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FIGURE 4
LOWER MINNESOTA RIVER WATERSHED DISTRICT

Comparison of River Cross Sections
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Alternative 2 – Bendway Weirs 
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Alternative 3 – Rock Vanes 
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ALTERNATIVE 1 RIPRAP BLANKET
Description Quantity Unit Unit Price Extension
Mobilization 1 LS $120,000 $120,000
Clearing and Grubbing 0.5 Ac $4,000 $2,000
Earth work 10000 CY $6 $60,000
Fine Filter aggregate 6000 SY $40 $240,000
Coarse filter 2000 CY $45 $90,000
Class III riprap 14500 CY $60 $870,000
24" HDPE Pipe 630 LF $80 $50,400
CB manhole 3 Ea $2,500 $7,500
Sediment and Erosion Control 1 LS $5,000 $5,000
Floating Silt Curtain 1400 LF $16 $22,400
Restoration and re-vegetation 1 Ac $5,000 $5,000

$1,472,300
Contingency 30% $441,690

Total $1,913,990

ALTERNATIVE 2 BENDWAY WEIRS
Mobilization 1 LS $70,000 $70,000
Clearing and Grubbing 0.5 Ac $4,000 $2,000
Earth work 2000 CY $6 $12,000
Fine filter aggregate 4000 SY $3 $10,000
Coarse filter 2000 CY $45 $90,000
Class III riprap 38000 CY $60 $2,280,000
24" HDPE Pipe 630 LF $80 $50,400
CB manhole 3 Ea $2,500 $7,500
Sediment and Erosion Control 1 LS $5,000 $5,000
Floating Silt Curtain 1400 LF $16 $22,400
Restoration and re-vegetation 1 Ac $5,000 $5,000

$2,554,300
Contingency 30% $766,290

Total $3,320,590

ALTERNATIVE 3 ROCK VANES
Mobilization 1 LS $70,000 $70,000
Clearing and Grubbing 0.5 Ac $4,000 $2,000
Earth work 2000 CY $6 $12,000
Fine filter aggregate 2000 SY $3 $5,000
Coarse filter 1000 CY $45 $45,000
Class III riprap 10000 CY $60 $600,000
24" HDPE Pipe 630 LF $80 $50,400
CB manhole 3 Ea $2,500 $7,500
Sediment and Erosion Control 1 LS $5,000 $5,000
Floating Silt Curtain 1400 LF $16 $22,400
Restoration and re-vegetation 1 Ac $5,000 $5,000

$824,300
Contingency 30% $247,290

Total $1,071,590

Table 2.

Construction Cost Estimate

�



�������	

������	��������������	���	��� "9��
�	

������	�����
��
�����������	�	��	�
��
�
��� !"#�������$%��
�����	�	��	�
���&������&����"$ $$" $'����

References 
�
B����
(,�*'='�
��<'�5'�����
'�"$$9'�����)�.����	
��	

������;
�	��������4�	)���
4�
/�'�D���
�����<(�����/(�AA!��A :7AAA'�
�
��.�4�
����	
/�5���&'�"$$%'�*���	�
����	�	��	�
�����(,�����(�1���A�.	
����&���'��
+��&������������4	�(����*��
�+�	�	�,�3�������"$$%'�
�
C'�'�1�)(�4��&�����*
/	
����,�*��   $7"7 #$ '� ::!'�<(����	�����	/
����.�����
4�
�����4�

���'�
�
C'�'�1�)(�4��&�����*
/	
����'� ::9'������*������)�;
����	/�	�
�
������)�
��
���	�	��	�
�<
�����,��'�'��	���
��
�����',�3������� ::9'�
�
C'�'�1�)(�4��&�����*
/	
����,���'�+����	���	��'�"$$ '�����	�
�""�����(,��	

�����
�	�����	
����)�<(�����/	��1
�(�	�'�
�
C'�'�1�)(�4��&�����*
/	
�����
������C'�'�5����/	�������('�"$$!'�.����&�	
�1�������
�����������	

������	���'��
�
C'�'�1�)(�*
/	
������������
��������&)�
��4�
����-*��40'�"$$ '����	�	�(�
�������������������)��������	�
�����	��,�4'�.	����
�	��'�
�
C'�'�5����/	��������('� :%%'�����7����������;
����	/�	�
����&����%97! 9$,�
����
	8��������*��	)�	
/������/
	�����
��.��8��
�(����.������	
��	

����,�D�8����

������
�'�
�
C'�'���&��)�
�������
�&����	�
,�.������<	/��(�1�)	
	����	�
'� :%:'�<	/��(��	
�
�����	����*
�	��
)�
�'�



�

Appendix

.	/����1 ��	����*(��=	�������	���
�
Historical Aerial Photo Analysis 
.	/����1"'�� :A9�<	����	���1��	��+�����
.	/����1"'��� :6A�<	����	���1��	��+�����
.	/����1A'�� :#!�<	����	���1��	��+�����
.	/����1!'�� :#:�<	����	���1��	��+�����
.	/����16'�� :9:�<	����	���1��	��+�����
.	/����1#'�� :: �<	����	���1��	��+�����
.	/����19'��"$$$�<	����	���1��	��+�����
.	/����1%'��"$$%�<	����	���1��	��+�����
�
Hydraulic Modeling 
�
Geotechnical Analysis Data 
+���� '������������1
�(�	��-�	��0�
+����"'������������������1
�(�	��
+����A'�������
�1
�(�	��-.�L 'A 0�
+����A�'�������
�1
�(�	��-.�L 0�
+����!'���5��������&��1
�(�	��-<	/������0�
�
����)����"$ $���	�����	
/��
5���	�
��
��	�����	
/�4����	
����
��*����	�
��
�
Seepage Water Chemical Analysis Report 

�������	

������	��������������	���	��� ��
�	

������	�����
��
�����������	�	��	�
��



M
in

ne
so

ta
 R

iv
er

 F
lo

w

M
ai

n 
B

lu
ff 

Er
os

io
n

C
ity

 S
to

rm
w

at
er

 P
on

d

LO
W

E
R

 M
IN

N
E

S
O

TA
 R

IV
E

R
 W

A
TE

R
S

H
E

D
 D

IS
TR

IC
T

B
in

g 
M

ap
s 

B
ird

s 
E

ye
 A

er
ia

l P
ho

to
gr

ap
h

Fi
gu

re
 A

1
18

00
 P

io
ne

er
 C

re
ek

 C
en

te
r

M
ap

le
 P

la
in

, M
N

 5
53

59
-0

42
9

W
en

ck
 A

ss
oc

ia
te

s,
 In

c.
En

vi
ro

nm
en

ta
l E

ng
in

ee
rs

COPYRIGHT



�

�
Historical Aerial Photo Analysis
�
.	/����1"'�� :A9�<	����	���1��	��+�����
.	/����1"'��� :6A�<	����	���1��	��+�����
.	/����1A'�� :#!�<	����	���1��	��+�����
.	/����1!'�� :#:�<	����	���1��	��+�����
.	/����16'�� :9:�<	����	���1��	��+�����
.	/����1#'�� :: �<	����	���1��	��+�����
.	/����19'��"$$$�<	����	���1��	��+�����
.	/����1%'��"$$%�<	����	���1��	��+�����

�������	

������	��������������	���	��� ��
�	

������	�����
��
�����������	�	��	�
��



LO
W

E
R

 M
IN

N
E

S
O

TA
 R

IV
E

R
 W

A
TE

R
S

H
E

D
 D

IS
TR

IC
T

Fi
gu

re
 A

2

20
0

0
20

0
10

0
Fe

et
³

18
00

 P
io

ne
er

 C
re

ek
 C

en
te

r
M

ap
le

 P
la

in
, M

N
 5

53
59

-0
42

9
W

en
ck

 A
ss

oc
ia

te
s,

 In
c.

En
vi

ro
nm

en
ta

l E
ng

in
ee

rs

COPYRIGHT

Ae
ria

l P
ho

to
gr

ap
hs

 (S
ou

rc
e:

H
is

to
ric

al
 In

fo
rm

at
io

n 
G

at
he

re
rs

)

Le
ge

nd 9-
9-

19
37

 R
iv

er
 B

an
k 

(2
30

 c
fs

)

M
xd

: L
:\1

42
6\

08
\m

xd
\R

iv
er

 M
ig

ra
tio

n.
m

xd
La

st
 M

od
ifi

ed
: 1

1/
4/

20
09

 9
:2

2:
23

 A
M

19
37

 H
is

to
ric

al
 A

er
ia

l P
ho

to
gr

ap
h



LO
W

E
R

 M
IN

N
E

S
O

TA
 R

IV
E

R
 W

A
TE

R
S

H
E

D
 D

IS
TR

IC
T

Fi
gu

re
 A

3

20
0

0
20

0
10

0
Fe

et
³

18
00

 P
io

ne
er

 C
re

ek
 C

en
te

r
M

ap
le

 P
la

in
, M

N
 5

53
59

-0
42

9
W

en
ck

 A
ss

oc
ia

te
s,

 In
c.

En
vi

ro
nm

en
ta

l E
ng

in
ee

rs

COPYRIGHT

Ae
ria

l P
ho

to
gr

ap
hs

 (S
ou

rc
e:

H
is

to
ric

al
 In

fo
rm

at
io

n 
G

at
he

re
rs

)

Le
ge

nd 10
-1

5-
19

53
 R

iv
er

 B
an

k 
(7

18
 c

fs
)

M
xd

: L
:\1

42
6\

08
\m

xd
\R

iv
er

 M
ig

ra
tio

n.
m

xd
La

st
 M

od
ifi

ed
: 1

1/
4/

20
09

 9
:2

2:
23

 A
M

19
53

 H
is

to
ric

al
 A

er
ia

l P
ho

to
gr

ap
h



LO
W

E
R

 M
IN

N
E

S
O

TA
 R

IV
E

R
 W

A
TE

R
S

H
E

D
 D

IS
TR

IC
T

Fi
gu

re
 A

4

20
0

0
20

0
10

0
Fe

et
³

18
00

 P
io

ne
er

 C
re

ek
 C

en
te

r
M

ap
le

 P
la

in
, M

N
 5

53
59

-0
42

9
W

en
ck

 A
ss

oc
ia

te
s,

 In
c.

En
vi

ro
nm

en
ta

l E
ng

in
ee

rs

COPYRIGHT

Ae
ria

l P
ho

to
gr

ap
hs

 (S
ou

rc
e:

H
is

to
ric

al
 In

fo
rm

at
io

n 
G

at
he

re
rs

)

Le
ge

nd 10
-1

3-
19

64
 R

iv
er

 B
an

k 
(1

,6
40

 c
fs

)

M
xd

: L
:\1

42
6\

08
\m

xd
\R

iv
er

 M
ig

ra
tio

n.
m

xd
La

st
 M

od
ifi

ed
: 1

1/
4/

20
09

 9
:2

2:
23

 A
M

19
64

 H
is

to
ric

al
 A

er
ia

l P
ho

to
gr

ap
h



LO
W

E
R

 M
IN

N
E

S
O

TA
 R

IV
E

R
 W

A
TE

R
S

H
E

D
 D

IS
TR

IC
T

Fi
gu

re
 A

5

20
0

0
20

0
10

0
Fe

et
³

18
00

 P
io

ne
er

 C
re

ek
 C

en
te

r
M

ap
le

 P
la

in
, M

N
 5

53
59

-0
42

9
W

en
ck

 A
ss

oc
ia

te
s,

 In
c.

En
vi

ro
nm

en
ta

l E
ng

in
ee

rs

COPYRIGHT

Ae
ria

l P
ho

to
gr

ap
hs

 (S
ou

rc
e:

H
is

to
ric

al
 In

fo
rm

at
io

n 
G

at
he

re
rs

)

Le
ge

nd 10
-2

8-
19

69
 R

iv
er

 B
an

k 
(5

36
 c

fs
)

M
xd

: L
:\1

42
6\

08
\m

xd
\R

iv
er

 M
ig

ra
tio

n.
m

xd
La

st
 M

od
ifi

ed
: 1

1/
4/

20
09

 9
:2

2:
23

 A
M

19
69

 H
is

to
ric

al
 A

er
ia

l P
ho

to
gr

ap
h



LO
W

E
R

 M
IN

N
E

S
O

TA
 R

IV
E

R
 W

A
TE

R
S

H
E

D
 D

IS
TR

IC
T

Fi
gu

re
 A

6

20
0

0
20

0
10

0
Fe

et
³

18
00

 P
io

ne
er

 C
re

ek
 C

en
te

r
M

ap
le

 P
la

in
, M

N
 5

53
59

-0
42

9
W

en
ck

 A
ss

oc
ia

te
s,

 In
c.

En
vi

ro
nm

en
ta

l E
ng

in
ee

rs

COPYRIGHT

Ae
ria

l P
ho

to
gr

ap
hs

 (S
ou

rc
e:

H
is

to
ric

al
 In

fo
rm

at
io

n 
G

at
he

re
rs

)

Le
ge

nd 9-
21

-1
97

9 
R

iv
er

 B
an

k 
(6

,2
10

 c
fs

)

M
xd

: L
:\1

42
6\

08
\m

xd
\R

iv
er

 M
ig

ra
tio

n.
m

xd
La

st
 M

od
ifi

ed
: 1

1/
4/

20
09

 9
:2

2:
23

 A
M

19
79

 H
is

to
ric

al
 A

er
ia

l P
ho

to
gr

ap
h



LO
W

E
R

 M
IN

N
E

S
O

TA
 R

IV
E

R
 W

A
TE

R
S

H
E

D
 D

IS
TR

IC
T

Fi
gu

re
 A

7

20
0

0
20

0
10

0
Fe

et
³

18
00

 P
io

ne
er

 C
re

ek
 C

en
te

r
M

ap
le

 P
la

in
, M

N
 5

53
59

-0
42

9
W

en
ck

 A
ss

oc
ia

te
s,

 In
c.

En
vi

ro
nm

en
ta

l E
ng

in
ee

rs

COPYRIGHT

Ae
ria

l P
ho

to
gr

ap
hs

 (S
ou

rc
e:

H
is

to
ric

al
 In

fo
rm

at
io

n 
G

at
he

re
rs

)

Le
ge

nd 4-
27

-1
99

1 
R

iv
er

 B
an

k 
(1

7,
00

0)

M
xd

: L
:\1

42
6\

08
\m

xd
\R

iv
er

 M
ig

ra
tio

n.
m

xd
La

st
 M

od
ifi

ed
: 1

1/
4/

20
09

 9
:2

2:
23

 A
M

19
91

 H
is

to
ric

al
 A

er
ia

l P
ho

to
gr

ap
h



LO
W

E
R

 M
IN

N
E

S
O

TA
 R

IV
E

R
 W

A
TE

R
S

H
E

D
 D

IS
TR

IC
T

Fi
gu

re
 A

8

20
0

0
20

0
10

0
Fe

et
³

18
00

 P
io

ne
er

 C
re

ek
 C

en
te

r
M

ap
le

 P
la

in
, M

N
 5

53
59

-0
42

9
W

en
ck

 A
ss

oc
ia

te
s,

 In
c.

En
vi

ro
nm

en
ta

l E
ng

in
ee

rs

COPYRIGHT

Ae
ria

l P
ho

to
gr

ap
hs

 (S
ou

rc
e:

H
is

to
ric

al
 In

fo
rm

at
io

n 
G

at
he

re
rs

)

Le
ge

nd 5-
2-

20
00

 R
iv

er
 B

an
k 

(1
.6

60
 c

fs
)

M
xd

: L
:\1

42
6\

08
\m

xd
\R

iv
er

 M
ig

ra
tio

n.
m

xd
La

st
 M

od
ifi

ed
: 1

1/
4/

20
09

 9
:2

2:
23

 A
M

20
00

 H
is

to
ric

al
 A

er
ia

l P
ho

to
gr

ap
h



LO
W

E
R

 M
IN

N
E

S
O

TA
 R

IV
E

R
 W

A
TE

R
S

H
E

D
 D

IS
TR

IC
T

Fi
gu

re
 A

9

20
0

0
20

0
10

0
Fe

et
³

18
00

 P
io

ne
er

 C
re

ek
 C

en
te

r
M

ap
le

 P
la

in
, M

N
 5

53
59

-0
42

9
W

en
ck

 A
ss

oc
ia

te
s,

 In
c.

En
vi

ro
nm

en
ta

l E
ng

in
ee

rs

COPYRIGHT

Ae
ria

l P
ho

to
gr

ap
hs

 (S
ou

rc
e:

H
is

to
ric

al
 In

fo
rm

at
io

n 
G

at
he

re
rs

)

Le
ge

nd 7-
30

-2
00

8 
R

iv
er

 B
an

k 
(3

,0
60

 c
fs

)

M
xd

: L
:\1

42
6\

08
\m

xd
\R

iv
er

 M
ig

ra
tio

n.
m

xd
La

st
 M

od
ifi

ed
: 1

1/
4/

20
09

 9
:2

2:
23

 A
M

20
08

 H
is

to
ric

al
 A

er
ia

l P
ho

to
gr

ap
h



�

�
�
Hydraulic Modeling�

�������	

������	��������������	���	��� ��
�	

������	�����
��
�����������	�	��	�
��



�
HYDRAULIC�MODELING�
�
This�section�summarizes�the�analysis�Wenck�performed�in�order�to�evaluate�water�
surface�elevations�and�velocities�for�the�Minnesota�River�Bank�Stabilization�project.��
The�analysis�used�the�standard�step�backwater�computer�model�HEC�RAS.��We�
acquired�the�effective�computer�model�from�the�U.S.�Army�Corps�of�Engineers�(USACE)�
and�created�two�additional�models:�

1. Duplicate�model�
2. Existing�model�

�
Effective�and�Duplicate�Models�
The�effective�model�is�the�executed�model�from�the�USACE�for�the�Minnesota�River.��
The�duplicate�model�is�simply�the�effective�model�executed�on�a�Wenck�computer.��
Wenck�staff�subsequently�edited�the�duplicate�model�to�create�the�existing�model.���
�
Existing�Model�
Wenck�surveyed�six�cross�sections�in�the�project�vicinity.��Three�cross�sections�were�
located�upstream�and�two�downstream�of�the�project�area.��The�cross�at�the�erosion�
site�was�used�to�modify�the�Section�52�in�the�existing�model.�Wenck�surveyed�the�
channel�bank�and�river�bottom�using�a�Trimble�R8�GNSS�unit�(GPS).��Five�new�cross�
sections�were�inserted�into�the�duplicate�model.��Floodplain�topography�for�the�five�
new�cross�sections�was�estimated�based�on�adjacent�up��and�downstream�cross�
section�data�already�in�the�model.���
�
A�summary�of�the�changes�Wenck�made�to�the�duplicate�model�are�listed�in�Table�1�
with�a�brief�comment�on�why�the�change�was�necessary.��Note�that�the�effective�
model�was�“georeferenced.”��Wenck�did�not�have�access�to�the�coordinate�system�
used�for�georeferencing,�so�the�five�new�cross�sections�appear�out�of�alignment�in�the�
HEC�RAS�plan�view.��This�does�not�affect�model�results,�since�HEC�RAS�is�a�one�
dimensional�model.����
�
Table�1.�Summary�of�changes�made�to�the�duplicate�model�to�create�the�existing�model.�
Model�Change�

Number�
Cross�

Section�
Comment�

1� 53.0�
Left,�center�and�right�channel�lengths�adjusted�for�new�
downstream�cross�section.�

2� 52.5�
New�cross�section.�Channel�surveyed�by�Wenck;�floodplain�
topography�obtained�from�cross�sections�(XS)�53.0�and�
52.0.�

3� 52.4�
New�cross�section.�Channel�surveyed�by�Wenck;�floodplain�
topography�obtained�from�cross�sections�(XS)�53.0�and�



52.0.�

4� 52.3�
New�cross�section.�Channel�surveyed�by�Wenck;�floodplain�
topography�obtained�from�cross�sections�(XS)�53.0�and�
52.0.�

5� 52.0�
Replaced�channel�topography�with�Wenck�channel�survey�
data.��No�change�to�floodplain�topography.�

6� 51.6�
New�cross�section.�Channel�surveyed�by�Wenck;�floodplain�
topography�obtained�from�cross�sections�(XS)�52.0�and�
51.0.�

7� 51.3�
New�cross�section.�Channel�surveyed�by�Wenck;�floodplain�
topography�obtained�from�cross�sections�(XS)�52.0�and�
51.0.�

�
�
Results�
Table�2�lists�the�results�of�the�duplicate�and�existing�model�conditions.�����
�
Table� 2.�Model� results� by� River� Station� for� the� Duplicate� and� Existing� HEC�RAS� computer�

models.�

�
Q Total W.S. Elev Vel Chnl W.S. Elev Vel Chnl

River Sta Profile (cfs) (ft) (ft/s) (ft) (ft/s)
100-yr 103,000 719.98 1.53 719.95 1.53
50-yr 85,300 717.64 1.46 717.62 1.46
10-yr 48,500 710.97 1.38 710.94 1.39

18,000 705.00 1.03 704.97 1.04
Bankfull 14,000 704.23 0.90 704.20 0.90

10,000 703.51 0.72 703.50 0.72
100-yr 103,000 719.90 2.55 719.87 2.55
50-yr 85,300 717.56 2.51 717.54 2.51
10-yr 48,500 710.85 2.81 710.81 2.82

18,000 704.84 2.65 704.81 2.66
Bankfull 14,000 704.09 2.31 704.07 2.31

10,000 703.43 1.77 703.42 1.77
100-yr 103,000 719.81 2.55
50-yr 85,300 717.47 2.46
10-yr 48,500 710.71 2.49

18,000 704.72 1.90
Bankfull 14,000 704.01 1.62

10,000 703.37 1.24
100-yr 103,000 719.79 2.65
50-yr 85,300 717.45 2.53
10-yr 48,500 710.69 2.49

18,000 704.71 1.83
Bankfull 14,000 703.99 1.34

10,000 703.37 1.20

54

53

52.5

52.4

Duplicate Model Wenck Existing Model

NA

NA

Q Total W.S. Elev Vel Chnl W.S. Elev Vel Chnl
River Sta Profile (cfs) (ft) (ft/s) (ft) (ft/s)

100-yr 103,000 719.78 2.69
50-yr 85,300 717.45 2.54
10-yr 48,500 710.69 2.35

18,000 704.71 1.58
Bankfull 14,000 703.99 1.34

10,000 703.36 1.03
100-yr 103,000 719.77 2.62 719.76 2.69
50-yr 85,300 717.43 2.47 717.42 2.53
10-yr 48,500 710.67 2.30 710.66 2.30

18,000 704.70 1.60 704.69 1.52
Bankfull 14,000 703.99 1.36 703.98 1.27

10,000 703.36 1.05 703.36 0.97
100-yr 103,000 719.76 1.91
50-yr 85,300 717.42 1.80
10-yr 48,500 710.66 1.62

18,000 704.69 1.05
Bankfull 14,000 703.98 0.88

10,000 703.36 0.67
100-yr 103,000 719.74 1.98
50-yr 85,300 717.40 1.86
10-yr 48,500 710.64 1.66

18,000 704.68 1.06
Bankfull 14,000 703.98 0.89

10,000 703.36 0.68
100-yr 103,000 719.73 1.79 719.73 1.79
50-yr 85,300 717.39 1.67 717.39 1.67
10-yr 48,500 710.63 1.47 710.63 1.47

18,000 704.68 0.94 704.68 0.94
Bankfull 14,000 703.97 0.79 703.97 0.79

10,000 703.35 0.60 703.35 0.60

Wenck Existing Model

51.3 NA

51

Duplicate Model

52.3 NA

52

51.6 NA
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