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Presentation Notes
Introduce-  Some of you are no strangers to FG

Fluv. Geomorph is the science behind a river’s shape form and function.

Use FG to explore the issues relating to the proposed project

And to Define the physical processes at work

We can then develop a framework to evaluate the problem and find a solution


RIVER CLASSIFICATION

MOSTLY ALLUVIAL
GEOLOGIC CONTROL IN PLACES
MEANDERING AND ANABRANCHING
CHARACTERISTIC REACHES
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Presentation Notes
The Sacramento River is mostly alluvial with geologic control along the boundaries of the meander belt.

Anabranching refers to a tendency to form multiple channels around islands and sloughs.




RIVER CLASSIFICATION, cont.

ROSGEN C3, LOW GRADIENT,
MEANDERING GRAVEL-BED CHANNEL


Presenter
Presentation Notes
Red Bluff to Chico Landing is


RIVER CLASSIFICATION, cont.

SLIGHTLY CONFINED- low gradient channel with
erodible streambanks and low amount of stream
power to transport sediments. Deposition is the
driving force for lateral migration. The river moves
across its relatively wide floodplain, eroding the
banks on one side and depositing sediment on the
other.

LOW TO MODERATE SINUOSITY- measured by
dividing the length of the river and dividing by the
length of the valley
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Presentation Notes
Gradient less than a foot per thousand, Sinuosity varies from 1 to 1.7
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Presentation Notes
A river reach is a river length or section that shares similar characteristics differing from those both upstream and downstream.


RIVER REACHES

REACHES 1TO 5 — REDDING TO RED
BLUFF

REACH 6 — RED BLUFF TO CHICO
_LANDING, 6A TO 6H

REACH 7 — CHICO LANDING TO BUTTE
CITY, /ATO /7C

REACH 8- BUTTE CITY TO COLUSA, 8A TO
8C
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Presentation Notes
A reach is characteristic and substantially different from reach above and below.

Reaches 1-5 are above the study area, and are typically controlled by geologic units that constrain the river into a narrow corridor. Redding to Red Bluff- mostly an incised channel in older geologic deposits, bedrock

Reach 6 is the first of the alluvial reaches, where the river flows across its own deposits of clay, silt, sand, but mostly coarse gravel.  Reach 6 has a relatively narrow floodplain, constrained by terrace deposits and fanglomerates.  The reach is subdivided into short, narrow, straight stretches with low sinuosity, low gradient, and minor bank erosion that are separated by longer stretches with higher sinuosity, wider meander belt, and more bank erosion.  Reach 7 is more meandering, has well developed meander scrolls, and has a gradual downstream development of natural levees formed by sediment deposition during flooding.  Reach 8 has well – developed natural levees and flanking overflow basins, a narrower stream corridor,  and in some places, rapid bank erosion.
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Vertical axis is the width of the meander belt

Horiz axis is the river mileage, with Red Bluff on the Left and Colusa on the right, a distance of about 100 miles

MB varies hugely between about the width of the river to a maximum of about 7000 feet

Short reaches with no erosion and longer reaches with much more erosion

Can see the reaches simply by looking at this graph.


Woodson Bridge



Presenter
Presentation Notes
6D, 6E, and 6F.  Geologic Control is the reason for the stability of 6E.


REACH 6D AND 6E

6D IS SINUOUS WITH HIGH BANK
EROSION AND .00054 GRADIENT

6E IS STRAIGHT WITH LOW BANK
EROSION, .00030 GRADIENT AND
GEOLOGIC CONTROL

oF IS SINUOUS WITH HIGH BANK
EROSION AND .00054 GRADIENT
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Four main Geologic Units, from oldest to youngest.


TERAMA FORMATION

1 TO 3.6 MILLION YEARS OLD

FLUVIAL DEPOSITS VARYING IN
THICKNESS UP TO OVER 1,000 FT

YELLOW TAN TO LIGHT GREEN
UNDERLIES ENTIRE VALLEY

COMPACTED CLAYEY DEPOSIT IS
GEOLOGIC CONTROL



RED BLUFF FORMATION

BRICK RED CLAYEY GRAVEL
0.5TO 1.0 MILLION YEARS OLD

PEDIMENT FORMED FROM GLACIAL
OUTWASH

NEXT OLDEST UNIT IN THE AREA
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Presentation Notes
Terrace deposits are older river deposits at an elevation that is higher than the present river flood plain.  The SR is degradational in this reach, meaning that over time it is cutting down through older deposits, and the terraces are the remnants of these deposits.

The red line is a xc, showing the relative elevations as you go away from the river

Floodplain is frequently flooded, modesto rarely, riverbank never


ELEVATION DIFEERENCES
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Kinda see these elevation differences in this DEM, with Kopta pretty obvious


RIVERBANK AND TEHAMA
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“GEOLOGIC CONTROL"

OLDER, EROSION RESISTANT UNITS

GENERALLY UNDERLAIN BY THE
TEHAMA FORMATION

VERY LOW BANK EROSION RATES
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Presentation Notes
Geologic control includes Tehama, Red Bluff, Riverbank, and Modesto Deposits
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Presentation Notes
Show the geologic deposits, geologic control boundary, and the HMB


HISTORIC AND 100-YEAR
MEANDER BELTS

Location Map

Woodzan Eridge SRA
{bank erozion site)

212 Rivar’ Mile

1 1901 Meander’
Quatetnary Deposits
1] Skredam Channel

[T 100—vear Meonder Eelt
[ Histeric Megnder Balt
™ Megrnder Balt Serells
B Busin Deposits

1 Alluvium

[ 1 Rockiand Ash

™ wedeste Fermation
[ Riverbark Formation
B red BIufF Formation
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Subdivide the Meander Belt as well into units useful in interpreting what the river is doing


BANK MATERIAL

GEOLOGIC CONTROL AND RIPRAP

CLAY AND SILT- OXBOW LAKE DEPOSIT
SILT AND SAND- FLOODPLAIN DEPOSIT
SAND AND GRAVEL- POINT BAR DEPOSIT
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Presentation Notes
Four different types of bank material that differ substantially in the rate of erosion


GEOLOGIC CONTROL AND
BANK PROTECTION

SLOWS OR STOPS BANK EROSION AND
MEANDERING

ERODES CHANNEL THALWEG
DEPOSITION ON FAR SIDE
CHANNEL NARROWS

BED MATERIAL BECOMES COARSER



BANK PROTECTION INSTALLED
IN 1963




CLAY AND SILT BANKS

BANK EROSION RATES LOW
“COHESION”

OXBOW LAKE DEPOSITS OR “CLAY
PLUGS”

MORE CLAY MEANS LESS EROSION
MORE SILT MEANS MORE EROSION
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SILT AND SAND BANKS

BANK EROSION RATES HIGH
NO COHESION

FLOODPLAIN DEPOSITS
LOW STRENGTH WHEN WET

SUBJECT TO COLLAPSE DURING RAPID
DRAWDOWN



SAND AND GRAVEL BANKS

MODERATE TO HIGH EROSION RATES
DEPENDING ON SAND CONTENT

LAYERS OF SAND CAUSE RAPID
EROSION THROUGH BANK COLLAPSE

GRAVEL BANKS ONLY ERODE AT
MODERATE TO HIGH FLOWS



GRAVEL
BANKS




“AVERAGE" BANK IS A COMPOSITE

Figure 18

organic sandy silt.

la—  Root zone,

inorganic silt and fine

Flood plain deposit,

sand with minor clay.

Point bar deposit of sand and gravel.
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RADIUS OF CURVATURE

LARGER RADIUS OF CURVATURE-
SLOWER BANK EROSION

SMALLER RADIUS OF CURVATURE-
FASTER BANK EROSION

CAUSED BY ANGLE OF INCIDENCE
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Presentation Notes
Factor in bank erosion rate.  Like a car going around a corner


MOISTURE CONTENT

MORE MOISTURE MEANS MORE WEIGHT
WATER LUBRICATES

WATER REDUCES SURFACE TENSION
BETWEEN CLAY PARTICLES

RISING LIMB VS. FALLING LIMB OF
STORM

FALL EROSION VS. SPRING EROSION
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Presentation Notes
Big factor in bank erosion


CHANNEL MIGRATION OR
MEANDERING

BANK EROSION RATES

OCCURRENCE OF MAJOR FLOOD
EVENTS

BEND SHAPE

BANK COMPOSITION
VEGETATION?

BEND CUTOFFS
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Presentation Notes
Direction of river movement constrained by geologic control.  Bend movement predictable. Bend at 222.


Sacramenta B

70 FEET/Y
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1896 is blue and 1923 is tan


1923 to 1938 CHANNEL CHANGE

b
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Presentation Notes
Lower bend cutoff caused by geologic control
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Presentation Notes
If bank protection had not been installed the river would now be in Kopta slough, and the next bend to migrate down would not show up for over 75 years.
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Presentation Notes
Light green is 1981, blue is 1997 and photo is 2009.  Note bend movement at 222, and the two cutoffs at 220, and erosion at the lower part of WBSRA


1997 TO 2009 CHANNEL
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BEND EVOLUTION

ASYMMETRIC, MOVE FASTER IN A
DOWNSTREAM DIRECTION

AFFECTED BY GEOLOGIC CONTROL AND
BANK PROTECTION



CUTOFEFS
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Presentation Notes
Most commonly occurs across recent point bars when the river straightens out during high flow events.  Also occur across well-developed meander bend.


BEND CUTOFFS

WHEN UPSTREAM BEND CATCHES UP
WITH DOWNSTREAM BEND

GENERALLY OCCURS DURING MAJOR
FLOODS

GENERALLY, THE SMALLER THE

HYDRAULIC RADIUS THE MORE LIKELY
— THE CUTOFF



HUMAN-INDUCED CUTOFFS

BANK PROTECTION
VEGETATION REMOVAL
DRAINAGE






JACINTO BEND




PROPOSED PROJECT

BANK PROTEC"
PILOT CHANNE

'ION REMOVAL

BANK PROTEC

'ION PLACEMENT



BANK PROTECTION REMOVAL

BACK TO NATURE
NATURE'S RESPONSIBILITY
LIMITED LIABILITY

NATURE KNOWS BEST
NEW HABITAT
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LOSS OF SRA

BREAK AN EGG...........

WOULD NOT BE THERE IF NO RIPRAP
WOULD BE LOST ANYWAY

THE SRA IS NOT NATURAL......
CUTBANKS AND BANK SWALLOWS

KEY IS TO RESTORE NATURAL
FUNCTION




FULL-LENGTH ROCK

REMOVAL OPTION

” . REMOVE
B =y . B RE-USE

RELEASE
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To me, this seems to be the only logical option.


Future Erosion

Study
Araaq

Location Map

.’ fomdson Erndge State Recreation Area
— (bank erosion =zite)

212 River hMile

25 year bank erosion estimate

- S0 year banlk erosion estimate

25 year banlk erosion
estimate without riprap

S0 year banlk erosion
estimate without riprap

kY 1997 Meander




WOODSON BRIDGE SRA
Cutoff Construction
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Advantage is to have an instant cutoff.  Channel would widen during next major storm event to approximately 500 feet, and would abandon the old channel and take pressure off eroding bank


PILOT CHANNEL
DISADVANTAGES

COMPROMISE HABITAT CREATION ON
OPPOSITE BANK

BANK SWALLOWS AND NATURAL
CUTBANKS

LIABILITY
EXPENSIVE

COMPLICATES ENVIRONMENTAL
CLEARANCE



NO TO THE PILOT CHANNEL-

et nature take over
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BANK EROSION @ WB SRA

HARCHES, 1328
AR 19 1998

" : » ‘ ' < ‘ﬁﬂéﬁﬂkmlﬁémiﬁﬁﬁEﬂ
» Bl August 1986 - November 1993 = 57 feet
\;w Bl November 1993~ Jantary 1998 = 111 feet
n Januagy 6, 1998 - Mareh 3, 1998 = 48 feet
B Maroh'3, 1998 - March 19, 1998 = 59 feet
_4 "B March 19 1998 - August 2005=48 feet’
Bl August 2005 - July 2007 = 105 feet
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LEGEND NOTES
— 1986 - 1997 erosion prior to removal of Palisades 1) The aerial photography base Is 2005 AlrPhoto USA (http: //www.airphotousa.com)
1997 - 2007 erosion after removal of Palisades 2) Control points set by DWR-Geology in 1886, 2005 and 2007 consist of concrete and pipe capped and Sacramento River Bank Erosion Study
= centerpunched, then GPS'd with a Geoinformatics RTK total station. Coordinates obtained are accurate Woodson Bndge Erosion Site
7- 1 rosion ring high flow even plus/minus 0.1 feet.
1997- 1998 erosion during high flow event 3) From 1986 - 2000 the surveys were performed with a theodolite from DWR control. From 2000 - 2005 River Mile 218.4 - 219.0
o we-emol  0ld DWR control points for theodolite surveys the surveys were performed with a Trimble GPS {accuracy +- 5 feet). From 2005 - present the surveys Bank Erosion Surveys
. have been performed from new real-world DWR control points and a SET3 total station. Bank edge 1986 - 2007
o B2 new DWR control points for SET3 surveys points were selected wherever there were significant vertical or horizontal changes. Proparalby Talo Finame I
v 1 qve Carwaier 1724/ 08 Woodson S& 13 Suneysz 01-24-08 af.ow
Filename:CiLand Projacts 2006:SRBE - SET3 Survays (2005 - 2007 idwg Surveyd40 - Woedsan Bridge'Woodson SET3 Surveys? 07-24-08 df dwg
Layaut MName:dD-Waodson  Plot Time: Jan 24, 2008 - 2:04pm
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If bank erosion continues, would meet the abutment about the same time as a cutoff occurs.  Riprap abutment later if necessary.


BANK PROTECTION PLACEMENT




BANK PROTECTION

RIPRAPPING GEOLOGIC CONTROL DOES
MINIMAL GEOMORPHIC HARM

PROTECT INFRASTRUCTURE
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Presentation Notes
Lots of rock, much disturbance to the channel, more expensive, and may cause erosion on other side.


BENDWAY WEIR OPTION




CONCLUSION

REMOVE
GEOLOG

PROTECT

RIPRAP AND PLACE ON
C CONTROL

" BRIDGE ABUTMENTS AND

NFRAST
RETURN

RUCTURE AS NECESSARY
TO "NATURAL" MEANDERING

NO PILOT CHANNEL
LIMIT LIABILITY

RETURN

TO RIPARIAN SUCCESSION
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Presentation Notes
Didelphis Marsupialis sez hi.  ANY QUESTIONS?
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