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• Evaluate prior studies related to Matilija Dam removal, in particular those that focus on 
future flood risk and mitigation options (e.g. proposed Meiners Oaks levee) and review 
key assumptions/methods. Recommend proposed changes or alternatives to strengthen 
future decision making.

• Review examples of green infrastructure for flood risk reduction that have satisfied 
FEMA regulations to remove areas from special flood hazard zone designation.

• Develop scope for evaluating alternative methods of mitigating downstream flood risk 
following removal of the Matilija Dam. 

• Goal was to help Pew and its partners navigate the previous reports to understand how 
planning and engineering recommendations had been made, whether there were areas 
for reducing the environmental impact of proposed flood management measures. 
Also – were assumptions reasonable, were methods appropriately conservative etc?

• Focus was on identifying possible greener alternatives.

Scope (summarized)
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• Pew Charitable Trusts
• Ventura County Public Works Agency – Watershed Protection
• Matilija Coalition
• Interviews and fact finding with:

− Paul Jenkin – Surfrider/Matilija Coalition
− Peter Sheydayi - VCPWA
− Joel Monschke – Stillwater Sciences
− Tom Maloney - Ojai Valley Land Conservancy
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• United States Bureau of Reclamation, 2006. Hydrology, Hydraulics, and Sediment Studies for the Matilija Dam Ecosystem Restoration Project, Ventura, CA 
– Draft Report

• United States Bureau of Reclamation, 2008. Technical Report No. SRH-2008-7 Two-Dimensional Numerical Model Study of Sediment Movement at the 
Robles Diversion Dam on the Ventura River, California 

• NOAA –National Marine Fisheries Service, 2010. Geomorphic Setting of the Ventura River Watershed, and History of the Ventura River Near the Robles 
Diversion, California

• AECOM and Stillwater, 2016. Matilija Dam Removal, Sediment Transport, and Robles Diversion Mitigation Project: Dam Removal Concepts Evaluation 
Report 

• Stillwater Sciences. 2019. Matilija Dam Removal 65% Design Subtask 2.2: Detailed Sediment Transport Modeling from Dam to Ocean. Technical Report. 
Prepared by Stillwater Sciences, Berkeley, California for AECOM Technical Services, Inc. Sacramento, California, December.

• Stillwater Sciences. 2019. Matilija Dam Removal 65% Design Subtask 2.3: Hydraulic Studies to Determine 100-year Water Surface Elevations. Prepared 
by Stillwater Sciences, Berkeley, California for AECOM Technical Services, Inc., Los Angeles, California. 

• TetraTech. 2020. Abbreviated Basis of Design and Alternatives Descriptions and Comparison Report

• AECOM, 2020. Technical Memorandum for Subtask 2.4: Re-Evaluation of Downstream Project Components

• Matilija Sediment and Hydraulics Presentation, Joel Monschke, Stillwater Sciences, Feb 2020 (2.c 2020-02-11 PowerPoint) 

• Reevaluation of Downstream Project Components Presentation, Craig Smith, AECOM (2.e-g Matilija DS Comp for 02112020 final.ppt PowerPoint)

Studies reviewed
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• Foundational study of dam removal effects
• Performed more detailed flow frequency analysis than previous FEMA study leading to updated 

flow estimates (lower than FEMA)
• 1D sediment transport model used to estimate downstream sedimentation following dam removal
• 1D hydraulic model used to estimate flood risk at a planning level due to sedimentation from 1D 

sediment transport model
• Estimated that coarse sediment  deposition near Meiners Oaks would be up to 5 feet, with 1-3 

feet of deposition along most of the Live Oak Acres levee, and 2-3 feet in the area of the Casitas 
Spring Levee

• Estimated water levels formed the basis for subsequent levee designs at Meiners Oaks, Live Oak 
Acres and Casitas Springs reported in AECOM, 2020.

• Very thorough, state of the art study at time performed, but also planning-level rather than design 
level (as would be expected at that stage of the planning process).

United States Bureau of Reclamation, 2006. Hydrology, Hydraulics, and Sediment Studies for 
the Matilija Dam Ecosystem Restoration Project, Ventura, CA – Draft Report
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• USBR 2008 describes a more detailed 2-D hydraulic and sediment transport analysis that 
focused on the area around the Robles Diversion Dam. 

• It concluded that without some form of high flow sediment bypass (HFSB) coarse sediment 
from the dam removal was likely to enter the diversion canal, and assessed two alternatives 
(east and west side of the creek channel). This study also indicated that, even with a HFSB, 
there would be a significant volume of sediment accumulation above the diversion dam. 

United States Bureau of Reclamation, 2008. Technical Report No. SRH-2008-7 Two-
Dimensional Numerical Model Study of Sediment Movement at the Robles Diversion Dam on 
the Ventura River, California
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• NOAA 2010 consists of a geomorphic report on the Robles 
Diversion Dam and Meiners Oaks area by Brian Cluer, a 
geomorphologist with the National Marine Fisheries Service. 

• It includes geomorphic mapping that shows how both the 
Robles Diversion Dam and the Meiners Oaks neighborhood 
around Oso Road were essentially constructed within the active 
channel migration area of the creek, in areas that had 
experienced channel avulsions since aerial photos from 1939. 

• Relevant to this report, NOAA 2010 highlights the extreme 
vulnerability of these facilities and residences not just to 
flooding (as would be the case for buildings in a floodplain) but 
to channel erosion and avulsion. 

NOAA –National Marine Fisheries Service, 2010. Geomorphic Setting of the Ventura River 
Watershed, and History of the Ventura River Near the Robles Diversion, California

Figure A-1
Active channel zone as delineated in NOAA - NMFS, 2010 with approximate 

proposed Meiners Oaks levee alignment added in yellow by ESA.
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• Updated the hydraulic and sediment transport information from USBR 2006 with updated 
tools and data

• Updated information for planning of levee requirements (e.g. crest elevations)
• Used DREAM-2 (1D sediment transport model) to estimate coarse sediment transport 

and deposition downstream under five climatic time sequences totally 204 years
• Highest sedimentation rate within a flow event (e.g. 100-yr flood) was extracted and 

used to adjust bed of a 1D hydraulic model, to estimate flood risk and levee elevation 
needs

Stillwater Sciences. 2019a. Matilija Dam Removal 65% Design Subtask 2.2: Detailed Sediment 
Transport Modeling from Dam to Ocean. Technical Report. 

Stillwater Sciences. 2019b. Matilija Dam Removal 65% Design Subtask 2.3: Hydraulic Studies 
to Determine 100-year Water Surface Elevations. Prepared by Stillwater Sciences, Berkeley, 
California for AECOM Technical Services, Inc., Los Angeles, California. 



SOURCE: Hybrid of Figures 2 and 23 from Stillwater Sciences 2019a, with levee locations added by ESA.

Figure A-2
Maximum simulated increase in bed elevation due to 

sedimentation following dam removal overlain on reach 
breaks and key infrastructure. 



esassoc.com 11

• Short-lived deposition immediately downstream of the dam until sediment mobilized
• Most sediment passes through Reach B due to steep, confined nature
• Greatest deposition estimated in Reach C (1.05 – 3.74 km downstream of Matilija Dam: 

ending at Robles Diversion). Stillwater’s model assumed that Robles High Flow 
Sediment Bypass functions as modeled by designers.

• Reach D (including proposed Meiners Oaks levee) estimated to experience up to 2.4 m 
(7.9 feet) of deposition near proposed levee under the worst case scenario modeled. 
Range of estimated results is zero to 2.4 meters, depending on climatic scenario

• Reaches E-F estimated to have lower deposition rates with sediment wave diffusing 
downstream

• Max increase in bed elevation zero to 0.8 meters (2.6 feet) near Live Oak Acres levee
• Max increase in bed elevation 0.4 to 2 meters (1.3 – 6.6 feet) near Casitas Springs levee

Conclusions
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Meiners Oaks 
levee

Live Oak Acres 
levee Casitas Springs 

levee

Dam effects only
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• All sediment transport modeling is subject to uncertainty; sediment transport modeling of 
dam removals is even more complex and uncertain. 

• DREAM-2 is less widely used than many other sediment transport models, but it is well 
used in the small number of dam removal studies.

• Chanel topography was simplified – long profile is based on “warm up” runs and channel 
is simulated as a series of rectangular cross sections.

• Great variability/uncertainty with different climatic scenarios.

Potential model limitations/challenges
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• All sediment transport modeling is subject to uncertainty; sediment transport modeling of 
dam removals is even more complex and uncertain. 

• DREAM-2 is less widely used than many other sediment transport models, but it is well 
used in the small number of dam removal studies.

• Chanel topography was simplified – long profile is based on “warm up” runs and channel 
is simulated as a series of rectangular cross sections.

• Great variability/uncertainty with different climatic scenarios.
• Hydraulic modeling of floodplain overflows and berms

− Uncertified berms are normally modeled in both the failed and non-failed configuration to identify 
worst case scenarios

Potential model limitations/challenges
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SOURCE: Figure 1. AECOM 2020.

Figure 4
Inundation pattern and flow paths around 

proposed Meiners Oaks levee.
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• As the technical studies themselves clearly state, all sediment transport models carry a moderate to 
high degree of uncertainty with respect to estimated levels, locations and timing of sediment deposition. 
Non-the-less, two independent sediment transport analyses using two different models, both conducted 
by teams with extensive experience in dam removal studies have concluded that within the first few 
decades after dam removal, several feet of coarse sediment are likely to be deposited near Meiners 
Oaks, with less deposition at Live Oak Acres and Casitas Springs. 

• Using more qualitative geomorphic approaches, the Robles Diversion Dam forebay and Meiners Oaks 
are among the first places where the valley widens enough below the canyon reaches of the Matilija 
Dam to induce coarse sediment deposition and long-term sediment storage, so estimates of a few feet 
of sedimentation in these locations are likely among the most certain findings from the two models. 

• Results for the Live Oak Acres and Casitas Springs levees are less certain, since with increasing 
distance downstream there are more opportunities for sediment to be deposited elsewhere.

Conclusions – uncertainty of results
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• Estimates of timing are much more uncertain, since coarse sediment tends to be mobilized 
by larger, less frequent flow events than fine sediment and the timing of such events is highly 
unpredictable. There is decadal scale uncertainty in when the estimated levels of sediment 
may be transported through the system and when estimated deposition levels may be 
reached. As with spatial uncertainty, temporal uncertainty is more pronounced the further 
downstream we look. Figure 2 highlights how variable the rate of predicted rate of 
sedimentation is and the variation with distance. The estimated levels of sedimentation at 
Meiners Oaks may not occur for fifty years or more, but there is a chance that they may 
occur within a year or two of project implementation, or sometime between with little or no 
advance warning, making planning and implementing flood protection very challenging. 

Conclusions – uncertainty of results (continued)
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Reach D (including 
Meiners Oaks)

Range of estimated 
bed elevations due to 

sedimentation in 
Reach D

Figure 2 (from Stillwater Sciences, 2019a, annotated by ESA)
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Reach D (including 
Meiners Oaks)

Range of estimated 
bed elevations due to 

sedimentation in 
Reach D

Figure 2 (from Stillwater Sciences, 2019a, annotated by ESA)
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• The Stillwater Sciences sedimentation values that appear to be intended for future use by AECOM and 
TetraTech to inform levee crest elevations, are based on the highest values estimated to occur within 
the flow event associated with the flow being analyzed (e.g. the highest estimated bed sedimentation 
value from the 100-year flood event as modeled by the sediment transport model was then used as the 
boundary condition for the 100-year flow event to estimate water level). 

• Taking the highest value within an event is somewhat conservative, but does not seem excessive given 
how uncertain sedimentation events within large flood are, and a relatively conservative approach is 
appropriate and standard engineering practice for flood hazard studies. For context the deposition 
values from Stillwater Sciences 2019a used as a basis for recommending levee crest elevations are in 
several cases lower than the earlier values from USBR 2006 and are more specifically tailored to the 
flow events being analyzed. 

Conclusions – conservatism of assumptions
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• Reduce flood volume by detaining water upstream (floodplain or basin). Doesn’t appear 
feasible due to confined, steep nature of valley upstream of Robles Diversion dam.

• Reduce Base Flood Elevation near Meiners Oaks. This could in theory be accomplished by 
widening or deepening the channel adjacent to Meiners Oaks to increase flood conveyance. It 
could potentially displace flood risk downstream by concentrating flow and reducing floodplain 
inundation and storage in the Meiners Oaks area. Hydraulic modeling of a potential channel 
expansion would be required to determine if flood benefits could be realized, and whether this 
would offset potential sediment deposition. 

• Levee construction. A certified levee could be constructed to protect Meiners Oaks, as is 
currently proposed in AECOM 2020. As an alternative approach, it may be possible to optimize 
the design of the levee based on updated hydraulic analysis to reduce its height and footprint, if 
the updated analysis supports such a conclusion. Most of the impact of the current proposed 
levee alternatives is from the toe protection (see Figure 4) which involves a large overexcavation
to build toe protection below the channel invert, followed by placement of armor and back filling. 

Potential “green infrastructure” or other approaches
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.

SOURCE: TetraTech 2020.

Figure 5
Cross section from design report illustrating relative area of 

toe down versus above ground fill
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• Fill placement around Meiners Oaks. It may be feasible to place a sufficient width of fill to no 
longer be considered a levee by FEMA.  VCPWA-WP suggested that a width of 100 feet around 
the current berm/high ground may be adequate to meet this requirement and to protect the 
properties to the east. The advantage of this method over a certified levee is that it would be 
slightly lower (approximately 1 foot over BFE rather than 3-4 feet as required for a levee) and it 
would not require an access road or vegetation management. The disadvantage is that it would 
have a wider footprint during construction, impacting existing vegetation.  Also note, the high 
ground between the river and Meiners Oaks shown in Figure 6 and 7 is in this grey area – it’s not 
clear if it is placed fill or a natural area of higher ground and it is narrower than 100 feet in places.

• Insurance. It may be economically more feasible to purchase insurance for any added risk of 
flooding over existing conditions that is caused by sedimentation rather than fund a levee 
construction project. This approach has the disadvantage of requiring an on-going source of 
funding rather than a large capital project, but may cost less over the life of a typical levee. 
Additional analysis with an insurance entity would be required to assess this approach. 

Potential “green infrastructure” or other approaches
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• Avoid increasing BFE in floodprone areas by adaptively managing sediment. The depth of sediment 
deposition expected at Meiners Oaks and the downstream levees is uncertain, and there has been a tendency for 
sediment transport models to overestimate deposition below dam removal projects. The likely pattern of 
sedimentation will also depend on the functioning of the proposed High Flow Sediment Bypass, which has not yet 
been fully designed. One potential approach to manage flood risk is to use hydraulic models to identify the amount 
of sedimentation that would increase flood risk to residences or infrastructure, monitor the bed for actual 
sedimentation, and then trigger sediment removal if the threshold was approached. This approach is under 
discussion with US Army Corps of Engineers, local flood management and environmental regulators for the 
Searsville Dam removal and appears to have informal regulatory support, though is not yet at the point of formal 
permit approval. 

• A challenge with this approach, especially for Meiners Oaks, is that there may be little or no time to adaptively 
remove sediment between sedimentation increasing flood risk and a flood actually occurring. These two situations 
could occur in the same event. An adaptive sediment removal approach might be more feasible for Live Oak Acres 
and Casitas Springs, where the uncertainty over the volume and timing of sedimentation is much higher, the 
estimated sediment volume is lower than at Meiners Oaks, and there is the opportunity for more of an early warning 
from observing sedimentation passing from upstream to downstream.

Potential “green infrastructure” or other approaches
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Hydraulic modeling
• ESA recommends that the hydraulic modeling for downstream flood impacts is repeated using a 2-D 

hydraulic model and unsteady hydrograph, to more accurately characterize the area of inundation at 
Meiners Oaks. We suggest that for non-certified levees and berms two sets of hydraulic modeling be 
performed, one assuming berm integrity and the other assuming berm failure.

• We also recommend a geomorphic review of the berms/high ground between the Ventura River and 
Meiners Oaks to identify whether they are capable of withstanding erosion, or likely to be eroded during 
a high flow. If feasible we suggest using a 2D sediment transport model to provide more insight into this 
process. The goal of this study would be to determine if Meiners Oaks can be protected from channel 
avulsion by erosion protection without the need for a raised levee, and if such an approach could 
reduce the area of construction impact.

• An unsteady hydraulic model involves simulating a discrete flow event hydrograph (rising, peak and 
falling), as opposed to a steady model in which just the peak flow rate is run. Unsteady models allow 
more accurate inundation mapping of floodplains where the floodplain stores some of the flood water.

Proposed Additional Studies
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Adaptive Management
• We recommend that the project partners explore the potential to use adaptive 

management to track sediment deposition, especially for the Live Oak Acres and Casitas 
Springs levees, rather than construct levees now based on a relatively high degree of 
uncertainty over the timing and volume of sedimentation at these sites.

Proposed Additional Studies
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Additional Scenarios
• For Meiners Oaks we recommend conducting conceptual-level grading and hydraulic 

modeling of a scenario in which the main channel of the Ventura River on the western 
side of the valley is expanded to increase conveyance (in line with the HFSB), with the 
fill generated being used to partially fill the secondary channel running along the 
proposed Meiners Oaks levee alignment, providing erosion protection to the neighboring 
residences. If sufficient flood capacity could be created this could potentially remove the 
need for a levee and associated habitat and visual impacts at the top of the secondary 
channel bank. This alternative would need to be evaluated for flood and erosion risk both 
on site and downstream, as well as habitat impacts and financial feasibility. 

• Additionally, we recommend analyzing the scour and flood elevation needs at Meiners 
Oaks to determine if a smaller or lower levee can meet flood and erosion protection 
requirements at this site. 

Proposed Additional Studies (continued)
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Proposed Additional Studies (continued)

Conceptual alternative (to be evaluated hydraulically) for 
widening Ventura River main channel and filling 

secondary channel near Meiners Oaks. Approximate 
extent of cut shown in green, fill placement in red.
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Questions
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Oso Road
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Oso Road
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Oso Road
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Oso Road
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Oso Road


