 F9lal) AP TE B U SRS BE

slgon, SEAIY Aole AEE W XekrE «8e
2 ) Aozl W 913182 AS3)IE
A, £ AAPe] Sae AT SEAR] o
AE sid=Een, H88 A Bouwer-Rice SH4
H 2 Hvorslev siAHolch £HAAIE £ U] 11, ML
2 M2EANAS] FRIAEEE 155X 107~5.35X 107 m/
sec] WE Uehdth AlP3 B FERERE 1Y
oAlA 7.81X107 m/sec, MIF<NA 1.14X 107 m/sec, M2
FA 3.48%10°° m/secEA] M2EOIA Q] FRIAEET}
71 A JeRGTH 11, M1 2 M29] 37 FollAie) &
T FHAEEE 1.80X 1078 m/seco|t}.

3. BT FERAIY

3.1 A8 =

AEFU FHAAE Al 4 8 Aol @
o] Table 49) Ui, FHAAIG o188 FHETH B3
F] WiEEIS AA dEle] AskrE gk Fig. 300
AU 5527 50 mg/Le! Rhodamine WT £94&
FAFAD] AEH3E 3.5 m AN IR FUL(18
LminZ <} 64 B2t A& St FU% 5
Ao, BSFMI, M2, M3, M4 2 MSZPIA Z3kes
F5=8lod Rhodamine WT EEE ZA319ch. A8l W)
Rhodamine WT] s F-HEAE ¢ SHAE
Z0]7] L8l ABAIEE 24A17F AHAIZ] Foll B389
o, AFREA ) Ak A0l FE(pHE 6.5 ©f
AtoloJA] Rhodamine WTS] ¥ =olle F3e vix|=] &

Table 3. Hydraulic conductivities calculated by slug/bail teste (unit: m/sec)

Test Analysis method Ml M2
Bouwer-Rice 7.77%107 1.82x10°° 4.08x10™°
Slug Hvorslev 1.02x107 237x107° 5.35x10°¢
Average 8.99x1077 2.09%107° 4.72x10°
Bouwer-Rice 5.72x1077 1.55%1077 1.95%10°°
Bail Hvorslev 7.53%x1077 2.02x1077 2.53x1078
Average 6.63x1077 1.79x1077 2.24x107
Well average 7.81x1077 1.14x10° 3.48x10°°

Table 4. Conditions for continuous injection tracer test

Test wells

Injection well : 11 Monitoring wells : M1, M2, M3, M4, M5

Tracer and Injection concentration
Injection rate and Total injection time
Groundwater sampler

Rhodamine WT analysis

Rhodamine WT, 50 mg/L

1.8 L/min(8.24x107 m/sec), 6.76 day
length 92 cm, volume 210 mL
UV/VIS spectroscopy (Lamda Bio 40)
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Fig. 3. Layout for continuous injection tracer test.
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Fig. 4. Groundwater-level variations of injection and monitoring
wells for continuous injection tracer test.
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Fig. 5. Breakthrough curves of Rhodamine WT at M1 and M2
monitoring wells.
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Fig. 6. Breakthrough curves of Rhodamine WT at M3 and M4
monitoring wells.
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Fig. 7. Linear regression analysis of concentration as a time function at monitoring wells.
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Fig. 8. Concentration fluctuation rates versus elapsed time at
monitoring wells.
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A=Al Alel] W TS e iZE &
Ate] FPTolM ] Agle] W FEHEE BAsIH
(Fig. 9). FUZH ASZE Alele] 2dA=pI7E 3kl
2] AZFolxe oF 17, BES #Rie] B
Ae oF 1.6NE HIsgE 2FASE wljx|Eo] Atk(Fig. 2).
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Fig. 9. Concentration ratio measured at monitoring wells in the
saturated and unsaturated zones.
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Table 5. Input parameters and values for CATTI code

Input parameter Value

Injection concentration 5x107 kg/m’

Infiltration rate 3x107° m*/sec

Total injection time 6.76 day

Aquifer thickness 20 m

Hydraulic conductivity 1.80x1075 m/sec

Hydraulic gradient 0.01~0.15

Regional Darcian velocity 2.11x1078-2.64x1077 m/sec
Dista Longitudinal 336 m

stance Transverse 0.59 m
4

— Effective porosity = 10.19~10.50%% -

g 5| Longitudinal dispersivity = 0.80~1.98m -

g Transverse dispersivity = 0.02~0.04m 7 7

"

o} )

E

g

BT

Q

8

0 1 2 3 4

Time({unit = 1/4tmax)

Fig. 10. Breakthrough curve of M2 data fitted with CATTI code
simulation.
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m/sect] Aolle FEZFE 9%, TENHAST 080 m
g2 ARG 0.04 mE AFEISITE T2ARE0] 2.64
X107 misec] AFolE FEI=TE 10.50%, FENASG
1.98 m 2 BB 002 mE AFYEUATHFig. 10).
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