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P-Value (approx): > 0.1000
R:                  0.9953

Normality  Test Results

N: 200
StDev : 0.475486
Av erage: 1.29796
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Variance
of ln K

Longitudinal/
r

Dispersivity (m)
1Transverse Variable a 2a 3a 4a 5a 6a

2

0.00 50/ 5

10/ 1
Mean 0. 0. 0. 0. 0. 0. N/A

Standard Dev. 0. 0. 0. 0. 0. 0. N/A
Mean 0. 0. 0. 0. 0. 0. N/A

Standard Dev. 0. 0. 0. 0. 0. 0. N/A

100/ 10
Mean 0. 0. 0. 0. 0. 0. N/A

Standard Dev. 0. 0. 0. 0. 0. 0. N/A

1.02 50/ 5

10/ 1
Mean -1.29E+00 1.85E-01 2.07E+00 -1.36E-02 -1.67E-02 -6.96E-02 9.60E-01

Standard Dev. 2.11E-01 -4.47E-02 4.62E-01 -4.80E-04 -1.54E-02 -6.67E-03 9.56E-01
Mean -6.67E-02 5.43E-03 1.94E-01 -1.93E-03 1.06E-02 2.35E-03 9.96E-01

Standard Dev. 4.47E-02 -5.97E-03 8.38E-02 -1.41E-04 -4.79E-03 -3.56E-04 9.80E-01

100/ 10
Mean -3.45E-02 -1.45E-03 9.57E-02 -7.11E-04 4.11E-03 1.11E-03 9.96E-01

Standard Dev. 2.75E-02 -3.40E-03 3.71E-02 -6.07E-06 -2.35E-03 -7.55E-05 9.86E-01

2.27 50/ 5

10/ 1
Mean -1.78E+00 2.88E-01 3.00E+00 -2.68E-02 2.49E-02 -7.47E-02 9.82E-01

Standard Dev. 3.09E-01 -7.91E-02 5.66E-01 1.74E-03 -1.74E-02 -1.45E-02 9.55E-01
Mean -1.11E-01 1.18E-02 3.60E-01 -4.21E-03 1.93E-02 5.15E-03 9.94E-01

Standard Dev. 7.40E-02 -8.34E-03 1.08E-01 -2.86E-04 -6.31E-03 -3.30E-04 9.76E-01

100/ 10
Mean 5.31E-02 -2.61E-03 1.79E-01 -1.59E-03 7.86E-03 2.56E-03 9.94E-01

Standard Dev. 4.67E-02 -4.83E-03 4.93E-02 -6.59E-05 -3.34E-03 3.08E-05 9.82E-01

3.53 50/ 5

10/ 1
Mean -1.90E+00 3.20E-01 3.32E+00 -3.21E-02 5.25E-02 -7.82E-02 9.85E-01

Standard Dev. 3.69E-01 -9.75E-02 6.01E-01 3.01E-03 -1.52E-02 -1.97E-02 9.54E-01
Mean -1.23E-01 1.50E-02 4.28E-01 -5.34E-03 2.36E-02 6.25E-03 9.93E-01

Standard Dev. 9.36E-02 -1.03E-02 1.19E-01 -3.16E-04 -7.04E-03 -3.59E-04 9.74E-01

100/ 10
Mean -5.35E-02 -2.96E-03 2.12E-01 -2.05E-03 9.70E-03 3.29E-03 9.94E-01

Standard Dev. 5.99E-02 -5.80E-03 5.52E-02 -1.05E-04 -3.90E-03 1.50E-04 9.78E-01
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4.80 50/ 5

10/ 1
Mean -1.95E+00 3.28E-01 3.52E+00 -3.40E-02 7.18E-02 -8.46E-02 9.86E-01

Standard Dev. 4.09E-01 -1.11E-01 6.27E-01 4.04E-03 -1.39E-02 -2.36E-02 9.55E-01
Mean -1.26E-01 1.66E-02 4.66E-01 -6.01E-03 2.66E-02 6.76E-03 9.93E-01

Standard Dev. 1.10E-01 -1.20E-02 1.28E-01 -3.20E-04 -7.52E-03 -4.60E-04 9.72E-01

100/ 10
Mean -4.90E-02 -3.27E-03 2.30E-01 -2.32E-03 1.09E-02 3.75E-03 9.93E-01

Standard Dev. 7.08E-02 -6.53E-03 5.98E-02 -1.39E-04 -4.29E-03 2.33E-04 9.75E-01

6.09 50/ 5

10/ 1
Mean -1.99E+00 3.25E-01 3.65E+00 -3.42E-02 8.73E-02 -9.20E-02 9.86E-01

Standard Dev. 4.40E-01 -1.21E-01 6.49E-01 4.83E-03 -1.32E-02 -2.67E-02 9.57E-01
Mean -1.26E-01 1.71E-02 4.91E-01 -6.41E-03 2.90E-02 6.95E-03 9.92E-01

Standard Dev. 1.24E-01 -1.35E-02 1.35E-01 -3.15E-04 -7.87E-03 -5.98E-04 9.71E-01

100/ 10
Mean -4.32E-01 3.64E-02 2.40E-01 -2.50E-03 1.19E-02 4.06E-03 9.93E-01

Standard Dev. 8.10E-01 -7.28E-02 6.36E-01 -1.58E-04 -4.59E-03 -2.85E-04 9.73-01

�������	, ���+
������%��������
������������
���������������

Variance Longitudinal/
r

Dispersivity (m)
1Transverse Variable a 2a 3a 4a 5a 6a

2

1.02 10/ 1
Mean -1.25E+00 1.99E-01 2.00E+00 -1.53E-02 -2.36E-02 -6.56E-02 95.5

Standard Dev. 1.41E-01 -1.69E-02 4.25E-01 -2.46E-03 -1.04E-02 -5.32E-03 95.6

6.09 10/ 1
Mean -1.93E+00 3.36E-01 3.53E+00 -3.54E-02 6.87E-02 -8.17E-02 98.6

Standard Dev. 2.98E-01 -6.58E-02 5.78E-01 7.51E-04 -3.99E-03 -2.32E-02 95.7
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ln(CHt) � ln(CHo) � µ � N(0, )

µ x,y, T ,Var(ln K)

x,y, T ,Var(ln K)

25

1�	,2

����������
���
�

�0�
��)� �������������
��
������������"��
�������
�����	���
�������
���
���
 
�
��)�����
 �0���
�
�"��
�����
���
�	�
���

�	'	' ���7����/��+�&������

:�	����%�.7��
��%�.'����0�
�����

������"����
���	���
�������
��

��
��
���
�����
����
�
����
�����
��
���"���	���
�������
��

��
��
���
����"���$�����$%��
��$7����
	�
0�����)������
 �������
�"�/&��
��.&&��#����)��
���� ��������
0����������
�����
��
�
��.&���0���������
���
��
�����

�
�����

��""��
���"���""���

����)������
 ���������
���

��$�����������
��
�����)����

����
����
��

7��4�
�� 
��
� 
��� 
��
����������)������
 ������������.&�)����

��"� 
��� ��
	�
���
������)������
 
��������9����
��"����
���������
�����"�������
����������
	���
	�
���
������)������
 ���������"�/&
�
��.&&�������)����

����
��))�
��?����:�

�
	����""����

���������
����
�������%�7��������
��

:�	�����%�.7��
��%�.'#��
�����������)������
 ������
����
���	
�"���

�����������"����
���	���
����
��
��

��
��
���
�����
���
�
����������
��
���"���	���
�������
��

��
��
���
�����
�
���������
��

�����
��������)������
 �����������
������
	� ����	�#���
��
������
��
���
�
����������
��
��"�
��
��	���
�������
��

��
��
���))�������&�����
��
����
��������"�� ���� 
��������)�����
�

�	, �$&!��&#��"��-&�&$"8&#&��9

-
�
���)�����������
��
�#��
��������
����0
�
��
���
��

��
��
���
����������	6
������ ����
����
���
��
��
�
���� #��
���
�����
�
���
��
�

G @

@ ���
��"�
�
�������	���
�������
��

��
��
���
��

� @

@ �
�
����������
��
��"�
�
�������	���
�������
��

��
��
���
��

Note that the mean and standard deviation of the logarithmic concentration ratios are expressed in
terms of transverse dispersivity instead of longitudinal dispersivity.  For steady-state transport with
a source of finite dimension, it has been shown that the longitudinal dispersion terms in the transport
equation are negligible compared with the transverse dispersion terms and may be omitted from the
transport equation without causing significant errors (Harleman and Rumer, 1963).  Transverse
dispersivity values in porous materials are normally expressed as fractions of longitudinal
dispersivity values.

In Equation (2.4), the first two terms on the right hand side represent a redistribution of mean
concentration due to the presence of heterogeneity in the transport domain.  The redistribution of
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mass is similar to the effects due to an increase in transverse dispersion.  In this document, the
increase in transverse dispersion due to heterogeneity is referred to as macro-dispersion.  The last
term represents local stochastic fluctuation of concentration, or perturbation of concentration.  One
can see that the �""��
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In Equation (2.6),  is a parameter that relates �����A�
��B to macro-dispersivity.  Assuming that the
total dispersivity is a linear combination between macro-dispersivity and local dispersivity, the total
transverse dispersivity is given by:

The two-dimensional steady-state transport equation for a conservative solute may be written as
(Gelhar, 1993):
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where 
Q = Spatially invariant mean Darcy velocity in the x directionx

x = Distance along the flow direction from the downgradient boundary of the
waste management unit

y = Distance normal to the flow direction from the center line of the waste
management unit.

Note that in Equation (2.8), the longitudinal dispersion term is omitted.  In addition, the equation is
based on the following conditions:

where
q = Spatially varied Darcy velocity in the x directionx

q’ = Perturbation of Darcy velocity in the x directionx

Q = Invariant Mean Darcy velocity in the y directiony

q = Spatially varied Darcy velocity in the y directiony

q’ = Perturbation of Darcy velocity in the y directiony

E[�] = Expectation operator.

Using Equations (2.6) and (2.7), Equation (2.8) may be presented in a normalized form as follows:

where:
C = C/C*’

oRef

C = Reference concentrationoRef

x’ = x/XWRef

y’ = y/XWRef

X = Reference waste management (square) unit side dimension (both width andWRef

length).

Equation (2.5) can be restated as:
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where � = Perturbation of concentration ratio associated with the modifiedHo
*

homogeneous model with total transverse dispersion
C = Reference concentration at the site.oSite

From Equation (2.10), it can be stated that for a site subject to similar conditions, the concentration
at location x’, y’ may be determined from:

It follows that, in a statistical sense, the corresponding perturbation of concentration ratio may be
determined from:

In the above two equations, parameters with the extended subscripts Ref and Site are the reference
and site parameters, respectively.  The reference parameters are those used in Table 2.3.

The parameter  is normally expressed as a function of local dispersivities (Gelhar, 1993).  In the
following analysis, it is assumed that if:

then, the following condition is automatically true,
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From Equations (2.4), (2.5), and (2.10) to (2.14), it can be stated that:

and that:

Using Equation (2.4) with the mean and standard deviation given in Equations (2.15), and (2.16),
realizations of steady-state contaminant concentration at any given location x’, y’ may be generated.
The reference mean and standard deviation in Equations (2.15) and (2.16) may be obtained using
Equation (2.3) and coefficients in Table 2.3.  Interpolation between neighboring points may be
necessary.

It should be noted that the analysis has been conducted for the case of steady-state transport.  For the
case of transient transport, it is assumed that the concentration difference between the heterogeneous
and the corresponding homogeneous settings is time-invariant and equal to the  corresponding
steady-state cases.



ln(CHt) � ln(CHo) � µ � N(0, )

CHt � CHo CF exp(N(0, ))

E(CHt) � E(CHoCF)

CHt � CHo CF
exp(N(0, ))

exp(0.5 2)
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x ) �
XWell, i

XWi

y ) �
YWell, i

XWi

R �
exp(µ)exp(N(0, ))

exp(0.5 2)
with

�3 � N(0, ) �3 ;
log10(exp(µ)) � 3

CHt � CHo �R � Co
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�������7�7�  As shown in the table, the post- 90  percentile values of the heterogeneity-influencedth

concentrations are from 35 to 48 percent greater than the corresponding homogeneity-based
concentrations.

3.3.3 Case 3 - Probabilistic Variance of ln K - Pump Test Data

Var(ln K) values based on pump test data or combined pump test and slug test data were extracted
from the data base used to construct the CDF in Case 2.  A CDF based on pump test data and
combined pump test and slug test data is presented in Table 3.4.  A total of 10 data sets were
available.  Details of these tests are provided in Appendix B of this report.  This CDF is considered
more realistic than the CDF based on global data used in Section 3.3.2.

The maximum value of ���A�
��B is 3.34 which is within the range of ���A�
��B values used in
Section 2 to develop correction factors for heterogeneity effects.

Results are shown in Figure 3.3.  Concentrations corresponding to selected percentiles are shown
in Table 3.3.  As shown in the table, the post- 90  percentile values of the heterogeneity-influencedth

concentrations are from 9 to 25 percent greater than the corresponding homogeneity-based
concentrations.
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Percentile
C/Co

Homogeneous Constant Variance of ln K: (Variance of ln K)
Case (1.02) (2.27) (3.53) (4.80) (6.09)

10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

20 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

30 2.99E-38 1.20E-36 1.56E-34 9.18E-34 2.07E-33 2.64E-33

40 5.20E-20 1.92E-17 4.12E-15 2.56E-14 6.61E-14 1.22E-13

50 1.57E-12 7.88E-11 4.15E-09 1.92E-08 4.20E-08 5.98E-08

60 1.22E-07 1.14E-06 9.50E-06 2.11E-05 3.29E-05 4.57E-05

70 4.89E-05 2.12E-04 8.38E-04 1.43E-03 1.85E-03 2.16E-03

80 2.32E-03 5.11E-03 1.11E-02 1.62E-02 2.00E-02 2.20E-02

85 1.41E-02 1.99E-02 3.51E-02 4.50E-02 5.24E-02 5.65E-02

86 1.91E-02 2.57E-02 4.18E-02 5.36E-02 6.20E-02 6.83E-02

87 2.55E-02 3.19E-02 5.28E-02 6.65E-02 7.54E-02 7.86E-02

88 3.42E-02 4.12E-02 6.68E-02 7.94E-02 8.85E-02 9.66E-02

89 4.64E-02 5.38E-02 8.16E-02 9.73E-02 1.09E-01 1.19E-01

90 6.46E-02 7.15E-02 1.00E-01 1.20E-01 1.33E-01 1.45E-01

91 8.54E-02 9.06E-02 1.23E-01 1.51E-01 1.64E-01 1.74E-01

92 1.11E-01 1.14E-01 1.51E-01 1.83E-01 1.97E-01 2.12E-01

93 1.42E-01 1.42E-01 1.85E-01 2.21E-01 2.39E-01 2.63E-01

94 1.82E-01 1.85E-01 2.30E-01 2.73E-01 3.04E-01 3.37E-01

95 2.42E-01 2.35E-01 2.84E-01 3.47E-01 3.79E-01 4.11E-01

96 3.08E-01 3.07E-01 3.47E-01 4.37E-01 4.91E-01 5.44E-01

97 3.85E-01 3.80E-01 4.50E-01 5.77E-01 6.64E-01 7.44E-01

98 4.91E-01 4.92E-01 6.02E-01 8.10E-01 1.00E+00 1.00E+00

99 6.62E-01 6.81E-01 8.89E-01 1.00E+00 1.00E+00 1.00E+00

100 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
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Percentile
C/Co

Homogeneous Probabilistic Variance of ln K
Case Global data Pump test data(1) (2)

10 0.00E+00 0.00E+00 0.00E+00

20 0.00E+00 0.00E+00 0.00E+00

30 2.99E-38 6.99E-35 8.07E-36

40 5.20E-20 5.05E-16 9.72E-17

50 1.57E-12 1.57E-09 3.39E-10

60 1.22E-07 5.42E-06 2.46E-06

70 4.89E-05 5.65E-04 3.52E-04

80 2.32E-03 9.31E-03 6.56E-03

85 1.41E-02 3.03E-02 2.52E-02

86 1.91E-02 3.85E-02 3.08E-02

87 2.55E-02 4.78E-02 3.89E-02

88 3.42E-02 6.10E-02 4.90E-02

89 4.64E-02 7.52E-02 6.37E-02

90 6.46E-02 9.55E-02 8.08E-02

91 8.54E-02 1.18E-01 1.01E-01

92 1.11E-01 1.44E-01 1.27E-01

93 1.42E-01 1.82E-01 1.57E-01

94 1.82E-01 2.28E-01 1.99E-01

95 2.42E-01 2.87E-01 2.55E-01

96 3.08E-01 3.54E-01 3.26E-01

97 3.85E-01 4.63E-01 4.05E-01

98 4.91E-01 6.20E-01 5.45E-01

99 6.62E-01 9.15E-01 7.26E-01

100 1.00E+00 1.00E+00 1.00E+00

Notes: (1) Variance of ln K derived from all types of test in the data base (Dynamac Corp.,
1998).

(2) Variance of ln K derived from pump test and slug test data in the data base (Dynamac
Corp., 1998).  See also Appendix B.
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