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Bioengineering Components Schematic Details







BANK OR TOE
OF SLOPE

Overlap by 1’

@ ROOTWAD PLACEMENT EXAMPLE PLAN VIEW

PLANT AND SEED
BACKFILL AS SPECIFIED

LIVE PLANTINGS
(CONSULT ECOLOGIST)

o \ FOOTER LOG
ROCK BOLSTER BACKFILL WITH ROCK

AS NEEDED

@ ROOTWAD ANCHORED WITH ROCK BOLSTER

@ROCK BOLSTER DETAIL

3 TO 1”7 U—SHAPED Notes:

REBAR OR EYE
BOLT Secure logs to rock bolsters at overlap with a
minumum of three wraps of %" diameter galvanized
non—greased, wire rope. Drill holes in rock
bolsters with gas or pneumatic drill.  The min.
depth should be 6”. Holes must be clean of all
dust, debris, oil, and soap following drilling. Insert
a U—shaped or eyebolt rebar into holes several
times to dispense and completely mix epoxy and
eliminate air pockets.

Epoxy resin systems shall meet the requirements of
ASTM C881, Type IV Grade 5. Test strength of
bond after minumum cure time recommended by
the epoxy manufacturer.

ROCK BOLSTER
MINIMUM DIA = 36"

PLANT AND SEED
BACKFILL

LIVE PLANTINGS

(CONSULT ECOLOGIST) RIPRAP OR BOULDERS

ROCK BOLSTER
BACKFILL WITH ROCK

AS NEEDED
SOIL ANCHORS

@ ROOTWAD PLACEMENT WITH RIPRAP TOE INSTEAD OF FOOTER 1LOG

PLANT AND SEED
BACKFILL

LIVE PLANTINGS
(CONSULT ECOLOGIST)

FOOTER LOG

BACKFILL WITH ROCK
AS NEEDED

VR
/ -
O
\ SOIL ANCHORS

@ ROOTWAD ANCHORED WITH SOIL ANCHORS
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NOTES:
1. SOIL RIPRAP DETAILS ARE

OVEREXCAVATE TO PLACE SOIL WRAPPED LIFTS. IN
- SOIL WRAP FABRIC AS SPECIFIED LOCATIONS WHERE TREE IS TO BE SAVED, MINIMIZE QE%’QCA%ETJg Ss,%gp ,EEA{,‘REAS’
o EXCAVATION TO AVOID TREE ROOTS BY WORKING ACTUAL LOCATION AND  LIMITS.
N EXISTING GROUND CLOSELY WITH ECOLOGISTS. V2 2. MIX UNIFORMLY 65%
AN / RIPRAP BY VOLUME WITH 35%
N OF APPROVED SOIL BY VOLUME
N -~ 3 to 55— SPREAD TOPSOLL O TOPMOST LAYER AND COVER TOPSOIL LAYER AND SEED AND PRIOR TO PLACEMENT.
\ - LOWFLOW __ DISTURBED AREA,WITH EROSION CONTROL SUCH AS MULCH AS REQUIRED BY PLANS AND 3. PLACE STONE-SOIL MIX TO
N CHANNEL NEDIA KOIR W 700 (TYPICAL). SPECIFICATIONS RESULT IN SECURELY
v INTERLOCKED ROCK AT THE
™ : FINISHED GRAD DESIGN THICKNESS AND GRADE.
2 DESIGN RIPRAP GRADE COMPACT AND LEVEL TO
- _ _ == 4 | a?)’(L s%liRl/:Zb - ELIMINATE ALL VOIDS AND
: % . 7S ROCKS PROJECTING ABOVE
= ¢ - (P) & COMPLETELY DESIGN RIPRAP TOP GRADE.
EXCAVATE AS NEEDED TO PROVIDE ( ) X 7 2 TMES RIPRAP| D50 (SEE NOTES) 4. CRIMP OR TACKIFY MULCH
RECOMMENDED WIDTH OF WRAP. wVNWVKWVﬁﬁWWT s EEA STAKE LIFTS APPROXIMATELY 3’ O.C. : OR USE APPROVED
BACKFILL LIFT WITH ON-SITE, CLEAN, ’ 3 G 4 W/ 18” LONG WOOD STAKES ———W®" SLOPE VARIES (SEE PLANS) T
WELL GRADED, SOIL MIXTURE. COMPACT MIN
" ] BOTTOM WRAP TO BE IMBEDDED BELOW INVERT OF LOW SPECIFICATIONS.
BY 6" LIFTS TO 90% MAXIMUM DRY
DENSITY WITHIN 3% OF THE OPTIMUM PLACE SEED IN WRAPS AS FLOW CHANNEL. PREPARE COMPACTED SgEé“fhcﬂHgHéﬁkN%ﬂ ZETTOM
MOISTURE CONTENT, USE TOPSOIL FOR THEY ARE CONSTRUCTED SUBGRADE PER SPECIFICATIONS AND SLOPES EXPOSED TO
THE TOP 6” OF THE LIFT. (COORDINATE WITH ECOLOGIST) OR PLACE ON UNDISTURBED FREQUENT FLOODING
SUGRADE :
@ SOIL WRAPPED LIFT LOW FLOW CHANNEL EXAMPLE @ SOIL RIPRAP WITH MULCH EXAMPLE
NTS NTS
GEOGRID LAYER. GEOGRID TO EXTEND TO
EXISTING GROUND. GEOGRID SHALL NOT PRE—EROSION GROUND
HAVE A WIDTH LESS THAN/VEET
v
AN VARIES
SEE SECTIONS
\ \\ EMBED LOGS 1/2 TO 2/3
\\ T NN T ~9 DIAMETER BELOW GRADE
%gggNyDToggfgﬁT YEA%D C(nypfwu SEED BENCH AND DISTURBED AREAS PER FONDER
- n_qgn DRAW SEED MIX (SEE SPECIFICATIONS)
! | 3 FT MIN. OVERLAP WITH GEOGRID (TOP LSJ';'ELLTEE)ESD}AR'&E[ETZEVAST}ES (12°-18°) IN ADDITION TO SEEDING, PLANT A MiX OF
AND BOTTOM) THAT REQUIRE REMOVAL SHRUBS AND TREES AT 4 TO 6 FOOT SPACING

N 912 COORDINATE WITH ECOLOGIST (SEE LIST BELOW)

NATIVE SOIL FILL OR AS APPROVED,
COMPACT TO 90% OF THE MAX. DRY
DENSITY

EXCAVATE AS NEEDED TO PROVIDE /

RECOMMENDED WIDTH OF GEOGRID.

SOIL WRAPPED BLANKET
EXISTING CHANNEL INVERT SEE SOIL WRAPPED LIFT DETAIL FOR
BLANKET COMPOSITION

SHRUB/TREE LIST (SMALL STOCK - 40> IN)
SKUNKBRUSH (Rhus Trilobata)

GAMBEL'S OAK (Quercus gambeli)

SNOWBERRY (Symphoricarpos occidentalis)
MOUNTAIN MAHOGANY (Cercocarpus montanus)
PONDEROSA PINE (Pinus ponderosa)

RIPRAP TOE

EXISTING GROUND 3

SINGLE SOIL WRAPPED

OVERLAP 2" X 18" HARDWOOD STAKES PROPOSED GRADE LIFT
SECURE WITH 40d BARBED AND BENCHING SEE DETAILS
OR RING SHANK NAIL
DRILL PILOT HOLE EROSION CONTROL BLANKET ON DISTURBED SLOPE
TO PREVENT STAKE SPLITTING NEDIA ENTERPRISES STRAW/COCONUT BLANKET SC400B

OR APPROVED EQUIVALENT

@ LOG GRADE BANK STABILIZATION— EXAMPLE

NTS

@ SOIL WRAP LIFTS FOR STEEP BANKS EXAMPLE

e T RN AR, e e | REMSION| DESCRIPTION BY | DATE SOIL RIPRAP, SOIL LIFTS LOW FLOW CHANNEL, Tm——
ST o TP P | 303872 aos FOR CONSTRUCTION S = AND SOIL LOG BANK STABILIZATION
= ECOLOGICAL CONNECTIVITY AND DESIGN PROJECT ||| 2 OF 18




> SOIL RIPRAP OR
FEATURE NATURAL CHANNEL

BOULDERS »@ - MATERIAL BETWEEN
SOIL RIPRAP OR NATURAL : o DROPS
CHANNEL MATERIAL BOULDERS 1'-0" DROP HEIGHT AT CREST
BETWEEN DROPS (TYPICAL)

1’0" DROP HEIGHT AT CREST

NVZ NV 73 0 N7 \7, N\ = AN —
SR R - <SR X \,\_/ S N2 X / APPROXIMATELY 4’ OR TO BEDROCK
N2
/\F\- e \\\—/ e /\ o O YA AN AN AN PREPARE SUBGRADE PER
ISP SPECIFICATIONS

— ~—15" MIN.

gg:;[;?RmRE GROUT SEEPAGE CUTOFF
18" DEPTH OF TYPE M SOIL RIPRAP RECOMMEN’%E% 0’5 ?ﬁﬂf{’&’?
BEDDING UNDER BOULDERS

DEPENDING ON BEDROCK DEPTH

@ CHECK STRUCTURE DROP EXAMPLE — PROFILE

NTS

END CHANNEL
TREATMENT SECTION

UPSTREAM GRADE 30" BOULDER — TYPICAL

LOW FLOW
WDTH

EXISTING GROUND

Nz
N7
27)
N

~BEGIN CHANNEL

AOSRSNS TREATMENT SECTION B DOWNSTREAM: CRADE
m@y@pﬂm )
——————— e ’
- Ve \
0&&.\&1’,0@% GROUT SEEPAGE CUTOFF
SRS
Sy ——
=1 - UPSTREAM BOULDER DROP SECTION
3 NTS
//
TOP OF E{OULDER 30" BOULDER — TYPICAL
OPTIONAL SOIL RIPRAP =~ ELEVAJIONS (E.G.—6233.9) JPSTREAN GRADE
— SIZED AND SPECIFIED N ACTUAL ELEVATIONS WILL - LoW FLOW
~~~~~~ FOR EACH PROJECT DAY y&R’Y AND ARE PROJECT SPECIFIC _-~ / ‘( WDTH "
— \\\\\\ \\\ /// /// ///
\\\\ \\\ \\ // 7/ V2 ,
~<_ ~<_ L NOTES: - A EXISTING GROUND
~ >SN~ ~< N 7
\\\\ \\\\ \\\\ ™. BOULDER PLACEMENT SHALL B; /S/TEPPED IN ACCORDANCE WITH THE TGP OF BOULDER ELE)/ﬂTION§/
S S~ ~~o SHQW\{V ON THE PLAN. ) 7 ) 7 S DOWNSTREAM GRADE
~ ~o S /
Y S~ S~ 2. BOUNQERS SHALL BE PL/AC’ED WITH THE TOP FLAT UNLESS OTHERWISE DIRECTED BY,THE ENGIKIEER.,”
So \\\ S~ \ ; / / // /
AN 3. BOULDER\S\QHALL BE/PLACED SUCH THAT ADJACENT BOULDERS TOUGH EACH QIfiER AND voIDS ARE
@CHE%\SIRUCTURE EXAMPLE P N VIEW MINIMIZED (LIKE]“PUZFZLE). A MINIMUM VERTICAL OVERLAP OF 6" SHAL BE MAfNTAINED,F‘ROM OME 4 DOWNSTREAM BOULDER DROP SECTION
N \\\ N BOULDER TO THE NEXT. ALL BOULDER PLACEMENT SHALL BE APPRI{VED BY//IHE ENGMER DUﬁfNG NTS
N o o CONSTRUCTION. / / / /
\\ N\, N, ,/ /
PREPARED BY: ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE pEsE: REVISION| DESCRIPTION BY DATE ST/ .
OO TLE oK, COLORADO Eaizs - PURPOSES ONLY AND ARE NOT INTENDED | | | e [(R=D CHECK STRUCTURE EXAMPLE
BOULDER. GOUNTY DEPT. OF TRANSPORTATION e FOR CONSTRUCTION [€ED)
BOLLDER, COLORADO 80308 e E = g ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT
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PLACE BOULDERS AS TIGHTLY
AS POSSIBLE WITH THE
REQUIRED BOULDER HEIGHT
VERTICAL TO MINIMIZE VOIDS
AND GROUT STABLILITY

PLACE BOULDERS IN
STAIRSTEP FASHION ON

SLOPE WITH FLATTEST
TOP 1/2 OF BOULDER TO

BOULDERS MUST SURFACE SET HORIZONTAL NOTES: ;;%UTE&S&RE QTS;’;C% ;2;1_?@%T
— FREEMSF'NG%EATN E%EPT BE SIZED AND THE TOP 1. THE TOPS OF BOULDERS MAY VARY FROM THE DESIGN GRADE BY 4"+ AND S oL TS AT QUTLET ELEVATION (6" ABOVE
T DROP CREATS ACCORDINGLY CREATE "STEPS” EXCEPT AT THE DROP CRESTS, UP TO 20% OF THE BOULDERS MAY PROTRUDE be ST CHANNEL INVERT). PIPE AIGNMENT MAY
AS SHOWN IN ABOVE THE DESIGN GRADE UP TO 8” (OR AS DIRECTED OR INDICATED). AT THE BOULDERS. CRUSHED OR PUNCTURED
THE PLAN AND DROP CREST NO BOULDER SHALL VARY FROM THE DRAWING BY MORE THAN 2" OR FIPE SHALL BE REPLACED.
PROFILES AS INDICATED ON THE DRAWINGS. THE ENGINEER MAY REQUEST GREATER VARIATION
AT SELECT LOCATIONS. -
2. BEFORE GROUTING, CLEAN ALL DIRT AND MATERIALS FROM ROCK THAT COULD T0 MNMIZE
PREVENT THE GROUT FROM BONDING TO ROCK. FINAL PLACEMENT OF BOULDERS TO / PROTRUSION
GROUT THICKNESS BE APPROVED BY THE ENGINEER PRIOR TO GROUTING. PLACE CLASS A GEOTEXTILE OVER
SHALL BE 1/2 OF THE — 3. PLACE GROUT BY INJECTION METHODS TO FILL VOIDS TO THE SPECIFIED GROUT e et &5 ceout
ROULDER HEIGHT. MIN DEPTH, CLEAN EXCESS GROUT FROM ALL EXPOSED SURFACES.
» M. 4. THE CONTRACTOR SHALL CONTROL GROUT MIX AND PLACEMENT PROCEDURES TO WEEP DRAN WANIFOLD 4° PVC
PREPARE SUBGRADE PER THE ACHIEVE THE SPECIFIED THICKNESS AND GRADE OF THE GROUT LAYER. INTENT IS TO PERFORATED PIPE (END VIEW). PLACE WITH CRANULAR WEEP DRAN
SPECIFICATIONS MINIMIZE VISIBILITY OF GROUT, BUT ACHIEVE MINIMUM THICKNESS INDICATED WHERE B e T (L horAT FLTER MATERWAL
SPECIFIED, OR ON DRAWING. OUTLET PIPES AND END CAPS AS MINIMUM 6 THICKNESS PREPARED SUBGRADE
BEFORE GROUTING, CLEAN ALL DIRT AND BLACE CROUT IN A MANNER : : SR A B0 SURROUNDIG FPE
MATERIAL FROM ROCK THAT COULD PREVENT AT RS AL Voe 10 e HSE
THE GROUT FROM BINDING TO THE ROCK

SPECIFIED GROUT THICKNESS

@ GROUTED BOULDER PLACEMENT EXAMPLE

NTS

@ TYPICAL WEEP DRAIN SYSTEM

’7 WDTH AS SPECIFIED ON PLAN 4‘

PLACE BOULDERS IN STAIRSTEP FASHION
ON SLOPE WITH FLATTEST SURFACE SET USE 24"-30" BOULDERS
HORIZONTAL AND THE TOP ON BOTTOM OF
. RUNDORR. BOULDERS, SEE PLAN
CREATE 18" VERTICAL ]
DROP ON OUTSIDE EDGE
OF BOULDER RUNDOWN

L 1-0°, 10'-0"

USE 30° MIN. BOULDERS
ON OUTSIDE EDGE

12" D50 RIPRAP (SOIL IN VOIDS)
24" THICK

THICKENED GROUT EDGE

1" WIDE x 1’ DEEP. PLACE AT
UPSTREAM END OF BOULDER
RUNDOWN.

PREPARE SUBGRADE PER THE SPECIFICATIONS

PLACE AND GROUT BOULDERS PER GROUTED

PLACE ADDITIONAL GROUT UPSTREAM AND
BOULDER: DETAILLS SHOWN ONTHIS SHEET DOWNSTREAM OF WALL TO ACHIEVE SEAL

mssgg OFTLE AND GROUTED
@ EXAMPLE OF GROUTED BOULDER RUNDOWN SECTION ‘
NTS
@ GENERAL GROUT CUTOFF DETAIL FOR UPSTREAM SECTION
NTS

e SEEMEREES || e || T o foum EXAMPLE OF TYPICAL DETAILS FOR GROUTED BOULDER ||
BOULDER oouuwnnw; ;); TRANSPORTATION R FOR CONSTRUCTION S— E = g RUNDOWNS
i 1= ECOLOGICAL CONNECTIVITY AND DESIGN PROJECT |||4 OF 18




@©

N

\

Key into bank for @ minimum
length equal to bank
height. Vegetate key excavation
with live cuttings/clumps

Toe of Bank

/ Existing Streambed

Back fill excavation
with cobbles and
chink gaps

~2.5
—

<

— \
/ Anticipated

Scour Hole

@&)CK BOLSTER

Varies J

<0.3'

’/(— 3-5

‘— 3-4

@ TYPICAL ROCK DIMENSIONS AND PLACEMENTS

Notes: The rocks should be rectangluar or nearly so at
the rock to rock contact. The rock to rock contact
should be solid. If rocks are not perfectly flat, the

Footer rocks should be

@ROCK VANE SECTION B

50% larger than others

thicker end should be placed downstream.

PrePAED For: PREPARED 8%, ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE seseD: REVISION| DESCRIPTION BY | DATE SR 10
O L oN, COLORADO B0z PURPOSES ONLY AND ARE NOT INTENDED | | | e (R=D SMALL CROSS VANE EXAMPLE
BOULDER GOUNTY DEPT. OF TRANSPORTATION Py s pra-aiiz FOR CONSTRUCTION (R-D
BOULDER, COLORADO 80306 — e CR_) ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT
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Sm———e

\Key into bank for

a minimum length
equal to bank
height Vegetate

Key excavation with
live cuttings/clumps
before backfill.

Fit rock together
tightly on side of
vane

’ ’ Toe of Bank
| ~1 /3W | /

@ROCK VANE PLAN_VEIW

*Notes (1): Total drop not to exceed 6 inches for warm water fish species

Existing
Stream Bed

~2.5'

Back fill excavation
with cobbles and

chink gaps

DIMENSIONS AND PLACEMENTS

@ TYPICAL ROCK

Live cutting/clumps

@ROCK VANE SECTION B

General Notes: The rocks should be rectangluar or nearly so at the rock to rock contact.

Footer rocks should be
50% larger than others

The rock to rock contact should be solid. If rocks are not

perfectly flat, the thicker end should be placed downstream. Fill gaps with smaller stones.

/Anticipated

e — e

Scour Hole

Notes (3): Stone sized to
be stable at highest design

discharge

PrepAReD For: FREPARED B ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE DR REVISION| DESCRIPTION BY | DATE SRR
O ETon, CoLoRADS Hoizs 2 PURPOSES ONLY AND ARE NOT INTENDED | | | e =) STEPPED POOL ROCK CROSS VANE EXAMPLE
BOULDER COUNTY DEPT. OF TRANSPORTATION e FOR CONSTRUCTION [€ED)
Zo0iotn, COLORADO 80306 T Ef- % ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT 6 OF 18
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Live cuttings

/ Live Clumps
[/

C \
e 0o : Po-e:- ol

/ AN WA D \

e PO

‘ — \( : . _ 4 »}\}\ A\ \
V===
‘ :;//‘///‘_7 /y/ﬁ// E— ///-’j> Logs (2 min)
- ———— =

\ Rebar Anchor/

(2min)

End Rock Elevated

Geotextile

D=___ —"

@ CROSS—SECTION

N Soil Anchors
: /<>

2x4

Min. 2ft. into
stream _bed

@ CROSS—SECTION LOG

Nail

Staple or Nail

Geotextile

( > DETAIR

Notes: Install live clumps and
live cuttings into adjacent
protection during
construction. Extend to
below stream bed. Use logs
that are straight, uniform
diameter and free of rot,
disease or insect infestation.

PREPARED FOR: PREPARED BY: ENGINUITY ENGINEERING SOLUTIONS .

10106 WEST SAN JUAN WAY. ST_215 THESE DRAWINGS ARE FOR EXAMPLE

]| m
<
v

DESCRIPTION BY

DATE

LITTLETON, COLORADO 80127 PURPOSES ONLY AND ARE NOT INTENDED

DRAWN:

PH : 303-872-9112

FX : 303-872-9104 FOR CONSTRUCTION

CHECKED:

BOULDER COUNTY DEPT. OF TRANSPORTATION
2525 13TH STREET
BOULDER, COLORADO 80308

DATE:

(=]
Ao i e S e 4

a'aaa\ar%

LOG CHECK DAM - SMALL STREAM EXAMPLE
(Less than 12ft)
ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT

SHEET/REFERENCE NO.
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Natural Ground

Riffle Boulder

e

5\
: KS
0O
RYK
Stability
Depth

A,

7

|

Bank full

Channel width

Bank Full Depth
J

S

| 207

AT
s
A
AN AN TA)

||

B\

N

)

N

Gap between ri

i iffle
boulder of J—3D—
v

— Al

|«—»|— 212x differential head

@ CHUTE SECTION VIEW

Notes (1): Sheet pile to follow natural ground to high bank.

Level energy dissipator.
/ > Dsp of chute rock

Min. thickness =

2Dgq of chute rock

@ CHUTE SIDE VIEW

General Note: Maximum slope for warm water species is 5%.

| ’ . —
OZLORED

< Flow

H

Pl [
(>4

~

>12x differential head —|

NSO AT

v -
_@__j% _/;OC, : —/;; i _/;o; _/;o; /—;

1.5 |

Chute rock size to be stable at highest discharge.
(use rock chute design)

Sheet _—

Pile cut off

Stability depth
22H

Maximum slope for salmonids is 10%.

Notes (2): Plant edge with live
cuttings. Offset riffle boulders so flow
is circuitous.

Notes (4): Riffle boulder
typical 1.5 to 2.5x Dia.
of rock in chute. Riffle
boulders should be
seated in the rock
mantle of the chute.

@ CHUTE PLAN VIEW

Sheet Pile
Cutoff

Riffle Boulders

Flow

PRSI e ey

T\\\\\\\\\\\ ALALLLLNAM MMV \\\\\\\\\\\\\\\\\\ AN

ey ety el |

O.

ISOSOSOSOSOSOSOSOIOITOX

Bank Full Width

Project Riffle

— Boulder ¥ CFIOW

above grade

@ CLOSE UP CHUTE SIDE VIEW

¥ 1)
T777777777777777 77777 7777777777 7777777777 7777777777777

P R e
LITTLETON, COLORADO 80127 PURPOSES ONLY AND ARE NOT INTENDED

THESE DRAWINGS ARE FOR EXAMPLE

PH : 303—-872-9112
BOULDER COUNTY DEPT. OF TRANSPORTATION R FOR CONSTRUCTION
BOULDER, COLORADO 80306 P e
%

prsE REVISION | DESCRIPTION BY | DATE
DRAWN: CRZD
[@ED)
CHECKED: ( — )
DATE' CRZD
R=D

ROCK SHUTE-SHEET PILE CUT OFF

ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT

SHEET/REFERENCE NO.
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Sheet Pile Vortex Weir

@WEIR LAYOUT

Plant edge wit_h/ | |
w W

live cuttings.

Key sheetpile y
into bank

P______}:g
Optional slotted |

PVC well screen : | |

drain pipe.
|\\
Optional wingwall to

protect banks from

c sct;n;;

gl'___l/d__ — 33

Anticipated

I
U (§Ve/nmin)‘

Weir Crest

Upstream weir

Anticipated
deposition
behind weir.

Elev=Bank full
_/ water surface

Scour hole

lining of scour hols

PROFILE VEIW

@WEIR

Natural Ground

Plant edge with live

Anticipated deposition
behind weir.

ptional Chginnel

failing due to scour . N
hole | —
/
Bankfull . |
width (W) Sheet Pile ——
@WEIR PLAN VIEW
Jtability =2
depth
=12x differential head =12x differential head
PREPARED FOR: PREPARED BY: ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE prsE REVISION| DESCRIPTION BY | DATE S
O TSTon, CoLoRADG Hovy 20 PURPOSES ONLY AND ARE NOT INTENDED | | | e CR= SHEET PILE VORTEX WEIR
BOULDER GOUNTY DEPT. OF TRANSPORTATION e FOR CONSTRUCTION [€ED)
BOULDER, COLORADO 80306 — e CR_D ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT
Wlty) DATE E E_ % 9 OF 18




[ dq

Flow — Riffle

1
Run /

Riffle /

Run /

Gh'de/

Optional Sheet
Pile

@PLAN VEIW

Bankfull Depth

Bankfull Depth

@SECTION B—POOL

Notes (1): Notes (1): Bottom width of pool is Notes (3 and 4):
Slope Riffle(Sgr) =—____ (~1.5Sy to 2S,) ~% the bottom width of riffle Dr=____(Bankfull depth)
Slope Run(Spy) =_—__ (~2S) Dp=—___(~2 to 3Dg)
Slope Pool(Sp) =____ (0 to %Sp)
Slope Glide(Sg) =_—__ (=Sgw)
(Slope from beginning of run to the end of
the glide should be <% of riffle slope)
Notes (2):
‘— Riffle Lpp=——__
Flov _> 5 o , Len=————(~%3Lgr)
AN %} un . — Glide _“ Riffle —»‘ | 2 Dy zf trock ::P :————EN::RF;
?  —— Run — ¢ =———\"™LRN
2 XY XY XY ) ~ ‘_ boul _,"_ Gide —] ‘ (Length of riffle ~% length of entire pool
— including run, pool and glide as shown on
L Lo L Lo —]| X A . AV g the plans)
Optional sheetpile cutoff. Use if O\;erallsilope LRFRﬂ/Z (LRN + Lp + LG)

structure is constructed on highly

erodible fine sands or similar mobile,

permeable bed material

@PROHLE (CENTERLINE)

General Notes:

o Chute rock size to be stable at highest design discharge (use rock chute design and apply results to riffle slope)
e Minimum rock thickness shall not be less than 2Ds
¢ Design was originally developed for a Rosgen C stream

Optional sheetpile cutoff.
Use to resist advancing
downstream headcuts

PREPARED FOR:

BOULDER COUNTY DEPT. OF TRANSPORTATION
2525 13TH STREET
BOULDER, COLORADO 80308

PREPARED BY: ENGINUITY ENGINEERING SOLUTIONS
10106 WEST SAN JUAN WAY, ST. 215
LITTLETON, COLORADO 80127
PH : 303-872-9112
FX : 303-872-9104

THESE DRAWINGS ARE FOR EXAMPLE
PURPOSES ONLY AND ARE NOT INTENDED
FOR CONSTRUCTION

DESIGNED:

DRAWN:

=
[}
o
=

DESCRIPTION

BY | DATE

CHECKED:

DATE:

y

U U
N\ & &%

STEPPED-POOL ROCK CHUTE EXAMPLE
ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT

SHEET/REFERENCE NO.
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Stone Drop i/
% | Adjust position IHI
alignment of structure
to guide flows through
the turn.

/A

°d " Place| live cuttings
© © in bank excavation

C e |
1 LAYO UT o to low water before
| backfill |
| 1 1 |

Wain i [

S

Place live cuttings
in bank excavation \ —

o low water before 3 \ \ Fill all voids around
backfil ! k ! boulders with
ol \ graded gravel |
ani \ Flow=>
— — — T Wrap lower rock
\ with geotextile
weir stone o 4 SECTION A
/ 0
— = (¢}
Oo
© o
(o)) R Notes (4): Stone
P )T size to be stable at
S ] /"5"2 highest design
@SECTION B é}%// discharge.
N
Varies
General Notes: The rocks should be rectangluar or nearly so at the rock to 03 -
rock contact. The rock to rock contact should be solid. |If rocks are not | P /I' o
perfectly flat, the thicker end should be placed downstream. Fill gaps with
smaller stones.
@KPICAL ROCK DIMENSIONS AND PLACEMENTS
PREPARED FOR: PREPARED BY:  ENGINUITY ENGINEERING SOLUTIONS DESIGHED: SHEET/REFERENCE No.
R PURPOSES ONLY AND ARE NOT INTENDED | | Fosr———— EE:"_S"’g" — - STONE DROP-SMALL STREAM EXAMPLE
BOULDER COUNTY DEPT. OF TRANSPORTATION e FOR CONSTRUCTION R—
égﬁﬁm'ﬂsz,mogi.rz%{)oaom — SR CR- D ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT
@ T — E:: % 11 OF 18




Notes (1): Typically place
lunkers in sets of three on
the outer and lower )5 of
the channel bend. Final
alignment and placement

should be determined in WOOd LUHRG[’ (B)
Lunkers the field at low water.
The designer should

(T AN N/ B B
observe the current \ \ anchor rock ) \
patterns to assure that L ___ __ __ _ D U _/L _____ D O _,/gjp,onk
flow will pass into and out |~ — 3 spacer

of the structures. The
designer should also assure ’
that the Lunkers are placed — 2’ long spacer
below low water elevation. " —— &' planks

—— wood bloks

Instream boulders may be
placed as guide to deflect
flows through the lunkers

%%

Level Foundation

8' planks Wood Lunker Notes:
I—Iﬁ 5 spacer Lunker material is rough
0 cut hard wood at least

l— 6"x6"x8" » .
wood blocks 2" thick

@ GENERAL LUNKER LAYOUT

Stone LUHK@f (A) ™ 2" long spacer

8' planks

Cover rock

6" min
thickness

' Spacer
| rock
Level
Foundation

f

=z

Vegetated Geograid
or other soil

bioengineering treatment

I
z Low Water

Stone Lunker Notes: Use
sound rock. Place so that
there is solid contact and
no movement

A\
\ | [ 24" min anchor rock
R\ to hold wood lunker
\
\\
\\ /,/,
\\ ,//
\‘\ //
N 4 below
R\ / scour
\
\\\ /,,/
@ CROSS—SECTION \
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Flow

i

Place live clumps and live—]

clumps in excavated bank
area before rock and backfil A~ — | !
o9

(7(70 |

~
\\
\

\
[}
i

;

/
—//
o

/ Stream Bank

|
|
A

~4w

@ HOOK VANE PLAN VEIW

General Notes: The rocks should be rectangular
placed downstream.

Live cuttings/clumps

— 3-5
=

PLACEMENTS

@ﬂPICAL ROCK DIMENSIONS AND

Notes (3):Stone sized to be stable highest design discharge

~W

< )HOOK VANE SECTION B

Backfill excavation
with cobble and
chink gaps

or nearly so at the rock to rock contact. The rock to rock contact should be solid. If rocks are not perfectly flat, the thicker end should be

SHEET/REFERENCE NO.
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F TOE

@ PLAN VIEW O

Existing top
of bank

Notes (1):

Install vertical
bundles as directed
in field. Base of
bundles need to be
at or below phreatic
line. Install with
rock.

Ha= Key barb into bank

Vertical bundles

Apron

Juniper Revetment
w/soil anchors
or Rock Bolster

Key stone spur into bank as
directed by engineer.

‘ L |

@ STONE SPUR WITH ROCK TOE

L
[——— 2.5Hg
He \| I_i

N~ —-

4o

Apron i
|
I

|
e T w1
t T

@SECTION B

2.5Hp

0 0:-v-u
LD

Hy —

@SECTION A

PREPARED FOR:

BOULDER COUNTY DEPT. OF TRANSPORTATION
2525 13TH STREET
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Notes (1): Trees in revetment
shall be tightly secured to bank
and in firm contact with spur.
Trees are continuous over spur
and are shown as ending only
for clarity of drawing.

One to three of
dJuniper Revletment

5-10° angle to
facilitate key
into bank.

YOS

v"v“

9 '
'V‘)‘ KX p Vertical
N\'@Ql%“? bundles

S Lhe

L8

';"
%

Key into bank
as directed by
engineer.

Drive timber poles as forms 7/
for spur construction and TH)),
support. Remove when 0, Y
construction is complete. /} //
Jk

Rock Bolster or

soil anchors \

Vegetated spur

PR

?
A

s
SN

25
.

/] __—=

! of bank

=S
KK

A
S N)

S

N,

S—

L
72

K7
Y

<=
X2
9,
7R

So<
L

7L

VEGETATIVE SPUR WITH JUNIPER REVETMENT

O,

Juniper Tree
Approx. Location
of Soil Anchors or

Notes (2): Overlap juniper by % to % length in
Rock Bolster

a shingle—like arrangement. Secure at overlap
with three wraps of 12 gage wire or %" cable
and clamp securely. Anchor with a minimum
of two sets of soil anchors or rock bolsters
per trunk as per specifications. Start at toe
of bank. If additional rows are required,
offset by not more than tree width. Press
rows tight together. Cable rows together with
12 gage wire or %” cable and clamp.

< FLOW

L
[
L=10-12 3

@ JUNIPER REVETMENT

4"-6" dia. posts
for framing

N Natural

Ground
Vertical bundles
Approx. Juniper Revetment
Channel i w/ soil anchors
Bottom

\ or Rock Bolster
Key spur into (See Details)

| bank as directed

L Rock Bolster by engineer.

I
\ Soil anchor:

@ VEGETATED SPUR

%" to 1" U—shaped rebar or
eyebolt epoxy into holes

Rock bolster
(min.) 36"\

non—greased, wire rope.

following drilling.
eliminate air pockets.
C881, Type IV Grade 3.

manufacturer.

@ ROCK BOLSTER

Ha

VVVVVVVYV

—

Approx. Channe
Bottom

VVVVVVVYV

(A}SECHON A

Notes (3):
1) Remove loose and failing bank material, excavate key into
bank as

shown
2) Excavate trench along alignment of spur at depth as
shown. Trench

should be a minimum of )% thickness of vegetated spur at
section A.

3) Install two pairs of framing posts at width of spur.
4) Place live material tightly between anchor posts.

Butt ends shall be firmly into bank as length of material
permits.

Material shall overlap by J%—%L.
5) Install soil anchors in pairs or Rock Bolster as specified.
6) Tightly secure live material to soil anchors with ratcheting
cable clamps.
7) Place vertical bundles into key area as shown.

Butt ends of live material must extend firmly to soil.
8) Backfill over key.
9) Install juniper revetment over spur at bank if specified.

Notes (4): Secure logs to rock bolsters at overlap with a
minimum of three wraps of %—J%" diameter galvanized
If constructing in or near water
drill holes in rock bolsters with gas or pneumatic drill.
Holes must be clean of all dust, debris, oil, and soap
Insert a U—shaped 1” rebar into holes
several times to dispense and completely mix epoxy and

Epoxy resin systems shall meet the requirements of ASTM
Test strength of bond after
minimum cure time recommended by the epoxy

PREPARED FoR: FREPARID B%. _ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE oS REVISION| DESCRIPTION BY | DATE Spm———
O S ToN, COLORADO Baiay - PURPOSES ONLY AND ARE NOT INTENDED | | | e =) VEGETATED SPUR AND JUNIPER REVETMENT
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Cross—Sectional Views Descriping Installation

Notes (1):

e Excavate trench ideally to low water

2-3
typical
@ STONE SILL: STEP 1 ;

Notes (2):

e Install live poles on 4 to 8 ft. centers if trench
may not reach reliable water table.
e Place a mix of live and dead cuttings along

downstream side of trench (approximantely
12—15 per ft of trench).

@ STONE SILL: STEP 2

[

Notes (3):

e Cover cuttings with soil and wash in
to acheive good soil to stem contact.
e Place appropriately sized stone in
trench (12" minus typical). Irrigate live
cuttings for establishment if trench
does not reach reliable water table.

@ STONE SILL: STEP 3

PREPARED FoR: FREPARD 8% ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE oS REVISION| DESCRIPTION BY | DATE Spm———
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Continuous riprap )
and/or juniper revetment Juniper Tree )
along toe of bank Approx. Location
of Soil Anchors or

Rock Bolster

Vertical bundles
.){ \ as directed
C~L., Log Revetment bank
Sand/Gravel stabilization. Minimun one ﬂ CFLOW

Bar —_— ) rock bolster per log.

L
=35’ "
Live clumps =012

X as directed
% Continuous riprap @ JUNIPER REVETMENT

and/or juniper
revetment along
toe of bank

Existing banks

New bank
alignment

Notes (3):

Overlap juniper by % to 5 length

in a shingle—like arrangement.
overlap with three wraps of 12 gage wire or
%" cable and clamp securely. Anchor with a Rock bolster
minimum of two sets of soil anchors per \
trunk as per specifications. Start at toe of

bank. If additional rows are required, offset
by not more than tree width. Press rows tight

together. Cable rows together with 12 gage

wire or }§" cable and clamp.

Secure at

%" to 1” U—shaped rebar or
eyebolt epoxy into holes

(min.) 36”

@ ROCK BOLSTER

Cable with a minimum of 3 wraps and two cable
clamps

" Rock bolster

@ LOG REVETMENT

Proposed

bank toe

Notes (2):

Secure logs to rock bolsters at
overlap with a minumum of three
wraps of %" diameter galvanized
non—greased, wire rope. Drill holes in
rock bolsters

with gas or pneumatic drill. The min.
depth should be 6”. Holes must be
clean of all dust, debris, oil, and
soap following drilling. Insert a
U-shaped or eyebolt rebar into holes
several times to dispense and
completely mix epoxy and eliminate
air pockets.

Epoxy resin systems shall meet the
requirements of ASTM C881, Type IV
Grade 3. Test strength of bond after
minumum cure time recommended by
the epoxy manaufacturer.
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as directed

Log Revetment bank Exist d i
stabilization. Minimun one Xistng ground line
rock bolster per log.

Sand,/Gravel -0
Bar \ -

Continuous riprap
and/or juniper
revetment along
toe of bank

Existing banks

@ TREE REVETMENT FULL LAYOUT

Cable with a
minimum of 3
wraps and two

alignment cable clamps

Juniper Tree
Approx. Location
of Soil Anchors or
Rock Bolster

36" Rock
7, C Flow Bolster Min.
s - ") ¥
L=10-12"
Flow

@ JUNIPER REVETMENT
Notes (3): Overlap juniper by % to J5 length in a shingle—like arrangement. Secure at overlap with
three wraps of 12 gage wire or 4" cable and clamp securely. Anchor with a minimum of two sets of
soil anchors per trunk as per specifications. Start at toe of bank. If additional rows are required, offset
by not more than tree width. Press rows tight together. Cable rows together with 12 gage wire or % Proposed
cable and clamp. Bank

%" to 17 U—shaped rebar or
eyebolt epoxy into holes

Rock bolster
(min.) 36”\

Notes (4): Secure to rock bolsters at overlap with a minimum

of three wraps of J§ — J4" diameter galvanized non—greased,
wire rope. If constructing in or near water drill holes in rock
bolsters with gas or pneumatic drill. Holes must be clean of
all dust, debris, oil, and soap following drilling. Insert a
U-shaped 1” rebar into holes several times to dispense and -
completely mix epoxy and eliminate air pockets. Epoxy resin EZIrS,EV >
systems shall meet the requirements of ASTM C881, Type IV
Grade 3. Test strength of bond after minimum cure time
recommended by the epoxy manufacturer.

@ ROCK BOLSTER @ TREE REVETMENT

PREPARED FOR: REPARED B ENGNUITY ENGNEERING S0LUTIONS THESE DRAWINGS ARE FOR EXAMPLE P

10O TETON, COLORADG Bo12 ' PURPOSES ONLY AND ARE NOT INTENDED | | Feme———
BOULDER COUNTY DEPT. OF TRANSPORTATION PH @ 30s-B72-ai2 FOR CONSTRUCTION
2525 13TH STREET FX: 305-572-8104 T
e ]
DATE:

=
]
(=}
Z

DESCRIPTION BY | DATE

TREE REVETMENT WITH ROCK BOLSTER
ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT

y

U U
N\ & &%

SHEET/REFERENCE NO.

18 OF 18






