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The combined factor is 0.999188574.
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NOTES:

DIKE REMOVAL LEVEL IS APPROXIMATE STREAM 2-YEAR FLOW ELEVATION.
THIS LEVEL IS ABOVE TOP OF BANK FIELD INDICATORS BY 0.5 TO 1 FOOT.

EXISTING CHANNEL INVERT IS APPROXIMATE BASED ON LIMITED SURVEY
SECTIONS AND PROVIDED FOR REFERENCE ONLY.

TOP OF DIKE AND DIKE LANDSIDE TOE ELEVATIONS PROVIDE AN INDICATION
OF DIKE REMOVAL HEIGHT. THE REMOVED DIKE LEVEL MAY BE HIGHER OR
LOWER THAN THE ADJACENT GROUND.

REMAINING DIKE MUST HAVE SUFFICIENT ROCK VOLUME TO PROVIDE LONG TERM

CHANNEL BANK STABILITY. DO NOT REMOVE DIKE LOWER THAN SPECIFIED LEVEL.

APPROX. REMOVAL LEVEL IS 2 TO 3 FEET ABOVE THE AVERAGE CHANNEL BOTTOM
ELEV. DIKE PROPOSED REMOVAL ELEVATIONS SHOULD BE STAKED AT 20 FOOT
INTERVALS AND APPROVED BY THE ENGINEER PRIOR TO REMOVAL.

U. S. ARMY ENGINEER DISTRICT
CORPS OF ENGINEERS
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Angle Between Vane and Bankline Tangent
Varies from 20 to 30 Degrees

New Stream Bottom Width W

Varies - 30" to 40" Typical

Varies -5 to 10 Max.
AW Max.

New Top of Bank \

New Bank Toe New Vane Centerline

| Existing Bank Tos —

\_ Vane Spacing Varies - 5 Max.

N

=
Q
=

Large Boulder Vane
Footer Rock

Large Boulder Vane Rock

Hand Place Rock

to FillVane Gaps
New Bank Side Slope

Match E xlsting

Vane Toe Locate Approx.
Typical 2H on IV -

Equal to Old Bank Location

Rock Key
Into Bank

Varles Top of Bank
W\ Bank Toe
5.0’
Rock Key Info Bank I Min.

Type A Natural Stream Rock

BANK TRAINING DIKE
Not to Scale

NOTES:

PLACE BANK TRAINING DIKE AT UPSTREAM AND DOWNSTREAM ENDS
OF WIDENING REACH AT LOCATION DIRECTED BY ENGINEER.

INSTALL FROM TOP OF BANK TO 1 FOOT BELOW CHANNEL BOTTOM.
DO NOT PROTRUDE INTO FLOW.

BACKFILL VOIDS WITH RANDOM FILL AND VEGETATE ON TOP OF BANK.

Vane Slope From Top of Bank
, To Stream Invert at 3-77
3.0 —_ - Varies

W Bank ‘
e

Large Boulder Vane Rock

Large Boulder Vane

Hand Place Type A Footer Rock

Rock to Fill Vane Gaps

TYPICAL VANE PROFILE
Not to Scale

NOTES:

VANE INTERSECTS EXISTING STREAM BOTTOM AT TIP. ADJUST SLOPE
OF VANE AS NECESSARY AT DIRECTION OF ENGINEER., MAINTAIN
RANGE OF 3 TO 10 PERCENT.

CONSTRUCT ROCK KEY INTO BANK USING TYPE A NATURAL STREAM

________________ ~ Vane End Top Elev.
. ‘ _ i At Exlsting Invert

PLACE IN BANK TRAINING DIKE
AT DOWNSTREAM END OF WIDENING
TYPE A ROCK - SEE DETAIL

5’ MAX.

ARC RADIUS
APPROX. 120 DEGREES

ROCK AT 45 DEGREE ANGLE IN 3 FT WIDE TRENCH.

TYPICAL VANE PLAN
Not fo Scale

NOTES:

1. CONSTRUCT VANE WITH LARGE BOULDERS OF 3 TO 4 FT DIAMETER.
SELECT SQUARE OR RECTANGULAR ROCK AND PLACE TO MINIMIZE

GAPS BETWEEN ADJACENT ROCK.

2. SLOPE VANE ROCK FROM STREAM BANK AT 3 TO 10 PERCENT.

3. HAND PLACE NATURAL STREAM ROCK TYPE A TO FILL VOIDS

WITHIN THE VANE ROCK.

FLOW wm

Vane Rock

Stream Invert

N Backf Il with No.57 Stone

Vane Footer Rock

Vane Gap
Rock Trench

VANE ROCK DETAIL
Not to Scale

NOTES:

1. PLACE VANE FOOTER ROCK DOWNSTREAM OF VANE ROCK BELOW

STREAM GRADE AND KEYED TO SUPPORT VANE ROCK.

2. PLACE TYPE A NATURAL STREAM ROCK ON UPSTREAM SIDE OF VANE

ROCK TO FILL VANE GAPS IN TRENCH OF 12 - 18 INCH WIDTH AND TO
HEIGHT OF ONE HALF THE VANE HEIGHT.

3. BACKFILL VOIDS IN VANE ROCK AND TYPE A NATURAL STREAM

ROCK WITH NO. 57 STONE.

ROCK MATERIAL GRADATION

VANE BOULDER ROCK.
ROCK MUST BE OF NATURAL APPEARANCE FOR USE IN STREAM
WITH SOURCE APPROVED BY ENGINEER MEETING THE GRADATION:
3 — 4 FOOT DIAMETER
2500 — 5000 POUNDS EACH.

NATURAL STREAM ROCK TYPE A.
THIS ROCK MUST BE OF NATURAL APPEARACNE FOR USE IN STREAM
WITH SOURCE APPROVED BY ENGINEER MEETING THE GRADATION:

D100 (FT) W100 (LBS) W50 (LBS) MIN.
MAX. MIN. MAX. MIN. D30 (FT)
1.5 ‘ 292 117 ‘ 86 58 ‘ 0.73

THIS ROCK MAY BE SUBSTITUTED WITH MONTANA DOT SECTION
701.06.2 CLASS Il IF LAYER THICKNESS IS INCREASED TO 36 INCHES
AS REQUIRED AT DIRECTION OF ENGINEER.

NO. 57 STONE.

SMALL COBBLE MATERIAL SUITABLE TO FILL VvOID SPACE IN LARGE
ROCK CONSISTING OF 1-3 INCH DIAMETER. EQUIVALENT TO DRAIN
AGGREGATE MONTANA DOT SECTION 701.10.

RANDOM FILL.

A COMBINATION OF SOIL. SAND. AND GRAVEL UP TO 3 INCHES IN SIZE.
THIS MATERIAL IS SUITABLE FOR VEGETATIVE MEDIA AND FILLING VOIDS
IN LARGER ROCK. THIS MATERIAL WwILL BE RECLAIMED FROM REMOVAL OF
THE ALLUVIAL PORTION OF THE CREEK DIKE AND EXCAVATION FOR THE
EAST WETLAND AREAS.

ALL ROCK REQUIRES SPECIFIC WEIGHT OF 165 LB/CU FT OR GREATER.
ROCK PROPERTIES CONFORM WITH STANDARD MONTANA DOT FOR RIPRAP

CONSTRUCT 5 NEW BENDWAY
VANES IN WIDENED SECTION
SEE TYPICAL DETAILS

VANE SPACING
VARIES - MAX. 5'

VANE ANGLE TO BANK
20-30 DEGREES

|

PROPOSED BANK TOE /

EXISTING BANK TOE

5 MAX.
PLACE IN BANK TRAINING DIKE ‘
AT UPSTREAM START OF WIDENING
USE TYPE A ROCK - SEE DETAIL

BEGIN WIDENING AT DOWNSTREAM
END OF EXISTING BLUFF SLOPE

5
\\\;;\i\\\\\\\\\\\\\& 45
5145
CHANNEL WIDENING ARC
LENGTH APPROX. 160
ARC RADIUY
120’ MIN.
5145
1 A
5145
5150

&

\ 5150 .

WIDENED CHANNEL PLAN

20 10’ 0 20

e ™ —

SCALE: 1" = 20'-0"
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Rock Joins Dike Removal Sectlon

&3
7

Dike Removal Top Elevation
wlth Rock Rlprap

Wetland Connection Notch
Stream Centerline Station 19:20

At Bank Toe
Hand Place Rock
to Flll Crest Gaps
QT
N N Extend Rock Limit
QUQ xtend Rock Limits on

Stream Bank and In Channel

Bank Side Slope
Typical 2ZH on IV

TYPICAL STREAM WETLAND CONNECTION
Not to Scale

NOTES:

1. CONSTRUCT WETLAND CONNECTION WEIR AT LOCATIONS AS DESIGNATED
BY ENGINEER.

2. SHAPE TO MATCH BANK LINE WITH NO PROTRUSION INTO FLOW.
3. WETLAND CONNECTION WEIR TIES IN WITH DIKE REMOVAL REMAINING
ROCK. INSURE MINIMUM OF 2° LAYER THICKNESS OF REMAINING ROCK.

EXCAVATE AND REPLACE ROCK WITHIN 10" OF WEIR CENTERLINE IF
LAYER THICKNESS IS UNKNOWN.

DETAIL |

Varies

15 - 200

Invert Elev.0.3" Below Dike

Form Wetland Connecting Approx.5155.9 gt Stream Station 19:20

Weir with Vane Boulders

SECTION A

Not to Scale

NOTES:

1. USE LARGE VANE BOULDERS TO FORM WEIR CREST INVERT. SELECT SQUARE
OR RECTANGULAR ROCK AND PLACE TO MINIMIZE GAPS BETWEEN
ADJACENT ROCK.

2. USE TYPE A NATURAL STREAM ROCK FOR SIDE SLOPE AND TIE-IN TO DIKE
REMOVAL SECTION.

3. CONSTRUCT AT APPROX. STREAM CENTERLINE STATION 19+20 WITH INVERT
0.3 FT LOWER THAN DIKE TOP AT ELEVATION 5155.9 OR AT LOCATION AS

DIRECTED BY ENGINEER. ADJUST INVERT ELEVATION USING STREAM SLOPE
OF 1.8%.

Wet/and
Flow -

Existing Top of Bank Elev.
O Min. /

Natural Stream Rock

Wetland Connection
Lowered Invert

Large Boulder Vane Rock
to Form Weir Crest

Match Stream Invert

Vane Footer Rock

SECTION B

Not to Scale

NOTES:

1. PLACE VANE FOOTER ROCK DOWNSTREAM OF VANE ROCK BELOW
STREAM GRADE AND KEYED TO SUPPORT VANE ROCK.

2. PLACE TYPE A NATURAL STREAM ROCK FOR STABILITY. USE
12 — 18 INCH ROCK WITH 24 INCH LAYER THICKNESS. HAND PLACE
IN VANE ROCK VICINITY TO FILL VOIDS.

3. BACKFILL VOIDS IN VANE ROCK AND TYPE A NATURAL STREAM
ROCK WITH NO. 57 STONE. ADD RANDOM FILL TO BANK TOP AND
VEGETATE.

Existing Top of Bank\ Existing Bank Toe

Existing Lowered

Varies 15 - 20’
Bank Invert i \

T

Large Boulder Rock

<
S 0D
D
Overbank |° L Hand Place Rock
oo . fo Fill Crest Gaps

0S

O
© l5es
Bank Side Slope oD
Typical 2H on IV N < x
TYPICAL STREAM FLOODPLAIN CONNECTION
Not to Scale
NOTES:
1. CONSTRUCT STREAM OVERFLOW WEIR AT LOCATIGONS AS DESIGNATED
BY ENGINEER.

2. SHAPE TO MATCH BANK LINE WITH NO PROTRUSION INTO FLOW.

DETAIL 2

Varies

15" - 200

Improved Section

Form Overflow Weir Maintain Invert Elev.

Invert with Large Boulders

SECTION C

Not to Scale

NOTES:

1. USE LARGE VANE ROCK FOR CENTER SECTION. BOULDERS OF 3 TO 4 FT
DIAMETER. SELECT SQUARE OR RECTANGULAR ROCK AND PLACE TO
MINIMIZE GAPS BETWEEN ADJACENT ROCK.

2. USE TYPE A NATURAL STREAM ROCK FOR SIDE SLOPE.

3. CONSTRUCT AT LOCATIONS AS DIRECTED BY ENGINEER. MATCH EXISTING

INVERT ELEVATION OF CURRENT OVERFLOW SECTION. IMPROVE BOTTOM
WIDTH TO 6 — 8 FEET AT DIRECTION OF ENGINEER.

Overbank
<~ /oW

Existing Top of Bank Elev.
\ 10 Min. .

Natural Stream Rock

Existing Lowered
Bank Invert Elev.

Large Boulder Vane Rock
to Form Weir Crest

Match Stream Invert

Vane Footer Rock

SECTION D

Nof to Scale

NOTES:

1. PLACE VANE FOOTER ROCK DOWNSTREAM OF VANE ROCK BELQOW
STREAM GRADE AND KEYED TO SUPPORT VANE ROCK.

2. PLACE TYPE A NATURAL STREAM ROCK FOR STABILITY. WITH 24
INCH LAYER THICKNESS. HAND PLACE IN VANE ROCK VICINITY
TO FILL VOIDS.

3. BACKFILL VOIDS IN VANE ROCK AND TYPE A NATURAL STREAM
ROCK WITH NO. 57 STONE. ADD RANDGOM FILL TGO BANK TOP
AND VEGETATE.

4. OVERFLOW SECTION INVERT MATCHES EXISTING INVERT OF NATURAL
OVERFLOW AREA THAT ARE LOCATED IN AREA.

Upstream Basin And Downstream
Basin Elevation Are Equal

Culvert Width/ Diameter D |- Varies -3 D Min. |

with Flared End Section

/Downsfream Invert Elevation
3

DS > Construct Downstream Berm As
TR BN Required to Tie in With Existing Grade

UGN FF SR T T T T T F F Minimum 4-Foot Top Width
Natural Stream Type A Rock
24" Layer Thickness 9" Thick Bedding Layer
15" DIOO Backfill with No.57 Stone

Random FIll and Vegetate SECTION /1

Varies - 3D Min.

Channel 3

Storm Drain with _7/_

Flared End Section
Or U/S Channel

Varies- 2D Min.

#/ﬁ 8/ >IV:3H

o)

Riprap

SCOUR HOLE AT STORM DRAINNCHANNEL OUTLET
PREFORMED SCOUR HOLE DETAILS

NO SCALE

NOTES:
1. USE NATURAL RECLAIMINED DIKE ROCK FOR RIPRAP.

2. BACKFILL VOIDS IN BASIN ROCK WITH RANDOM FILL AND
VEGETATE AT DIRECTION OF ENGINEER.

3. CONSTRUCT AT EXIT OF ALL CULVERTS.
4. BEDDING LAYER MAY BE DELETED AT DIRECTION OF ENGINEER

[F EXISTING MATERTAL IS SUITABLE. FILTER GEOTEXTILE MAY BE
REQUIRED AT DIRECTION OF ENGINEER.
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D

3
Q
-
8
W
Ny
2
Existing Natural Floodplain CHANNEL
CENTERLINE

Channel
Depth

Existing Channel Bottom Width Varies

(o)
. i vors S35
Dike Top Width Varies N -‘ém
Typical Minimal or Crowned B0
RS
O O
St
' 8
ama
Existing Slope Varies \ Distance From Dike to Edge of Road Varies —=
ZH on IV Typical 100 - 150 Feet Typical
e, ()

A
>
V

(>
&'

0\
.

A
’A

O
-

: Y
p)
!‘

’r
’
>~

20 to 30 Feet Typical

/ \

Existing Dike

AN
BN
(XL
"
VacRY
Y
<

Y
' X
\\

~

Dike Landside Toe

Bottom of Rock Dike Section Unknown

Typical Rock Size 12 - 18 Inch D50

TYPICAL EXISTING CHANNEL/DIKE SECTION
Not to Scale

Shape Connection to E xisting Grade
Avold Removal of Desirable Vegetation
2H on IV Max,4H on IV Preferred

Existing Dike to be Removed
Typical Rock Size 12 - 18 Inch D50

Dike Removal Level Approximate
2-Year Flow Line - See Profile

Dike Removal Area

Distance From Dike to Edge of Road Varies ——=
100 - 150 Feet Typical

Existing Elevation Varies Both Above
and Below Dike Toe Elevation

150

P7e N roé

U\ O

Location for Optional Large Boulder for DX S e R
Stability Within Stream Bank - See Detall +— =

Backfill Remaining Dike Stone
With Random Fill and Vegetate

TYPICAL DIKE REMOVAL SECTION

Not to Scale

Boulder
Diameter

Backfill Dike and Boulder
With Random Fill and Vegetate

Dike Removal Level

Approx.2-Year Flow Line 2D

Max.

Existing Dike Toe — |

Stream Invert ——

Removed Dike
Dike Removal Level Approximate -
2-Year Flow Line - See Profile

Install Large Boulder for Stability
At Infer mittent Locations

Backfill with Hand PFlaced Dike
Stone, Random Fill and Vegetate

LARGE BOULDER STABILITY DETAIL
Not to Scale

i) TN
2 TSI

Dike Landside Toe

Bottom of Rock Dike Unknown
Maintain 2’ Layer Thickness

Install Key Trench for
Stability at Select Locations

Existing Ground Surface

NOTES:

DIKE REMOVAL LEVEL IS APPROXIMATE STREAM 2-YEAR FLOW ELEVATION.
REFER TO PROFILE FOR APPROXIMATE ELEVATION.

LANDSIDE DIKE TOE ELEVATION VARIES WITH RESPECT TO EXISTING
GRADE. MAINTAIN SUITABLE SIDESLOPE IN BACKFILL AREA. 2H ON
MAXIMUM WITH 4H ON 1V OR FLATTER PREFERRED. AVOID IMPACTING
EXISTING DESIRABLE VEGETATION IN DIKE TOE VICINITY.

1V

INSTALL KEY TRENCH FOR STABILTY AS REQUIRED AT LOCATIONS DIRECTED

BY ENGINEER. THESE LOCATIONS ARE WHERE REMAINING DIKE ROCK IS SPARSE.
UNSATISFACTORY QUALITY, MINIMAL THICKNESS. OR OTHER CAUSES THAT
PROVIDE UNSATISFACTORY BANK STABILITY. MINIMUM TRENCH BOTTOM WIDTH

OF 5 FEET WITH 3 FEET DEPTH. PLACE TRENCH TOE MAXIMUM OF 5 FEET FROM
EXISTING STREAMBANK.

BACKFILL ALL REMAINING DIKE ROCK WITH RANDOM FILL AND VEGETATE.

INSTALL LARGE BOULDER VANE ROCK WITHIN THE STREAMBANK BETWEEN

STATION 15+00 AND 17+50 OR AT LOCATIONS AS DIRECTED BY ENGINEER.
BOULDER SPACING VARIES. NOT TO EXCEED 2 TIMES ROCK DIAMETER.

BACKFILL ALL VOIDS NEAR BOULDER WITH HAND PLACED ROCK AND RANDOM FILL.

ExIsting Elevation Varles Both Above
and Below Dike Toe Elevation

Varies

Existing Ground Surface —\

———————————————
-

Top of Weir EI. 5151 ft- - _

Approx. 20'

!

Min. 2'
Y

1V:2H

1V:2H

A ~x ¢

Type A Natural Stream Rock,
Backfill with No. 57 Stone, and
Fill voids with Random Fill

TYPICAL FLOW REGULATION WEIR PROFILE
Not to Scale

¢ Type A Natural Stream Rock,
Backfill with No. 57 Stone, and
Fill voids with Random Fill

1V:4H

Top of Weir El. 5151 ft |

1V:2H

TYPICAL FLOW REGULATION WEIR SECTION
Not fo Scale

Min. 2'
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Existing Ground Surface

Edge of Ro

ad

Minimum 2' cover
Edge of Road

5155

Edge of Wetland — . : . . .
: : . : : : : :
--------- Y= e i N A e e e RS/ ALEEE,
5150.0 i 5 -7 5 Arch: Culvert i . i : Pine Tree
1 ” 1 1 ~ 1
"""""""""""""""""""""""""""""" ;.;.;._:r.f.------------------------------..----------------- """"""'"Il""""""""""""""""'I""""""""""""'"\'\""'E""""""""""""""" B
e BT A v o & C2E v = v 9 \‘:
Flared-End - S~al - Install Preform Scour Hole

Segtio_n. --

1
"ol s, o0 5 o0 5. o0

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

~~1 5 See Detail 3 on H2.02

Shrub

o

Elevation (feet msl)
a
(8))
o

gL Vg
O O
e e

SIS :3!-" °
Oy O 70 Opg§
.A - - s - &

s .- U

ER A M L W s s s B aes ey

L

-----

s

.

,O.“‘o"b“‘

e BT - T

370-0%

D
LY

T T 2 ] T S ‘R ‘R ‘R ' ™ v~ ™ T—— - 0 -
0% - 0% - 0%y 090 0% 0% - 0% - 0% 0% Q%;g.@%:@%g‘; 0% 0% O%y: O%y: O%y: 0%y 0% 0%y 0% O%y: 0%y: 0% 0% 0%y 0%y 0%y S oy 0oy 0oy 00 Dy o = ==l _
- ‘vA v & v 4 v & ."A .-'A'A. AA

T
al .

_____________________________ s e st EL L SUMEULSUSUL L L S L A SV S D A DU M DN NP A DALY RSN N AN S Wetland Drainage Channel

_________________________________ e TS W e N S Ty e

R TSt e Wit RANAOM I =~~~

[l I 1 [l I 1 [l
"""""""""""""""""""" L e e
1 1 1 1 1 1 1

6" Gravel Substrate Layer
No. 57 Stone Backfille

C

\

&

[ Picnic Area Elevated 1 foot

———— Boulders

—— Table (to be furnished by others)

furnished by others)

——
5145
0 10 20 30 40 50 60 70 80
NOTE: Distance (feet) 5 25 0 5 Q
NOTE: e —
R— UPPER CULVERT PROFILE
1. Existing utilities are not shown. Utilities are assumed to HORIZONTAL SCALE: 1" = 5'-0"
be a minimum of 6' below ground surface. It is the Contractor's . ' .
responsibility to obtain utility clearances prior to initiating work. '&h‘r’ o——o O
VERTICAL SCALE: 1" = 2.5'-0" : \:
| Sign (to he
Culvert Invert Elev. NOTES: H2.04TH2.04
(t NAD 85) 1. All culvert h culverts. S h culvert tion for di i
- I . culverts are arch culverts. See arch culvert cross-section for dimensions.
CL)JuIvert Creek Side Eastof Road | Approx. Length Existing Top of Road Culvert invert is filled with 6 inches of natural rock. All listed invert
.pper 5150 5149.8 o0 5154 elevations are top of fill.
Middle 5145 5144.8 50 5149 2. Maintain minimum of 2 ft of cover from road.
Lower 5135 5135.2 55 5138 3. Construct an exit swale through deposited sediments on the east side
of Rimini Road to maintain drainage. @
I
CULVERT SCHEDULE - 00O O O
/— MDOT Road Surfacing RECREATION AND INTERPRETIVE AREA
N N N N N N 0 Y N N N N N N N N N N N N Y
8" 4 4 4 4 4 4 4 . 4 4 4 4 4 / 4 . 4 4 2 . 4 . 4 ‘ | 6" Gravel Substrate Laver NOT TO SCALE
SIS W S W SR W W S WO S W W S W S N S I > Ne. 57 Stone Backile
\ 4 oz per SY Non-Woven Geotextile

1.+0' 2H:1V
0.5' N 4
' OO
0.75'

PARKING AREA PAVEMENT SECTION

X X

X X X X X X X X X X

NOT TO SCALE

¢ 4 el :;:: e ieatts
- | ' .
== 36'1" >.4_> 2H:1V
: N .
ARCH CULVERT CROSS-SECTION 05 -

NOT TO SCALE
0.75'

ROCK FLOW CONTROL BERM AND

CULVERT DRAINAGE CHANNEL

NOT TO SCALE

I

| 34t SECTION /17
6 Sy crest width 2H:1V H2.04IH2.04
/ Compacted earthen berm WETLAND DRAINAGE CHANNEL

Re-used rock O —
| dike material SO T T T TS
Height to be ~C A3 — — NOT TO SCALE
determined - s T
Approx. 3' - - - — — —— ——

\\ Geotextile

FLOW RETENTION BERM
NOT TO SCALE
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