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REACH #4 (DUNAWAY PROPERTY)
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CHANNEL—SPANNING POST—ASSISTED LOG STRUCTURE (CS PAL)

** PAYMENT WILL BE BASED ON THE PLAN QUANTITY LISTED ABOVE.

THIS MATERIAL, DATA AND INFORMATION IS THE PROPERTY OF DUCKS UNLIMITED, INC. IT MAY
NOT BE USED OR REPRODUCED FOR ANY PURPOSE WITHOUT THE PRIOR WRITTEN CONSENT
OF AN AUTHORIZED AGENT QOF DUCKS UNLIMITED, INC.  DUCKS UNLIMITED, INC. MAKES NO
REPRESENTATION OR WARRANTY OF ANY KIND REGARDING THIS MATERIAL, DATA AND
INFORMATION, INCLUDING, BUT NOT LIMITED TO, THE ACCURACY OF THE MATERIAL, DATA AND
INFORMATION OR ITS SUITABILITY FOR ANY PURPOSE. ALL USE OF THE MATERIAL, DATA AND
INFORMATION IS AT THE USERS SOLE RISK. BY USING ANY OF THIS MATERIAL, DATA AND
INFORMATION, USER AGREES THAT DUCKS UNLIMITED, INC. IS NQOT RESPONSIBLE FOR THEIR
USE OF THE MATERIAL, DATA AND INFORMATION OR THE RESULTS THEREOF.
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DUCKS
UNLIMITED

GREAT PLAINS REGION
FORT COLLINS FIELD OFFIC
2114 MIDPQOINT DRIVE,

ITE 1

COLLINS

NOTES
1. CONTRACTOR IS RESPONSIBLE FOR
SUPPLY & INSTALL OF POSTS FOR
POST—ASSISTED STRUCTURES.
POSTS SHOULD BE UNTREATED WITH A
MINIMUM DIAMETER OF 3—IN AND
MAXIMUM DIAMETER OF 6—IN.
IT IS HIGHLY ENCOURAGED TO BRING
A HYDRAULIC POST—POUNDER FOR
THE INSTALL OF THE POSTS. A UTV
OR ATV IS ALSO HIGHLY ENCOURAGED
TO ACCESS THE STRUCTURE
INSTALLATION AREAS
IF REQUIRED, POSTS SHOULD BE CUT
TO MATCH THE DESIGN HEIGHT
PRESENTED IN THE TABLES ON
SHEETS 3-4. GENERAL EMBEDMENT
RECOMMENDATIONS IS # TO 4 OF THE
POST LENGTH. GENERALLY, 4—FT TO
5—FT POSTS SHOULD SUFFICIENT FOR
THIS PROJECT.
GENERAL RULE OF THUMB IS A POST
SHOULD BE INSTALLED EVERY 2—FT
LENGTHWISE AND WIDTH—WISE WITHIN
THE STRUCTURE. CONTRACTOR TO
SUPPLY ENOUGH POSTS TO
ACCOMPLISH THIS SPECIFICATION
PROPOSED STRUCTURE LOCATIONS AND
LOGS TO—BE FELLED WILL BE STAKED
OR FLAGGED ACCORDINGLY.
CONTRACTOR SHOULD AVOID FRESH
DISTURBANCE IN NATIVE VEGETATION
AND KEEP DISTURBANCE TO EXISTING
DISTURBED SAND AREAS
ANY FENCING THAT NEEDS TO BE CUT
FOR ACCESS SHOULD BE RESTORED
TO EXISTING CONDITION AFTER
STRUCTURE INSTALLS. THIS IS
REACH #3 — STATE LAND BOARD CONSIDERED INCIDENTAL TO THE "SITE
INSTALL 18 LTPBR STRUCTURES PREPARATION” LINE ITEM.
W/ 11 CHANNEL—SPANNING POST ASSISTED STRUCTURES
£ 3 AN B (CS PALS)
STAGING AREA #4 AT - W/ 7 BEAVER DAM ANALOGS (BDAS)

A AR

DESIGNED BY:
CHECKED BY:

DRAWN BY:

REVISION:

STRUCTURES

3—-4

STAGING AREA #3

REACH #4 — DUNAWAY PROPERTY
INSTALL 30 LTPBR STRUCTURES

W/ 21 BEAVER DAM ANALOGS (BDAS)
W/ 9 CHANNEL—SPANNING POST ASSISTED STRUCTURES (CS PALS)

SAND CREEK RIPARIAN

REACHES
OVERALL PLAN

NORTH
RESTORATION LTPBR

v r
i SEE OVERVIEW OF ACCESS ROADS ON SHEET 3

ATE:
ABBREVIATIONS LIST FULL SERVICE LEVEL 5/6/2026
THIS MATERIAL, DATA AND INFORMATION IS THE PROPERTY OF DUCKS UNLIMITED, INC. T MAY BA PAL = BANK—ATTACHED POST-ASSISTED LOG STRUCTURE NVERT /6 26

NOT BE USED OR REPRODUCED FOR ANY PURPOSE WITHOUT THE PRIOR WRITTEN CONSENT BDA = BEAVER DAM ANALOG LAT = LATITUDE (WGSB4) LISTED SCALES ACCURATE

OF AN AUTHORIZED AGENT OF DUCKS UNLIMITED, INC.  DUCKS UNLIMITED, INC. MAKES NO BLM = BUREAU OF LAND MANAGEMENT LONG = LONGITUDE (WGS84) ON 24"X36" SHEET SIZE

REPRESENTATION OR WARRANTY OF ANY KIND REGARDING THIS MATERIAL, DATA AND C.L. = CENTER LINE LTPBR = LOW—TECH PROCESS—BASED RESTORATION MANAGER OF ENGINFERING SERVICES: DU REGIONAL ENGINEER: RESTORATION SPECIALI

INFORMATION, INCLUDING, BUT NOT LIMITED TO, THE ACCURACY OF THE MATERIAL, DATA AND CS PAL = CHANNEL—SPANNING POST—ASSISTED LOG STRUCTURE WCS = WATER CONTROL STRUCTURE KEVIN WARNER, P.E. THOMAS PARKER, P.E. SHAWN CONNOR, BIO—LOGIC, INC. DU PROJECT NUMBER:
B

INFORMATION OR ITS SUITABILITY FOR ANY PURPOSE. ALL USE OF THE MATERIAL, DATA AND CS FT = CHANNEL—SPANNING FELLED TREE WSEL = WATER LEVEL 2114 MIDPOINT DRIVE, SUITE 1 2114 MIDPOINT DRIVE, SUITE 1 125 COLORADO AVE, SUITE C0-360-101
INFORMATION IS AT THE USERS SOLE RISK. BY USING ANY OF THIS MATERIAL, DATA AND DIA. = DIAMETER FORT COLLINS, CO 80525 FORT COLLINS, CO 80525 MONTROSE, CO 81401

INFORMATION, USER AGREES THAT DUCKS UNLIMITED, INC. IS NOT RESPONSIBLE FOR THEIR ELEV. = ELEVATION *NOTE: NOT ALL ABBREVIATIONS IN (970) 590-1545 (970) 692-3375 (970) 596-5547 SHEET BE

USE OF THE MATERIAL, DATA AND INFORMATION OR THE RESULTS THEREOF. EX. = EXISTING THIS LIST APPEAR ON THIS SHEET KWARNER@DUCKS.ORG TPARKER@DUCKS.ORG SHAWNC@BIO—GEO.COM 2 oF 11
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DUCKS
UNLIMITED

GREAT PLAINS REGION

APPROXIMATELY 7 MIL FROM HWY
125 TURNOFF TO STAGING AREA #2

CRBE TURNOFF #1 - ? - 4 7 2114 MIDROINT DRNE,
Lat: N40.872400° ] P FORT COLLINS, CO

CRBE TURNOFF #2| ‘
Lat: N40.874195' STAGING AREA #1

Long: W106.223037°

X = 0 1000 2000 4000
Lat: N40.867161° : FEET
Long: W106.207665°

F, -

STAGING AREA #2
Lat: N40.863341° NOTES
Long: W106.190506" 1. MOST OF THE ACCESS ROADS REQUIRE
CROSSING THROUGH PRIVATE LANDS.
CONTRACTOR TO COORDINATE WITH DU
CONSTRUCTION ENGINEER BEFORE USING
4 s ANY OF THE DELINEATED ACCESS ROADS.
STAGING AREA #4 wh- DU CONSTRUCTION ENGINEER WILL
Lat: N40.855404 B & COORDINATE WITH PRIVATE LANDOWNERS.
. W106.202242 N : . LEAVE ANY GATE THE WAY YOU FOUND IT.
e ) ANY DAMAGE TO FENCING OR GATES
FROM MOBILIZATION OR DAY—TO—DAY
STAGING AREA #3 TRAFFIC TO BE RESTORED IMMEDIATELY.
SOUTH 2—TRACK SPLIT #2 SOUTH 2-TRACK SPLIT #3 ; to : _N‘&W-gg?% . . DU CONSTRUCTION ENGINEER CAN
Lat: N40.857355" Lat: N40.856584° : - ong: . EESH\/\DUEPSNPSRER&UETSET FOR EACH ACCESS
Long: W106.289602" Long: W106.242264° .
J : . MOST ACCESS POINTS WILL REQUIRE AN
= f ATV OR OHV FOR ACCESS. IF LARGER
SOUTH 2 szﬁﬁosgéggfﬁ EQUIPMENT IS PLANNED FOR
Long: W106.228562 : CONSTRUCTION, THEN CONTRACTOR TO
APPROXIMATELY 7 MILES FROM HWY " ] CR8 SPUT #10 A COORDINATE ACCESS PLAN WITH DU
5 SN N STACING AR Lat: N40.84673% ENGINEER TO MINIMIZE NATIVE VEGETATION
125 TURNOFF TO STAGING AREA #3 SOUTH 2—TRACK SPLIT #5 DISTURBANCE.
Lat: N40.853971°
Long: W106.214035"

DESIGNED BY:
SURVEYED BY:
CHECKED BY:
APPROVED BY:
APPROVED BY:

DRAWN BY:

Long: W106.221367"

REVISION:

CR8 SPLIT #7]
Lat: N40.824587"
Long: W106.235363"

CR8 TURNOFF #6
N40.82291
ng: W106.23492,

CR8 TURNOFF #5
N40.821899
Long: W106.23467

CRB SPLIT #4
Lat: N 1

APPROXIMATELY 8 MILES
HWY 125 TURNOFF TO
STAGING AREA #3

STRUC
3—-4

’
¢

B
B
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SAND CREEK RIPARIAN

REACHES
ACCESS PLAN

CR8 SPLIT #3

Lat: N40.805234
CRB TURNOFF #1 Long: W106.240210°
Lat: N40.792281"
Long: W106.283140°

NORTH
RESTORATION LTPBR

CR8 TURNOFF #2
Lat: N40.792440°
Long: W106.264267°

PROJECT:

ST FSL = FULL SERVICE LEVEL
THIS MATERIAL, DATA AND INFORMATION IS THE PROPERTY OF DUCKS UNLIMITED, INC. IT MAY BANK—ATTACHED POST—-ASSISTED LOG STRUCTURE V = INVERT

NOT BE USED OR REPRODUCED FOR ANY PURPOSE WITHOUT THE PRIOR WRITTEN CONSENT BEAVER DAM ANALOG LATITUDE (WGS84) LISTED SCALES ACCURATE
OF AN AUTHORIZED AGENT OF DUCKS UNLIMITED, INC. DUCKS UNLIMITED, INC. MAKES NO BUREAU OF LAND MANAGEMENT LONGITUDE (WGS84) ON 24"X36" SHEET SIZE
REPRESENTATION OR WARRANTY OF ANY KIND REGARDING THIS MATERIAL, DATA AND . CENTER LINE LOW—TECH PROCESS—BASED RESTORATION MANAGER OF ENGINEERING SERVICES: DU REGIONAL ENGINEER: RESTORATION SPECIALIST:

INFORMATION, INCLUDING, BUT NOT LIMITED TO, THE ACCURACY OF THE MATERIAL, DATA AND CHANNEL—SPANNING POST—ASSISTED LOG STRUCTURE WATER CONTROL STRUCTURE KEVIN WARNER, P.E. THOMAS PARKER, P.E. SHAWN CONNOR, BIO—LOGIC, INC. DU PROJECT NUMBER:
INFORMATION OR ITS SUITABILITY FOR ANY PURPOSE. ALL USE OF THE MATERIAL, DATA AND CHANNEL—SPANNING FELLED TREE WSEL = WATER LEVEL 2114 MIDPOINT DRIVE, SUITE 1 2114 MIDPOINT DRIVE, SUITE 1 125 COLORADO AVE, SUITE B C0-360-101
INFORMATION IS AT THE USERS SOLE RISK. BY USING ANY OF THIS MATERIAL, DATA AND . = DIAMETER FORT COLLINS, CO 80525 FORT COLLINS, CO 80525 MONTROSE, CO 81401

INFORMATION, USER AGREES THAT DUCKS UNLIMITED, INC. IS NOT RESPONSIBLE FOR THEIR . = ELEVATION *NOTE: NOT ALL ABBREVIATIONS IN (970) 590-1545 (970) 692-3375 (970) 596-5547 SHEET NUMBER:
USE OF THE MATERIAL, DATA AND INFORMATION OR THE RESULTS THEREOF. EX. = EXISTING THIS LIST APPEAR ON THIS SHEET KWARNER@DUCKS.ORG TPARKER@DUCKS.ORG SHAWNC@BIO—GEO.COM 3 oF 11
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INFORMATION
INFORMATION

K 3
#sLB-1

(CS PAL)

Lat: N40.862513 %%
MlLong: W106.189837°%

REACH #3 — STATE LAND BOARD
INSTALL 18 LTPBR STRUCTURES
CHANNEL—SPANNING POST ASSISTED
STRUCTURES

W/ 7 BEAVER DAM ANALOGS

INFORMATION,
USE OF THE MATERIAL, DATA AND INFORMATION OR THE RESULTS THEREOF.

#sLB-9 (CS PAL)
Lat: N40.860472°
Long: W106.190340°

#SLB—11 (BDA)
Lat: N40.860046°
W106.190086"

#SLB—12 (BDA)
: N40.859878"
Long: W106.190252"

#SLB—14 (BDA)
Lat: N40.859689"
Long: W106.190452"

¥ 4SLB—16 (CS PAL)
Lat: N40.859508"
Long: W106.190440'

#sLB—18 (BDA)
Lat: N40.859210°
Long: W106.190580"

#4SLB—2 (CS PAL)
Lat: N40.861671°
Long: W106.190395°

4SLB—3 (CS PAL)
Lat: N40.861498"
Long: W106.190317°

#SLB—4 (CS PAL)
Lat: N40.861316"
Long: W106.190290°

#SLB—5 (CS PAL)
Lat: N40.861214°
Long: W106.190251°

#SLB—6 (CS PAL)
Lat: N40.861164"
Long: W106.190316°

#SLB—7 (CS PAL)

Lat: N40.860707"

Long: W106.190464"
#4SLB—8 (CS PAL)
Lat: N40.860637°
Long: W106.190458"

#SLB—10 (BDA)
Lat: N40.860221°

Long: W106.183990"

#SLB—13 (BDA)
Lat: N40.859803"
Long: W106.190358"

#SLB—15 (CS PAL)
Lat: N40.859660°
Long: W106.190493"

#SLB—17 (BDA)
Lat: N40.859413"
Long: W106.190569"

REACH 3 PLAN

SCALE: 1" =

THIS MATERIAL, DATA AND INFORMATION IS THE PROPERTY OF DUCKS UNLIMITED, INC. IT MAY
NOT BE USED OR REPRODUCED FOR ANY PURPOSE WITHOUT THE PRIOR WRITTEN CONSENT
OF AN AUTHORIZED AGENT OF DUCKS UNLIMITED, INC. DUCKS UNLIMITED, INC. MAKES NO
REPRESENTATION OR  WARRANTY OF ANY KIND REGARDING THIS MATERIAL, DATA AND
INFORMATION,

INCLUDING, BUT NOT LIMITED TO, THE ACCURACY OF THE MATERIAL, DATA AND
OR ITS SUITABILITY FOR ANY PURPOSE. ALL USE OF THE MATERIAL, DATA AND
IS AT THE USERS SOLE RISK. BY USING ANY OF THIS MATERIAL, DATA AND
USER AGREES THAT DUCKS UNLIMITED, INC. IS NOT RESPONSIBLE FOR THEIR
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CENTER LINE
CHANNEL—SPANNING POST—ASSISTED LOG STRUCTURE
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BLM =
CL =
CS PAL

CS FT = CHANNEL—SPANNING FELLED TREE

DIA. =
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ELEV. = ELEVATION
EX. = EXISTING

EXA

PR SRR
EXISTING CONDITIONS IN

| ﬁ; X Ty

'REACH 3

(>

DUCKS
UNLIMITED

GREAT PLAINS REGION
FORT COLLINS FIELD OFFICE]
2114 MIDPQOINT DRIVE,
SUITE 1
FORT COLLINS, CO 80525

CERT. OF AUTHORIZATION:

MPLE PHOTO OF R ke
NOTES g ; o ; ;
1. CONTRACTOR IS RESPONSIBLE FOR SUPPLY & INSTALL OF POSTS FOR POST—ASSISTED STRUCTURES. % = g ¥ 12 13
NOTES: 2. POSTS SHOULD BE UNTREATED WITH A MINIMUM DIAMETER OF 3—IN AND MAXIMUM DIAMETER OF 6—IN. % §( z g |g |E
SEE TYPICAL DETAILS AND CONSTRUCTION GUIDANCE ON 3. [T IS HIGHLY ENCOURAGED TO BRING A HYDRAULIC POST—POUNDER FOR THE INSTALL OF THE POSTS. 90E 2 15 1% %
SHEETS 5-12 A UTV OR ATV IS ALSO HIGHLY ENCOURAGED TO ACCESS THE STRUCTURE INSTALLATION AREAS.
CONTRACTORS SHOULD REFERENCE DR. WHEATON'S 4. IF REQUIRED, POSTS SHOULD BE CUT TO MATCH THE DESIGN HEIGHT PRESENTED IN THE TABLES ON
"LOW-TECH PROCESS—BASED RESTORATION OF SHEETS 3—4. GENERAL EMBEDMENT RECOMMENDATIONS IS % OF THE POST LENGTH. 4—FT TO 5—FT
RIVERSCAPES: DESIGN MANUAL” FOR MORE INFORMATION POSTS SHOULD SUFFICIENT FOR THIS PROJECT. é
ABOUT STRUCTURE INSTALLATION. THE TYPICAL DETAILS 5. GENERAL RULE OF THUMB IS A POST SHOULD BE INSTALLED EVERY 2—FT LENGTHWISE AND
WERE PULLED FROM THIS DOCUMENT. WIDTH—=WISE WITHIN THE STRUCTURE. CONTRACTOR TO SUPPLY ENOUGH POSTS TO ACCOMPLISH THIS
CONTRACTORS SHOULD ALSO REFERENCE THE "NORTH SPECIFICATION. SEE ESTIMATES FOR NUMBER OF POSTS BELOW.
SAND CREEK AREA RIPARIAN RESTORATION — SITE 6. PROPOSED STRUCTURE LOCATIONS AND LOGS TO—BE FELLED WILL BE STAKED OR FLAGGED E
ASSESSMENT AND PRIORIY RESTORATON ACTIONS" EXWDWBEDSANDAREAS DISTURBANCE N NATIVE VEGETATION AND KEEP DISTURBANCE 70 |2
PROJECT INTENT AND. GOALS. 8. ANY FENCING THAT NEEDS TO BE. CUT FOR ACCESS SHOULD BE RESTORED TO EXISTING CONDITION
AFTER STRUCTURE INSTALLS. THIS IS CONSIDERED INCIDENTAL TO THE "SITE PREPARATION” LINE ITEM. -
REACH 3 (STATE LAND BOARD) - STRUCTURES SPECIFICATIONS g
STRUCTURE | LENGTH | WIDTH | HEIGHT| ESTIMATED # OF
STRUCTURE TYPE (FT) FT (FT) POSTS NEEDED COMMENT
#SLB-1 CS PAL 8 20 1.5 27 Debris Jam, Sand, Priority 0
- =
#SLB-2 CS PAL 6 18 15 18 Debris Jam, Sand Z =
#SLB-3 CS PAL 8 28 1.5 38 Debris Jam, Sand 2E -
#5LB-4 CS PAL 8 10 1.5 14 Debris Jam, VL Spreader Willow A 2 %
- " &
#SLB-5 CS PAL 8 26 2 35 Debris Jam, Sand, Priority & & ‘T‘ %
#SLB-6 CS PAL 6 8 1.5 8 Debris Jam, Sand, Water Below E g « %
#SLB-7 CS PAL 8 16 1.5 22 Debris Jam, Grade Control Willow = = % o
#SLB-8 CS PAL 6 12 1.5 12 Debris Jam, Grade Control Rock an % =
#SLB-9 CS PAL 8 16 2 22 Debris Jam, Grade Control Alder <Zc % E 3
) =
#SLB-10 BDA 6 8 1.5 8 BDA, Highest Valley Right - ; E
#SLB-11 BDA 6 14 1.5 14 BDA, Alder, Willow ; %
#SLB-12 BDA 6 12 15 12 BDA S0
#SLB-13 BDA 8 12 1.5 16 BDA A
#SLB-14 BDA 6 16 1 16 BDA, Existing
#SLB-15 CS PAL 6 4 1 4 Debris Jam, Existing &
#SLB-16 | CSPAL 6 15 15 15 Debris Jam, Existing £
#SLB-17 BDA 8 20 15 27 BDA, Existing Jam e
#SLB-18 BDA 6 14 15 14 BDA e
JACKSON COUNTY, CO
TOTAL 322

FULL SERVICE LEVEL
NVERT

LONG = LONGITUDE (WGS84)
LOW—TECH PROCESS—BASED RESTORATION
WCS = WATER CONTROL STRUCTURE

*NOTE: NOT ALL ABBREVIATIONS IN
THIS LIST APPEAR ON THIS SHEET

MANAGER OF ENGINEERING SERVICES:

KEVIN WARNER, P.E

2114 MIDPOINT DRIVE, SUITE 1
FORT COLLINS, €O 80525

(970) 590-1545

KWARNER@DUCKS.ORG

DU REGIONAL ENGINEER:
THOMAS PARKER, P.E

2114 MIDPOINT DRIVE, SUITE 1

FORT COLLINS, CO 80525
(970) 892-3375
TPARKER@DUCKS.ORG

RESTORATION SPECIALIST:
SHAWN CONNOR, BIO—LOGIC, INC.
125 COLORADO AVE, SUITE B
MONTROSE, CO 81401

(970) 596-5547
SHAWNC@BIO—GEO.COM

DATE:
5/6,/2026

LISTED SCALES ACCURATE
ON 24"X36" SHEET SIZE

DU PROJECT NUMBER:

C0-360-101

SHEET NUMBER:

4OF 11

FILE LOCATION:
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REACH 4 PLAN

SCALE: 1”7 = 150

DP #22 (BDA)
Lat: N40.857318"
Long: W106.198695

DP #25 (CS PAL) : DP #23 (BDA)
Lat: N40.85664 N40.857261" DP #1 (BDA)
Long: W106.201485" . W106.19865 : N40.858816°

DP #30 (CS PAL)
Lat: N40.855437°

DP #21 (CS PAL)
Lat: N40.857130°
Long: W106.198429"

DP #24 (CS PAL)
Lat: N40.856915"
Long: W106.200909"

———

0 75 150 300
FEET

DP #29 (CS PAL)
Lat: N40.855532°
W106.204101

Lat: N40.858677"
DP #5 (BDA)ES| ong: W106.191112"
t: N40.8585117

Long: W106.192212°

DP #26 (BDA)
Lat: N40.856403"
Long: W106.201692°

DP #19 (CS PAL)
Lat: N40.856776
W106.197754

DP #17 (BDA)
Lat: N40.856721
Long: W106.19724

DP #16 (BDA)
Lat: N40.856661°
Long: W106.196937°

NOTES:

e SEE TYPICAL DETAILS AND
CONSTRUCTION GUIDANCE ON
SHEETS 5-12

e CONTRACTORS SHOULD
REFERENCE DR. WHEATON'S
"LOW-TECH PROCESS—BASED
RESTORATION OF RIVERSCAPES:
DESIGN MANUAL” FOR MORE
INFORMATION ABOUT STRUCTURE DR 3 (C PAL
INSTALLATION.  THE TYPICAL DP #28 (BDA
DETAILS WERE PULLED FROM Lat: Nfo.BSéSZS)' e i s s, Lat: N40.856745°
THIS DOCUMENT. Long: W106.203575° “Long: W106.196072"

«  CONTRACTORS SHOULD ALSO DP #20 (CS PAL)SEMEN . Ul NPT DP #3 (BDA)
REFERENCE THE "NORTH SAND Lat: N40.8570047 ~ 5 Lat: N40.858426"
CREEK AREA RIPARIAN Long: W106.198101 ~ -t Long: W106.191298"

RESTORATION — SITE
ASSESSMENT AND PRIORITY
RESTORATION ACTIONS” REPORT
BY BIO—-LOGIC FOR BACKGROUND
ON THE PROJECT INTENT AND
GOALS.

DP #18 (BDA) \\
Lat: N40.856684" =y
Long: W106.197499°

Y ;e DP #4 (BDA)
Lat: N40.858452°

DP #8 (BDA) Long: W106.191998"
Lat: N40.857351°

Long: W106.194080"
DP #9 (BDA)
Lat: N40.857113
RG] Long: W106.194196

Lat: N40.B56786° DP #10 (BDA)
Long: W106.194998" Lat: N40.856866
W106.19425

DP #15 (BDA)
Lat: N40.85662
W106.19649

DP #14 (CS PAL)
Lat: N40.85669
Long: W106.19612

DP #12 (BDA)
Lat: N40.85675
Long: W106.195420

NOTES
1. CONTRACTOR IS RESPONSIBLE FOR SUPPLY & INSTALL OF POSTS FOR POST—ASSISTED STRUCTURES.
2. POSTS SHOULD BE UNTREATED WITH A MINIMUM DIAMETER OF 3—IN AND MAXIMUM DIAMETER OF 6—IN.
3. IT IS HIGHLY ENCOURAGED TO BRING A HYDRAULIC POST—POUNDER FOR THE INSTALL OF THE POSTS. A UTV OR ATV IS ALSO HIGHLY ENCOURAGED TO ACCESS THE STRUCTURE

INSTALLATION AREAS.

4. |IF REQUIRED, POSTS SHOULD BE CUT TO MATCH THE DESIGN HEIGHT PRESENTED IN THE TABLES ON SHEETS 3—4. GENERAL EMBEDMENT RECOMMENDATIONS IS % OF THE POST LENGTH.
4—FT TO 5—FT POSTS SHOULD SUFFICIENT FOR THIS PROJECT.
5. GENERAL RULE OF THUMB IS A POST SHOULD BE INSTALLED EVERY 2—FT LENGTHWISE AND WIDTH—=WISE WITHIN THE STRUCTURE. CONTRACTOR TO SUPPLY ENOUGH POSTS TO ACCOMPLISH
THIS SPECIFICATION. SEE ESTIMATES FOR NUMBER OF POSTS BELOW.
b 6. PROPOSED STRUCTURE LOCATIONS AND LOGS TO—BE FELLED WILL BE STAKED OR FLAGGED ACCORDINGLY.
- : 7. CONTRACTOR SHOULD AVOID FRESH DISTURBANCE IN NATIVE VEGETATION AND KEEP DISTURBANCE TO EXISTING DISTURBED SAND AREAS.
EXAM]PL]E PHOTO OF EX][S’][‘][NG COND][T][ONS ][N REACH 4 8. ANY FENCING THAT NEEDS TO BE CUT FOR ACCESS SHOULD BE RESTORED TO EXISTING CONDITION AFTER STRUCTURE INSTALLS. THIS IS CONSIDERED INCIDENTAL TO THE "SITE
PREPARATION™ LINE ITEM.
REACH 4 (DUNAWAY PROPERTY) - STRUCTURES SPECIFICATIONS REACH 4 (DUNAWAY PROPERTY) - STRUCTURES SPECIFICATIONS
STRUCTURE |LENGTH|WIDTH| HEIGHT| ESTIMATED # OF STRUCTURE |[LENGTH|WIDTH| HEIGHT | ESTIMATED # OF
STRUCTURE TYPE (FT) (FT) (FT) POSTS NEEDED COMMENT STRUCTURE TYPE (FT) (FT) (FT) POSTS NEEDED COMMENT
#DP-1 BDA 6 14 1.5 14 BDA #DP-16 BDA 10 16 2 27 BDA
#DP-2 BDA 8 16 2 22 BDA #DP-17 BDA 8 16 2 22 BDA
#DP-3 BDA 8 18 2.5 24 BDA #DP-18 BDA 8 14 2 19 BDA
#DP-4 BDA 6 14 1.5 14 BDA #DP-19 CS PAL 8 16 1.5 22 Debris Jam, Valley Left Spreader
#DP-5 BDA 10 25 25 42 BDA Valley Left Reconnect. Priority #DP-20 CS PAL 8 14 2 19 Debris Jam, Sand
#DP-6 BDA 6 14 2 14 BDA Support Structures Above #DP-21 CS PAL 8 14 1.5 19 Debris Jam
#DP-7 BDA 6 16 1.5 16 BDA #DP-22 BDA 8 10 2 14 BDA Splitter
#DP-8 BDA 6 14 1.5 14 BDA #DP-23 BDA 8 14 2 19 BDA
#DP-9 BDA 8 16 2.5 22 BDA #DP-24 CS PAL 6 16 1.5 16 Debris Jam, Sand, Off Channel
#DP-10 BDA 6 16 2 16 BDA #DP-25 CS PAL 6 12 1.5 12 Debris Jam, Sand Sedge Below
#DP-11 BDA 8 12 1.5 16 BDA #DP-26 BDA 8 14 1.5 19 BDA
#DP-12 BDA 8 14 1.5 19 BDA #DP-27 BDA 6 14 1.5 14 BDA
#DP-13 CS PAL 6 14 1.5 14 Debris Jam, Grade Control, Sand Monitoring Pt. #DP-28 BDA 8 14 2 19 BDA
#DP-14 CS PAL 8 8 1.5 11 Debris Jam, Grade Control #DP-29 CS PAL 8 14 1.5 19 Debris Jam, Grade Control
#DP-15 BDA 10 16 2.5 27 BDA #DP-30 CS PAL 8 14 2 19 Debris Jam, Grade Control
TOTAL 564
ABBREVIATIONS LIST FSL = FULL SERVICE LEVEL
THIS MATERIAL, DATA AND INFORMATION IS THE PROPERTY OF DUCKS UNLIMITED, INC. IT MAY BA PAL = BANK—ATTACHED POST—ASSISTED LOG STRUCTURE INV = INVERT
NOT BE USED OR REPRODUCED FOR ANY PURPOSE WITHOUT THE PRIOR WRITTEN CONSENT BDA = BEAVER DAM ANALOG LAT = LATITUDE (WGS84)
OF AN AUTHORIZED AGENT OF DUCKS UNLIMITED, INC. DUCKS UNLIMITED, INC. MAKES NO BLM = BUREAU OF LAND MANAGEMENT LONG = LONGITUDE (WGS84)
REPRESENTATION OR WARRANTY OF ANY KIND REGARDING THIS MATERIAL, DATA AND C.L. = CENTER LINE LTPBR = LOW—TECH PROCESS—BASED RESTORATION MANAGER OF ENGINEERING SERVICES: DU REGIONAL ENGINEER: RESTORATION SPECIALIST:
INFORMATION, INCLUDING, BUT NOT LIMITED TO, THE ACCURACY OF THE MATERIAL, DATA AND CS PAL = CHANNEL—SPANNING POST—ASSISTED LOG STRUCTURE WCS = WATER CONTROL STRUCTURE KEVIN WARNER, P.E. THOMAS PARKER, P.E. SHAWN CONNOR, BIO—LOGIC, INC.
INFORMATION OR ITS SUITABILITY FOR ANY PURPOSE. ALL USE OF THE MATERIAL, DATA AND CS FT = CHANNEL—SPANNING FELLED TREE WSEL = WATER LEVEL 2114 MIDPOINT DRIVE, SUITE 1 2114 MIDPOINT DRIVE, SUITE 1 125 COLORADO AVE, SUITE B
INFORMATION IS AT THE USERS SOLE RISK. BY USING ANY OF THIS MATERIAL, DATA AND DIA. = DIAMETER FORT COLLINS, CO 80525 FORT COLLINS, CO 80525 MONTROSE, CO 81401
INFORMATION, USER AGREES THAT DUCKS UNLIMITED, INC. IS NOT RESPONSIBLE FOR THEIR ELEV. = ELEVATION *NOTE: NOT ALL ABBREVIATIONS IN (97()) 590-1545 (970) 692-3375 (970) 596—-5547
USE OF THE MATERIAL, DATA AND INFORMATION OR THE RESULTS THEREOF. EX. = EXISTING THIS LIST APPEAR ON THIS SHEET KWARNER@DUCKS.ORG TPARKER@DUCKS.ORG SHAWNC@BIO—GEQ.COM
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APPENDIX D: TYPICAL SCHEMATICS AND GENERAL SUGGESTIONS FOR PLACEMENT
AND CONSTRUCTION OF PALS

We provide some basic building steps (i.e., recipes) and schematics of PALS and BDAs. We wish to stress that these
recipes are not meant to describe the enly way fo build these structures, and the schematics are not meant as exact
depictions of how these structures should be constructed. As noted in low-tech Restoration Principle 5 “it's okay fo be
messy" (Chapter 2. Wheaton et al., 2019), each structure type should be built in a variety of shapes and sizes
depending on the site conditions, materials available, and goals of the project. We provide the recipes and schematics
as a rough guide for practitioners, an “eniry paint" into low-tech restoration, and for permitting agencies o understand
the general building approach. All schematics are licensed with a Creative Commons attribution license so practitioners
can use or modify them in their own designs, reports and permit applications with appropriate citation. See Chapter 6
for general permitting, construction logistics, and safety concems (Bennett et al., 2019a}.

General Post-Assisted Log Structure (PALS) Building Recipe
Ingredients:

branches, limbs, small logs, brushy fill generally < 6-15" long and 6-16" diameter (i.e., can be carried by 1-3
people and constructed by crew of 2-4) — (see Chapter 6: Bennett et al., 2019a)

¢ untreated wooden posis 6 - 8' long 2-4" diameler; can sometimes be built on site with small diameter trees
and/or branches, but may not be practical for building hundreds of structures (see Chapter 6: Bennett et al.,
2019a)
Instructions:
« Decide location of PALS, configuration (e.g., orientation and type of PALS) as part of the design (see Chapter
5: Shahverdian et al., 2019b) of a complex of structures (mulfiple structures working together)
= Position larger logs on the base of the structure to make the general shape of structure
o Limb branches from one side of the logs so that much of the log comes in contact with the bed to
increase interaction between the flow and the structure, even at low flows
* Pin large pieces in place with posts; drive posts at angles and downstream to help hold wood in place at high
flows
s Add more logs, and pack and wedge smaller material fo fill spaces in the structure

Build up the structure to desired crest elevation, but crest elevation need not be uniform

Options and Considerations:

Build PALS with irregular shapes and branches and small debris sticking out in multiple directions (i.e., make
a mess)

For PALS where flow over the top is anticipated, cansider constructing a mattress of woody material on
downstream side to dissipate pour over flow energy over-top of structure. Alternatively, if the intention is to
encourage formation of a plunge pool, maybe build mattress incompletely, or not at all

When building bank-attached and channel-spanning PALS, extend the structures onto the floodplain by
wedging structure material into existing vegetation, trunks, roots or boulders on the floodplain

Build bank-attached PALS with a broader base (streamwise) where the structure aftaches to the bank, to
better shunt flows to the opposite bank

Locate bank-attached PALS across from hard features like boulders or roots ta force a scour pool

Build a broad base (streamwise) for channel-spanning structures relative to channel width so that the
structure is not narrow and "wall like". Use multiple lines of offset posts to build it wide

Build mid-channel PALS with large and wide logs perpendicular to the flow on the upstream end of the
structure to act like a natural root wad

In general, the larger the siructure relative to the channel width (i.e., constriction width), the larger effect it
will have on hydraulics, and subsequently geomorphic change during high flows

NOTES:

e USE DR. WHEATON'S "LOW-TECH
PROCESS—BASED RESTORATION OF
RIVERSCAPES: DESIGN MANUAL” FOR MORE
INFORMATION ABOUT STRUCTURE
INSTALLATION

POST—ASSISTED LOG STRUCTURES (PALS):

* STRUCTURES SHOULD MIMIC THE FORM OF WOOD
ACCUMULATION AND DIRECTLY FORCE THE PROCESSES
ASSOCIATED WITH WOODY DEBRIS ACCUMULATIONS.
o IN RESPONSE TO FLOODS, PALS CAN:
. GROW BY ACTING AS PLATFORMS/OBSTRUCTIONS FOR
MORE WOOD TO ACCUMULATE ON,

o PROMOTE DIRECT RECRUITMENT OF WOODY DEBRIS BY
THE HYDRAULICS THEY FORCE FROM OTHER SURFACES

. FORCE CREATE OF SURFACES (BARS AND
FLOODPLAINS) THAT RECRUIT MORE WOODY VEGETATION
ESTABLISHMENT, AND

. THE MATERIAL IN PALS CAN BE MOBILIZED AND
ACCUMULATE INTO THEIR OWN NATURAL WOODY
ACCUMULATIONS DOWNSTREAM.

THIS MATERIAL, DATA AND INFORMATION IS THE PROPERTY OF DUCKS UNLIMITED, INC.
NOT BE USED OR REPRODUCED FOR ANY PURPOSE WITHOUT THE PRIOR WRITTEN CONSENT
OF AN AUTHORIZED AGENT OF DUCKS UNLIMITED, INC.
REPRESENTATION OR  WARRANTY OF ANY KIND REGARDING THIS MATERIAL, DATA AND
INFORMATION, INCLUDING, BUT NOT LIMITED TO, THE ACCURACY OF THE MATERIAL, DATA AND
INFORMATION OR ITS SUITABILITY FOR ANY PURPOSE.
INFORMATION IS AT THE USERS SOLE RISK.
INFORMATION, USER AGREES THAT DUCKS UNLIMITED, INC. IS NOT RESPONSIBLE FOR THEIR
USE OF THE MATERIAL, DATA AND INFORMATION OR THE RESULTS THEREOF.

NOTES:

e WOOD SHOULD GENERALLY BE HARVESTED LOCALLY.

Figure 5 - PALS can be built in & range of shapes, sizes and in different channel locations. (A) bank-attachied, (B) mid-channgl, (C) channel-
spanning, (D) channel-spanning, (E) mid-channel, {F) channel-spanning, (G) bank-attached, and (H) channel-spanning.

WOODY DEBRIS STRUCTURES CAN BE CONSTRUCTED FROM A VARIETY OF MATERIALS, AND THIS

SITE PROVIDES MULTIPLE SOURCES OF CONIFER, WILLOW, ASPEN, AND EXTENSIVE GROUND JUNIPER THAT IS SUITABLE FOR CONSTRUCTION.

e CHANNEL—SPANNING STRUCTURES SHOULD INCORPORATE A VARIETY OF MATERIAL SIZES WITH LARGE WOODY DEBRIS FORMING THE BASE STRUCTURE
AND USING AMPLE SMALLER MATERIAL AND FINES TO CLOG PORE SPACE IN THE STRUCTURE.

e UNTREATED WOODEN POSTS WOULD BE USED FOR PINNING IN AND SECURING THE WOOD STRUCTURES, AND IT IS RECOMMENDED THAT THESE

MATERIALS ARE IMPORTED.

ABBREVIATIONS LIST

BA PAL = BANK—ATTACHED POST—ASSISTED LOG STRUCTURE
BDA = BEAVER DAM ANALOG

BLM = BUREAU OF LAND MANAGEMENT

C.L. = CENTER LINE

CS PAL = CHANNEL—SPANNING POST—ASSISTED LOG STRUCTURE
CS FT = CHANNEL—SPANNING FELLED TREE

DIA. = DIAMETER

ELEV. = ELEVATION

EX. = EXISTING

IT MAY

DUCKS UNLIMITED, INC. MAKES NO

ALL USE OF THE MATERIAL, DATA AND
BY USING ANY OF THIS MATERIAL, DATA AND

FSL = FULL SERVICE LEVEL
INV = INVERT

LAT = LATITUDE (WGS84)

LONG = LONGITUDE (WGS84)

LTPBR = LOW-TECH PROCESS—BASED RESTORATION
WCS = WATER CONTROL STRUCTURE

WSEL = WATER LEVEL

MANAGER OF ENGINEERING SERVICES:
KEVIN WARNER, P.E.
2114 MIDPOINT DRIVE, SUITE 1

DU REGIONAL ENGINEER:
THOMAS PARKER, P.E.
2114 MIDPOINT DRIVE, SUITE 1

RESTORATION SPECIALIST:

SHAWN CONNOR, BIO—LOGIC, INC.
125 COLORADO AVE, SUITE B
MONTROSE, CO 81401

(970) 596-5547
SHAWNC@BIO—GEO.COM

FORT COLLINS, CO 80525
(970) 590-1545
KWARNER@DUCKS.ORG

FORT COLLINS, CO 80525
(970) 892-3375
TPARKER@DUCKS.ORG

*NOTE: NOT ALL ABBREVIATIONS IN
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Channel Spanning PALS
PROFILE
Start with key pieces onented stream-wise
and face butt end or rent wad upstream to
maximize width that will create divargent \

flow paths around it.

Design height for channel-spanning structures
is important. If it is intendad Structure
can protmd? above typical high flow stages.

LENGTH

Figure 26 - Typical schematics of a channel-spanning PALS.

ABBREVIATIONS LIST
THIS MATERIAL, DATA AND INFORMATION IS THE PROPERTY OF DUCKS UNLIMITED, INC. IT MAY BA
NOT BE USED OR REPRODUCED FOR ANY PURPOSE WITHOUT THE PRIOR WRITTEN CONSENT
OF AN AUTHORIZED AGENT OF DUCKS UNLIMITED, INC. DUCKS UNLIMITED, INC. MAKES NO
REPRESENTATION OR  WARRANTY OF ANY KIND REGARDING THIS MATERIAL, DATA AND
INFORMATION, INCLUDING, BUT NOT LIMITED TO, THE ACCURACY OF THE MATERIAL, DATA AND
INFORMATION OR ITS SUITABILITY FOR ANY PURPOSE. ALL USE OF THE MATERIAL, DATA AND
INFORMATION IS AT THE USERS SOLE RISK. BY USING ANY OF THIS MATERIAL, DATA AND DIA. = DIAMETER
INFORMATION, USER AGREES THAT DUCKS UNLIMITED, INC. IS NOT RESPONSIBLE FOR THEIR ELEV. = ELEVATION
USE OF THE MATERIAL, DATA AND INFORMATION OR THE RESULTS THEREOF. EX. = EXISTING

BDA = BEAVER DAM

C.L. = CENTER LINE

BLM = BUREAU OF LAND MANAGEMENT

CS PAL = CHANNEL—SPANNING POST—ASSISTED LOG STRUCTURE
CS FT = CHANNEL—SPANNING FELLED TREE

VIEW

Drive posts in to bed anglad inwards
towadge wood pieces and prevent them
from rafting up and fioating away in
high flows.

Use a mix af sizas of woed and tangle
togethar with branches.

X-SECTION VIEW

Bankfull
Elgvation

Floodpiain

HEIGHT

e

\.
i \ Drive posts at angles to wedge and pin woody
debris together. Attempt to drive &t least 1/4
to 1/3 of finished length of post into bed

v Al rd : ,
v \ / n 77
\ 1 4"({ |/ !""\
v M
PLANFORM VIEW
Sep XS View
Flandplain or Terace
F i
i a—

Take advantage of branches on key pieces to position
posts as pins ta tempararily anchor and wedge
structure in place

Layout key pieces with butt ends (or root-wads, if
present} upstream. Wedging some pieces perpandicular
to flow is fine.

NOT-TO-SCALE

Variations and Constructions Tips for PALS

There are numerous ways to build PALS, and practitioners should experiment with different substitutions and
techniques. In Figure 27 the idea of substituting different types of materials is illustrated. One can build smaller PALS
to start, and then make them bigger once the key pieces are pinned in. We have found that installing posts at angles
is far more effective at pinning material in place (Figure 28). Finally, posts don't always drive into the bed. Posts will
drive surprisingly well into cobble and gravel, but bedrock, clay hardpan, and some beds will not always work. In such
situations, it can be helpful to make larger and more complicated pieces by lashing material together, and securing it
or wedging it against existing features. We DO NOT recommend cabling, but biodegradable rope is an option. We do
not like cabling as it is both unnecessary and leaves artificial material in the system for too long. By contrast,
biodegradable materials can provide temporary stability while the structure is mimicking a wood-accumulation, gives it
achance fo act as Velcro for promoting more wood accumulation, but if it washes out, it will just be a source of recruited
wood to accumulate in other natural jams and PALS. Figure 29 shows one technigue for lashing material together
using triangle frames. This can also be helpful for combining smaller pieces into something that mimics bigger key
pieces,

SMALL ROOT-WADS

Start with key pieces oriented stream-wise
and face butt end or root wad upstream to
maximize width that will create divergent
flow paths around it.

USED CHRISTMAS TREES OR CONIFER TOPS

Use top of a conifer or disused Christmas tree
as key piece and position with butt end facing
upstream,

.ﬁ B
Usiiveraity
AEETSALTION CONSTATILIN

Figure 27 - ldeas for matenal substitutions with small root-wads and discarded/recycled Christmas trees or tops off of conifers. Smalier PALS
like these can also be heloful ta start with in streams and rivers with higher flow, to build something small and get it anchored, and then start
piling on more materal and pinfng it as necessary fo produce something like found in the schemalics.

WOOD SHOULD GENERALLY BE HARVESTED LOCALLY. WOODY DEBRIS STRUCTURES CAN BE CONSTRUCTED FROM A VARIETY OF MATERIALS, AND THIS
SITE PROVIDES MULTIPLE SOURCES OF CONIFER, WILLOW, ASPEN, AND EXTENSIVE GROUND JUNIPER THAT IS SUITABLE FOR CONSTRUCTION.
CHANNEL—SPANNING STRUCTURES SHOULD INCORPORATE A VARIETY OF MATERIAL SIZES WITH LARGE WOODY DEBRIS FORMING THE BASE STRUCTURE

NOTES:
NOTES: .
e USE DR. WHEATON'S "LOW—TECH
PROCESS—BASED RESTORATION OF .
RIVERSCAPES: DESIGN MANUAL” FOR MORE AND USING AMPLE SMALLER MATERIAL AND FINES TO CLOG PORE SPACE IN THE STRUCTURE.
INFORMATION ABOUT STRUCTURE INSTALLATION *

UNTREATED WOODEN POSTS WOULD BE USED FOR PINNING IN AND SECURING THE WOOD STRUCTURES, AND IT IS RECOMMENDED THAT THESE

MATERIALS ARE IMPORTED.

FSL = FULL SERVICE LEVEL
T

PAL = BANK-ATTACHED POST—-ASSISTED LOG STRUCTURE INV = INVER

ANALOG LAT = LATITUDE (WGS84)
LONG = LONGITUDE (WGS84)

LTPBR = LOW-TECH PROCESS—BASED RESTORATION

WCS = WATER CONTROL STRUCTURE
WSEL = WATER LEVEL

*NOTE: NOT ALL ABBREVIATIONS IN
THIS LIST APPEAR ON THIS SHEET

MANAGER OF ENGINEERING SERVICES: DU REGIONAL ENGINEER: RESTORATION SPECIALIST:

KEVIN WARNER, P.E. THOMAS PARKER, P.E. SHAWN CONNOR, BIO—LOGIC, INC.
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FORT COLLINS, CO 80525 FORT COLLINS, CO 80525 MONTROSE, CO 81401

(970) 590-1545 (970) 892-3375 (970) 596-5547
KWARNER@DUCKS.ORG TPARKER@DUCKS.ORG SHAWNC@BIO—GEO.COM
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APPENDIX E: TYPICAL SCHEMATICS AND GENERAL SUGGESTIONS FOR PLACEMENT ¢.  Using mud, bed material & turf (typically sourced from backwater area of pond) as fine fill material DUCKS
AND CONSTRUCTION OF BDAS to plug up leaks, combine with sticks and branches of various sizes to build a wide base. Make UNLIMITED
sure base is wide enough to accommodate anticipated dam height (most dams will have a 1.5:1 to GREAT PLAINS REGION
5 , ¥ FORT COLLINS FIELD OFFICE|
Typical Schematic or Design Details for BDAs 3:1 (horizontal ; vertical) proportions. 2114 MDPONT DRIVE,
In this section, we provide the sorts of schematics that can form part of a low-tech design package (see Chapter 5: d.  Build up first layer only to top of key pieces from first layer. Make sure the crest is level across the FSER;TC[;LFUZETHZZ;;TES
Shahverdian et al., 2019b) and act as typical construction details, Many substitutions and creative adaptations to these channel and water is pooling to this temporary crest elevation. ' '
typical details can be made to promote the processes defined in the design objectives. Do not be afraid to experiment, . - . ) . . . . .
s};plong as you are following thz quiding pn'sciples (see Chapter 2: Benngtt ot L| 201%a) 2 3. Build up subsequent layer(s) in 6" to 12" lifts, packing well with fine fill material until ponding water to its next
' ! ' temporary crest elevation.
Postless BDA Repeat step 3 as many times as necessary to build up to design crest elevation,
Qur preferred design for BDAs is very similar to how beaver build dams, without pgs{s_ . Work a willow matiress {ia}flng branches Paraliel to ﬂOW) into dam on downsiream side and build to Dm‘fldﬁ
energy dissipation to overtapping flows.
General Postless BDA Recipe 6. If desired, and time permits, attempt to plug up BDA with mud and organic material (small sticks and turf) to
Ingredients. flood pond to crest elevation. Optionally, you can leave this for maintenance by beaver or for infilling with 3 =N
o Woody fill material (preferably locally-sourced) branches, limbs, small logs, brushy fill leaves, woody debris and sediment. e 515 2B
. :’:r!wnetl;zljl ?;ggrzzil_:ﬂngT c-c:gan:;i{:}.géig;f mats, roots, leaves, conifer needles, grass, etc.) and inorganic (e.g., Options, Considerations & Variations: é % 5 § § §
(I)et' lif ' | bi - "ry‘,k '8 '}I bl Il bould » For Step 2a, it is not necessary to build with larger key pieces (as in Figure 32) and plenty strong with a mix c e v ==
* JPHOCRRS 1) AV ARGE: Ll Su., KO, (HOGASL DS, SRSHAR NI STHL DOLINOTS of smaller woody material and fine fill material (e.g., Figure 30). If woody key pieces are used, make sure to
at least limb (cut off branches) on side in contact with bed. 5
TanisNeeden ) . , , s For Step 2b, if key pieces are limbed on the side that is in contact with bed, the branches removed from the
»  Personal protective equipment (PPE) (see Chapter 6: Bennett et al., 2019a); Optionally: dry suit or waders other side can be used to help weave and wedge material in subsequent layers in. If this is done, make sure .
. C_ut‘unlg foals: Ioppers n'!mlmally: Optmnally_: chainsaw, hand saw(s), and pruning shears - for sourcing, that limbs are rimmed at end to design crest elevation. 5
"'.'“7"”9 andlcutt:ng o 5"2? _“'°°d?’ f rpalenall . o ; , o Just like natural beaver dams, there are a huge number of variations in the woody fill material and fine fil
Digging tools: Shovel(s) minimally; Optionally: pick-axe and/or digging bars — for sourcing finer fill material material. In some riverscapes that lack woody riparian vegetation, or nearby woody material, beaver build .
5 G?IIon Buckets - for filling and moving finer fill material from source areas ta BDA very strong beaver dams out of nothing more than fine fill material. é
e Optionally: . . ) » If building a 'primary’ dam (larger dam that tends to be deep enough to support an underwater entrance to a g AN
o Cam straps are sometimes helpful to bundie together branches for easier hauling from source or beaver lodge, consider backwater inundation extents relative to good bank-lodging opportunities (e.g.,
staging areas to BDA, overhanging banks, vegetation and cover from predation).
‘ » [f building multiple dams (typically secondary) in series, the dams within a complex tend to be positioned
fﬂmfmg[;z;ide T T ————— (spacing downstream) and built to heights that support flatwater from the crest of the downstream dam all the _ 2
. ' G ' way upstream to the base of the next dam upstream. &~ n
elevation (use landscape flags if necessary). Position yourself with your eye-level at the proposed crest YHR e = E S
elevation of the dam (make sure it is < 5" in height). Look upstream o find where the pond will backwater to, Nitio % &) 0
Adjust crest elevation as necessary to achieve desired size of pond, inundation extent, and overflow patterns. _ . — . . . . . = E
If concerned about head drop (water surface elevation difference) over BDA, build a secondary BDA e The terplaton s always o build up {|nlhmg.ht)_ Quickly without makmg RIS eaph layer is holding back water PEE !
downstream with a crest elevation set to backwater into base of this BDA (and lessen head drop or elevation well anld 15 Etsb]e- A better dam results in bmldlpghup to the design crest Elgvat_lon slowly. < a1 2
difference between water surface in pond and water surface downstream of BDA). Overall dam height is best not to exceed the height of the people constructing it. =%, =
) o ) ) It is easier to build in systems that already have a perennial water source and flowing water, as you can see Tog | =
2. Build up first layer or course by widening base upstream and downstream of crest to flat height of 6 to 12 instantly how well your structure backs up water. It is possible to build in intermittent channels or areas you =i =
above existing water surface, and make sure it holds back water. expect to receive water in the future, but you will not immediately mimic a beaver pond in such situations. % . §
' ¥ i T s ' g
a. Iflarger key pieces (i.e. larger logs, cobble or small boulders) are locally abundant, these can be e Much of the 'strength’ of the dam comes from the messy carbon fiber matrix you are building with a mix of GO | =
used to lay out the crest position across the channel (as in Figure 32). Optionally, they can be size and type of materials combined. Similar o concrete, the cement by itself is not strong, but the aggregate oy =
‘keyed' in by excavating a small trench (no need to be deeper than ~1/3 of the height of key piece andlor reinforcing rebar is what gives the structure its sirength. > = =
diameter) and place key pieces in and pack with excavated material. » Resist the temptation to overbuild the BDA. S £ =
, : . x : S = A BDA that ‘breaches' ar ‘blows out', just like natural beaver dams do, is not a ‘failure’ if designed to =
b. ;ﬁ;_”;f;!:yﬁ‘gf #?;?E rglrn;ﬁéirllgll‘azghnsgt ;?"ﬁfglngzt tr? ?ooé‘;:&r;et;:h:;; ‘L?a::'r :ubr?:fee;f;:gg accommodate such a response. Often, BDAs that blow out or breach provide improved and more complex =
’ : ! Just.ivg 9 habitat.
- e Design life: < 1 year (note actual life may last many years or even decades). -
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Post-Assisted BDA ‘ E

DUCKS
Some practitioners who build BDAs have become very accustomed to using posts, because that's how the first details UNLIMITED
they saw of BDAs were built and they stuck to the post-line wicker-weave recipe (Figure 36 Appendix C and Figure GREAT PLAINS REGION
19). Posts can provide some temporary anchoring and stability to help with high flows in systems with flashier flow 2114 WDPONT DRNE, |
: 5 F = 4 SUITE 1
regimes or that produce larger magnitude floods. However, in many situations beaver can produce plenty strong dams FORT COLLINS, CO 80525
without posts. For situations where additional support during high flows is deemed necessary, our suggested practice CERT. OF AUTHORIZATION:
is to start out following the instructions to build a postless BDA, and then simply add posts (Figure 34 & Figure 35). WIDTH —
X-SECTION VIEW
PROFILE VIEW Banklull
Buiid an overflow mattress of branches A Hndepan Hlevstio fi .’Dadp.'aj’nl
Izitl parallel to flow direction and woven v \ L (A
inta weave above. The mattress acts fo “All beaver dams & BOAs have uniform crest elevations |
Fioodpigin ar Terrace Start by building a completa pastiess BDA dissipate flow energy of flows spilling Design Crest Flevation to promote even (as opposed 1o cancentrated| spill over crest
! [see pastiess recipe) over 1o of dam, - . . o S
= LAYl . ' N3 i :
AW Dassgn Crest Eiavation S e e &
v NOTE clkls Blg s
5 % The crest glevation | a critical % z g g é é
s ] HEIGHT consideration. n general, primary dams EESE R R
e Fel ‘ BOA haight are taller than sacondary dams, and usually L b
I 2 50 VI i st wider [eithar extending onto bars, inset bences Build BOA up in 6 to 12" litts from a bread (streamwisel base being careful
ar floodpiaing, a5 to lower unit stream power), ity make sure gach layer 15 holding back water and effectively ponding betore 5
) ) ) Secondary dams 1end 1 just e tall enough to praceeding to next layer. Use a mix of locally-sourced materials (see steps) o
[ high-flow stream power is a cancern, optionally, add untreated wonden hack-water up to the base of the next upstream
posts oppartunistically to reinforoa BDA. Drive posts through entire dam. Secndary dams can be bullt higher to lower
structure & ideally 1,4 to 1/3 the length af finish posts into undertying bed. the head (elevation] drop of an upstream dam. PLANFORM VIEW G
<
o
S0) -
RE AT COKAGA TR See XS View
Figure 34 - Profile schematic of post-assisted BDA. If you think you need posts, our preferred approach js to builld & postiass BDA as per Figure Fivodplain or Terrace . Lay bran C“;"S in "_"’3"““"" matiress z
31, and then reinforce after the fact with some posts driven through the strusture. parallel 8o flo paths, 2
—|N[Mm|F ||~

PROFILE VIEW
Build an overflow mattross of branches _.r,'}
lzid parallel to flow direction and woven £
inta weave above. The mattress acls to Z, 2 wn
Floadpiain ar Tarrace Start by building & complata postless BDA dissipate flow energy of flows spilling : - <t
. (see postless recine) over 1op of dam. % S =
- Fa SO NN LA 4 | ) as]
; e - ._;_______L'.____- =2
_ gy Design Crest flovation o e - I
— LENGTH LN 75
o New Pond .ﬁuﬁa— SR =
3 - @@ =L, NOT-TO-SCALE Bmy | =
; BOA height Cam |
B
- v _ . o . =5 | 2
e Figure 32 - Typical schemaiic sketches of & postiess BDA with kay pieces used in base % - =
=
I high-Tlow 5!"_5,‘]!.!! [ICIWEIi.’..allunl.'eﬁ'l,upll.ﬂhﬂw. ald umrealed_wmden % g ~ j
posts appartunistica lly to reinforce BDA. Driva posts through entire B &)
structure & ideally 1,4 o 173 the length of finish posts into underying Led jan} é Z
S >
(COF Lo oS £ B
Z m
Figure 35 - Profile schematic of posi-assisted BDA with key pieces. If you think youl need posts. our preferred approach s to build a postless &~
BDA as per Figure 33, and then reinforce after the fact with some posts dnven through the structure.
. NUIEDS! 6
NOTES: o e PALS AND BDAS ARE HAND—BUILT STRUCTURES. THAT MIMIC AND PROMOTE WOOD ACCUMULATION. THEY ARE PERMEABLE. g T
+ USE DR. WHEATON'S "LOW—TECH PROCESS—BASED RESTORATION OF e A HYDRAULIC POST—POUNDER WILL BE NECESSARY FOR INSTALLATION OF THE STRUCTURES. g TE
RIVERSCAPES: DESIGN MANUAL™ FOR MORE INFORMATION ABOUT e WOOD SHOULD GENERALLY BE HARVESTED LOCALLY. WOODY DEBRIS STRUCTURES CAN BE CONSTRUCTED FROM A VARIETY OF MATERIALS, AND THIS LEGAL:
STRUCTURE INSTALLATION SITE PROVIDES MULTIPLE SOURCES OF CONIFER, WILLOW, ASPEN, AND EXTENSIVE GROUND JUNIPER THAT IS SUITABLE FOR CONSTRUCTION. SEC.:6, 7
e BEAVER DAM ANALOGUES (BDAS) — PERMEABLE, CHANNEL—SPANNING e CHANNEL—-SPANNING STRUCTURES SHOULD INCORPORATE A VARIETY OF MATERIAL SIZES WITH LARGE WOODY DEBRIS FORMING THE BASE STRUCTURE LIONZR7EW
STRUCTURE WITH A CONSTANT CREST ELEVATION, CONSTRUCTED WITH AND USING AMPLE SMALLER MATERIAL AND FINES TO CLOG PORE SPACE IN THE STRUCTURE. JACKSON COUNTY, €O
A MIXTURE OF WOOD DEBRIS AND FILL MATERIAL TO FORM A POND e UNTREATED WOODEN POSTS WOULD BE USED FOR PINNING IN AND SECURING THE WOOD STRUCTURES, AND IT IS RECOMMENDED THAT THESE
AND MIMIC A NATURAL BEAVER DAM MATERIALS ARE IMPORTED.
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PROFILE VIEW
STEP 1 Decide where to locate BDA along stream

_"‘.‘_1'——=_-..: TR A o o fCodatain
NOTE BOAs do not need to be positioned on bars o\
- riffies, but placing them on relative high spots
T does limit Ihe he lght and maleﬂal naeded
ek

Build up first layer only to
STEP 2

top of key pieces and make )

sure crest is level across bed Dig out a key to about 1/3 the depth of

and its pooling water to this some large key pieces of wood or

temporary crest elevation Iocally sourced boulders.
A

%\M\ Jm:_I:

Use mud, bed material & turf sourced from backwater
area combined with sticks of vanous sizes to build wide base.
Make sura base is wide enough to accommodate designed height.

STH’(S) 3 Build up subsequent layeris) in B to 12" lifts, packing well with
mud, turf, leaves, needles, sediment and other material until
ponding water to this next temporary crest elevation.
== =6 BN “*L.*_h A ) \
Design crest ednstion - g ————
R T
TR
S e e *

Lay branches parallel to flow on duwnstmam SIdﬂ
and build up a mattress to dissipate overflow

FINISHING STEP Bring dam up to desired design crest elevation, Make sure crest of
dam is perfectly level {so no preferential flow or weir exists). If
stream is flowing, water should be backed up and ponding, but
flow over and through dam should equilibrate so that flow into pond

gl —'-—-'l..‘."_ equals ﬂ(m: ?ul {over and through leaky dam]

Figure 33 - Sequence for bullding postless BDAs with key pieces, build ug in 6" fo 127 Iifts, siowly, like beaver do. Make sure thal your lifts are

befora building up to your next fayer.

ABBRE\/\AT\ONS LIST

THIS MATERIAL, DATA AND INFORMATION IS THE PROPERTY OF DUCKS UNLIMITED, INC. IT MAY PAL = BANK-ATTACHED POST—-ASSISTED LOG STRUCTURE
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OF AN AUTHORIZED AGENT OF DUCKS UNLIMITED, INC.  DUCKS UNLIMITED, INC. MAKES NO BLM = BUREAU OF LAND MANAGEMENT

REPRESENTATION OR  WARRANTY OF ANY KIND REGARDING THIS MATERIAL, DATA AND C.L. = CENTER LINE

INFORMATION, INCLUDING, BUT NOT LIMITED TO, THE ACCURACY OF THE MATERIAL, DATA AND CS PAL = CHANNEL—SPANNING POST—ASSISTED LOG STRUCTURE
INFORMATION OR ITS SUITABILITY FOR ANY PURPOSE. ALL USE OF THE MATERIAL, DATA AND CS FT = CHANNEL—SPANNING FELLED TREE
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level, and water is backed up sufficiently that is flowing over the crest evenly (as opposed to through or undler the dam), and the base is broad,

DAM CREST ORIENTATIONS

LINDAMMED REACH Ao flows, a5 in the absanes of dams,

e praths withan the baselull crannal follos
thes gy canid cne bt by bars.

Since dams are ouilt to-a constant crest elevation, they essentially ara
acantour. Water tows perpendicular te the cantour and over the dam
crest, when the tam Is maintained and/or intac

PERPENDICULAR - STRAIGHT N

pespEDIUAR - STRAGHT N7 AL -sTRAGHT

Wi charn creets ac ligher thae bkl and s out mmin ool
thisy can dirsct oyl anto shoss Naodplsing. Howsver, & perpenti:idar,
serarghit diam will direct most {ows straight downstream. By contrast an
gl ebarm varl | deset Ui to ore side: of the el (oo thi hosd
dro tends b diss pate mostof Lhe (o enemy),

CONVEX DOWNSTREAM

When tam trestsspan the bankfu | channel, bus ase lowss alzvation 1han the
#djacant fioodplan. Iow flows are contained within the channel Ferpendicalar
wriEmmari s will sace watar up, and after e flaw paths v shat of Bankeul| fws.

PERPENDICULAR - TO LOW FLOW v

St diins that st beckup the lows-llow charnel s oftén have a0 oieqtator
peperd cular to the low fiow, but aten angle 1 the bankfull flow patems.

Begver darms are sometioes curved i a conves douwnstream onentation
aormas the chanaal, which creates divigent fow paths oves the dam. This
flow pattar s &ffective at ¢issipating anergy.

CONCAVE DOWNSTREAM 9

amargent
Fiow Paths

Biiwars riately bofld dams fike Hoower Dim (and Hoover was not Cesignid o
withstarg spill over the wp). Concave downstrear crests concentrate flow
at therhasa of e gam, scaurng out a deep pool. byt alse patestially
wndermmining the dam integriy

@@ e PLAN VIEW

Figure 33— BDAs can be built with various crest ofientations (perpendicular, angled, convex downstream). Since a BOA crest is essentially &
contour line (a ling of equal elevalion), flow paths will flow perpendicular over the crest. As such, if the intention is to direcl flows in particular

directions, think about your crest layout.
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THIS MATERIAL, DATA AND INFORMATION IS THE PROPERTY OF DUCKS UNLIMITED, INC. IT MAY

Guidelines for Post Placement

If a post-assisted BDA or post-line wicker weave is used, one of the critical construction considerations is how the
posts are driven, and whether a staggered double-row placement is used (Figure 40). We prefer double rows of posts
staggered because they encourage construction of a wider based (streamwise) dam, and avoid building a wall. Also,
if posts are driven in at angle, make sure they tilt inward toward the crest of the dam.

POST PLACEMENT

PLANFORM VIEW

Wheanpet wingy wall Churme 05 % i >
witfula B et L e o B T
e -*-"'_f_--i o &ga .: '.',’n i)
: o d
S 9 g, S (3 ':: 1:
® L] o 5:0 —N S
I s . o
R . u _—r 2 i
. Ll ___:__ - L $
b 4
B e Egtaneting atpin S Past-limes within channal are stapgeced
St 0 f Bt u.um.b .J_TEI','I_':Y it Sinanizing P W T T
Wit BE chanmel GATRECG G Mg *
@ @
1]

In chanmets whare deris coufd
Tk up On POSS, Cul Bxtess post

( lenaths dowin 1o design erest alevition

PROFILE VIEW

A v

. !
-_.|—) ﬂ L ALTH GO - ?_ - » . I
= N 3 l
:: P TN e o, i 7
y 7N i
‘4 - IV.

W usig double roves placenisnts,
angle posts In fowends dam erest o keep
dam raterial trom rating up and out

L]
— 2 l—
" - |
- i /
1 A
i Cites e e, i =
I' et BT ) i .
[| oW I’ e PSS DTS
L} Mari-plumbs posts ara akay and avom
'.J i anmetimes dasirable. However, if all
! POSTS in A rew are instalied in singla
%‘_ﬁ:‘_- o leaning desmstream, that is
- strurtarally widssirable

Figure 40 - Past placement considerations. When post are used in BDAs, consideration should be given fo whether single-row or staggered
double-row placements are used.
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Figure & - Representalive photos of the diversity of possible BDA shapes. sizes, localions, and buifding malenial. (A) post-assisied and willow
weave (B) postiess, sage and juniper (C) postiess wilow, using existing willow for stability (D) postless, juniper (E) post-assisted and juniper (F}

Postless

pastless willow and juniper (G) postiess juniper (H) postless sage.
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