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Verification Validation  

Verification  

 

 

 

(1)  

A [m2] L [m]

 

 

 

 

h [m]  

 
oht

aL

kA
h lnln +−=  

k [m/s] A [m2] L [m] a

[m2] h0 [m]  

 



�

(2)  

 

 

 

 

    

 NNBLK [-] 13 

X  NX [-] 1 

Y  NY [-] 1 

Z  NZ [-] 13 

 L [m] 1.05 

 A [m2] 1 

 a [m2] 1 

 g [m/s2] 9.80665 

 

 

 

 

 

�

�

�

�



�

(3)  

 

    

 �w [kg/m3] 998.2 

 Cf [1/Pa] 0 

 � [Pa s] 1.002×10-3 

 

 

       

 � [kg/m3] 2500 2500 2500 2500 

 � [-] 1.0×1030 1.0 0.3 1.0×1030 

 K [m2] 9.87×1034 9.87×1034 1.00×10-12 1.00×10-12 

 Cr [1/Pa] 0 0 0 0 

 

 

   Case 1 Case 2 Case 3 

 h0 [m] 2.05 11.05 1.15 

 

(4)  

ln
(h

)

[day]
 



�

ln
(h

)

[day]
 

�

ln
(h

)

[day]
 

 

(5)  

RMSE N T i (i=1, 

…, N) GETFLOWS Ai (i=1, …, N) RMSE  

 

 

 

 

 



�

 
 [m]   [day] RMSE [m] 

Case 1 2.05 

100 

0.8 8.690×10-4 

Case 2 11.05 2.25 2.438×10-2 

Case 3 1.15 0.058 1.691×10-5 
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(1)  

H [m] Q [m3/s]

P [Pa]

 

 

 

 

�
�

�
�
�

�
⋅−=

r

r

KH

Q
PP eln

2
0

π

µ
 

P0 re [m] [Pa] Q [m3/s] � [Pa

s] K [m2] H [m] r [m]  

 

( ) ��
�

�
��
�

�
++=− 40454.0ln

2

1
ln

2

1

2
,

2

wt

i
rC

K
t

KH

QB
rtPP

φµπ

µ
 

P i [Pa] B [-] t [s] � [-] Ct

[1/Pa] rw [m]  
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(2)  
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 NNBLK [-] 132613 

X  NX [-] 101 

Y  NY [-] 101 

Z  NZ [-] 13 

 g [m/s2] 9.80665 

 H [m] 10 

 Q [m3/s] 1.736×10-4 

rw [m] 0.01 

 re [m] 10000 

 Pi [MPa] 0.106372 

 P0 [MPa] 0.106372 

 

(3)  

    

 �w [kg/m3] 998.2 

 Cf [1/Pa] 4.59×10-10 

 � [Pa s] 1.002×10-3 

 

 
 

 � [kg/m3] 2500 2500 2500 2500 2500 

 � [-] 1.0×1030 1.0 0.5 1.0 1.0×1030 

 K [m2] 9.87×10-6 9.87×10-6 1.0×10-12 0 1.0×10-12 

 Cr [1/Pa] 1.02×10-10 1.02×10-10 1.02×10-10 1.02×10-10 1.02×10-10 
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(4)  
[M

P
a
]

[m]  

 

[M
P

a
]

[day]  



�

 

(5)  

RMSE N T i (i=1, 

…, N) GETFLOWS Ai (i=1, …, N) RMSE  

 

 

 [day]  [m]  RMSE [MPa] 

20.5 0~1000 16 3.121×10-4 

 

 

 [day]  [m]  RMSE [MPa] 

0 100 39.6 64 9.697×10-5 
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(1)  

 

( ) ( ) ( )

( )

)(

2

2

cosexp,

rfw

i

CCbgS

kbSm

T

hmxtmxaxt

+=

=

=

+−−⋅=

φρ

σ

πσ

σς

 

a [m] x [m] t [s] T [s] S

[-] k [m/s] b [m] � [-] h

[m] �w [kg/m3] g [m/s2] Cf [1/Pa]

Cr  [1/Pa]  

 

 

 

�

b

h

bb

h



�

(2)  

�

 

 

 

 

    

 NNBLK [-] 3417 

X  NX [-] 201 

Y  NY [-] 1 

Z  NZ [-] 17 

 

(3)  

    

 �w [kg/m3] 1000 

 Cf [1/Pa] 4.59×10-10 

 � [Pa s] 1.002×10-3 

 

       

 � [kg/m3] 2500 2500 2500 2500 

 � [-] 0.2 0.2 1.0×1030 1.0×1030 

 K [m2] 0 1.0×10-12 9.87×1034 9.87×1034 

 Cr [1/Pa] 1.02×10-10 1.02×10-10 1.02×10-10 1.02×10-10 

 

� �
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�

    

 h0 [m] -5 

 a [m] 1 

 T [s] 86400 

 b [m] 5 

 h [m] -5 



�

(4)  

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

[m
]

[m]

GETFLOWS)

  

-1.5

-1.0

-0.5

0.0
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1.5

[m
]

[m]

GETFLOWS)

  

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

[m
]

[m]

GETFLOWS)
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-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

[m
]

[day]

Point1(

Point1(GETFLOWS)

  

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

[m
]

[day]

Point2(

Point2(GETFLOWS)

 

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

[m
]

[day]

Point3(

Point3(GETFLOWS)

  

 

 



�

(5)  

RMSE N T i (i=1, 

…, N) GETFLOWS Ai (i=1, …, N) RMSE  

 

 

 [day]  [m]  RMSE [m] 

0.5 0~2500 

120 

4.582×10-4 

1 0~2500 5.162×10-4 

1.25 0~2500 3.516×10-4 

1.75 0~2500 2.547×10-4 

 

  [day]  RMSE [m] 

Point 1 0~2 

201 

1.193×10-4 

Point 2 0~2 5.709×10-3 

Point 3 0~2 4.378×10-3 

 

 

Validation  

 

 

 

 

 



�

 

�������� �����	�������
���� �

���


�� ����������� �







���

�

��
��
�

���

�

��

��
�



����

�

���

����

�

���



���	

�

��	

�

��	

���	

�

��	

�

��	



0





0

0.05

0.1

0.15

1 10

h

Hz

0.03

1 4 12 50
frequency















����

����

�

	

��

�	

��

�	

� � 
 � � �� �� �


�


��

�
�

� 
����

�	

��

�	 �

�� �









� 

� 

� 

� 

� 



� 

� 

� 

� 

� 

� 

� 

� 

� 



� 

� 

� 

� 

� 

� 

� 



� 

� 

� 



�

��

��

��

��

��

��

��

	�


�

���

��
�

����





� 

� 

� 



� 



� 



� 





� 



�















����

����

����

����

����

����

�	

�

�

�



����

����

����

����

����

����

����

�	

�

�

�

����

����

����

����

����

����

�	

�

�

�



����

����

����

����

����

����

����

�	

�

�

�

����

����

����

����

����

����

�	

�

�

�



����

����

����

����

����

����

����

�	

�

�

�

����

����

����

����

����

����

�	

�

�

�



����

����

����

����

����

����

����

�	

�

�

�

����

����

����

����

����

����

�	

�

�

�



����

����

����

����

����

����

����

�	

�

�

�

����

����

����

����

����

����

�	

�

�

�



����

����

����

����

����

����

����

�	

�

�

�

����

����

����

����

����

����

�	

�

�

�



����

����

����

����

����

����

����

�	

�

�

�

����

����

����

����

����

����

�	

�

�

�





•

•

•

•

•

�

�

�













� 

� 

� 























� �
�
���

�
�	
� 
��

�� �
��



�

 �











� �





���

���

���

���

���

	��

	��

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	

���� �

����� �

����� � ���

���

��	

���

��


���

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	

� �

�

� ������� �

����� �

����� � ���

���

���

���

���

���

	��

	��

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	

���� ������ �

���

��	

���

��


���

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	

� ��

���

���

���

���

���

	��

	��

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	

���� ������ �

���

��	

���

��


���

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	

� � �



���

��	

���

��


���

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	

� �

� �

���

���

���

���

���

	��

	��

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	

����� �

����� �

����� �

����� �

���

���

���

���

���

	��

	��

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	

���� �

���

��	

���

��


���

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	

� �



�
�� ����

	��


�

� �







���

���

���

���

���

	��

	��

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	







���

���

���

���

���

	��

	��

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	









���

���

���

���

���

	��

	��

	��
��� 	��
��� 	��
��� 	��
��
 	��
��� 	��
��	











� 

� 

� 

� 





� 

� 

� 

� 













1





( ) 2
22

hx
L

hH
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=
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( ) max025.0exp5.1 ge rv D-= %)8( max £gif

( )rv D025.0exp0.12 -=e %)8( max >gif
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