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Reach Profile Metrics
Total Elevation Change 227'
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REFERENCE CONDITION

Log drop
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Log drop
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Scour / Deposition
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Channel Bed

Water Surface
11/20/12

Typical Ground Surveyed Cross Section

Channel Spanning Log

A reference or analog reach was suggested by BBCTU and the USFS.  Anthropogenic disturbance is evident throughout the Stonewall Creek
watershed including at the reference site. At least two discrete mining events are apparent  in the drainage. Signs of the earlier event are less
apparent, as it was likely less extensive and tailings have naturally revegetated with mature forests. Riparian areas in relatively undisturbed areas
and areas of the earlier mining event are intact and examples of good channel function are apparent.  Reference conditions were observed
upstream (above 68+00) and downstream (0+00 to 26+00) of the project reach. The downstream reach is flatter in gradient than most of the
project reach and therefore was used to make inferences and general observations but is not necessarily a direct analog to the project site.

A sub-reach of the reference channel equal to approximately 25 channel widths was surveyed using rod, leve,l and tape methods, and a modified
R1/R4 habitat inventory was conducted.  Average channel metrics are reported on this page while habitat comparisons between the reference
and project reach are provided on Sheet C7. The channel generally exhibits characteristics of a B3a type channel in the Rosgen Classification
systems, although, with the exception of short sub-reaches, the channel is less entrenched than is typical for B channels.

The channel bed in the reference reach is largely composed of cobble and boulder sized materials with finer gravels associated with in-channel
large log and racked wood accumulations. Approximately 30% of the channel's drop (elevation change) through the study area is absorbed at
vertical steps.  Large wood is associated with the most diverse habitat through the reach.  The profile photos below and photos on Sheet C7
provide examples of complex wood steps and associated habitat throughout the reference reach. In general, the channel substrate is sufficiently
coarse that bed scour only occurs in the presence of vertical steps greater than 1.0 foot, and scour pools are more robust at steps greater than
1.5 feet.  Rock steps are generally associated with smaller and shallower pools and less habitat complexity.  At large wood steps residual pool
depths of 1.0 to 2.0 feet are typical.   Upstream of the logs the channel slope is flattened and fine gravels are deposited and stored. Channel
width increases in the vicinity of log accumulations due to deposition upstream and scour and redeposition of cobbles downstream. Where ample
floodplain width is present, log accumulations are also associated with side channel habitats.

The diversity of instream habitat is strongly correlated with mature deciduous and coniferous trees on the channel margins or on the immediate
channel floodplain area (within roughly a tree's length of the channel).  The proximate mature forest is critical to supply large diameter wood that
has sufficient length and mass so that it is not be rapidly flushed from the system.

Channel Profile Metrics
Average Reach Slope 0.061
Local Slope of Upstream
of Steps 0.034

Log Step Height (ft) 1.6,  1.9,  0.9
% Of Reach Drop
Associated with Steps 30%

Step Spacing 96, 22, 114
Spacing / Channel Width
Ratio 8, 1.8, 9.5

Residual Pool Depth (ft) 2.0, 1.0, 0.2, 0.4

Cross Section Metrics
Bankfull Width 12 - 20+
Bankfull Area 18 - 25
Max Depth 2.1
Mean Depth 1.5
Flood Prone Width 33 - 150 (Avg. 60)
Entrenchment Ratio 2.7 - 7.5
Width to Depth Ratio 8.0 to 13

Channel Classification Low Entrenchment B3a

12.0'
33.0'

Typical LIDAR Generated Cross Section

90'

Approximate Channel
BoundaryFloodplain

Channel with Mature Floodplain



DATE:

CHKD:
DRAWN:

PROJECT #:ERM - WEST, INC.
PO Box 582
#1 Ninth Street Island Dr.
Livingston, MT 59047
(406) 222 7600

NO. DESCRIPTION
REVISION REVISION

BY DATE
REVISIONDRAWN

PROJECT ENG.:

6 - 21 - 2013

DD
TC

0179686
REFERENCE - LARGE WOODY DEBRIS COMPLEXS

STONEWALL CREEK RESTORATION
LINCOLN, MT

C7
SHEET

TC

CHANNEL WIDENING AND SEDIMENT
DEPOSITION UPSTREAM OF LARGE WOOD

COMPLEXITY AT LARGE AND SMALL WOOD ACCUMULATIONS

SMALL GRAVEL DEPOSITION
AND STORAGE

LARGE WOODY DEBRIS
COMPLEX WITH RACKED
SMALL WOODY DEBRIS

SIDE CHANNEL HABITAT
ASSOCIATED WITH LWD
COMPLEX

LWD BLOCKAGE AT UPSTREAM
END OF SIDE CHANNEL

RESTING SITES AND COVER
DURING HIGH FLOW CONDITIONS

SCOUR (POOL FORMATION)
& DEPOSITION

NOTES:
Results of a modified R1/R4 Habitat assessment are presented
on the table on this sheet.  The project reach was divided into
three reaches for the assessment. Results from each are
presented separately.  In general, the habitat metrics are very
similar with exception to the presence of LWD.  Pool depth is
also less in the project reach.  This sheet is intended to further
illustrate the significance of LWD to stream function and habitat
diversity.
Throughout the reference and lightly mined reaches from
Station 0+00 to 25+00 where a mature riparian forest is present,
large and small woody debris complexes provide the dominant
driver of complex habitat formation.  Coarse and fine sediment
deposition and sorting are associated with these features.
Where coarse sediments are deposited, the channel is
considerably wider than reaches without wood and flows more
frequently access floodplain surfaces allowing side channel
formation to occur.  The intent of this note is to emphasize the
apparent importance of these features from a habitat
perspective but also to highlight the fact that installation of
analogous features in disturbed reaches will likely initiate similar
local instabilities.  These instabilities are beneficial to the system
but will likely be stochastic in nature.  Structure placement and
orientation can somewhat mitigate this effect but flexible
performance standards will be essential to understand project
performance.
LWD also interacts with the channel function in the form of fully
spanning logs that create roughness and energy dissipation
during flood flows.  Channel spanning logs may create localized
instabilities, but on a stream reach level they contribute
importantly to stability through energy dissipation.



PROJECT REACH DESCRIPTION

The project reach is approximately 4,200 feet in length and occurring on these plans between Stations
26+00 to 68+00. Elevation drop through the reach is primarily absorbed through the reach in small rock
steps and cascades. The majority of pool habitat is associated with rock steps, but, in general, these
features are smaller in lateral and longitudinal extent and are shallower and less complex than features in
the the reference area.
The channel is in general confined and isolated from a floodplain surface on both sides of the creek by
either by tailing deposits or native valley slopes. There is a small floodplain at most locations that is
establishing a riparian shrub community and some small conifers.  Large wood recruitment is limited by
proximity of source materials from the channel. The bottom right photo illustrates the capture of potential
LWD by a road constructed on the top of a tailing surface.
The tailing piles vary form nearly vegetation free talus to partially vegetated with conifers up to 1 foot in
diameter.  Vegetation often occurs on the top of the tailings on flatter surfaces.  Side slopes are roughly
equivalent to the angle of repose (34 to 38 degrees) of the materials and are easily destabilized by minor
disturbances.  Composition of the tailings on the surface is, in general, coarse cobbles but there are
areas of fine gravels and even soil development. Fine materials should be segregated during tailing
removal for use on floodplains. Tailing materials from 26+00 to 50+50 are naturally rounded to
subangular. From 50+50 to the top of the reach the materials are angular.

Channel
Location

Cobble / Boulder Spoils Cobble /
Boulder Spoils

Isolated Depression
Channel Location

13'

 Cross Section Metrics
Bankfull Width 13
Bankfull Area 11
Max Depth 1.3
Mean Depth 0.82
Flood Prone Width 14 - 30
Entrenchment Ratio 1.0 - 2.0
Width to Depth Ratio 16

Channel Classification  B3a

6/3/13 WSEField Surveyed
Channel Boundary

LIDAR Surface

Tailings

Typical Project Reach Cross Sections
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UN-MAINTAINED ROAD
GROWN OVER WITH TREES

LEGEND

STONEWALL CREEK CENTER LINE

Typical Vegetation Density in Repository

Approximate Finished Repository
Contours - 5 Foot Interval

Repository 1 - Relatively
Flat Terrain on Hillslope

Above Channel

Existing Contours - 1 Foot Interval

Potential Alignment for Access Road
Construction - Approximate 5% Slope

Site to be Cleared of Trees and Shrubs
and Topsoil / Organic Material Salvaged

CONSTRUCTED ACCESS ROAD

GENERAL REPOSITORY NOTES:

From Sheet 2, it is indicated that there is a surplus of repository
capacity.  This was intentional and allows flexibility in achieving
the project goals.  The stream side repositories allow for shorter
hauls and lower costs but do not completely remove tailings
from the valley bottom.  The hillslope repositories have a
greater capacity but their use will be more costly to develop due
to increased haul times, road construction, tree clearing, and
topsoil salvage. The trees and soil that these repositories
provide will be incorporated into stream and floodplain
treatments and will not go to waste.

SHEET C9 NOTES:

Repository 1 (R1) is relatively flat terrain to the east of the
Stonewall Channel on a hillslope approximately 50 vertical feet
above the valley floor.  The site is forested and will require
clearing prior to placing tailing materials. The final morphology
of the repository fills should be shaped to blend to the extent
possible with the surrounding terrain.  There are natural talus
slopes in close proximity to the site.  The repository grading
shown on this drawing sheet was generated to assess the
feasibility of using this area and the potential storage capacity of
the site.
No current vehicle access is available to the site necessitating
the construction of an access road.  The alignment shown is
approximately 300 feet in length and achieves a grade of
approximately 5%.

Tailing 1

Tailing 1- Typical

Approximate Finished Tailing
Contours - 5 Foot Interval

Repository Boundary
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SHEET C10 NOTES:

Repository 2 (R2) is on a wide portion of the unmaintained road
shown on this sheet at a green dashed line.  This surface is
composed of tailings that reside on the east margin of the valley
bottom. The photo on this page shows the view of the repository
looking to the south.

Repository 2 - Wide Area of
Existing Unmaintained Road

Tailing 1
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UN-MAINTAINED ROAD
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LEGEND

STONEWALL CREEK CENTER LINE

Haul Route on Existing Unmaintained RoadApproximate Finished Repository
Contours - 5 Foot Interval

Existing Contours - 1 Foot Interval
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Site to be Cleared of Trees and Shrubs
and Topsoil / Organic Material Salvaged

Approximate Finished Repository
Contours - 5 Foot Interval

Existing Contours - 1 Foot Interval

Repository 3 - Relatively
Flat Terrain on Hillslope

Above Channel

SHEET C11 NOTES:

Repository 3 (R3) is relatively flat terrain to the west of the
Stonewall Channel on a hillslope approximately 20 vertical feet
above the valley floor.  The site is forested and will require
clearing prior to placing tailing materials. The final morphology
of the repository fills should be shaped to blend to the extent
possible with the surrounding terrain.  There are natural talus
slopes in close proximity to the site.  The repository grading
shown on this drawing sheet was generated to assess the
feasibility of using this area and the potential storage capacity of
the site.
An old non-maintained road would need to be improved to
provide access to the site.

Tailing 2

Tailing 2
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Approximate Finished Repository
Contours - 5 Foot Interval

Existing Contours - 1 Foot Interval

Repository 4 - Valley
Bottom Site

SHEET C12 NOTES:

Tailing 3 - This tailing site appears to be materials from the
more recent mining event placed over tailings from an earlier
event.  The channel is confined and the older tailings will need
to be removed to establish an active floodplain. The older
tailings are relatively well vegetated with mature conifers.

Repository 4 corresponds to low terrace adjacent to the valley
bottom.

Repository 5 (R5) is a relatively flat area to the east of the
Stonewall Channel on a hillslope approximately 20 vertical feet
above the valley floor.  The site is forested and will require
clearing prior to placing tailing materials. The final morphology
of the repository fills should be shaped to blend to the extent
possible with the surrounding terrain.  There are natural talus
slopes in close proximity to the site.  The repository grading
shown on this drawing sheet was generated to assess the
feasibility of using this area and the potential storage capacity of
the site. A very short access road would have to be constructed
to access this site.
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Approximate Finished Repository
Contours - 5 Foot Interval

Existing Contours - 1 Foot Interval

Repository 5 - Relatively Flat Terrain
on Hillslope to the East

Tailing 3

Tailing 5

Tailing 3 - New Tailings Over
Tailings from an Earlier Mining Event




