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1.0 Purpose and Background 1 

The purpose of this report is to document the technical components of each initial option, the screening 2 
criteria developed at the May 2014 Technical Advisory Committee (TAC) Meeting, the methods and 3 
metrics utilized to address or populate the criteria, and the associated screening results. It should be noted 4 
that assessments and calculations included in this report are associated only with the dam removal 5 
components of the project, and do not include other project considerations (e.g. downstream flood 6 
mitigation, lost water diversion mitigation, operation and maintenance, etc.). 7 

1.1 Project Background 8 

Since its construction in 1947, the 168-foot high1, arched concrete Matilija Dam has blocked the transport 9 
of an estimated 6,800,000 cubic yards2 (cy) of fine and coarse sediment from naturally moving 10 
downstream to the ocean.  This has resulted in loss of the reservoir’s original function of water storage3 11 
for agricultural needs, and limited flood control, loss of downstream sand and gravel sized materials 12 
necessary to promoting habitat for a variety of wildlife species, loss of sediment needed to maintain 13 
beaches at Surfer’s Point, and increased erosion of the Ventura River streambed. The dam, with its non-14 
functioning fish ladder, also prevents southern steelhead from reaching upper Matilija Creek, which prior 15 
to dam construction, was the most productive spawning and rearing habitat in the Ventura River system. 16 
Without dam removal, an estimated total of 9,000,000 cubic yards of sediment will be trapped behind the 17 
dam before the natural full annual sediment load of Matilija Creek begins to be carried over the dam in 18 
approximately 2040. While such a scenario would eventually begin to address sediment deprivation of the 19 
downstream reaches, leaving the dam in place would not address fish passage beyond the dam and 20 
impacts to upstream habitat. 21 

In the early 2000’s, Ventura County Watershed Protection District (VCWPD) and the US Army Corps of 22 
Engineers (USACE), evaluated several alternatives for dam removal and published a Final Environmental 23 
Impact Statement/Environmental Impact Report (EIS/R, USACE 2014). They arrived at a preferred 24 
alternative (Alternative 4b) that involved slurrying an estimated 2,100,000 cy of fine sediment from the 25 
reservoir area just upstream of the dam to a downstream disposal location, removing the dam in one 26 
season, excavating a channel through the remaining coarse sediment, and protecting the lower seven feet 27 
of the channel banks with soil cement to allow 10-year and greater storm events to remove the 28 
accumulated sediments above the seven-foot level. At some future date, the soil cement would be 29 
removed, allowing the remaining accumulated sediment to be flushed through the river system.  30 

                                                      
1 The original height of the dam was 198 feet prior to two phases of notching in 1965 and 1977. 
2 The estimated volume is based on the difference between 2005 LiDAR and original topography before dam 
construction (Stillwater Sciences, 2014a). The 6.8 mcy of sediment is distributed from downstream to upstream as 
about 2.4 mcy of silt and clay in what is termed the reservoir sub‐area, 3.2 mcy of sand, silt and clay, and gravel in 
what is termed the delta area, and 1.2 mcy in what is termed the upstream channel area. Using historical sediment 
deposition volumes to extrapolate beyond the last measurement in 2005 to 2014 results in an estimated 7.9 mcy 
total sediment deposited upstream of the dam. 
3 The original reservoir capacity of 7,018 acre‐feet has been reduced to less than 500 acre‐feet due to the 
combination of sedimentation and notching in 1965 and 1977. 
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Subsequently, in 2009 and 2010, the Matilija Dam Fine Sediment Study Group (FSSG) was convened and 1 
temporary upstream disposal of the fine sediment was considered to address concerns over cost and 2 
constructability of the downstream disposal options for the fine sediment.  3 

VCWPD has since contracted with URS and Stillwater Sciences (the Consultant Team) to evaluate a 4 
range of concepts including those documented in previous documents, concepts developed by the FSSG, 5 
and new concepts. A short list of six initial options was identified and is screened (in this report) based on 6 
selected key criteria. Following the screening process, up to four alternatives will move forward into the 7 
evaluation phase, which would use a wide range of criteria to compare the selected alternatives. 8 

1.2 Summary  of the Initial Options 9 

In coordination with the Management Team, the TAC, and the Design Oversight Group (DOG), six initial 10 
options were selected from a long list of previously considered concepts/alternatives and new concepts 11 
developed by the Consultant Team. The six initial options are primarily focused on methods for managing 12 
the removal of fine sediment accumulated in the reservoir area. All options would involve dam removal 13 
and five of the six options involve natural transport of coarse sediment from the reservoir. The six initial 14 
options are briefly described below and in more depth in Section 2.0. 15 

 Initial Option (IO)-01 Containment Berm with High Flow Bypass: This option would involve 16 
removing the dam and building a temporary containment berm to hold the reservoir sediment in 17 
place until a high flow event occurs which would erode a large portion of reservoir fine sediments 18 

 IO-02 Uncontrolled Orifices: This option would involve boring tunnels at the base of the dam and 19 
then blasting open the tunnels when a high flow event occurs, which would erode a large portion 20 
of reservoir fine sediments. The dam would be removed after this large sediment mobilization 21 
event 22 

 IO-03 Gated Orifices: This option would bore tunnels and install gates on the upstream end of the 23 
tunnel orifices. The gates would then be opened when a high flow event occurs, which would 24 
erode a large portion of reservoir fine sediments. The gates could be subsequently closed and 25 
reopened during the following high flow event. The dam would be removed when a sufficient 26 
amount of the accumulated fine sediment has been eroded from the reservoir 27 

 IO-04 Gated Notch(es): This option would involve installing a series of notches with gates over 28 
several phases, so that only incremental portions of the reservoir fines would be available for 29 
transport during each phase. Phases would continue until the dam is fully removed 30 

 IO-05 Temporary Upstream Storage of Fine Sediment: This option would involve mechanical 31 
removal and temporary upstream storage of both fine and coarse sediment in a portion of the 32 
reservoir to create a channel along the pre-dam creek alignment at the pre-dam creek elevations.  33 
The dam would be removed when earthwork is complete 34 

 IO-06 Downstream Slurry and Temporary Upstream Storage of Fine Sediment:  This option 35 
would involve slurry dredging portions of reservoir fines to both downstream (for more organic 36 
material) and upstream temporary storage locations. A portion of the fine sediment would also be 37 
mechanically excavated and hauled to the upstream temporary storage areas. The dam would be 38 
removed when the slurry and mechanical excavation operations are complete 39 

  40 
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2.0 Screening Approach 1 

In order to make informed decisions concerning which of the short-listed full dam removal 2 
methods/approaches warrant further development and evaluation, construction duration and cost were 3 
identified as two key screening criteria by the TAC during a workshop in May 2014. After further 4 
consideration by the Consultant Team, accumulated fine sediment mobilization (and associated 5 
downstream impact) was added as a third criterion, for consideration during screening.  6 

The approach to screening initial options involves quantification of fine sediment mobilization and 7 
associated downstream impact, construction cost and construction duration for each initial option. After 8 
criteria are populated, initial options can be ranked under each criterion, and then cumulatively. The goal 9 
for screening is to utilize the criteria and cumulative rankings, along with consideration of the spread of 10 
criteria values between initial options, to select those initial options that best meet the project objectives 11 
and funding constraints. 12 

The sections below provide an overview of the three screening criteria and the methods that were used to 13 
quantify these criteria for each initial option. 14 

2.1 Fine Sediment Mobilization & Associated Downstream Impact 15 

Potential impacts due to the release of fine sediment following Matilija Dam removal are primarily 16 
associated with increased suspended sediment concentrations. These impacts include:  17 

a) Both short-term and long-term increases in suspended sediment concentration, which will 18 
negatively impact aquatic biota, injuring or killing fish or other aquatic animals and plants 19 

b) Increases in suspended sediment concentration that may cause operational difficulties for water 20 
diversion at Robles Diversion Dam 21 

c) Potentially high organic content in suspended sediment, which could cause long-term water 22 
quality problems if diverted to Casitas Lake   23 

In addition to the potential impact due to high suspended sediment concentrations, there have been 24 
previous concerns over the potential for fine sediment infiltrating into the alluvium of the river bed in 25 
downstream reaches that could result in decreased conductivity for groundwater wells and infiltration 26 
galleries. The United States Bureau of Reclamation (BOR; 2006, p. 202), however, had previously 27 
concluded that silt and clay will not enter into the groundwater aquifer, which is consistent with recent 28 
research (Wooster et al. 2008; Cui et al. 2008), which finds that interaction of silt and clay with the coarse 29 
channel bed will be limited to the surface layer, and any fine sediment deposited on the surface can be 30 
washed clean once there is a high flow event. The shallow infiltration of fine sediment into gravel deposit 31 
is also in agreement with field observations such as Frostick et al. (1984) and Beschta and Jackson 32 
(1979). While some early literature suggested a deeper infiltration of fine sediment into a coarse deposit 33 
that could potentially impact the aquifer, Cui et al. (2008) have pointed out the flawed assumption 34 
employed in their theoretical analysis and the limitation in their flume experiment; replacing their flawed 35 
assumption with a correct one yields conclusions in agreement with those of others.   36 

As a result, an assessment of fine sediment mobilization and potential downstream impacts will focus on 37 
the potential impact from high suspended sediment concentration, with some preliminary considerations 38 
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of high organic carbon concentration in the surface waters. For screening purposes, these impacts will be 1 
summarized using the following metrics: 2 

1. Anticipated number of days and storm events that high suspended sediment concentrations may 3 
cause downstream impacts to diversions at Robles and aquatic resources.  For this screening 4 
analysis, the estimated duration is provided for comparison purposes only.  Further refinement of 5 
the fine sediment downstream impact duration will be provided in a subsequent phase of work. 6 

The fine sediment assessments are summarized within the main body of this report, and detailed further in 7 
Appendix A.   8 

2.2 Construction Duration 9 

Durations of construction were estimated based on quantities of work and equipment application and 10 
production assumed to handle the work estimated to implement each of the initial options. The estimated 11 
duration of construction also considered the logical sequence of work allowing for concurrency of 12 
activities where possible. The following general assumptions were used in estimating construction 13 
duration: 14 

 Mobilization for construction during months prior to the in-channel construction window 15 

 No unusual weather delays 16 

 Work performed five days per week, up to two shifts per day 17 

 9 hours of production are assumed for each 10-hour shift 18 

 Night work is assumed to be allowed 19 

 Saturdays are assumed to be a contingency for maintenance and make-up activities 20 

 No overly restrictive constraints on trucking materials into the site 21 

 A diversion and in-channel construction window of May 15 to October 31 22 

The range for overall project duration for each of the initial options was estimated assuming that the 23 
project is completed either just prior to a 4-year return event4 or is completed just after a 4-year return 24 
event. For initial options that require more than one high flow event to complete removal of the dam, it is 25 
assumed that each subsequent large storm event would occur at a 4-year interval. 26 

Specific details related to construction duration for each of the initial options are discussed in Section 3, 27 
and detailed schedule Gantt charts are located in Appendix B. 28 

2.3 Range of Magnitude Construction Costs 29 

2.3.1 Approach  Summary 30 

The range of magnitude construction cost (ROMCC) estimates for the initial options are based on the 31 
descriptions of the options in Section 3.0. The ROMCCs are only for the construction costs directly 32 
associated with each initial option and do not include the following costs: 33 

                                                      
4 A 4‐year return event is the minimum size storm considered to be large enough to move significant volumes of 
sediment from the reservoir area (Stillwater Sciences, 2014b) 
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 Fine grading and habitat restoration of any of the channel slopes that are formed by either natural 1 
or mechanical sediment transport (if determined to be needed) 2 

 Acquisition of real estate 3 

 Robles Diversion Dam improvements 4 

 Downstream flood mitigation 5 

 Foster Park improvements 6 

 Loss of diversion mitigation costs 7 

 Operation and maintenance costs. 8 

The ROMCCs also do not include other related project costs, such as engineering, environmental 9 
compliance/permitting, Owner's construction management oversight, and any post-construction phase 10 
activities.  11 

The ROMCCs include a 30 percent design contingency and a 15 percent allowance for construction 12 
related changes, extra work, unforeseen conditions, or other unplanned costs after a construction contract 13 
is signed. A summary of the ROMCC, including the estimated construction cost for the major categories 14 
of work are presented in Section 3 for each initial option, and additional ROMCC details are provided in 15 
Appendix B.  16 

The ROMCC estimates are considered to be Class 5 estimates, as described by the Association for the 17 
Advancement of Cost Engineering (AACE, 2012), as follows: 18 

From AACE 2012:“Class 5 estimates are generally prepared based on very limited information 19 

and subsequently have a wide accuracy ranges. They are typically used for project concept 20 
screening. Typically, engineering is from 0% to 2% complete and the expected accuracy range is 21 

from 20% to 30% lower than the estimate to 30% to 50% higher than the estimate.”   22 

For the purposes of the ROMCCs for the initial options, the accuracy range is assumed to be from 30 23 
percent lower than the ROMCC to 50 percent higher than the ROMCC. 24 

In developing the ROMCCs, major features and items were developed for each initial option. The 25 
individual items comprising each feature in the ROMCC for each initial option are shown in Tables B-1 26 
through B-6 in Appendix B, along with the quantities (where applicable) and unit costs for each item. In 27 
general, quantities for the initial options were developed using the average end area method and other 28 
simple hand calculation methods given the conceptual level of design.  29 

Construction cost was estimated with the use of a combination of previous cost estimate work by the 30 
USACE in 2004 and 2008 escalated to 2014, built-up unit prices, and statistical unit prices from 31 
published and internally developed and maintained historical databases factored for location, contractor 32 
markups, and other project-specific criteria. Logic, methods, and procedures used for developing costs are 33 
typical for the construction industry. Various limitations need to be considered in the use of both built-up 34 
and statistical unit prices. These limitations include the potential for changes in technology, methods, and 35 
construction applications; the impact of short-term economic cycles; and the time-lag of reporting 36 
databases. Any estimate of unit prices is not intended to predict the outcome of hard dollar results from 37 
open and competitive bidding. 38 
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2.3.2 Alternative  4B  Cost  Comparison 1 

For comparison with the ROMCCs, the equivalent construction costs for Alternative 4b were taken from 2 
the 2004 and 2008 USACE cost estimates and escalated to July 2014 using cost trends published by the 3 
USACE and the United States BOR. A contingency of 25 percent was applied to the estimate as was done 4 
for the 2004 USACE estimates. It is noted that this is less than the sum of the design and construction 5 
contingencies used in the ROMCCs for the initial options. 6 

Table 1. Summary of Alternative 4b Construction Costs 7 

Project Categories 
Construction Cost 

(2004 or 2008) 
Construction Cost 

(2014)c 
Mobilizationa $5,000,000 $7,090,000

Site Preparationa $710,000 $1,010,000
Sediment Componentsa $5,430,000 $7,700,000

Slurry System Componentsa, b $11,620,000 + $37,860,000 $61,460,000
Dam Removal Componentsa $10,440,000 $14,800,000

Subtotal $92,060,000
Contingency (25%) $23,015,000

Total $115,075,000
a USACE 9/2004 estimate 
b USACE 11/2008 estimate 
c Based on USACE and BOR cost trends escalation factor from 9/2004 to 7/2014 = 1.418; from 11/2008 to 7/2014 = 1.188 

  8 
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3.0 Screening Results 1 

3.1 Initial Option – 01: Containment Berm with High Flow Bypass 2 

3.1.1 Initial  Option  Description 3 

The primary objective of this initial option would be to use one high flow event, having a minimum peak 4 
average daily flow of approximately 1,700 cfs5, to quickly erode and transport as much fine sediment as 5 
possible out of the reservoir and through the downstream reaches to the ocean. This initial option is 6 
intended to lessen the implementation duration and associated high turbidity impacts to downstream water 7 
diversions and ecology, by concentrating the majority of fine sediment erosion into a single storm event. 8 
Due to the uncontrolled nature of the sediment erosion and the large amounts of debris that may be 9 
present within/above the accumulated sediment, future consideration of high debris loads and associated 10 
flood control risk (during the fine sediment erosion process) would be necessary. 11 

In order to set the project up to “wait” for a high flow event, the dam would need to be removed and 12 
flows smaller than the high flow event would need to bypass the reservoir. The following major features 13 
would need to be implemented and are shown conceptually in Figure 1: 14 

 Flow bypass system around reservoir fine sediment 15 

 Temporary containment berm downstream of the dam 16 

 Single-phase dam removal 17 

Major features are discussed in more detail below. 18 

3.1.1.1 Flow Bypass System 19 

Prior to the high flow event, smaller event flows would be routed around the reservoir to prevent them 20 
from eroding accumulated sediment that would cause repeated high turbidity impacts to the downstream 21 
reach. A flow bypass would be constructed to divert flows up to the high transport flow event of 3,000 cfs 22 
peak flow, plus some additional flow capacity as a safety factor. The flow bypass could be accomplished 23 
by constructing either a bypass pipeline along the canyon valley to a point downstream of the temporary 24 
containment berm, or a bypass tunnel to connect into North Fork (NF) Matilija Creek.  Preliminary 25 
computations indicate that a pipeline would be more costly and difficult to construct; therefore, a bypass 26 
tunnel has been included for this initial option. 27 

Conceptually, the capacity of a 14-foot-diameter horseshoe tunnel would be between 3,000 and 4,000 cfs. 28 
The bypass could be aligned to transport flow from Matilija Creek (upstream of the fine sediment) to NF 29 

                                                      
5 The minimum size event on Matilija Creek that is assumed to be able to transport the large quantities of fine 
sediment over a short period of time is a storm having an average daily flow of about 1,700 cfs or greater and peak 
daily flows of about 3,000 cfs or greater (Stillwater, 2014b). 
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Matilija Creek as shown on Figure 1. Due to the existing bank erosion issues along NF Matilija Creek, 1 
slope protection improvements to accommodate the additional flow may be necessary.6 2 

A cofferdam would be constructed across the reservoir just upstream of the current pool at about Station 3 
114+00 (Stillwater, 2014b). This location is purposely placed as far downstream as possible to minimize 4 
the length of the bypass tunnel, as well as the volume of localized storm water flow that would be able to 5 
pass over the fine sediment prior to occurrence of the high flow event. The cofferdam would divert 6 
Matilija Creek flows into a tunnel portal (bypass entrance), located downstream of the outlet of 7 
Rattlesnake Canyon. The tunnel portal could include a gate or control structure at the entrance that could 8 
be closed during the high transport flow so that no portion of the flow would bypass the reservoir fine 9 
sediments. The bypass tunnel would connect into NF Matilija Creek, and the bypassed flows would flow 10 
into the NF Matilija Creek and subsequently into the Ventura River. The quality of the bypassed water 11 
would be similar to flows already seen at Robles Diversion and other downstream diversions. An 12 
assessment would be needed to confirm that the additional flow to NF Matilija Creek does not have 13 
significant adverse impacts during the period when the bypass would be in operation.   14 

The cofferdam would be constructed using alluvial materials available within the reservoir area that 15 
would be able to be eroded during the high flow event. When the high flow event is forecast, the bypass 16 
tunnel would be closed so that the entire high transport flow volume passes over the cofferdam and 17 
downstream into the reservoir, to maximize fine sediment mobilization. 18 

In the event that substantial fine sediment remained after the first large event, an assessment would be 19 
needed to determine if a portion could be permanently stabilized in place (naturally or by mechanical 20 
means), or whether additional creek flows or larger future storm events would mobilize the remaining 21 
material, causing some level of downstream impact. 22 

3.1.1.2 Temporary Containment Berm 23 

A temporary containment berm, less than 25 feet in height, would be constructed between 500 and 1,000 24 
feet downstream of the dam to hold fine sediment that would slump from the reservoir once the dam is 25 
removed. The purpose of the containment berm is to allow the dam to be removed during the dry season 26 
and to prevent fine sediment in the reservoir from moving too far downstream, thereby limiting initial 27 
downstream impacts. The location of the berm would be upstream of the confluence of Matilija Creek and 28 
NF Matilija Creek. 29 

 30 

                                                      
6 Caltrans is preparing designs for bank stabilization project to protect Highway 33 in this area, which may be able 
to accommodate the additional flow, but design criteria for that project would need to be reviewed.  The 
preliminary cost estimates here include bank stabilization measures for NF Matilija Creek. 
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 1 

Figure 1.  Initial Option 01 – Containment Berm with High Flow Bypass 2 

Canyon Floor

DATA	SOURCES:	
1. Streams:		National	Hydrography	Dataset	
2. Roads:	ESRI	
3. Topography	along	Matilija	Stream	Corridor:		2005	VCWPD	LIDAR	
4. Background	topography:	10‐m	USGS	DEM	
5. Imagery:	USBR	
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The containment berm would be constructed far enough downstream such that the slumping sediment 1 
would not impinge on the berm7. The berm would be high enough to control nuisance releases of 2 
sediment due to storm water flows from the local watershed downstream of the cofferdam location 3 
without creating an impoundment that would fall under the jurisdiction of the Division of Safety of Dams 4 
(DSOD) (although the dam removal plans would require DSOD approval). The containment berm would 5 
be designed to fail during the high transport event so as to not restrict the mobilization of the fine 6 
sediment.  7 

3.1.1.3 Single‐Phase Dam Removal 8 

The dam would be removed at the end of the same season as construction of the containment berm and 9 
flow bypass system.  It is desirable to remove the dam with as little fine sediment handling as possible, 10 
i.e. without dredging or excavating sediment upstream of the dam to access the dam for demolition, in 11 
order to minimize costs. The method of removal that would require the least fine sediment handling and 12 
has the lowest cost is blasting. The reservoir would be dewatered while the exposed section of the dam is 13 
removed prior to blasting. The concrete would be broken up and hauled to a recycling plant. After 14 
blasting of the remaining section of the dam, some of the concrete would be buried in the slumping 15 
sediment and would not be able to be removed and disposed of until after the high flow event. 16 

Channelization through the reservoir area would be allowed to form naturally through transport of coarse 17 
sediment to the downstream reaches over time. Fish passage during the channelization process may need 18 
to be monitored. Where necessary, construction equipment may need to be mobilized following large 19 
events to dislodge debris jams or boulders that block fish passage. 20 

3.1.2 Fine  Sediment  Mobilization 21 

Under this scenario, fine sediment deposits within the reservoir and delta sub-areas (see Figure 2) will be 22 
redistributed downstream and be blocked by a containment berm once the dam is removed. Following the 23 
breaching of the cofferdam during the designed high flow event, both the cofferdam and the containment 24 
berm will be quickly washed out, thus initiating the release of fine and coarse sediment downstream. 25 

There are two phases for the erosion of fine sediment deposit in the reservoir and delta sub-areas 26 
following breaching of the cofferdam, as discussed in further detail in Appendix A. Phase I erosion is 27 
initiated when the fine sediments in the reservoir and delta sub-areas are accessible to the flow (i.e., the 28 
flow is in direct contact with the fine sediment deposits) (Figure 3b), and Phase II erosion would occur 29 
subsequent to the first large flow peak, when fine sediment is no longer accessible to the flow (Figure 3c). 30 

During Phase I erosion, the high-energy flow powered by the large discharge and steep gradient will cut 31 
through the fine sediment deposit quickly. Erosion during this phase will be governed by rapid gullying, 32 
followed by collapsing of banks and mass wasting, with the sediment generated from these processes 33 
being carried by the flow downstream.   34 

                                                      
7 The degree to which the sediment will slump and move downstream following removal of the dam by blasting 
would require further geotechnical and mud flow analyses if this initial option is carried forward. A review of some 
tailing dam failures suggest that sediment movement may have been limited to five to ten times the sediment 
height had the tailings ponds been dewatered prior to their failing. 



    Initial Options Screening   

URS Corporation & Stillwater Sciences    14 

 1 

Figure 2. Matilija Reservoir sediment profile, showing the general distributions of gravel, sand and 2 
silt/clay deposits in three regions: upstream channel, delta, and reservoir sub‐area.  Diagram 3 
reproduced from Stillwater Sciences (2014b). 4 

 5 

Figure 3. Sketches showing the two phases of fine sediment erosion.  (a). Current condition; (b). Phase 6 
I erosion when fine sediment is directly accessible to the flow, presenting a virtually unlimited 7 
supply of sediment with transport limited only by the capacity and rate of discharge; and (c). 8 
Phase II erosion when fine sediment is no longer directly accessible to the flow. 9 

(a). Current condition

(b). Phase I erosion

(c). Phase II erosion

Coarse sediment or bedrock Fine sediment deposit

Fine sediment deposits left 
behind after Phase I erosion



    Initial Options Screening   

URS Corporation & Stillwater Sciences    15 

Phase I erosion will likely erode only a portion of the fine sediment deposit from the reservoir area, 1 
because of a large deposit to channel width ratio, as illustrated in Figure 3b. Erosion will create a channel 2 
down through the fine sediment that may be on the order of 60 to 100 feet wide at the base of the channel 3 
with marginally stable side slopes on the order of 2 Horizontal:1 Vertical (2H:1V). The highest suspended 4 
sediment concentrations will occur during Phase I. Based on assessments of shear stress, creek flow 5 
carrying capacity and suspended sediment concentrations summarized in Appendix A, a conservative but 6 
plausible estimate of the duration of Phase I erosion for IO-01 is 13.5 hours (see Table A-4, Appendix A; 7 
assumes a suspended sediment carrying capacity of 500,000 mg/l and fine sediment erosion mass of 1.17 8 
million metric tons). 9 

Following the end of Phase I erosion, the remaining fine sediment deposits will no longer be accessible to 10 
the flow, and as a result the suspended sediment concentration in the river will decrease in time. Fine 11 
sediment erosion during the initial stage of Phase II erosion will primarily be the result of a mass wasting 12 
process that delivers fine sediment to the active channel, with sediment from high above the water surface 13 
slumping into the channel to be carried downstream by the flow. Based on the assessment summarized in 14 
Appendix A, a plausible maximum duration of potential impact due to Phase II mass wasting is 15 
approximately six days (see Table A-5, Appendix A; assumes a discharge of 500cfs at the end of Phase II, 16 
and a Phase II fine sediment erosion mass of 1.66 million metric tons). 17 

Future high flow events equal to or greater than the initial high flow event would be likely to continue 18 
Phase II sediment transport that would only incrementally increase suspended sediment loads in 19 
comparison to the suspended sediments loads that typically occur in Matilija Creek. Therefore, a 20 
conservative duration of total fine sediment mobilization downstream impact (Phase 1 plus Phase II mass 21 
wasting) would be approximately seven days (i.e. no more than the first seven days of large storm event).  22 
This duration is approximate and is provided for comparison purposes only.  Further refinement of the 23 
fine sediment downstream impact duration will be provided in a subsequent phase of work. 24 

As mentioned previously, the minimum size event on Matilija Creek that is assumed to be able to 25 
transport large quantities of fine sediment over a short period of time is a storm having an average daily 26 
flow of about 1,700 cfs or greater and peak daily flows of about 3,000 cfs or greater (Stillwater, 2014b).  27 
A storm of this magnitude would be the design storm for IO-01. A review of recent storm data (2002-28 
2014) reveals that storms meeting these general criteria do in fact typically have high flow durations that 29 
exceed the estimated Phase I erosion duration summarized above (see Figure 4).   30 

As expected, all relatively large storms during this period of record have high flow durations that easily 31 
surpass the estimated Phase I erosion duration. A summary of the relevant storm data is listed below: 32 

 12/31/2004 storm:  2,780 cfs peak; 1,170 cfs maximum average daily flow; 28-hour duration 33 
above 1,000 cfs 34 

 1/9/2005 storm:  8,360 cfs peak; 5,950 cfs maximum average daily flow; 108- hour duration 35 
above 1,000 cfs 36 

 2/21/2005 storm:  8,780 cfs peak; 5,940 cfs maximum average daily flow; 137- hour duration 37 
above 1,000 cfs 38 

 4/4/2006 storm:  2,910 cfs peak; 1,410 cfs maximum average daily flow; 15- hour duration above 39 
1,000 cfs 40 
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 1/27/2008 storm:  6,080 cfs peak; 3,560 cfs maximum average daily flow; 85- hour duration 1 
above 1,000 cfs 2 

 3/20/2011 storm:  6,220 cfs peak; 2,350 cfs maximum average daily flow; 25- hour duration 3 
above 1,000 cfs 4 

 5 

Figure 4. 15‐minute data storm data for Matilija Creek (USGS Gage #11114495) for 2004‐2011 6 

For the estimated duration of downstream fine sediment impacts described above, it is anticipated that 7 
diversions at Robles would need to be suspended. In addition, there is a high likelihood of short-term 8 
impact to aquatic resources during the impact duration, which are described in more detail in Appendix A. 9 

3.1.3 Construction  Duration 10 

In general, IO-01 would require that the bypass tunnel, upstream cofferdam, and downstream containment 11 
berm be in place prior to removal of the dam. Construction of the bypass tunnel would begin during the 12 
first season of construction from the downstream end and would continue through the winter season, 13 
being completed early in the in-channel construction window during the second season of construction. 14 
Following construction of the upstream cofferdam, also early in the in-channel construction season of the 15 
second construction season, flows from Matilija Creek would be diverted through the bypass tunnel 16 
allowing dewatering of the reservoir and the commencement of drilling blast holes in Matilija Dam. 17 
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The dam would be demolished by blasting following construction of the downstream construction berm. 1 
It is anticipated that blasting of the dam would result in pile of rubble that would be covered or mixed 2 
with sediment that would slump downstream of the reservoir. To the extent possible, the concrete rubble 3 
would be broken up using excavators with hoerams, loaded into highway legal dump trucks, and hauled 4 
to a concrete recycling plant located approximately 30 miles away. 5 

The project would then wait for the large event to occur. Some portion of the remaining concrete would 6 
likely be carried downstream by the high flow event. Concrete rubble and any portions of the dam 7 
remaining at the dam site above the invert of Matilija Creek would be removed, broken up, loaded, and 8 
hauled to the recycling plant during the in-channel construction window following the large event. 9 

A total of three construction seasons would be required; two prior to the large event and one following the 10 
large event. The estimated schedule for construction is shown on Figure B-1 in Appendix B. Construction 11 
duration for IO-01, from start of construction to completion of removal of the dam would be in the range 12 
of three to six years depending on the timing of the high flow event that removes the sediment. 13 

3.1.4 Range  of  Magnitude  Construction Cost 14 

A summary of the ROMCC for IO-1 using the same Project Categories as those for Alternative 4b in 15 
Section 2.3.2 is shown below in Table 2. The individual items comprising each feature in the ROMCC for 16 
IO-1 are shown in Table B-1 in Appendix B. 17 

Table 2. Summary of Initial Option‐01 ROM Construction Costs 18 

Project Categories 
Construction Cost

(2014) 
Low (-30%) High (+50%) 

Mobilization $4,300,000  
Site Preparation $13,400,000  
Sediment Components $0  
Slurry System Components $0  
Dam Removal Components $9,700,000  

Subtotal $27,400,000  
Contingency (30%) $8,200,000  

Subtotal $35,600,000  
Construction Contingency (15%) $5,300,000  

Total $40,900,000 $28,700,000 $61,400,000
   

  19 
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3.2 Initial Option – 02: Uncontrolled Orifices 1 

3.2.1 Initial  Option  Description 2 

The objective of this initial option would be to erode and transport as much fine sediment as possible 3 
from the reservoir, while minimizing costs and time associated with large bypass/containment structure 4 
construction and sediment removal. The fine sediment mobilization would be achieved by allowing flow 5 
through one or more uncontrolled orifices, whose opening would be coordinated to coincide with a high 6 
transport storm (as summarized in IO-01). The orifices would be sized and located to maximize 7 
mobilization of the reservoir and delta area sediments; however, if the unpressurized capacity8 of the 8 
orifice is exceeded, it could result in reduced reservoir sediment erosion and transport for the duration of 9 
the capacity exceedence. Although lower sediment mobilization would be expected if the orifice 10 
unpressurized capacity is exceeded, a secondary benefit would be some level of flood protection (while 11 
the dam and orifices remain in place) due to the peak flow attenuation behind the orifice/dam for flows 12 
above design capacity.  13 

Similar to IO-01, future consideration of high debris loads and associated flood control risk and the 14 
potential for plugging the orifices (during the fine sediment erosion process) would be necessary. 15 

The following major features would be implemented, and are shown conceptually in Figure 5: 16 

 Installation and operation of uncontrolled orifices 17 

 Dam removal 18 

Major features are discussed in more detail below. 19 

3.2.1.1 Installation and Operation of Uncontrolled Orifices 20 

Installation of the orifice(s) could be completed without prior fine sediment handling, thereby keeping 21 
construction costs relatively low. In addition, the orifice construction method described below makes it 22 
unnecessary to construct a temporary containment berm and upstream diversion (since reservoir 23 
sediments are not directly exposed to storm flows prior to the high transport event). 24 

Two or three tunnels would be bored through the base of the dam from the downstream face up to a safe 25 
and stable distance from the upstream face (see Appendix C for as-built drawings of the dam structure).  26 
Twelve-foot-diameter tunnels would conceptually have a maximum open channel capacity in the range of 27 
1,200-1,400 cfs, thus two- and three-tunnel arrangements would allow for open channel releases of 2,400-28 
2,800 cfs and 3,600-4,200 cfs, respectively. A downstream system of walers or horizontal beams would 29 
be installed above and below the tunnels if structural stability analyses of the dam indicated the need for 30 
additional support to maintain the integrity of the arch. The remaining several feet of concrete that would 31 
connect through to the upstream side of the dam would be set up for rapid mobilization of a controlled 32 
blasting operation. During the first high flow event, the remaining concrete would be blasted, and fine 33 
sediment would be flushed from the reservoir through the uncontrolled orifices. 34 
                                                      
8 The orifices will provide the most benefit for sediment transport when they operate in an unpressurized, open 
channel condition. Once that capacity is exceeded, the reservoir will begin to refill and trap sediment until the 
reservoir drains again on the descending limb of the storm event. 
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In the event that substantial fine sediment remained after the first large event, an assessment would be 1 
needed to determine if a portion could be permanently stabilized in place (naturally or by mechanical 2 
means), or whether additional creek flows or larger future storm events would mobilize the remaining 3 
material causing some level of downstream impact.  Although not included at this phase, a future 4 
refinement to this initial option could consider installing orifice gates (on upstream dam face) after the 5 
first large storm, to provide flexibility in dam operation prior to removal. 6 

3.2.1.2 Dam Removal 7 

Following the initial evacuation of fine sediment, the dam would be removed in its entirety. The dam 8 
would likely be demolished using blasting methods with the concrete being broken up and hauled to a 9 
recycling plant. 10 

Channelization through the reservoir area would be allowed to form naturally through transport of coarse 11 
sediment to the downstream reaches over time. Fish passage during the channelization process may need 12 
to be monitored. Where necessary, construction equipment may need to be mobilized following large 13 
events to dislodge debris jams or boulders that block fish passage.14 
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 1 

Figure 5.  Initial Option 02 – Uncontrolled Orifices2 

Canyon Floor

DATA	SOURCES:	
1. Streams:		National	Hydrography	Dataset	
2. Roads:	ESRI	
3. Topography	along	Matilija	Stream	Corridor:		2005	VCWPD	LIDAR	
4. Background	topography:	10‐m	USGS	DEM	
5. Imagery:	USBR	
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3.2.2 Fine  Sediment  Mobilization 1 

Fine sediment transport dynamics following the opening of the tunnel for IO-02 is similar to that of IO-01 2 
discussed above, when in-stream flow is below the tunnels’ capacity under open channel flow conditions.  3 
If water discharge exceeds the tunnels’ capacity under open channel flow conditions, however, reservoir 4 
pool level would rise, resulting in decreased fine sediment erosion or even complete termination of the 5 
erosion process, depending on the pool level. If that were to happen, erosion of fine sediment would 6 
resume during the receding limb of the flow event, again, similar to that discussed for IO-01 above. It is 7 
anticipated that the combined duration of sediment-eroding flow (i.e., high flow that does not exceed the 8 
tunnels’ capacity) will exceed what is needed to accomplish Phase I erosion. 9 

Similar to IO-01, a conservative duration of downstream impact associated with total fine sediment 10 
mobilization (Phase I plus Phase II mass wasting) would be approximately seven days (i.e. no more than 11 
the first seven days of large storm event).  This duration is approximate and is provided for comparison 12 
purposes only.  Further refinement of the fine sediment downstream impact duration will be provided in a 13 
subsequent phase of work. 14 

As mentioned previously, the minimum size event on Matilija Creek that is assumed to be able to 15 
transport large quantities of fine sediment over a short period of time is a storm having an average daily 16 
flow of about 1,700 cfs or greater and peak daily flows of about 3,000 cfs or greater (Stillwater, 2014b).  17 
A storm of this magnitude would be the design storm for the IO-02 orifices. A review of recent storm data 18 
(2002-2014) reveals that storms meeting these general criteria do in fact typically have high flow 19 
durations that exceed the estimated Phase I erosion duration summarized above (see Figure 4). For IO-02, 20 
the durations summarized below do not include the duration of each storm when the orifice capacity is 21 
exceeded. 22 

As expected, all relatively large storms during this period of record have high flow (between 1,000 cfs 23 
and 3,000 cfs) durations that surpass the estimated Phase I erosion duration. A summary of the relevant 24 
storm data is listed below: 25 

 12/31/2004 storm:  2,780 cfs peak; 1,170 cfs maximum average daily flow; 28- hour duration 26 
between 1,000 cfs and 3,000 cfs 27 

 1/9/2005 storm:  8,360 cfs peak; 5,950 cfs maximum average daily flow; 68- hour duration 28 
between 1,000 cfs and 3,000 cfs  29 

 2/21/2005 storm:  8,780 cfs peak; 5,940 cfs maximum average daily flow; 117- hour duration 30 
between 1,000 cfs and 3,000 cfs  31 

 4/4/2006 storm:  2,910 cfs peak; 1,410 cfs maximum average daily flow; 15- hour duration 32 
between 1,000 cfs and 3,000 cfs  33 

 1/27/2008 storm:  6,080 cfs peak; 3,560 cfs maximum average daily flow; 76- hour duration 34 
between 1,000 cfs and 3,000 cfs  35 

 3/20/2011 storm:  6,220 cfs peak; 2,350 cfs maximum average daily flow; 18- hour duration 36 
between 1,000 cfs and 3,000 cfs 37 
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For the estimated duration of downstream fine sediment impacts described above, it is anticipated that 1 
diversions at Robles would need to be suspended. In addition, there is a high likelihood of short-term 2 
impact to aquatic resources during the impact duration, which are described in more detail in Appendix A. 3 

3.2.3 Construction  Duration 4 

Initial construction activities for this initial option would include filling of the plunge pool area up to 5 
Elevation 975 feet to form a construction platform from which the orifices would be excavated through 6 
the base of the dam. The orifices are assumed to be constructed by excavating though the concrete in 7 
four-foot long increments using a combination of drilling and hydraulic breaking. A series of four-foot 8 
deep holes would be drilled around the perimeter of orifice and within the concrete mass inside the 9 
perimeter. The concrete would then be broken out from inside the perimeter. Using this method, each 10 
orifice would be excavated to within about 8 feet of the upstream face of the dam. A series of blast holes 11 
would then be drilled to perhaps two to four feet of the upstream face of the dam in preparation for 12 
loading and blasting just prior to the large storm event that would be used to erode fine sediment from the 13 
reservoir. Concrete rubble from resulting from the excavation of the orifices would be loaded and hauled 14 
to a concrete recycling plant located approximately 30 miles away. 15 

The project would then wait for the large flow event to occur. A decision-making process would need to 16 
be in place to determine when a predicted large storm would have enough certainty to give the go-ahead 17 
to load the pre-drilled blast holes and blast out the remaining plugs in the tunnels, initiating release of the 18 
fine sediment. Blasting of the plugs could be timed to occur during the beginning of the storm event. The 19 
dam would be removed by drilling and blasting, breaking up the concrete rubble using excavators with 20 
hoerams, loading into highway legal dump trucks, and hauling to the concrete recycling plant. 21 

A total of two construction seasons would be required; one prior to the large event and one following the 22 
large event. The estimated schedule for construction is shown on Figure B-2 in Appendix B. Construction 23 
duration for Initial Option 2, from start of construction to completion of removal of the dam would be in 24 
the range of two to five years depending on the timing of the high flow event that removes the sediment. 25 

3.2.4 Range  of  Magnitude  Construction Cost 26 

A summary of the ROMCC for IO-2 using the same Project Categories as those for Alternative 4b in 27 
Section 2.3.2 is shown in Table 3. The individual items comprising each feature in the ROMCC for IO-2 28 
are shown in Table B-2 in Appendix B. 29 
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Table 3. Summary of Initial Option‐02 ROM Construction Costs 1 

Project Categories 
Construction Cost

(2014) 
Low (-30%) High (+50%) 

Mobilization $2,100,000  
Site Preparation $1,200,000  
Sediment Components $0  
Slurry System Components $0  
Dam Removal Components $9,600,000  

Subtotal $12,900,000  
Contingency (30%) $3,800,000  

Subtotal $16,700,000  
Construction Contingency (15%) $2,500,000  

Total $19,200,000 $13,500,000 $28,900,000
   

3.3 Initial Option – 03: Gated Orifices 2 

3.3.1 Initial  Option  Description 3 

The objective of this initial option would be to erode and transport fine sediment from the reservoir using 4 
a similar approach as described for IO-02, while providing flexibility through gating the orifice(s), which 5 
would allow refilling and spilling of a partial reservoir during lower flows to provide cleaner water for 6 
downstream diversion. This option has similar benefits to IO-02 with regard to lower construction cost 7 
and duration, while providing greater flexibility (through use of the gates) to potentially minimize 8 
downstream impacts (water supply and ecological) through use of the gates. Closure of the gates after the 9 
first high transport event would allow flexibility to “wait” for another similar event to transport the 10 
remainder of the fine sediments, while allowing for cleaner downstream water diversions during the 11 
waiting period (as the reservoir fills up and spills). 12 

The following major features would be implemented and are shown conceptually in Figure 6: 13 

 Installation and operation of gated orifices 14 

 Removal of dam 15 

Major features are discussed in more detail below. 16 

3.3.1.1 Installation and Operation of Gated Orifices 17 

Two or three large diversion sluice gates would be installed with invert elevations at about 975 feet 18 
(stream channel invert). Twelve-foot diameter gates would conceptually have a maximum open channel 19 
capacity in the range of 1,200-1,400 cfs, thus two- and three-gate arrangements would allow for open 20 
channel releases of 2,400-2,800 cfs and 3,600-4,200 cfs, respectively. Unlike construction of IO-02, 21 
installation of the gates would require either excavation of sediment away from the face of the dam or 22 
installation of a sheet pile or other type of cofferdams to provide access to the upstream face of the dam. 23 
Excavation of approximately 300,000 cy of sediment would require dewatering the reservoir and 24 
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sediment9 to the extent possible. Dewatering would not be required for cofferdam installation, except 1 
within the cofferdams themselves. However, the curved upstream face of the dam would be problematic 2 
in designing cofferdams that would be able to fit against the dam. 3 

After creating access to the upstream dam face, the tunnels for the gated orifices would be mined through 4 
the dam using drilling and concrete breaking, wire sawing methods, or possible micro-blasting 5 
techniques. Steel liners would be installed in the tunnels, and gates with trash racks would be installed on 6 
upstream side of dam. A downstream system of walers or horizontal beams would be installed above and 7 
below the tunnels if structural stability analyses of the dam indicate the need for additional support to 8 
maintain the integrity of the arch. The cofferdams would be removed after orifice construction and gate 9 
installation is complete. 10 

Operationally, the sluice gates would remain in the closed position until a storm having the potential to be 11 
greater than a daily average of 1,700 cfs is forecast. When the storm is forecast, downstream diversion 12 
facilities would be shut down and the sluice gates opened to dewater the reservoir. The initial opening 13 
would result in very high concentrations of fine sediment discharging through the gates. Large storm 14 
flows that do not exceed the open channel capacity of the gates would be the most effective in 15 
transporting the fine sediment out of the reservoir to the ocean. When inflows exceed the open channel 16 
capacity of the gates, the reservoir would begin to impound, thereby reducing velocities and the 17 
effectiveness of sediment removal.  18 

On the tail of the storm, once flows have dropped to a flow that is yet to be determined (possibly in the 19 
range of 200 to 400 cfs), the gates could be closed so the reservoir could refill as deemed necessary. With 20 
the addition of a six-foot diameter gated mid-level penetration, downstream water diversions could restart 21 
once flows begin spilling through the mid-level orifice because a partial impoundment would lessen 22 
turbidity. The mid-level orifice would be installed at the same time as the gated orifices. Following the 23 
initial high transport storm, the mid-level penetration would also be used to maintain the reservoir at a 24 
lower level, thereby increasing dam stability (by decreasing the hydraulic head on the dam structure) until 25 
the fine sediment has been evacuated and the dam can be removed. 26 

A possible future refinement to this option could be to consider installing the gates after the first large 27 
storm mobilizes a significant volume of the fine sediments.  This could reduce the effort associated with 28 
upstream excavation discussed above for gate installation. 29 

3.3.1.2 Dam Removal 30 

Following the high flow storm event that is judged to have sufficiently removed the fine sediment from 31 
upstream of the dam, the dam would be removed using blasting methods with the concrete being broken 32 
up and hauled to a recycling plant. 33 

Channelization through the reservoir area would be allowed to form naturally through transport of coarse 34 
sediment to the downstream reaches. Fish passage during the channelization process may need to be 35 

                                                      
9 Dewatering of the reservoir sediment is likely to be limited due to the fine‐grained characteristics of the reservoir 
sediment (average 85 percent finer than 0.074 mm and 35 percent finer than 0.005 mm). 
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monitored. Where necessary, construction equipment may need to be mobilized following large events to 1 
dislodge debris jams or boulders that block fish passage. 2 

3.3.2 Fine  Sediment  Mobilization 3 

Fine sediment transport dynamics following the opening of the tunnels/gates for IO-03 is similar to that of 4 
IO-02 discussed previously. Similar to IO-02, a conservative duration of downstream impact associated 5 
with total fine sediment mobilization (Phase I plus Phase II mass wasting) would be approximately seven 6 
days (i.e. no more than the first seven days of large storm event). All relatively large storms during the 7 
period 2002-2014 have high flow (between 1,000 cfs and 3,000 cfs) durations that surpass the estimated 8 
Phase I erosion duration.  This duration is approximate and is provided for comparison purposes only.  9 
Further refinement of the fine sediment downstream impact duration will be provided in a subsequent 10 
phase of work. 11 

For the estimated duration of downstream fine sediment impacts described above, it is anticipated that 12 
diversions at Robles would need to be suspended. In addition, there is a high likelihood of short-term 13 
impact to aquatic resources during the impact duration, which are described in more detail in Appendix A. 14 

3.3.3 Construction  Duration 15 

Early activities for this initial option would include mobilizing and setting up a water treatment system 16 
that would be used to handle water from draining the reservoir and water from dewatering wells and sump 17 
pumps located in the sediment excavation. A small cofferdam and temporary diversion system would be 18 
installed in the upstream reservoir area to divert summer flows from Matilija Creek around the sediment 19 
excavation area. Dewatering wells that would extend through the fine sediment into the underlying 20 
alluvium near the upstream face of the dam and shallower vacuum wells or wellpoints in the fine 21 
sediment would be installed and operated to draw the phreatic surface in the reservoir sediment down 22 
below the excavation grade. The fine sediment would not be anticipated to dewater significantly and 23 
would remain at a high moisture content. 24 

Excavation and hauling of the 300,000 cy of fine sediment required to expose the upstream face of the 25 
dam is assumed to be performed using excavators and articulated off-highway trucks. Where the 26 
excavated grade is found to be too weak to support the equipment access, roads and working platforms 27 
would be constructed using coarse alluvium from upstream. These methods are currently being used to 28 
excavate fine sediment from the reservoir area of the Carmel River Reroute and Dam Removal Project. 29 
Sediment removal would be performed during two shifts each day so that sufficient time would be 30 
available at the end of the construction season to install the gates on the upstream side of the orifices. 31 

Construction sequencing for excavation of the orifices for this initial option would be the same as for IO-32 
02, except that the orifices would be tunneled all the way through the dam. The holing through of the 33 
orifices would be timed to coincide with completion of excavation of the sediment from the upstream face 34 
of the dam. Following completion of installation of the gates, the reservoir would be allowed to refill. 35 
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 1 

 2 

Figure 6.  Initial Option 03 – Gated Orifices 3 

Canyon Floor

DATA	SOURCES:	
1. Streams:		National	Hydrography	Dataset	
2. Roads:	ESRI	
3. Topography	along	Matilija	Stream	Corridor:		2005	VCWPD	LIDAR	
4. Background	topography:	10‐m	USGS	DEM	
5. Imagery:	USBR	
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The project would then wait for the large event to occur. A decision-making process would need to be in 1 
place to determine when a predicted large storm would have enough certainty to give the go-ahead to 2 
open the gates, drain the reservoir, and allow as much of the storm as possible to flow through the orifices 3 
in an unpressurized condition. The dam would then be removed by drilling and blasting, breaking up the 4 
concrete rubble using excavators with hoerams, loading into highway legal dump trucks, and hauling to 5 
the concrete recycling plant during the in-channel season following the large storm event. 6 

A total of two construction seasons would be required; one prior to the large event and one following the 7 
large event. The estimated schedule for construction is shown on Figure B-3 in Appendix B. Construction 8 
duration for IO-03, from start of construction to completion of removal of the dam would be in the range 9 
of two to five years assuming that Phase I erosion of the fine sediment occurs during the first single large 10 
event. In the event that it was determined that it would be desirable to maintain the dam in place and 11 
await a second large storm, the construction duration would increase to a total of six to nine years. 12 

3.3.4 Range  of  Magnitude  Construction Cost 13 

A summary of the ROMCC for IO-3 using the same Project Categories as those for Alternative 4b in 14 
Section 2.3.2 is shown in Table 4. The individual items comprising each feature in the ROMCC for IO-3 15 
are shown in Table B-3 in Appendix B. 16 

Table 4. Summary of Initial Option‐03 ROM Construction Costs 17 

Project Categories 
Construction Cost 

(2014) 
Low (-30%) High (+50%) 

Mobilization $3,300,000  
Site Preparation $4,200,000  
Sediment Components $2,900,000  
Slurry System Components $0  
Dam Removal Components $9,600,000  

Subtotal $20,000,000  
Contingency (30%) $6,000,000  

Subtotal $26,000,000  
Construction Contingency (15%) $3,900,000  

Total $29,900,000 $20,900,000 $44,800,000
   

There is a risk that excavation of the reservoir sub-area sediment by mechanical means might prove to be 18 
infeasible following additional geotechnical characterization and analyses. In that case, sediment would 19 
need to be removed from the face of the dam using slurry dredging methods. The slurry material would be 20 
transported to an upstream staging area, run through a rapid dewatering system10, and hauled and placed 21 
in a temporary upstream storage area. The additional cost of slurry dredging of the sediment over 22 
mechanical removal of the sediment for this initial option including contingencies would be $3,200,000. 23 

  24 

                                                      
10 Rapid dewatering systems are available that pass a dredged slurry stream through a desanding unit, flocculating 
unit, and units that remove free and secondary water from the fines resulting in a stackable fill. 
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3.4 Initial Option – 04: Gated Notch(es) 1 

3.4.1 Initial  Option  Description 2 

The objective of this initial option would be to erode and transport fine sediment from the reservoir and 3 
complete the dam removal through a series of phased notches. Phasing the notches allows for limiting the 4 
total volume of fine sediment that can be sluiced during each phase, with the perceived benefit of limiting 5 
downstream impacts. Although this would decrease suspended sediment concentrations during high flow 6 
events relative to IO-01, IO-02 and IO-03, phasing would likely result in a longer overall duration of 7 
increased turbidity and associated downstream water supply and ecological impacts, because multiple 8 
events would be required to remove the fine sediment. 9 

Gating the notches is proposed to allow refilling and spilling of the reservoir during lower flows to 10 
provide cleaner water for diversion.  Elimination of the gates could be considered as a cost-saving 11 
measure. 12 

This initial option is anticipated to have a longer implementation duration relative to previously discussed 13 
options, and although the first phase construction cost would likely be lower than IO-03 (since access to 14 
the lower portions of the dam would not be required), it would require multiple mobilization, 15 
demobilization, and dewatering activities (for subsequent phases of notching).  16 

The following major features would be implemented and are shown conceptually in Figure 7: 17 

 Installation and operation of gated notches 18 

 Removal of dam in five phases 19 

Major features are discussed in more detail below. 20 

3.4.1.1 Installation and Operation of Gated Notches 21 

Initial notching of the dam would include installation of two 80-foot wide by 15-foot high notches in the 22 
dam. The two 80-foot-wide notches would conceptually have a depth of flow over the notch of 23 
approximately 6 feet during a 5-year storm event (7,090 cfs; BOR 2006) and 12.5 feet during a 100-year 24 
storm event (21,600 cfs; BOR 2006). At the same time the notches are being installed, portions of the 25 
dam at the right and left abutments above the top of notch elevations would be demolished as shown on 26 
Figure 7. The invert of the initial notches would be at or slightly below the current sediment level. Dam 27 
removal for notching would be completed by controlled demolition methods (i.e. wire sawing and hoe 28 
ram). A reinforced concrete frame would be constructed in the notches for receiving a 12-foot-high 29 
bladder or similar type of gate.  30 

Construction of the initial notches and each successive notch would require dewatering of the reservoir 31 
prior to construction. 32 

Operationally, the gated notches would remain in the raised (closed) position until a storm having the 33 
potential to be greater than a daily average flow of 1,700 cfs is forecast. Downstream diversions would be 34 
shut down and both gates lowered (opened) simultaneously ahead of the storm. Once storm flows have 35 
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peaked and dropped back down to some level to be determined (possibly in the range of 200 to 400 cfs), 1 
the gates could be raised so the reservoir could refill and downstream diversions be restarted. 2 

Construction of subsequent phases of notches would be initiated following a determination that a 3 
sufficient volume of the reservoir sediment had eroded from above the invert elevation of the current 4 
notch (i.e., the notch phases would be event-based). Flows across the notches will scour or pre-excavate a 5 
portion of the reservoir sediment just upstream of the notch(es). Depending on the depth of scour some 6 
additional sediment excavation may be required to expose the upstream dam face down to the invert level 7 
for installation of the next phase’s notches. 8 

The fifth and final phase of dam removal would use blasting or hoe-ram methods. Concrete removed 9 
during each of the phases would be broken up and hauled to a recycling plant. 10 

Channelization through the reservoir area would be allowed to form naturally through transport of coarse 11 
sediment to the downstream reaches. Fish passage during the channelization process may need to be 12 
monitored. Where necessary, construction equipment may need to be mobilized following large events to 13 
dislodge debris jams or boulders that block fish passage.14 
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 1 

Figure 7.  Initial Option 04 – Gated Notch(es) 2 

Canyon Floor

DATA	SOURCES:	
1. Streams:		National	Hydrography	Dataset	
2. Roads:	ESRI	
3. Topography	along	Matilija	Stream	Corridor:		2005	VCWPD	LIDAR	
4. Background	topography:	10‐m	USGS	DEM	
5. Imagery:	USBR	
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3.4.2 Fine  Sediment  Mobilization 1 

Sediment erosion dynamics following the opening of the gates on the notches is similar to that for IO-01, 2 
except that lesser amounts of sediment are eroded during each stage. The suspended sediment 3 
concentration during sediment erosion following the opening of the gates is expected to be extremely 4 
high, but lower than that for IO-01 due to the reduced energy gradient of the flow, resulting in overall 5 
longer duration of sediment erosion compared to IO-01.   6 

High suspended sediment concentration as a result of mass wasting following the fifth stage of dam 7 
removal is still expected, but the suspended sediment concentration and duration of mass wasting is 8 
expected to be significantly lower and shorter compared to IO-01 because much of the mass wasting 9 
should have already occurred during the first four stages of notching.   10 

Note that fine sediment in the reservoir sub-area can potentially be buried by coarse sediment during the 11 
later stages of notching for this initial option, which may result in a decreased magnitude of suspended 12 
sediment concentration, but longer duration for sediment flushing. The potentially increased duration of 13 
high suspended sediment concentration under the condition of fine sediment burial, however, should still 14 
not exceed a full day based on the experiences during Marmot Dam removal, where substantially higher 15 
suspended sediment concentrations compared to background conditions lasted only about 10 hours. 16 

Although suspension of water diversion at Robles is likely needed for only a few hours during each gate 17 
opening event, water diversion suspension should be assumed to last a full day during each of the first 18 
four stages of notching and potentially the first week of the storm event for the fifth stage (to be 19 
comparable to IO-01). Therefore, a conservative duration of downstream  impact associated with total 20 
fine sediment mobilization (Phase I plus Phase II mass wasting) would be approximately eleven days over 21 
multiple years. All relatively large storms during the period 2002-2014 have high flow (between 1,000 cfs 22 
and 3,000 cfs) durations that surpass the estimated Phase I erosion duration.  This duration is approximate 23 
and is provided for comparison purposes only.  Further refinement of the fine sediment downstream 24 
impact duration will be provided in a subsequent phase of work. 25 

For the estimated duration of downstream fine sediment impacts described above, it is anticipated that 26 
diversions at Robles would need to be suspended. In addition, there is a potential for more long-term 27 
impacts to aquatic resources since the impact duration extends over multiple years. These impacts are 28 
described in more detail in Appendix A. 29 

3.4.3 Construction  Duration 30 

Early activities for each of the notching phases for this initial option would be similar to IO-3. These 31 
would include mobilizing and setting up a water treatment system that would be used to handle water 32 
from draining the reservoir and water from sump pumps located in the sediment excavation. A small 33 
cofferdam and temporary diversion system would be installed in the upstream reservoir area to divert 34 
summer flows from Matilija Creek around the sediment excavation area at the upstream face of the dam. 35 
Excavation and hauling of the fine sediment from the face of the dam is assumed to be performed using 36 
excavators and articulated off-highway trucks. The volume of sediment excavation is assumed to be about 37 
2,000 cy for the first notching phase and between 18,000 and 20,000 cy for each of the following 38 
notching phases. Where the excavated grade is found to be too weak to support the equipment, access 39 
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roads and working platforms would be constructed using coarse alluvium from upstream. These methods 1 
are currently being used to excavate fine sediment from the reservoir area of the Carmel River Reroute 2 
and Dam Removal Project. 3 

For each phase of notching, the portion of the dam above the notch would be demolished using a 4 
combination of wire sawing and drill and blast methods. For each phase following the initial notching 5 
phase, gates within the notches would be salvaged for reuse. The base of the portion of the dam being 6 
removed would be wire sawed and the dam above the wire saw cut would be drilled and blasted. The 7 
outline of the notches would be cut by wire saw and the concrete within the notch removed. The concrete 8 
rubble would be broken up using excavators with hoerams, loaded into highway legal dump trucks, and 9 
hauled to the concrete recycling plant. A reinforced concrete frame for the gates would be constructed 10 
within the notches and the gates installed using a crane from the downstream side of the dam. Following 11 
completion of installation of the gates the reservoir would be allowed to refill. 12 

The project would then wait for the large event for each phase of notching to occur. A decision-making 13 
process would need to be in place to determine when a predicted large storm would have enough certainty 14 
to give the go-ahead to lower the gates to allow the storm to flow through the notches unimpeded. 15 

The remaining portions of the dam above the Matilija Creek invert would be removed by drilling and 16 
blasting, breaking up the concrete rubble using excavators with hoerams, loading into highway legal 17 
dump trucks, and hauling to the concrete recycling plant during the in-channel season following the large 18 
storm event that passes the last phase of notching. 19 

A total of five construction seasons would be required; one prior to each of four successive large events 20 
and one following the last large event. The estimated schedule for construction is shown on Figure B-4 in 21 
Appendix B. Construction duration for IO-04, from start of construction to completion of removal of the 22 
dam would be in the range of fourteen to seventeen years. Projects with fewer notches would require less 23 
time with a two- notch project requiring an estimated six to nine years and a three-notch project requiring 24 
ten to thirteen years for completion. 25 

3.4.4 Range  of  Magnitude  Construction Cost 26 

A summary of the ROMCC for IO-4 using the same Project Categories as those for Alternative 4b in 27 
Section 2.3.2 is shown in Table 5. The individual items comprising each feature in the ROMCC for IO-4 28 
are shown in Table B-4 in Appendix B. 29 

  30 
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Table 5. Summary of Initial Option‐04 ROM Construction Costs 1 

Project Categories 
Construction Cost 

(2014) 
Low (-30%) High (+50%) 

Mobilization $3,500,000  
Site Preparation $1,400,000  
Sediment Components $600,000  
Slurry System Components $0  
Dam Removal Components $16,100,000  

Subtotal $21,600,000  
Contingency (30%) $6,400,000  

Subtotal $28,000,000  
Construction Contingency (15%) $4,200,000  

Total $32,200,000 $22,600,000 $48,400,000
   

A sub-alternative to IO-4 would be to implement the notching plan without gates. Removal of the gates 2 
from this option, including contingencies, would reduce the construction cost by $3,900,000. 3 

3.5 Initial Option – 05: Temporary Upstream Storage of Fine Sediment 4 

3.5.1 Initial  Option  Description 5 

The objective of this initial option would be to eliminate the need for a dredge-and-slurry system 6 
(associated with EIS/R Alternative 4b) by limiting release of accumulated sediment through partial 7 
handling and temporary stabilization within the reservoir. This could be accomplished by excavating a 8 
wide enough channel down to the pre-dam level from the dam to a point within the upstream reservoir 9 
that mobilization of sediment from the channel slopes would be no greater than during Phase II sediment 10 
transport for IO-1, IO-2, and IO-3. The excavated sediment would be temporarily stored in the reservoir 11 
area at elevations that would allow for transport during a three-year to ten-year or greater storm event. 12 
The dam would be demolished and removed during the same season the channel excavation is completed, 13 
such that fish passage would be restored through the site immediately after construction (in comparison to 14 
the other initial options, which require “waiting” for a large event to transport the majority of 15 
accumulated sediment and establish a fish passage channel).  16 

The intent of the temporary stabilization would be to prevent frequent mobilization of fine sediment 17 
during low flows, and wait for a larger high transport storm to mobilize as much of the accumulated 18 
sediment as possible in one event. 19 

The following major features would be implemented and are shown conceptually in Figure 8: 20 

 Channel excavation 21 

 Removal of dam 22 
  23 
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Major features are discussed in more detail below. 1 

3.5.1.1 Channel Excavation 2 

A channel would be excavated along the pre-dam Matilija Creek thalweg with the channel bottom being 3 
approximately 100 feet wide. The channel alignment will be refined in a future phase of work to 4 
maximize it’s function and stability.  The side slopes in the fine sediment (between the dam and roughly 5 
Station 101+00) would be about 5H:1V, while the side slopes in the coarse sediment (roughly upstream of 6 
Station 101+00) would be 3H:1V. This channel configuration is likely wider than might occur during 7 
Phase I sediment transport for IO-1, IO-2, and IO-3. Channel excavation would require dewatering of the 8 
reservoir as well as dewatering of the sediment to the extent possible. The fine sediment is likely to be 9 
difficult to dewater due to the fine-grained characteristics of the reservoir sediment (average 85 percent 10 
finer than 0.074 mm and 35 percent finer than 0.005 mm). Effective dewatering of this sediment typically 11 
requires vacuum wells or wellpoints placed at a relatively close spacing. Even after dewatering, the fine 12 
sediment would typically retain significant moisture, making these materials difficult to excavate and 13 
handle. Following excavation, the fine sediment would be laid out in thin lifts in a drying area to be 14 
moisture conditioned by discing. The moisture conditioned fine sediment would then be transported again 15 
and placed in the temporary storage areas. 16 

Selection of temporary storage areas for this initial option first considered the storage sites that were 17 
included in Alternative 4b. The Alternative 4b lower storage sites would be utilized in IO-5 by the fine 18 
sediment that will remain outside of the channel slopes following excavation. Storing any significant 19 
volume of additional material on top of these slopes of weak material would be challenging and was 20 
assumed to be infeasible. The total capacity of the two largest Alternative 4b upper storage sites, 21 
assuming 3H:1V side slopes, was determined to range between 0.7 mcy to 1.3 mcy depending on the top 22 
elevation of the storage sites (see Figure 9).  23 

Because the upper sites alone do not have sufficient capacity to accommodate the excavated sediments 24 
from IO-05, additional storage areas are required, either across the channel or upstream of the reservoir 25 
(see Figure 10). For this reason, the USA storage sites11 were also considered. The combination of 26 
Alternative 4b upstream storage sites and USA sties similarly was not sufficient to dispose of the total IO-27 
05 excavated sediment volume. 28 

In order to limit overall disposal site footprints, the USA sites were sized as shown on Figure 8, to have a 29 
capacity approximately equal to the excavated material volume of materials for IO-5. Temporary storage 30 
areas would be constructed with base elevations that would be within the 3-year to 10-year flood levels to 31 
allow for downstream sediment transport during storms exceeding a 3-year to 10-year storm event. While 32 
long term erosion of the temporary storage areas would be a source of sediment, the incremental increase 33 
in suspended sediment loads from the storage areas during flooding would be small. 34 

The top areas of the temporary sediment storage areas would be temporarily stabilized with seeding and 35 
matting (if needed) to prevent overland and rill/gully erosion during smaller rainfall events. 36 

                                                      
11 The USA sites are upstream storage areas that were proposed by the USACE in 2008 as alternative storage areas 
to the Alternative 4b Baldwin Road Disposal Area sites. 
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 1 

Figure 8.  Initial Option 05 – Temporary Upstream Storage of Fine Sediment 2 

Canyon Floor 

DATA	SOURCES:	
1. Streams:		National	Hydrography	Dataset	
2. Roads:	ESRI	
3. Topography	along	Matilija	Stream	Corridor:		2005	VCWPD	LIDAR	
4. Background	topography:	10‐m	USGS	DEM	
5. Imagery:	USBR	
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 1 

Figure 9. Upstream Storage Areas from Alternative 4b 2 

 3 

Figure 10. Combination of Upstream Storage Areas from Alternative 4b and USA 4 

3.5.1.2 Dam Removal 5 

Following excavation of the channel, the dam would be removed in its entirety. The dam would likely be 6 
demolished using blasting methods with the concrete being broken up and hauled to a recycling plant. 7 

3.5.2 Fine  Sediment  Mobilization 8 

Under this initial option the majority of the fine sediment subject to Phase I erosion would be removed 9 
from the reservoir deposit, and thus suspended sediment concentrations following dam removal are 10 
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expected to be substantially lower than the previous initial options during the first high flow event. High 1 
suspended sediment concentration is still expected following dam removal when the discharge in the 2 
creek is low (i.e., a few cfs), because some erodible sediment would be left in the reservoir despite the 3 
best excavation efforts. If the fine sediment placed in temporary upstream storage can be released during 4 
a 10-year or greater storm event as planned, the suspended sediment concentration may be increased 5 
substantially for short periods of times during the storm event while the excess fine sediment is being 6 
delivered to the river by mass wasting. Averaged over the entire storm event, however, the increase in 7 
suspended sediment concentration should be relatively mild compared to the background conditions 8 
(assuming sediment erosion does occur only during a 10-year or greater storm event) because loads will 9 
already be high given the high sediment yield from the upper Matilija Creek watershed (420,000 metric 10 
tons per year on a long-term averaged basis, of which most is delivered in large, decadal to multi-decadal 11 
storms). 12 

Impacts to Robles diversion associated with fine sediment mobilization are expected to be minimal, while 13 
there will likely be short-term impacts to downstream aquatic resources (see discussion in Appendix A). 14 

3.5.3 Construction  Duration 15 

Early activities for this initial option would include mobilizing and setting up a water treatment system 16 
that would be used to handle water from draining the reservoir and water from dewatering wells and sump 17 
pumps located in the sediment excavation. A small cofferdam and temporary diversion system would be 18 
installed upstream of the reservoir area to divert summer flows from Matilija Creek around the excavation 19 
area. Dewatering wells that would extend through the fine sediment into the underlying alluvium through 20 
the reservoir area and shallower vacuum wells or wellpoints in the fine sediment would be installed and 21 
operated to draw the phreatic surface in the reservoir sediment down below the excavation grade. The fine 22 
sediment would not be anticipated to dewater significantly and would remain at a high moisture content. 23 

Excavation and hauling of the fine sediment is assumed to be performed using excavators and articulated 24 
off-highway trucks during three in-channel construction seasons12 working two shifts a day. Where the 25 
excavated grade is found to be too weak to support the equipment, access roads and working platforms 26 
would be constructed using coarse alluvium from upstream. These methods are currently being used to 27 
excavate fine sediment from the reservoir area of the Carmel River Reroute and Dam Removal Project. 28 
Coarse sediment would be excavated using scrapers. Excavation of the sediment is assumed to be 29 
performed during two shifts each day given the large volume required to be removed. 30 

The dam would be penetrated at elevations consistent with the amount of sediment that would be removed 31 
during each construction season to allow the reservoir to drain to near the excavated sediment level – thus 32 
minimizing the amount of dewatering that would be needed to restart excavation. 33 

The dam would be removed down to the Matilija Creek invert during the last season of excavation by 34 
drilling and blasting, breaking up the concrete rubble using excavators with hoerams, loading into 35 
highway legal dump trucks, and hauling to the concrete recycling plant. 36 

                                                      
12 Some additional sediment would be deposited during the rainy season between construction seasons. If a high 
flow event were to occur, a significant amount of sediment could fill the area excavated during the previous 
construction season. 
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A total of three construction seasons would be required for this initial option. The estimated schedule for 1 
construction is shown on Figure B-5 in Appendix B. Construction duration for IO-05, from start of 2 
construction to completion of removal of the dam would be three years. 3 

3.5.4 Range  of  Magnitude  Construction Cost 4 

A summary of the ROMCC for IO-5 using the same Project Categories as those for Alternative 4b in 5 
Section 2.3.2 is shown in Table 6. The individual items comprising each feature in the ROMCC for IO-5 6 
are shown in Table B-5 in Appendix B. 7 

Table 6. Summary of Initial Option‐05 ROM Construction Costs 8 

Project Categories 
Construction Cost 

(2014) 
Low (-30%) High (+50%) 

Mobilization $8,200,000  
Site Preparation $3,200,000  
Sediment Components $29,400,000  
Slurry System Components $0  
Dam Removal Components $9,700,000  

Subtotal $50,500,000  
Contingency (30%) $15,100,000  

Subtotal $65,600,000  
Construction Contingency (15%) $9,900,000  

Total $75,500,000 $52,800,000 $113,200,000
   

There is a risk that excavation of the reservoir sub-area sediment by mechanical means might prove to be 9 
infeasible following additional geotechnical characterization and analyses. In that case, excavation of 10 
about 1.7 mcy of sediment from the reservoir sub-area would need to be removed using slurry dredging 11 
methods. The slurry material would be transported to an upstream staging area, run through a rapid 12 
dewatering system, and hauled and placed in a temporary upstream storage area. The additional cost of 13 
slurry dredging of the sediment over mechanical removal of the sediment for this initial option, including 14 
contingencies, would be $26,000,000. 15 

  16 
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3.6 Initial Option – 06: Downstream Slurry and Temporary Upstream Storage of 1 

Fine Sediment 2 

3.6.1 Initial  Option  Description 3 

The objective of this initial option would be to remove the fine sediment using a combination of phased 4 
slurry dredging, mechanical excavation, and natural transport that reduces costs relative to dredging and 5 
drying all fine sediment at the Baldwin Road Disposal Area (BRDA) sites located about five miles 6 
downstream of the dam. The apparently most organic-laden portion of the fine sediment (where methane 7 
gas was encountered during drilling in 2001) would be slurry dredged and transported by slurry pipeline 8 
down to BRDA to avoid this organic material entering the Robles diversion and Lake Casitas. A starter 9 
channel through the remaining fine sediment downstream of the area of organic-rich sediment would be 10 
slurry dredged and transported to temporary upstream storage areas at elevations that would allow for 11 
transport during a 10-year or greater storm event. A starter channel upstream of the organic-rich sediment 12 
would be mechanically excavated and also hauled to temporary upstream storage areas. The dam would 13 
be demolished during the final season of sediment excavation.  14 

The following major features would be implemented and are shown conceptually in Figure 11: 15 

 Fine sediment removal 16 

 Channel excavation in delta sub-area sediment 17 

 Removal of dam 18 

Major features are discussed in more detail below. 19 

3.6.1.1 Fine Sediment Removal 20 

A portion of the fine sediment in the reservoir and delta sub-areas would be removed by a combination of 21 
slurry dredging (roughly 1.4 million cubic yards (MCY) or 870 acre-feet), mechanical removal (roughly 22 
0.4 MCY or 250 acre-feet), and the remainder by natural transport. Fine sediment removal in the reservoir 23 
sub-area would be by slurry dredging. Conceptually, slurry operations would be performed during the dry 24 
season over two years with approximately 700,000 cy (430 acre-feet) of sediment being removed each 25 
year. Dredging would start at the beginning of the in-channel construction season to take advantage of 26 
end of the rainy season flows in Matilija Creek to slurry dredge an initial 90,000 cy (55 acre-feet) of 27 
sediment from the reservoir. After inflows have dropped to minimum required release levels, the 28 
approximate 500 acre-feet of water storage remaining behind the dam would be used to slurry dredge an 29 
estimated 375 acre-feet of sediment13. Slurry from the dredging operation would be processed through a 30 
high density thickener at the BRDA sites resulting in a thicker pumpable paste and through a rapid 31 
dewatering system at the temporary upstream storage areas that would produce stackable sediment. Water 32 
recovered from both the thickening process and rapid dewatering process would be pumped back to the 33 
reservoir for reuse. The storage capacity of the reservoir at the beginning of dredging during the second 34 

                                                      
13 The estimated in‐situ volume of sediment dredged assumes slurry of 12 to 15 percent solids by volume, a rapid 
dewatering system to thicken the slurry to a similar in‐situ condition of about 45 percent solids by volume, and a 
25 percent loss of water return from the dewatering process during dredging. 
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season would increase due to sediment removed during the previous season14. However, the reservoir 1 
storage level for dredging in any season might require adjustment based on considerations of the dredging 2 
equipment being used and dewatering of a portion of the reservoir for mechanical channel excavation. 3 

Sediment from the organic rich area (roughly 1.0 MCY or 620 acre-feet) would be transported via 4 
pipeline to the high density thickener located at BRDA Site 1, and subsequently pumped for temporary 5 
disposal at BRDA Sites 1 and 2. Sediment from downstream of the organic rich area (roughly 0.4 MCY 6 
or 250 acre-feet) would be transported upstream via pipeline to a rapid dewatering process area, and 7 
subsequently dewatered and hauled by truck for temporary disposal in upstream storage areas. In the 8 
temporary upstream storage areas, the dewatered slurry would be spread, further moisture conditioned, 9 
mixed with sediment from the channel excavation in the delta sub-area, and nominally shaped and 10 
compacted to blend into the topography.  11 

During the first year of construction, a gated penetration would be constructed in the dam that would 12 
facilitate lowering the reservoir level following each of the two seasons of dredging from the current 13 
notch invert of 1,095 feet to a lower level consistent with the dredged sediment level. During the wet 14 
season, the gate would be closed and the reservoir allowed to refill and spill, to maximize the water 15 
available for dredging following the wet season.  16 

3.6.1.2 Channel Excavation in delta sediment 17 

Channel excavation through the delta sub-area sediment using mechanical excavation would occur during 18 
the latter half of each construction season with slurry dredging. Dewatering of these sediments would be 19 
facilitated by lowering of the reservoir due to loss of water during the dredging operation throughout the 20 
season. Excavated delta sediment materials would be mixed with dried fine sediment and placed in 21 
temporary storage areas in the upstream reservoir. Temporary storage areas would be shaped and 22 
integrated into the natural landscape but would be subject to mobilization during 10-year or greater storm 23 
events.  The channel through the delta sub-area would have a grade that is steeper than the grade of the 24 
sediment upstream and the channel through the reservoir sub-area downstream to the dam and would be 25 
temporarily stabilized using coarse alluvial materials containing gravel, cobbles, and boulders from the 26 
upstream end of the reservoir area to prevent mobilization of underlying fine sediments during low flows. 27 

Channelization through the upstream portion of the reservoir area would be allowed to form naturally 28 
through transport of coarse sediment to the downstream reaches. Fish passage during the channelization 29 
process may need to be monitored. Where necessary, construction equipment may need to be mobilized 30 
following large events to dislodge debris jams or boulders that block fish passage. 31 

3.6.1.3 Dam Removal 32 

Following excavation of the organic rich fine sediment and channels in the remaining reservoir and delta 33 
sub-area sediment, the dam would be removed in its entirety. The dam would likely be demolished using 34 
blasting methods, with the concrete being broken up and hauled to a recycling plant. 35 

                                                      
14 Some additional sediment would be deposited during the rainy season between construction seasons. If a high 
flow event were to occur, a significant amount of sediment could fill the area dredged during the first construction 
season. 
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 1 

Figure 11.  Initial Option 06 – Downstream Slurry and Temporary Upstream Storage of Fine Sediment 2 

Canyon Floor 

BRDA  
Sites 

DATA	SOURCES:	
1. Streams:		National	Hydrography	Dataset	
2. Roads:	ESRI	
3. Topography	along	Matilija	Stream	Corridor:		2005	VCWPD	LIDAR	
4. Background	topography:	10‐m	USGS	DEM	
5. Imagery:	USBR	



    Initial Options Screening   

URS Corporation & Stillwater Sciences    42 

3.6.2 Fine  Sediment  Mobilization 1 

Under this initial option the majority of the fine sediment subject to Phase I erosion would be removed 2 
from the reservoir deposit, and thus suspended sediment concentrations following dam removal are 3 
expected to be substantially lower than the previous initial options during the first high flow event.  High 4 
suspended sediment concentration is still expected following dam removal when the discharge in the 5 
creek is low (i.e., a few cfs), because some erodible sediment would be left in the reservoir despite the 6 
best excavation efforts.  If the fine sediment placed in temporary upstream storage can be released during 7 
a 10-year recurrence storm event or greater as planned, the suspended sediment concentration may be 8 
increased substantially for short periods of time during the storm event while the excess fine sediment is 9 
being delivered to the river by mass wasting.  Averaged over the entire storm event, however, the increase 10 
in suspended sediment concentration should be relatively mild compared to the background conditions 11 
because loads will already be high given the high sediment yield from the upper Matilija Creek watershed 12 
(420,000 metric tons per year on a long-term averaged basis, of which most is delivered in large, decadal 13 
to multi-decadal storms). 14 

Impacts to Robles diversion associated with fine sediment mobilization are expected to be minimal, while 15 
there will likely be short-term impacts to downstream aquatic resources (see discussion in Appendix A). 16 

3.6.3 Construction  Duration 17 

The initial in-channel construction season for this initial option would be used to prepare the BRDA Sites 18 
1 and 2 and the temporary upstream storage sites for excavation activities during the following year. Site 19 
preparation activities would include clearing of the pipeline corridor and containment pond areas, 20 
construction of the slurry and recaptured water pipelines from the dam to the BRDA sites, and 21 
construction of the containment dikes at the BRDA sites. The temporary upstream storage areas would 22 
also be cleared and a small cofferdam and temporary diversion system would be installed in the upstream 23 
reservoir area to divert summer flows from Matilija Creek around the delta sediment excavation area into 24 
the reservoir pool. 25 

Dredging of the fine sediment from the reservoir area would commence at the beginning of the in-channel 26 
construction season during the second and third years of construction and would continue until the water 27 
level in the reservoir drops to the point where dredging operations can no longer continue. 28 

Excavation of the fine sediment from the delta area is assumed to be performed using large excavators 29 
and articulated off-highway trucks later in each season after the reservoir water level has dropped due to 30 
loss of water from the dredging operation. Where the excavated grade is found to be too weak to support 31 
the equipment, access roads and working platforms would be constructed using coarse alluvium from 32 
upstream. These methods are currently being used to excavate fine sediment from the reservoir area of the 33 
Carmel River Reroute and Dam Removal Project. Armoring of the invert and sides of the portion of the 34 
channel through the delta area would follow excavation of the channel. 35 

The dam would be removed down to the Matilija Creek invert during the last season of excavation by 36 
drilling and blasting, breaking up the concrete rubble using excavators with hoerams, loading into 37 
highway legal dump trucks, and hauling to the concrete recycling plant. 38 
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A total of three construction seasons would be required for this initial option. The estimated schedule for 1 
construction is shown on Figure B-6 in Appendix B. Construction duration for IO-06, from start of 2 
construction to completion of removal of the dam would be three years. 3 

3.6.4 Range  of  Magnitude  Construction Cost 4 

A summary of the ROMCC for IO-6 using the same Project Categories as those for Alternative 4b in 5 
Section 2.3.2 is shown in Table 7. The individual items comprising each feature in the ROMCC for IO-06 6 
are shown in Table B-6 in Appendix B. 7 

Table 7. Summary of Initial Option‐06 ROM Construction Costs 8 

Project Categories 
Construction Cost 

(2014) 
Low (-30%) High (+50%) 

Mobilization $8,200,000  
Site Preparation $1,700,000  
Sediment Components $5,500,000  
Slurry System Components $25,000,000  
Dam Removal Components $9,700,000  

Subtotal $50,100,000  
Contingency (30%) $15,000,000  

Subtotal $65,100,000  
Construction Contingency (15%) $9,800,000  

Total $74,900,000 $52,400,000 $112,400,000
   

  9 
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4.0 Results Summary 1 

Table 8 summarizes the screening scores for construction cost, construction duration (from mobilization 2 
for the first construction season through completion of full dam removal), fine sediment mobilization, as 3 
well as overall scores and ranks for each initial option (1 = least cost, shortest duration, and least impact). 4 
In addition, risks and other considerations are noted for each of the initial options. 5 

As shown in Table 8, IO-02 has the lowest estimated construction cost at about $19M, with dam removal 6 
activities as the primary cost driver. IO-03 had the second lowest estimated construction cost, with dam 7 
removal and gate material/installation as the primary drivers. IO-01 had a relatively higher estimated cost 8 
than IO-04 due to the effort associated with the bypass tunnel construction. IO-05 and IO-06 have the 9 
highest estimated construction cost at about $75M. The highest cost options were typically driven by the 10 
estimated cost associated with removal (excavation or dredging) and placement of accumulated sediment. 11 

IO-02 and IO-03 have the shortest estimated construction duration at two to five years. The actual 12 
construction activities associated with these two initial options would occur over two separate 13 
construction seasons, with the period in between being a function of storm frequency. IO-04 has the 14 
highest estimated construction duration at fourteen to seventeen years, which is a function of having to 15 
wait for multiple large storms which would need to be separated by dry season construction activities. 16 

IO-05 would have the lowest downstream impact associated with fine sediment mobilization and 17 
relatively low risks of high suspended sediment loads entering the downstream creek/river system. This is 18 
due to the fact that the majority of the accumulated fine sediments is removed from the active river 19 
channel and either temporarily or permanently stored within the creek valley, causing only incremental 20 
increases in suspended sediment during large storms. IO-06 has a similarly low effect on downstream 21 
suspended sediment concentrations, but has the additional risk of buried fines being exposed and 22 
mobilized during lower flows.   23 

IO-01, IO-02 and IO-03 have similar scores for fine sediment mobilization since these three initial options 24 
utilize one large storm to mobilize the majority of the accumulated fine sediment.  Their scores shown in 25 
Table 8 are a function of the risks associated with each option. 26 

IO-04 has the highest impact due to elevated suspended sediment concentrations occurring over multiple 27 
storms and notching phases. 28 

Overall, IO-02 and IO-03 rank relatively higher than other initial options considering unweighted 29 
rankings in the three screening categories. The higher estimated cost associated with IO-03 relative to IO-30 
02 is offset by the ability to include trash racks and the flexibility provided by the gates to close the dam 31 
orifice.   32 

IO-04 ranks relatively lower than other initial options considering rankings in the three screening 33 
categories. This is due to the significantly longer construction duration relative to other initial options, 34 
and the relatively higher downstream impacts associated with elevated suspended sediment 35 
concentrations.36 
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Table 8. Summary of Results for Screening of Initial Options 

Initial 
Option 

Range of Magnitude Construction Cost 
(ROMCC)1 

        (‐30%)              Estimate              (+50%) 
Construction Duration Fine Sediment Mobilization & Associated Downstream Impacts Total Screening Score and Risks/Comments 

IO-01 

$28,700,000      $40,900,000      $61,400,000 
 

 

4 
3 to 6 years 

 
 

3 
Approximately 7 days of elevated suspended sediment concentrations during 1 
high flow event 
 Associated downstream impacts to Robles diversion and aquatic resources 
 Most effective of the full natural transport options (IO-1 through IO-4) 

3
Total Score Rank is Third 

Risks: 

 Large storm event breaches cofferdam but is smaller/shorter than expected 
leading to greater water quality problems until next large storm 

 Uncertainty associated with increased erosion resistance due to the loss of 
water content in fine sediments while waiting for the designated high-flow 
event 

10 

   
 

IO-02 

$13,500,000      $19,300,000      $28,900,000 
 
 

1 
2 to 5 years 

 
 

1 
Approximately 7 days of elevated suspended sediment concentrations during 1 
high flow event 
 Associated downstream impacts to Robles diversion and aquatic resources 
 Flows greater than orifice capacity would result in less sediment removal than 

same storm in IO-01 
 Possible that debris could block tunnels reducing effectiveness 

5
Total Score Rank is First 

Risks: 

 Timing of blasting of plug with storm would require significant 
coordination and would involve some level of risk 

 Large storm is smaller/shorter than expected leading to greater water 
quality problems until next storm 

7 

    

IO-03 

$20,900,000      $29,900,000       $44,800,000 
 

 Add $3,200,000 to estimate if dredging 
used to excavate sediment in front of dam 
instead of mechanical excavation 

2 
2 to 5 years 

 
 Construction duration 

would be 6 to 9 years a 
second high flow event 
was selected to pass 
through the reservoir 
before dam removal 

1 
Approximately 7 days of elevated suspended sediment concentrations during 1 
high flow event 
 Associated downstream impacts to Robles diversion and aquatic resources 
 Some flows on descending limb could be diverted 
 Flows greater than orifice capacity result in less sediment removal than IO-01 
 Gate allows for flexibility to re-create reservoir and wait for another large 

storm to mobilize additional fine sediment 
 Well-designed trash racks could make IO-03 less susceptible to blockage than 

IO-02, but debris blockage is still a risk 

4
Total Score Rank is First 

Risks: 

 Additional sediment will be trapped in the reservoir during seasons 
between construction completion and large storm events when gates are 
opened 

7 

   

 

IO-04 

$22,600,000      $32,200,000      $48,400,000 
 

 Remove $3,900,000 from estimate if 
notches are not gated 

3 
14 to 17 years 

 
 

6 
Approximately 11 days of elevated suspended sediment concentrations over 4 
high flow events 
 Associated downstream impacts to Robles diversion and aquatic resources 
 Some flows on descending limb could be diverted 

6
Total Score Rank is Sixth 

Risks: 

 Longer overall implementation duration for greater risk of drought and 
associated implementation delay 

15 

    

IO-05 

$52,800,000     $75,500,000      $113,200,000 
 

 Add $26,000,000 to estimate if dredging 
used to excavate sediment in front of dam 
instead of mechanical excavation 

6 
3 years 

 
 Late storms could delay 

channel excavation 
resulting in an 
additional year of 
construction  

5 
Minimal increase in suspended sediment concentrations 
 Minimal downstream impacts to Robles diversion and aquatic resources 
 Wide excavated channel with upstream temporary disposal should result in 

only incremental increases in suspended sediment 

1
Total Score Rank is Fifth 

Risks: 

 Mechanical removal of fine sediments may be problematic, increasing 
costs by an estimated 34 percent. 

 Additional sediment will be trapped in the reservoir during multiple season 
construction 

12 

   
 

IO-06 $52,400,000      $74,900,000      $112,400,000 
 
 

5 
3 years 

 
 

4 
Minimal increase in suspended sediment concentrations 
 Minimal downstream impacts to Robles diversion and aquatic resources 
 Majority of fine sediments removed with a portion placed upstream for 

temporary disposal;  incremental increases in suspended sediment 
 Risks associated with steeper channel excavation and potential for mobilization 

of underlying fine sediment during low flows  

2
Total Score Rank is Fourth 

Risks: 

 Additional sediment will be trapped in the reservoir during multiple season 
construction 

 Steeper channel excavation and potential for mobilization of underlying 
fine sediment during low flows 

11 

    

1 For comparison, Alternative 4B construction costs for similar components was approximately $115M 
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5.0 Limitations 1 

The services presented herein were conducted in a manner consistent with the standard of care ordinarily 2 
applied as the state of practice in the profession in developing the initial options and their associated 3 
construction costs, given the amount of existing site and design information available at the time of 4 
preparation of this report.  No other warranties, either expressed or implied, are included or intended in 5 
this document. 6 

This report is conceptual or preliminary in nature and is not to be used as the sole basis for final design or 7 
construction, or as a basis for major capital decisions.  Further preliminary detailed design should be 8 
performed prior to such decisions. 9 

Some background information, design bases, and other data have been furnished to URS by the U.S. 10 
BOR, CMWD, Ventura County and/or third parties, which URS has used in preparing this report.  URS 11 
has relied on this information as furnished, and is neither responsible for nor has confirmed the accuracy 12 
of this information.  13 
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A1.0 Objective & Background 

A1.1 Objective 

The objective of this technical appendix is to provide an understanding of fine sediment transport 

through the Ventura River system, and to analyze potential impacts from fine sediment erosion 

and transport from Matilija Reservoir following Matilija Dam removal for the six initial options 

summarized in the main report. 

Potential impacts due to the release of fine sediment following Matilija Dam removal are 

primarily associated with increased suspended sediment concentrations. These impacts include:  

• Both short-term and long-term increases in suspended sediment concentration, which 

may negatively impact aquatic biota, injuring or killing fishes or other aquatic animals 

and plants 

• Increases in suspended sediment concentration that may cause operational difficulties for 

water diversion at Robles Diversion Dam 

• Potentially high organic content in suspended sediment, which could cause long-term 

water quality problems if diverted to Casitas Lake.   

These potential impacts are discussed in detail for each of the six initial options in the sections 

below.   

In addition to the potential impact due to high suspended sediment concentrations, there have 

been previous concerns with the potential for fine sediment infiltrating into the alluvium of the 

river bed in downstream reaches that could result in decreased conductivity for groundwater wells 

and infiltration galleries.  BOR (2006, p. 202), however, concluded that silt and clay will not 

enter into the groundwater aquifer, which is consistent with recent research (Wooster et al. 2008; 

Cui et al. 2008), which finds that interaction of silt and clay with the coarse channel bed will be 

limited to the surface layer, and any fine sediment deposited on the surface can be washed clean 

once there is a high flow event.  The shallow infiltration of fine sediment into gravel deposit is 

also in agreement with field observations such as Frostick et al. (1984) and Beschta and Jackson 

(1979).  While some early literature suggested a deeper infiltration of fine sediment into a coarse 

deposit that could potentially impact the aquifer, Cui et al. (2008) have pointed out the flawed 

assumption employed in their theoretical analysis and the limitation in their flume experiment; 

replacing their flawed assumption with a correct one yields conclusions in agreement with those 

of others.  As a result, this appendix will be focused only on the potential impact from high 

suspended sediment concentration in the water column, with some preliminary considerations of 

high organic carbon concentration in the surface waters. 

A1.2 Background 

As discussed in Stillwater Sciences (2014a), the entire Ventura River system is strongly seasonal 

and highly episodic, with long periods of low flow punctuated by moderate to extremely high 
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discharges. Presently, measurable flow is commonly experienced in both systems, as summarized 

in Figure A-1.  Individual years (2002-2014, for both graphed gages) are shown by faint gray 

lines, while the 12-year average is highlighted by the blue line. Low but non-zero flows occur 

more than 90% of the time in both systems; in particular, flows of sufficient magnitude to 

facilitate fish passage are nearly ubiquitous on Matilija Creek. 

 

 

Figure A-1. Flow-duration curves for Matilija Creek (left) and Ventura River (right), as graphed 

by Colorado State University’s on-line Environmental Risk and Management System 

(www.erams.com/) 
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Sediment delivery from the watershed of Matilja Creek is high, with the total average rate on the 

order of 400,000 cubic yards (cy)/year (yr), and with potentially more than 5-10 times that 

volume delivered in an exceptional year (of which five have likely occurred since the mid-20
th
 

century; Stillwater Sciences, 2014b). BOR (2006) echoes prior estimates that 90% or more of that 

watershed-delivered material is silt-sized and finer, travelling in suspension.  

Roughly one-third of the total sediment load has been trapped behind Matilija Dam, based on the 

long-term rate of sediment accumulation in the reservoir (about 120,000 cy/yr; see Figure 4 of 

Stillwater Sciences 2014b), of which approximately 54% of the sampled deposit is sand and 

gravel, and 46% is silt-sized and smaller (Table 2, Stillwater Sciences 2014b; data from BOR 

2006). This yields the values in the left-hand column of Table A-1.  

Assuming that the trap efficiency of the reservoir is (and always has been) 100% for coarse 

sediment, then the rate of coarse sediment flux in the post-dam era (right-hand column, Table A-

1) must equal that calculated from the accumulated sediment (left-hand column, Table A-1). 

Given a total watershed bulk sediment delivery rate of 400,000 cy/yr, the rate of fine-sediment 

delivery is over 335,000 cy/yr, indicating a [fine sediment]:[total sediment] ratio of 84%, 

reasonable for such steep terrain but nonetheless slightly lower than “typical” expected values. 

These values also indicate that the overall trap efficiency of the reservoir for fine sediment has 

been 16% when averaged over the entire history of the dam—likely higher initially, and 

approaching zero at present. 

In summary, these considerations yield the following mass balance for the sediment load of 

Matilija Creek, expressed in bulk volumes of sediment as averaged over the period 1947–2005 

(Table A-1). 

Table A-1: Mass Balance for the Sediment Load of Matilija Creek 

 Average rate of 

deposition behind 

dam,  

1947-2005 (cy/yr) 

Average 

downstream 

delivery, 

1947-2005 (cy/yr) 

Average 

downstream 

delivery,  

post-dam (cy/yr) 

 Coarse sediment 

(sand and gravel) 
65,000 0 (assumed) 65,000 

Fine sediment  

(silt and clay) 
55,000 280,000 335,000 

 

Between the period 1947-2005 and the post-dam period, there will be an approximate 20% 

increase in fine sediment load going downstream on average over 59 years.  However, since the 

reservoir is currently trapping very little fine sediment, the post-dam period should be fairly 

consistent with the most recent conditions.  Thus, there will likely be minimal increase in fine 

sediment load in a post-dam-removal future. In contrast, the increased flux of coarse sediment 
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would be substantial, and likely exceed that of the present contribution from the North Fork 

Matilija Creek by several-fold.  

Presently, suspended sediment concentrations on the mainstem Ventura River are commonly in 

the range of 1,000 mg/L (see Figure A-2) during flows commonly associated with diversion (i.e., 

100 to nearly 1,000 cfs, accounting for well more than half of the total diverted volume 1993-

2013); conversely, diversion is less common during discharges above several thousand cfs, 

associated with concentrations at or above about 8,000 mg/L. Between about 1,000 cfs and 3,000 

cfs, the data are insufficient to resolve whether diversion operations have been dependent on the 

observed level of suspended sediment. 

 

Figure A-2. Measured silt concentrations, an approximate surrogate for suspended sediment 

concentrations, measured at the Ventura River gage 11118500 over a range of low to 

moderate flows (highest plotted discharge ≈ 5-yr recurrence). Discharge values for the labeled 

>50% and <10% diversions taken from Figure A-1, above; data scatter reflects the order-of-

magnitude variability typical of measured suspended-sediment rating curves. Graph 

reproduced from BOR (2006, Figure 5.22). 
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A2.0 Potential Impacts from the Release of 

Fine Sediments 

The release of fine sediment in the reservoir and delta sub-areas (composed of 87% silt + clay and 

13% sand, which will be transported downstream primarily as suspended load) following Matilija 

Dam removal is strongly related to when and how the dam is removed.  Potential impacts from 

the release of fine sediment are discussed separately for each of the six initial options below, with 

IO-01 discussed in more detail and subsequent initial options discussed comparatively with 

previous discussed initial options.  For each initial option, a discussion of fine sediment transport 

dynamics is discussed first, followed by discussions of the likely impacts due to high fine-

sediment concentrations, including an extremely conservative estimate of suggested impact 

durations for planning purposes.  A brief discussion of the uncertainties associated with sediment 

transport dynamics for each initial option is also provided. 

A2.1 Initial Option - 01: Containment Berm with High Flow Bypass 

A2.1.1 Fine Sediment Transport Dynamics 

Under this scenario, fine sediment deposit within the “reservoir” and “delta” sub-areas (Figure A-

3) will be redistributed downstream and temporarily held by a containment berm once the dam is 

removed.  Following the breaching of the cofferdam during the designed high flow event, both 

the cofferdam and the containment berm will be quickly washed out, similar to the erosion of the 

cofferdam constructed for Marmot Dam removal project (Figure A-4), thus initiating the release 

of fine and coarse sediment downstream. 

There are two phases for the erosion of fine sediment deposit in the reservoir and delta sub-areas 

following breaching of the cofferdam, as discussed below: “Phase I” erosion, when the fine 

sediments in the reservoir and delta sub-areas are accessible to the flow (i.e., the flow is in direct 

contact with the fine sediment deposits) (Figure A-5b); and “Phase II” erosion, when fine 

sediment is no longer accessible to the flow (Figure A-5c). 

During Phase I erosion, the high-energy flow powered by the large discharge and steep gradient 

will cut through the fine sediment deposit quickly.  The critical shear stress estimated for the 

reservoir deposit, using the diagram provided in Pant (2013) with a bulk density of 1.2 metric 

tons per cubic meter (Stillwater Sciences 2014b), is slightly below 0.1 Pa.  In contrast, the 

estimated shear stress under a 1,700 cfs flow in Matilija Reservoir following dam removal is at 

least 73 Pa, almost three orders of magnitude higher than the estimated critical shear stress.  

Clearly, the flow will be able to erode the fine sediment without difficulty. 
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Figure A-3. Matilija Reservoir sediment profile, showing the general distributions of gravel, 

sand and silt/clay deposits in three regions: upstream channel, delta, and reservoir area.  

Diagram reproduced from Stillwater Sciences (2014b). 

 

Figure A-4. Photograph of Marmot sediment deposit erosion approximately 20 min after the 

cofferdam was breached at a discharge of approximately 50 m
3
/s (1,750 cfs), showing the 

quick erosion of the cofferdam and the sediment deposit.  The arrow points to the remaining 

portions of the cofferdam; flow direction is towards the camera (image courtesy of Bruce 

McCammon and US Forest Service). 
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Figure A-5. Sketches showing the two phases of fine sediment erosion.  (a) Current condition; 

(b) Phase I erosion when fine sediment is directly accessible to the flow, presenting a virtually 

unlimited supply of sediment with transport limited only by the capacity and rate of 

discharge; and (c) Phase II erosion when fine sediment is no longer directly accessible to the 

flow. 

 

The typical excess shear stress-based equations commonly used for calculation of sediment 

transport capacity is valid only for transport processes due to surface erosion, while the Phase I 

erosion will not be a surficial process.  Instead, the Phase I erosion of fine sediment will be 

governed by rapid gullying, followed by collapsing of banks and mass wasting, with the sediment 

generated from these processes being carried by the flow downstream.  The more reasonable 

relationships used to estimate the Phase I fine sediment erosion are a suite of empirical and semi-

empirical equations developed in the former Soviet Union and in China (as summarized in Chien 

and Wan 1991).   

Test application of these relationships to the Phase I erosion under 1,700 cfs discharge with four 

different equations yield a wide range of potential suspended sediment concentrations, from quite 

plausible (and observed) values of 1.4×10
6
 mg/L to outrageously large and impossible values of 

more than 3×10
9
 mg/L. 

1
  Because of the discrepancies in equations, the evaluation here relies on 

a relationship originally developed by Chang (1963) that has been supported by sufficient field 

and experimental data (Figure A-6). It predicts that suspended sediment concentration is a 

function of dimensionless parameter V
3
/(gHvs), in which V denotes average flow velocity, g 

denotes acceleration of gravity, H denotes water depth, and vs denotes settling velocity of 

sediment particles.  Under 1,700 cfs flow, a conservative estimate of parameter V
3
/(gHvs) is 

6.65×10
5
 (see Section A4.0 for details), which is out of the range of field and experimental data 

                                                      
1
  It is very likely that the unit for some of these equations were incorrectly assigned when the equations 

were translated from Russian to Chinese, resulting in values that are more than three orders of 

magnitude larger than possible. 

(a). Current condition

(b). Phase I erosion

(c). Phase II erosion

Coarse sediment or bedrock Fine sediment deposit

Fine sediment deposits left 

behind after Phase I erosion
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presented in Figure A-6.  Assuming an extrapolation of the field and experimental data to a 

higher range is valid, the suspended sediment concentration during Phase I erosion for IO-01 is 

estimated to be on the order of 1000 g/l, or 1×10
6
 mg/L. 

2
   

 

Figure A-6. Relation quantifying suspended sediment concentration and dimensionless 

parameter V
3
/(gHvs), originally presented in Chang (1963) and summarized in Chien and Wan 

(1991).  Figure legend provides the source of the data, including (from top to bottom): the 

Yangtze River, Yellow River, People’s Victory Canal, Qingtong Gorge Irrigation District, Sanmen 

Gorge Reservoir, Guanting Reservoir, flume data from Wuhan Institute of Water Conservancy, 

and flume data from Nanjing Water Conservancy Research Institute. 

Although the values of V
3
/(gHvs) for the data presented in Figure A-6 fall far short of levels 

needed to yield suspended sediment concentrations approaching 1×10
6
 mg/L, measured 

suspended sediment concentrations in excess of 1×10
6
 mg/L occur regularly in the Yellow River 

basin in China under natural conditions (Table A-2).  The highest measured natural suspended 

sediment concentration in the Yellow River basin was recorded as 1,570,000 mg/L (Chien 1989).  

These observations indicate that a suspended sediment concentration close to or higher than 

1×10
6
 mg/L during Phase I erosion as extrapolated using the data in Figure A-6 is not far-fetched.  

Field observations during sediment sluicing in Hengshan Reservoir, Shanxi Province, China over 

the period 1974-1982 (Table A-3) (Qi et al. 2010) also indicate that a 1×10
6
 mg/L suspended 

                                                      
2
  Although Chang (1963) and Chien and Wan (1991) did present the equation, the values of its two 

parameters were not provided.  As a result, the diagram provided in the reference and shown in Figure 

A-7 is used to determine the suspended sediment concentration. 
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sediment concentration is reasonable.  Note in Table A-3 the suspended sediment concentration 

during Hengshan Reservoir sediment sluicing not only reached 1×10
6
 mg/L range but also was 

sustained at high levels for more than 24 hours, with the mean suspended sediment concentration 

over the duration of the sluicing in excess of 400,000 mg/L in all the sluicing events except one 

(215,000 mg/L during 7/24/1982 sluicing event).  The relatively low mean suspended sediment 

concentration during the July 24, 1982 sluicing event, however, was likely the result of previous 

sluicing events that occurred less than two month earlier (May 28 and 29, 1982), with potential 

additional contribution from the higher discharge during the sluicing (13.7 m
3
/s, the highest 

among all the sluicing events) that might have elevated the pool level and thus reduced the 

erosion power of the flow. 

In addition to data and theory from China, observations of two dam removal projects here in the 

United States should also shed light on suspended sediment transport during IO-01 erosion. The 

first relevant dam removal project is Condit Dam on the White Salmon River in Washington, 

which was removed in October 2011 by blasting open a 5-m wide hole near the base of the dam 

to drain the reservoir and release the 1.8 million m
3
 of sediment.  Measured suspended sediment 

concentration in the White Salmon River downstream of Condit Dam reached 850,000 mg/L 

shortly after the opening of the hole near the base of the dam (Wilcox et al. 2014).  Sediment 

deposit in Condit Reservoir is similar to Matilija Reservoir in that both have a fine (silt and clay) 

bottomset deposit (i.e., the reservoir and delta sub-area deposits in case of Matilija Reservoir).  

As a result, the bottomset deposit erosion from Condit Reservoir during dam removal should 

provide us with useful information on the potential erosion and transport of reservoir and delta 

sub-area sediment deposit following Matilija Dam removal.  The topset deposits (the upstream 

channel sub-area deposit in the case of Matilija Reservoir) for the two cases, however, are 

completely different: the Condit topset deposit was composed primarily of sand-sized particles 

(60%) with a high fraction of silt and clay (35%), while the majority of the Matilija topset deposit 

is gravel (78%) and sand (16%), plus a very smaller fraction of silt and clay (6%).  The contrast 

between the topset deposits between the two cases will result in substantially different suspended 

sediment concentration during Phase II erosion, as discussed below. 
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Table A-2. List of the number of days when daily average suspended sediment concentration exceeded 400,000 mg/L in the Yellow River 

basin during the period of 1962 – 1971.  Table translated from Chien (1989). 

 

400,000 - 

600,000 

mg/l

600,000 - 

800,000 

mg/l

800,000 - 

1,000,000 

mg/l

> 1,000,000 

mg/l

Huang-Pu-Chuan Huang-Pu 22 18 12 4 56 1,480,000 1967

Ku-Ye-He Wen-Jia-Chuan 19 11 4 1 35 1,500,000 1964

Wu-Ding-He Shuan-Kou 34 19 3 56 1,290,000 1966

Qing-Jian-He Yan-Chuan 39 45 8 1 93 1,150,000 1964

Yan-Shui Gan-Gu-Yi 35 34 4 1 74 1,210,000 1963

Wu-Lan-Mu-Lun-Chuan Wang-Dao-Heng-Ta 3 3 3 1 10 1,510,000 1966

Xiao-Li-He Li-Jia-He 21 30 23 2 76 1,220,000 1963

Zhu-Jia-Chuan Hou-Gu Villiage 39 46 4 89 1,260,000 1964

Lan-Yi-He Pei-Jia-Chuan 20 4 24 923,000 1967

Qiu (Jiao)-Shui-He Lin-Jia-Ping 60 9 69 960,000 1965

San-Chuan-He Hou-Da-Chen 21 1 22 819,000 1969

Xin-Shui-He Da-Ning 22 22 741,000 1966

Wei River Qiu-Jia-Xia 17 4 21 939,000 1966

Wei River Nan-He-Chuan 29 4 33 811,000 1963

Wei River Hua-Xian 16 2 18 753,000 1968

San-Du-He Gan-Gu-Yi 61 31 92 980,000 1969

Hu-Lu-He Qin-An 37 4 41 905,000 1968

Jing-He Yang-Jia-Ping 34 1 35 875,000 1970

Jing-He Zhang-Jia-Shan 36 17 53 1,040,000 1963

Huan-Jiang Hong-De 57 82 74 1 214 1,130,000 1970

Pu-He Mao-Jia-He 49 10 59 992,000 1965

Luo-He River Luo-He River Fu-Tou 57 46 7 110 1,090,000 1967

Jing-He River 

Basin

Calendar 

Year 

Maximum 

Occurred

He-Long 

Region, West 

Bank 

Tributaries

He-Long 

Region, East 

Bank 

Tributaries

Total 

number of 

occurances 

> 400,000 

mg/l

Mainstem 

Wei River

Tributary to 

Wei River

Number of occurances with daily avearge 

suspended sediment concentration in the 

range of
Region River Station

Maximum 

Instantaneous 

(mg/l)
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Table A-3. Suspended sediment concentration in Tangyu River downstream of Hengshan Dam 

in Shanxi Province, China during Hengshan Reservoir sediment sluicing between 1974 and 

1982.  Table translated from Qi et al. 2010. 

Date of 

sluicing 

Sluicing 

duration 

(hours) 

Maximum 

discharge 

passing 

dam 

(m
3
/s) 

Mean 

discharge 

passing 

dam 

(m
3
/s) 

Maximum 

concentration 

(mg/L) 

Average 

concentration 

over the 

duration of 

sluicing 

(mg/L) 

7/28/1974 63.3 8.0 1.1 944,000 422,000 

8/8/1979 26.0 54.4 4.9 1,200,000 622,000 

8/9/1979 30.0 2.7 1.8 942,000 593,000 

5/28/1982 31.5 33.0 1.1 1,320,000 837,000 

5/29/1982 32.9 1.0 0.6 1,210,000 846,000 

7/24/1982
a
 19.3 36.3 13.7 1,200,000 215,000 

a This event occurred within two months of the May 1982 sediment sluicing events, which was likely a 

primary contributor to the significantly lower average suspended sediment concentration compared to 

other sluicing events; the significantly higher discharge (13.7 m3/s) might also have contributed to the 

lower suspended sediment concentration because the sluicing gate might not have been able to 

accommodate the flow as open channel flow, resulting in elevated reservoir pool level. 

 

Based on information provided in Wilcox et al. (2014), the Condit Reservoir bottomset deposit 

was approximately 600 m long and 10 m deep, and our estimated post-removal channel width in 

the bottomset deposit area from a small-scale aerial photograph provided in Wilcox et al. (2014) 

is approximately 25 m, resulting in a total bulk volume of 150,000 m
3
.  According to the estimate 

of Wilcox et al. (2014), approximately 160,000 m
3
 of sediment was evacuated from the reservoir 

area within 90 minutes following the opening of the hole at the base of the dam, meaning most, if 

not all, of the erodible bottomset sediment was eroded and transported downstream within less 

than 2 hours. 

As shown in Figure A-7, suspended sediment concentration peaked to 850,000 mg/L during the 

short-period of bottomset sediment erosion then decreased approximately exponentially for about 

7 weeks to reach a negligible level of 100 mg/L; after that, high suspended sediment 

concentration occurred only during high flow events. 

The 850,000 mg/L suspended sediment concentration during bottomset deposit erosion provides 

additional confidence of the early estimate that suspended sediment concentration will likely be 

in the 10
6
 mg/L range following cofferdam breaching for IO-01 of the Matilija Dam removal 

project.  The seven-week long exponential decreasing suspended sediment concentration 

following Condit Dam removal was the result of the erosion of topset deposit that released the 

35% silt and clay contained in that deposit.  The topset deposit in Matilija Reservoir (upstream 

channel area) contains minimal amount of silt and clay (6%), and as a result, the increased 

suspended sediment concentration associated with its erosion will likely be minimal, as discussed 

below in comparison with observations during the Marmot Dam removal project. 
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Figure A-7. Measured suspended sediment concentration in White Salmon River at 

approximately 2.3 km downstream of Condit Dam during Condit Dam removal, showing 

different phases of sediment erosion.  Suspended sediment data was provided by Wilcox et al. 

(2014). 

 

The second dam removal project that offers some insights relevant to Matilija is the Marmot Dam 

removal project (Figure A-4).  Unlike the Matilija Reservoir deposit, the bottomset sediment 

deposit in the Marmot impoundment was composed primarily of sand-sized particles and was 

completely buried under an approximately 15-ft-thick coarse sediment deposit.  Suspended 

sediment concentration peaked shortly after cofferdam breaching at approximately 37,000 mg/L 

(Cui et al. 2014).  The increased suspended sediment concentration was most likely due to the 

erosion of the cofferdam, in conjunction with the erosion of some of the initially buried bottomset 

fine sediment.  Suspended sediment concentration quickly receded after peaking, reaching the 

background level within about 10 hours following cofferdam breaching.  Other than the 10-hour 

increase in suspended sediment concentration immediately after cofferdam removal, only one 

mild increase (by approximately 1,000 mg/L, with background concentration as high as 7,000 

mg/L) was observed in the next high flow event. 
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It should be noted that the topset sediment deposit in the Marmot impound is very similar to that 

of the Matilija Reservoir
3
, indicating that increased suspended sediment concentration due to 

erosion of upper channel sub-area reservoir deposit following Matilija Dam removal will be 

minimal. 

Phase I erosion will likely erode only a portion of the fine sediment deposit from the reservoir 

area, because of a large deposit-to-channel-width ratio, as illustrated in Figure A-5.  The widths 

of the reservoir deposit in the reservoir and delta sub-areas are on the order of 250 m (800 ft), 

while the average active channel width just downstream of Matilija Dam is approximately 24 m, 

suggesting that the pre-Matilija Dam main channel was on the order of about 24 m wide at its 

bankfull depth, or approximately 17 m at its base assuming a trapezoidal channel with a bank 

slope of 35
o
 and bankfull depth of 2 m.  Measurements from aerial photographs in the Matilija 

Creek upstream of the reservoir influenced area indicate that a channel width on the order of 17 m 

is reasonable.   

An assumed channel geometry with a bottom width of 20 m and a bank slope of 35
o
, resulting in 

approximately a 25-m bankfull width, is applied below to estimate the duration of fine sediment 

erosion in Table A-4.  In addition to a 20-m channel width with 35
o
 bank slope assumption, Table 

A-4 also provided evaluation on a more conservative 30-m channel width with 30
o
 bank slope 

assumption, and the most extreme case of eroding all the fine sediment contained in the reservoir 

and delta sub-areas.  

Under the 20-m channel width with 35
o
 bank slope assumption, the Phase I fine sediment erosion 

will be accomplished in 10.2 hours assuming a 500,000 mg/L suspended sediment concentration 

or 6.0 hours assuming a 850,000 mg/L suspended sediment concentration (i.e., the same as 

Condit, which is slightly lower than the ~1,000,000 mg/L estimate from Figure A-6 as a 

conservative approach), eroding approximately 880,000 metric tons (960,000 cubic yards bulk 

volume) of sand and silt from the reservoir and delta sub-areas.  Under the more conservative 30-

m width with 30
o
 bank slope assumption, the Phase I fine sediment erosion will be accomplished 

in 13.5 hours assuming a 500,000 mg/L suspended sediment concentration or 8.0 hours assuming 

a 850,000 mg/L suspended sediment concentration, eroding approximately 1,170,000 metric tons 

(1,280,000 cubic yards bulk volume) of fine sediment from the reservoir deposit. 

 

                                                      
3
  It is reported that Matilija Reservoir topset deposit (upstream channel sub-area deposit) contains 6% 

silt and clay (BOR 2006), which is common for gravel deposits in natural rivers (e.g., Shaw and Kellerhals 

1982).  No silt and clay is reported in Marmot impoundment topset deposit, not because the deposit 

did not contain any silt/clay-sized particles but because the sediment samples were obtained through 

underwater boring cores that lost all the silt/clay-sized particles during their retrieval (as observed by 

one of the authors of this technical memorandum). 
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Table A-4. Estimated duration for Phase I erosion assuming a 1,700 cfs discharge under various 

assumptions. 

Suspended 

sediment 

concentration 

(mg/L) 

Bottom 

width
a
 

(m) 

Bank 

angle
a
 

(degrees) 

Fine 

deposit 

erosion 

(metric 

tons) 

Phase I 

erosion 

duration 

(hr) 

Evaluation of presumed 

channel geometry 

500,000 

20 35 880,000 10.2 More likely scenario 

30 30 1,170,000 13.5 Conservative, but plausible 

    2,830,000 32.7 Maximum
b
 

850,000 

20 35 880,000 6.0 More likely scenario 

30 30 1,170,000 8.0 Conservative, but plausible 

    2,830,000 19.2 Maximum
b
 

a Assumes a trapezoidal channel will form in the reservoir area, cutting through the existing deposit to reach the pre-

dam bed. 
b Assumes all the sand and silt deposit in reservoir and delta sub-areas are eroded during Phase I erosion. 

 

To provide an absolute maximum estimate, eroding all of the 2.83 million metric tons (3,100,000 

cubic yards bulk volume) of fine sediment deposited in the reservoir and delta sub-areas during 

Phase I erosion, which is an unlikely scenario, would require 32.7 hours assuming a 500,000 

mg/L suspended sediment concentration or 19.2 hours assuming a 850,000 mg/L suspended 

sediment concentration.  That is, under no combination of conditions does the Phase I erosion 

exceed 1.5 days (i.e., 36 hours).  For comparison, the Phase I erosion for Condit Dam removal 

project (i.e., the period of bottomset deposit erosion) likely lasted less than 2 hours as discussed 

earlier (Figure A-7). 

Following the end of Phase I erosion, the remaining fine sediment deposits will no longer be 

accessible to the flow, and as a result the suspended sediment concentration in the river will 

decrease with time.  Fine sediment erosion during the initial stage of Phase II erosion will 

primarily be the result of mass wasting process that delivers fine sediment to the active channel, 

with sediment from high above the water surface slumping into the channel to be carried 

downstream by the flow.  Additional contribution of fine sediment due to the erosion of topset 

deposit (i.e., upstream channel sub-area deposit) is expected to be minimal as discussed earlier. 

A maximum possible duration of early Phase II erosion (the period of mass wasting) can be 

assessed if mass wasting sediment production is assumed to be a smooth and internally cohesive 

decreasing function of time.  Below we use an exponentially decaying function to conduct the 

assessment because it is the most internally consistent function that fits many natural processes.  

The measured suspended sediment concentration during Condit Dam removal shown in Figure A-

7, for example, can be expressed nicely as an exponentially decaying function before it reached a 

negligible level of approximately 100 mg/L (i.e., between approximately October 26 and 

December 16, 2011).   
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Assume that the suspended sediment concentration following Phase I erosion can be expressed as 

� = ������−	
� under the assumption of a constant water discharge, in which C denotes 

suspended sediment concentration at time t; C0 denotes Phase I suspended sediment 

concentration; t denotes time since the termination of Phase I erosion; and k is the exponential 

coefficient.  The exponential coefficient k value determines how fast suspended sediment 

concentration decreases over time: a smaller k value means suspended sediment concentration 

decreases more slowly, and as a result, fine sediments are evacuated out of the reservoir area 

more quickly (Figure A-8a); and a larger k value means suspended sediment concentration 

decreases more quickly, reaching a relatively low (and presumably harmless) level over a shorter 

period of time even though fine sediment deposits are not evacuated out of the reservoir area as 

quickly as a lower k value (Figure A-8b).  In other words, there must be a “highest impact” k 

value (denoted as ki hereafter) that would result in the longest duration of impact (denoted as ti 

hereafter): a k value higher than ki would result in the suspended sediment concentration to 

become lower than the impact threshold over a time period shorter than ti, and a k value lower 

than ki would result in the exhaustion of all the erodible deposit over a time period shorter than ti 

(Figure A-8). 

Using this exercise and considering the possibility of a varying discharge after the conclusion of 

Phase I erosion (see detail in Section A5.0), it is found that the absolute maximum duration of 

impact due to mass wasting lasts for no more than 8 days (Table A-5), assuming a threshold 

suspended sediment concentration for impact of 1,000 mg/L, even if water discharge drops to 

tenth of the Phase I discharge of 1,700 cfs.  Note the 1,000 mg/L threshold suspended sediment 

concentration is likely an extremely conservative estimate because background suspended 

sediment concentration likely exceeds this value by twenty-fold at 1,700 cfs (Figure A-9).  Again, 

the 8-day maximum impact period was estimated based on the worst-case (and unlikely) scenario 

that a) all the post-Phase I fine sediments in reservoir and delta sub-areas are eroded by mass 

wasting; and b) the fine sediment erosion rate decreases exponentially in the least favorable way 

possible.  The estimate is based on limitations on sediment volume and suspended sediment 

concentration (i.e., either run out of fine sediment, or suspended sediment concentration decreases 

to harmless level) instead of physics of sediment transport, implying that the actual mass wasting 

can range anywhere between a very short time (such as an hour or less) to maximum number of 

days of potential impact estimated above. 
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Table A-5. Calculated maximum potential impact duration due to mass wasting assuming an 

exponentially decaying fine sediment erosion rate, 1,700 cfs Phase I discharge, and 1,000 mg/L 

suspended sediment concentration threshold.  The two duration values in the table are the 

results of two different Phase I concentration values (i.e., 850,000 and 500,000 mg/L). 

Water 

discharge 

at the end 

of Phase II 

(cfs) 

Phase I 

erosion 

(metric 

tons) 

Maximum 

possible 

Phase II 

erosion 

(metric tons) 

Maximum 

potential Phase 

II erosion 

duration (days) 

Note 

1,700 

880,000 1,950,000 3.7/5.8 20-m/35◦ phase I channel 

1,170,000 1,660,000 3.2/5.0 30-m/30◦ phase I channel 

2,830,000 0 0.0 All fine eroded during Phase I erosion 

500 

880,000 1,950,000 4.4/7.0 20-m/35◦ phase I channel 

1,170,000 1,660,000 3.7/5.9 30-m/30◦ phase I channel 

2,830,000 0 0.0 All fine eroded during Phase I erosion 

170 

880,000 1,950,000 5.0/8.0 20-m/35◦ phase I channel 

1,170,000 1,660,000 4.2/6.8 30-m/30◦ phase I channel 

2,830,000 0 0.0 All fine eroded during Phase I erosion 
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FigureA-8. Illustration of the calculation of maximum potential duration for mass wasting. 
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Figure A-9. Derived sediment supply rating curves for upper Matilija Creek.  Derivation was 

based on fine sediment production rate presented in Table A-1 and the assumption that the 

rate of suspended sediment supply is proportional to water discharge to 1.7 power, where 1.7 

was obtained from USGS gaging data in Ventura River, North Fork Matilija Creek and San 

Antonio Creek as reported in BOR (2006).  Details of the derivation are presented in URS and 

Stillwater Sciences (in preparation). 

 

Further narrowing down from the above estimated maximum impact duration for Phase II mass 

wasting erosion is offered by the observations of the Hengshan Reservoir sediment sluicing.  One 

of their sluicing events was video-recorded and is posted on YouTube
4
; according to which mass 

wasting slowed down by 1:40 PM and virtually disappeared by 4:00 PM on the same day the 

sluicing started, indicating the duration of mass wasting was only a few hours (and certainly no 

more than 8 hours if it is assumed that sediment sluicing started at 8:00 AM, the official start of a 

working day in China)
5
.  Note physically the mass wasting process is driven by the draining of 

water from the deposit under the influence of gravity, and having the majority of the water 

contained in the deposit drained within a few hours after being perched above the water table 

seems to be reasonable.  Note also that the median size of Hengshan Reservoir deposit is 0.02 

mm, while the Matilija  reservoir and delta sub-area fine sediment deposits have a median size of 

0.011 mm (BOR 2006).  The finer deposit will make it more difficult to drain the water, and as a 

result, the duration of mass wasting following Matilija Dam removal will likely be longer than 

                                                      
4
  Available at https://www.youtube.com/watch?v=BH6YdbSOu-w, accessed on August 2, 2014.  Viewer 

needs to be cautious with the video clip as some of the narrative (in Chinese) is apparently inconsistent 

with the images being shown or values provided in Qi et al. (2010). 
5
  The exact time of the day that the sluicing event began was not provided in the video, and as a result 

the exact duration of mass wasting cannot be determined. 
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what was observed during Hengshan Reservoir sediment sluicing.  Even with the consideration of 

a potentially slower draining due to a finer deposit, the duration of mass wasting should not last 

for more than a few days, and more likely within a day (i.e., within approximately four times 

longer than what was observed during Hengshan Reservoir sediment sluicing). 

In addition to mass wasting, subsequent Phase II high flow events (i.e., higher than the discharge 

that occurred during Phase I erosion) may also raise the water surface adequately to access some 

of the fine sediment, but the suspended sediment concentration associated with such events 

should be significantly lower than the Phase I erosion due to a combination of high discharge and 

much smaller amount of sediment erosion.  Additionally, because the Ventura River is a high 

sediment-production basin (with a long-term average sediment supply on the order of 420,000 

metric tons per year from the upper Matilija Creek, of which the vast majority is fine sediment), 

erosion of small amounts of former reservoir deposit after Phase I erosion is likely only a small 

fraction of the fine sediment carried naturally in the river, and thus is not expected to result in 

serious impacts.  At a discharge of 110 m
3
/s (4,000 cfs), for example, the silt and clay-sized 

sediment supply rate from the upper Matilija Creek is expected to be over 400,000 metric tons per 

day, which translates to a background suspended sediment concentration on the order of 40,000 

mg/L (Figure A-9), far exceeding the likely rate of potential fine sediment erosion from the 

reservoir area after the Phase I erosion and the associated increase in suspended sediment 

concentration. 

Some organic carbon contained in fine sediment deposit is expected to be released during the 

Phase I erosion.  Following the termination of Phase I erosion, some organic carbon may remain 

in the fine sediment deposits (true for any dam-removal alternative that leaves the fine sediment 

in place for natural transport and allows a channel to form down to the base of the dam, i.e., all 

but IO-05 and 06), this material will be high above the water surface and should quickly oxidize 

once the deposit dries. 

A2.1.2 Impacts due to High Suspended Sediment Concentration 

For Robles diversion operation during the dam removal, a suspension of diversion operation 

during the first 24 hours following cofferdam breaching would be needed, and for planning 

purposes a reasonable, conservative assumption would be to suspend water diversion over the 

first week (i.e., 7 days) of the first high flow event. 

There is a high likelihood of short-term impacts to aquatic resources under IO-01, including 

steelhead. Based on the analysis of Newcombe and Jensen (1996), exposure to fine sediment 

during Phase I with concentrations greater than 500,000 mg/L for a period of 5 hours or more 

would result in 80 to 100% mortality for exposed individuals. The initial release of Phase I 

sediment with flows greater than 1,700 cfs would probably occur during the potential upstream 

migratory period of adult steelhead.  Any steelhead migrating upstream during the initial Phase I 

release would likely not survive.  However, the relatively short duration of exposure reduces the 

likelihood that adults will be in the river during the release, since adults in the vicinity might find 

refuge habitat in tributaries or avoid entering the Ventura River during the release.  
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In addition, up to three cohorts of anadromous life-history rearing juveniles (age 0, age 1, and age 

2) and more for resident life history would also suffer 80–100% mortality. Based on spatial 

distribution within the mainstem and tributaries, only a portion (albeit an unknown portion) 

would be impacted. The remaining portion of each cohort would presumably be rearing out of the 

mainstem and would therefore be unaffected. Overall, depending on exposure for adults, three to 

four generations of steelhead are likely to be directly affected by sediment release. 

It is more challenging to predict the effects on fisheries resources of sediment released during the 

Phase II erosion, but it will be at lower concentrations than Phase I and may be similar to the 

background levels of suspended sediment that occur during high flow events under existing 

conditions (with measured concentrations on the Ventura River greater than 10,000 mg/L; BOR 

2006, p. 131) when some diversion has historically occurred.  A more detailed investigation of 

fisheries impacts will be conducted during the next phase of this project. 

A2.1.3 Uncertainties Associated with the Option 

The primary uncertainty associated with IO-01 is that the fine sediment in the reservoir and delta 

sub-areas will likely lose water content and gain strength during the period while waiting for the 

high flow event for cofferdam breaching.  Significantly decreasing water content in the deposit 

can potentially make it more difficult to erode, and thus prolong the period of erosion.  If the 

waiting period is more than a year, vegetation may also grow on the surface, which can further 

increase resistance to erosion.  Because of the high water table upstream of the cofferdam just 

upstream of the delta sub-area, however, the majority of the fine sediment deposit will likely stay 

saturated, while only its surface layer will dry up. 

Once the cofferdam is breached during a designed high flow event, initial incision of the fine 

sediment will likely occur along the weakest line of resistance, and once the flow gains access to 

the subsurface moist sediment it will cut down through the deposit relatively quickly (but still 

slower than the case of no dewatering). The rate of erosion will be governed by the erosion of the 

moist sub-surface sediment, with the tougher top layer falling into the flow in large chunks once 

the sediment underneath is eroded, as illustrated in Figure A-10.  That is, the decreased erosion 

rate will likely be relatively minor once the flow breaks through the surface layer, which will 

likely occur rapidly under a 3,000 cfs peak flow and the exceptionally high channel gradient due 

to removal of the dam.  The potential uncertainty associated with increased erosion resistance due 

to the loss of water content while waiting for the designated high-flow event could be easily 

managed with contingency plans such as mechanically breaking up the dried surface layer or 

using dynamite to strategically loosen up part of the deposits prior to the flood season, if 

determined to be necessary. 

Another, relatively minor uncertainty associated with Initial Option – 01 is the uncertainty 

associated with the magnitude of suspended sediment concentration during the period of mass 

wasting described earlier (i.e., the early stage of Phase II erosion) which may last for a maximum 

of a few days.  Because the rate of mass wasting is relatively independent of the magnitude of 

instream flow, a low instream flow during the period of mass wasting may result in an elevated 
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suspended sediment concentration that can potentially impact downstream environment and water 

diversion. 

 

 

 

Figure A-10. Schematic sketch illustrating fine sediment erosion in case surface layer becomes 

dry and erosion resistant.  (a). Surface erosion occurs through weak spot of the surface layer; 

(b) Rapid down cutting of the moist sub-surface sediment once the flow breaks through the 

surface layer; and (c). Continued subsurface erosion by deepening and widening of the 

channel with the surface sediment falling into the channel.  Potential water content is 

provided on the left, where the high water table keeps the sediment moist in subsurface, 

while the surface layer is dry due to exposure to wind and sunlight. 
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A2.2 Initial Option – 02: Uncontrolled Orifices with Clean Water Diversion 

A2.2.1 Fine Sediment Transport Dynamics 

Fine sediment transport dynamics following the opening of the tunnel for IO-02 is similar to that 

of IO-01 discussed above when instream flow is below the tunnels’ capacity under open channel 

flow conditions.  If water discharge exceeds the tunnels’ capacity under open channel flow 

conditions, however, reservoir pool level would rise, resulting in decreased fine sediment erosion 

or even complete termination of the erosion process, depending on the pool level.  If that were to 

happen, erosion of fine sediment would resume during the receding limb of the flow event, again, 

similar to that discussed for IO-01 above.  We expect the combined duration of sediment-eroding 

flow (i.e., high flow that does not exceed the tunnels’ capacity) will exceed what is needed to 

accomplish Phase I erosion, as long as the daily average discharge in the river is above 1,700 cfs. 

The probability of that occurring (or not) can be quantified more precisely based on the historic 

hydrograph in the next stage of this project. 

A2.2.2 Impacts due to High Suspended Sediment Concentration 

Potential impact due to high suspended sediment concentration for IO-02 is similar to that of IO-

01 discussed above, if water discharge remains below the tunnels’ capacity.  If water discharge 

exceeds the tunnels’ capacity, however, the duration of impact to Robles Diversion is expected 

increase by an additional few hours (peak flow usually last for only a few hours) due to the 

reduced sediment erosion during the time of rising pool level.  For planning purposes, impacts to 

Robles water diversion are assumed to be identical to those described under IO-01. 

A2.2.3 Uncertainties Associated with the Option and Comparison with IO - 01 

IO-02 is advantageous over IO-01 in that the water content in fine sediment deposits remains high 

prior to their erosion, which would help maintain high rate of fine sediment erosion and reduce 

the duration of impact.  The major uncertainty of IO-02 is the reliability of weather forecasting—

the target storm event has to be predicted in advance so that dynamite can be deployed while the 

discharge in the river is still low
6
.  As a result, the duration of fine sediment impact may become 

longer if the actual discharge does not reach the designed value of 1,700 cfs (daily average).  If 

only half of the designed discharge is realized (i.e., 850 cfs daily average discharge), for example, 

the expected duration would be twice as long as estimated for the 1,700 cfs, which translates to a 

maximum of 2 days of Phase I erosion instead of one day.  The period of Phase II mass wasting is 

not expected to become longer even if water discharge is under-predicted, because mass wasting 

is driven by the draining of the deposit, a process independent of discharge. 

                                                      
6
  Note the risks associated with the “prediction” of a future storm event for IO – 01 is significantly lower, 

as the cofferdam used for IO - 01 can be breached when the discharge actually achieves a reasonable 

value (such as 1,500 or 2,000 cfs). 
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A2.3 Initial Option – 03: Gated Orifices 

A2.3.1 Fine Sediment Transport Dynamics 

Sediment transport dynamics following the opening of the tunnel gates would be identical to that 

of IO-02.  Similar to IO-02, it is expected that the combined duration of sediment-eroding flow 

(i.e., high flow that does not exceed the tunnels’ capacity) will exceed what is needed to 

accomplish Phase I erosion, as long as the daily average discharge in the river is greater than 

1,700 cfs.  In the unlikely case that the duration of sediment-eroding flow is insufficient to 

accomplish all of the Phase I erosion, the tunnel gates could be closed; a subsequent high flow 

event would then complete the Phase I erosion. 

Once the sluicing event is over, the gates should normally be kept open at least during moderately 

high and high flow events so that the incoming fine sediment can pass through the dam.  Having 

the gates closed during subsequent high flow events may result in substantial fine sediment 

deposition in the reservoir area because of the high sediment yield in the basin, resulting in the 

need for yet another sluicing operation under Phase I transport conditions and a period of 

unnaturally high suspended-sediment events. 

A2.3.2 Impacts due to High Suspended Sediment Concentration 

Impact due to high suspended sediment concentration for IO - 03 is likely identical to that of IO-

02. 

A2.3.3 Uncertainties and Comparison with Other Initial Options 

IO-03 is advantageous over IO-02 by eliminating the need for predicting the precise timing of a 

future high flow event for project implementation.  Another potential advantage is that the gates 

can be closed if it becomes necessary; the most likely scenario, however, is that the gates would 

be opened only once and would not need to be closed.  Similar to IO-02, IO-3 is advantageous 

over IO-01 in that fine sediment stays wet prior to erosion and that helps maintain high erosion 

rate following dam removal. 

A2.4 Initial Option - 04: Gated Notch(es) 

A2.4.1 Fine Sediment Transport Dynamics 

Sediment erosion dynamics following the opening of the gates on the notches is similar to that for 

IO-01, except that lesser amounts of sediment are eroded during each stage.  The suspended 

sediment concentration during sediment erosion following the opening of the gates is expected to 

be extremely high, but lower than that for IO-01 due to the reduced energy gradient of the flow, 

resulting in overall longer duration of sediment erosion compared to IO– 01 (i.e., during each 

notching stage high suspended sediment concentrations will last for more than one fifth of the 

duration listed in Table A-4, assuming equal amount of fine sediment is released during each 
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stage).  High suspended sediment concentration as a result of mass wasting following the fifth 

stage of dam removal is still expected, but the suspended sediment concentration and duration of 

mass wasting is expected to be significantly lower and shorter compared to IO-01 because much 

of the mass wasting should have already occurred during the first four stages of notching.  Note 

that fine sediment in the reservoir sub-area can potentially be buried by coarse sediment during 

the later stages of notching for this initial option, which may result in a decreased magnitude of 

suspended sediment concentration but longer duration for sediment flushing.  The potentially 

increased duration of high suspended sediment concentration under the condition of fine sediment 

burial, however, should still not exceed a full day based on the experiences during Marmot Dam 

removal, where substantially higher suspended sediment concentrations compared to background 

conditions lasted for only about 10 hours. 

A2.4.2 Impacts due to High Suspended Sediment Concentration 

Although suspension of water diversion at Robles is likely needed for only a few hours during 

each gate opening event, water diversion suspension should be assumed to last for a full day 

during each of the first four stages of notching and potentially for the first week of the storm 

event for the fifth stage (to be comparable to IO-01) for planning purposes due to logistic 

considerations (i.e., a resumption of water diversion may not occur if it becomes possible to do so 

at odd hours) and to be conservative (i.e., mass wasting may keep the suspended sediment at a 

high level for a week during the storm event for the last stage of notching). 

Similar to effects described for IO-01 above, the predicted very high concentrations of fine 

sediment would likely result in nearly complete mortality of exposed steelhead. The implication 

of the timing of release and potential effects on adults are also similar to IO-01. However, at least 

five pulses of very high fine-sediment concentration would accompany the five gate opening 

events, and the completion of this sequence is likely to require up to several decades under the 

current rainfall regime to occur. Thus, multiple generations of steelhead—no less than seven, if 

the five events occur in successive years, and as many as 15, if the events are spaced three or 

more years apart—would suffer impacts due to very high suspended sediment concentrations 

under this option. 

A2.4.3 Uncertainties Associated with the Option 

Uncertainties associated with mass wasting following the conclusion of the storm event for the 

last stage of notching is still expected, but likely at a minimal level (and at most for a few days).  

Potential burial of fine sediment in the reservoir sub-area by coarse sediment in later stages of the 

notching may increase the duration of high suspended sediment concentration.  The increased 

duration of high suspended sediment concentration due to fine sediment burial, however, is not 

expected to be more than a full day during each stage of notching. 
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A2.5 Initial Option - 05: Temporary Upstream Storage of Sediment 

A2.5.1 Fine Sediment Transport Dynamics 

Under this initial option the majority of the fine sediment subject to Phase I erosion would be 

removed from the reservoir deposit, and thus suspended sediment concentrations following dam 

removal are expected to be substantially lower than the previous initial options during the first 

high flow event.  High suspended sediment concentration is still expected following dam removal 

when the discharge in the creek is low (i.e., a few cfs), because some erodible sediment would be 

left in the reservoir despite the best excavation efforts.  If the fine sediment placed in temporary 

upstream storage can be released during a 10-year recurrence storm event or greater as planned, 

the suspended sediment concentration may be increased substantially for short periods of time 

during the storm event while the excess fine sediment is being delivered to the river by mass 

wasting.  Averaged over the entire storm event, however, the increase in suspended sediment 

concentration should be relatively mild compared to the background conditions (assuming 

sediment erosion does occur only during 10-year event or higher) because loads will already be 

high given the high sediment yield from the upper Matilija Creek watershed (420,000 metric tons 

per year on a long-term averaged basis, of which most is delivered in large, decadal to multi-

decadal storms). 

A2.5.2 Impacts due to High Suspended Sediment Concentration 

There is likely a period of low flow (e.g., a few cfs) following dam removal, during which the 

river will remain turbid as the flow erodes what is left from the newly excavated channel.  Water 

diversion at Robles Diversion Dam, however, is unlikely to be affected by the project: the 

excavated channel would most likely become relatively clean before the discharge in the creek 

reaches 30 cfs (the minimal discharge at which Robles is allowed to divert water). 

There is a potential for impacts to aquatic resources under IO-05, including steelhead. Based on 

the analysis of Newcombe and Jensen (1996) we would expect that exposure to lower 

concentrations of fine sediment under this option would have a lower impact, and direct mortality 

may not occur. However, sublethal impacts, including reduced growth rates, and physiological 

stress are still likely.  Overall, depending on exposure for adults, at least three generations of 

steelhead are likely to experience sublethal impacts from sediment release, and possibly more if 

subsequent releases occur after additional spawning.  

A2.5.3 Uncertainties Associated with the Option 

The amount of sediment designed for mechanical removal from the reservoir exceeds what can be 

removed mechanically during one season.  Removing sediment over multiple years increases the 

risk of this option because sediment deposition in the reservoir area would occur due to high 

sediment yield in the upper Matilija Creek basin (420,000 metric tons per year on a long-term 

averaged basis) and the increased sediment trapping efficiency following the formation of the 

dredging slot.  Sediment supply from the upper Matilija Creek is non-linearly correlated with 
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water discharge, so it is possible that sediment would deposit close to the pre-dredging level if a 

large storm event occurs before the dam is removed. Even if no large storm event occurs during 

the period of sediment removal, sediment deposition during the wet season will increase the 

amount of sediment that needs to be removed, making it difficult to estimate the true duration and 

cost of the removal operation. 

A2.6 Initial Option - 06: Phased notching with Combination of 

Downstream Slurry and Upstream Temporary Storage of Fines 

A2.6.1 Fine Sediment Transport Dynamics 

Under this scenario the majority of the potentially erodible fine sediment deposit in the reservoir 

sub-area would be removed by slurry dredging prior to dam removal, and fine sediment in the 

delta sub-area left in place following fine sediment removal will be re-contoured and armored 

with boulders to ensure significant erosion would occur only when there is a significantly large 

flow event.  Similar to IO-05, high suspended sediment concentration is still expected following 

dam removal when the discharge in the creek is low (i.e., a few cfs), because some erodible 

sediment would be left in the reservoir despite the best efforts at excavation.  Once a high flow 

event occurs that breaks the armored surface in the delta sub-area, suspended sediment 

concentration will likely spike, but with a magnitude significantly lower than IO-01, 02, 03, and 

04.  The elevated suspended sediment duration during the erosion of the delta sub-area fine 

sediment is also expected to be short. 

In addition to the high suspended sediment concentration as a result of delta sub-area fine 

sediment erosion, this alternative also has the same potential high suspended sediment 

concentration issue as IO-05 (i.e., uncertainties associated with the release of fine sediment stored 

in the upstream storage), depending on how much fine sediment is stored in the upstream storage 

area and how it is stored. 

A2.6.2 Impacts due to High Suspended Sediment Concentration 

Similar to IO-5, there is likely a period of low flow (e.g., a few cfs) following dam removal, 

during which the river will remain turbid as the flow erodes what is left from the newly excavated 

channel.  By the time the discharge in the Ventura River reaches 30 cfs (the minimal discharge at 

which Robles is allowed to divert water), however, most of the fine sediment exposed on channel 

surface would have been eroded, and suspended sediment concentration would likely become 

adequately low to allow for Robles water diversion.  Once water discharge becomes adequate to 

break the armor placed in delta sub-area, suspended sediment concentration will increase for a 

short period of time, during which Robles water diversion is unlikely affected because the 

majority of the high organic content sediment has been removed. 

Similar to effects described for IO-05 above, the predicted lower concentrations of fine sediment 

from dredging efforts would likely result in sublethal effects to exposed steelhead. 
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A2.6.3 Uncertainties Associated with the Option 

The amount of sediment that needs to be removed from the reservoir exceeds what can be 

removed mechanically during one season.  As with Initial Option – 05, removing sediment in 

multiple years would increase the risk of this option because the amount of sediment deposition 

in the reservoir area during winter storm events may exceed the amount dredged in the previous 

dry season due to the high sediment yield in the upper Matilija Creek basin and the formation of 

the dredging slot that promotes sediment deposition.   

The re-contouring of the delta sub-area and armoring of fine sediment deposit presents another 

risk: the armoring placed over the fine sediment deposit may be eroded during a discharge 

substantially lower than the intended discharge due to the high gradient following sediment 

excavation. If that occurs, it may result in a substantially longer period of high suspended 

sediment concentration that may negatively impact fisheries resources and Robles water 

diversion. 
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A3.0 Summary and Comparison of Potential Impacts for all Initial 
Options 

Major findings with regard to fine sediment transport and potential impact for the six initial options are summarized in Table A-6 below.  
Potential impacts from coarse sediment dynamics are similar for all the initial options except IO-05, which has the least short-term impact from 
coarse sediment transport among all the initial options.  Over the long-term, however, coarse sediment impacts are similar for all the six initial 
options. 

Table A‐6. Summary of the fine sediment findings for the six initial options 

Initial 
Option 

Description Fine sediment dynamics Impact due to high suspended sediment 
concentration 

Uncertainties associated with fine sediment 
transport 

01 Containment 
berm with high 
flow bypass 

Initial (Phase I) erosion 
within about a day, followed 
by mass wasting for a few 
days, then only occasional 
erosion during high flow 
events. 

Most likely one day suspension of water 
diversion at Robles; as a conservative 
approach, assume water loss during the first 
seven days of the first storm event following 
cofferdam breaching for planning purposes. 
 
Fisheries resources predicted to experience 
high mortality for exposed individuals, 
potentially including adults and certainly 
juveniles. Impacts are anticipated to be acute. 

Major uncertainty is associated with the increased 
erosion resistance of the deposits following 
dewatering during the waiting period that 
potentially increases the duration of high 
suspended sediment concentration; likely easily 
manageable with contingency plans. 
 
Uncertainty during the period of mass wasting 
that can potentially last for a few days.  
 
Overall risk associated with this alternative is low 
because of the identification of contingency plans 
and the relatively short period of duration of 
impact. 
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Initial 

Option 

Description Fine sediment dynamics Impact due to high suspended sediment 

concentration 

Uncertainties associated with fine sediment 

transport 

02 Uncontrolled 

orifices with 

clean water 

diversion 

Similar to IO-01, with 

potential interruptions if 

instream flow exceeds the 

tunnels’ design capacity, 

during which erosion of fine 

sediment would slow down or 

stop. 

Water diversion loss at Robles is likely 

similar to IO-01 if instream flow following 

tunnel opening remains below tunnels 

capacity.  More loss of water diversion at 

Robles may occur compared to IO - 01 if 

instream flow exceeds tunnels’ capacity, but 

the duration of additional water loss should 

not exceed a few hours. 

 

Fisheries resources predicted to experience 

high mortality for exposed individuals, 

potentially including adults and certainly 

juveniles. Potential for acute and prolonged 

impacts. 

Major risk associated with this initial option is the 

predictability of future high flow events. 

 

Overall risk associated with this alternative is low 

because the duration of impact is likely still within 

the acceptable range even if the future flow is 

somewhat under-predicted. 

03 Gated orifices Identical to IO - 02. Impact to Robles water diversion for IO-03 is 

expected to be identical to IO-02. 

 

Fisheries resources predicted to experience 

high mortality for exposed individuals, 

potentially including adults and certainly 

juveniles. Potential for acute and prolonged 

impacts. 

There are no major uncertainties for this initial 

option. 

04 Gated 

notch(es) 

Similar to IO - 01 during the 

first high flow event 

following each notching, but 

with slightly lower suspended 

sediment concentration and 

shorter duration. 

Interruption to Robles water diversion is 

most likely four more days than IO – 01 due 

to the multiple releases during subsequent 

notching. 

 

Fisheries resources predicted to experience 

high mortality for exposed individuals, 

potentially including adults and certainly 

juveniles. Potential for acute and prolonged 

impacts, and could affect multiple 

generations.  

Potential burial of fine sediment by coarse 

sediment in later stages of the notching may 

increase the duration of high suspended sediment 

concentration.  The increased duration of high 

suspended sediment concentration, however, is 

not expected to be more than a full day even under 

a fine sediment burial scenario. 

 

The overall risk associated with this initial option 

is considered as low; but the certainty and 

magnitude of extended duration of impacts are 

very high. 
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Initial 

Option 

Description Fine sediment dynamics Impact due to high suspended sediment 

concentration 

Uncertainties associated with fine sediment 

transport 

05 Temporary 

upstream 

storage of 

sediment 

Suspended sediment is 

expected to be high during the 

period of low flow (i.e., a few 

cfs) after dam removal, but 

will likely become minimal 

when flow approaches the 

minimal instream flow 

allowed for water diversion 

(30 cfs).  Short burst of high 

suspended sediment 

concentration is expected 

during events when the stored 

sediment is eroded in the 

future. 

Minimal interruption to Robles water 

diversion is expected for this option. 

 

Fisheries resources predicted to experience 

sublethal effects for exposed individuals, 

potentially including adults and certainly 

juveniles. Potential for prolonged impacts. 

It is possible that incoming sediment would 

deposit within the reservoir close to the pre-

excavation level if a large storm event occurs 

before the dam is removed.  

 

Uncertainty associated with the erosion of the fine 

sediment stored upstream. 

 

The overall risk associated with this initial option 

is high, due to the need for excavation over 

multiple seasons. 

06 Phased 

notching with 

downstream 

slurry and 

upstream 

temporary 

storage of fines 

Suspended sediment is 

expected to be high during the 

period of low flow (i.e., a few 

cfs) after dam removal, but 

will likely become minimal 

when flow approaches the 

minimal instream flow 

allowed for water diversion 

(30 cfs).  Short burst of high 

suspended sediment 

concentration is expected 

when high flow event breaks 

through the armor placed on 

top of fine sediment at delta 

sub-area.  Short burst of high 

suspended sediment 

concentration is expected 

during events when the stored 

sediment is eroded in the 

future. 

Minimal interruption to Robles water 

diversion is expected for this option. 

 

Fisheries resources predicted to experience 

sublethal effects for exposed individuals, 

potentially including adults and certainly 

juveniles. Potential for prolonged impacts. 

It is possible that incoming sediment would 

deposit within the reservoir close to the pre-

excavation level if a large storm event occurs 

before the dam is removed.  

 

Uncertainty associated with the initial erosion of 

what remains in the reservoir area after dam 

removal.  Uncertainty associated with the erosion 

of the fine sediment stored upstream. 

 

The overall risk associated with this initial option 

is considered as high due to uncertainties 

associated with multi-year dredging and erosion 

of the remaining sediment in the delta sub-area. 
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A4.0 Supporting Material: Estimate of 

Parameters Relevant to Phase I Fine Sediment 

Erosion under 1,700 cfs Flow 

Manning’s Equation below is used to provide a rough estimate of water depth and flow velocity in the 

reservoir and delta sub-areas following dam removal: 

� = 
��

�/��/� (1a) 

�� = ��� (1b) 

in which V denotes average velocity in meters per second; n denotes Mannings n; H denotes average 

water depth in meters; S denotes channel gradient; Qw denotes water discharge in cubic meters per 

second; and B denotes average channel width. 

Assuming a Manning’s n value of 0.012, an average channel width of 25 m, a channel gradient of 0.023, 

and a discharge of 48 m
3
/s (1,700 cfs), we obtain a velocity of 6.0 m/s and a depth of 0.32 m. 

Note the 0.023 channel gradient is the average channel gradient just downstream of Matilija Dam and the 

actual channel gradient in the reservoir and delta sub-areas are likely substantially higher shortly after 

dam removal.  As a result, the actual flow velocity is likely to be higher than the estimate and the water 

depth lower than the estimate. 

The median size of the sediment deposit in the reservoir and delta sub-areas (excluding the coarse 

sediment cap in the delta sub-area) is approximately 0.011 mm (BOR 2006), and the settling velocity (vs) 

associated with a 0.011 mm sediment particle is calculated to be 0.0001 m/s by assuming the drag force 

exerted to the particle while settling is perfectly balanced by the submerged weight of the particle (e.g., 

Vesilind et al. 1994), and from which we obtain 

��
����

= 6.65 × 10# (2a) 

and 

$% = &'�� = 73	+, (2a) 

In which g denotes acceleration of gravity; τb denotes shear stress; and ρ denotes density of the flow.  

These parameters are often used to evaluate the suspended sediment carrying capacity (e.g., Chien and 

Wan, 1991). 
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A5.0 Supporting Material: Derivation of 

Equations to Quantify the Maximum Possible 

Duration of Impact of Phase II Erosion due to Mass 

Wasting 

Under the condition of a constant water discharge, we can assume that suspended sediment concentration 

starts as C0 and decreases exponentially over time: 

� = ������−	
� (3a) 

or 

�- = �-�����−	
� (3b) 

where 

�- = ���; 	�-� = ����� (3c,d) 

in which C denotes suspended sediment concentration; k is exponential coefficient; t denotes time; Qs 

denotes the rate of suspended sediment transport (and Qs0 is Qs at t = 0). 

Note equation (3a) is valid only under the condition of constant water discharge.  Because mass wasting is 

independent of the water discharge in the creek, however, equation (3b) should be valid in case water 

discharge varies over time. 

Based on equation (3b), the cumulative sediment transported at time t would be / = 0 �-�����−	
�1
2
� , 

or 

/ = 34564
7 81 − ����−	
�9 (4) 

in which Qw denotes water discharge. 

The time needed for suspended sediment concentration to reach a threshold value Ct is derived from 

equation (3b) with the aid of (3c) to obtain: 


: = 
7 ln =

56434
563>

? (5) 

in which tc denotes the time needed for the suspended sediment concentration to reach the impact 

threshold concentration of Ct. 

And from Equation (4) we obtain the time needed for all the available sediment to be transported: 


@ = − 
7 ln =1 −

7A>
34564

? (6) 
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in which tm denotes the time needed to transport all the sediment deposit; and Mt denotes the mass of all 

the deposit. 

Note tc decreases with increasing k value, while tm increases with increasing k value, and the exponential 

coefficient ki that would result in the longest impact is identified as the cross point between tc ~ k and tm ~ 

curves (i.e., when tc = tm = ti), resulting 

	B = 34564C3>56
A>

 (7) 

and 


B = A>
34564C3>56

ln =56434563>
? (8) 

in which ti denotes maximum possible duration for potential impact. 
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TABLE B-1

Project:  Matilija Dam Removal, Sediment Transport, & Robles Diversion Mitigation 

Task 1.2: Initial Options Screening

DRAFT Rough Order of Magnitude Cost Estimate (Class 5)

Date: 8/5/2014

Detailed Breakdown: IO1 - Containment berm with high flow bypass

Line Item 

# Line Item Quantity Unit Unit cost Amount Notes

1 Mobilization/Demobilization (15%) 4,468,744$           

Mobilization/Demobilization (15%) 1 LS 4,468,744$              4,468,744$           

Moblization and Demoblization (15% of Direct Construction Cost associated with Items not including 

Mob/Demob)

2 Site Preparation 31,792$                 

Clear & grub general staging areas and access roads 1.0 acre 5,388$                      5,388$                    Price escalated from USACE September 2004 

Clear & grub containment berm area 1.0 acre 5,388$                      5,388$                    Price escalated from USACE September 2004 

Clear & grub cofferdam area 3.9 acre 5,388$                      21,015$                  Price escalated from USACE September 2004 

3 Build bypass 12,300,000$         

Portals 2                         ea 700,000$                 1,400,000$            Assumed size stabilized with 12-foot dowel @ 10x10 spacing and shotcrete; used historic prices 

Tunnel 1,600                 ft 6,000$                      9,600,000$            Based on historic price per foot and a recent bid for 12-foot-diameter tunnels 

Sluice gate 1                         ea 300,000$                 300,000$                From Searsville, purchase and installation 

Erosion protection for NF Matilija Creek 1                         LS 1,000,000$              1,000,000$            Allowance 

4 Build DS containment berm 66,720$                 

Excavate and place fill 5,560                 cy 12.00$                      66,720$                  Cost based on crew/equipment/material buildup 

5 Build US cofferdam 560,000$               

Excavate and place fill 56,000               cy 10.00$                      560,000$                Cost based on crew/equipment/material buildup 

6 Dewatering 267,293$               

Dewater reservoir 500                     ac-ft 250.99$                   125,493$                Price escalated from USACE September 2004 

Fish rescue and relocation 1                         LS 141,800.00$            141,800$                Price escalated from USACE September 2004 

7 Remove dam 9,690,832$           

Remove fish traps and control house 1                         LS 71,467.20$              71,467$                  Price escalated from USACE September 2004 

Drill & blast 51,000               cy 27.00$                      1,377,000$            Intact volume, Cost based on crew/equipment/material buildup 

Process for hauling 51,000               cy 56.00$                      2,856,000$            Intact volume, Cost based on crew/equipment/material buildup 

Haul to recycling plant 51,000               cy 60.00$                      3,060,000$            Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 76,500               cy 30.41$                      2,326,365$            Rubble volume, Searsville price 

8 Site Restoration -$                            

Site Restoration -                     acre -$                              -$                             Assumed not required for naturally formed slopes in reservoir area 

Subtotal 27,385,381$         

Design & Unit Cost Contingency (30%) 8,215,614$           

Total Direct Construction Cost 35,600,995$         

Construction Contingency (15%) 5,340,149$           

Total Construction Cost 40,941,144$         

Low Side of Class 5 Estimate Range (-30%) 28,658,801$         

High Side of Class 5 Estimate Range (+50%) 61,411,717$         



TABLE B-2

Project:  Matilija Dam Removal, Sediment Transport, & Robles Diversion Mitigation 

Task 1.2: Initial Options Screening

DRAFT Rough Order of Magnitude Cost Estimate (Class 5)

Date: 8/5/2014

Detailed Breakdown: IO2 - Uncontrolled orifices

Line Item 

# Line Item Quantity Unit Unit cost Amount Notes

1 Mobilization/Demobilization (15%) 2,099,293$           

Mobilization/Demobilization (15%) 1 LS 2,099,293$          2,099,293$           

Moblization and Demoblization (15% of Direct Construction Cost associated with Items not including 

Mob/Demob)

2 Site Preparation 7,412$                   

Clear & grub general staging areas and access roads 1.0 acre 7,412$                  7,412$                    RSMeans Heavy Construction  (2007) - page 205 (1.148 Location Factor) 

3 Excavate tunnels through dam 1,135,261$           

Excavate and place fill for working platforms 4,170                 cy 12.00$                  50,040$                  Cost based on crew/equipment/material buildup 

Drill & break out concrete 360                     cy 2,770.00$             997,200$                Price from Searsville 

Haul to recycling plant 360                     cy 60.00$                  21,600$                  Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 540                     cy 30.41$                  16,421$                  Rubble volume, Searsville price 

Remove final plug 1                         LS 50,000.00$          50,000$                  Allowance 

4 Remove dam 9,622,931$           

Remove fish traps and control house 1                         LS 71,467.20$          71,467$                  Price escalated from USACE September 2004 

Drill & blast 50,640               cy 27.00$                  1,367,280$            Intact volume, Cost based on crew/equipment/material buildup 

Process for hauling 50,640               cy 56.00$                  2,835,840$            Intact volume, Cost based on crew/equipment/material buildup 

Haul to recycling plant 50,640               cy 60.00$                  3,038,400$            Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 75,960               cy 30.41$                  2,309,944$            Rubble volume, Searsville price 

5 Site Restoration -$                            

Site Restoration -                     acre -$                           -$                             Assumed not required for naturally formed slopes in reservoir area 

Subtotal 12,864,898$         

Design & Unit Cost Contingency (30%) 3,859,469$           

Total Direct Construction Cost 16,724,367$         

Construction Contingency (15%) 2,508,655$           

Total Construction Cost 19,233,022$         

Low Side of Class 5 Estimate Range (-30%) 13,463,115$         

High Side of Class 5 Estimate Range (+50%) 28,849,533$         
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Project:  Matilija Dam Removal, Sediment Transport, & Robles Diversion Mitigation 

Task 1.2: Initial Options Screening

DRAFT Rough Order of Magnitude Cost Estimate (Class 5)

Date: 8/5/2014

Detailed Breakdown: IO3 - Gated orifices

Line Item 

# Line Item Quantity Unit Unit cost Amount Notes

1 Mobilization/Demobilization (15%) 3,260,328$              

Mobilization/Demobilization (15%) 1 LS 3,260,328$              3,260,328$              

Moblization and Demoblization (15% of Direct Construction Cost associated with Items not including 

Mob/Demob)

2 Site Preparation 387,412$                 

Clear & Grub Staging Area and Access Roads 1.0 acre 7,412$                      7,412$                       RSMeans Heavy Construction  (2007) - page 205 (1.148 Location Factor) 

Diversion system 1                         LS 380,000$                 380,000$                  Allowance (assumes 1,100-foot-long 48-inch HDPE with a dam penetration) 

3 Dewatering 1,267,293$              

Dewater reservoir 500                     ac-ft 250.99$                   125,493$                  Price escalated from USACE September 2004 

Fish rescue and relocation 1                         LS 141,800.00$            141,800$                  Price escalated from USACE September 2004 

Dewater sediment 1                         LS 1,000,000.00$        1,000,000$               Allowance 

4 US excavation 2,860,000$              

Fine sediment excavation 300,000             cy 9.00$                        2,700,000$               Cost based on crew/equipment/material buildup 

Access roads for fine sediment excavation 4,000                 lf 40.00$                      160,000$                  Est. 800 lineal feet of 40-foot-wide 2-foot-thick access roads at 5 levels within fine sediment ex. 

5 Excavate tunnels through dam 2,588,784$              

Build working platforms DS 4,170                 cy 12.00$                      50,040$                     Cost based on crew/equipment/material buildup 

Build access for mid-level orifice 1                         ea 100,000.00$            100,000$                  Allowance 

Drill & break out concrete for gated orifices 380                     cy 2,770.00$                1,052,600$               Price from Searsville recycling of concrete 

Drill and break out concrete for mid-level orifice 16                       cy 2,770.00$                44,320$                     Price from Searsville drilling, breaking out, hauling, recycling of concrete 

Haul to recycling plant 396                     cy 60.00$                      23,760$                     Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 594                     cy 30.41$                      18,064$                     Rubble volume, Searsville price 

Purchase and install 12-foot-diameter sluice gates 3                         ea 400,000.00$            1,200,000$               Price from Searsville estimate 

Purchase and install 6-foot-diameter sluice gates 1                         ea 100,000.00$            100,000$                  Ratio of price for 12-foot-diameter gates based on area of gate 

6 Remove dam 9,616,141$              

Remove fish traps and control house 1                         LS 71,467.20$              71,467$                     Price escalated from USACE September 2004 

Drill & blast 50,604               cy 27.00$                      1,366,308$               Intact volume, Cost based on crew/equipment/material buildup 

Process for hauling 50,604               cy 56.00$                      2,833,824$               Intact volume, Cost based on crew/equipment/material buildup 

Haul to recycling plant 50,604               cy 60.00$                      3,036,240$               Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 75,906               cy 30.41$                      2,308,301$               Rubble volume, Searsville price 

7 Site Restoration -$                              

Site Restoration -                     acre -$                              -$                               Assumed not required for naturally formed slopes in reservoir area 

Subtotal 19,979,957$            

Design & Unit Cost Contingency (30%) 5,993,987$              

Total Direct Construction Cost 25,973,945$            

Construction Contingency (15%) 3,896,092$              

Total Construction Cost 29,870,036$            

Low Side of Class 5 Estimate Range (-30%) 20,909,025$            

High Side of Class 5 Estimate Range (+50%) 44,805,054$            



TABLE B-4

Project:  Matilija Dam Removal, Sediment Transport, & Robles Diversion Mitigation 

Task 1.2: Initial Options Screening

DRAFT Rough Order of Magnitude Cost Estimate (Class 5)

Date: 8/5/2014

Detailed Breakdown: IO4 - Gated notches

Line Item 

# Line Item Quantity Unit Unit cost Amount Notes

1 Mobilization/Demobilization (15%) 3,519,446$           

Mobilization/Demobilization (15%) 1 LS 3,519,446$              3,519,446$           

Moblization and Demoblization (15% of Direct Construction Cost associated with Items not including 

Mob/Demob)

2 Site Preparation 7,412$                   

Clear & Grub Staging Area and Access Roads 1.0 acre 7,412$                      7,412$                    RSMeans Heavy Construction  (2007) - page 205 (1.148 Location Factor) 

3 Construct notches (1) 4,286,244$           

Remove fish traps and control house 1                         LS 71,467.20$              71,467$                  Price escalated from USACE September 2004 

Dewater reservoir 500                     ac-ft 350.99$                   175,495$                Assumed remaining reservoir storage; Price from USACE + allowance of $50,000 for sump pumping 

Fish rescue and relocation 1                         LS 141,800.00$            141,800$                Price escalated from USACE September 2004 

Diversion system 1                         LS 240,000$                 240,000$                Allowance (assumes 400-foot-long 36-inch HDPE with a dam penetration) 

Excavate sediment 1,600                 cy 9.00$                        14,400$                  Cost based on crew/equipment/material buildup 

Wire saw concrete 2,970                 sf 140.00$                   415,800$                Cost from Searsville estimate 

Drill & blast 5,900                 cy 45.00$                      265,500$                Intact volume, Cost based on crew/equipment/material buildup 

Process for hauling 5,900                 cy 56.00$                      330,400$                Intact volume, Cost based on crew/equipment/material buildup 

Haul to recycling plant 5,900                 cy 60.00$                      354,000$                Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 8,850                 cy 30.41$                      269,129$                Rubble volume, Searsville price 

Purchase gates 2,400                 sf 800.00$                   1,920,000$            Cost from Searsville estimate, qty 2x 80ftx15ft 

Structural concrete for gates 100                     cy 1,200.00$                120,000$               

Install gates 120 hr 331.00$                   39,720$                  Cost from Searsville estimate 

4 Construct notches (2) 1,907,625$           

Dewater reservoir 1                         LS 50,000.00$              50,000$                  Allowance for sump pumping of area excavated into sediment 

Diversion system 1                         LS 240,000$                 240,000$                Assumed 400-foot-long 36-inch HDPE with a dam penetration 

Excavate sediment 19,800               cy 9.00$                        178,200$                Cost based on crew/equipment/material buildup 

Access roads for fine sediment excavation 600                     lf 40.00$                      24,000$                  Est. 300 lineal feet of 40-foot-wide 2-foot-thick access roads at 2 levels within fine sediment ex. 

Remove gates 60                       hr 331.00$                   19,860$                  Half duration of installation 

Wire saw concrete 4,400                 sf 140.00$                   616,000$                Cost from Searsville estimate 

Drill & blast 3,000                 cy 45.00$                      135,000$                Intact volume, Cost based on crew/equipment/material buildup 

Process for hauling 3,000                 cy 56.00$                      168,000$                Intact volume, Cost based on crew/equipment/material buildup 

Haul to recycling plant 3,000                 cy 60.00$                      180,000$                Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 4,500                 cy 30.41$                      136,845$                Rubble volume, Searsville price 

Structural concrete for gates 100                     cy 1,200.00$                120,000$               

Install gates 120 hr 331.00$                   39,720$                  Cost from Searsville estimate 

5 Construct notches (3) 4,239,210$           

Dewater reservoir 1                         LS 50,000.00$              50,000$                  Allowance for sump pumping of area excavated into sediment 

Diversion system 1                         LS 240,000$                 240,000$                Assumed 400-foot-long 36-inch HDPE with a dam penetration 

Excavate sediment 18,450               cy 9.00$                        166,050$                Cost based on crew/equipment/material buildup 

Access roads for fine sediment excavation 600                     lf 40.00$                      24,000$                  Est. 300 lineal feet of 40-foot-wide 2-foot-thick access roads at 2 levels within fine sediment ex. 

Remove gates 60                       hr 331.00$                   19,860$                  Half duration of installation 

Wire saw concrete 5,940                 sf 140.00$                   831,600$                Cost from Searsville estimate 

Drill & blast 13,300               cy 45.00$                      598,500$                Intact volume, Cost based on crew/equipment/material buildup 

Process for hauling 13,300               cy 56.00$                      744,800$                Intact volume, Cost based on crew/equipment/material buildup 

Haul to recycling plant 13,300               cy 60.00$                      798,000$                Intact volume, Cost based on crew/equipment/material buildup 
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Recycle concrete 19,950               cy 30.41$                      606,680$                Rubble volume, Searsville price 

Structural concrete for gates 100                     cy 1,200.00$                120,000$               

Install gates 120 hr 331.00$                   39,720$                  Cost from Searsville estimate 

6 Construct notches (4) 4,695,482$           

Dewater reservoir 1                         LS 50,000.00$              50,000$                  Allowance for sump pumping of area excavated into sediment 

Diversion system 1                         LS 240,000$                 240,000$                Assumed 400-foot-long 36-inch HDPE with a dam penetration 

Excavate sediment 17,600               cy 9.00$                        158,400$                Cost based on crew/equipment/material buildup 

Access roads for fine sediment excavation 600                     lf 40.00$                      24,000$                  Est. 300 lineal feet of 40-foot-wide 2-foot-thick access roads at 2 levels within fine sediment ex. 

Remove gates 60                       hr 331.00$                   19,860$                  Half duration of installation 

Wire saw concrete 7,040                 sf 140.00$                   985,600$                Cost from Searsville estimate 

Drill & blast 14,800               cy 45.00$                      666,000$                Intact volume, Cost based on crew/equipment/material buildup 

Process for hauling 14,800               cy 56.00$                      828,800$                Intact volume, Cost based on crew/equipment/material buildup 

Haul to recycling plant 14,800               cy 60.00$                      888,000$                Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 22,200               cy 30.41$                      675,102$                Rubble volume, Searsville price 

Structural concrete for gates 100                     cy 1,200.00$                120,000$               

Install gates 120 hr 331.00$                   39,720$                  Cost from Searsville estimate 

7 Remove remainder 2,912,470$           

Remove gates 60                       hr 331.00$                   19,860$                  Half duration of installation 

Drill & blast 14,000               cy 45.00$                      630,000$                Intact volume, Cost based on crew/equipment/material buildup 

Process for hauling 14,000               cy 56.00$                      784,000$                Intact volume, Cost based on crew/equipment/material buildup 

Haul to recycling plant 14,000               cy 60.00$                      840,000$                Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 21,000               cy 30.41$                      638,610$                Rubble volume, Searsville price 

8 Site Restoration -$                            

Site Restoration -                     acre -$                              -$                             Assumed not required for naturally formed slopes in reservoir area 

Subtotal 21,567,889$         

Design & Unit Cost Contingency (30%) 6,470,367$           

Total Direct Construction Cost 28,038,255$         

Construction Contingency (15%) 4,205,738$           

Total Construction Cost 32,243,994$         

Low Side of Class 5 Estimate Range (-30%) 22,570,796$         

High Side of Class 5 Estimate Range (+50%) 48,365,990$         



TABLE B-5

Project:  Matilija Dam Removal, Sediment Transport, & Robles Diversion Mitigation 

Task 1.2: Initial Options Screening

DRAFT Rough Order of Magnitude Cost Estimate (Class 5)

Date: 8/5/2014

Detailed Breakdown: IO5 - Remove sediment for structure removal, temporary US storage of sediment

Line Item 

# Line Item Quantity Unit Unit cost Amount Notes

1 Mobilization/Demobilization (15%) 8,235,071$           

Mobilization/Demobilization (15%) 1 LS 8,235,071$              8,235,071$           

Moblization and Demoblization (15% of Direct Construction Cost associated with Items not including 

Mob/Demob)

2 Site Preparation 1,034,808$           

Clear & Grub Staging Area and Access Roads 1.0 acre 5,388$                      5,388$                    Price escalated from USACE September 2004 

Clear & grub upstream stockpile areas 50.0                   acre 5,388$                      269,420$                Price escalated from USACE September 2004 

Diversion system 1                         LS 760,000$                 760,000$                Allownace ( assumes 6,500-foot-long 48-inch HDPE with a dam penetration) 

3 Dewatering 2,125,493$           

Dewater reservoir 500                     ac-ft 250.99$                   125,493$                Price escalated from USACE September 2004 

Dewater sediment 1                         LS 2,000,000.00$        2,000,000$            Allowance 

4 Excavate channel 29,200,000$         

Excavate and stockpile fine sediment 3,000,000         cy 9.00$                        27,000,000$          Cost based on crew/equipment/material buildup 

Access roads for fine sediment excavation 10,000               lf 40.00$                      400,000$                Est. 2,000 lineal feet of 40-foot-wide 2-foot-thick access roads at 5 levels for fine sediment ex. 

Excavate and stockpile coarse sediment 600,000             cy 3.00$                        1,800,000$            Cost based on crew/equipment/material buildup 

Erosion protection for channel -                     cy -$                              -$                            

5 Remove dam 9,690,832$           

Remove fish traps and control house 1                         LS 71,467.20$              71,467$                  Price escalated from USACE September 2004 

Drill & blast 51,000               cy 27.00$                      1,377,000$            Intact volume, Cost based on crew/equipment/material buildup 

Process for hauling 51,000               cy 56.00$                      2,856,000$            Intact volume, Cost based on crew/equipment/material buildup 

Haul to recycling plant 51,000               cy 60.00$                      3,060,000$            Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 76,500               cy 30.41$                      2,326,365$            Rubble volume, Searsville price 

6 Site Restoration 180,000$               

Site Restoration of upstream stockpiles areas 50                       acre 3,600.00$                180,000$                Historic unit rate; assumes placed in fall/winter without irrigation. 

Subtotal 50,466,205$         

Design & Unit Cost Contingency (30%) 15,139,861$         

Total Direct Construction Cost 65,606,066$         

Construction Contingency (15%) 9,840,910$           

Total Construction Cost 75,446,976$         

Low Side of Class 5 Estimate Range (-30%) 52,812,883$         

High Side of Class 5 Estimate Range (+50%) 113,170,464$       



TABLE B-6

Project:  Matilija Dam Removal, Sediment Transport, & Robles Diversion Mitigation 

Task 1.2: Initial Options Screening

DRAFT Rough Order of Magnitude Cost Estimate (Class 5)

Date: 8/5/2014

Detailed Breakdown: IO6 - Phased notching w/ DS slurry and US storage

Line Item 

# Line Item Quantity Unit Unit cost Amount Notes

1 Mobilization/Demobilization (15%) 8,177,057$           

Mobilization/Demobilization (15%) 1 LS 8,177,057$              8,177,057$           

Moblization and Demoblization (15% of Direct Construction Cost associated with Items not including 

Mob/Demob)

2 Site Preparation 1,186,244$           

Clear & Grub Staging Area and Access Roads 1.0                      acre 5,388$                      5,388$                    Price escalated from USACE September 2004 

Clear & grub BRDA 1 50.0                   acre 5,388$                      269,420$                Price escalated from USACE September 2004 

Clear & grub BRDA 2 25.0                   acre 5,388$                      134,710$                Price escalated from USACE September 2004 

Pipeline ROW 19.5                   acre 5,388$                      105,074$                Price escalated from USACE September 2004 

Clear & grub US storage areas 30.0                   acre 5,388$                      161,652$                Price escalated from USACE September 2004 

Diversion system 1                         LS 510,000$                 510,000$                Allownace (Assumes 3,000-foot-long 48-inch HDPE with a dam penetration) 

3 Build starter dikes 448,259$               

BRDA1 34,235               cy 10.00$                      342,352$                Built-up labor and equipment cost for IO-1 cofferdam 

BRDA2 10,591               cy 10.00$                      105,907$                Built-up labor and equipment cost for IO-1 cofferdam 

4 Slurry Dredging 24,577,851$         

Pipelines to BRDA 1                         LS 8,812,100.00$        8,812,100$            Price from USACE, see Qty calc sheet 

To BRDA 1,000,000         cy 4.25$                        4,254,000$            Price from USACE 

To US storage areas 400,000             cy 4.25$                        1,701,600$            Price from USACE 

Thickener at BRDA 1,000,000         cy 2.73$                        2,730,422$            Price from USACE, per volume of in-place sediment 

Pump paste to disposal areas 1,000,000         cy 0.76$                        759,728$                Price from USACE, per volume of in-place sediment 

Rapid dewatering at US storage area 400,000             cy 9.00$                        3,600,000$            Price from Genesis, per volume of in-place sediment 

Placement and compaction of dewatered sediment at US storage 340,000             cy 8.00$                        2,720,000$            Cost based on crew/equipment/material buildup from IO1 cofferdam, vol. is dewatered sediment 

5 Excavate channel 5,400,000$           

Excavate and stockpile delta area sediment 600,000             cy 9.00$                        5,400,000$            Price from USACE 

6 Excavate tunnel through dam 545,074$               

Build access for mid-level orifice 1                         ea 100,000.00$            100,000$                Assumed 

Drill & break out concrete for gated orifice 120                     cy 2,770.00$                332,400$                Price from Searsville 

Haul to recycling plant 120                     cy 60.00$                      7,200$                    Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 180                     cy 30.41$                      5,474$                    Rubble volume, Searsville price 

Purchase and install 6-foot-diameter sluice gates 1                         ea 100,000.00$            100,000$                Ratio of price for 12-foot-diameter gates based on area of gate 

7 Remove dam 9,668,198$           

Remove fish traps and control house 1                         LS 71,467.20$              71,467$                  Price escalated from USACE September 2004 

Drill & blast 50,880               cy 27.00$                      1,373,760$            Intact volume, Cost based on crew/equipment/material buildup 

Process for hauling 50,880               cy 56.00$                      2,849,280$            Intact volume, Cost based on crew/equipment/material buildup 

Haul to recycling plant 50,880               cy 60.00$                      3,052,800$            Intact volume, Cost based on crew/equipment/material buildup 

Recycle concrete 76,320               cy 30.41$                      2,320,891$            Rubble volume, Searsville price 

8 Site Restoration 108,000$               

Site Restoration of upstream stockpiles areas 30                       acre 3,600.00$                108,000$                Historic unit rate; assumes placed in fall/winter without irrigation. 

Subtotal 50,110,684$         
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Design & Unit Cost Contingency (30%) 15,033,205$         

Total Direct Construction Cost 65,143,889$         

Construction Contingency (15%) 9,771,583$           

Total Construction Cost 74,915,472$         

Low Side of Class 5 Estimate Range (-30%) 52,440,830$         

High Side of Class 5 Estimate Range (+50%) 112,373,208$       
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IO2 – Uncontrolled Orifices
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IO3 – Gated Orifices
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IO4 – Gated Notches
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IO5 – Temporary Upstream Storage of  
Fine Sediment
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