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STA: 2+08 TO 2+67
Toewood and Bankfull Bench Grading

GRAPHIC SCALE IN FEET
0 4020

GRAPHIC SCALE VERIFICATION

This bar measures 1" on 22"x34"

or 1/2" on 11"x17" original.

Adjust scale accordingly.
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PROFILE

GRAPHIC SCALE IN FEET
0 4020

CONSTRUCTION NOTES
1. Start toewood directly

downstream of existing bankfull

bench (See inset).

2. Above toewood grade create

bankfull bench to match slope of

existing bench

STA: 0+00
J-Hook Log Vane

0+91
J-Hook Log Vane

LEGEND

EDGE OF WATER

EXISTING GRADE

DRAINAGE FLOW

TOEWOOD AND BANKFULL BENCH GRADING

J-HOOK

ROOTWAD BANK TREATMENT

HABITAT LOG STRUCTURE

CONVERGING BOULDER CLUSTER

PARCEL LINE
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STA: 2+67
Converging Boulder Cluster
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Bankfull Water Surface Elevation Existing Thalweg

Begin toewood
STA: 2+08

AutoCAD SHX Text
SCALE: 1" = 20'

AutoCAD SHX Text
SCALE: 1" =20'



0

Cross Section 0+79

978

20 40 60 80 100

979

980

981

982

983

984

0

Cross Section 1+90

978

20 40 60 80 100

979

980

981

982

983

977

984

985

986

987

988

989

990

991

992

993

994

0

Cross Section 2+19

978

20 40 60 80 100

979

980

981

982

983

977

984

985

986

987

988

989

990

991

992

993

994

0

Cross Section 3+40

978

20 40 60 80 100

979

980

981

982

983

977

976

0

Cross Section 3+75

978

20 40 60 80 100

979

980

981

982

983

977

976

LAND USE #

CHECKED

SHEET NUMBER

PROJECT #

SHEET TITLE

DESIGNED

DATE

DRAWN 

DE
SC

RI
PT

IO
N

#
DA

TE
BY

UP
PE

R 
RE

AC
H 

13
 C

RO
SS

 S
EC

TI
O

NS
K

N
I
F

E
 
R

I
V

E
R

 
R

e
a
c
h
 
1
3
 

EN
VI

RO
NM

EN
TA

L 
TR

O
UB

LE
 S

HO
O

TE
RS

LA
KE

 C
OU

NT
Y,

 M
IN

NE
SO

TA

UPPER R13 SECTIONS

5

MARCH 2022

COD

MTP

 

J188372103

30
%

 D
ES

IG
N

----

HORIZONTAL

M
A
D
IS
O
N

6
1
3
0
 
C
O
T
T
O
N
W
O
O
D
 
D
R
I
V
E
,
 
S
U
I
T
E
 
A
,

F
I
T
C
H
B
U
R
G
,
 
W
I
S
C
O
N
S
I
N
 
5
3
7
1
9

T
E
L
:
 
(
6
0
8
)
 
6
6
1
-
2
9
5
5
 
 
 
 
 
 
 
w
w
w
.
c
a
r
d
n
o
.
c
o
m

R:
\P

ro
jec

ts\
18

\18
8\1

88
37

21
_E

nv
Tr

ou
ble

sh
oo

ter
s_

Kn
ife

Ri
ve

rP
ha

se
III\

03
_P

ha
se

 V
 20

21
\C

AD
\20

22
03

22
_K

nif
eR

ive
r_

R1
3_

R1
4_

DE
SI

GN
.dw

g -
 3/

31
/20

22
 5:

01
:08

 P
M

GRAPHIC SCALE IN FEET
0 168

GRAPHIC SCALE VERIFICATION

This bar measures 1" on 22"x34"

or 1/2" on 11"x17" original.

Adjust scale accordingly.

n
o
w

VE
RT

IC
AL

GR
AP

HI
C 

SC
AL

E 
IN

 F
EE

T
0

8
4

AutoCAD SHX Text
SCALE: 1" = 8'

AutoCAD SHX Text
SCALE: 1" =4'



0+87

1+46

1+88

2+14

2+79

3+23

3+67

4+03

4+33

1

0

+

0

0

14+50

1

4

+

0

0

1
3
+

5
0

1

3

+

0

0

1
2
+

5
0

1

2

+

0

0

1
1
+

5
0

1
1
+

0
0

1

0

+

5

0

9

7

4

9

7

8

9

7

8

9

7

4

9

7

8

9

8

8

9

7

7

9

7

8

9

7

7

9

7

5

9

7

6

9

7

7

9

7

7

9

7

8

9

7

7

9

7

5

9

7

5

9

7

4

9

7

4

975

9

7

7

0

977

978

100 200 300 400 500

Lower Reach 13 Profile

976

975

974

973

972

971

970

LAND USE #

CHECKED

SHEET NUMBER

PROJECT #

SHEET TITLE

DESIGNED

DATE

DRAWN 

DE
SC

RI
PT

IO
N

#
DA

TE
BY

LO
W

ER
 R

EA
CH

 1
3 

 P
LA

N 
AN

D 
PR

O
FI

LE
K

N
I
F

E
 
R

I
V

E
R

 
R

e
a
c
h
 
1
3

EN
VI

RO
NM

EN
TA

L 
TR

O
UB

LE
 S

HO
O

TE
RS

LA
KE

 C
OU

NT
Y,

 M
IN

NE
SO

TA

LOWER R13 PLAN/ PRO

6

MARCH 2022

COD

MTP

 

J188372103

30
%

 D
ES

IG
N

----

PLAN VIEW

M
A
D
IS
O
N

6
1
3
0
 
C
O
T
T
O
N
W
O
O
D
 
D
R
I
V
E
,
 
S
U
I
T
E
 
A
,

F
I
T
C
H
B
U
R
G
,
 
W
I
S
C
O
N
S
I
N
 
5
3
7
1
9

T
E
L
:
 
(
6
0
8
)
 
6
6
1
-
2
9
5
5
 
 
 
 
 
 
 
w
w
w
.
c
a
r
d
n
o
.
c
o
m

R:
\P

ro
jec

ts\
18

\18
8\1

88
37

21
_E

nv
Tr

ou
ble

sh
oo

ter
s_

Kn
ife

Ri
ve

rP
ha

se
III\

03
_P

ha
se

 V
 20

21
\C

AD
\20

22
03

22
_K

nif
eR

ive
r_

R1
3_

R1
4_

DE
SI

GN
.dw

g -
 3/

31
/20

22
 5:

01
:23

 P
M

STA: 10+70
Habitat Log Structure

GRAPHIC SCALE IN FEET
0 6030

GRAPHIC SCALE VERIFICATION

This bar measures 1" on 22"x34"

or 1/2" on 11"x17" original.

Adjust scale accordingly.
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STA: 11+35
 Habitat Log Structure

STA: 12+00 TO 12+25
Rootwad Bank Treatment

STA: 14+45
 Habitat Log Structure

STA: 14+00 TO 14+45
Rootwad Bank Treatment

STA: 13+80
 J-Hook Vane Invert

STA: 13+45
Habitat Log Structure

STA: 12+75
J-Hook Log Vane

STA: 12+25
J-Hook Log Vane

LEGEND

EDGE OF WATER

EXISTING GRADE

DRAINAGE FLOW

TOEWOOD AND BANKFULL BENCH GRADING

J-HOOK

ROOTWAD BANK TREATMENT

HABITAT LOG STRUCTURE

CONVERGING BOULDER CLUSTER

PARCEL LINE

EASEMENT

STA: 11+75
Converging Boulder
Cluster

Bankfull Water Surface Elevation Existing Thalweg

PROFILE
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TOEWOOD WITH SOIL LIFT

NOT TO SCALE

PROPOSED LOW BENCH

PROPOSED BANKFULL BENCH

BASEFLOW

BASEFLOW

STEP 1:

EXCAVATE LOW BENCH FOR TOEWOOD MATERIAL.

EXCAVATE FOOTER TRENCH IN LOWER BENCH AND

PLACE FOOTER LOGS

STEP 2:

PLACE ROOT WAD LOGS CANTILEVERED OVER

FOOTING LOGS.

STEP 4:

CONTINUE TO BACKFILL WITH LOGS, LIMBS, TREE

TOPS, AND FILLER MATERIAL TO O.5' ABOVE

BASEFLOW ELEVATION. COMPACT WITH EXCAVATOR

BUCKET, BUT DO NOT REMOVE ALL VOIDS,

ESPECIALLY ALONG TOE.

STEP 3:

PLACE FILLER MATERIAL (SMALL LOGS, LIMBS, TREE

TOPS AND BRUSH) BETWEEN AND ON TOP OF THE

ROOT WADS. THEN PLACE BACKFILL BETWEEN

FILLER MATERIAL AND ROOTWADS IN LIFTS

STEP 6:

INSTALL COIR WRAPPED SOIL LIFTS AND LAYERS OF

CUTTING BETWEEN SOIL LIFTS UP TO BANKFULL

STAGE. WRAP ENDS OF FABRIC AND BURY WITH SILL

LOGS AT TOP SOIL LIFT ELEVATION. COVER WITH

SOIL. SEE TOEWOOD WITH SOIL LIFT DETAIL.

STEP 5:

PLACE LIVE BRUSH CUTTINGS AT LEAST 3' IN LENGTH

AND 1/4" DIAMETER, 6 CUTTINGS/FOOT

PROPOSED BANKFULL BENCH

PROPOSED BANKFULL BENCH

FILLER LOGS, TOPS, LIMBS,

BRUSH, AND BACKFILL

PROPOSED BANKFULL BENCH

LIVE CUTTINGS

PROPOSED BANKFULL BENCH

ROOTWAD

LIVE CUTTINGS

COIR FABRIC

SOIL

PROPOSED BANKFULL BENCH

BACKFILL

PLACE FILTER FABRIC

FOOTER LOG

SILL LOG

BANKFULL

ANGLE LOGS

DOWNSTREAM

BETWEEN

20° TO 30°

PLAN VIEW

F

L

O

W

SECTION
PLAN VIEWSECTION

PLAN VIEWSECTIONPLAN VIEWSECTION

PLAN VIEWSECTION PLAN VIEWSECTION

ROOT WAD LOG INSTALL SO

ROOT FANS VISUALLY OVERLAP

WHEN LOOKING FROM UPSTREAM

POSITION - 5' O.C.

BACKFILL

FILLER LOGS, TOPS,

LIMBS AND BRUSH

BACKFILL

LIVE CUTTINGS

NOTES:

1. THE TOP OF THE ROOTWAD SHOULD BE INSTALLED AT AN ELEVATION SUCH THAT IT REMAINS

INUNDATED DURING LOW FLOW EVENTS. THE ELEVATION SHOULD BE APPROXIMATELY 0.5' ABOVE THE

DOWNSTREAM RIFFLE INVERT ELEVATION

2.THE WOOD SHOULD BE BURIED A MINIMUM OF 10 FEET INTO THE BANK.

3. LAYERS OF LIVE BRANCH CUTTINGS SHALL BE PLACED BETWEEN SOIL LIFTS.

MINIMUM 10'

EXCAVATION

BACK INTO BANK

BASEFLOW

FOOTER TRENCH AND

FOOTER LOG

BASEFLOW

BASEFLOW

BASEFLOW

F

L

O

W

F

L

O

W

F

L
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W

F
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F
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BANKFULL

1



LAND USE #

CHECKED

SHEET NUMBER

PROJECT #

SHEET TITLE

DESIGNED

DATE

DRAWN 

DE
SC

RI
PT

IO
N

#
DA

TE
BY

DE
TA

IL
S

K
N

I
F

E
 
R

I
V

E
R

 
R

e
a
c
h
 
1
3

EN
VI

RO
NM

EN
TA

L 
TR

O
UB

LE
 S

HO
O

TE
RS

LA
KE

 C
OU

NT
Y,

 M
IN

NE
SO

TA

DETAILS

9

MARCH 2022

9

MTP

 

J188372103

30
%

 D
ES

IG
N

----

M
A
D
IS
O
N

6
1
3
0
 
C
O
T
T
O
N
W
O
O
D
 
D
R
I
V
E
,
 
S
U
I
T
E
 
A
,

F
I
T
C
H
B
U
R
G
,
 
W
I
S
C
O
N
S
I
N
 
5
3
7
1
9

T
E
L
:
 
(
6
0
8
)
 
6
6
1
-
2
9
5
5
 
 
 
 
 
 
 
w
w
w
.
c
a
r
d
n
o
.
c
o
m

R:
\P

ro
jec

ts\
18

\18
8\1

88
37

21
_E

nv
Tr

ou
ble

sh
oo

ter
s_

Kn
ife

Ri
ve

rP
ha

se
III\

03
_P

ha
se

 V
 20

21
\C

AD
\20

22
03

22
_K

nif
eR

ive
r_

R1
3_

R1
4_

DE
SI

GN
.dw

g -
 3/

31
/20

22
 5:

02
:37

 P
M

n
o
w

HABITAT LOG STRUCTURE 

NOT TO SCALE

INTERBERM

BANKFULL

PLAN VIEW

FLOW

COMMON BACKFILL FROM

 LOG EXCAVATION

PINCH BOULDER

 ANCHOR BOULDER

 RANDOM BOULDERS TO

 REDUCE HYDRAULIC JUMP

MIXED GRAVEL/ COBBLE SUBSTRATE

BANKFULL

PINCH BOULDER

INTERBERM

CROSS SECTION LOOKING DOWNSTREAM

PINCH BOULDER

ANCHOR BOULDER

ANCHOR BOULDER

RANDOM BOULDERS (TYP)

PINCH BOULDER

THALWEG

2

NOT TO SCALE

J-HOOK LOG VANE

SCOUR POOL

FLOW

EXTEND BOULDERS

4' PAST BANKFULL WIDTH

BURY HEADER AND FOOTER LOGS

6-8' UPSTREAM OF INVERT.

NATIVE GRAVEL FILL

NATIVE GRAVEL FILL

1

3  

B

K

F

 

W

I

D

T

H

BANKFULL

PINCH BOULDERS

FOOTER ROOTWAD

HEADER ROOTWAD

FOOTER

LOG

FOOTER BOULDER

OPTIONAL STEP VANE

INSTALL AT DIRECTION OF

CONSTRUCTION SUPERVISOR

SURFACE BOULDER

BANKFULL

NON-WOVEN GEOTEXTILE FABRIC

FOOTER ROOTWAD

OPTIONAL STEP VANE

FOOTER LOG

FLOW

STREAM BED

BANKFULL

DEPTH

PINCH BOULDERS

1

2

 MAX BANKFULL DEPTH

NON-GEOTEXTILE MATERIAL

FOOTER LOG

CHINK GAPS BETWEEN LOGS > 2"

WITH FINE BRUSH MATERIAL

HEADER ROOTWAD

GRAVEL BACKFILL

MATERIAL

BANKFULL ELEVATION

EXTEND SILL STONES

4' PAST BANKFULL WIDTH

STREAMBED INVERT.

BANKFULL ELEVATION

- 0.15* MAX BANKFULL DEPTH

MAX BANKFULL DEPTH

2-4'

BANKFULL ELEVATION

-0.15* MAX BANKFULL DEPTH

BANKFULL ELEVATION

3-7% SLOPE

FOOTER STONE

SURFACE

STONE

Note:

Boulder shall be at least 36"

diameter in 2 of 3 dimensions.

3

ADJUST LOG CONTACT

ALONG FOOTER UPSTREAM AND

DOWNSTREAM ON LOG AS NECESSARY

 TO VARY THALWEG WITHIN CHANNEL

LOGS INTERSECT BANK AT

 INTERBERM  ELEVATION AND

REMAIN BELOW BANKFULL

 ELEVATION

CROSS SECTION VIEW

PROFILE VIEW

PLAN VIEW
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ROOTWAD BANK TREATMENT  DETAIL

NOT TO SCALE

4

PLAN VIEW

CROSS SECTION A - A'

Pool

A A'

Bankfull Elevation

Foundation logs

Root wads

B

PC

PT

Live stakes or native shrub plugs

Floodplain

Live stakes or native shrub plugs

Coarse brush layer

Stream bed

Root wad

Foundation log

F

l

o

w

Low flow water elevation

Coarse brush layer

NOTES:

1. Vary and off set distance that root wad extends into the channel to create varied flow.

2. Using longer foundational logs for root wads that stick into the channel.

3. Do not extend root wad greater than 1/5 bankfull width into the channel.

4. Set root wads at elevation below low flow water surface elevation to keep submerged.

5. Vary root wad elevation below low flow water surface elevation to increase habitat structure complexity.

CONVERGING BOULDER CLUSTER DETAIL

NOT TO SCALE

BANKFULL

FOOTER STONE

INNER BERM

BANKFULL

20-30° Angle of departure

20-30°

FOOTER

STONES

BACKFILL BETWEEN

BOULDERS WITH MIXTURE OF

COARSE GRAVEL & COBBLE

FROM SITE

INNER BERM

BANKFULL

TOP OF SURFACE STONES

= 

1

2

 BANKFULL HEIGHT

BANKFULL

HEIGHT

UPSTREAM

POOL ELEVATION

1

2

 BANKFULL

HEIGHT

SURFACE STONE

TOP OF FOOTER STONES

AT OR SLIGHTLY ABOVE

STREAMBED

FLOW

SURFACE

STONES

Log vanes may be substituted

for footer stones at the direction

of the project designer on a

case-by-case basis.

Note:

Boulder shall be at least 36"

diameter in 2 of 3 dimensions.
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PLAN VIEW

CROSS SECTION 

PROFILE



(County Hwy 11) Valley Road
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GRAPHIC SCALE VERIFICATION

This bar measures 1" on 22"x34"

or 1/2" on 11"x17" original.

Adjust scale accordingly.
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SEED MIXES

NOTE:

1. All disturbed areas seeded with

MN-dot 64-361 Seed Mix.
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