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Elbow-and School Section Coulees
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Broken O Land and
Livestock




Broken O Coulees, north-side, tributaries to Sun River
lengths and objectives

Length Length within

(miles) Broken O Management Obiectives Comments
Elbow Coulee | 11.6 | 8 Preserve, Enhance, Restore, Reconnect | fish passage barriers removed, irrigation water removed, Ag
infrastucture conflicts reduced with 1,080 acres out of grazin
COMPLETED IN 2021, tributary to School Section : , \ cres grazing
rotation; possible regenerative style grazingin the future
School Section Coulee 15 7 Preserve, Enhance, Restore, Reconnect | Irrigation Dam Removed, 2 miles completed, 400 acres to be
ON-GOING removed from grazing rotation.
Big Coulee 21 18 Preserve, Enhance, Restore, Reconnect To be determined
Duck Coulee 8.2 8.2 Preserve, Enhance, Restore To be determined
4/ \\
i ! 2 v/ E
Sun River i 6 Preserve, Enhance, Restore as needed To be determined

~20% of the Sun River—tail-water




STREAMS (COULEE’S) BISECTED SUB-SURFACE IRRIGATION

A I te re d AND AUGMENTED BY CANALS RETURN FLOW

Watershed
Hydrology

DIRECT IRRIGATION AGRICULTURE
WASTEWATER INFRASTRUCTURE
ENCROACHMENT







Ecosystem

Restoration
Objectives

Removing as many watershed
stressors as possible

Disconnecting canal water from
streams

Re-aligning channels under or around
Ag infrastructure

Enhancing degraded streambanks

Enhancement in stream fish habitat
and spawning riffles

Implementing cattle exclusion fencing
and protecting riparian areas

Improving real estate aesthetics and
fishing
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Initial Assessment
Streamflow

LOW FLOW ~ 6 CFS
BANKFUL FLOW ~ 23 CFS



Design Riffle Cross-Sections hydraulics check
Mannings vs R/D84

ELEV  DEPTH AREA WETPER WIDTH HYD RAD MEAN D SLOPH ROUGH H/D84 VELOCITY U/U* U2/2g DISCHARGE SHEAR POWER POWER/W FROUDE TRANSPORT
(ft) (ft)  (sqft) (ft) (f)  (ft) (ft) (ft/ft)] [n] (ftA(16))  (fps) (ft)  (cfs) (psf) (Ib/s)  (Ib/ft/s) (Ib/s)

3965.25 0.1 0.67 691 6386 0.1 01 0013 0045 | 04 0.78 3.97 001 052 007 039 0.06  0.43 0
3965.35 0.2 1.37 733 7.22 019 019 001} 0045 | 0.76 12 441 002 164 014 123 017 048 0
396545 03 211 7.74 758 027 028 001} 0045 | 1.08 151 4.68 0.04 319 02 239 0.32 0.5 0
3965.55 0.4 2.89 815  7.95 035 036 0011 0045 | 1.4 18 4.89 0.0 519 026  3.89 049  0.53 0
3965.65 0.5 3.7 857 831 043 045 0.01] 0045 | 1.72 2.06 5.06 0.07 763 032 571 0.69  0.54 0
3965.75 0.6 4.55 8.98  8.67 051 052 0011 0045 | 2.04 231 52 008 1051 038  7.87 091 0.6 0
3965.85 0.7 544 939 9.03 0.58 0.6 0013 0.045 | 2.32 252 532 01 1369 043 10.25 114 057 0.41
3965.95 0.8 6.36 9.8 939 065 068 001} 0045 | 26 272 542  0.11 17.27 049  12.93 138 058 0
3966.05| 0.9 7.31] 10.22] 9.75 072 0.75| 0.013| 0.045|| 2.88 2.91| 551] 0.13 0.54] 15.91 1.63]  0.59 0
3966.15 1 831 10.63] 10.11 0.78)  0.82| 0.013| 0.045|] 3.12 3.07| 559| 0.15 0.58 19.08 1.89 0.6 0
3966.25| 11| 9.34| 11.04] 10.48 0.85|  0.89| 0.01]] 0.045/] 3.4 3.25| 5.67| 0.16 30.33| 0.64] 22.71 217 061 0
396635 1.2 104 1146 10.84 091 096 0.01] 0.045 | 3.64 34 573 018 3534 0.68 26.46 244 061 2.77
ELEV  DEPTH AREA WETPER WIDTH HYD RAD MEAN D SLOPE ROUGH R/D84 VELOCITY U/U* U2/2g DISCHARGE SHEAR POWER POWER/W FROUDE TRANSPORT
(ft) (ft)  (sqft) (ft) (f)  (fy) (ft) (ft/ft) [U/U*] (fps) (ft)  (cfs) (psf) (Ib/s)  (Ib/ft/s) (Ib/s)

3965.25 0.1 0.67 691 686 0.1 0.1 0.012 0.4 0.11 0.58 0 0.08 007 006 0.01  0.06 0
396535 0.2 137 733 7.22 019 019 0012 0.76 0.58 216 0.1 08 014 06 0.08  0.24 0
3965.45 03 211 7.74 758 027  0.28 0.012 1.08 0.98 3.02 001 206 02 154 02 032 0
396555 04 2.89 815  7.95 035 036 0.012 14 134 3.66 0.03 389 026 291 037  0.39 0
396565 05 3.7 857 831 043 045 0.012 172 17 416 004 6.28 032 47 057 045 0
3965.75 0.6 4.55 898 867 051  0.52 0.012 D 2.04 2.03 458 0.06 9.26 038 693 0.8 0.5 0
3965.85 0.7 544 939 9.03 0.58 0.6 0.012 2.32 232 49 008 1262 043 945 105 0.3 0.41
3965.95 0.8 6.36 9.8 939 0.65  0.68 0.012 2.6 26 518 01 1651 049 1236 132 055 0
3966.05 0.9 731 1022 975 072 075 0.012 2.88 2.86 5.43 15.68 161  0.58 0
3966.15 1 831 1063 10.11 078  0.82 0.012 3.12 3.09 5.63 19.22 1.9 0.6 0
3966.25 1.1 934 11.04 1048 0.85  0.89 0.012 3.4 335 584 0. 234 223 062 0
396635 1.2 104 1146 10.84 091 096 0.012 3.64 356 601 02 37.04 068 27.73 256 0.64 2.77




Design Riffle and Pool treatments

point bar

PLAN VIEW

Notes:

1. Install 10 to 15" tall willow or alder trees (or large shrubs) with raot mass
i b- ion area.

Example of this trestment used al

long Elbow Coulee. phase 3

2. Mix gravel and cobble in and around willow root masses and for bank toe.

3. Wrap wetland sod with heavy Jute woven matting. Two sod lifts could be
needed to reach bankfull bench.

4. Use stout stakes to hold matting and sod lifts in place.

5. Use 100% coconut blanket (ECB) along all disturbed areas including on
point bars and along bankfull benches.

8. Willaw branch layering to be placed bstween wrapped sod and the wood
and soil matrix.

7. Seed under the top, tie-in, of soil wrap pricr to stout staking.

8. Install willow stakes at 2 foot off sets below bankfull.

9. No need for a berm along the tep of bank since willow vegetation should
have a similar function.

WETSOD LIFTS w/ WILLOW EYE-BROW BANK TREATMENT

FILLGAPSWITH3 " PLUS GRAVELS
TOP WITH SPAWNING GRAVEL

T oo
OO

L Bankful Bench

ERBEIEE « ) o
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! ! =) S 1210247 ROCK

WET30D OR COCONUTECB N o PLAN VIEW
P ————

RUFFLE INVERT (TN MODEL OR STRUCTURE
TABLE FORINVERT ELEVATION)

RENSITION DOWNSTREAM ROCKS TO VANE ARM
PROFILE VIEW

\otes: EXAMPLE PHOTO OF A GRADE CONTROL RIF;

1. Grade contra riffle to consist of alternating rock vanes with 3" plus
cobble and spawning gravel added within interstitial spaces.
2. Rock inverts located in the TINN model and with key thalwag and ~ 2%6ut

bankfull vane inverts located in the structures table. N 5 R TOMBOOKIISER

1:1 SCALE DIMENSIONS (127.5 sq.ft BKF]

JUTE MAT WRAPPED WETSGE
WILLOW STAKES

oy
WILLOW TRANSFLANT AS BART OF BANK BULD.

INSTALL TO GROUNDWATER DEPTH
WILLOW SHRUB ROOT MIXED WITH COBBLE
'SUBSTRATE AND SOIL MATRIX

¥ A
FLE INSTALLED FOR SCHOOL SECTION, PHASE |

RockToBE
KEYED INTO BANK
' AMNMUMOFo FEET

3. Sub-excavate below riffie surface and fill with 3" plus ranch rock until
point of refusal.

4. Tie vanes into bankfull at least 6' into the floodplain to prevent near
term flanking, prior to vegetation establishment.

5. For streambank edges install either erosion control blanket (100%
coconut) or use actual wetland sod leveled out to match TINN surface.

RIFFLE W/ ROCK GRADE CONTROL

1:1 SCALE DIMENSIONS (36 sq.ft Bankful) CROSS SECTION

oV

M

o w

INSTALL NON-WOVEN GEO-TEXTILE
ON UP STREAM EDGE OF LOG

FILL UP STREAM OF LOG WITH 3* PLUS ON TOP OF GEO-TEXTILE

~COWNSTREAM CREST OF RIFFLE
(SE2 RTK GPS MODEL FOR INVERT SLEVATION)
FILL OVER LOG WVERT WITH GRAVELS

BaNkUL
ELEvATION

Loo saLL
BEKEYEDNTOBANK
AMNNOM OF s 7eET_~

3 to 4% invert to bkf slope 4 1o 6‘% inv to bkf slope

USELOG CABIN STYLE NOTCHING

CROSS SECTION FACING UP STREAM FROM POOL

PLAN VIEW

Important that the footer log and rcotball are installed
below the bottom of the deepest part of the pool (thalwag).
The footer log may have a rootwad or not

Rootwad and footer log to be locked together tight with
spaces filled with 3" plus ranch rock.

Add some soil, prior to laying down branches/ willows
Branch layering to be placed under wrapped soil or
wrapped sod.

Wrapped sod or soil requires heavy jute matt/ coir wrap
Seed under the top, tie-in, of soil wrap prior to stout
staking.

Add 0.6 foot-tall, over-land, run-off berm an top of bank.
Install willow stakes at 2 foot off sets below bankfull.

LOG VANE (TYPICAL)

Example Log Vane used on Elbow Coulee, Phase 3

Notes:
1. Important for both the log vane arm and log elbow section to tie into

bankfull and that the top of each log is buried under the bankfull

bench.

Apex to start within the downstream portion of riffle prior to 'run'.

Vane arm may consist of one or two logs to make the distance. Two

logs may help fill the voil and provide better fish habitat.

4. Fit log vane and elbow together at apex using cables, chain-saw
notches or by over-lapping.

5. Fill space up stream and behind vane arm with a footer log and, or
rock or sod prior to stapling geo-textile onto the vane arm.

6. Either use geo-textile over top of the log vane section.

7. Add 4" inch plus, ranch rock on top of geo-textile so as to create a
smooth tie-into bankfull.

@wn

Example Photo of this treatment used up stream in School Section

, Phase 1

INSTALL AND/ OR MAIl
0.5 BERM AT TP OF HIGH

T VERLAND FLOOD |
RETURN FROM UNDERMINING BANK

JUTE MAT WRAPPED WETSOD

“S_WILLOW STARES

FLOOD FLOW TO BE DIRECTE

EAMR



--Federal

e 404—USACE NWP 27 authorization
Permlttmg (self mitigating)

--State of Montana

401—DEQ Certification

318—FWP

SWPPP—DEQ—over an acre of land dist.
--County

310—Teton County
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Elbow Phase |, 3 reaches

» i !
300 fee_t'.of stream
channel '
enhancemen.t and

1,400 feet of re-alignment

: stream channel
enhancement and : ; . B r x ~ R
i » " 1,850 feet of new - .
re-alignment : . ¥ 3 & :
. - 2 channel alignment
and under the canal
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Elbow Phase 2

& Trimble.

e
- ; % 8,182 feet of fence
o % 5 : PH1 and PH2
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Pre-existing
Conditions
Change to

% mile downstream of
canal crossing

Irrigation split backwater
Over-widened channel

Highly eroded
streambanks

Lacking fish habitat
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-3D VIEW TINN Elbow Phase
2, new-alignment

-Channel was cut through
established wetland

-Cut material used to plug
and convert old channel and
canal lateral to emergent
wetlands.




2018 aerial/ 2023 photo REMOVAL OF IRRIGATION WATER, NEW SPILLWAY
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Elbow Phase 3

Cattle exclusion
fence
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PHASE 1, Dam
Removal, ch re-
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quOOL SECTION COULEE PRQJECTS X

School Section Coulee Phases
ength (miles) Completed |

2021
-align 2022
PHASE 2 _ 2023

PHASE 3 2025
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School Section Phase 1

e X Lk

Existing Irrigation —
Ditch -

Existing School
Section Channel

/Existing Irrigation
/ Ditch
b

.

Remove canal berm and
_~~" re-grade new floodplain
2,

% New channel alignment

! ;

S g e | \

M “~._irmgation Structure to be partially *
dismantled and left in place

Seasonal Alfalfa Ditch
return flow location

School Sectic
Phase 2

PROFILE VIEW

3800
T — —
3780 e
0+00 1400 2400 3400 4400 5400 6+00 7400 8400 9+00 10400 114001
BROKEN O RANCH‘ — g A NEW CHANNEL ALIGNMENT, DAM TETON COUNTY, MONTANA an,
ALY to 1 vertical exaggerated, REMOVAL; SCHOOL SECTION \ |
s St STA 0+00 through 11+00 \ U/

BE

DB/ 2001




SCHOOL SECTION IRRIGATION DAM

REMOVAL LOCATION, LOOKING

DOWNSTREAM AND UPSTREAM,
2022




School Section Phase 2

",

OVERVIEW NEW CHANNEL ALIGNMENT;
e g 5 SCHOOL SECTION COULEE, PHASE 2 TETON COUNTY, MONTANA
STATION 0+00 through 40+83



SCHOOL SECTION PHASE 2
TO BE COMPLETED IN 2023




Construction

and

MOnitO ring e GPS Enabled Excavators

On-Site Materials
Drone Monitoring

Fisheries Monitoring






2015 Elbow Coullegl Phase 1 NAIP




UAS May 2018 UAS June 2019
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UAS May 2018 UAS July 2020




Pivot wheel tracks

2019 Elbow Coullee Phiase 3 NAIP




UAS May 2020 UAS July 2021







UAS June 2018 UAS July 2023




* Irrigation Dam on School Section Coulee
* Fish passage barrier
* Removed/re-routed October 2021

-
4




SCHOOL SECTION ALFALFA
DITCH IRRIGATION DAM
BEFORE AND AFTER







Fisheries Monitoring

Passive Integrated Transponder (PIT) Tag Antenna Array — April




Fisheries Monitoring

PIT Tag Install/Fish Data Processing




Diversion Structure
Stream routed under canal
I 017

Brown Trout, 490 mm (19 inches)
Tag # - 3DD.O0AT04CERD
Tagged 4/28/20

Station 56+00

Ibow Coulee
Passed on 5/1/2021
moving downstream &5

Passed on 6/13.2
moving upsire;

Alfalfa Canal
Diversion Structure
Removed October 2021

[}( &1 l-‘,. 20 =
‘-1-& ;und: 2019 NAIP Image BrOken O Ra h Telemetry

Montana State Plane 2500

Streams

0.5 Fish Tracking Telemetry Sites e Sun River
Miles Brown Trout CE6D Movement




Whitetish observed on Sept. 27th 2022

Floweree Canal
Diversion Structure
Stream routed under canal |

Whitefish recorded during monitoring i : May 2017
efforts at all three Elbow Coulee restoration
sites in end of September, 2022. % i

Whitelish observed on Sept. 30th 2022

2 Alfalfa Canal
Diversion Structure
Removed Oclober 2021

Dhate: 10/8/2023
Background: 2019 NAIP Lmagery BI‘OkeIl O RaDCh Telemetry Sites - Installed April 202

Projection: NADS3 Montana State Plane 2500

Streams
Whitefish Movement R
Post Dam Removal




Conclusions

Eliminate as many watershed stressors as possible
prior to restoration.

Work closely with the ranch operational
management to ensure the projects benefit ranch
operations

Design with fish habitat in mind
Monitor and adaptively manage
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The Broken O Team
Noah Majerus
Tanner Tompkins
Jason Drake
Robert Sain




Questions

* Accepting applications for 2024
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