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The field scale tracer tests were carried out with a non-reactive tracer of I at Twin Lake on the
Chalk River Laboratory (CRL) site in Atomic Energy of Canada Limited (AECL). The natural gradient
dispersion test such as the Twin Lake tracer test is very few and useful for evaluating mass transport
parameters and testing groundwater flow and transport models.

In this report, mass transport parameters, velocity, longitudinal and transverse dispersivities,
were estimated from the Twin Lake 40 m tracer tests. This estimation was performed to provide
dispersion data for 3-D transport modelling in the Lake 233 site scale (600 m in east-west direction
and 1400 m in north-south direction). Two different methods were applied to the measured breakthrough
curves of "1 in order to evaluate velocity and longitudinal dispersivity. The first method is the fitting
procedure of the 1-D advection-dispersion solution, and the second one is the temporal moments
analysis. The effect of applying these methods to field data on transport parameters was discussed in
this study. The vertical profiles of "' were used in the estimation of transverse dispersivity by fitting
the 3-D advection-dispersion solution. This report refereed to the effect of variable velocity on the
estimated dispersivities. The correlation between magnitude of both dispersivities and the travel

distance up to 40 m was also investigated.

Keywords: Longitudinal and Transverse Dispersivities, Transport Parameter,
Radioactive Waste Disposal, Least Square Fitting Method, Temporal Moments Analysis,
Twin Lake Tracer Test
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1. Introduction

The field scale dispersion tests were carried out with a gamma-emitting radioactive tracer
(') at the Twin Lake tracer test site in 1982 and 1983. The objectives of the Twin Lake tracer
experiments are to research geologic heterogeneity, hydraulic and dispersive properties and to
provide data for developing and evaluating groundwater flow and transport models. There are
very few field values of mass transport parameters such as longitudinal and transverse
dispersivities determined from natural gradient dispersion tests. Therefore, the transport
parameters determined from the Twin Lake natural gradient experiment are valuable and useful
for testing flow and transport models.

The breakthrough curves of '*'I measured at each monitoring point were used in the
estimation of longitudinal dispersivity and velocity with two methods. In the first method, an
observed breakthrough curve was fitted to one simulated using the solution of the one-dimensional
advective-dispersive equation, which have been reported by Moltyaner and Paniconi (1934)%"
and Moltyaner and Killey (1988a)?. The best estimated value in fitting procedure is achieved
using the least squares method. The second method is based on the temporal moments analysis
and has been applied to the characterization of mass transport by Devary and Simmons (1984)®
and Moltyaner and Wills (1987)®. In this work, the transport parameters estimated by both the
fitting and temporal moment methods were compared and the effect of applyi -ng two methods
to the measured breakthrough curves on the estimation of transport parameters was discussed.
The vertical profiles of *' collected at each borehole along the tracer path were used in the
estimation of transverse dispersivity by fitting the three-dimensional advection-dispersion solution
to an observed vertical profile. In this simulation, the estimated values of velocity and longitudinal
dispersivity were treated as the fixed input parameters. The hydraulic heterogeneity was
characterized as variability in the velocity zone within the tracer flow area at the Twin Lake site,
and the distribution of velocity was discussed by Killey and Moltyaner (1988)®. The effect of
variable velocity on both longitudinal and transverse dispersivities was discussed in this work.
Magnitude of aquifer dispersivities is often considered to increase with the increase of
measurement scale. Therefore, the relation between magnitude of each dispersivity and the

measurement scale until the travel distance of 40 m was also investigated in this study.
2. Twin Lake Tracer Tests

Figure 1 shows the location of the Twin Lake natural gradient tracer tests, which were
performed using non-reactive radiotracer (**'I) over 20 and 40 m distances in 1982 and 1983.
This research site is located at the northwest of Twin Lake and between Pitcher Plant Swamp
and Twin Lake. This swamp is the discharge area of groundwater flow in this site. The
groundwater flow in this study area is predominantly in the horizontal direction from east of

—.l_
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Twin Lake
Test Site
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Tracer Flow Path

"{win Laké :

100m 200m

Figure 1 Location of Twin Lake Tracer Test Site

Twin Lake to northwest, toward a groundwater discharge area. Twin Lake has one seasonal
surface inlet and no surface outlets. The lake drains by recharging the underlying sands.

For the evaluation of the Twin Lake tracer test site, many hydrogeologic data such as
stratigraphic information, hydraulic head, hydraulic conductivity and porosity have been collected
at all boreholes location. From the measurements of hydraulic head, most of the aquifer recharge
occurs during the spring melt, with an occasional minor recharge in November-December.
Although aquifer hydraulic heads vary by up to 1.5 m annually, the fluctuation of hydraulic head
are similar in magnitude and timing throughout the Twin Lake tracer test area. Flow directions
and velocities in this test site are considered to remain relatively constant.

Figure 2 shows the location of monitoring points with the local coordinate at the 40 m
tracer test site. A set of boreholes was drilled at every five meter to east-west direction, which
corresponded with main direction of groundwater flow at the tracer test site. The center of tracer
flowpath is also given in Figure 2. The cross section along this flowpath is also shown in Figure
3. The borehole number is represented by 2W0S, SW0.5S, 10W1.5S and so on. For instance,
10W1.5S means the location of 10 m west and 1.5 m south from the injection well. The migration

_2_
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of non-reactive tracer *'I was monitored in the array of these boreholes penetrating the full
thickness of the Twin Lake aquifer. The general geology of Twin Lake aquifer is typified by
fine-medium sands unit overlying the bedrock. The elevation of the upper limit of tracer flowpath
ranges from 145 to 149 m over the bedrock surface. The thickness of the saturated sands from
the injection well to 40W7S borehole is approximately from 9 to 10 m. Based on the estimation
of hydraulic conductivity within the tracer flow zone, the fine-medium sands unit was classified
into three velocity regions [Killey and Moltyaner (1988)]. Figure 3 also shows the distribution
of hydraulic conductivity along the center of the tracer flowpath. Region A, D and E correspond
to the high velocity region, region B to the intermediate velocity region and region C and F to
the low velocity region. There is a layered inhomogenity in velocity in the fine-medium sands
unit at the Twin Lake site. The estimation of mass transport parameters was carried out for these
velocity regions.

The non-reactive tracer of '*'I was spiked with constant flow rate and injected into the
Twin Lake aquifer at uniform concentration for 8.2 hours. Total injection volume was 5.78 m3.
During the field-scale tracer tests, two types of measurements were collected using dry access
tubes. One is the continuous depth distribution of gamma activity at discrete points in time and
used in the estimation of transverse dispersivity. Another is the continuous time records of
gamma activity at discrete depths and used in the estimation of longitudinal dispersivity. The
measurement of gamma activity of radioiodine at the monitoring points was performed using

Nal or geiger detectors hung in the dry access tubes and continued for 45 days.

50 40 30 20 10 0 (m)
Sm North

Injection Well
Point

[ N N N N

Sm South

e Borehole Location

«g— Center of Tracer Flowpath

| | ]

Figure 2 Location of injection well, monitoring points and tracer flowpath at Twin Lakesite
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~ Figure 3 Hydraulic conductivity distribution along the tracer flow path [Killey and
Moltyaner, 1988]®

3. Mathematical Model
3.1 Least Squares Fitting

The advection-dispersion equation is generally accepted deterministic model that describes
the transport of a conservative tracer in saturated porous media. Postulating steady state flow
condition and choosing the x axis of the Cartesian coordinate system along the direction of the
mean flow velocity V, the governing tracer transport equation with constant coefficients was
written in the following form according to Bear, J. (1972)©,

aC aC aC aC aC
—§=DL¥+DTL§+DTV¥—V§ (1)

where ¢ is time; C is the tracer concentration (ML?); D,, D,, and D,, are the longitudinal (in

the direction of flow), lateral-transverse (perpendicular to the direction of flow in xy plane) and
vertical-transverse (perpendicular to the direction of flow in xz plane) hydrodynamic dispersion

coefficients (M?T"!). In the case of homogeneous and isotropic media, the transverse dispersion

coefficients are equal, D, = D, = D,,,. The dispersivity coefficient are defined as the sum of
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the coefficients of mechanical dispersion and molecular diffusion p *,
D=aV+D* (i=L,TLTV) 2

where @, (i = L,TL,TV) are the longitudinal and transverse components of dispersivity (M). In

isotropic media, the transverse components are identical, @, =@, = ;. In the case that the

effect of longitudinal dispersion is more predominant than that of transverse dispersion, the
concentration gradients in the transverse direction can be ignored, and equation (1) is re-written

as the one-dimensional form as follows,
= =DV 3)

Two types of analytical solutions for equation (1) and (3) were used to determine
longitudinal and transverse dispersivities at the Twin Lake Tracer tests. The aquifer in this field
tracer test is supposed to be of infinite extent in any directions of the coordinate system. Constant
step input of tracer is also assumed in mathematical model. The solution of equation (1) was
shown by Moltyaner and Killey (1988b)?” and it has the following form,

_& X+x,/2-Vt X—x,/2-V1
C(x,y,z,t)= 3 {erf( 2\/7 ] erf[——zW H
o /2 0 /2 Z,/2 -2,/2
ferlsp) -l i) o

where x,, y, and z, are initial dimensions of step input. The one-dimensional version of solution

for equation (3) can be written as follows,

Ctso =036 e ZSZV . o <22V o

In order to estimate the values of longitudinal and velocity, the one-dimensional solution
(5) was also applied to a measured breakthrough curve with the fitting procedure. The value of

_5__
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transverse dispersivity was obtained by fitting an observed vertical profile of *'I concentration
to one simulated using the solution (4). The least squares method was used in the fitting procedure
to obtain the best fit parameter values.

3.2 Temporal Moments Analysis

Another method for the estimation of transport parameters is the statistical moments. The
statistical moments method was originally applied to mass transport problem by Van der Lann
(1958)®. Temporal moments method is especially used in the evaluation of breakthrough curves.

The tracer concentration-time moments for the one-dimensional case are defined as
M (x)= j:t"C(x,t)dz (n=0,1,2) (6)

where M, is the n-th (n=0,1,2) moment of concentration C(x,¢). Characterization of mass

transport with the method of temporal moments has been performed by Devary and Simmons

(1984)®, Moltyaner and Wills (1987)® and others. Total mass, m,,, leaving the system can be

tot*

calculated from the following relationship,
My = Q[ Cx.0dt = Q- M, )
where ( is the tracer flow rate. The normalized n-th moment can be defined as follows,
m,(x) = M,(x)/ M, = [ 1"C(x,0)dt | M, | (8)

The normalized zeroth moment, therefore, is equal to one (m, =1). The normalized first moment

can be written as follows.

m, = jo‘”t : C(x,t)dt/_[:C(x,t)dt )

The first moment is a quantity with the dimension of time. It may be thought of as the mean

travel time of the tracer. The solution of the one-dimensional equation (3) for pulse input under

the boundary condition of C(x,1)|,_... =0 is
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m, x (x- Vit)?
C(x,t)= 0> \[nDLIB exp[ 4Dyt j‘ (10)

The time moments can be computed with the basis of solution (10), and the normalized first

moment is calculated from relationship (7), (9) and (10) as follows,

© m X (x=V1)? X
= —fot e _—— dt M =—=t
m =, 0 2.1 XP[ 4Dt ] IMy =y =t (b

where ¢, is the mean travel time. The n-th temporal moments about the mean travel time can be

defined as,

1 (x)= j:(t —m)"-C(x,t)dt | M, (12)

The second moment about the mean travel time is written as follows,

)= [C=m) - Cxndt/ M, (13)

The normalized second moment can be estimated from relationship (8) and (10) as follows,

(Mg x|t _(x—Vt)2 _x
m =}, 53 D, exp[ 4Dyt ]dt/M° =5 2D+ V) (14

The variance of the concentration distribution can be obtained as follows,

2
X 2D, x
Hy(x)=m, — m12 =m, _("7) = Vé (15)

The zeroth, first and second temporal moments for the measured breakthrough curve are computed,
and the mean travel time, average velocity and longitudinal dispersion are calculated from the

relationships mentioned above.
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3.3 Determination of Mass Transport Parameters

The breakthrough curves of '*'I measured at each monitoring point were used in the
estimation of longitudinal dispersivity and velocity with two methods. In the first method, an
observed breakthrough curve was fitted to one simulated using the one-dimensional solution
(5). The best estimated value in fitting procedure is achieved using the least squares method.
Another method is the temporal moments analysis, and these parameters are estimated using
relationship (11) and (15) in previous section. The justification for applying the one-dimensional
equation in both methods follows from the conclusion reported by Moltyaner and Paniconi
(1984). They concluded that the breakthrough curves calculated along the 40 m tracer path
using the 3-D solution is virtually identical to that obtained using the 1-D solution over the
duration of the field experiments due to very low value of the transverse dispersivity.

For evaluating the transverse dispersivity, the technique of the least squares method are
applied in experimental vertical profiles of '*'I concentration. The value of transverse dispersivity
were decided from automatically fitting the 3-D solution (4) to a measured vertical profile. The
parameter values of average velocity and longitudinal dispersivity were fixed in the fitting
procedure. These fixed parameters were provided from the analysis of the time-concentration
data.

It is considered that the spreading of the tracer due to molecular diffusion is negligibly
small comparable with that due to mechanical dispersion, therefore the term of molecular
dispersion is removed in relationship (2). The mass transport parameters are calculated under
the assumption that the low, intermediate and high velocity regions in the tracer tests site are

homogeneous and isotropic. The initial dimensions of step input, x,, y, and z,, were determined

from a variety of regression fits, and the average value was used in all subsequent analyses.
4. Estimation of Velocity and Longitudinal Dispersivity

The breakthrough curves used in theanalysis are obtained from the measurements at
monitoring points along the center of tracer flowpath as shown in Figure 2 and 3. The estimation
of mass transport parameters was carried out for 8 data in low- and 11 data in intermediate- and
7 data in high-velocity region. Figure 4 shows the comparison of the estimated parameters
between temporal moments method and fitting procedure in three velocity regions. From Figure
4 (a), there is little difference on the estimated velocity between temporal moments and least
squares fitting. In the intermediate- and high-velocity region, however, the velocity estimated
from fitting method is slightly higher than that from the moment method. Figure 4 (b) shows the
comparison of longitudinal dispersivity. The longitudinal dispersivity obtained from the temporal
moments analysis tends to be over-estimated. All values of longitudinal dispersivity from temporal
moments are higher than that from fitting procedure in the intermediate- and high-velocity region.

_8__
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The relation between the estimated longitudinal dispersivity and the distance from injection
well is shown in Figure 5. The average longitudinal dispersivity at the distance from the well is
also plotted in Figure 5. Aquifer longitudinal dispersivity is often considered to increase with
the increase of travel distance. This trend can be observed in the low velocity region. The value
of longitudinal dispersivities estimated using two different methods are in good agreement except
for the result at the distance of 35 m in the low velocity region. In the intermediate region of
Figure 5 (b), the longitudinal dispersivities are hardly influenced by the increase of transport
distance. The longitudinal dispersivity from the moments analysis are higher than that from the
least squares fitting at all monitoring points. In Figure 5 (¢), there is no effect of the travel
distance on the longitudinal dispersion in the high velocity region. With respect to the comparison
between two different methods, the same tendency is also recognized in the high velocity region.

Figure 6 shows the breakthrough curves of both measurements and simulations from the
least squares fitting in the low velocity region. Equivalent comparison between measurement
and simulation in the intermediate- and high-velocity region are also given in Figure 7 and 8,
respectively. All measured breakthrough curves are classified into two types of data due to
whether there is a effect of trailing tail in breakthrough curve or not. In the low velocity region,
only the measured breakthrough curve at the borehole of 35W6S includes the trailing tail, and
the estimated longitudinal dispersivities for this measurement are different between two methods
as shown in Figure S (a). It is considered that discrepancy of longitudinal dispersivity between
temporal moments and fitting method is caused by the effect of trailing tail because the effect of
trailing tail is reflected on the temporal moment procedure but not on the fitting one. In the
intermediate velocity region, the trailing tail can be obviously observed in all boreholes besides
the borehole of 10W1.5S in Figure 7 (b). The discrepancy of dispersivity at the distance of 10 m
is comparatively small as shown in Figure 5 (b). In Figure 5 (c) for the high velocity region, the
dispersivities estimated from two methods at the distance of 5 and 20 m seem to be relatively
close. The observed breakthrough curves at SW0.5S and 20W3S in the high velocity region are
given in Figure 8 (a) and (c), and do not include more effective part of trailing tail than the
others. Thus it is suggested that the longitudinal dispersivity calculated using both time moments
and least squares fitting methods depends on the trailing tail in measured breakthrough curve.

Figure 9 shows the variance of the estimated mass transport parameters in each velocity
region. The mean values of velocity and longitudinal dispersivity are calculated from all estimated
values and listed in Table 1. The result of the estimated velocity agrees with the classification of
velocity zone determined by Killey and Moltyaner (1988)®. The mean velocities in the high-,
intermediate- and low-velocity region are 1.28, 1.16, 0.997 m/day, respectively. The change of
longitudinal dispersivity in the low velocity region relatively smaller than those in the intermediate
and high velocity region. The larger variance of longitudinal dispersivity in the intermediate
and high velocity region is caused by the different characteristic for evaluating mass transport
parameters between temporal moments and least square fitting methods. However, there is little
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Table 1 Average values of the estimated velocity and longitudinal dispersivity

Estimeted Parameters High Intermediate Low
Velocity Region | Velocity Region | Velocity Region
Mean Velocity : m/day 1.28 1.16 0.997
Mean Longitudinal 8.81x1072 5.27x1072 6.20x102
Dispersivity : m
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difference of mean longitudinal dispersivity among the velocity regions as shown in Table 1.
5. Estimation of Transverse Dispersivity

The vertical profiles of '*'I at each borehole along the tracer path were used in the estimation
of transverse dispersivity. The velocities and longitudinal dispersivities estimated in previous
section were treated as the fixed input parameters in fitting the three-dimensional solution (4) to
an observed vertical profile. Table 2 shows the result of transverse dispersivity in the low
velocity region. The three-dimensional fitting technique was applied in Case A and Case B. In
Case A, the fixed transport parameters were determined from the temporal moment analysis,
and in Case B from the one-dimensional least squares fitting. To compare between measurement
and simulation, the percent root mean squared error (RMSE) is calculated by the following
formula given by Loague and Green (1991)®,

n

(16)

i l

172
RMSE (%) =[ (P-0) /n] /0, *100%

i=1

where n is the number of measurements, P, and O, are a predicted and an observed value,

respectively and O, is the average observed value. The values of RMSE for each result are also

shown in Table 2. The value of RMSE at 15W2S is calculated to be higher than the others.

Table 2 The result of transverse dispersivity calculated from fitting the three-dimensional
solution (4) to measuements in the low velocity region; in Case A using the fixed parameters of
velocity and longitudinal dispersivity estimated from temporal moments, in Case B using ones

estimated from least squares fitting

e | case | \lock | iy | Dipersty | FHSE
swoss | A | 0932 |531x102 | 809x10% | 183
615 | B [ 0960 | 235x102 [ 258x10% | 19.8
swoss | A | 0932 | 531x102 [ 94710 | 157
634 | B | 0960 [235x102 | 554x10%| 162
swas | A | 0907 | 4sax102 | 2.13x1073 [ 358
162D | B | 0829 | 6.57x102 | 4.15x103 | 282
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Figure 10 shows the comparison between the measured and simulated vertical profiles. In 15W2S
of Figure 10 (b), two simulated curves are not in good agreement with the measured one. The
transverse dispersivity in the low velocity region ranges from 2.6x10“ to 4.2x10° m. In the
intermediate velocity region, the values of transverse dispersivity is given in Table 3, and the
comparison of vertical profiles between measurement and two simulations is shown in Figure
11. The value of RMSE in the intermediate velocity region is calculated to be less than 35 %.
The vertical profiles fitted using the fixed parameters from time moments (Case A) and least
squares fitting (Case B) comparatively consist with the observed profiles as shown in Figure 11.
The transverse dispersivity in the intermediate region ranges from 1.7x10* to 1.4x10° m. Table
4 shows the result of the transverse dispersivity in the high velocity region, and Figure 12 shows
the comparison between measured and simulated vertical profiles. The value of RMSE at the
borehole of SW0.5S is much higher than the others and is over 40 %. The estimated vertical
profiles at SW0.5S seem to be out of the measured one, and the values of transverse dispersivities
at SWO0.5S is especially high in the high velocity region. The estimated transverse dispersivity
at SWO0.5S is removed in all subsequent discussion because it is considered that there is relatively
large error in the estimation of transverse dispersivity at SW0.5S. The transverse dispersivity in
the high velocity region ranges from 6.5x10* to 2.6x10° m except for the result of SWO0.5S.

There is one peak of concentration for the measured vertical profiles within each velocity
region, which are used in previous analyses. During the tracer migration, however, several
peaks of concentration in the vertical profile were observed with spreading throughout a few
velocity regions. The partial vertical profile restricted by each velocity region was also used in
the evaluation of transverse dispersivity. The results of transverse dispersivity calculated from
fitting to the partial vertical profile summarized in Table 5. Figure 13 shows the result of fitting
to the vertical profile restricted by the low velocity region at the borehole of SWO0.5S at the
elapsed time of 4.52 day. The 3-D fitting technique was applied to the observed profile under
the elevation of 145.6 m, limited by the low velocity region. The values of transverse dispersivities
estimated from fitting to partial profile approximately lie within the range shown in Table 2.
The results of partial fitting in the intermediate- and high-velocity region are shown in Figure 14
and Figure 15, respectively. These values of transverse dispersivity based on partial fitting
procedure also agree with that estimated in previous calculation in the intermediate- and high-
velocity region.

Figure 16 shows the relation between transverse dispersivity and the distance from the
injection well. From this figure, there is no influence of the migration scale on the estimated
transverse dispersivities in each velocity region.

Figure 17 (a) shows the comparison of transverse dispersivities between Case A (temporal
moments) and Case B (least squares fitting). Although a few values of transverse dispersivity in
Case A is different from those in Case B, basically most of results in Case A is close to those in
Case B. The comparison of the ratio of transverse to longitudinal dispersivity (@ ./« ) between
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Figure 10 Comparison between measured and simulated vertical profiles determined using

input parameters from temporal moments and fitting methods in the low velocity region

Table 3 The result of transverse dispersivity calculated from fitting the three-dimensional
solution (4) to measuements in the intermediate velocity region; in Case A using the fixed
parameters of velocity and longitudinal dispersivity estimated from temporal moments, in Case

B using ones estimated from least squares fitting

owiss | A 117 | 821x102 | 7.69x10% |  30.0
8.26) [ g 123 | 1.16x102 | 137x103 | 282
owiss | A 117 | 821x102 | 491x10% |  17.3
®17) | g 123 | 116x102 | 7.02x10% | 183
swas | A 1.13 | 3.59x102 | 6.02x10% |  25.5
13sn | g 1.15 | 8.80x1073 | 6.32x10% | 254
owss | A 138 | 7.32x102 | 2.94x10% [ 323
(1490) | g 143 | 120x102 | 1.73x10% | 26.2
swas | A 111 | 851x1072 | 2.17x104 | 34.8
(18.83) | g 115 | 8.78x1073 | 1.92x10% |  23.1
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Table 4 The result of transverse dispersivity calculated from fitting the three-dimensional
solution (4) to measuements in the high velocity region; in Case A using the fixed parameters
of velocity and longitudinal dispersivity estimated from temporal moments, in Case B using
ones estimated from least squares fitting

. Longitudinal | Tnansverse ‘
(.IW;H_IJO'S) Case Y/?fvcgz ) Dispersivity | Dispersivity R?gS)E
ime.day ) Y :aL(m) ra1(m) °

_2 _3
swoss | A 134 | 8.73x1072 | 6.43x10 44.7
(3.39 B 146 | 3.49x1072 | 1.27x102 | 41.1
-1 -3
lowiss | A 1.36 1.49x10°1 | 2.60x10 242
(7.23) B 145 | 215x1072 | 2.61x103 | 24.2
_l _4
swas | A 1.33 1.87x10"! | 6.50x10 12.4

O  Experimental Data

- mssme Parameters from Moment
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o
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Figure 12 Comparison between measured and simulated vertical profiles determined using
input parameters from Integrating ( temporal moments ) and fitting ( least squares fitting )
methods in the high velocity region
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Table 5 The result of transverse dispersivity calculated from applying the 3-D least squares
fitting to vertical profile restricted by each velocity region; in Case A using the fixed param-
eters of velocity and longitudinal dispersivity estimated from temporal moments, in Case B

using ones estimated from least squares fitting

Type of . Longitudinal | Tnansverse
(’l\‘)ivnig'?ao's) Velocity | Case \\ll?r(r)xlcclit;’ ) Dispersivity | Dispersivity R{\(/IyS)E
-aay Region ) Y caL(m) raT(m) °
-2 -3
SWO0.5S A 0.932 5.31x10 1.75x10 7.4
(4.52) Low 3 3
) B 0.960 2.35x10° 4.70x10° 8.3
ISWES , A 109 | 213x101 | 1.81x107 17.0
Intermediate
(29.91) -3 -4
B 1.16 9.40x10 5.71x10 18.3
LOWTS A 1.14 | 8.31x102 | 8.54x107 10.7
Intermediate
(33.90) -2 -4
B 1.18 1.08x10 8.27x10 10.6
-2 -3
SWO0.5S High A 1.34 8.73x10 3.17x10 33.1
(4.52) B 1.46 | 3.49x10°2 | 1.76x103 | 34.9
-1 -3
15W2S High A 1.33 1.87x10 1.52x10 30.5
(13.36) B 1.44 1.57x10°2 | 1.41x1073 30.3
1
i . S5WO0.5S Time : 4.52 days
- Low Velocity
o | Region ‘ Experimental
008 I -—
X i 1 data
o
g | X
§06 X Parameters fr
£ | g arameters from
§ ! < Moment
c . X
304 X ___ Parameters from
E g Fitting
ks
[¥]
~® 0.2 |
0 >| il i n L l Ll i 4 l RNt
143 144 145 146 147 148 149 150

Elevation (masl)

Figure 13 Fitting to the vertical profile restricted by the low velocity region at the borehole of
S5WO0.5S (Time : 4.52 days)
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Case A and Case B is given in Figure 17 (b). The values of @ ,/ o | estimated in Case A tend
to be lower than those estimated in Case B. The under-estimation of this ratio in Case A is
caused by the trend of higher longitudinal dispersivity estimated using temporal moments method.

Figure 18 shows the variance of transverse dispersivity and a ./ a | estimated from the
three-dimensional least squares fitting method in each velocity region. The average values of
these estimated parameters are shown in Table 6. The transverse dispersivity in the intermediate-
velocity region is lower than one in the low- and high-velocity region. The mean transverse
dispersivities in the high velocity region is about 5 factor of magnitude higher than that in the
intermediate velocity region. The value of a ./ a  for the intermediate velocity region tends to

be lower than the others on account of low transverse dispersivity, however, the tendency is not

Low Velocity percentile

Regio — T
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Intermediate [r——
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Figure 18 Variance of the estimated transverse dispersivity and the ratio of transverse to
longitudinal dispersivity in the low-, intermediate- and high-velocity region
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Table 6 Average values of the estimated transverse dispersivity and the ratio of transverse to

longitudinal dispersivity

High Intermediate Low

Esti P . . . . .
stimeted Parameters Velocity Region | Velocity Region | Velocity Region

Mean Transverse 2.87x1073 5.95x10°% 138x1073
Dispersivity : m
Mean a1/ L 0.072 0.043 0.051

so remarkable. The value of @ ./ « | approximately ranges from 0.002 to 0.2. Mean values of
« ,/ «  in the high-, intermediate- and low-velocity region are 0.072, 0.043 and 0.051,
respectively. Calibration of this ratio in the simulation of both chloride and tritium concentration
in the Lake 233 basin including the Twin Lake tracer test site has been carried out by Takeda,
~ Klukas et al. (1998)'9, and yielded the ratio of transverse to longitudinal dispersivity of 0.05.

This calibrated ratio lies within the mean values of « 1,/ a, estimated in this work.
6. Conclusion

The concentration data of *'I from the 40 m tracer test were analyzed to evaluate the mass
transport parameters in the Twin Lake test site. The velocity and longitudinal dispersivity were
estimated from applying two different methods to the observed breakthrough curves. One method
is the one-dimensional least squares fitting, and another is the temporal moments method. Based
on the estimated values of velocities and longitudinal dispersivities, the transverse dispersivities
were determined from fitting the three-dimensional dispersive-advective solution to the measured
vertical profiles. The conclusion of this work is summarized as follow.

There is little difference on the estimated velocity between temporal moments and least
squares fitting. The mean velocities in the high-, intermediate- and low-velocity region are 1.28,
1.16,0.997 m/day, respectively. The result of the estimated velocity agrees with the classification
of velocity zone determined by Killey and Moltyaner (1988)®.

In the low velocity region, the values of longitudinal dispersivity estimated from temporal
moments are comparatively close to that from the least squares fitting, however, all values of
longitudinal dispersivity from temporal moment are higher than that from fitting procedure in
the intermediate- and high-velocity region. It is considered that discrepancy of longitudinal
dispersivity between temporal moments and fitting method is caused by the effect of trailing tail
observed in the breakthrough curves in the intermediate- and high-velocity region. It is suggested
that the longitudinal dispersivity calculated using both time moments and least squares fitting
methods depends on the trailing tail in measured breakthrough curve.
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The mean longitudinal dispersivity in the high-, intermediate- and low-velocity region are
8.8x107?, 5.3x102 and 6.2x102 m, respectively. The estimated longitudinal dispersivity is hardly
influenced by the heterogeneity in three kinds of velocity region.

Although the trend of increasing longitudinal dispersivity as a function of measurement
scale can be slightly observed in the low velocity region, basically, there is no effect of the travel
distance on both the longitudinal and transverse dispersivities in 40 m tracer scale.

The measured vertical profiles characterized by several peaks of concentration are
particularly restricted by three kinds of velocity regions and used in the estimation of transverse
dispersivity besides the profiles with one peak. The values of transverse dispersivities calculated
from fitting to partial profile are consistent with the results obtained from fitting to the vertical
profile characterized by one peak of concentration.

The mean transverse dispersivity in the high-, intermediate- and low-velocity region are
2.9x1073, 6.0x10* and 1.4x10° m, respectively. The transverse dispersivity in the intermediate-
velocity region tends to be lower than one in the low- and high-velocity region. Mean values of
the ratio of the transverse to longitudinal dispersivity (@ ./ @ ) in the high-, intermediate- and
low-velocity region are 0.072, 0.043 and 0.051, respectively. The ratio of 0.05, calibrated using
3-D model for the basin scale at the Lake 233 site [Takeda, Klukas et al. (1998)%], lies within

the mean values of « ./ o | estimated in this work.
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ESTIMATION OF LONGITUDINAL AND TRANSVERSE DISPERSIVITIES IN THE TWIN LAKE NATURAL GRADIENT TRACER TESTS




