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1. Introduction

The Stillwater Valley Watershed Coun@VWD) is avolunteer group of locatesidentswho are
working together toenhance the quality of their rural Montana lifestyle by protecting, restoring and
conserving their abundant natural resources throughgood stewardship and community
involvement forthis andfuture generations.

They are committed tohe following missin:
We will provide an open fam in which all interested parties may oin a collaborative
effort to sustain our rural quality of life and gext and enhance our natural seurces. We
are committedto research and educating ouaiey residents and the public about our
Watershed and the steps we can take to preserve and maintain the integrity of thehee
land and the beauty of ouralley. We will endeavor to bring together public, private and
government resources, funding, and grants to achieve our goals.

1.1 Purpose of théAssessment
As part of theirmission the SVWC initiated a comprehensivassessmenbf the major streamsin
the upperwatershed. Thesstreamsincludethe upper Stillwater River (3@ miles), the West Fork
of the Stillwater River6.2 miles),Lodgepole Creekd(7 miles), Limestone Creek2(5 miles), and
Little RockyCreek 2.3miles).The primary objectives for thessessmenivere to:

o Compile and summarize all pertinent resource data and information that will complement
and direct the field assessment.

o Collect and summarize resource information with special attention givernrrigation
infrastructure, riparian area restoration, amd note noxious weed infestations.

o Provideconceptualrecommendations and prioritization of resttion opportunities The
recommendationsare the precursor to aetailed alternative analysis and cost estimate for
individual projects.

1.2 Acknowledgements
The members othe Stillwater Valley Watershed Counaild the Stillwater Conservation Distrante
to be commended for their investment of time and interest providing the leadership and
direction for conductingthis assessment. The people listed below not only dedicaiteir time in
helpingcomplete this project but their hospitality and friendship madea pleasure to workvith
them.
Theo Yanzick
Tom Kircher
Bill Mytton
Doug Robinette
Keith Martin
Lindsey Clark, SVWC Coordinator

O O OO0 O0o0Oo

Special thanks to Noel Keogh, ifg resident and rancher in tHgtillwater Valley Watershed



2. Background Information

2.1 General Watershed Description
The Stillwater River Watershed comprises approximately 684,000 acres. TV originates in the
AbsarokaBeartooth Wilderness south of the Beartooth Mountains in southern Park County, near
the state line with Wyoming and the boundary of Yellowstone Nati®zak. It flowdor 70 miles,
northeast between the Absarokee Range to the west and the Beartooth Mountains to the east,
through the Custer National Forest, past Nye and Absarakee, joinsthe Yellowstone River just
west of Columbus.

Stillwater River Watershed A

Columbus

Limestone
*

Cooke City
*

This assessmeifibcuses on the upper Stillwater RivelWed Fork of the Stillwater Rivet,odgepole
Creek, Limestone Creeaknd Little Rocky Creek The stream corridors areprimarily in private
ownership,interspersedwith parcds of State andrederalands.

Land use irthe upper Stillwater Riverwatershed is predominatelyn livestock production with
irrigated hay landn the stream valleys anlivestock grazing onpland native range The Stillwater
Mining Company operates a platinuand palladium mine at the head athe valley near the
AbsarokaBeartooth Wilderness area boundary.



2.2 Hydrology
Alimited amount of stream flow dat& availabldor the Stillwater River and its tributarieS.here is
one active USGS Gage Station on the Stillwater RegrAbsarokee

1 Stillwater River near Absarokee (06205000)
Flow measurerents have been recorded from 1910 the present. Daily water temperaturegere
collected from 2001 through 203. Thepeak flows over the last 10/ars are:

June 3, 1948 10,600cfs (25 yearflood event)

June 15, 196¢€ 12,000cfs (near 100 year flood event)
June 28, 197Q 10,300 cfs (near 25 year flood event)
June 18, 1974 11,600 cfs (50 year flood event)
June6, 1975¢ 11,300cfs (near 50 year flood evengnd
June 302011¢ 9,950cfs (20¢ 25 year flood event).
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Several otherUSGSgage stationswere located along the StillwateRiver and tributaries that
operatedfor a limited time but are now inactiveFor more information on these stationaccess
the USGS website http://waterdata.usgs.gov/mt/nwis/inventory?county

2.3 Brief History
The Stillwater Valley was once part of the Crow Natow later, in 1868 part of the Crow
Reservation.In 1872 the Crow Agency was moved to th&kosebud River, near the town of
Absarokee. Thagency remained at this sitantil it was moved in 188#b its presentsite at Crow
Agency.The Absaroka Mountain Rangadathe town of Absarokee arenamesaks of the Crow
Peoplewho were alscknown as theApsaalooker Absaroka.

Mining deposits in the WILISNJ { GAf f 6 GSNIJ 1t fS&@ G6SNB (y26y
gl ay Qi dzy lthey wenevesified. &d¢ly grospectomsined ore deposits rich in gold and
copper. Today, the Stillwater Mining Company is engaged in the development, extraction,
processingrefining and marketing of palladium, platinum and associated metals from a geological
formation known as the-M Reef. It is the only palladium and platinum producer in thaitéd
States


http://waterdata.usgs.gov/mt/nwis/inventory?county

In G KS I { Sife mythe npRer Stillwater Vallg was difficult and lonesome for the
predominantly bachelor population of cattlemen and sheep men who settled in the valley. Ranching
was challenging witlohg cold winterswolves,anddry summers wien little hay wagproduced. The
rangewar between the cattlemen and skp menfound its way into the valley causing altercations
and even the death of a sheepherdd@ioday, somdamilies of the originasettlerscontinue to live

in the Stillwater Valley.

There are severadtoriesthat tell the origin of theStillwater RiveR & Y Captaidwilliam Clark

YIEYSR GKS {GAff g SN wi @S NG the W85Es,Soho BaRemaldnahediE 2 v
Stillwater River because there was a quiet, sandy fordsacthe river near where it leavake

mountains. The Crow tribe eferred to the river as ItcheplJSS Y SI yAy 3 avdzA S g1
FNRY | £S3ASYyR Fo62dzi | @2dzy3 YIFyQa @FAy FGiSYLI
bodies washed into a quiet pool, which was named in their honBventually, the entiraiver

became known by the nameif this quiet pool. Another story claims the river was nambg the

Indians after theywent out to find its source.When they returnedanother partyasked if thg

found its sourceandthe Indiansl Y & 6 S NB R 36 I dilSNIb € & { My Bver ivéslcdlled A Y S
the Stillwater.2 K 2 Q éallyis&how the Stillwater River came by its name

2.4 Project Background
The Derby Firewas the catalyst that broughtandowners, agency personnel and concerned
sportspersongogether to organizehe Stillwater Valley Watershed Council (SVWC). This council
was established when volunteers and other concerned citizens realized that the impacts of the
Derby Fire reached beyond the burn zaweinclude adjacent ranch and publicdds. The SVWC
eventuallyexpanded fromits original goals of noxious weed control &ovariety of resource issues
that affect the watershedThis has resulted iactive participationfrom government agencies, nen
profit organizations and private land owrger(both traditional agriculturalistsand smalltract
owners)who have an interest inhe Stillwater River and its tributaries.

3. Assessment Methodology

Thestreamassessment athe Stillwater RivefWoodbine Campground to the Johnson Brijghe
West Fork Stillwater River, Lodgepole Creek, Limesto@reek, and Little Rocky Creelas
completedon the ground by walking all fivsdreams(46 mileg. Specific tasks included:

o compiling and summarizing all pertinent site reports, resource data and information that
complement the field assessment;

o collecting and summarizing resource information with special attention given to irrigation
infrastructure, channel stability, ripamearea restoration, and noxious weed infestations;

0 providing conceptual recommendations and prioritization of restoration opportunities.

Heldwork was completed in July September of 2013 by Warren Kellogg (Watershed Consulting)
under contract with theStillwater Conservation District and the guidance of the Stillwatatley
Watershed Council In addition to walking the streams, several landowners were interviewed to
obtain a historical perspective of the river and tmderstandthe issues associatedith each
stream.



The per Stillwater River Assessment focused on infrastructure condition and functionality,
riparian forest sustainability, channel stability, and noxious weed infestations. Observations and
restoration recommendations aréased upon professional judgment and 3fears experience
working on Montana streams.

The2011 color aerial photography (NA¢MNational Agricultural Imagery Program) was used as the
base photography for the assessmeMaps (scale 1:10,00(re included in tfs report. Older
aerial photography/maps weralsoreferencedto determine change over time.

Detailed field notes and digital site photos were taken during the field assessment. Each site was
doaumented with GPS coordinates bBsted in Appendix A. Aditesreferenced in the report have
beenlabeled on the maps






4. Observations and Planning Considerations

4.1 Stillwater River
The Stillwater River assessment began at the US Forest Service (USFS) Woodbine Campground and
ended at the JohnsoBridge, 1.7 miles upstream from the mouth of Rosebud Creek. The Stillwater
River above Woodbine Campground was not included in this assessment as it lies in a non
motorized wilderness area. The lower 14 miles of the Stillwater River may be includédtimea
river assessment.

The land use along the upper Stillwater River consists of traditional agriculture and small tract
subdivisions. In addition, there is a large underground palladium/platinum mine operation south of
Nye. During summer months, the river receives heavy egmmgal use, primarily from fishing,

rafting, and summer tourists. All activities play a significant role in the health of the Stillwater River.

Site SWL1 Stream CrossingBridge: USFS Woodbine Campground Priority: No Action

(Stillwater Riveg Map #1)

Concrete bridge with an approximate 125 foot span across the Stillwater River. The bridge is
relatively new and in excellent condition.

Site SW2 Side Channel Dike Priority: No Action
(Stillwater Riveg Map #1)

Small gravel dike in a floochannel on the west side of the river. The dike is old and no longer
functional. The original intent of the dike was to prevent high water from accessing additional side
channels along the west side of the river.

Site SW3 Bank Stabilizatiorgr Rock RipRap Priority: Low

(Stillwater Riveg Map #1)

Old rock riprap flanked by the river is now in the middle of the active channel. ifiteat of the

rip-rap was to protect an irrigated hay field on the east side of the river. The field is no longer
irrigated and is currently used as dryland pasture. The rock in the channel is not causing any major
problems, although it could pose a safety hazard for floaters.

Old rock riprap in the middle of the
river.

RecommendationRemove the old rock ripap from the middle of the river.




Site SW4 Pump House Domestic Use Priority: Low
(Stillwater Riveg Map #1)

Small pump house on the west side of the river. A house is located 200 feet up th&drartkke
pump house.

The pump house sits just above the low water level. A water mark on the exterior of the pump
house indicates a recent high water event. The concrete foundation of the pump house is scouring.
Downstream from the pump house, approximately 100 feet ofrottk riprap lines the bank.

Old pump house on the west side of th
river. White stain indicates a high wate
mark.

Recommendation:Remove the pump house if no longer in use. Relocate it further up the bank if it
is still being used.

Site SW5 Bank Stabilizatiorg Rock RigRap Priority: No Action
(Stillwater Riveg Map #1)

Rock riprap extendsapproxmately 1,100 feet along the west bank. It was installed to stop the
river from eroding into an adjacent pasture. A riparian fence on the upper bank parallels-the rip
rap.

The riprap was installed in different stages using round ldeb and small bdders (0.5¢ 3 foot
diameter) along a 5 foot high bank. Some minor scouring of theagpas occurred, but most is
still intact and functional. The adjacent river channel is wide and shallow with largehanhel
depositional silt bars created by awostream geologic restriction.

Site SW6 Cable CrossingNon Functional Priority: No Action

(Stillwater Riveg Map #1)

The remains of a steel cable transport system once suspended across the river. A steel post on the
west bank and a concrete boxdhe upper east bank served as anchors. The cable is currently
feAy3a f2y3 GKS NAOGSNDRAE gSad olylo

On the opposite bank, an old ramp down to the river may have been used as a ford crossing or
pump location. A rock jetty (large boulders) was constructedhe downstream side of the ramp.



Site SW7 CrossChannel Rock Check Structure Priority: No Action

(Stillwater Riveg Map #1)

Crosschannel rock check structure constructed in the 1940s. The rock check structure is
approximately 8 feet high constructed with extremely large boulders. The east side of the structure
has a step/pool run that provides fish passage (FWP communigalibe purpose for this structure

is to maintain a set water level (mill pond) for an upstream pump house. The pump house is used
primarily to supply fire water to the Stillwater Mine facilities. Silt periodically needs to be cleaned
from the backwater pol next to the pump house. Upstream of the pump house, the river channel
FLIJSEFNR G2 KFE@S 06SSy Y2@0SR Ot2aSNJ G2 GKS Sl ai
away from the pump house.

Rock riprap armors the east bank below the step/poohtuA series of rock weirs lay between Site
SW7 and the downstream bridge (S8).

Site SWB Stream Crossing Private Bridge Priority: No Action

(Stillwater Riveg Map #1)

Wood beam bridge (80 foot free span) supported by concrete abutments. biithge abutments

slightly encroach into the river channel. Rockrep protects the west abutment. The bridge
ASNWYSa +ta {GAfE6l GSNI aAySQa LINAYIFNEB O00Saa G2

Site SWO Discharge Pipe Priority: No Action
(Stillwater Riveg Map #2)
Old stormwater discharge pg(30 inch diameter CMP) aupper west lank. It is nodnger used.

Site SW10 Small TractsWhited Subdivision Priority: High

(Stillwater Riveg Map #2)

Subdivision with 12 small tracts along 0.3 miles of thest river bank. The subdivision was
RSPSt2LISR Ay (UKS wmpcnaod azald UGN} OGA KmedS K2dz
form of bank stabilizationrock riprap, flow deflectors (jetty) and/or floodplain dikes. Small

irrigation pumps in theriver areused for landscape watgrg. The riparian vegetation has been

cleared to varying degrees to accommodate landscaping.

Individual small tract impacts to channel stability;sineam flow, and water quality are usually
minimal, but cumulativelyhey pose a significant risk to the Stillwater River.

{YFLff GN¥OGay I 2
bank stabilization ané small irrigation
pump.




Recommendation:Develop and implement a small tract outreach and assistance program to help
landowners better understand how to minimize their impacts on the river. Program topics would
include noxious weed management, water rights, septic maintenance, riparian veyetstiitable
building locations, and basic river dynamics.

Site SW11 Stream CrossingPrivate Bridge Priority: No Action
(Stillwater Riveg, Map #2)

Railroad car suspension bridge with concretetaients. The bridge has a 110 foot span agtise

river. One bridge/suspension support is located 15 feet from the east abutment. The bridge
accesses property and buildings on the southeast side of the river owned by the Stillwater Mine
Company.

Reach 1: Sites: SWto SW11

(Stillwater Riveg Map#Q B & 2)

Channel CharacteristicsThe river channel is primarily singtegeaded, slightly entrenched with a

high gradient. It is naturally armored with boulders and cobbles making it resilient to physical
disturbance. The overall aeh slopeaverages 1.3%, butinges as high as 4% along the steep
cascading sections and less than 1% slope where the river becomes flat and braided. Bedrock has
ONBI SR aKINR LRAYyGaAE 6 OFSNIA Bahd SMNIURsSear® oy (i N2 f 0
thSaS aKIFNR LRAYyGaES GKS NAGSNI Aa 6ARSZ O0NFARSR
steep, step/pool channel.

Major tributaries: Woodbine, Verdigris, Flume, and Nye Creeks.

Single threaded, low sinuosity rive
channel near ig&2 SW9.

Riparian CharacteristicsThe channel type is reflected by the riparian corridor. Where the river
channel is wide and braided, the riparian corridor is also wide (up to 1,500 feet between Sites SW
and SW5). Where the river channel isinglethreaded and relatively steep, a narrow band of
riparian vegetéion borders the river bank (3120 feet wide).

Near Woodbine Campground (S1), the riparian corridor is dominated by Douglas fir. Black
cottonwood and lodgepole pine trees amgerspersedwith the Douglas fir. Downstream from Site
SW2, black cottonwood becomes more dominant with a mix of conifers (Douglas fir, lodgepole
pine, and Ponderosa pine). Thin leaf alder, snowberry, water birch, sandbar willow, and
chokecherry are commmoshrubs in the understory.

10



Spotted knapweed is thinly scattered along the river and upper benches. A Canada thistle
infestation is especially heavy along Site-SW

Site SW12 Steel Pilings Priority: Medium

(Stillwater Riveg Map #2)

Eight steebilings line the toe of an eroding terrace bank (~ 12 feet high) on the west side of the
river. Several pilings are upright; others have fallen into the river. These piling may have been part
of a bank stabilizeon effort or part of an old river crossg. The pilings create a potential safety
hazard to floaters.

Steel pilings along the toe of a hig
terrace.

Recommendation:

1) Remove all the steel pilings from the river channel.

Site SW13 Terrace Erosion Priority: Medium
(Stillwater Riveg Map #2)

Eroding terraceabout 101 12 feet high, located 350 feet upstream from Site-$% The rivehas
eroded approximately 5@ 70 feet into the terrace since 1963 and is slowly migrating towards
Highway 419. Currently, the rivex 85 feet away from the highway righf-way. Erosion will likely
continue at a relatively slow pace.

Boat Ramp

Eroding terrace bank upstream frotine
Old Nye Fishing Access Sitene river is
slowly moving towards Highway 49.

11



Recommendation: Monitor the migration of the river towards the highway to determine if and
when future bank stabilization measures may become necessary.

Site SW14 Boat Ram USFS Old Nye Fishing Access Site Priority: No Action

(Stillwater Riveg Map #2)

Gravel boat ramp at Old Nye Fishing Access Site. The Fishing Access Site and boat ramp were
reconstructed in 2012. Immediately downstream from Site-BWWthere is some minor terrace
erosion, but it has moved very little over the last 50 years and doewarrant treatment.

Site SW15 Stream CrossingPrivate Bridge Priority: No Action

(Stillwater Riveg Map #2)

Concrete beam bridge with two michannel bridge supports (concrete filled CMPs). It has a 140
foot span across the river Both abutmats are faced with rock ripap. The west abutment is
located where a highwater side channelnfain channel in 1963) enters the river on the upstream
side. The bridge provides access to several small tracts on the east side of the river. Houses
associaed with these tracts have been built on a terrace benchksefffrom the river.

Site SW16 Bank Stabilization Rock RipRap Priority: Low

(Stillwater Riveg Map #2)

Rock riprap armors 220 feet of the west bank protecting a pasture, golf green and pn the
floodplain. The rigap consists mainly of roauhcobbles and small boulders 13 feet diameter).

The upper end of the ripap (~ 60 feet) is intact and functional; the lower 160 feet has scoured and
is partially flanked. A midhannel gravebar is deflecting the current diofly into the bank,
increasingpressure on the failed ripap. The riparian vegetation along the river has been cleared
making this bank vulnerable to accelerated erosiofhis bank willprobably continue to erode
during high water events.

Scoured rock riggap on the lower end
of Site SWL7. A midchannel gravel bar
deflects the current directly into the
bank.

Recommendation:

1) Repair 80g 100 feet of bank rigr)ap where the river current is directly hitting tHenk. Plant
cottonwood and willow cuttings behind the FH@ap for longterm stability; or

2) Monitor the progress of the bank erosion to determine if and when bank stabilization measures
warrant the expense.

12



Site SW17 Bank Stabilization Rock RigRap Priority: No Action
(Stillwater Riveg Map #2)

Rock riprap along 430 feet of the west bank is intact and functional. Theappwas installed to
prevent loss of property and/or to keep the river from shifting into a side channehe Ifiver did
reactivate this side channel, buildings on the floodplain may be threatened.

1963 aerial imagery shows that the river has migrated west about 100 feet over the last 50 years.
The riparian forest is in good condition and may actually haeeeased in size over the last 50
years.

Site SW18 Bank Stabilization Rock RigRap Priority: No Action
(Stillwater Riveg Map #2)

Rock riprap extends approximately 300 feet along the west bank and appears to be intact. The rip
rap consists ofrmall round oulders, 1¢ 3 feet in diameter. The ripap was installed to protect an
adjacent pasture and building located on the floodplain. The bank armoring forces the river to the
east terrace contribuhgto bank erosion downstream (See Site-3Wrarrative).

Site SW19 Accelerated Bank Erosion Priority: Medium

(Stillwater Riveg Map #2)

Active bank erosion on approximately 200 feet of bank (~ 6 feet high) along a subirrigated hay field
on the west side of the river. The bank has eroded nearly 40 feet in the last 15 years, and 100 feet
over a 50 year period. A high water side channeltttsn downstream end of the bank erosion
circles to the west. Two factors are contributing to the bank erosion: 1) the upstreammpped

river banks (Sites 17, 18, and 19) has restricted the river channel and directed the main current
towards this bank \ad; 2) a large gravel bar has formed on the opposite bank that will continue to
build and push the river west. If the bank is allowed to erode into the side channel, the side
channelmayeventually become the main river channel.

Active bank erosioalong a hay field on
the west side of the river. Rock ¥ig
rapped banksupstream and a large
gravel bar on the opposite bank ar
contributing to the erosion.

Recommendation: Install approximately 200 feet of rock #ipp from the mouth of the side
channel going upstream. Incorporate a small flow deflector at the downstream end of theprip

just above the mouth of the side channel. Use ypédlced angular rock on a 3:haped bank. Keep

the side channel open allowing high water access. Plant cottonwood and willow transplants and
cuttings behind the rigrap for longterm stability.

13



Site SW20 Bank Stabilization Rock RigRap Priority: No Action
(Stillwater Riveg Map #3)

Rock riprap on the west side of the river. The -rgp begins at the outlet of the side channel
mentioned in the Site SV/9 description and continues downstreal20 feetalong the perimeter
of a large eddy The riprap was constructed with largeund baulders ranging in size fromd5
feet in diameter. Willow clumps planted on the bank above theap are dead. They may have
been planted too high on the bank with their roots out of the water table.

Between Sites SVW9 and S\W20, channel manipulation occurred in the 1960s. Gravel spoil piles
are still evident on the west bank. Over the last 50 years, the river has been slowly migrating east.
In last 15 years, the river moved 60 feet towartsoldside channel. @rently, 80 feet d riparian
vegetation separateshe river from the side channel. If the river continues moving at this rate, it
may eventually cut into the side channel completely bypassing Sit2BW

Site SW21 Bank StabilizationRock RigRap & Dike Priority: No Action
(Stillwater Riveg Map #3)

Rock riprap anda small dike line 470 feet dhe east river bank immediately upstream from a
private bridge (SW22). The rigrap ranges in size from small cobbles to large roundders (0.5

4 feet diamete). The floodplain dike is{3 feet higher than the original floodplain elevation.

The purpose for the ripap and dike is to prevent the river from flanking the bridge and threatening
ranch buildings on the east floodplain.

Site SW22 Stream CrossingPrivate Bridge Priority: No Action
(Stillwater Riveg Map #2)

Steel rail cabridge with two midchannel bridge supportsasa 180 foot span across thever. The
concrete abutments and bridge supports are faced with rockajp Low flow pass under the east
third of the bridge. Large gravel bars have formed both upstreandamchstream of the west half
of the bridge.

Site SW23 Bank Stabilization Rock RigRap Priority: Medium
(Stillwater Riveg Map #3)

Downstream fom the bridge (SW22), approximatdy 170 feet of rock rigap lines the west bank.
The riprap was instdéd about 15 years ago. It is partially functional and does not extend far
enough upsteam. Behind the ripap, a 70¢ 100 foot wide riparian buffer separates the river and
hay field.

Rockrip-rap has scoured out ani only
partially functional. Additional rock i
needed to protect the bank.

14



Recommendation: The existing rigap will need to be reinforced with additional rock (preferably
largeangular rock) and extended 5060 feet upstream wherehte main current crosses diagonal
channel bar and directly impacting the west bank.

Site SW24 Accelerated Bank Erosion Priority: Medium
(Stillwater Riveg Map #3)

Downstream from the SWVE3 rock riprap, there is approximately 550 feet of active bank erosion.
This bankvas previously protected by rock fsipp that has since failed and sloughed off into a deep
pool. Since 1963, the river has erodeabroximately 70 feeinto an adjacent hay fieldin the last

15 years, it moved about 20 feet.

The mouth of a flood @mnel on the north bank is located 800 feet downstream from Site28W

A large gravel bar on the opposite bank is pushing the river to the north. Given the current channel
pattern, it seems unlikely that the main river will breach into the flood charmmmsitime soon;
however this certainly could change if a large debris jam or ice jam formed at this location. The
effects from the large gravel bar are being manifested downstream from the flood channel mouth
where 70 feet of river bank and riparian fordstve been lost in the last 15 years.

Bank erosion along a hay field on tr
west side of the river. Previously place
rock riprap has sloughed into the
channel.

Recommendation:

The eroding bank has not moved appreciably in the last 15 years. Reinstalling i@gkaipng this
length of bank, given the deep channel and long bank, would be expensive and may be premature.

An initial step would be to do a detailed survey of trea to quantify channel migration ratésto

the floodplain todetermine the cost/benefits of installingip-rap. This survey wouldocument
active headcutting anélevationdifferences between the old channel traces on the west floodplain
and the current river channelRefer to the Reach 2 recommendatiasnere the Site S\A24 survey
could bedone as part of a larger reach assessment.

Site SW25 Bank Stabilization Rock RipRap Priority: No Action

(Stillwater Riveg Map #3)

About 1,800 feet of rock along the toe of Highway 419 where the road grade follows the river.
Most of the rock is poorly placed, butfignctioning as intended. Short sections of-rgp along the

upper end have minor scouring around the rocks. A good vegetative buffer has established behind
the toe rock leading up to the base of the highway retaining wall.

15



Site SW26 Stream CrossingPrivate Bridge Priority: No Action
(StillwaterRiverg Map #3)

Steel beam bridge (100 foot free span) with concrete abutments and no bridge supports. The
abutments are partially faced with rock sipp. The north abutment encroaches about 15 feet into
the channel creating a slight restriction in theer.

Reach 2: Sites SWL1 to SW26 Priority: High

(Stillwater Riveg Maps #2 & 3)

Channel CharacteristicsThis reach quickly transitions to a chanslgpe (0.3%)that is 50% less
that Reach 1. Because of thewer gradient, the riverbecomesmore dynamic with increased
sinuosity and multiple side channelki-channel gravel barare commonalong theentire length of
the reach. Because of the dynamic nature of the rivegysrallandownershave been compelled to
install rock riprap to protect property and/or restrict high water access to the historic floodplain.
The armoringand restrictionof the riverhasshifted thebank erosiorto other unprotected banks.

Nye Creek enters the Stillwater River downstream from Sitel W

.

Large gravel bars are commatong Reach.2
Photo taken near Site S4.

Riparian CharacteristicsThisriparian corridor is wider than Reach 1, ranging from 700 feet to over
1,000 feet. These larger riparian areage consistentwith the dynamic nature of the river as
described above. The riparigriant communityis dominated bya black cottonwoodtrees with an
understory of thin leaf alder, water birch, yellow willow, snowberry, and chokecherry. Sandbar
willow is a pioneer speestypicallyfound on the gravel bars.

Spotted knapweed plants are thinly scattered along tiwver. These weeds areften associated
with previously disturbed areas such asm@pped banks or bridges.

Recommendation: Complete a detailed assessmerit the river from Site SV¥5 to SW26 (2.4
miles) to determine options for mitigating the loss of channel length due to bank armoring and
floodplain restrictions.

Site SW27 Bank Stabilization Rock RipRap Priority: No Action
(Stillwater Riveg Map #3)

Approximately 300 feet of rock r@ap armor the north bank. The upper 38et are scattered
boulders (1¢ 2 feet diameter) placed upstream of a livestock water gap. Below the water gap,
there is an additional 250 feet of cobbles/gravel-rgp alorg a shaped bank. A riparian fence
closely parallels the river on the upper bank.
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Site SW28 Bank Stabilization Rock RigRap Priority: No Action
(Stillwater Riveg Map #3)

Round boulders of various sizes have been randomly dumped on 80 fdet ebuth bank. High
flows scouraround the rocks causing more bank erosion than if they NJ3hém@.{(The north end
of a landing strip is 35 feet from the river, upstream from SiteZBN The expensive to repair the
rip-rap is not warranted.

Site 3V-29 Bank Stabilization Rock Jetties Priority: No Action
(Stillwater Riveg Map #3)

Two rock jetties on the north bank about 80 feet apart. They were built with large round boulders.
The jetties were placed to protect buildings on the adjacenbdfgain and are functioning as
intended.

Site SW30 Channel Dike Priority: No Action

(Stillwater Riveg Map #3)

Two sections of an old gravel dike have been pushed up along the north bank. The upper dike is
plugging an old river meander that was the main channel in the 1950s. The dikes appear to be old
as vegetation is growing up through them. Tdi&es range irheight from 2¢ 6 feet and are
partially functional. A breach has occurred in the lower di®potted knapweed is abundant at this

site.

Site SW31 Bank Stabilization Rock RipRap Priority: No Action
(Stillwater Riveg Map #3)

Two sections oft g K A U S &-rapNiBeQte naxik rivir bank. 300 feet of rijap is separated by
100 feet of unarmored bank. Thip-rap was constructed with & 3 foot diameter round boulders.

Site SW32 Small Tractg Hanks Cabin Sites and Borland Subdivision  Priority: High

(Stillwater Riveg Map #3)

Two separate subdivisions, consisting of 80 small tracts, occupy 0.5 miles of the north bank.

az2zald GNIOGA IINB tSaa GKFy p ONBa FyR KI@S K2«
stabilization (rock rigap and/or jetties) is associated with thetracts. They all have smalkiver

irrigation pumps or shallow wells for landscape watgr The riparian vegetation has been cleared

to varying degrees to accommodate landscaping.

Individual small traicimpacts to channel stability, istream flow, and water quality are usually
minimal, but cumulatively they pose a significant risk to the Stillwater River.
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Small tracts:house on low floodplain
with landscaping tdhe NA @S NI &

RecommendationDevelop and implement a small tract outreach and assistance program to help
landowners better understand how to minimize their impacts on the river. Program topics would
include noxious weed management, water rights, septic maintenanatye riparian vegetation,
suitable building locations, and basic river dynamics.

Site SW33 Stream CrossingHighway 419 Bridge Priority: No Action

(Stillwater Riveg Map #3)

Concrete bridge with a 160 foot free span across the Stillwater Rivee. brithge is in excellent
condition.

The Buffalo Jump Fishing Access Site (FAS) managed by Montana FWP is located immediately
downstream from the bridge on the west side. The FAS is located on an historic floodplain that is
seldominundated byflood water due to the Highway 419 riglaf-way.

Site SW34 Bank Stabilization Rock RipRap Priority: No Action
(Stillwater Riveg Map #4)

There is 700 feet of cobble rijap placed on a 2:1 slope on the west river bafkpproximately 100
feet of riprap has washed out on the apex of the bend acrassnfa large gravel bar. A 2060
foot wide riparian buffer separates the rifap from the hay field

A large spring enters the Stillwater River on the upstream end of Sit84SWRiparian forest and
wetlands on the west floodplain were cleared and developed into hay fields during the 1960s.

Site SW35 Small Tractg Buffalo Jump and Spreading Winge Subdivisiorriority: High

(Stillwater Riveg Map #4)

There are 35 small tracts in two adjoining subddris along 2.2 miles of the river (southeast side).
Developed in the 1980s, the tracts vary in size froqil® acres. Most tracts have houses either set
back from the river or builtRA NBEOGf & 2y { KHe rivevoditShNiRes aré BsHaflyd
assotated with riparian clearing, bank stabilization (rocknap), and iariver pumps.

Long gravel dikes have restricted high water access to parts of the historic floodplain. These dikes

are old and were constructed prior to the land being subdividedeyTcontinue to not only affect
the abandoned floodplains, but are indirectly impacting property downstream and across the river
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Individual small tract impacts to channel stability;sineam flow, and water quality are usually
minimal, but cumulativelyhey pose a significant risk to the Stillwater River.

Riparian vegetation is often cleared on small tracts (left photo). Bank stabilization evemeediynesnecessary
when the banksare left unprotected. GNI @St RA {1 Sa Lldza KSR mav@nthigh2figwafrom k
accessinghe historic floodplain (right photo).

Recommendation:Develop and implement a small tract outreach and assistance program to help
landowners better understand how to mimize their impacts on the river. Program topics would
include noxious weed management, water rightgtive riparian vegetationseptic maintenance,
suitable building locations, and basic river dynamics.

Site SW36 Bank Stabilization Rock RipRap Priority: No Action
(Stillwater Riveg Map #4)

900 feet of cobble rock ripap on the west bank of the river next to a hay field. Therap is intact
and functional. A § 8foot grass bu#r and riparian fence sepate the rip-rap and the hay field.

Downstream from Site S\86, an old gravel dike was built on the upper bankafialing the river.
It is 1¢ 4 feet high and extends about 100 feet. Its purpose was to keep high water out of a short
river meander and offhe adjacent hay field. The lower end of the dike has since washed out.

Site SW37 Irrigation Sump/Pump Priority: No Action

(Stillwater Riveg Map #4)

Concrete sump and 45 HP electric pump on the west side of the river. The pump provides water
(990 gpm) to two half pivots and a wheel line on about 70 acres of hay fields. The sump has a self
cleaning screen on thelgt. The sump and pump are protected by three rock jetties and 80 feet of
rock riprap upstream from the pump.

SW38 Bank Staltization - Rock RipRap/Jetties/Dikes Priority: No Action
(Stillwater Riveg Map #4)

Immediately downstream from Site S8V, along850 feet of the north banka series of small
boulder jetties and rock rigrap line the bank. An old boulder/gravel ber1¢ 3 feet high)follows
the upper bank. Thbank stabilization and berm werstended to keep the river from recapturing
an old river channel. Except for the lower end of therdp, these structures are no longer
functional.
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SW39 BankStabilization- Rock RipRap Priority: No Action

(Stillwater Riveg Map #4)

Rock riprap along the north bank protecting two home sites. The nearest house is 35 feet away
from the river. The 400 foot long F@p consists of loosely placed large Wmrs (2¢ 4 foot
diameter) and flat shelf rock. This bank is along a straight riffle between bends so the shear stress
on the bank and rigap is low. The 1903 GLO maps show this riffle was once used as a ford
crossing.

Upstream from Site SW89, (difierent owner), a 270 foot long shaped 3:1 bank is vegetated and
stable. It is unknown if there is kap buried beneath thesilt.

Little Rocky Creek enters the Stillwater River on the opposite bank.

SW40 Bank Stabilization Rock RipRap Priority: No Action
(Stillwater Riveg Map #4)

Rock riprap (140 feet) along the west bank. Timgrap was constructed with 2 3 foot diameter
round boulders Ithas partially washed out.

The river splits into two channels immediately upstream from Site4dBWThe rigrap is located on

the west channeWwhich runs water only during high flows. When water is flowing down the west
channel, a large gravel bar forces the flow into the west bank. Even though treprimas partially
failed, the bank has not eroded appreciably over the last 20 years. It wotlhenavorth the
investment to repair the rigap. Old aerial photography shows the west channel was once the
main channel.

Stanley Coulee enters the Stillwater River about 400 feet downstream from Sit®® SW

Site SW41 Boat Ramg Montana FWP Moraind-ishing Access Site Priority: Low
(Stillwater Riveg Map #5)

Dirt boat launch at the Moraine Fishing Access Site (60 acres). The boat lammboiscondition.
A gravel bar has formed at the end of the ramp making it difficult to launch rafts.

Dirt boat ramp at the Moraine Fishin
Access Site.
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Recommendation: Reconstruct the boat launch site to better accommodate recreational use and
high water impacts. The boat ramp should be relocated downstream about 250 feet. The Old Nye
FAS (Site S\W4) would serve as a good template.

Site SWA42 Old Stream Crossy Abutments Priority: No Action

(Stillwater Riveg Map #5)

Old rock bridge abutments on both sides of the river. The 1951 aerial photography show a bridge at
this site. Large boulders in mithannel may have been used as bridge supports. Tidgdomay

have been used as a sheep bridge as no road traces can be seen near the siteverTiray
eventually flank theeast abutmentalthough there has beelittle change over the last 15 years.

Magpie Creek enters the Stillwater River from the deaist between Sites SW2 and S\WA3.

Site SW43 Old Stream Crossing Abutments Priority: No Action

(Stillwater Riveg Map #5)

Old rock bridge abutments on both sides of the river. The abutments are about 40 feet wide and 10
feet high. There was laridge crossing at this site sometime between 1901 and 1951tHautype

of bridgeis unknown

Site SW44 Small Tractg Tractor and Equipment Subdivision Priority: High

(Stillwater Riveg Map #5)

This subdivision included 12 small tracts along 0.8swf the northwest side of the river. The land

was subdivided in the 1980s and 1990s into tracts that vary in size fro@04acres. All but two

tracts havebeen developed. Most houses weleilt on the terrace bench within 100 feet off the
NAPGSNDRa SRISP® ¢KSANI Of 2aS8S LINPEAYAGE (G2 G(KS NAQ
stabilization (rock rigap and jetties), clear native riparian vegetation and place pumps in the river

for landscape irrigation

Individual small tract impacts to channel stability;stneam flow, and water quality are usually
minimal, but cumulatively they pose a significant risk to the Stillwater River.

Rock jetty on upstream side of landscape
yard.

Recommendation:Develop and implement a small tract outreach and assistance program to help
landowners better understand how to minimize their impacts on the river. Program topics would
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include noxious weed management, water rights, septic mainteeanparian vegetation, suitable
building locations, and basic river dynamics.

Site SW45 Irrigation Structure Priority: No Action

(Stillwater Riveg Map #5)

Irrigation headgate on the north side of the river channel. This is the uppermost headgate on the
Stillwater River mainstem. The headgate has a concrete headwall with a wood slide gate. The
bypass outlet is 10 feet wide and can be checked up with badudag low flows. The concrete is
dated Sept 1966. Repairs were made in June 1999. A 250 foot long rock wing diversion (large
boulders) extends upstream along the north bank. Rockajipparallels the diversion on the north

bank. There is a watepntrol structure about 300 feet dowditch from the headgate.

The use of large rocks for the wing diversion requires minimal maintenance. Floating debris
appears to be a problem during high water although the wide bypass outlet may pass most of it.
The structure seems to function well although the concrete is beginning to show signs of wear.

Site SW46 Boat Ramg Montana FWP Castle Rock Fishing Access SitePriority: Low

(Stillwater Riveg Map #5)

Dirt boat ramp at the Castle Rock Fishing Accagsg®&) acres). The rampis steep and in need of
repair.

Dirt boat ramp at the Castle Roc ¥
Fishing Access Site. :

Recommendation: Reconstruct the boat ramp to better accommodate recreational use and high
water impacts. The Old Nye FAS (Sitel@Would serve as a good template.

Reach 3: Sites S\86 to SW46

(Stillwater River Maps #-3)

Channel CharacteristtsvSF OK o o6S3Aya Fa I NBflGAGStE & yI NNBg
deposits on both sides of the river (Site 28). The river generally runs to the northeast through a

large valley filled with unconsolidated glacial, alluvial, and landslide gitspo The West Fork

Stillwater has a large alluvial fan on the west side of the river that extends from Sigd $Mye) to

SW34. The valley border is relatively soft Upper Cretaceous sedimentary bedrock. As the river
nears the Castle Rock FAS (SW¢4%), the valley quickly narrowshere the sedimentary rock

transitions to a much harder Sliderock Mountain volcanic formation.
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The channel is singthreaded (120¢ 160 feet wide) and slightly entrenched with an average
gradient of 0.5%. It has a coblgravel river bottom with increasing numbers of larger boulders
downstream from the Little Rocky Creek confluence. The floodplain is generally narrow along this
reach although there are occasional river segments with a wide floodplain.

The river chanel has movedittle over the last 100+ years. Sporadic bank armoring was placed
along agriculturh lands in the past. &ent bank armoring is associated with small tract
development. Over 60% of Reach 3 haen subdivided

Major Tributaries: BumnCreek, Prairie Creek, West Fork Stillwater, Little Rocky Creek, Stanley
Coulee and Magpie Creek.

"E'._'? T E—— T =T 4 “

Lower end of the reach near Site S\
Along most of Reach 3hé river is a
singlethreaded channel with asmall
floodplain andnarrowriparian corridor.

Riparian CharacteristicsThe riparian corridor is generally a narrow band along the river although
there are exceptions wheré can beas wide a€900 feet (near Nye in particular). The riparian
overstory is dominated by black ¢ohwood trees. Snowberry, alder, juniper, water birch, yellow
willow, and chokecherry arthe common understory shrub species. Sandbar willow patches are
found on inrchannel gravel bars.

Spotted knapweed plants are thinly scattered along the rifenge. Canada thistle and
houndstongue are more widespread.

Site SWA7 Irrigation Structure Priority: Medium

(Stillwater Riveg Map #5)

Irrigation headgate on the east side of the river. The structure is located on an open side channel
along a braided section of river below the Castle Rock Fishing Access Site. The headgate has a
concrete headwall with a wood slide gate and bypass outl€he wing walls and outlet apron
footings are being scoured The existing bpass outlet is too narrow for most floating debris to

pass. Debris jams place excessive pressure on the structurthamgbstream channel bank. It is

also a hazard to clearhven the water is high.

Traces of an old irrigation ditch and structure can be seen upstream along #tebaak. This
system was probablgperatioral sometime in the first half of the Zdcentury.
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Irrigation concrete headgate and bypas §&
structureon side channel.

Recommendation: Replace the entire structure using a design that will include a much wider by
pass outlet to pass woody debris.

Site SW48 Stream CrossingPrivate Bridge Priority: No Action
(Stillwater Riveg Map #5)

Steel rail car bridge with wood planking. It sits on concrete abutments and twbainnel
bridge supports. Rock Hmp was placed along the east abutment and around the bridge
supports. The bridge has a 110 foot span with 12 feet of freebbardeen the bridge and the
river. The bride constricts the river by 115%. A fence and livestock water gap are located
on the east bank downstream from the bridge.

SW49 Bank Stabilization Rock RipRap Priority: No Action
(Stillwater Riveg Map #5)

Rock riprap along 60 feet of the south bank. The-rgp consists of small round boulders dumped
over the bank. Some old metal pieces are included with theajip The river is up to 40% wider at
this site.

Site SW50 Stream CrossingPrivate Bridge Priority: High

(Stillwater Riveg Map #6)

Old wood beam bridge that is 170 feet long. The abutments and foucha@dnel bridge supports

are log/steel pipe cribs partially filled with rock. The bridge supports are in poor condition and

appear to be unstable. They are currently shored up with steel pipes on the upstream side of the
bridge. A miechannel bar has formed upstream from one of the bridge supports. This bridge is a
hazard and is probably not suitable for vehicle use.
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Log bridge supports are in poor condition. Ste
supportsand abutments. pipes arebeingused to shore up the bridge.

Recommendation: Remove the old bridgerdm the river before it collapses Prior to removal,
contact the Montana State Historical Preservationi€affto document the structure becauseis

the last remaining wood crib bridge on the Stillwater River. All material should be carefully
removed from the acgve river channel and disposed of gfte. A new bridge design should
incorporate a total span of the river, preferably without any mlthnnel supports.

Site SW51 Small Tractg Foust Subdivision Priority: High

(Stillwater Riveg Map #6)

Over 30small tracts border the river on 0.7 miles of the northwest side. The tracts are typessly

than 1 acre in size. Mosttracts hake2 dza Sa A GKAY pn FSSi 2F GKS NAY
have installed bank stabilization (rock -rggp, blockretaining walls, decks, and jetties), cleared

riparian vegetation and placed domestic pumps in the river.

Individual small tract impacts to channel stability;sineam flow, and water quality are usually
minimal, but cumulatively they pose a significaisk to the Stillwater River.

Small tracts: 8zA f RAy 3a 2y (
Most small tract landowners havelaced
pumps in the rivefor domesticirrigation.
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Recommendation:Develop and implement a small tract outreach and assistance program to help
landowners better understand how to minimize their impacts on the river. Program topics would
include noxious weed management, water rights, septic maintenance, riparian veyetstiitable
building locations, and basic river dynamics.

Site SW52 Stream CrossingPrivate Bridge Priority: No Action
(Stillwater Riveg Map #6)

Steel bridge that has a 110 foot free span without +tiihnnel bridge supports. There is 8 feét
freeboard between the channel and bridge beams. The concrete abutments do not encroach on
the river. The west abutment is faced with rock-rgp. The bridge is rusty, but appears to be in
good condition.

Site SW53 Bank Stabilizatiolg Rock RigR& Priority: Low
(Stillwater Riveg Map #6)

About 100 feet of rock rigap (1-3 foot diameter boulders) lineshe south side of the river
downstream from the bridge (S\B2). The rigrap was placed to pretct buildings 2@ 30 feetfrom
0 KS NXAg® SAsRal ya&dRoumps locatedin the river at the lower end of the rppped
section.

Downstream, along the south bank, the riparian vegetation is impacted by heavy livestock use.

Riparian buffer being impacted b
heavy livestock use.

Recommendation:Build a riparian fence (portable electric) along 1,000 feet of bank to allow the
riparian corridor to recover. Incorporate a water gap or developstifam livestock water as
needed. Planting young cottonwood cuttings would speed tlwevery.

Site SW5h4 Bank Stabilizatiog Rock RigRap Priority: No Action
(Stillwater Riveg Map #6)

About 80 feet of rock riggap constructel of round boulders and cobbles lsosely scattered
along the south bank next to a house. The howssgd feet from the river and fenced out thfe
surrounding pasture. The riparian buffer is heavily impacted by livestock.
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Site SW5h5 Irrigation Headgate/Diversion Structure Dyer Ditch Priority: Medium

(Stillwater Riveg Map #6)

Irrigation crosschannel rock diversion and concrete headgate. The rock diversion extends 140 feet
across the river. Itis a lohead dam that raises the waterl2 feet during low flows. Some rock
has sliped off the structure either because of ice or high water.

The upper ditch is inset in the river channghralleling the north bank. The upper 200 feet
requires periodic maintenance after high water events. A concrete headgate guakbystructoe

are located 500 feet down the opeimlet ditch. The headgate has a wood slide gate to control
flows into the ditch. The bpass outlet, next to the headgate, is about 3 feet above the river and
can be checked up with boards. The outlet opening is maand does not provide for passage of
large floating debris. The overall condition of the structure is poor; the wing walls and outlet apron
are being scouredThe priority dates of the Dyer Ditch water rights range from 1910 to 1954.

Crosschannel rock diversion at the head of th Concrete headgate and kpass structure about
Dyer Ditch 500 feet down the ditch.

=5

Recommendation: Replace the headgate and-pwss structure. The new structure should g
a much wider bypass outlet that will accomndate passage of woody debris. Considasrgening
the inlet canal and moving the rock diversion downstream approximately 200 feet

Site SW56 Stream CrossingPrivate Bridge Priority: Medium
(Stillwater Riveg Map #6)

Steel beam bridge on the Bliss Road. Thegeridas built in a good location @nstraight section
between bends. The bridge has a 146t span across the river with 8 feet of freeboard above the
river. The abutmentare rockfilled wood cribs protected with cobble A@p. The three bridge
supports (steel pipes connected to a concretes®) andooulders placed around them catch large
woody debris. The bridge is a potential safety hazard to river recreationists.
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Bridge with midchannel supports facec
with large boulders.

Recommendation:When this bridge is ready to be replaced, construct the new bridge in the same
location with as few migthannel supports as possible.

Site SW57 BankStabilization¢ Rock RigRap/Wall Priority: No Action
(Stillwater Riveg Map #6)

Old rock riprap and rock wall/concrete patio encroaching nearly 10 feet into the channel.
These structures are associated with a house located about 25 feet off #re riv

Site SW58 Small Tractg West Subdivision Priority: High

(Stillwater Riveg Map #6)

The West Subdivision has 10 small tracts along 0.4 miles of the north river bank. The tracis are 1
2 acres in size. Most tracts have houses built ontdnece, 5¢ 8 feet in elevation above the river
FYyR fSad4a GKIFY cn FSSG FNRY (GKS NAGSNDa SR3ISO
stabilization along a few tracts. Many tract owners have pumps in the river for domestic use.

Individual snall tract impacts to riparian vegetation, channel stability-siream flow, and water
quality are usually minimal, but cumulatively they pose a significant risk to the Stillwater River.

West Subdivision:deA f RAy 3a 2y
with large bouldes in the foreground being
used for bank stabilization. Many small trac
have domestic pumps placed in the river 1
irrigate landscaped yards.
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Recommendation:Develop and implement a small tract outreach and assistance progrdmlpo
landowners better understand how to minimize their impacts on the river. Program topics would
include noxious weed management, water rights, septic maintenance, suitable building locations,
and basic river dynamics.

Site SW59 Irrigation Flume Syports Priority: No Action

(Stillwater Riveg Map #6)

Old irrigation flume supports on both sides of the river. A largechahnel rock \asused as a

flume support. The flume walBY2 @SR | yR (GKS FTAStRa 2y ((KS
irrigated in over20 years

Downstream from Site S\B9, along the west side of the river, water seeps along the toe of the
bank are coming from upslope irrigation ditch leakage.

Site SW60 StreamCrossing; Bridge Abutments/Support Priority: Low

(Stillwater Riveg Map #6)

A bridge was oncéocated on the Lower Midnight Road anded as recently as 15 years ago. The
bridge and one support were removed in the late 2000s; both concrete abutnesmisa second
mid-channel bridge support remain. The north abutment has been undercut and is leaning into the
river. The miechannel bridge support is 40 feet frorhe south abutment anagnay pose a safety
hazard to floaters during high flows.

Old bidge abutments with a mid
channel support near the south bank.

RecommendationRemove the migchannel bridge support from the river.

Site SW61 Small Tractg Midnight Ranch Tracts and North Cabin Sites Priority: High

(Stillwater Riveg Map #6)

There are 12 small tracts from the Midnight Ranch Tracts and 18 small tracts from the North Cabin
Sites along 1.5 miles of the souikier bank. The Midnight Rancfatts rangen sizefrom less than

1 acre to over 20 acres. Most are developeith houses and roads. The North Cabin Site tracts are
smaller, about 1 acre in size. Nearlyodlhe North Cabin tracts have houses and landscaped yards.
Bank erosion/scour is negligible because of the natural river armoring, however small tract owners
have siil placed rock ripap, jetties, gravel dikes and/or retaining walls along the bank. Most rip
rap includes scattered cobbles and boulders, .8 foot in diameter. Most tract owners have
placed small pumps in the river for landscape irrigation.
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The Stlwater River Road (420) parallels the river along the north bank famut@a 0.3 miles.
Sediment washingff the road diring heavy ruroff eventually reachsthe river.

Native riparian vegetatioroften cleared to
accommodate small tract landscaping.

Recommendation:Develop and implement a small tract outreach and assistance program to help
landowners understand how to minimize their impacts on the river. Program topics would include
noxious weed management, water rights, septic maintenance, riparian vegetatitableubuilding
locations, and basic river dynamics.

SW62 Small Tractg Falcon Ridge Subdivision and North Cabin Sites Priority: High

(Stillwater Riveg Map #6)

There are 12 small tracts in the Falcon Ledge Subdivision and 3 smalirtrdaetdNorth Cabin Sites
along 0.6 miles of the north river bank. Five small tracts not associated with eithéivsion are

also included inthis site. The Beehive Community Center is one of them. The Falcon Ledge
Subdivision is relatively new anddeveloped, other than intaral roads. The tracts areq12 acres

in size.

The three North Cabin Sites are part of a larger subdivision that lies mostly on the south side of the
river (Site SW1). Theseracts are less than 1 acre each ameldged betveen the county road and

the river. Nearly all the North Cabin tracts have houses and landscaping. There are short sections
of cobble riprap associated with some of the tracts.

Individual small tract impacts to channel stability;stneam flow, and wer quality are usually
minimal, but cumulatively they pose a significant risk to the Stillwater River.
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il m The newly subdivided lands have not yet bei
Y fully developed. There are a few older sheds a
buildings along the river that prdate the
subdivison.

Recommendation:The Falcon Ledge Subdivision would be a high priority for a small tract outreach
and assistance program since it has not yet been developed. The program would help new
landowners better understand how to minimize their impacts on the river: noxiousdwee

management, water rights, septic maintenance, suitable building locations, and basic river function.

Site SW63 Stream CrossingPrivate Bridge Priority: No Action
(Stillwater Riveg Map #7)

Steel beam bridge on the Midnight CanyooaR. The bridge has a 125 foot span and sits on
concrete abutments and two midhannel concrete supports. All are faced with small boulders.

Upstream from the south abutment, a riverfront house has rock retaining walls that tie into the
abutment. A small pump house downstream from the south abutment provides irrigation
water for a landscaped yard on the upper terrace.

SW64 Small Tractg Kratz Subdivision and Other Small Tracts Priority: High

(Stillwater Riveg Map #7)

The subdivision has Isimall tracts along 0.8 miles of the river. Houses are built on the west bank
between the county road and river. These tracts extend across the river, but the east side is only
accessible by wading or boat. Other small tracts at Sité6&\¥clude: one Nrth Cabins Site, two
Birdhead Ranch Tracts, and four small tracts not associated with an established subdivision. The
Kratz Subdivision is mostly 2 acre tracts. The othewds vary in size from 1.§ 7 acres. This
subdivision was heavily impacted the 2006 Derby Fire.

Most houses are built on the upper bank, less than 30 feet from the active river. A number of
retaining walls have been constructed using gravel gabions, concrete and rock. Most tract owners
have placed small pumps in the rivier landscape irrigation. Algal growth in the river is more
pronounced. The riparian buffer is in good condition.

Individual small tract impacts to channel stability;sineam flow, and water quality are usually
minimal, but cumulatively they posesagnificant risk to the Stillwater River.
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The subdivision has high number of retaining Filamentous algae are prominent along this reach.
walls badering the river. Most tractshave
pumpsin the river forlandscape irrigation.

Recommendation:Develop and implement a small tract outreach and assistance program to help
landowners understand how to minimize their impacts on the river. Program topics would include
noxious weed management, water rights, septic maintezggrsuitable building locations, and basic
river dynamics.

Site SW65 Rock Retaining Wall/Cable Car Priority: No Action

(Stillwater Riveg Map #7)

Two tier rock retaining wall on the west bank that serves as a landing and anchorfqroat
cable car that crosses the river. The site is located on an undeveloped tract in the Kratz
Subdivision.

Site SW66 Small Tractg Birdhead Ranch Tracts Priority: High

(Stillwater Riveg Map #7)

The Birdhead Ranch subdivision has 17 small tedotsg 0.6 miles of the southeast riveark that

range in size from & 5 acres. Some houses are-g#it from the river by as much as 150 feet.
hiGKSNE KIF @S 0SSy 0 dzih & (ShdR sedtiBrid of frigip (sengll roiirfd Souldeks)d S NI &
line the bank along some of these tracts. Most of the rock was poorly placed and is only partially
effective. The subdivision was developed in the 1980s.

This subdivision was heavily impacted by the 2006 Derby Fire. The narrow riparian buffer along the
river was burned, but is recovering well. Leafy spurge was noted here for the first time during this
assessment.

The Stillwater River Road (420) parallels the river along the north bank for about 0.3 miles.
Sediment washingff the road diring heavy ruroff eventually reachsthe river.

Individual small tract impacts to channel stability;stneam flow, and water quality are usually
minimal, but cumulatively they pose a significant risk to the Stillwater River.
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Riparian vegetation regrowthlong the river
banks and on the gravel bars following t P
2006 Derby Fire.

Recommendation:Develop and implement a small tract outreach and assistance program to help
landowners better understand how to minimize their impactstbe river. Since this subdivision is
located on a porous alluvial fan, proper septic installation and maintenance are especially
important. Noxious weeds hawecreased significantly sindke Derby Fire. Tract owners need to
cooperatively control ngious weeds in their subdivision.

Site SW67 Stream CrossingPrivate Bridge Priority: No Action
(Stillwater Riveg Map #7)

Steel railroad car bridge on Birdhead Lane. It has a 150 foot span across the river with two steel
rockfilled bridge supports. The north abutment is concrete and the south abutment is rock.
There is 8 feet of freeboard between the river and bridge beams.

Site SW68 Small TractswA RRf SQa /[t AT T { dzo RA @Fxidrity:High

(Stillwater Riveg Map #7)

The 12RRRf SQa& / locat€édbn Qi2Ndile® of dhe hoiliver bank on an inside bend. The
subdivision was developed in the early 1980s. The tracts are less than €s5irasize and are all
developed. Most houses are less than 30 feet from the rivdten associated with bank
stabilization (rock rigap and retaining wall) and 4inver pumps. In the late summer on the
downstream end of the subdivision, a large gravel cadsmnel irrigation check dam is constructed
to divert water into the Stillweer Ditch. See description for Site B8

Individual small tract impacts to channel stability;stneam flow, and water quality are usually
minimal, but cumulatively they pose a significant risk to the Stillwater River.
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wA RRt S Querfrontthaues Nave bééh
built alongan inside bend.

Recommendation:Develop and implement a small tract outreach and assistance program to help
landowners understand how to minimize their impacts on the river. Program topics would include
noxious weed management, water rights, septic maintenance, suitable buildingolosaand basic
river dynamics.

Site SW69 Stream CrossingCounty Bridge Priority: No Action

(Stillwater Riveg Map #7)

Concrete county bridge on the Stillwater River Road (420). It has a 130 foot free span with no
bridge supports. The concretdatments are faced by rock A@p. Exposed rebar at the toe

of the east abutment is a hazard to recreationists. There was an old bridge 350 feet
downstream as shown on the 1903 GLO map and 1951 aerial photography.

Site SW70 Irrigation Headgate/Diversio ¢ Stillwater Ditch Priority: High
(Stillwater Riveg Map #7)
A gravelcobble check diversion traverses the river upstream from the county bridge (SHEOEW
The diversion extends 250 feet upstream at angle, raising the water @ 3 feet. Thediversion
needs to be rebuilt once or twice each summer after high water. The delivery canal is 370 feet long
and passes under the county bridge approach before reaching the headgate -pagHgtructure.

The concrete headgate/byass structure is locatl 100 feet below the county bridge on the east
side of the river. The headgate (concrete w/metal screw gate) has recently been replaced. Floating
debris tends to hang up at the structure because thephgs outlet is too narrow anithe slide gate

is inget too far.

¢KS {GAff61FGSNI BAGOK /2YLIyeQa ¢FGSNI NAIKG Aa
priority date of 1900.

Spotted knapweed and leafy spurge infestations are moderate to heavy. They are dgemal
where the ground islisturbed.
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Gravel/cobble crosshannel diversion pushec Healgate and bypass structure in the canal
up each year following high water. north of the county road.

o

Recommendation:

1) Construct a permanent croshannel weir to elevate and divert water down the canal (red
dashed line on photo below). It may require a series of two weirs to obtain the required
elevation. The weir would consist of large footer rocks in the bed of tleastwith large rocks
placed on the footer rocks to obtain the necessary elevation. A rock sill (yellow dashed line)
would be placed along the canal perimeter between the weir and the county road underpass.
The sill would be set at an elevation to maintadequate flow to the headgate while allowing
high water to pass.

To take pressure off the canal, allow passage of ice and bedload, and reduce the hazard to rafters, a
chute could be incorporated into the weir. The chute opening would be at least 80 feet wide
although the location and opening width would need to be detamined by a detailed
hydrology/hydraulic analysis. During the irrigation season when flows are low, portableagire
concrete blocks would be placed in the chute to check the water up to the needed elevation. It
would take about 15 blocks (15@02000 bs. each) to fill the gap. TH#ocks can be cast in a wide
variety of sizes, shapes, and weights to fit the diversion alignment, stream velocity, and equipment
lift capacities.These blocks would be placed after summer-afihand removed in the fall fldwing

the irrigation season. A firm bed would be maintained to allow equipment (front end loader) to
place and remove the blocks. This recommendation requires additional operational time and
expense each year to make the system functional, but it welifdinate the ongoing expense and
impacts of reconstructing a gravel diversion each year.

A simple structure could be incorporated with the rock sill/diversion at the head of the canal to
divert floating debris away from the canal inlet. This would wadthe debris problems in the canal
and at the headgate.

2) The water users need to make adjustments on their new headgatedsg structure. The slide

gate should be moved forward to minimize woody debris hanging up on the structure. The by
pass outletneeds tobe widened to pass larger debris.
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Implementation of the recommendations will require a detailed engineering design to determine
project feasibility, weir alignment, rock size, chute opening, estimated costs, etc. A project of this
nature would becompetitive for state/federal financial assistance.

Site SW71 Stream CrossingPrivate Bridge Priority: No Action
(Stillwater Riveg Map #7)

Steel beam bridge on Trout Cre@kail. It has a 180 foot span across the river with three large
metal tank bridge supports. It is not known what they are filled with. Woody debris tends to hang
up on the supports. The size and number of bridge supports are excessive for what id.nd&ee

end abutments are rock with some concrete. There is 7 feet of freeboard between the river and
bridge beams.

Upstream from the bridgethe bank nar the house is lined with two short sectionsrgd-rap 50¢
80 feet long constructed of & 2 foot diameter cobbles and boulders. Riparian vegetation is
growing up through the ripap.

Downstream from the bridge, there is a water control structure on Stillwater Ditch. Trout Creek
enters the river on opposite bank.

From Sites SWO to SW72, seepagdérom the Stillwater Ditch can be seen entering the river along
the south bank.

SW72 Inverted Siphorg Stillwater Ditch Priority: No Action
(Stillwater Riveg Map #7)

Inverted concrete pipe siphon beneath the Stillwater River. The siphon wasnbihié early 1980s
replacing an old leaking flume.
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Site SW73 Bank Stabilizatiog Rock RigRap Priority: No Action

(Stillwater Riveg Map #7)

Rock riprap along the Stillwater River Road for over 400 feet. Theapps mostly large cobbles

and snall boulders dumped along the toe of the road grade. The Stillwater River Road is about 15
feet above the channel.

An old river meander (Blueball Lake) lies south of the county roadobent-up 36 inch diameter
CMP pipe under the county road connects the northeast end of Blueball Lake to the Stillwater River.
It is not known whether this pipe is functional or not.

Site SW74 Irrigation Flumeg Stillwater Ditch Priority: No Action

(Stillwater River, Map #8)

Steel pipe flume on the north side of the river across from the Cliff Swallow Fishing Access Site. The
flume extends 500 feet across bedrock outcrops. It leaks when filled with water.

Site SW75 Boat Ramg Montana FWP Cii Swallow Fishing Access Site Priority: Low

(Stillwater Riveg Map #8)

Dirt boat ramp at the CIiff Swallow Fishing Access Site (160 acres) on the south side of the river.
The launch ramp is located at the downstream end of the Fishing Access &ta.difficult launch

site with a 3¢ 4 foot drop off the terrace bank.

Launch area at the CIiff Swallow Fishil
Access Site.

Recommendation: Reconstruct the boat ramp to better accommodate recreational use and high
water impacts. The Old Nye FAS (Sitel@Wwould serve as a good template.

Site SW76 Irrigation Diversiorg Madison Ditch Priority: No Action
(Stillwater Riveg Map #8)

An old irrigation rock diversion on the north bank across from FAS boat ramp (Sit®)SWhe
diversion is 800 feet long and constructed witlg B foot diameter boulders. There is noater
control headgate at the entrance of the ditch. The ditchlagiged with debris and is currently not
being used. The status of the ditch is unknown since the landowner did not participate in the river
assessment.The Madison Ditch has d893 water right.

The landowner between Site SY% and SWW/'7 chose not tgarticipate in the stream assessment.
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Reach 4: Site SW6 to SW76

O{OGAT Tt ol GSNESWADBSNI al LJ 1 Qa p

Channel CharacteristicReach 4s a relatively narrow canyon bordered by the Sliderock Mountain
volcanic formation. The valley varies in width fromnite near Beehive to less than 400 feet
upstream from Cliff Swallow.

The channel is singtareaded (120¢ 160 feet wide) and slightly to moderately entrenched. The
river has an average gradient of 0.7%, higher than the upstream reach. It has a/lootloler
armoredriver channel with a narrow floodplain.

The river has moved very little over the last 100+ yeanghen this reachwas wunder traditional
agricultureuse there was little need for bank armoringOver the last 40 years, bank armoring has
increased exponentially with the proliferation of subdivisions and small tracts. Along 55% of this
reach, there are small tracts on one side of the river and/or the other.

Major Tributaries: Bad Canyon,R&anyon, Midnight Canyon, Trout Creek, and Crazy Man Creek.

Near Site SV84. This reach is a canyon sectic
surrounded by hard volcanic bedrock. The river is
singlethreaded channel with a narrow floodplain an
riparian corridor. Small tract delopment is especially
dense along this reach.

Riparian CharacteristicsA large percentage of this reach was impacted by the 2006 Derby Fire.
The riparian vegetation that burned is making a rapid recovery. The riparian corridor is generally a
narrow band of black cottonwood trees wiglatches ofconifers. Snowberry, aldesandbar willow,

and chokecherry arthe morecommon understory native shrubs.

Noxious weed infestations expaed substantiallyfollowing the Derby Fire Spotted knapweed
plants and leafy spurge plangse commonalong the river fringe and adjacent terrace banks.

The 2006 Derby Mountain Fire burned
across the Stillwater River along most o
this reach.
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Site SW77 Irrigation Headgate/Diversior Yanzick Ditch Priority: High

(Stillwater Riveg Map #8)

Irrigation headgate and gravel diversion located on the east side of the river, just past the Madison
Grade. The earliest water rights priority date is 1905. The 1946 DNRC Water Resources Survey
shows the original point of diversiomaslocated one milaipstream.

The gravel/cobble wing diversion extends about 400 feet upstream from the mouth of the delivery
canal. The diversion requires periodic maintenance r@ednstructionafter high water eventsThe
400 foot long delivery canal is stable and welfjetated.

The headgate structure has been reinforced with conciatd an old wooden gate was replaced
with a steel slide gate. The dmass outlet is at a 90° angle to the headgate with a narrow opening
that can be checked up with boards. The openatamd structure catch a large amount of floating
debris during high flows.The outlet apron i®eingscoured

LA A o SR
Irrigation headwall and metal slide gate with
by-pass outlet on the left.

. LR
Long gravel/cobble wing diversion extendin
upstream from the delivery canal and headgate.

Recommendation:

1) Construct a permanent weir (red dashed line on photo below) to elevate and divert water into
the delivery canal. The weir (180 feet) would arc upstream and be built with large footer rocks
keyed into the river bed. The footer rocks would be overlait\tge rocks to check the water
to the necessary elevation.

To take pressure off the weir, allow passage of ice and bedload, and reduce the hazard to rafters, a
chute could be incorporated into the weir. The chute opening would be at least 80 feet wide
although the exact opening widtland locationwould need to bedetermined by a detailed
hydrology/hydraulic analysis. During the irrigation season when flows are low, portableagtre
concrete blocks would be placed in the chute to check the water up to the needed elevation. It
would take about 15 blocks (15@02000 Ibs. each) to fill the gap. Théocks can be cast in a wide
variety of sizes, shapes, and weights to fit the diversion alignment, stream velocity, and equipment
lift capacities. These blocks would be placed after summer-aiihand removed in the fall following

the irrigation season. A firm bed would be maintained to allow equipment (front end loader) to
place and remove the blocks. This recommendation requires additional operiatne to place and
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remove the blocks each year, but it would eliminate the-gming expense and impacts of
reconstructing the gravel diversion after each high water.

A simple structure could be constructed at the head of the delivery canal to divatinijpdebris
back into the river. This would reduce the debris problems in the canal and at the headgate.

2) The water users may want to makemeadjustments to their headgatby-pass structure The
by-pass outlet should be widened taore effectivelypass floating debrisand theapron footing
needsto be patched.

3) Option: Gonsolidae the Yanzick Ditchnfrastructure with the BreyRiddle Ditch. The two
headwalls are only 125 feet apart. Consolidation of ditches is sometimes a difficult path: initial
expense, sorting out operational responsibilities, and maintaining individual water rights. But, it
is not impossible andhere can be several benefits. Witlmis option there would be a
headgate diversionand ditch (700 feet) before splitting off into existing laterals. The capacity
of the headgate and ditch would likely need to be increased to deliver sufficient water to all
water users. This option has the benefit of significantly reducing-iermy maintenance costs
and impacts to the river.

Implementation of the recommendations would require a detailed engineering design to determine
project feasibility, weir alignment, rock size, chute opening, estimated costs, etc. A project of this
nature woutl be competitive for state/federal financial assistance.

i : ) ] ‘-7
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Site SW78 Irrigation Headgate/Diversiol Brey-Riddle Ditch Priority: Medium

(Stillwater Riveg Map #8)

The irrigation headgate and gravel diversame located on the east side of the river about 125 feet
downstream from the Yanzick headgate/diversion. There are several water rights on this ditch with
priority datesthat rangefrom 1901¢ 1908.

The grael/cobble wing diversion extends about 250 feet upstream from the mouth of the delivery
canal and twethirds of the way across the river. The diversion requires periodic maintenance and
reconstruction to provide adequate flote the headgate. The 125 dot long delivery canal is stable
and well vegetated.

The concrete headgate has a steel screw gate and-jpaby outlet. The bgass outlet can be

blocked with boards/canvas to check water into the ditch. The open canal and narrpasby
outlettend toOF LJG dzNBE f I NBS | Y2dzyda 2F Ff2FGAy3 RSONAaA
are being scoured

There is a short section of rock #igp and minor bank scouring on the opposite bank. The bank
scour maybe caused by the two gravel wing walisrh the Yanzick and Brdyiddle diversins.

About 900 feet downstreanon the east banks a private boat launchThe small ramp is dirt and
lined with handplaced cobbles.

[ A
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Gravel/cobble wing diversion extending upstrear Irrigation headwall and metal screw gate wit
and partially across the river. a bypass outlet on the left.

Recommendation: Same general recommendation as for Site-BI(Yanzick Headgate/Diversion)

1) Construct a permanent croshannel weir (red dashed line on photo below) to elevate and
divert water into the canal. The weir (160 feet) would arc upstream and be built with large
footer rocks keyed into the river bed. The footer rocks would be ovewim large rocks to
raise the water to the necessary elevation.

To allow passage of ice and bedload, a chute could be incorporated into the weir. The chute
opening would be at least 60 feet wide although the exact opening vadthlocationwould need
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to be determined by a detailed hydrology/hydraulic analysis. During the irrigation season when
flows are low, portable preast concrete blocks would be placed in the chute to check the water up
to the needed elevation. It would take about §@2 blocls (1500¢ 2000 Ibs. each) to fill the gap.
Theblocks can be cast in a wide variety of sizes, shapes, and weights to fit the diversion alignment,
stream velocity, and equipment lift capacitieS.hese blocks would be placed after summer-afih

and removed in the fall following the irrigation season. A firm bed would be maintained to allow
equipment (front end loader) to place and remove the blocks. This recommendation requires
additional operation time to place and remove the blocks each yedritlould eliminate the on

going expense and impacts of reconstructing the gravel diversion after each high water.

A simple structure could be constructed at the head of the delivery canal to divert floating debris
back into the river. This would redutiee debris problems in the canal and at the headgate.

2) The water users need to make adjustments on their headgatpéss structure. The hyass
outlet should be widened to better pass debris and the wing wall footings need to be patched.

1) Option: Consiler the possibility of consolidating this infrastructure with the Yanzick Ditch. The
two headwalls are only 125 feet apart. Consolidation of ditches is sometimes a difficult path:
initial expense, sorting out operational responsibilities, and maintgimigividual water rights.

But, it is not impossible and there are sealebenefits. With this optiorthere would be a
common headgate and ditch (700 feet) before splitting off into existing laterals. The capacity of
the headgate and ditch would likeheed to be increased to deliver sufficient water to all water
users. This option has the benefit of significantly reducing-teng maintenance costs and
impacts to the river.

Implementation of the recommendations would require a detailed engineeatggign to determine
project feasibility, weir alignment, rock size, chute opening, estimated costs, etc. A project of this
nature would be competitive for state/federal financial assistance.
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Site SW79 Irrigation Headgate/Diversior Phelps Ditch Priority: Medium

(Stillwater Riveg Map #8)

The irrigation headgate and check structure are located in a side channel on the east side of the
river. The water rights date back to 1891. The 1901 GLO map shows the diversion point at the
same location that it is now.

The boulder/cobble wing diversion extends 220 feet across the river, aligned in an upstream arc. It
raises the water to 2 feet, diverting flow into the east side channel towards the headgate. The
crosschannel diversion iduilt with a variety of rock sizes ranging from small gravel to large
boulders. The diversion requires varying degrees of reconstruction after high water events.

The concrete headgate has a steel screw gate and a check structure that spans thesids (18
feet). Boards are used in the check structure to elevate the water into the headgate and Hiteh
alignment and wide opening of the check structure provide clear passage of floating debris.

Rock diversion extending across the river at t Irrigation headgate and check structure @
head of the side channel. the side channel.

Recommendation:The cross channel rock diversion and headgate structure are well laidTaut.
make it more permanent, largeock would replace the gravel and cobblasrently being used in
the diversion. This wouldeducethe need for equipment to be in the river reconstructing the
diversion aftermosthigh water evers.

Site SWB0 Irrigation Headgate/Diversiol LarsorJohnson Ditch Priority: High

(Stillwater Riveg Map #8)

The irrigation headgate and check structaes located on the north side of the river. The 1899
GLO map shows the headgate in the same location that it is now.

The boulder/cobble wing diversion extends 400 feet upstream and across the river. It raises the
water level about 2 feet, diverting flownto the north delivery ditch and headgate. The wing
diversion is built with a variety of rock sizes ranging fronvglsato small boulders. It requires
maintenance and replacement of rock after most high water events.
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The concrete/wood headgate has a wooden slide gate and@aby outlet. The opening on the-by
pass outlet is too narrow and does natlow for passge of woody debris Large amounts of
floating debris tend to accumulate in front of the headgate.

Downstream from the headgatéhere isseepage along the river bank. The water uselieves
that the seepage is coming from irrigation upsloged not fom the LarsorJohnsm Ditch The
LarsonrJohnson Ditch water rights date back to 1893.

Long rock wing diversion extending upstream a Old concrete and wood headgate with wooc
across the river. debris piled up in front.

Recommendation:
1) Relocate the headgate downiver approximately 180 feet. Align the headgate and diversion to
allow passage of bedload and floating debris. See illustrations below.

2) Construct a permanent croshannel weir (red dashed line on photo below) to elevate and
divert water into the canal. The weir (170 feet) would arc upstream and connect to the island
near the south bank. It would be built with large footer rocks keyed the river bed and
overlain with large rocks to raise the water to the necessary elevation.

To provide passage of floating debris and bedload,-pa®s chute should be incorporated into the
weir close to the headgate. The chute opening would bdeast 60 feet wide; however, the
optimal opening size would be determined by a detailed hydrology/hydraulic analysis. During the
irrigation season when flows are down, portable qmast concrete blocks would be placed in the
gap to check the water up tdhé needed elevation. It would take Q12 blocks (150@ 2000 Ibs.
each) to fill the gap. Thalocks can be cast in a wide variety of sizes, shapes, and weights to fit the
diversion alignment, stream velocity, and equipment lift capaciti€eese block would be placed
after summer ruroff and removed in the fall following the irrigation season. A firm bed would be
maintained to allow equipment (front end loader) to place and remove the blocks. This
recommendation requires additional operation time ptace and remove the blocks each year, but

it would eliminate the orgoing expense and impacts of maintaining a gravel/cobble diversion after
high water events.
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Implementation of the recommendations would require a detailed engineering design to determine
project feasibility, weir alignment, rock size, chute opening, estimated costs, etc. A project of this
nature would be competitive for state/federal financialsistance.

Old headgate location

Recommended relocation of the headgal Plan view of headgate and diversiol
and rockdiversion. Align headgate and diversion chute t
effectivelypass bedload and debris.

Site SW31 Bank Stabilization Rock Jetty Priority: No Action
(Stillwater Riveg Map #9)

Old rock jetty built on the upper end of a riveend on the north bank Large angular rock was
usedto constructthe jetty. The intent for the jetty was to prevent the river from undercutting the
LarsonJohnson Ditch that follows the curve of the bend.

Site SWB2 Stream CrossingCounty Bridge Priority: No Action
(Stillwater Riveg Map #9)

Laminated wood bam bridge on the Spring Creek Road. The bridge has a 110 foot free span
supported by concrete abutments. There is 8 feet of freeboard between the bridge beams and the
river channel.

The bridge is located on the apex of a bend. The north road appraetsias a floodplain dike
restricting outof-bank flow on the inside bend.

Site SW83 Corrals/Small Pens/Bank StabilizatigrRock RipRap Priority: Medium
(Stillwater Riveg Map #9)

Corrals, pens, and small pasturdsray a 0.7 mile reach of river @dhe north bank The pastures are
generally unfenced from the river. Most of the corrals have g 20 foot wide fenced buffer.

Two sections of rock ripap line the corrals (&, 2 foot diameter boulders). One sectias 200 feet

long and the others 120 feet long. Downstream from the corralshaped bank with rock ripap
is silted in and hasfenced buffer about 75 feet wide.
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On the lower half of Site S¥B, small pastures are unfenced from the river. The riparian

vegetation consists of scattered mature cottonwood treesl anunderstoryof grass and bare soil.
A pile of old farm implements, metal scrap, and wood on the bactkas a jetty creating #arge
downstreameddy. A 4 80 foot section of bank has eroded away because of the eddy.

Small pasture next to the river.

Recommendation:

1) Construct a riparian fence (permanent or portable electric) along the river corridor to &ltow
riparian recovery. Incorporate water gaps or devedoyoff-stream livestock watealternative.
Planting young cottonwood cuttings would speed the recovery.

2) Remove the pile of implements, scrap metal, and wood from the river bank to stop the
downstream eddying and bank erosion. Trim low tree branches that are catching floating

debris. Fill in the eroded area with gravel topped with soil:-v&getate with yung willows and
cottonwood saplings.

The landowner has expressed a desire to leave the debris gilace (it has been there for over 40
years) ando rip-rap the downstream eroded area.

Site SW84 Bank Stabilization Rock RipRap Priority: No Action
(Stillwater Riveg Map #9)

RockripNJ LJ I f 2y 3 (GKS a2dzikK o6Fy1X dzLJAGNBIY -AN2 Y
approximately 100 feet long and constructed witlg 3 foot diameter boulders placed on a 4 foot
highbank.

Site SWB4 is located on the south channel of a braided section of river. Thelmaignel island has
established vegetation on it indicating little change in channel alignment over the last 60 years.

An old abandoned feedlot is locatedwnstreamon the south bench next to the riverAnnual

weeds persist over most of the feedlot area. An electric riparian fence provides¢ab@0foot
buffer along the terrace edge.
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Site SWB5 Irrigation Headgate/Diversiow Tintinger Ditch Priority: High

(Stllwater Riverg Map #9)

The Tintinger Ditch headgate and diversare located on the north channel of a braided section of
the river. Water right associated with theiftinger Ditch range from 18931903.

The boulder/cobble wing diversion extends 180 feet upstream and across the river. After most high
water eventsmaintenance is probably necessary.

The headvall structure is old and in poor conditionThe concrete headgate has a metal slide gate
with a narrow bypass outlet. The bgass outlet is too narrow and poorly aligned to effectively
passfloating debris. Debris tends to accumulate in front of the structure.

Downstream from the headgate, an old bridge crosses the side channel (50 foospges®
accessing the midhannel island. The bridge was built from an old railroad car and sits on large
cobble abutments.

Rock wingliversion extending upstream frorn Old concrete headgate and metal slide gat
the headgate on the north channel. Woody debris piles up in front of the headgat
during high water.
Recommendation:
1) Replace the headgate and diversion. A new headgate and diversion would be designed to pass
bedload and floating debris using a similayout as shown for the Larsalohnson headgate
(Site S\WABO).
2) Construct a permanent croshannel weir (red dashed line on photo below) to divert water to
the headgate. The weir (120 feet) would arc upstream, extend across the side channel and tie

intothS AaflyRQa y2NIK oyl ® [ FNBES FT2204SN) N2O a

with large rocks to raise the water level to the necessary elevation at the headgate.

To pass floating debris and bedload, agags chute could be incorporateatd the weir adjacent to

the headgate. The chute opening would be at least 40 feet wide; however the optimal opening size
would need to be determined by a detailed hydrology/hydraulic analysis. During the irrigation
season when flows are low, portablegprast concrete blocks would be placed in the gap to check
the water up to the needed elevation. would take 6¢ 8 blocks (150@ 2000 Ibs.each) to fill the

gap. Theblocks can be cast in a wide variety of sizes, shapes, and weights to fit the diversion
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alignment, stream velocity, and equipment lift capacitiesThese blocks would be placed after
summer runoff and removed in the fall following the irrigation seasoA firm bed would be
maintained to allow equipment (front end loader) to place and remove the blocks. This
recommendation does require additional operational time to place and remove the blocks each
year; however, it would eliminate the egoing expense ahimpacts of repairing the existing
diversion after most high water event.

Implementation of the recommendations would require a detailed engineering design to determine
project feasibility, weir alignment, rock size, chute opening, estimated costs Aefiroject of this
nature would be competitive for state/federal financial assistance.

Site SW86 Bank Stabilization Rock RipRap Priority: No Action
(Stillwater Riveg Map #9)

Two segments of bank stabilization on the itoside of theriver that appeardo be fairly old. The

first segment is 50 feet of rock riap placed along the toe of a terrace on an outside bend. A
house was built on the terrace less than 50 feet from the river. The second segment is #1@gk rip
and two jettiesalong 300 feet of bank adjacent to an irrigated hay field. Both segments of bank
stabilization were constructed with loosehfaced angular rock.

The river is braided along this site with multiple channels. The riparian vegetation on the mid
channel itands is well established. Old aerial photography show little change in channel alignment
over the last 60 years.

The channel substrate is covered with filamentous algale concentration of algae slowly
increases as you go downstream.
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SiteSW87 Corrals/Water Gap Priority: High

(Stillwater Riveg Map #10)

Corrals and small pens located on an inside bemdllow floodplain north side of the river. A10¢

30 foot bufferseparateghe corralsfrom the river. During high precipitation and snow melt events,
nutrients from the corralsmay reach the river through surface rwff or from leaching into the
shallow water table. A livestock water gag incorporated in with the corrals. Old aerial
photography shows these corrals inetlsameocation for at least 60 years

Corrals located on the low floodplail
with a small livestock water gap.

Recommendation:

NRCS may be willing to complete an evaluation of the corral system to suggest options to reduce
the amount ofnutrients entering the river. One optiasto widen the riparian buffer to 50 feet by
relocating the corral pen currently next to the river tohé north side of the existing corrals.
Additional water development may be necessHhe water gaps removed

Site SW88 Bank Stabilization Rock RipRap Priority: No Action
(Stillwater Riveg Map #10)

Old rock riprap on the southeast banéf the river. The rigap ines 350 feet of bank with & 3
foot diameter angular rock Anold floodplain dike was built behind part of the #igp. Sometime
in the last 15 years, a house was built on the south bench near the upper end of-tla@ rip

Site SW89 Irrigation Headgate/Diversiom Weir-Crawford Ditch Priority: Medium

(Stillwater Riveg Map #10)
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date back to 1891. A gravel/cobble wing dsien extends 400 feet upstream and across the river.

The wing diversion directs water into a well vegetated canal (300 feet long) and headgpts®y

structure. The wing diversiohkely requires maintenance or replacement following most high

water events.

The concrete headwall has a wood slide gate and narroywdsg opening. The structure is in good
condition and functions well. Floating debris does not appear to be a problem. There is a 25 foot
wide opening in the ditch wall about 40 feet up from theadgate which may pass most of the
debris that enters theipperditch.
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Gravel/cobble wing diversion extending upstrea Concreteheadgatewith a wood slide gateand
from the delivery ditch and headgate. by-pass
Recommendation:

Construct a permanent croshannel weir to elevate and divert water down the canal. The weir
(170 feet) would arc upstream and be tied into the south bank. It would be built with large footer
rocks keyed into the river bed with largeaks on top to raise the water to the necessary elevation.

Floating debris may already be adequately addressed with the current opening in the canal wall, but
to better pass bedload and reduce the need to dredge the delivery canal,-adad chute could be
incorporated into the weir next to the canal mouth. Téleute opening would be at least 40 feet
wide; however optimal opening size would need to be determined by a detailed
hydrology/hydraulic analysis. During the irrigation season when flows are low, portablagtre
concrete blocks would be placed in thepga check the water up to the needed elevation. It would
take 8¢ 10 blocks (150Q 2000 Ibs. each) to fill the gap. Thiecks can be cast in a wide variety of
sizes, shapes, and weights to fit the diversion alignment, stream velocity, and equipifbent |
capacities. These blocks would be placed after summer-afihand removed in the fall following
the irrigation season. A firm bed would be maintained to allow equipment (front end loader) to
place and remove the blocks. This recommendation req@idestional operation time to place and
remove the blocks each year, but it would eliminate the-gming expense and impacts of
maintaining gravel/cobble diversion after high water events.

Implementation of the recommendations would require a detailed aegring design to determine
project feasibility, weir alignment, rock size, chute opening, estimated costs, etc. A project of this
nature would be competitive for state/federal financial assistance.

SW0 Bank Stabilization Rock RipRap/Jetties/Dikes Priority: No Action

(Stillwater Riveg Map #10)

Small rock jetty on the south bank on the tpeam end of a small tract. Bouse is about 40 feet
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SiteSW91 Bank Stabilization Rock RigRap /Jetty Priority: No Action
(Stillwater Riveg Map #10)

Rock riprap and jetty along a hay field. The-rgp is constructed with field cobbles and covers 60
feet of the east river bank. A jetty was built widlrge angular rocks on the downstream end of the

rip-rap.

Site SWO2 Irrigation Headgate/Diversioq Mendenhall Ditch Priority: High

(Stillwater Riveg Map #10)

The Mendenhall headgate and diversion are located on the south side of the river. Therialde
Ditch is about 4 miles long, constructed in 1892 by means of teams and &lid944, over 1,000
acres werdrrigated under the Mendenhall Ditch (1946 DNRC Water Resources Survey).

The concrete headwall is 40 feet wide and has two screw gakbs. bypass structure next to the
headgate is 20 feet wide. The wide opening and alignment of thgabg structure allows most
bedload and floating debris to pass freely. The structure can be blocked with boards to elevate
water into the headgate. The is about 3 feet of elevation difference between thefmss opening

and the river channel. Recent repairs were completed in 2001.

The gravel/cobble wing diversion extends 500 feet upstream and across the river. The diversion
requires occasional matenance and replacement of rock after high water events.

Rock wing diversion extending 500 feet upstree Concrete leadgate and byass structure.The

from the Mendenhall Ditch headgate. width  and alignment of the Dbpass
accommodate passage of most floating debris

Recommendation:

Construct a permanent-look weir to elevate and divert water towards the headgate (see red

dashed line on photo below). The weir (~ 150 feet) would be built with large footer rocks keyed

into the river bed with large rocks on top to raise the water te tiecessary elevation.

Implementation of the recommendations would require a detailed engineering design to determine
project feasibility, weir alignment, rock size, chute opening, estimated costs, etc. A project of this
nature would be competitive fostate/federal financial assistance.
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Site SWO3 Bank Stabilization Rock RipRap Priority: No Action

(Stillwater Riveg Map #10)

Old rock riprap on the outside bend of a braided channel. The rock, mostly field cobbles and a few
scattered boulders, was dumped over an 80 foot long bank on the south bank. A house with an
2PSNKIFy3IAy3a RSO|l 6 a NBOS gantirém thedighdpped ben. Th&& N FS
is a small pump in the river for landscape watering. Downstream, an old corral and sheds are on

the high floodplain next to the ripapped bank.

The midchannel islands have established riparian vegetation. Thengtalignment has changed
very little over the last 60 years.

Site SW94 Bank Stabilization Rock RipRap Priority: No Action

(Stillwater Riveg Map #10)

Old rock riprap along 100 feet of an outside bend on the south side of the river. Tdieused for

the rip-rap is 1¢ 2 foot diameter angular rock. An old river oxbow, south of therapped bend, is

now a wetland. The south bank is freely accessed by livestock and shows heavy browse on the
native vegetation. A horse pasture with a ripa fence and water gap are on the opposite bank.

The riparian vegetatiois in much better condition.

Site SWO5 Bank Stabilization Rock RigRap Priority: No Action
(Stillwater Riveg Map #10)

Old cobble riprap on 80 feet of the north bank. The 4nigp is located on the upper end of an
outside bend along the toe of a high terrace. The V@awford Ditch, on the terrace bench above
the rip-rap, follows the curvature of the bend.
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Site SW96 Bank Stabilization Rock RigRap Priority: No Action

(Stillwater Riveg Map #10)

Field cobbles dumped on the south bank along a braided section of river. The cobbles cover
approximately 120 feet of the bank.

Site SWO7 Bank Stabilization Rock RipRap Priority: No Action
(Stillwater Riveg Map #11)

Rock riprap along 140 feet of south bank adjacent to a hay field. The river is braided with most of
the flow going down the south channel. The-rgp is old, but still intact. Largengular rocks, & 4

foot diameter, were used to construct the fipp. Riparian vegetation is growithrough it.

Site SWO8 Irrigation Headgate/Diversiow J. Kern Ditch Priority: High

(Stillwater Riveg Map #11)

Irrigation headgate on the north channel of a braided section of river. The headgate has a cinder
block/concrete headwall with a metal slide gate. The wing walls and upstream apreeareng

The bypass outlet is 10 feet wide and can be checked uplwiards. The headgate alignment and

the wide bypass opening appear to pass most floating debris.

The wing diversion, extending 150 feet upstream, is built with rock that varies from small gravel to 2
foot diameter boulders. linayrequire maintenarce or partial reconstructiorfollowing highwater
events.

The water rights for the. Xern Ditch date back to 18935rove Creek enters the Stillwater River
from the south about 1,000 feet downstream from Site -9%/

The J. Kern dadgate located on the
north channelof a braided section of
river. The photo is looking upstaen at
the rock wing diversion.

Recommendation:

Construct a crosshannel weir to elevate and divert water down the canal (see red dashed line on
photo below). The weir (~70 feet) would arc upstream inrtedk pattern. It would be tied to the
KSIFRIIGESQa O2yONBGS FLINRPY 2y 2yS SyR YR (KS
would be built with large footer rocks keyed into the river bedrt&ble precast concrete blocks
would be placed on top of the footer rocks to check the water up to the needed elevation. It would
take 10¢ 12 blocks (150Q 2000 Ibs. each) to build the diversiomheblocks can be cast in a wide
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variety of sizes, stpes, and weights to fit the diversion alignment, stream velocity, and equipment
lift capacities. These blocks would be placed after summer-afihand removed in the fall
following the irrigation season. Bedload and floating debris would easily pasg dhigh water and

ice would be less of a problem in the winter. A firm bed would be maintained to allow equipment
(front end loader) to place and remove the blocks. This recommendation requires additional
operation time to place and remove the blockacé year, but it would eliminate egoing expenses

and impacts of reconstructing a temporary rock wing diversion after each high water event.

¢tKS KSIRIITGSQa gAy3a glffa YR AyEtSi | LINPY | NB
damage.

Implemertation of the recommendations would require a detailed engineering design to determine
project feasibility, weir alignment, rock size, estimated costs, etc. A project of this nature would be
competitive for state/federal financial assistance.

Portable precast blocks that can be
custom built to fit the alignment and
size of the diversion.

Portable Precast Blocks
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Site SWO9 Water Control Structure Priority: No Action
(Stillwater Riveg Map #11)

Water control structure on the south side of the river and upstream end of a side channel. The
structure is a combination concrete/rock plug with three-gated culverts (18 inch diameter). The
culverts run about half full during late summer base floWwhis structure was built in May 2000
(inscribed on concrete) to provide controlled flows into 800 feet of side channel for trout spawning
habitat. It is not known how successful the project is.

Site SW100 Bank StabilizationRock RipRap/Corrals Priority: High

(Stillwater Riveg Map #11)

Rock riprap on the southeast bank next to a farmstead and corrals. The rock varies in size from
cobbles to large angular rockiong 600 feet of river bank. The r@p is old, but still intact
Rparian vegéation is growing up through the rocks. The-rgp provides a narrow buffer between

the corrals and the river.

Rock riprap provides a narrow buffer
between the farmstead and the river.

Recommendation:

Request that NRCS complete an evaluation of the corral system to determine if the corrals are
contributing excessive nutrients to the river. If mitigation is recommended, options may include
widening the riparian buffer andivertingsurface drainage awdyom the river.

Site SW101 Bank StabilizationRock RipRap Priority: No Action
(Stillwater Riveg Map #11)

Rock riprap on approximately 600 feet of a large bend along the toe of the North Stillwater Road.
The riprap @nsists of Z; 4 foot angular rock. Short sections thie rip-rap arebeingscouring and
need repair.

Site SW102 Irrigation Headgate/Diversiog Garrigus Ditch Priority: High

(Stillwater Riveg Map #11)

Irrigation headgate on the north river bank, immediately upatn from the Johnson Bridge. The
concrete headgate and hyass structure are old, but in good condition. The headwall has two
screw gates. The kass has a 10 foot wide opening that can be checked up with boards. There is
about 3 feet of elevation €ference between the headgate inlet and the river.
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The temporary wing diversion and delivery ditch extend nearly 600 feet upstream to-ehaihel
island. The delivery ditch is permanent with vegetation growing on it. The temporary wing diversion
is bult with cobbles and small boulders. The wing diversion requires some degree of reconstruction
following most high water events.
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directed towards the opposit bank. This is not an ideal locatifam this structure,creating an on

going dilemma for the water users in getting sufficient water to their headgate. The water users
haveextended thewing diversionfar enoughupstream to catch the current before @rosses over

to the south bank.

Water rights on the Garrigus Ditch dabeckto 1893.

Garrigus Ditch headgate and -pgss
structure. TheJohnson Bridgés in the
background.

Recommendation:

The location of the existing headgate on the inside bend reduces the options available for
improvement and efficiency. The best location of a headgate is on the downstream limb of an
outside bend. This provides direct flow to the headgate and may elimitiee necessity for a
diversion. If aligned correctly, the structure would readily pass floating debris and bedload.

For the Garrigus Ditch, one option is to relocate the headgate upstream about 600 feet as shown on
the photo below. This option woulequire a new structure and construction of about 600 feet of
new ditch. Obtaining a point of diversion change from DNRC and securing an easement from the
landowner would be a precursor to the project. It is an option that would require a substantial
investment. The water users may not be willing to implement this plan in the-tegar, but when

the headgate/bypass structure is ready for replacement, this option should be seriously
considered.

Implementation of the recommendations would require a degdiengineering design to determine

project feasibility, weir alignment, rock size, estimated costs, etc. A project of this nature would be
competitive for state/federal financial assistance.
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New Headgate Location

OldHeadgate

1

Site SW103 Stream CrossingJohnson Bridge Priority: No Action
(Stillwater Riveg Map #11)

Wood/steel beam arch bridge resting on wood abutments and twohiannel concretdilled steel

pipe bridge supports. There is an additional support nearrtbeh abutment. The bridge has a
160 foot span across the river and a maximum of 15 feet of freeboard between the bridge and the
river. This bridge is nearing the end of its life span and will need to be replaced in theemaar
Building a new bridgéhat is either a free span or, if necessary, one chdnnelbridge support is
recommended.

Reach 5: Sites S\W&6 to SW103
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Channel Characteristics Once past the Madison Grade,etlriver quickly transitions from a
relatively narrow canyon, restricted by the Sliderock Mountain volcanic formation, to a much wider
valley bordered by softer sedimentary rock. The valley is over one mile wide near the Spring Creek
Bridge, then narrows to about % mile for the remainder of thach.

Theriver is generally singkhreaded with intermittent segments of braided channel. The river has
an average gradient of 0.6%, slightly less tliReach 4 The channel is slightly to moderately
entrenched in the floodplain with a cobble lineider channel. It is somewhat resilient to physical
impacts, but not nearly as much as the upstreeanyons reach

The riverchannel has shifted velittle over the last 60 years. The islands in the braided segments
typically have established mature riparian vegetation. There is a fair amount of old bank armoring
along this reach usually to prevent the river from eroding into an adjacent field mstaad.

There are 9 major irrigation headgates and diversions. Nearly all of thetemgorary wing dikes
to divert water into a delivery canal and headgate. Because the wing dikes are temporary, it
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necessary for the water users to repair or reduihem after most high water eventsSeveral of the
headgates have problems with floating debris and bedload because of the canal alignment and/or
inadequate bypass structure opening.

Major Tributaries: Spring Creek, Cow Creek, Sanborn Creek, JaekC8tek, and Grove Creek.

Cobble lined river channel. Phot
taken near Site SW3.

Riparian Characteristics The riparian corridor is generally a narrow band of riparian vegetation
alonga slightlyentrenched singlethreaded channel. The ripan corridor is wider on intermittent
sections of river where ibecomesbraided with midchannel islands. Most mithannel islands
have established riparian vegetation thét in excellent condition. The riparian overstory is
primarily black cottonwoodtrees with anunderstory of thin leaf alder, water birch, yellow willow,
chokecherry, and buffaloberry.

Leafy spurge infestations are common along teach. Some patches abeingsprayed, many are
not.
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4.2 West Fork Stillwater River
The West Fork Stillwater River assessment begins at the Keogh HeéiyateMile 6.2and ends
at its confluence with the Stillwater RivéRiver Mile 0.Q)

SiteWF1 Irrigation Headgate Priority: No Action

(West ForlStillwater River Map #1)

Concrete headwall (dated 1978) with a wheel gate located on the south side of the West Fork. The
structure is well placedand does notrequire an inchannel diversion or check structure. The
headgate serves 40 acres of haylambut 2 miles away. The structure is on a segment of river with

a high gradientX 59, steppool channelthat is naturally armored wth large glacial boulders. A
water structure (dated 1979% 80 feet down the ditclirom the headgate lhat controls the amount

of water conveyed dowthe ditch. The ditchwasrecently cleaneddr the second time since 1978.

Site WF2 Stream @ssingc Private Bridge Priority: No Action
(West Fork Stillwater RiveMap #1)

Steel railcar bridge supported by largeulder abutments. The bridgbuilt less than 10 years ago
replacedan old wood bridge

Site WF3 Stieam Crossing Private Bridge Priority: No Action
(West Fork Stillwater RiveMap #1)

Steel railcar bridge supported by concrete abutments. Curry Flatisghe roadapproachon the
north side. The bridge is in good condition.

Site WF4 Bank Stabilizatiog Rodk RipRap Priority: Low
(WestFork Stillwater RiverMap #1)

Rock riprap (2¢ 3 foot diameter boulders)yvas placedon a braided section of riverThe rip-rap
was installed about 20 years atmkeepthe river from migratingowards thesouth channelaway
FNRY | I yR2 ényhe Nddhaside dflBe dGeNI &

The river splits about 550 feet upstream of Site-¥WFBoth channels run water yearlong although
the north channel carriesnore water during base flowsThe two channels ar@00 feet apart at
Site WH. Historic aerigphotography indicates that the main rivperiodicallyshifts between the
two channels and will probably continueidg so.

Rock riprap on the north channel of the
West Fork.
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