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Zone 7



Presentation

 Background

 Problem

 Approach

 Outcome

 Recommendations



 Grazing

 In-stream mining

 Ground water 

export

 Lagoon/marsh 

drainage

 Channelization

 Dams/reservoirs

 Rapid urbanization

Damage Done



Future Needs



Stream Management 

Master Plan

Arroyo de la Laguna



Bed Incision 



Bank 

Erosion



Sites Treated



Assessment Approach

 Field Geomorphic Investigation

 Critique and Modify Concepts

Little Data, Little Time

 BSTEM Modeling

Lessons, Sensitivity, Surprises

 Refine ADLL Project Concepts
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Applying BSTEM

 Representative Sites 

 Existing Geomorphic Conditions

 Historic Flow ‘reasonableness test’

 Future Flood Flows

Hydrographs with COL (provided by WYA)

 Alternative Treatments

Comparative, not calibrated
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Modeling Sites

Location

Sub-Reach 

Description

Average 

Local Bed 

Slope Channel Status

River 

Station ft/ft

47115 US of Bernal 0.0008 Constructed

42069 Bernal to B-2-1 0.0045 Degrading

35895

B-2-1 to 

Castlewood 0.0025 Degrading/Widening

32424

Castlewood to 

Verona 0.0022 Degrading/Widening

29893

Castlewood to 

Verona 0.0029 Degrading/Widening

22845

DS of Verona; 

SFPUC 0.0014 Aggrading/Widening



River Station 47115  

Left (East) Bank

 Clear Lake clay soils

 Holocene basin deposits



River Station 42069 

Left (East) Bank

 Sycamore silt loam

 Holocene stream terrace

 Latest Holocene alluvial fan



River Station 35895 

Right (West) Bank

 Zamora silt loam

 Holocene stream terrace

 Early Quaternary or older bedrock



River Station 32424 

Left (East) Bank

 Yolo  Loam

 Latest Holocene stream terrace



River Station 29893 

Right (West) Bank

 Yolo loam

 Holocene stream terrace



River Station 22845 

Left (East) Bank

 Yolo loam

 Latest Holocene stream terrace



BSTEM Version 4.1

 Quantitative, predictive tests of…

 Hydraulic Scour

 Geotechnical Failure

National Sedimentation Laboratory

Layer 1

Layer 2

Layer 3

Toe



Bank Topography
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ADLL 42+069, Left Bank

Field Topographic Survey, Summer 2007



Hydrographs
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ADLL 35+895 100-year Event, With COL

HMS modeling watershed inputs and COL ponds, WYA 2007



Water Surfaces

HEC-RAS modeling of  ADLL by WYA,  2007

ADLL 35+895 Example

Event Flow Stage (WSEL)

Step (cfs) (ft)

1 9,526 296.26

2 (Peak) 15,100 302.00

3 12,037 298.55

4 4,740 291.60

5 3,445 289.80

6 2,445 288.20

End 2,445 283.10



Bank Materials
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Published NRCS and USGS

Field Observation



Modeling: Toe Erosion
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Future with COL at ADLL 35+895 Event Step 1 

?
Yes



Modeling: Bank Stability
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Future with COL at ADLL 22+845 Event Step 4 

?
Yes



Model Output

 Toe Erosion 

 occurrences

 retreat distances

 eroded volumes

 Bank Failure 

 occurrences

 eroded volumes

 peak or drawdown conditions
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many iterations…each event, by site...

Site (River Station) 32424

Channel Condition Existing

Hydrology Scenario Future_With COL

Hydrologic Event 100 year_Revised Del Valle

Geotechnical Notes Initial Assumptions  

Vegetation Notes Initial Assumptions  

EVENT Water Stage TOE EROSION BANK STABILITY TOTAL

Surface Water 
Elevation

Event 
Duration

Toe 
erosi

on
Shear 
Stress

Max 
Retreat 

Distance
Volume 
Eroded

Water 
Table 
Depth 
(event)

Factor of 
Safety Failure

Volume 
Failed

FS 
Drawdow

n Failure
Volume 
Failed

Eroded 
Volume

m hr
Y or 
N? Pa cm m3 m SW ~ GW N, Y, C m3 SW<GW Y or N? m3 m3

1 87.6 12.8 Y 95 25.3 12.0 3.12.68 N 0.0 12.0

2 89.0 6.0 Y 108 21.9 8.0 1.73.57 N 0.0 8.0

3 88.3 3.5 Y 97 13.0 3.0 2.4 2.60 N 0.0 3.0

4 85.8 11.5 Y 63 18.4 5.0 4.9 2.09 N 0.0 5.0

5 85.2 36.0 Y 53 23.5 9.0 5.5 2.97 N 0.0 9.0

6 84.6 48.0 Y 43 5.6 1.0 6.1 3.10 N 0.0 1.0

Model Site Length (m) 100 107.6 38.0 0.0 0.0 38.0



for geotech and groundwater ‘sidebars’… 

Site (River Station) 32424

Channel Condition Existing

Top of Bank Elevation 90.7

EVENT Parameter Assumptions TOE EROSION BANK STABILITY TOTAL

100-year with 

COL Geotechnical Groundwater

Max 

Retreat 

Distance

Volume 

Eroded When? Failure

Volume 

Failed Eroded Volume

cm m3 SW<GW Y or N? m3 m3

Initial Initial 107.6 38.0 N 0.0 38.0

Resistant Initial 43.1 10 N - 10 

Initial High 365.5 155 drawdown Y 9,758 9,913 

Resistant High 43.1 10 drawdown Y 12,332 12,342 



Site (River Station) ALL

Channel Condition Existing

Hydrology Scenario Future_With COL

Hydrologic Event 100 year_Revised Del Valle

Geotechnical Notes Initial Assumptions  

Vegetation Notes Initial Assumptions  

Site Toe Erosion Bank Instability TOTAL*

Maximum Retreat 

Distance

Volume 

Eroded Volume Failed Peak Volume Failed Drawdown Eroded Volume
cm m3 m3 m3 m3

47115 1,031 853 - 6,500 7,353 

42069 3,018 877 - 10,019 10,896 

35895 1,007 103 - - 103 

32424 108 38 - - 38 

29893 421 97 - - 97 

22845 112 27 - 2,073 2,100 

ADLL Total 5,696 1,995 - 18,592 20,587 

…by scenarios, for all sites



Modeled Treatments
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Treatment Category Treatment Type

Bank 

Protection

Placed Rock Bank Protection

Placed Rock Toe-of-Bank Protection

Geoweb Bank Protection

Geoweb Toe-of-Bank Protection

Reduced Bank Height and Angle 

Bank 

Strengthening

Bank Drainage

Vegetative Bank Strengthening



Treatment Scenario Toe Erosion Bank Failure Total

Maximum 

Retreat 

Distance Volume Eroded

Volume Failed 

Peak

Volume Failed 

Drawdown Eroded Volume

cm m3 m3 m3 m3

Bank lowering (3m) 

plantings, and 

GeoWeb protection 7 - - - -

Plantings and 

GeoWeb protection 40 12 - 3,300 3,312 

Boulder protection 13 1 - 3,261 3,262 

Bank lowering (1m) 758 895 - 9,985 10,880 

Un-Treated (Existing)
3,018 877 - 10,019 10,896 

For treatment options, by site

River Station: 42+069   

‘protection’ of lower bank this case needs to be layers 3, 4, 5…nearly 17.5 ft high



Screening with BSTEM 

Results

 Erosion risks

Surprises?

 Viable treatment types

What’s the least we can do?

 Informed comparisons

What’s most promising?

 Prioritize data needs

What else must be determined?
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Alternatives

 PROTECT

 STRENGTHEN

 COMBINED

 Land use practices/Landowner Education

 No Action



 Revised Projects

 Feedback on 

upstream Peak Flow 

modifications

 Data and modeling 

needs for design 

phase

 Education/Decision 

tool
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OUTCOMES



Questions?



Did you find Tiki-Man?


