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Palmer et al., Journal of Applied Ecology, 2005, 42, 208—217

1. design of an ecological river restoration project should be based on a
specified guiding image of a more dynamic, healthy river

2. river’'s ecological condition must be measurably improved

3. river system must be more self-sustaining and resilient to external
perturbations so that only minimal follow-up maintenance is needed

4. during the construction phase, no lasting harm should be inflicted on
the ecosystem

5. pre- and post-assessment must be completed and data made publicly
available
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> W Do

VS

Planning & Assessment
Engineering
Construction

Monitoring, Maintenance, Adjustments

Geomorphology

Cver RestoratiD

Engineering
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> W Do

pre—"

Dimension (Bankfull & Flood Flow)
Pattern (Meander)
Profile (Bed Profile)

Floodplain Connection
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1. The Low-Flow or “Inner-Berm” Channel

2. The Bankfull Stage Channel

3. The Active Floodplain at Incipient Point of Flooding
4. The Infrequent but Highest Flood-Level Stage

Typical for C Stream Types In terraced, alluvial
valleys
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1. The Low-Flow or “Inner-Berm” Channel
2. The Bankfull Stage Channel
3. The Flood-Prone Area

Typical for B Stream Types in colluvial valleys
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1. Threshold Channel
2. Alluvial Channel
a. Regime Equations
b. Analogy (Reference Reach)
c. Hydraulic Geometry
d. Analytical Models

3. Combination of Methods
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Strealmn Design Approaches



Stantec
http://www.uwsp.edu/gEo/faculty/ritter/geogl01/textbook/fluvial _systems/geologic_work—0f streams.html



Movable boundary systems (“natural” streams)

Complex design approach: assess sediment continuity
and channel performance for a range of flows

Dependent variables: Width, Depth, Slope, Planform

Independent variables: Sediment inflow, Water inflow,
Bank composition

Empirical & Analytical approaches should be used
concurrently
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Hydraulic and Geomorphic modeling varies by
design Phase and Objectives

Station

18
101
150
207
319
374
418
464
537
599
668
719
752
799

902
963
1006
1048
1100
1175

Bankfull Profile Thalweg Bkf Depth "BKF" Slope

OP-2
64
63.5
63
62.5
61.25
60.75
60.25
59.75
58.95
58.25
57.6
57.1
56.7
56.3
55.7
55.2
54.6
54.2
53.7
53.2
52.4

0.7

1.25
1.5
2.5

2.75

3.25
3.7
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

0.60%
0.60%
1.02%
0.88%
1.12%
0.91%
1.14%
1.09%
1.10%
1.13%
1.00%
1.00%
1.00%
1.00%
1.00%
1.00%
1.00%
0.90%
1.20%
1.00%
1.00%

Definition Design
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"BKF" Channel Width Floodplain Width Design Shear Stress Depth based on 2psf Average Floodplain Velocity Approximate Design Discharge

0
10
15
20
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

140
160
160
160
145
130
115
105
100
100
100
100
100
100
100

90

80

70

60

50

40
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5.3
5.3
3.1
3.7
2.9
3.5
2.8
2.9
2.9
2.8
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.6
4.0
4.8
4.8

4.4
4.4
4.0
41
4.0
41
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.1
5.1
5.3
5.3

3281.3
3750.0
2027.8
2419.0
1655.3
1885.3
1285.5
1236.2
1166.1
1126.3
1297.6
1297.6
1297.6
1297.6
1297.6
1167.8
1038.1
1027.1
1237.1
1275.2
1020.2



Hydraulic and Geomorphic modeling varies by
design Phase and Objectives



Develop Regional Curves

Gage Analysis

Calculations - Regime Equations
Field Calibration

« BarSample

 Riffle Pebble Count

e Geomorphic Survey Data

Bankfull VELOCITY & DISCHARGE Estimates

Stream: |Encampment River || Location: |X83 Existing
| Date: |10/20/2016| Stream Type: | C3/4 || Valley Type: | |
[ obseners: [CB,JSKOMIG || Huc: ] |
| INPUT VARIABLES I OUTPUT VARIABLES |
Bankfull Riffle Cross- Akt P (o1
Sectional AREA 231.66 ) Bankfull Riffle Mean DEPTH|| 3.04 ®
, Wetted PERMIMETER
Bankfull Riffe WDTH || 76.12 | Wk ; 730 | W
(ft ~ (2% doir ) + Wit (fy
Dy, atRiffle 16869 | Dia Dy (MM) / 3048 055 | Dwm
& ) (mm) & i ’ (f
Hydraulic RADIUS
Bankfull SLOPE 00040 | Sti 4 300 | R
(ft/ft) At | Wp (ft)
- . g Relative Roughness
Gravitational Acceleration 322 (/5609 RI)/ D (1) 543 |R/Dg
i *
Drainage Area 205.0 D;A SIEED VeIoa:/ny 0.622 u
(mi°) u* = (gRS)” (f/sec)
Bankfull Bankfull
‘ ESTIMATION METHODS VELOCITY H DISCHARGE
1. Fricti g
Facltcolr%igﬁg:zs u=[283+566%Log {R/Dg }]ur| 434 | f/sec ||100401] cfs
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relativ,
Roughness (Figs. 2-18,2-19)u=1.49°R%®*s%/n  n = 4.44 | ft/sec (1102880 cfs
2. Roughness Coefficient: u=149R*+s%/n
b) Manning's n from Stream Type (Fig. 2-20) n=|0.0395 4.96 ft/sec |1 1149.61 cfs
2. Roughness Coefficient: u=149R*+s%/n
c) Manning's n from Jarrett (USGS): n = 0.39*G 038 xR 016 4.87 ft/sec |11128.88 cfs
Toughnase, canbie andpeulter domnated sveasystmes e 1 = |_0.040
for Stream Types A1, A2, A3, B1, B2, B3, C2& E3
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
| Darcy-Weisbach (Leopold, Wolman and Miller) | 443 | ft/sec | 1025.89 cE
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Chezy | 411 | ft/sec || 990.05 cfs
4. Continuity Equations:  a) Regional Curves  u=Q/A
Return Period for Bankfull Discharg Q= 0.0 year nfa [Bce n/a cE
4, Continuity Equations:  b) USGS Gage Data u=Q/A nla ft / sec nla cfs ‘

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

’OP“U” L. of feature. Substitute the Dy, sand dune protrusion heightin ftfor the Dy, termin method 1.

For sand-bed channels: Measure 100 "protrusion heights" of sand dunes fromthe dow nstreamside of feature to the top

. For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides fromthe bed elevation to
Option 2. he top of the rockon that side. Substitute the D, boulder protrusion heightin ftfor the D, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusionheights" of rock separations, steps, joints or uplifted
Option 3.5 rfaces above channelbed elevation. Substitute the Dy, bedrock protrusion heightin ftfor the Dg, termin method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height
Option 4. o the log on upstreamside if embedded. Substitute the Dg,4 protrusion height in ft for the Dg, term in method 1.
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Velocity &
Discharge

Q = V A = Discharge (cfs)
= Velocity (ft/s)
= Cross-Section Area (ft?)

related to slope, channel shape, and channel
roughness

< > <



dydrologic & Hydraulic Analysis

Manning Formula

k
n

]

2
V=-R;-S

where:

15 the cross-sectional average velocity (ft/s, m/s)
k15 a conversion constant equal to 1.486 for LS. customary units or 1.0 for Sl units

n 15 the Gauckler-Manning coefficient {independent of units)

Ry, is the hydraulic radius (ft, m)
5 is the slope of the water surface or the linear hydraulic head loss (ft/ft, m/m) (5= Ag/ L)

Rh:ﬁ

where:
Ry, 1 the hydraulic radius (m)
A 15 the cross sectional area of flow {m
P is wetted penimeter {(m)

?)




“wre o hannel and Description Minimum Normal | Maximum
Matural stizaims.- minar streams (tpp width ai floodstage < 100 fit)
1. fiain Cnannels = B

a. clean, straight, full stage, no rifts or deep pools 0.025 0.030 0.033
b. same as above, but more stones and weeds 0.030 0.035 0.040
c. clean, winding, some pools and shoals 0.033 0.040 0.045
d. same as above, but some weeds and stones 0.035 0.045 0.050
£. same as abnﬁ._ee. lower stages. more ineffective 0.040 0.048 0.055
slopes and sections
f. same as "d" with more stones 0.045 0.050 0.060
g. sluggish reaches, weedy, deep pools 0.050 0.070 0.080
h. very weedy reaches, deep pools, or floodways 0.075 0.100 0.150

with heavy stand of timber and underbrush

2. Mountain streams, no vegetation in channel, banks usually steep,

banks submerged at high stages

trees and brush along

a. bottom: gravels, cobbles, and few boulders 0.030 0.040 0.050
b. bottom: cobbles with large boulders 0.040 0.050 0.070
3. Floodplains
a. Pasture, no brush
1.short grass 0.025 0.030 0.035
2. high grass 0.030 0.035 0.050
b. Cultivated areas
1. no crop 0.020 0.030 0.040
2. mature row crops 0.025 0.035 0.045
3. mature field crops 0.030 0.040 0.050
c. Brush
1. scattered brush, heavy weeds 0.035 0.050 0.070
S 23, in winter 0.035 0.050 0.060
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Channels are Formed,
Maintained and Altered by
Two Things:

1) Flow

2) Sediment Loads
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Stream Load includes:
dissolved + suspended +
bedload

Capacity: max load that can
be transported (associated
with stream power)

Competence: largest size that
can be transported
(associated with shear stress)




a— < _
'St fluid force per unit area acting on the
channel bed

T, = 7y R S = Average Shear Stress (Ib/ft?)

vy = Unit Weight of Water = 62.4 |Ib/ft3

R = Hydraulic Radius (ft) = A,/ P

S = Average Water Surface Slope (ft/ft)

A, = Riffle Cross-Section Area (ft?)

P = Wetted Perimeter (ft) = W+ 2*d,,: (approx)

Unit Stream Power:
per unit area

wav = V 1av = Average Unit Stream Power (Ib/ft/s)

V = Average Velocity (ft/s)



i

NCD is a depth based design process
based on iteration to balance sediment
transport equations
Entrainment Function
Competence Calculations
Pavement Sub-pavement
Bar Samples
Capacity Model FLOWSED/POWERSED
Sediment Rating Curve (developed ?)
Bed-load Sampling
Suspended Sediment Sampling
Capacity Model
FLOWSED/POWERSED
Sediment Capacity and Competence
Routing



Elevation (ft)

71941 —

71750

Stream: Encampment River, Reach - odd fellows

Basin: Drainage Area: 0 acres 0 mi?
Location:
Twp.&Rge: ; Sec.&Qtr.: ;

Ld

Cross-Section Monuments (Lat./Long.): Date: 10/24/16

Obseners: Valley Type:

n fee]
el "ol
+ +
- N
- N
1%} 1%}
X X
28

Bankfull WIDTH (kaf)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 105.2 |t

Bankfull DEPTH (dps)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in
ariffle section (dyg = A / Wyy). 2.12 ft

Bankfull X-Section AREA (Apkf)
AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle

section. 201.65 |[it?

Width/Depth Ratio Okaf/ dbkf)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 49.62 |ft/ft

Maximum DEPTH (dmpks)

Maximum depth of the bankfull channel cross-section, or distance betw een the
bankfull stage and Thalw eg elevations, in a riffle section. 2.64 ft

WIDTH of Flood-Prone Area (Wspa)

Tw ice maximum DEPTH, or (2 x d,,pg) = the stage/elevation at w hich flood-prone
area WIDTH is determined in a riffle section. 128.28 |it

Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (W, /
W) (riffle section). 1.22 ft/ft

Channel Materials (Particle Size Index ) Dsg

The Ds particle size index represents the mean diameter of channel materials,
as sampled from the channel surface, betw een the bankfull stage and Thalw eg

elevations. 87 mm
Water Surface SLOPE (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull

channel widths in length, with the "riffle-to-riffle" w ater surface slope

representing the gradient at bankfull stage. 0.0064 |ft/ft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream
length divided by valley length (SL/ VL); or estimated from a ratio of valley slope
divided by channel slope (VS/S). 1.05

Stream F3/4

Type

(See Figure 2-14)

XS8 14+65

XS9 15+50

® CH

V BKF



WS Depth Y [XS Areg Top Width \% Hydraulic Depth |Hydraulic Radiug Shear Stream Power Slope Q
ft ft ft2 ft ft/s ft ft ft/ft cfs
7190.66 2.33 190.33 104.18 4.63 183 179 0.73 3.38 0.0064 986.00




d = T Stream: Encampment River Stream Type:
yS Location: XS 1 - Existing Valley Type:
Obseners: Date:
Enter Required Information for Existing Condition
79.3 D g Median particle size of riffle bed material (mm)
51.2 D/5\0 Median particle size of bar or sub-pavement sample (mm)
0.591 D max Largest particle from bar sample (ft) 180 (mm) i?:}i
0.00640 S Existing bankfull water surface slope (ft/ft)
1.83 d Existing bankfull mean depth (ft)
TC = . 73 1.65 Ys-YY Immersed specific gravity of sediment
Com petence — Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
120 CO 1.55 D.,/DZ,| Range: 3-7 Use EQUATION 1: 1* =0.0834 (D,,/DZ,) ~0.872
227  [Dpa/Ds Range: 1.3-3.0 Use EQUATION 2: T* =0.0384 (D 1 ax/D 50) %’
0.019 f[* Bankfull Dimensionless Shear Stress EQUATION USED: 2
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
2.83 d Required bankfull mean depth (ft) d= w (use D pay in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar
Sample
0.00988 S Required bankfull water surface slope (ft/ft) S = M (use D pay in ft)

Check: " Stable ¥ Aggrading ™ Degrading

Sediment Competence Using Dimensional Shear Stress

0.731 Bankiull shear stress T =ydsS (Ibs/ft?) (substitute hydraulic radius, R, with mean depth, d )

Y = 62.4, d = existing depth, S = existing slope

Shields Cco
56.23 | 120.7 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields co
2232 1.258 Predicted shear stress required to initiate movement of measured D 5 (mm) (Figure 3-11)

Shields Cco

Predicted mean depth required to initiate movement of measured D yax (Mm) _T

559 | 315 | - predicted shear stress, Y = 62.4, S = existing slope I~
Shields | CO Predicted slope required to initiate movement of measured D max (Mm) S- T
0.0195/0.0110| - predicted shear stress, Y = 62.4, d = existing depth yd

Check: [ Stable I+ Aggrading ™ Degrading




d =
VS
~3500 cfs = 10yr Flow
WS Depth Y [XS Areal Top Width V Hydraulic Depth |Hydraulic Radiug Shear Stream Power Slope Q
ft ft ft2 ft ft/s ft ft ft/ft cfs
7190.34 4.80 195.00 63.05 4.99 3.00 3.10 119 5.94 0.0064 969.78




_—— Stream: Encampment River Stream Type:
yS Location: XS 1- Design Valley Type:
Obseners: Date:
Enter Required Information for Existing Condition
79.3 D 5o Median particle size of riffle bed material (mm)
51.2 D/s\0 Median particle size of bar or sub-pavement sample (mm)
0.591 D max Largest particle from bar sample (ft) 180 (mm) ::::;i
0.00640 S Existing bankfull water surface slope (ft/ft)
3.00 d Existing bankfull mean depth (ft)
TC =. 73 1.65 Y1y Immersed specific gravity of sediment
Com petenCe -~ Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
175 CO 1.55 D.,/Df,| Range: 3-7 Use EQUATION 1: 1* =0.0834 (D,,/DZ,) 5"
227 D pa/Dsd Range: 1.3-3.0 Use EQUATION 2: T* =0.0384 (D pax/D 50) %’
0.019 1;* Bankfull Dimensionless Shear Stress EQUATION USED: 2
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
2.83 d Required bankfull mean depth (ft) d= w (use D max in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar
Sample
0.00603 S Required bankfull water surface slope (ft/ft) S = T*(ysd-l)Dmax (use D max in ft)
Check: I# Stable I Aggrading I” Degrading
Sediment Competence Using Dimensional Shear Stress
1.198 Bankiull shear stress T = ydS (Ibs/ft?) (substitute hydraulic radius, R, with mean depth, d )

Y = 62.4, d = existing depth, S = existing slope

Shields co
94.12| 173.6 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields Cco
2232 1.258 Predicted shear stress required to initiate movement of measured D 5« (mm) (Figure 3-11)

Shields (  CO Predicted mean depth required to initiate movement of measured Dmax (M) 4 _ T
5.59 | 3.15 T = predicted shear stress, ¥ = 62.4, S = existing slope yS
Shields (  CO Predicted slope required to initiate movement of measured D max (MM) S T

0.011910.0067 | - predicted shear stress, Y = 62.4, d = existing depth Vd

Check: ¥ Stable [~ Aggrading I Degrading




WS Depth Y (XS Areal Top Width V Hydraulic Depth [Hydraulic Radiug Shear Stream Power Slope Q
ft ft ft2 ft ft/s ft ft ft/ft cfs
7190.34 454 194.38 93.90 5.06 2.99 2.05 0.83 4.18 0.0064 983.58
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Incorporate the objectives, assessment and physical and ecological
criteria

Use Existing Geomorphic Data to Aid in Design

Define Constraints

Evaluate Design Alternatives

Build MCDA Model

Meet with Stakeholders at Concept, 30%, 60% and 90%
Project Feasibility and Cost-Benefit Analysis

Pre Construction 2016

715709 —

2 = o

Elevation (ft)
2

N




Encampment River Restoration and Enhancement
Wyoming Game and Fish Department

Wyoming Trout Unlimited

SER Conservation District

06-10-16



1)

2)

3)

Property Protection
Re-Alignment of the River
Change in Channel Dimension
Water Rights Protection/Enhancement
Change in Point of Diversion
Fisheries Improvement
Access on Vane Arms
Better Habitat
River Stability
Limit build up of Gravels downstream of the bridge
Flood Reduction at the 230 Bridge
Fish Habitat Improvements
Deeper Pools
More Productive Riffles
Boat Passage
Riparian Restoration



Preliminary Alternative to Discuss









Boulder Constructed Riffle


















3-D Design Process



Existing Base

Create Alignment (1D)

Apply Typical Cross-Sections (1D)
Create Profile (2D)

Create Surface from Breaklines (3D)
Still Meeting Design Criteria



3-D Design



3-D Design



30% Design — 2D Modeling



Design Iterations — 60% and 90%









Bank Erosion > 10ft/yr

Ref Bank Erosion < 0.25 ft/yr









Years to
Structure Years Before
Scour at Major
Approximate Predicted | Probability of Channel Probability
Distance Predicted Bank Geomorphic Geomorphic Risk | Evolution or | of Chute Geomorphic
from the Elk | Bank Erosion| Erosion | Bank Erosion Cost of from Bank Chute Cut- Cut-off |Costof Bridge| Riskfrom
River Rate (ft/yr) Rate Occurrence Occurrence Erosion off Occurrence | Construction |Chute Cut-Off
Home Site 1 105 1.5 70 1.43%| $1,000,000.00 | S 14,285.71 50 2.0%| S 350,000.00 | $ 7,000.00
Home Site 2 125|Depositional $1,000,000.00 | $ 50 2.0%| $ 350,000.00 | $ 7,000.00
Home Site 3 1
Home Site 4 <
Annual
Risk as a
percent
Geomorphic | Flooding | Total Home | Estimated |of Home
Risk Risk Site Risk | Home Value |Value
Home Site 1| S 21,285.71 | $40,000.00 | $61,285.71 | S 1,000,000 6.1%
Home Site2| S 7,000.00 | $40,000.00 | $47,000.00 | S 1,000,000 4.7%
Home Site 3| $ 11,166.67 | $40,000.00 | $51,166.67 | S 1,000,000 5.1%
Home Site 4| S 46,153.85 | $40,000.00 | $86,153.85 | S 1,000,000 8.6%







Years to
Structure Scour | Probability of Years before
Approximate |Predicted Bank| at Predicted | Geomorphic Geomorphic | Major Channel | Probability of Geomorphic
Distance from| Erosion Rate | Bank Erosion | Bank Erosion Cost of Risk from Bank| Evolution or Chute Cut-off |Cost of Bridge Risk from
the Elk River (ft/yr) Rate Occurrence Occurrence Erosion Chute Cut-off Occurrence Construction | Chute Cut-Of
Home Site 1 500 1.5 333 0.30%| S 1,000,000.00 | S  3,000.00 500 0.2%| $ 350,000.00 | $
Home Site 2 500 1 500 0.20%| $ 1,000,000.00 | S  2,000.00 500 0.2%| $ 350,000.00 | $
Home Site 3 500 0.5
Annual Risk as
Geomorphic | Flooding |Total Home Estimated |a percent of Cost of
Home Site 4 500 3 Risk Risk Site Risk Home Value |Home Value Alternative
Home Site 1| S 3,000.00 800.00 | S 3,800.00 | $1,000,000.00 0.4%| S -
Home Site 2| S 2,000.00 800.00 | S 2,800.00 | $1,000,000.00 0.3%| S -
Home Site 3| S 1,000.00 800.00 | S 1,800.00 | $1,000,000.00 0.2%| S -
Home Site4 | S 6,000.00 800.00 | S 6,800.00 | $1,000,000.00 0.7%| S -










Home Site 1
Home Site 2
Home Site 3
Home Site 4

Project 1-4

Types of Risk

Existing Conditions and

Alternative 1

Alternative 2

Alternative 3

Channel Re-Alignment and

Layout Home Site Relocation Fill Pads and Rip Rap Restoration
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S 61,285.71 6.1%| S- S 3,800.00 0.4% $15,761.90 1.6%| S 250,000.00 [ $ 3,250.00 0.3%| S 575,000.00
$ 47,000.00 4.7%| S- $ 2,800.00 0.3% $11,000.00 1.1%| $ 100,000.00 | $ 3,250.00 0.3%| S 575,000.00
$ 51,166.67 5.1%| $- $ 1,800.00 0.2% $15,166.67 1.5%| $ 175,000.00 | $ 3,250.00 0.3%| S 575,000.00
S 86,153.85 8.6%| $- S 6,800.00 0.7% $11,692.31 1.2%| $ 700,000.00 | $ 3,250.00 0.3%| S 575,000.00
$245,606.23 6.1%| S- $15,200.00 0.4% $53,620.88 1.3%| $1,225,000.00 | $13,000.00 0.3% $2,300,000.00|




Item Description Estimated Quantity |Unit Unit Bid Price |Bid Amount
Construction Surveying 1|LS S 30,000.00 30,000.00
Mobilization 1|LS S 100,000.00 100,000.00
Temporary Construction Access Roads 1|LS S 50,000.00 50,000.00
Grading 21000|CUYD | $ 10.00 210,000.00
Clearing and Grubbing (As Directed) 9|Acres S 4,000.00 36,000.00
Log J-Hook with Rootwad 1| Each S 10,000.00 10,000.00
Constructed Boulder Riffle 16]Each S 30,000.00 480,000.00
Rock Cross-Vane 3|Each S 30,000.00 90,000.00
Rock J-Hook 1|Each S 25,000.00 25,000.00
Wood Toe 16]Each S 5,000.00 80,000.00
Log Drop Structures with Boulders (for trib) 13|Each S 3,650.00 47,450.00
Floodplain Rock Sill 90| Tons S 200.00 18,000.00
Floodplain Log Sill 1]Each S 1,500.00 1,500.00
Riprap channel 1]Each S 100,000.00 100,000.00
Bentomat Plug 2800|Sq. Yds.| $ 15.00 42,000.00
Temporary Construction Entrance 2|Each S 15,000.00 30,000.00
Temporary Silt Fence 2500|Ln. Ft. | S 7.50 18,750.00
Erosion Control Matting (and stakes) 50337|Sq. Yds.| S 10.00 503,368.12
Pump Around 5|Each S 5,000.00 25,000.00
Mulch straw 9|Acres S 500.00 4,500.00
Temporary Seeding 9| Acres | S 350.00 3,150.00
Permanent Seeding 9Acres S 1,500.00 13,500.00
Vegetation 9|Acres S 10,000.00 90,000.00
Total Bid Estimate  2,008,218.12
5% contingency  2,108,629.02




Construction Observation



Construction Observation






3-D Construction




i

Set up Permanent Cross-Section
Repeatable Longitudinal Profile
Establish Photo Points

Visual Assessment

Pebble Counts



Monitoring



Monitoring



- Questions?



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Hydraulic Modeling�
	Hydraulic Modeling�
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Land Owner and Stakeholder Meeting
	Encampment River Restoration and Stabilization Project Goals
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Types of Risk
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65

