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Abstract  
Traditional lumped and conceptual hydrological models are appropriate for dealing with certain 
aspects of a major portion of current water resources management. However, more advanced tools are 
required for integrated water resources management. In this research, an integrated model to account 
for qualitative and quantitative stream-groundwater interactions is developed for application in large-
scale, integrated, water resources management. One of the challenges in understanding the interactions 
between stream and groundwater systems lies in their different time scales. In this paper, the stream 
quantity model is developed and is embedded into groundwater quantity model using the couple 
method. Then the stream quality model and the groundwater quality model are integrated using an 
uncouple approach, with mesh generation to ensure stability of the numerical method. Confirmation of 
the coupled-uncoupled model was examined using analytical solution from previous studies.  
 
Keywords: Stream, Groundwater Aquifer, Water Quality, Interaction, Numerical  
 Solution. 
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h:?2���M�V E�.9��)L(
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�2W ��N; 3�;� �# 0�
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�	#�6� �� R�� �2���#$�� ��S' 0�1�� �� �<+��3"� 
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(W)� [�.)9 (�)��* �`	 ('���# �� ��S' %�2�/ bW#�6� �.

��)�"���� �!($�&��& '� ����  !#$� 
!:��A�"� w��� ��� ��+����2� 0��1�� 
��;�" �# �3�+2W� 0�A� 
�	#�6�

 �+��� !�`�/ !��3�<�V  [�2�M9 !�&2n$�	$��  �2�����8 0��-
�� %��� �2� b�$F 
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�)�9 ##��]cs[
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∂

∂
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∂
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1, 2, 3=i, j 
)q(

%� �# 
�:
c:�3+2W� (�)h)ML-3(

Dij :  ��3�<�V B2��@ �$I"�9)L2T-1(
vi:(��' �$I"�9)LT-1(
ρb:�#$9 
��I"�# T�)��� J��� 0�)ML-3(
θ:J��� T�)�9)36� %3�(

c* : ��Y ?<Y %� 3;� �# �3+2W� ��`/ R�/)36� %3�(

.reac)
t
c(
∂
∂

:�+���� �H"�<��" ��8 0���- �&2n$��	$��  �2����

 �3+2W�)ML-3T-1(
qs:��3�� 
2W �N; 3;� �� 
�)�9 �2 [2�M9 ��#)(�C�� [2�M9

�.+� 
�)�9 ) (T-1(
cs:
�)�9 �2 [2�M9 (�)h)ML-3(

B2���@ ���  
����� b�$F 036� 
' b�$F 
� ��#$	� ��V
 ��H"���� (���' ��� B2��@ �2� �SY (�6��9 w�� ��  ��3�<�V

2W� �� ('# 
� �3+ 3�+2� .0�����Y� (�1/ ��� 03�6� 
�' %��2�/ �#
 !��3�<��V B2���@ �$I�"�9 !�H�-���h J��� ?2 �# %�2�/Dij !

T��8d� %��	� �ml��3�<�Vc('� .��3�<��V �$I�"�9 ��)� R��
('� �32#�� 
U��� �2� T&8 
�]cd [ 

)l(
U

mVnV
aijD ijmn=

%� �# 
�:
aijmn :T�)��� J��� ��3�<�V)R���1  
�C9�� �$I"�9(!Vm

Vn��
.	  (��' 0�-V(�'� (���' ��#��� ���3�"� ��2 ��3A� .�#
��- (	�;k!��3�<�V �$I"�9 !aijmn ��3�<��V 
�� �H�I�� JA� !

!�	$>αL!�@�� ��3�<�V αT�� �3�V �#��' ��2� R��� 
��  3+�
�� ##�� 

)r()jminjnim(
2

mnija TL
Tijmn δδ+δδ

α−α
+δδα=


�%� �# :
δij:�����	#�&"��)������i=j �����H"� c=δij������ i≠j�����H"� f=δij(
�� 38�� .

K�93��� ��3�<�V B2�@ X+V Z��'� ��� ��2 �2����� R��N"� ��� 
�� ���69 ���N9 #��"�&�	�3��- (2�3- B2��@ ���69 3+"��-  3

(��'� ���)�� 0�1��3���,�V 0���# ���6*� Z����A� �# .��'��A� �# 0�1
v�M�m
@$; ���" K�93��� B2���@ �2� !M2��� 0�- �����9 ?�2 ��� 

%�$+� 
� p�'  �38 :3� #�� �3+2W� E$"  %�2�/ J��� �� 
�	�
 ��� [�*3�9 O�)��� T�;��� ��> �# :3� %$�'��C�	�� T��$� ##���

]kf[.��3�<���V B2����@ �2#���A� �3��8 R���N"� b���A�A�9 Z���'���
���3"� 0�1'��A� �# �38 0��� v�M�  �6*�!�� ��<��� ����� �23+  

���3"� �2#�A� (�'� �-�H<2���� 0�1'��A� �# �38 0���]kfkc[.
v�M��� 0�1��'��A� �# 
��� (��'� �3��8 �#�# %�<��" ����+,�-!B2����@ 

����/ ��I��� :$��> �2�M���� ���� ��3�<���V
���� �2�M���� �2���/ 3��+��2 
]kkkm[.��Qg�9 i2�<�9  ��'��� (�1/ 0#��2� 0�18L9 %$+��9

�A� K�93��� 
� 
���� R�N"� ��3�<�V 3+2��� �# Z� ��� ��'��� 0�
 (�'� �#$�� M����� �&�	�3�- (2�3- �+H�-��h ��Qg9.�23�+  �# 

�� O)��� 0���� 0�162�$9 �� �#�.�'� �� �+H�-��h b���Qg9 [�A�9 
(�'� 
����� ����* T�)�9  
2MN9 #�$� �"�&� b����o9 0�]kea

mf[.%�<" b�A�A�9 �2� 
�- ��� ��+H�-��h ��� �L��Y� 
�� 3�+-#
 �� %�<" �Y��  
���2 �2�M�� J���� �� �L�Y� 0�-3+2��� 
� 3-#

 
�C	� 
� (I�" �'��� T��* ?�� ?�'L� :�A�"� b��A�A�9 ��2� ���
 �3++� �#�' b��@�� 03�6�#  03�+� 
�2W ������ ��" �# ���" 0�
('� �#$� ����- %#$�.

1 Dispersivities 
2 Isotropic 
3 Macrodispersion 
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���1)� J'$9 
� �6��/ [�A�9 �#c
����� b�$�F %����&�- 
0��1S��� �# 036� 
' J2��8 �# :�A�"� 0�-3+2��� �6*� �I�"�&�
 (�'� �3�2#�� �#�.�'� �)�� ��3�<�V ��  �'��� #�$� �H�-��h 

]mc [ . 0�1�'��A� �# ?��� %$"��* 
�� #�# %�<�" [��A�9 ��2� X2��"
 ��@�� ��3�<��V (CI" �)�� #��$� �#  �#$� #����� T��* v�M�

���V 
������� �	$��> ��3�< �� 3��"�$9c/f����; ���9 fc/fJ2����8 �# 
3+� ���o9 O)���.

��*�!($�&��& ����� ��� �� ������ +(���,� 

�-���� �# �� iS' b�"�'$" T�	# 
� �� ����I�2� iS�' M��"  ��-

 � # �2� ��� bW#�C9 !�+����2��
.	 ����A�I�� b�$�F 
�� 3�"�$9
 #��� b�$F .�� bW#�C9 �2� "�$9 
�2W 
� 
"�Y#� �� (<" J'$9 3

p&6	�� �2  ��3��!
"�Y#� 
� �+����2� ��3�� 
2W �� (<" ):$D�
 
"�Y#� ��� �� �2 ?<Y (#��� b�$F .!��'��# 
�	#�6� Z��'� ��

 � (<" %�M�� 
iS�' ���� E��.9�� =L��Y� �� B'�+�� ��A�I� �$>
���� 0�����M�V iS��' ���� 
��"�Y#� �� ��	���;�#  3��8�� iS��' 
��� 

�V ����I2�2����� B�'�+�� (<�" %�M��� !3�8�� 
�"�Y#� O�� �� �9
 !('� 
"�Y#� O� E�.9�� �� 
"�Y#� �� iS' ��� E�.9�� =L�Y�

)T&8c(�)� (	�; �# �`	 ]mk [ 
hi,j.k>HBOT ����-Wi,j,k = C'i,j,k (HRIV - hi,j,k)

)s(hi,j.k<HBOT ����-Wi,j,k = C'i,j,k (HRIV - HBOT)

%� �# 
�:
Wi,j,k :  ��3�� 
2W 
2`o9 ��#)L3T-1(
C'i,j,k :  
"�Y#� O� (2�3- B2�@)L2T-1(
HRIV :  
"�Y#� �# �&�	�3�- E�.9��)L(
HBOT :  �+C� �� 
"�Y#� ��I� E�.9��)L(

1 Gelhar 

 k,j,i ��S' �H"�<"i%$�' !R�jW  R� 
2k
&C�8 �# R� 03�+�
('� 7SA�  %LV �# %�2�/ J���.

(2�3��- B2���@ ��������VC'i,j,k ���&2M�� 0���-������V �� �6����9 
�� 
C'��� �2� R�� 
�  ('� 
"�Y#� ##�� 

)d(k,j,iWLC
M

WLK
C k,j,i ==′

%� �# 
�:
W:
"�Y#� J'$�� w��)L(
L:� :$)' �# 
"�Y#� :$> �9�C'��k,j,i)L(

M:%� �# 
�"�Y#� �� (<�" %�M��� 
�� 
�"�Y#� ��I�� �� �����@
 (���Q (<�" %�M�� %� �� ���Y  �3�� ('# 
� �'��# %$"�* J'$9

 ('�)L(.
�)� (	�; �#!���3"� )&<�� ���I�� ���� (2�3�- B2�@ 0����


�"�Y#� O� i	�D� E$" 
� 
/$9 �� ���N9 b�$F 
� K��$��  ('�
����9 �� �#� :3�� %$�'��C�	�� �# �3�� 0�-������V �� �&2  #$8

�� 38��]mk[.

%�
�� ������ -$#.� 
��
/$9 
�-���� �# %��2�/ ��� ���; bW#�6� %#$� �SY��h 
�  ��-

 
�� #3��� bL�@�.9 P� !��1"� �+��3�"� M�"  �+����2� \�1��
 (�'� �3�8 
���� ��" �# 0#3� T; P� %�$+� .V J2���8 0��3�2�

 0��1��� ���� ���C9�� ���+,�-  %� 0�1�2#3��  0#3� 0�18�
 ��1� 
�)�/ �� bW#�6� T; �# �"��� :3�� 0���/� �# T���$� �2��9

�� �A�.)9 38��.
����� bW#���6� 0#3��� T��;���  �H���'$�V ��$%�$��+� 
��� ��+

6��bW#� 
-���� �# %�2�/ 
2�V �/ bW#�6� �� [�.)9 �# �-2�� %� 

Z=0

H RIV

BOTH

ijkh

/01���+����2� ��3�� 
2W �� 
-���� �+��3"� �� �2��8 
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�+����2� �� �#�.��'� ��� %���M�- �$> 
� #3�� bL@�.9 P� 
�
 ?"��� P�a%� 0#3�� �$�9$� 
�� (�'� 
����� b�$F %$I)&�"

 :3���INTRACT���� 3��8��]mm[.�)�I��"��.2# 
��	#�6� ����+,�-
 �.9 P� 
� ?I+�'$� T�; #3��� bL�@ �8 �$�9$� 
�� (�'� �3

:3� %� 0#3�MODFLOW('� ]mk.[ 
��� ��+����2� �� %��2�/ ��.�� �)�I"��.2# 
�	#�6� 0#3� T;

 �+�� !�`/ !��3�<�V !:�A�"� w�� !�&2n$�	$��  �2����8 0�-
 
����� b�$�F #3�� bL@�.9 P� �� �#�.�'� �� 
�)�9  [2�M9

 0#3� �$9$� �� 
� ('� MT3DMS�('� �38 �#�.�']me[.

-���� �# %�2�/ �.�� 
	#�6� 0#3� T; �����- 03�6� ?2 0�-

 bL@�.9 P� 
� ��#$	� ��3�<�V  :�A�"� �� #3��� 
�� i2��F 
p�W �$�8c�$�9$� �� 
�+��� �2� �#  ('� �38 R�N"� �38 zLF� 

0#3� MIKE11-WQ('� �38 �#�.�'�]mq[.
%�2�8 �6� R��� KW$�F� 
�� (�'� ��j �# ��#$�	� :��A�"� bW#�


��-���� �# �3��+2W� :���A�"� ���	 (��'� ���&2 ���+����2� \���1��  ���-

-���� ��� b�$F :�A�"� R�9 J'$9 K�93�� �- #����!�# 
�� �	��; �# 

��3�<���V R���9 ���+����2� 0���1��k(��'� �)��F� T����� .����+,�-
 7��2�$9 �$���" �� �6����9 ��S��' 0���1"�2�/ �# ��3�<���V B2����@

 �# %�2�/ (��' �>L��� ��3�<�V %�$+� 
�  ('� 
-���� 7SA�m

���� z���S� !#$��8 �� %���2�/ �# ��3�<���V B2����@ 
��� �	���; �# 
%�$��+� 
���  �#$��� %���2�/ (����' J��'$�� �� �6����9 ���+����2�

 �� z�S� �	$&	$� ��3�<�V #$�8 �H23�&2 ��� 0#���+� b��.9 
�� 
3"��#.

���+����2� 0���1��  
��-���� �# %���2�/ ����� ���.�� bW#���C9 
���
 �#M���h b�$Fe
�  �#$� T�; �� 0����  
��	� J2���8 %�$�+�

 �� TF�; �1"� �)�I"��.2# bW#�6� 
"���3/ ##���
�� R$�1.� �23�� 
%� X2��"  T; 
-���� �# ��#$	� :�A�"� �)�I"��.2# bW#�6� ��C&2
 ��+����2� �� %��2�/ 
&C�8 0� 
��	�  0��� J2��8 b�$F 
�

���� �����* #����� .��� ���2� �� %���2�/ ���.�� �)�I��"��.2# bW#���6� ��
 R�9 b�$F 
� %� X2��"  T; �+����2� 0� ��� ���   
�<�  0�-

 �� ���* 
-���� 
&C8 ��� ���&9 3"� �2�  #��� ##��� .R$�1.� �23��
����- bW#���6�  
�����H" b�$��F bW#���6� %����M�- T��; 
��"$�

 � :�A�"� ?���+2#�3�- 
��.�� �"���� 0��1��� �� �MN� �$> T�; b
�� 3"$8 .#��$� B	�h �# 
� �N"� ��!
"�Y#� 0��1�� �3�++� 
�2`o9 �-

 ��� ���	 
� �+����2� � K��$�� �`	 !3+�I- �.��  ��
�.	 ��.�� 0��-
 
1 Lax 
2 Dispersion 
3 Turbulent  
4 Uncouple 


-���� �� %�2�/ 
&C�8 0� ��� 
��	�  0���� J2���8 %�$�+� 
� �-
�� ���* �+����2� 0�1�� �"�2�/ 3"���.
���� �# ��#$	� :�A�"� 3+2���
-72��' B9��� 
� �- (���; �� ��9

 T�; (�1/ �"���� 0�1��� ����"� �`	 !('� �+����2� 0�1�� �# %�
 M��"  T�; P� 0��3�2�V 
� (2�+� �� �)�I"��.2# bW#�6� 0#3�

 �52 (��-� �� 
��"�� 0��/� %��� ('� ��#�$Y�� 0� .(�"��$� #�3��
 0��1��� B�'�+� �����"� ��� 
�S��� �# �'�'� �A" ()&V �"����

 3"��# 0#3� T; (1/ .��(���; 
�	#�6� T�; �"���� 0��1��� �`	
 �+�9 ����� %�$+� 
� �� �+����2�qR��� %�$�+� 
�� ��S�' �� �# 

�"���l�# ��+����2� �� �+9 ���� �- �# 
� �#�� M2���� �H23&2 �� 
�� ��/� �"��� R�� 3+  ��S' �� :3� ##��.

0��1��� �� �+����2� �� �.�� :3� ��+,�- �� :��A�"� �"���� 
���9$� �"���� 0��1��� ��� ��S�' �� �.�� :3�  �+����2� 
�� ��9

 �� T; ��S' �� :�A�"� �"��� 0�1��� %�$+� ##�� . [��.)9 �$��"
 
�C8 ��# ?2 �> �# :3� 0��/� T&8 �# 0��'k�3�8 �#�# %�<�" 

('�.

)�!�$#.� ��� -��2� 
KW$F� (�6*� �� 0�2$D9 :3� ��+2� �� !('� /����" ��1"� #������ (�1

 [23D9 
�r�� 38�� .KLC* 
� :3� [23D9 �N+' ��C��� %� 
� s(��F ��2
�N+'d�� 
�.� J2���8 �# �� :3�� %#$�� 0#������ b��CQ� ��$�" 
� !38

 �� %��� O)��� 3+� .=$�&,2� ��" Z�'���cf ��V��  cc �N+�'��C��� !
��' ���)� b�A�A�9 [S+� �� !%#$� ('�# %$����V [�A�9 �2 (I��" ���� 

]ml[.:3�� #��&)�� %�<�2� ��" 
� ��'��* 3�+2��� ?�2 ���)� 0��-ck �
('� .0��1��$/ W��� :����;� ��� %�$�� i��F b��@�� �� 
� R$1.� �23�

 #�� (��2�# :3� �� �C'�+� .9 ��2 :3� [23D9 b�;LSF� �2����+�2g3��
B'�+� :3� #$� 3-�$Y �9]mlmr[.

��'�# b�CQ� :3� [23D9 �� =3- ��2� �� %��+��>� 
&)� !(I�" %� 
��V 
� ('� �+�� T���* %����� ���D�9 0���� ����� ���3�"� 
�� :3�� 0�-
3+�I- #�����]ms [ .��" M��- :3� 
� (A�A; �2� �� 3�"�$9 
[�)S� �$�>

 ('� �1� ���I� T�� �# 38�� �C�6� .!��)�� 0��-#����� ��" �� [23D�9 
#��� �� R�N"� 
);�� # �# :3� :��� �2$�&�"P��cm ���� %$0��-

���" #�$�ce .

5 Stress Period 
6 Time Step 
7 Confirmation 
8 Validation 
9 Verification  
10 Reckhow 
11 Chapra 
12 Inductive Process 
13 Goodness of Fit 
14 Required Tests 
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�C8 ��# ?2 �> �# �A�.)9 :3� 0��/� �$�" 

!.�

�$3

�� !,��& 4�5 �� 6	�1

���MODFLOW  

INTRACT
�.7�8 �� 9��� ��� �� !,��& INTRACT 	 !�� :;�$3< ������ 

!� �=��>� ?@, ���5 .;�1 �=��>� ������ B��3� &� ;��#C�� ��
 D��� ��@8 �$E, 6�#���Modflow D��� ?@, D��C� :

INTRACTB$F,�$� !,��& 9�G��5 9��� !� 9�$5��1

MODFLOW 
 �� ��@8 �$E, 6�#��� �=��>�

 B��3� H����� !,��& 4�5 9�GC,�
 D��� ?@, ;�1 �=��>� �����

INTRACT 

IJ� !"���� D���1 ���
IJ� 	 �,�3�	� �� '�
K;�1 ��F�� !��CL�� 

�����

	 ?,���� D���1 ���

K?�� ���M�� ?.0N 

MIKE11-WQ 
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