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Part | - Stream restoration and rehabilitation:

1. Present and discuss important concepts,
laws, criteria and guidelines

2. Present examples of stream rehabilitation




#1 Thereis no cookbook approach to
stream restoration projects.

Example Showing the Impact of Deforestation
and Flood Control
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Flood Damages




-
O
-

M

-
=
)

>

&)

-

)

(@)

| -

)

&
LL]




Citizens Blame their Government




#1 There Is no cookbook approach to
stream restoration projects.

#2 Solutions normally seek equilibrium
conditions between water and
sediment regime and stream ecology.




Concept of Equilibrium

Mountain headwater streams
flow swiftly down steep
slopes and cut a deep

V-shaped valley. Low-elevation streams
Raplis c';nﬁ merge and flow down At an even lower
waterfalls are
gentler slopes. The elevation a river wanders

common. valley broadens and
the river begins to
meander.

and meanders slowly
across a broad, nearly flat
valley. At its mouth it may
divide into many separate
channels as it flows across
a delta built up of river-
borne sediments and into
the sea.

From Miller (1990).
©1990 Wadsworth Publishing Co.

Fig. 1.27 = Three longitudinal profile zones.
In Stream Corridor Restoration: Principles, Processes, and Practices, 10/98.
Interagency Stream Restoration Working Group (15 Federal Agencies of the US),
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Source: Schumm, The Fluvial System. © 1977. Reprinted by permission of John Wiley and Sons, Inc.

Fig. 7.10 — Classification of alluvial channels, per Schumm's classification system.
In Stream Corridor Restoration: Principles, Processes, and Practices, 10/98.
Interagency Stream Restoration Working Group (FISRWG)(15 Federal agencies of the US).



Concept of Equilibrium

stream slope




» Geological ~ 1,000,000 years

* Engineering ~ 100 years

» Aquatic life ~ 1 year
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Impact on Aquatic Life
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Restoration vs Rehabilitation

Restoration

ereturning a resource to some former condition.

Rehabilitation

emaximize the potential beneficial uses of a
resource to some reasonable and practical level.




#1 There Is no cookbook approach to stream
restoration projects.

#2  Solutions normally require equilibrium
conditions between sediment regime and stream
ecology.

Solutions need to be effective,
environmentally acceptable and
economical.
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Effective
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REQUIREMENTS OF
BANK STABILIZATION

Effective

Environmentally Sound
Economical

(Listed in order of necessity)
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Environmentally Sound
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Environmentally Sound




REQUIREMENTS OF
BANK STABILIZATION

Effective

Environmentally Sound
Economical

(Listed in order of necessity)
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Part |l — Guidelines and Case Study

1. Guidelines for Stream Restoration Projects

2. Case-study on the Rio Grande




Stream Restoration Guidelines

1. OBJECTIVES - Clearly define the

engineering and ecological objectives.
Restoration vs rehabilitation.

. PAST, PRESENT and FUTURE

— Consider present conditions in the
perspective of past events and
examine future changes.
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Changes In hydraulic geometry
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Hydraulic geometry of the Rio Grande

Change in Mean Bed Elevation (m)

Reach 1 Reach 2 Reacih 3 Reach

CO-line Number

Median bed material size, d so (mm)

Reach 1 Reach 2 Reach 3 Reach 4

Change in Mean Bed Elevation

1.25

Bed material size

m 1918
m 1935
H 1949
H 1962
m 1972

1985

Reach Averaged Active Channel Width (m)
Sinuosity

Reach 1 Reach 2 Reach 3 Reach 4 Reach 1 Reach 2 Reach 3 Reach 4

Active channel width Sinuosity




Stream Restoration Guidelines

3. UPPER WATERSHED - Look at the
geology, deforestation, land use changes,
urbanization, climate and extreme events.
Examine water and sediment supply, flood
frequency curves, sediment mass curves

sediment concentrations, water quality, etc.

4. DOWNSTREAM REACH - Look at possible
changes Iin the downstream reach that may
affect current conditions — like reservolirs,
base level changes, headcutting, etc.




5. Woody Debris against Bridges




5. Woody Debris - Lower Mississippi River




Vertical Degradation




Headcutting




Bank Caving
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Stream Restoration Guidelines

5. CHANNEL GEOMETRY — Determine

equilibrium downstream hydraulic geometry
In terms of width, depth, velocity, slope,

discharge and morphology.

6. AQUATIC HABITAT— determine

appropriate aquatic habitat conditions
iIncluding low and high flow periods, pools,
riffles, spawning grounds, shade, aeration,

migration, etc.




Rio Grande Restoration— Floodplain restoration

Santa Ana Reach - Mid 80's

Santa Ana Reach —Mi1d 90’s




Rio Grande Restoration— Endangered Species

/’ e Bimodal sand/gravel bed

& e Deepwater h — 1.20m

e Water velocities 1.4 m/s

e Sandy/silty substrate
e Shallow water h < 0.4 m
e \Water velocities

0.1 m/s<V<05m/s




Stream Restoration Guidelines

/. EXAMINE ALTERNATIVES — Identify

several different stream rehabilitation
schemes that would suit the engineering

and environmental needs.

3. DESIGN SELECTION — examine the

various alternatives and select the best
possible alternative and proceed with the
design. Solution must be effective,

environmentally sound and economical.
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Floodplain Restoration
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Stream Restoration Guidelines

9. CONSTRUCTION — Carefully plan the

construction and consider the possible
Impact of possible extreme events during

the construction period.

10. MONITORING — Things may not work as

planned. A post-construction analysis and
monitoring should be carried out until the

objectives have been met.




Opening Pilot Channel

—

2 ——






Ilot Channel Widening







«

a -. .. .p,

,_L_

o







Rio Grande



Stream Restoration Guidelines

Clearly define the OBJECTIVES

PAST, Present and FUTURE

_ook at the UPPER WATERSHED

_ook DOWNSTREAM for degradation
EQUILIBRIUM Hydraulic Geometry
Appropriate AQUATIC HABITAT
Examine various design ALTERNATIVES

DESIGN must be Effective, Environmentally sound
and Economical

9. Plan CONSTRUCTION for the unexpected
10. Post-construction MONITORING

1.
2.
3.
4.
D.
6.
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Part Ill — Stream Stabilization

1. Present and discuss important concepts,
criteria and guidelines for small rivers

2. Present examples of stream stabilization




Concept of Equilibrium

Mountain headwater streams
flow swiftly down steep
slopes and cut a deep

V-shaped valley. Low-elevation streams
Raplis c';nﬁ merge and flow down At an even lower
waterfalls are
gentler slopes. The elevation a river wanders

common. valley broadens and
the river begins to
meander.

and meanders slowly
across a broad, nearly flat
valley. At its mouth it may
divide into many separate
channels as it flows across
a delta built up of river-
borne sediments and into
the sea.

From Miller (1990).
©1990 Wadsworth Publishing Co.

Fig. 1.27 = Three longitudinal profile zones.
In Stream Corridor Restoration: Principles, Processes, and Practices, 10/98.
Interagency Stream Restoration Working Group (15 Federal Agencies of the US),
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Vertical Degradation
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Straight riffle
pool

thalweg

Sinuous line

riffle
Or Cross over

Fig. 1.33 — Sequence of pools and riffles in {(a) straight and (b) sinuous streams.
In Sircam Corridor Restoration: Principles, Processes, and Practices (10/98).
Interagency Stream Restoration Working Group (15 federal agencies)(FISRWG).
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REQUIREMENTS OF
BANK STABILIZATION

Effective

Environmentally Sound
Economical

(Listed in order of necessity)
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(b) Masonry wall

(a) Concrete wall
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(a) Spurs or groynes

Spurs or
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(b) Groynes and spur dikes
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Channel Type
Suspended Load Mixed Load Bed Load

| -
o
| | y:
= ~——— channel boundary - %
° o= flow % =
J EI &
7] _ bars 5
: 3 &
Q0 %uu:
Lo 0o a5
T
'gu
= @
L 2 a Ec
- . Q ©
= FRaE A
e § 55 Z £t
c m S @ = v O
= 2 a3 K S
@ = 28 o @3
= E i o - o
o Fullls)) co
% <
2 w_g
2 EG

channel shift
avulsion

High Relative Stability
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small sediment size large
small sediment load large
low flow velocity high
low stream power high

Source: Schumm, The Fluvial System. © 1977. Reprinted by permission of John Wiley and Sons, Inc.

Fig. 7.10 — Classification of alluvial channels, per Schumm's classification system.
In Stream Corridor Restoration: Principles, Processes, and Practices, 10/98.
Interagency Stream Restoration Working Group (FISRWG)(15 Federal agencies of the US).






Jetty fields and vegetation of the Rio Grande

Jetty System (near Bernardo), USACE 1963
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Part IV — Riverbank Stabilization

1. Present and discuss important concepts,
criteria and guidelines for large rivers

2. Present examples of riverbank stabilization




Concept of Equilibrium

Mountain headwater streams
flow swiftly down steep
slopes and cut a deep

V-shaped valley. Low-elevation streams
Raplis c';nﬁ merge and flow down At an even lower
waterfalls are
gentler slopes. The elevation a river wanders

common. valley broadens and
the river begins to
meander.

and meanders slowly
across a broad, nearly flat
valley. At its mouth it may
divide into many separate
channels as it flows across
a delta built up of river-
borne sediments and into
the sea.

From Miller (1990).
©1990 Wadsworth Publishing Co.

Fig. 1.27 = Three longitudinal profile zones.
In Stream Corridor Restoration: Principles, Processes, and Practices, 10/98.
Interagency Stream Restoration Working Group (15 Federal Agencies of the US),
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Slide 151

PGC18 Numerical model evaluated the hydrodynamics of the location and recommendations were made to construct 4 dikes on the right bank. After
construction, the problem was immediately converted from unmanageable to a manageable situation. It is anticipated that proposed numerical

stdies will similarly identify a manageable solution.
Phil Combs, 8/29/2002



(a) Pilot channel (b) Cutoff
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Channel Realignment




Oxbow Preservation




Access to Oxbows




Trenchfill Revetment




Dikes Used to Restrict Flow to a Single Low Water Channel
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Additional Contraction Structures







Slide 160

PGC1 Typical dike construction on the Mississippi River
Phil Combs, 8/29/2002



Environmental Considerations







Slide 162

PGC2 Typical rock dike construction
Phil Combs, 8/29/2002
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Vented Dykes
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Slide 166

PGC7 Photo of completed soft dike with geotextile bags containing river sediment
Phil Combs, 8/29/2002



Geo Contalners




Slide 167

PGC8 Completed geotextile tube to serve as soft dike
Phil Combs, 8/29/2002
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