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APPENDIX B - CIVIL ENGINEERING 

For 

WESTMINSTER, EAST GARDEN GROVE 

FLOOD RISK MANAGEMENT STUDY 

1.0 Objective 

The purpose of this appendix is to provide results from the Engineering Design effort.  Design data and 
calculations were developed sufficiently to determine the technical and economic feasibility of each 
alternative and in the event that project is authorized, to provide a design basis leading to the development 
of the construction plans and specifications.  The objective of the Westminster, East Garden Grove 
Feasibility Study is to investigate alternatives for flood risk reduction to the Orange County Community. 

2.0 Study Area/Existing Project Features 

The study area is contained within the Westminster watershed in western Orange County, California. The 
watershed is approximately 74 square miles and lies on a flat coastal plain that is almost entirely 
urbanized.  Cities in the watershed include Anaheim, Stanton, Cypress, Garden Grove, Westminster, 
Fountain Valley, Los Alamitos, Seal Beach, and Huntington Beach.  

The watershed is part of the former floodplain of the Santa Ana River (SAR) which historically 
meandered through out the existing watershed as far north as Anaheim  Bay to as far south as Newport 
Bay.  Channelization and large scale flood control Modifications have constrained the Santa Ana River 
to the main stem channel on the eastern border of the Westminster watershed.   

Figure 1 depicts the watershed boundary in orange, the Santa Ana River (SAR) in light blue, and the 
major drainage channels throughout the watershed in dark blue. 
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Figure 1: Westminster Watershed 

The channels within the Westminster watershed collect local storm water runoff and vary in size, 
geometry, and lining. Typical channel configurations include concrete rectangular (including invert); 
riprap- lined trapezoidal (soft-bottom), concrete-lined trapezoidal (including invert), and enclosed 
culverts. Configurations vary by reach and change throughout the channel systems.  

This study will take a watershed approach to flood risk management by modifying the existing channel 
cross section configurations and armoring to convey the design flow. The study focus however will be on 
the channels illustrated in Figure 2, and will support the systems that warrant Federal consideration and 
that are shown to be incrementally justified. 
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Figure 2: Drainage Channels within the Study Area 

2.1 Bolsa	Chica	Channel	(Channel	C02)	

The study will focus on the downstream-most segment that begins at the C02/C04 confluence at the Bolsa 
Chica Street/Edinger Avenue intersection. The segment extends to the west where it eventually discharges 
into Huntington Harbour. 

2.2 Westminster	Channel	(Channel	C04)	

The C04 Channel begins approximately 0.25 miles west of the Highway 22 and Euclid Street overpass 
and extends approximately 8 miles southwest before joining the C02 channel near the Bolsa Chica 
Street/Edinger Avenue intersection. 

2.3 East	Garden	Grove/Wintersburg	Channel	(Channel	C05)	

The C05 channel begins upstream of Haster Basin (a.k.a. Twin Lakes Park) and flows approximately 
eleven miles southwest where it discharges into Outer Bolsa Bay, located in the Bolsa Chica Ecological 
Reserve. 

2.4 Ocean	View	Channel	(Channel	C06)	

The C06 channel is a tributary to the C05 channel and begins east of Mile Square Park. The channel flows 
to the west, through the park, and continues an additional four miles where it ultimately discharges into 
the C05 channel at a point northeast of the intersection of Gothard Street and Warner Avenue. 

2.5 Receiving	Waters	

This study will also focus on the receiving waters of the C02/C04 and C05/C06 channel systems. Figure 4 
depicts the receiving waters of both the channel systems.  

Westminster, East Garden Grove FRM Study
October 19, 2018

7



Appendix B - Civil Engineering 

The C02/C04 channel system does not outlet directly to the Pacific Ocean. Waters from the C02/C04 
system discharge into the north side of Huntington Harbour. The waters then pass through the 
northwestern end of the harbor into Seal Beach National Wildlife Refuge, under Pacific Coast Highway 
into Anaheim Bay and then flow from the Bay to the Pacific Ocean.  

The C05/C06 channel system does not outlet directly to the Pacific Ocean. Waters from the C05/C06 
system enter Outer Bolsa Bay, which is part of the Bolsa Chica Ecological Reserve, and flow under the 
Warner Avenue bridge through the south end of Huntington Harbour. A tide gate where C05 enters Outer 
Bolsa Bay marks the downstream limit of the OCPW flood control easement and ownership interests. The 
flows continue through Huntington Harbour, draining through the northwestern end of the harbor into 
Seal Beach National Wildlife Refuge where they join with the waters from the C02/C04 channel system. 
Once the waters pass through the southern end of the refuge they travel under Pacific Coast Highway into 
Anaheim Bay and then to the Pacific Ocean. 

Figure 3: C02/C04 and C05/C06 Receiving Waters 
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The receiving waters are comprised of the following four regions:  

• Huntington Harbour – City of Huntington Beach residential community that includes five
manmade islands and water ways used for boating. The layout of the harbor is illustrated in 
Figure 5.  

• Seal Beach National Wildlife Refuge -A wildlife refuge that was developed through a
collaboration of the U.S. Fish and Wildlife Service and the Department of the Navy. The reserve 
is part of the Seal Beach Naval Weapons Station located to the northeast adjacent to the right 
bank of the C02 channel.  

• Anaheim Bay – The Bay serves as the outlet to the Pacific Ocean for the Wildlife Refuge, as well
as the C02/C04 channel system. 

• Bolsa Chica Ecological Reserve – This area is a nature reserve to protect a significant coastal
wetland, home for many endemic plant and animal species, including endangered. 

Figure 4: Bolsa Chica Ecological Reserve 

The Bolsa Chica Ecological Reserve (BCER), completed in 2006, is owned by the State Lands 
Commission. The lower segment of the CO5 channel bisects the reserve. The reserve is divided into six 
sections as depicted in Figure 6. The BCER is comprised of the following areas:  

 Full Tidal Basin - The Full Tidal Basin is located along the eastern edge of the CO5 channel and is
considered an environmentally sensitive area. The Full Tidal basin is separated from the CO5
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Channel, the Muted Tidal Basin, and Inner Bolsa Bay by levees. Water exchange between the Muted 
Tidal Basin and the Full Tidal Basin is permitted by a series of culverts and is controlled by flap 
gates that respond to changes in tide. Water exchange between the Seasonal Pond Area and the basin 
is controlled by flap gates that respond to changes in tide. The basin is connected to the Pacific 
Ocean by an outlet that passes under Pacific Coast Highway.  

 Muted Tidal Basin – The Muted Tidal Basins is located along the north eastern edge of the Full
Tidal Basin. The basin is divided into three cells that are only allowing water to movie between them
through overflow weirs during larger storm events. Each cell is separated from the Full Tidal Basin
and the CO5 channel by a levee. Culverts permit water exchange between the Muted Tidal Basin and
the Full Tidal Basin and flap gates allow regular but muted tidal influence.

 Inner Bolsa Bay - Inner Bolsa Bay is located between Pacific Coast Highway and the Full   Tidal
Basin. The bay is isolated from the Full Tidal Basin by a levee and is separated from Outer Bolsa
Bay by a tide gate. The tide gate permits water from Outer Bolsa Bay to enter Inner Bolsa Bay to
maintain a tidal influence within Inner Bolsa Bay. There is no water exchanged between the Full
Tidal Basin and Inner Bolsa Bay.

 Muted Tidal Pocket - The Muted Tidal Pocket is located along the northern edge of the downstream
end the CO5 channel. The Muted Tidal Pocket is isolated from the CO5 channel by a levee and is
separated from Outer Bolsa Bay by a tide gate. The tide gate permits water from Outer Bolsa Bay
into the Muted Tidal Pocket to maintain a muted tidal influence.

 Seasonal Ponds – The Seasonal Pond Area is located along the eastern edge of the Full Tidal Basin
and is separated from the Full Tidal Basin by a levee. A single culvert controls discharge from the
Seasonal Ponds Area into the Full Tidal Basin. This area is subject to runoff from surrounding
developments. The seasonal pond has not yet been restored.

 Outer Bolsa Bay - Outer Bolsa Bay is located at the mouth of the CO5 channel. Water exchange
between the CO5 channel and the bay is controlled by a tide gate. Outer Bolsa Bay is connected to
Inner Bolsa Bay and the Muted Tidal Pocket by separate tide gates. These tide gates allow water to
flow from Outer Bolsa Bay into either Inner Bolsa Bay or the Muter Tidal Pocket. Water is
discharged from Outer Bolsa Bay through the Warner Ave Bridge into Huntington Harbor. Outer
Bolsa Bay is separated from the Pacific Ocean by Pacific Coast Highway and Bolsa Chica State
Beach.

2.6 Work	Previously	Completed	

Due to immediate needs for flood risk reduction, OCPW has completed construction on channel 
Modifications in the lower segments of the CO5 channel near the Bolsa Chica Ecological Reserve. These 
Modifications include placing riprap along the banks of the CO5 channel near the downstream tide gate 
driving sheet pile into the existing levees along CO5. The sheet pile begins at the downstream end of the 
Muted Tidal Basin and extends upstream to Warner Avenue. Emergency sheet pile that was placed to 
prevent a levee breach was left in place along the right bank of CO5 and the new sheet pile extends from 
the upstream end of the emergency sheet pile to Warner Avenue, see figure 5.  
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Figure 5: C05 Modifications Near BCER 

3.0 Design Assumptions 

These study assumptions were made during the original design analyses in March 2016 and verified and 
updated for the TSP report in August 2018: 

• The quantities presented as an attachment to this appendix represent the detailed quantities
developed for the revised channel designs.  The cost estimates for the channel crossings and downstream 
Modifications (PCH floodwall, tide gates and Warner Ave Bridge) were developed differently as detailed 
design and quantities were not available for those items. For an explanation of the basis of cost for these 
items, refer to the Cost Appendix. Detailed design for these other features will be performed during the 
post-ADM design. 

• The proposed modifications to the 405 highway crossing in alternative 3 have been removed from
the proposed plan. All costs related to the Interstate 405 modifications have been removed from the 
project estimates, although some references remain in the channel configuration tables. 

• Channels were developed to represent arrays of different types of possible channel Modifications.
The entire channels were considered for modification to ensure flood risk was adequately addressed 
across the watershed and there was no increase in flood risk to downstream reaches as the capacity of the 
upstream reaches was increased.  

• All channel reaches where sheet pile is being installed will consist of double layered sheet pile to
account for seismic considerations. This is not called out specifically on the plates, but is true throughout 
the revised reaches and has been accounted for in the cost estimate. 
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• Due to limited funding and time allowed to work on feasibility phase of this project and for
consistency with the calculation from USACE Hydraulics Section, the existing channel configurations 
used by Hydraulics Section were adopted for design. These will be updated during the post-ADM design. 

• There were limited Groundwater studies, no detailed utilities, and geotechnical information was
available for only certain portions of the channels.  Proposed design is based on conceptual level site 
layout and preliminary H&H models.   

• The proposed structural thickness of the modified channels were estimated by USACE Structures
Section based on parametric design of similar structural channel walls and inverts in the region. 

• All proposed channel Modifications must be contained within the channel right of way due to
dense commercial and residential development throughout the watershed. Based on USACE Hydraulics 
Section’s information, the proposed design concepts were developed assuming that there would be 
enough right-of-way when provided proposed dimensions. 

• The proposed channel invert elevation cannot change significantly. High ground water and
restricted change in elevation across the watershed limit the effectiveness of modifying the channel invert 
elevation. 

• The proposed maximum flood wall height on the banks would be 3ft. This height is based on
recommendations made by OCPW and would ensure maintenance equipment can travel over the flood 
wall and reach the invert of the channel. 

• Maintain capacity for at least one access road along the top bank of the channel. A single access
road would be required to ensure maintenance vehicles can access all reaches of the channel. The road 
could be on either side of the channel. 

• Utilities mapped were based on available preliminary information from the sponsor. Field
inspections for utilities have not yet been conducted. It is very likely multiple additional utilities will be 
discovered both during design and during construction. 

• Initial H&H modeling has been completed. Geotechnical testing once completed could result in
changes to proposed channel liner thicknesses.  

• The proposed design is based on existing channel design type of armoring and therefore less
changes are expected during design refinements.  Geotechnical testing would again be required as with all 
other channel designs.  Additionally, and side drains have not been included in any of the proposed 
channel improvement designs but would need to be included when a final an alternative has been 
selected. 

• Some channels are over 50 years old and may be considered historical structures. If so, additional
cultural surveys, documentation and coordination will be required.  

• For proposed flood wall along PCH, Geotechnical and Structural design are yet to be completed.
Final geotechnical investigations and design could result in changes to the assumptions for the flood wall 
design.  

• The existing channels run through densely urban areas limiting site access.  Noise concerns can
limit construction schedules.  Bubble curtains may be required for noise control.  Specialized construction 
may be needed to minimize impact to downstream reaches.  Bracing and shoring may be required for 
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personal properties.  Open flow channels convey surface runoff.  Downstream areas would experience 
tidal influences.  High groundwater could also be encountered.  Local storm events, while seldom, also 
have a high intensity and may affect design protection. 

• For the proposed floodwall along PCH, construction impacts would result along Pacific Coast
Highway which carries heavy traffic and bicycle traffic.  Constrained working areas are expected.  The 
adjacent bay is a prime ecological habitat, and inundation with high tides or storm events could also be 
problematic. 

4.0 Minimum Channel Modifications Alternative 

The Minimum Channel Modifications Alternative is referred to as Alternative 1 in all design plates, tables 
and calculations.  

4.1 Channel	Modifications	

The channel Modifications in this alternative vary between no action on portions of the existing channel, 
to concrete lining of existing earthen channels and installation of sheet pile channel walls in leveed 
portions. Refer to Tables 1 through 3 in Attachment 3 for a detailed description of the Modifications that 
will be made in each reach of the channels. For a typical cross section of each improvement type, refer to 
Plate 2.  

4.2 Downstream	Modifications	

Beyond the channel Modifications detailed above, this alternative will require some Modifications at the 
downstream end of the system. Based on the H&H modeling, the required Modifications include 
widening Warner Avenue Bridge, replacing the tide gates at the downstream end of the C05 Channel, and 
building a floodwall along the Pacific Coast Highway (PCH) at Outer Bolsa Bay. 

As detailed in the Cost Appendix, the PCH Flood Wall conceptual design and quantities were developed 
as a part of the 2015 VE Report (Attachment 1, Westminster VE Study). A 3 foot seawall would be 
installed along the PCH, to the north of Channel C05’s outlet to Outer Bosla Bay, to protect the highway 
from upstream flooding during storm events. The floodwall would be approximately 2500 feet long, 
extending much of the length of Outer Bosla Bay as shown in Figure 6. 
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Figure 6: Pacific Coast Highway Floodwall 

The Warner Ave Bridge currently acts as a downstream constriction and so will be widened to allow 
additional flow to pass into Huntington Harbor from Outer Bolsa Bay. The Hydraulic modeling for this 
alternative requires the removal of approximately 0.85 acres of land on the east edge of the Bolsa Chica 
Conservancy parking long just upstream of Warner Ave. Warner Avenue Bridge itself will need to be 
widened, and the pedestrian bridge just south of the automobile bridge will also need to be either widened 
or replaced. Refer to figure 7 for these modifications. Detailed design has not been performed yet of this 
change. The cost estimate for the work was based on a similarly scoped effort to create an additional 
Ocean outlet from Outer Bolsa Bay to the Pacific Ocean, and can be reviewed in the cost appendix. A 
more site specific design and cost will be developed post-ADM, prior to the final report.  
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Figure 7: Warner Ave Bridge Modifications 

The Tide Gates between Channel C05 and Outer Bolsa Bay will be improved. The existing gates consist 
of twelve 84-inch diameter, 28-feet long, corrugated metal pipes with heavy duty flap gates, which are 
hydraulically inefficient. The proposed gates are 11’ by 11’ box culverts, 30 feet long. Ten culverts are 
assumed to be installed, with flap gates on the downstream end of each and new concrete headwalls 
installed. These were sized based on the Hydraulic modeling, and as-builts of the existing gates and pipes 
were used for reference. Refer to sheets 20 through 23 of Attachment 2, East Garden Grove – 
Wintersburg Channel, Tidelands to Huntington Beach Blvd. 

5.0 Maximum Channel Modifications Alternative 

The Maximum Channel Modifications Alternative is referred to as engineering Alternative 3 in all design 
plates, tables and calculations. This alternative considered three sub-alternatives for Channel C06 and C-
04: 3A-1, 3A-2, and 3B. The alternative moving forward includes only sub-alternative 3B, with no 
modifications to the crossing at Interstate 405. All costs related to the Interstate 405 modifications have 
been removed, although some references remain in the channel configuration tables. These channel 
dimensions will all be revised accordingly for the post-ADM design. 

5.1 Channel	Modifications	

The channel Modifications in this alternative vary between no action on portions of the existing channel, 
to a concrete lined rectangular channel with steel sheet pile floodwalls at the most extensive. Refer to 
Tables 7 through 15 in Attachment 3 for a detailed description of the Modifications that will be made in 
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each reach of the channels. For a typical cross section of each improvement type, refer to Plates 5 through 
8.  

5.2 Diversion	Channel	at	Westminster	Mall	

The maximum Modifications alternative includes a diversion channel on the C02/C04 channel at 
Westminster mall. On Channel C04 just downstream of the existing Hoover Street crossing, a diversion 
channel will be added to funnel a portion of the flow away from the existing channel.  The proposed 
alignment follows an abandoned railway alignment which passes under the 405 Highway with an existing 
underpass. Two underground box culverts will be installed along this length. At Edwards St., the 
diversion will turn south and continue under the centerline of Edwards Street, replacing and overlapping 
with existing storm drains. The diversion will confluence with the existing open channel at the 
intersection of Edwards St. and Bolsa Ave. For a detailed description of the diversion channel, refer to 
Alternative 3A in Attachment 5, Diversion at Westminster Mall. Refer to Figure 8 for a plan view of the 
Diversion.  

Figure 8: Westminster Mall Diversion 

5.3 Downstream	Modifications	

Beyond the channel Modifications detailed above, this alternative will require some Modifications at the 
downstream end of the system. Based on the H&H modeling, the required Modifications include 
widening Warner Avenue Bridge, replacing the tide gates at the downstream end of the C05 Channel, and 
building a floodwall along the Pacific Coast Highway (PCH) at Outer Bolsa Bay. Refer to the Alternative 
1 description above for a detailed description of what will be included in each of these Modifications.  

6.0 Operation and Maintenance 

Operation and Maintenance costs were developed based on historic annualized costs from Orange County 
Public Works for existing channel segments. A summary of the costs for each alternative and reach is 
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presented in the quantity calculation tables in Attachment 3. Operation and maintenance of the proposed 
project would be the responsibility of Orange County Flood Control District (OCFCD) and would 
include, but not limited to performing periodic inspections. Inspections would provide recommendations 
for maintenance including the following: 

6.1 Vegetation	Control	

Active or passive establishment of vegetation on the earthen portions of the channels would attenuate 
erosion. However, vegetation maintenance may be required to ensure channel integrity. Structures to be 
maintained include the sides and bottom of channels, as well as access roads along the channels.  

6.2 Rodent	Control	

Burrowing animals are capable of perforating channels with holes to the extent that the structural integrity 
of the channels may be jeopardized.  To alleviate this problem, the rodent population should be kept 
under control by placing poison in the burrows.  Rodent problems should be identified during the 
quarterly inspections.   

6.3 Levee	and	Interior	Drainage	Structures	Repair	

In order to maintain the integrity of the levee and interior drainage structures, it is anticipated some 
repairs will be required after periods of significant flooding.  This would include replacement of earth fill 
along eroded sections of the channel and interior drainage structures, repairs to gated outlets, and 
replacement of any damaged sections of soil cement, grouted/ungrouted riprap and gravel.   

6.4 Sediment	Removal	

Removal of accumulated sediments in the vicinity of the channels will be required when it is determined 
there is a loss of channel capacity due to sediment build up.   
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VALUE ENGINEERING TEAM STUDY 
PROJECT DESCRIPTION AND BACKGROUND 

PROJECT TITLE:   WESTMINSTER, CALIFORNIA 
FLOOD RISK MANAGEMENT 

PROJECT LOCATION: WESTMINSTER, CALIFORNIA  

The following was taken from the Report Synopsis for the 
Westminster, East Garden Grove Flood Risk Management Study. 

Study Authority.  The study was authorized by a resolution adopted by the House of 
Representatives Committee on Public Works, dated 08 May 1964, which reads as 
follows:  

“Resolved by the Committee on Public Works of the House of Representatives, 
United States, that the Board of Engineers for Rivers and Harbors is hereby 
requested to review the reports on (a) San Gabriel River and Tributaries, 
published as House Document No. 838, 76th Congress, 3d Session; (b) Santa 
Ana River and Tributaries, published as House Document No. 135, 81st 
Congress, 1st Session; and (c) the project authorized by the Flood Control Act of 
1936 for the protection of the metropolitan area in Orange County, with a view to 
determining the advisability of modification of the authorized projects in the 
interest of flood control and related purposes.” 

Non-Federal Sponsor.  The non-Federal sponsor is Orange County Public Works 
(OCPW). The Corps of Engineers and OCPW executed a feasibility cost sharing 
agreement (FCSA) in September 2003.  

Study Area.  The study area is contained within the Westminster Watershed in western 
Orange County, California.  The watershed is approximately 74 square miles and lies on 
a flat coastal plain that is almost entirely urbanized. Cities in the watershed include 
Anaheim, Stanton, Cypress, Garden Grove, Westminster, Fountain Valley, Los 
Alamitos, Seal Beach, and Huntington Beach.  The watershed is part of the former 
floodplain of the Santa Ana River (SAR) which historically meandered through out the 
existing watershed as far north as Anaheim Bay to as far south as Newport Bay. 
Channelization and large scale flood control improvements have constrained the Santa 
Ana River to the main stem channel on the eastern border of the Westminster 
Watershed.  Figure 1 depicts the watershed boundary in orange, the Santa Ana River 
(SAR) in light blue, and the major drainage channels throughout the watershed in dark 
blue. 

This Value Engineering Study was based on the information available during the 
development of the Feasibility Study.  Please see the study referenced above for further 
information. 
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 VALUE ENGINEERING TEAM STUDY  
 EXECUTIVE SUMMARY  
 
 

Value Engineering is a process used to study the functions a project is to 
provide.  As a result, it takes a critical look at how these functions are met and develops 
alternative ways to achieve the same function, while increasing the value of the project.  
In the end, it is hoped that the project will realize a reduction in cost, but adding value 
over reducing cost, is the focus of VE. 
 

The Value Engineering Study was initiated during the week of 21 to 25 
September 2015, at the Los Angeles District Office, in Los Angeles, California.  The 
project was studied using the Corps of Engineers standard Value Engineering (VE) 
methodology, consisting of five phases: 
 

Information Phase:  The team studied drawings, figures, descriptions of project 
work, and cost estimates, to fully understand the work to be performed and the 
functions to be achieved.  Cost Models were compared to determine areas of relative 
high cost, to ensure that the team focused on those parts of the project, which offered 
the most potential for cost savings.  The team conducted a field trip to the site, 
accompanied by the local sponsor, to gain first-hand knowledge of the project. 
 

Speculation Phase:  The team speculated by conducting brainstorming sessions 
to generate ideas for alternative designs.  All team members contributed ideas and 
critical analysis of the ideas was discouraged. 
 

Analysis Phase:  Evaluation, testing and critical analysis of all ideas generated 
during speculation was performed, to determine potential for savings and possibilities 
for risk.  Ideas were ranked by priority for development.  Ideas which did not survive 
critical analysis were deleted. 
 

Development Phase:  The priority ideas were developed into written proposals by 
VE team members during an intensive technical development session.  Proposal 
descriptions, along with sketches, technical support documentation, and cost estimates 
were prepared to support implementation of ideas.  Additional VE team comments were 
included for items of interest, which were not developed as proposals, and these 
comments follow the study proposals. 
 

Presentation Phase:  Presentation is a two step process.  The published VE 
study report is distributed for review by project supporters and decision makers.  A 
briefing is later conducted to decide which proposals merit implementation into project 
design.  The summary of proposals follows on the next page. 
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VALUE ENGINEERING TEAM STUDY  
            SUMMARY OF PROPOSALS  

 
 

Seventy-three ideas for ways to improve the project or reduce costs were 
generated during the speculation phase of this study.  The analysis phase of the study 
reduced the number of ideas to twenty-six for development, of which seventeen ideas 
were designated as design comments, and are included in this report. 
 

Of all the ideas from the analysis and development phases, nine ideas became 
proposals which, if accepted, can result in the savings shown below.  Those that show a 
negative number, are value added proposals that increase cost while providing a 
benefit.  Note: Each Proposal is based on a stand-alone implementation, and the 
current design and cost data. 
 
 
PROPOSAL NO.   DESCRIPTION        SAVINGS 
 
 
1.  Breach Levee (C05) Adjacent to the Muted Tidal Pocket .......... -$2,596,000 
 
2.  Construct Weir in Levee (C05) Adjacent to Muted Tidal Pond ....... -$42,000 
 
3.  Use a Floodwall on the Pacific Coast Highway ......................... -$7,901,000 
 
4.  Convert All Trapezoidal Channels to  
  Rectangular Concrete ............................................................. -$26,332,000 
 
5.  Use Vinyl Sheet Pile for Floodwalls ................................................. $10,000 
  Note: Savings is for an Assumed Quantity per Station 
 
6.  Use Roller Compacted Concrete ................................................... $261,000 
  Note: Savings is for an Assumed Quantity per Station 
 
7.  Offset Pier Wall Debris Noses from Bridge Openings .............. $19,466,000 
 
8.  Add Culverts adjacent to Warner Avenue Bridge ..................... $20,386,000 
 
9.  Use Con/Span Bridges in Lieu of Cast-In-Place 
  Bridge Construction ......................................................................... $39,000 
  Note:  Savings Shown is for a Single Typical Bridge 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 1 PAGE NO:  1 OF 2 
DESCRIPTION: Breach Levee (C05) Adjacent to the Muted Tidal Pocket  
 
 
ORIGINAL DESIGN:   
 

Currently, the levee is earthen with rock riprap slope protection and a crushed 
aggregate base (CMB) driving surface.  Tide gates allow flows to pass through the 
levee between the channel and the Muted Tidal Pocket.  The total length of the levee 
adjacent to the Muted Tidal Pocket is approximately 3,000 feet. 
 
 
PROPOSED DESIGN:   
 

Breach or remove the west levee to allow flows from C05 to enter the Muted 
Tidal Pocket.  This allows flows to continuously mingle in the basin.  The length of the 
levee that would be removed is approximately 3000 feet. 
 
 
ADVANTAGES:   
 

 Removing the levee eliminates the need for maintenance of the levee. 
 Allows for continuous mixing of tidal (saltwater) and channel flows (fresh water). 
 May decrease storm peak discharges for all events due to attenuation of peaks 

as a result of increasing storage volume. 
 Increases flushing of the tidal waters. 
 Flow velocity reduction due to increased wetted perimeter through the area. 

 
 
DISADVANTAGES: 
 

 Allows increased influence of debris and pollutants from the C05 channel into the 
tidal pocket. 

 May alter type of habitat in the Muted Tidal Pocket. This would require a biologist 
to determine impacts of this proposal. 

 May result in additional sediment deposition due to reduced flow velocities.  Flow 
velocities will decrease due to increase flow section and adjacent ponded areas. 

 
 
JUSTIFICATION:   
 
 

Removing the levee would eliminate levee maintenance and promote flushing of 
the tidal area by both channel flows and tidal flows.  Continuous mixing of flows may 
promote enhanced habitat, both aquatic and avian. 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 1 PAGE NO: 2 OF 2  
 
 

COST ESTIMATE WORKSHEET 

 

DELETIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
$0
$0
$0

 $0
 $0
 $0
 $0
 $0
 $0
 $0

$0
  $0

Total Deletions $0

ADDITIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Remove Rock Riprap CY 7,450 $100.00 $745,000
Remove Earth Levee CY 122,200 $10.00 $1,222,000
 $0
 $0
 $0
 $0

$0
$0

 $0
 $0
 $0
  $0

Total Additions $1,967,000

Net Cost Decrease -$1,967,000
Mark-ups 32.00% -$629,440
Total Cost Decrease -$2,596,440  
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 2 PAGE NO:  1 OF 2 
DESCRIPTION: Construct Weir in Levee (C05) Adjacent to Muted Tidal Pond  
 
ORIGINAL DESIGN:   
 

Currently, the levee is earthen with rock riprap slope protection and a crushed 
aggregate base (CMB) driving surface.  Tide gates allow flows to pass through the 
levee between the channel and the Muted Tidal Pocket.  The total length of the levee 
adjacent to the Muted Tidal Pocket is approximately 3,000 feet. 
 
PROPOSED DESIGN:   
 

Construct a weir in the west levee to allow flows from C05 to enter the Muted 
Tidal Pocket.  This allows flows to mingle in the basin.  The length of the proposed weir 
is approximately 100 feet.  Actual length will depend on design parameters.  A weir 
would allow only larger storm flows to enter the Muted Tidal Pocket.  The design height 
of the weir could be adjusted to increase or decrease the frequency of the flows 
entering the tidal area from the channel.  Low flows, first flush discharges, dry weather 
flows and sediment would bypass the weir and flow directly to the Outer Bolsa Bay. 
 
ADVANTAGES:   
 

 Allows for increased mixing of tidal (saltwater) and channel flows (fresh water) 
during larger storm events. 

 Increases flushing of the tidal waters during larger storm events. 
 May decrease storm peak discharges due to attenuation of peaks as a result of 

increased storage volume. 
 
DISADVANTAGES:   
 
 

 Allows increased influence of debris and pollutants from the C05 channel into the 
tidal pocket. 

 May alter type of habitat in the Muted Tidal Pocket.  This would require a 
biological assessment to determine the impacts of this proposal. 

 May result in additional sediment deposition in the channel area due to reduced 
flow velocities.  Flow velocities will decrease due to flow reduction as flows split 
over the weir. 

 
 
JUSTIFICATION:   
 

Constructing a weir in the west levee of the C05 channel will promote flushing of 
the tidal area by both channel flows and tidal flows. Increased mixing of flows may 
promote enhanced habitat, both aquatic and avian. 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 2 PAGE NO: 2 OF 2  
 
 

COST ESTIMATE WORKSHEET 

 

DELETIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
$0
$0
$0

 $0
 $0
 $0
 $0
 $0
 $0
 $0

$0
  $0

Total Deletions $0

ADDITIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Remove riprap CY 124 $100.00 $12,400
Excavate Weir CY 465 $10.00 $4,650
Concrete line weir CY 30 $500.00 $15,000
 $0
 $0
 $0

$0
$0

 $0
 $0
 $0
  $0

Total Additions $32,050

Net Cost Decrease -$32,050
Mark-ups 32.00% -$10,256
Total Cost Decrease -$42,306  
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 3 PAGE NO:  1 OF 3 
DESCRIPTION: Use a Floodwall on the Pacific Coast Highway  
 
 
ORIGINAL DESIGN:   
 

The CO5 East Garden Grove Wintersburg Channel and CO6 Ocean View 
Channel both exit into the Bolsa Chica Ecological Reserve and the waters flow north.  
This area is located adjacent to the Pacific Coast Highway, which has varying 
elevations as low as 5’ above sea level.   
 

 
 
 
PROPOSED DESIGN:   
 

With the potential of large amounts of water flowing from the CO5 and CO6 
channels, pouring into the Bolsa Chica Ecological Reserve, we are proposing using the 
area to the north of this channel as a flood basin.  This would require installing a seawall 
along the Pacific Coast Highway to the north of the channel, until it reaches the Warner 
Avenue Bridge. 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 3 PAGE NO: 2 OF 3  
 
 

 
 
 

DISADVANTAGES:   
 

 Increase water capacity for flood area. 
 Protect Pacific Coast Highway from potential flooding. 

 
 
DISADVANTAGES:   
 

 Interruption of natural habitat. 
 
 
JUSTIFICATION: 
 

Adding a seawall perpendicular to the Pacific Coast Highway would significantly 
increase the capacity for a flood basin. 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 3 PAGE NO: 3 OF 3  
 
 

COST ESTIMATE WORKSHEET 

 

DELETIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
$0
$0
$0

 $0
 $0
 $0
 $0
 $0
 $0
 $0

$0
  $0

Total Deletions $0

ADDITIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
$0

Dewatering LF 5,000 $32.00 $160,000
Temporary Shoring LF 5,000 $600.00 $3,000,000
Excavation of earth materials CY 5,833 $3.00 $17,499
CIP Concrete Footings with Forms & 
Reinforcing CY 2,500 $691.00 $1,727,500
CIP Concrete Walls with Forms & 
Reinforcing CY 1,297 $833.00 $1,080,401

$0
$0

 $0
 $0
 $0
  $0

Total Additions $5,985,400

Net Cost Decrease -$5,985,400
Mark-ups 32.00% -$1,915,328
Total Cost Decrease -$7,900,728  

 
 

Civil Appendix Attachment 1

Page B1-15



VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 4 PAGE NO:  1 OF 3 
DESCRIPTION: Convert All Trapezoidal Channels to Rectangular Concrete  
 
 
ORIGINAL DESIGN:   
 

Within the Westminster Watershed, there are drainage channels ranging in size, 
materials, and shapes.  A portion of these channels have trapezoidal side wall shapes 
with varying angles which rise back up to ground level elevations. 
 

 
 
 
PROPOSED DESIGN:   
 

The proposed design takes into consideration of building all channel sidewalls 
into a ninety degree wall design.  These walls would be constructed of cast in place 
concrete using temporary shoring. 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 4 PAGE NO:  2 OF 3 
DESCRIPTION:   
 
 

 
 
 
ADVANTAGES:   
 

 Increase the hydraulics of the watershed. 
 Low maintenance. 
 Longevity of channel concrete walls vs natural or rip rap sidewalls. 

 
 
DISADVANTAGES:   
 

 None known 
 
JUSTIFICATION:   
 

There are many advantages to building all the channel sidewalls, as vertical 
members, creating a rectangular section as is shown above.  Not only will the hydraulic 
capacities increase, but the concrete construction will have a lifespan that will last 
longer.  By using this method, in channel storage will increase.  The team proposes 
that, if work is to be conducted in a reach, that the maximum section be used as shown.  
This will maximize the conveyance in these reaches, which may preclude an 
enlargement in the future. 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 4 PAGE NO: 3 OF 3  
 
 

COST ESTIMATE WORKSHEET 

 

DELETIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Reach 1 Channel Lining LS 1 $4,588,632.00 $4,588,632
Reach 13 Channel Lining LS 1 $13,640,183.57 $13,640,184
Reach 17 Channel Lining LS 1 $6,609,213.09 $6,609,213
Reach 18 Channel Lining LS 1 $7,838,584.19 $7,838,584
Reach 19 Channel Lining LS 1 $3,430,265.53 $3,430,266
Reach 22 Channel Lining LS 1 $8,311,807.00 $8,311,807
 $0
 $0
 $0
 $0

$0
  $0

Total Deletions $44,418,685

ADDITIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Demo Concrete Walls CY 4216 $181.00 $763,096
Demo Rip Rap Walls CY 11264 $75.00 $844,800
Dewatering LF 38,000 $32.00 $1,216,000
Temporary Shoring LF 38,000 $950.00 $36,100,000
Excavation & Removal of Existing Soil CY 85,150 $3.00 $255,450
Continious Strip Footing incl. Reinforcing 
& Forms CY 17,790 $691.00 $12,292,890
CIP concrete Walls incl. Reinforcing & 
Forms CY 15,480 $833.00 $12,894,840

$0
 $0
 $0
 $0
  $0

Total Additions $64,367,076

Net Cost Decrease -$19,948,391
Mark-ups 32.00% -$6,383,485
Total Cost Decrease -$26,331,876  
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 5 PAGE NO:  1 OF 3 
DESCRIPTION: Use Vinyl Sheet Pile for Floodwalls  
 
 
ORIGINAL DESIGN:   
 

Materials used for the construction of floodwalls along the channels include steel 
sheet pile and concrete piles. 
 
 
PROPOSED DESIGN:   
 

In areas along the channels, particularly those influenced by the marine 
environment, the use of vinyl sheet piles is a good alternative to steel and concrete. 
Areas in direct contact with saltwater and those within a range of approximately 3 miles 
of the furthest extent of the saltwater advance, may benefit from the use of vinyl sheet 
piles.  Vinyl is very resistant to corrosion.  In areas where fine sediments deposit, sheet 
piles can be vibrated into place, as opposed to driven into place.  This reduces noise, 
the need to excavate for the below grade support sections, and special equipment for 
driving the piles.  Soil conditions dictate type of driving equipment.  Hard driving 
requires a steel mandrel template to be used in conjunction with an impact hammer or 
vibratory hammer.  Soft driving such as sand or in water requires only a vibratory 
hammer.  Cost Savings have been documented to be substantial when compared to 
steel.  Due to the lightweight of sheets, the installation rate can be accelerated.  Offload 
and alignment by heavy equipment can be eliminated.   Steel requires each side of the 
sheet to be painted (Cold tar-epoxy) for extended life.  Also, a routine cathodic 
protection (electric charge to reduce corrosion) maintenance of sheets is eliminated.  
 
 
ADVANTAGES:   
 

 Resist corrosion 
 Reduces maintenance and replacement due to corrosion 
 Long service life 
 No time delay for curing as in concrete prior to backfilling 
 Generally less expensive than concrete or steel 
 Increased rate of installation 

 
 
DISADVANTAGES: 
 

 Reduced strength. 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 5 PAGE NO: 2 OF 3  
 
 
JUSTIFICATION:   
 

The performance of vinyl sheet piles in a marine environment is superior to 
concrete or steel.  Vinyl sheet piles are interlocking and can be driven or vibrated into 
place.  If determined to be structurally feasible there are cost savings when compared to 
concrete or steel piles.  The lightweight of the product can save, in both equipment cost 
and rate of installation.  The picture below is an example of a vinyl sheet pile wall. 
 
 

 
 

Civil Appendix Attachment 1

Page B1-20



 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 5 PAGE NO: 3 OF 3  
 
 

COST ESTIMATE WORKSHEET 

 

DELETIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Steel Sheet Pile Wall SF 1,500 $35.00 $52,500

$0
Assumes 15 Foot Sheet Pile Length $0
12 Feet Imbedded and 3 Feet Exposed $0
For Illistration 100 Feet of Wall is Used $0
 $0
 $0
 $0
 $0
 $0

$0
  $0

Total Deletions $52,500

ADDITIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Vinyl sheet piles SF 1,500 $30.00 $45,000
 $0
Assumes 15 Foot Sheet Pile Length $0
12 Feet Imbedded and 3 Feet Exposed $0
For Illistration 100 Feet of Wall is Used $0
 $0

$0
$0

 $0
 $0
 $0
  $0

Total Additions $45,000

Net Cost Decrease $7,500
Mark-ups 32.00% $2,400
Total Cost Decrease $9,900  
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 6 PAGE NO:  1 OF 3 
DESCRIPTION: Use Roller Compacted Concrete  
 
 
ORIGINAL DESIGN: 
 

The current design is a trapezoidal channel in some locations constructed of cast 
in place reinforced concrete. 
 
 
PROPOSED DESIGN: 
 

The proposed design would use a full or partial roller compacted concrete section 
to construct this feature. 
 
 
ADVANTAGES:   
 

 Simplifies construction. 
 Less cost. 

 
 
DISADVANTAGES:   
 

 Not easily constructed in a restricted channel. 
 Room for construction equipment. 

 
 
JUSTIFICATION: 
 

Roller compacted concrete provides an economical method for placing mass 
concrete.  If all or part of the u frame structure could be placed using RCC, significant 
cost savings could be achieved.  The cost savings shown, is for 100 feet of channel. 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 6 PAGE NO: 2 OF 3  
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 6 PAGE NO: 3 OF 3  
 
 

COST ESTIMATE WORKSHEET 

 

DELETIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Concrete Trapizoidal Channel FT 100 $3,400.00 $340,000

$0
$0

 $0
 $0
 $0
 $0
 $0
 $0
 $0

$0
  $0

Total Deletions $340,000

ADDITIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Roller Compacted Trapezoidal Channel FT 100 $1,422.00 $142,200
 $0
 $0
 $0
 $0
 $0

$0
$0

 $0
 $0
 $0
  $0

Total Additions $142,200

Net Cost Decrease $197,800
Mark-ups 32.00% $63,296
Total Cost Decrease $261,096  
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 7 PAGE NO:  1 OF 3 
DESCRIPTION: Offset Pier Wall Debris Noses from Bridge Openings  
 
 
ORIGINAL DESIGN:   
 

The existing bridges have a variety of debris noses on the piers.  It is anticipated 
that the debris noses will be protected, or replicated in the final design. 
 
 
PROPOSED DESIGN:   
 

The proposed design would extend the pier walls upstream into the channel and 
construct debris noses further from the bridge entrances.  The design would use the 
conventional debris nose design, but separate the debris from the bridge opening. 
 
 
ADVANTAGES:   
 

 Improve hydraulic efficiency of the bridges. 
 Avoid replacing existing bridges. 
 Minimize traffic disruptions. 
 Reduce duration of construction in channels. 

 
 
DISADVANTAGES: 
 

 Lengthening the pier walls to move the debris noses further upstream will add 
additional maintenance requirements. 

 The debris noses will be further from the bridges, and somewhat more difficult to 
view from the roads 

 These added concrete surfaces will also be a common target for vandalism and 
graffiti, causing additional maintenance. 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 7 PAGE NO: 2 OF 3  
 
 
JUSTIFICATION:   
 

The advantages of this proposal are principally related to the channel/bridge 
hydraulics.  As the debris collects on the pier walls, it restricts the bridge openings and 
reduces the capacity of the bridges.  Although the debris noses already extend into the 
upstream channel, in high flow situations the constriction due to debris, flow 
disturbances due to the accumulated debris, and natural vena contracta of the bridge 
can combine to further reduce the capacity of the bridge crossing. 

Extending the pier walls and debris noses further from the bridge openings, it is 
possible to separate the debris constriction away from the bridge opening.  In the 
baseline study, the channels are running at a bank-full condition and the bridges will 
likely operate in pressure flow.  Separating the pier/debris vena contracta from the 
bridge soffit vena contracta will improve the performance of the bridge entrances. 

By retrofitting the existing bridges with improved debris noses, the existing bridge 
structures may be sufficient to pass the flow rates without requiring replacement and 
associated traffic disruptions. 
 

 
 

Civil Appendix Attachment 1

Page B1-26



 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 7 PAGE NO: 3 OF 3  
 
 

COST ESTIMATE WORKSHEET 

 

DELETIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Remove Existing Local Bridge EA 10 $133,200.00 $1,332,000
Construct New Local Bridge EA 10 $1,367,500.00 $13,675,000

 $0
 $0
 $0
 $0
 $0
 $0
 $0
 $0

$0
  $0

Total Deletions $15,007,000

ADDITIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Construct Offset Debris Noses at Bridge EA 10 $27,500.00 $275,000
 $0
 $0
 $0
 $0
 $0

$0
$0

 $0
 $0
 $0
  $0

Total Additions $275,000

Net Cost Decrease $14,732,000
Mark-ups 32.00% $4,714,240
Total Cost Decrease $19,446,240  
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 8 PAGE NO:  1 OF 3 
DESCRIPTION: Add Culverts adjacent to Warner Avenue Bridge  
 
 
ORIGINAL DESIGN:   
 

The baseline study requires either a widening of the channel and reconstruction 
of the Warner Avenue Bridge, or a new ocean outfall to provide additional capacity for 
the C05 outlet. 
 
 
PROPOSED DESIGN:   
 

This proposal involves supplementing the existing Warner Avenue Bridge 
hydraulic capacity with a large multi-cell box culvert that traverses the existing 
constriction into Huntington Harbor and outlets into the harbor. 
 
 
ADVANTAGES:   
 

 Protects existing Pedestrian Bridge near Warner Avenue. 
 Eliminates reconstruction of deep foundations for bridges. 
 Reduces amount of work within/over the waterbody. 
 Lowers traffic impacts verses a bridge construction. 
 The constant tidal influence will prevent sediment accumulation in the box 

culvert.  
 
 
DISADVANTAGES:   
 

 The principal disadvantage to this proposal is the difficulty of inspecting the 
submerged invert of a culvert and the maintenance in this situation. 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 8 PAGE NO: 2 OF 3  
 
 
JUSTIFICATION:   
 
 

Using a multi-cell box culvert improves the operation of the C05 outfall without 
causing adverse impacts to the local community, traffic, and recreational area.  The box 
culvert preserves the existing pedestrian bridge.  A widened channel and bridge would 
most likely combine the pedestrian access into a street-adjacent access, thereby 
reducing the pedestrian access to the Bolsa Chica Ecological Preserve Trail System.  If 
a pedestrian bridge is mandated under a future proposal, the pedestrian bridge will be 
longer to span the widened channel. 

The traffic disruptions associated with a bridge removal and reconstruction have 
a longer duration and are much more impactful than a box culvert.  It is possible to 
construct this culvert using a temporary detour road that would permit Warner Avenue 
to remain open during construction with little loss of capacity.  It is unlikely that the 
bridge can be extended without lengthy closures of Warner Avenue. 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 8 PAGE NO: 3 OF 3  
 
 

COST ESTIMATE WORKSHEET 

 

DELETIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Remove Existing 135'x85' Bridge EA 1 $504,900.00 $504,900
Remove Existing 150'x16' Ped Bridge EA 1 $105,600.00 $105,600
Construct New 300'x85' Bridge EA 1 $16,957,500.00 $16,957,500
 $0
 $0
 $0
 $0
 $0
 $0
 $0

$0
  $0

Total Deletions $17,568,000

ADDITIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Construct 4-9' Rise x 12' Span RCB LF 450 $4,720.00 $2,124,000
 $0
 $0
 $0
 $0
 $0

$0
$0

 $0
 $0
 $0
  $0

Total Additions $2,124,000

Net Cost Decrease $15,444,000
Mark-ups 32.00% $4,942,080
Total Cost Decrease $20,386,080  
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 9 PAGE NO:  1 OF 3 
DESCRIPTION: Use Con/Span Bridges in Lieu of Cast-In-Place Bridge Construction  
 
 
ORIGINAL DESIGN:   
 

The present design calls for constructing a number of bridges throughout the 
proposed improvement area.  These bridges are predominantly of the cast-in-place 
reinforced concrete construction type. 
 
 
PROPOSED DESIGN:   
 

The proposed design calls for constructing the bridges using precast reinforced 
concrete arches produced by Con/Span®.  These bridges generally rest on a cast-in-
place concrete footer, and may have either precast or cast in place wing walls and 
headwalls.  Arch sections are lowered onto the footing and connected segmentally, 
followed by wing wall and headwall construction.  Because data are not currently 
available for which spans are proposed to be replaced, a typical representation is 
presented in this proposal for a 40 foot x 40 foot bridge crossing. 
 
 
ADVANTAGES:   
 

 Formwork not required for construction of arch. 
 Curing time not required for arch section. 
 Where span length can eliminate construction of intermediate bents, hydraulic 

performance can be improved. 
 Reduced debris accumulation. 
 Generally rapid construction process reduces traffic impacts. 
 Aesthetically appealing versus typical cast in place bridges. 

 
 
DISADVANTAGES: 
 

 Possible lack of local contractor experience, although Con/Span lists 85 existing 
installations of roadways over waterways in California. 

 Will likely require pile foundation support similar to cast-in-place bridges. 
 Limited to sizes available from manufacturer. 
 Seismic performance will need to be verified. 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 9 PAGE NO: 2 OF 3  
 
 
JUSTIFICATION:   
 
 

Construction of short span bridges may be simpler using the Con/Span precast 
arch design rather than cast-in-place bridges.  Con/Span requires fewer steps to 
construct, resulting in savings of time, cost, and impacts to existing roadways.  The cost 
to the public will be minimized by reducing the roadway’s out-of-service time.  Clear-
spanning the waterway improves hydraulic performance versus using intermediate 
bents and columns.  Proprietary design software, and additional detailed information is 
available at  

www.con-span.com and local contacts are available at 
http://www.conteches.com/Connect/Local-Resources/States/California. 

 
Typical Con/Span Installation 
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: 9 PAGE NO: 3 OF 3  
 
 

COST ESTIMATE WORKSHEET 

 

DELETIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Cast-in-place concrete bridges SF 1,600 $175.00 $280,000

$0
$0

 $0
 $0
 $0
 $0
 $0
 $0
 $0

$0
  $0

Total Deletions $280,000

ADDITIONS

ITEM UNITS QUANTITY UNIT COST TOTAL
Concrete arch with wingwalls SF 1,600 $75.00 $120,000
Additional earthwork SF 1,600 $1.00 $1,600
Additional road materials (base, asphalt) SF 1,600 $2.50 $4,000
Labor SF 1,600 $78.00 $124,800
 $0
 $0

$0
$0

 $0
 $0
 $0
  $0

Total Additions $250,400

Net Cost Decrease $29,600
Mark-ups 32.00% $9,472
Total Cost Decrease $39,072  
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VALUE ENGINEERING COMMENTS  
 
 
1.  Employ Interconnection Channels within the Watershed.  To accommodate non-
uniform rainfall patterns (i.e. storm centering) within the watershed, it is suggested that 
construction of interconnecting channels between the extant regional channels to allow 
for flow demand/capacity balancing, could be considered. 
 
 
2.  Construct a Diversion Channel from C05 to an Alternate Location/Outfall.  
Although this comment was already studied in one location in the baseline report, the 
opportunity to divert flow from the C05 system warrants further investigation.  Three 
alternatives appear to be possible.  First, reevaluate the possibility of a diversion to the 
Santa Ana River.  Second, investigate an alignment that will permit a C05 diversion to 
outlet at the existing ocean outfall along the south side of the Bolsa Chica Ecological 
Reserve.  Third, assess the possibility of constructing a diversion under Springdale 
Street from C05 to the Seasonal Pond area within the Bolsa Chica Ecological Reserve. 
 
 
3.  Close the Oil Operations and Use the Area for Flood Control.  Within the 
Westminster Watershed, lies a large area that includes oil pumps for oil extraction from 
the earth.  We are suggesting that a further investigation with the agency in charge of 
the oil pumps could conducted.  This would involve closing down the oil pumps, ceasing 
operations, and developing the land for future flood control.  This would require 
removing the oil pumps, the foundations they reside on & all the underground 
plumbing/electrical associated with each.  A direct result of this operation would be that 
no further oil pumping in the area would occur while reserving the area for flood control. 
 
 
4.  Improve the Protection Around the Oil Wells and Use the Area for Flood 
Control.  In order to keep the oil pumps in operation and not hinder any oil extraction, 
we are suggesting doing further research to provide protection around the current oil 
pumps.  After contacting the agency to gain approval for this idea, it is suggested that 
engineering a barrier system to withstand any penetrating water from reaching the oil 
pumps, would then implemented.  Proceeding with this action would appease the 
agency that owns the oil pumps, as operations would have minimal interruption while 
providing land for future flood control. 
 
 
5.  Raise the Oil Wells and Use the Area for Flood Control.  The oil wells currently sit 
at a low elevation.  Opening up this area for allowing flood waters would require the 
existing oil wells to be raised up from their current height.  In doing so, this would 
require the oil wells to temporarily cease operations while the current foundations are 
built up and prepared for potential flood waters to occupy the space.  This item should 
be considered if there is a constraint of flooding space not available elsewhere in the 
flood basin, and it is more cost effective, versus building barriers around each oil pump. 
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VALUE ENGINEERING COMMENTS  
 
 
6.  Reprofile The Channel To Use Super Critical Flow Under Bridges.  Re-profiling 
the channel involves re-constructing the channel invert.  It may not be possible to 
achieve supercritical flow through the bridges, given the minimal fall along the channel. 
However, increasing the channel slope may still increase the hydraulic efficiency 
through the bridges.  The opportunities for steepening the channel at the bridges would 
be on a case-by-case basis.  This may preclude replacement of some bridges 
 
 
7.  Consider Precast/Prestressed Warner Bridge.   Using precast concrete bridge 
sections reduces the construction time, over cast-in-place sections.  The use of precast 
concrete requires sections to be transported by truck to the site.  Prestressing and/or 
post-tensioning the slab may allow more structurally efficient deck sections that 
minimize the bridge deck profile, thereby reducing the length of the bridge approaches. 
 
 
8.  Replace the Bridges With Precast Single Span Structures.  During the field trip to 
the location, the team discussed, and saw the debris load on the bridges.  It is 
suggested, that maximum length precast concrete members be used for new bridge 
construction.  This should help minimize maintenance. 
 
 
9.  Use Underground Detention In Mile Square Park.  To preserve the full park for 
public use, consider using underground detention chambers (i.e. Stormtech MC-4500) 
in lieu of surface storage.  A diversion could be constructed from the C05 channel to the 
park in Ward Street.  The underground structures can be constructed under all three of 
the golf courses, utilizing fairways and rough, while preserving the existing tee and 
green complex.  The underground detention water could be retained, treated, and 
reused for irrigation, or directed to a deep infiltration drywell.  The basic MC-4500 
chamber can store approximately 4.5 cubic feet of water per square foot of installed 
chamber and stone.  To maximize the flood control benefit, the C05 diversion structure 
should be configured to intercept the storm hydrograph peak only, thereby reducing the 
largest flow rates that comprise the smaller fraction of the total hydrograph.  In addition 
to the flood control benefits, the use of an idea that retains and reuses, or infiltrates the 
runoff instead of flushing directly to the ocean, would generate public goodwill and 
conform to Governor Brown’s Executive Order B-29-15 regarding storm water capture. 
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VALUE ENGINEERING COMMENTS  
 
 
10.  Regrade Mile Square Park for High Ground and Lakes.  The Ocean View 
Channel (CO6) flows through Mile Square Park (MSP) en route west to the Pacific 
Ocean.  CO5 runs nearby, but just north of MSP.  This idea considers excavating a 
large portion of the southern end of MSP and placing the fill on the northern portion of 
MSP.  The deepened southern section would then serve as a detention basin capable 
of smoothing the flow anticipated in downstream portions of CO5 and CO6.  A diversion 
channel would connect CO5 southward to MSP.  This may eliminate the need for 
various flow-rate improvements downstream, however the plan may meet political 
resistance.  Additionally, consideration should be given to the potential impacts to 
existing nearby structures.  Historical groundwater depth measurements in this area 
measure 15 feet deep and sometimes as little as 12 feet deep.  This may be a cost 
effective solution considering the potential elimination of downstream improvements.  
Potential Best Management Practice benefits of infiltration basin design may be 
realized. 
 
 
11.  Improve the Crossings of the 405 at C04, C05 and C06 in Conjunction with the 
OCTA I-405 Design Build Project.  OCTA is finalizing the I-405 widening preliminary 
engineering phase.  As a component of the upcoming work, OCTA will need additional 
easements to widen over these channels.  As a condition of approval, OCPW could 
request that these channel crossings be improved and incorporated into the OCTA 
project.  Traffic staging and construction would be feasible because it would be a 
component of a larger project. 
 
 
12.  Improve Or Remove The Tide Gates, And Use Tideflex Gates Where Practical.  
There are currently a set of steel flap gates, that were reported to be marginally 
operable.  Consideration could be given to replacing these with Tideflex Gates.  Based 
on location and head, they should provide superior performance. 
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VALUE ENGINEERING COMMENTS  
 
 
13.  Recess Flap Gates into the Channels, and Modify the Existing Ones that 
Protrude.  The current project has several flap gates.  Some of these are recessed, and 
some protrude into the channel.  For new construction it is suggested that the flap gates 
be recessed into the channel walls to protect them from debris from high flows.  The 
existing flap gates that protrude could be recessed as an improvement. 
 
 
14.  Enclose Channels where Possible and Use for Maintenance Roads.  In areas 
where a rectangular section is used, concrete box could be constructed.  Then a layer 
of soil could be added to make an open area for maintenance activities. 
 
 
15.  Enclose Channels Where Possible and Use For Parks.  The area over the box 
described above could also be used for parks and recreation. 
 
 
16.  Work From Downstream To Upstream.  The work of increasing the hydraulic 
capacity within the channels should proceed from the downstream reaches to the 
upstream reaches.  Increasing conveyance capacity in the upstream reaches while the 
downstream reaches remain deficient, provides only marginal local conveyance 
benefits.  Because the flow regime in the channels is generally subcritical, the channel 
hydraulics are controlled by the downstream sections.  Therefore, enhancing the 
downstream channel hydraulics can provide hydraulic benefits for unimproved reaches 
upstream. 
 
 
17.  Use All Hot Roll Sheet Pile.  During the speculation phase, the team considered 
alternate sheet pile types other than vinyl.  The use of cold rolled sections, and other 
materials were considered by the tea, however they are not recommended. 
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VALUE ENGINEERING TEAM STUDY  
APPENDICES  
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VALUE ENGINEERING TEAM STUDY  
APPENDIX A:  
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VALUE ENGINEERING TEAM STUDY  
APPENDIX A: CONTACT DIRECTORY & VE STUDY TEAM MEMBERS  

 
 
 

Name Discipline Phone Email

1 Ronald Burkhard CVS/VE Facilitator 843-860-3549 burkhardvalue@hotmail.com

2 Arnecia Williams VEO 213-452-3747 Arnecia.N.Williams@usace.army.mil

3 Steve Giffen

Civil Engineer/Sedimentation 

Specialist 949-372-3433 sgiffen@mbakerintl.com 

4 Larry Walsh Planner 213-452-3804 lawence.F.Walsh@usace.army.mil

5 Gary Goldman Geotechnical Engineer 714-730-2320 Gary.Goldman@hdrinc.com

6 Brad Losey Hydraulics 714-404-6721 blosey@mbakerintl.com 

7 Kevin Goryance Cost Consultant 703-676-3340 kgoryance@pmsimail.com 

8 Ron Gaut OCPW Design Division 714-647-3983 Ron.Gaut@ocpw.ocgov.com

9 Phil Jones OCPW Design Division Manager 714-647-3977

10 Robert McLean OCPW Design Division 714-647-3951

11 Gonzalo Galvan SPL Structual Engineer 213-452-3697 Gonzalo.galvan@usace.army.mil

12 Walter David SPL Real Estate 213-452-3160 Walter.Davis@usace.army.mil

13 David Silvertooth SPL Hydrualic Engineer 213-452-3569 david.l.silvertooth@usace.army.mil

14 Jim Starick HDRINC Geotechnical Engineer 714-296-2891 Jim.Starick@HDRINC.com

Value Engineering Study Team

Westminster Flood Risk Management Project

September 21-25, 2015
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VALUE ENGINEERING TEAM STUDY  
 APPENDIX B:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SPECULATION LIST 
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C Comment

P Proposal

X Deleted

BD Being done

C 1 Run a diversion channel from C05 to the seasonal ponds

C 2 Create a diversion channel to the Santa Ana River

BD 3

Increase capacity and optimize the operation of the Haster basin

C 4 Use interconnectivity channels

C 5 Close the oil operations and use the area for flood control

C 6 Improve the protection around the oil wells and use the area for 

flood control

C 7 Raise the oil wells and use the area for flood control

P 8 Breach the levee into the muted tidal pocket

P 9 Add a side weir into the muted tidal pocket

X 10 Local runoff reduction in the water shed

X 11 Consider deep injection wells

P 12 Use a floodwall on  the pacific coast highway

P 13 Convert all trapezoidal channels to rectangular concrete

P 14 Use vinyl flood walls

X 15 Pump ground water into a deeper section

X 16 Use cold roll steel sheet pile

P 17 Use roller compacted concrete slopes

C 18 Reprofile the channel to use super critical flow under bridges

BD 19 Reconfigure and optimize tidal basin

X 20 Consider partial or total buy out of properties

X 21 Consider a new park based on buy out of properties

P 22 Offset debris noses from bridge piers

X 23 Consider bascule bridges

X 24 Consider bascule bridge for Warner Avenue

C 25 Consider precast prestressed Warner bridge

X 26 Remove the western basin levee

X 27 Use soil cement for levees

C 28 Replace the bridges with precast single span structures

X 29 Reduce the maintenance width to 10 feet

X 30 Use an in channel maintenance corridor in selected areas

X 31 Add a buried weed barrior

X 32 Remove the instream habitat

X 33 Use pavers for bank erosion protection

X 34 Use articulated mats for erosion protection  
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X 35 Use geogrid for erosion protection

X 36 Use a chocolate bayou type bank protection

X 37 Revisit the stone gradation

X 38 Use a rockometer

P 39 Add a second culvert adjacent to the Warner ave bridge

X 40 Use precast u frame sections

P 41 Use conspan for future bridges

C 42 Use underground detention in mile square park

C 43 Regrade mile square park for high ground and lakes

X 44 Use the meadow lark golf course for a detention area

X 45 Minimize the use of concrete based on velocity

X 46 Consider use of grouted rip rap

X 47 Create an additional crossing of warner avenue

X 48 Remove the Warner avenue obstruction completely

X 49 Use the cemetery for detention

X 50 Raise the roadways to increase capacity

C

51 Improve the  crossings of the 405 at CO4, C05 and C06 in 

conjunction with OCTA 405 design build

X 52 Use a blanket contract with option pieces

X 53 Use a incremental performance contract

X 54 Create an emergency overflow/spillway at PCH

X 55 Add an emergency notification system

X 56 Use last chance lines upstream of bridges

C 57 Improve or remove the tide gates

C 58 Recess existing flap gates into the channels

C 59 Remove existing flap gates into channel

C 60 Use tide flex where practical

C 61 Delete the cable fence in restricted areas

X 62 Replace the cable fence with a 3 foot concrete barrier

X 63 Retrofit cable fence with 3 foot concrete barrier

X 64 Use a secant pile wall where practical

X 65 Add in channel storage where possible

C

66

Enclose channels where possible and use for maintenance roads

C 67 Enclose channels where possible and use for parks

X

68

Add in channel thruster (wood screw) pumps and closed conduit

70 Enclose channels where possible and use for public roads

BD 71 Use soft bottom channels

C 72 Work from downstream to upstream

C 73 Use all hot roll sheet pile  
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VALUE ENGINEERING TEAM STUDY  
APPENDIX C:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

COST MODEL 
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Note, only a representative reach is shown for illustration. 
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VALUE ENGINEERING TEAM STUDY  

APPENDIX D:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FUNCTION ANALYSIS 
SYSTEM TECHNIQUE 

(FAST) DIAGRAM 
 
 

Civil Appendix Attachment 1

Page B1-46



HOW? WHY?
FAST DIAGRAM

Construct
Project

FUNCTIONS THAT HAPPEN ALL OF  THE TIME:

Reduce
Flooding

Maintain
Recreation

Areas

Improve
Conveyance

Protect
Life

Maintain
Traffic

Protect
Habitat

Protect
Property

Increase
Infiltration

Decrease
Flowrate

Increase
Capacity

Maintain
Safety

Increase
Area

Build
Earthen
Channel

Obtain
Right of Way

Decrease
Roughness

Obtain
Clearances

Build
Rock

Channel

Build
U Frame

Use
Hard

Bottom

Use
Soft

Bottom

Build
Trapezoidal

Channel

Remove
Chokes

Build
Flood Walls

Increase
Bridge

Openings

 

Civil Appendix Attachment 1

Page B1-47



Page Intentionally Left Blank 
For Double-sided Printing

Appendix B - Civil Engineering 



Appendix B - Civil Engineering

Attachment 2: As Builts – East Garden Grove – C05 Wintersburg 

Channel, Tidelands to Huntington Beach Blvd 



Appendix B - Civil Engineering 

Page Intentionally Left Blank 
For Double-sided Printing



Civil Appendix Attachment 2

Page B2-1



Civil Appendix Attachment 2

Page B2-2



Civil Appendix Attachment 2

Page B2-3



Civil Appendix Attachment 2

Page B2-4



Civil Appendix Attachment 2

Page B2-5



Civil Appendix Attachment 2

Page B2-6



Civil Appendix Attachment 2

Page B2-7



Civil Appendix Attachment 2

Page B2-8



Civil Appendix Attachment 2

Page B2-9



Civil Appendix Attachment 2

Page B2-10



Civil Appendix Attachment 2

Page B2-11



Civil Appendix Attachment 2

Page B2-12



Civil Appendix Attachment 2

Page B2-13



Civil Appendix Attachment 2

Page B2-14



Civil Appendix Attachment 2

Page B2-15



Civil Appendix Attachment 2

Page B2-16



Civil Appendix Attachment 2

Page B2-17



Civil Appendix Attachment 2

Page B2-18



Civil Appendix Attachment 2

Page B2-19



Civil Appendix Attachment 2

Page B2-20



Civil Appendix Attachment 2

Page B2-21



Civil Appendix Attachment 2

Page B2-22



Civil Appendix Attachment 2

Page B2-23



Civil Appendix Attachment 2

Page B2-24



Civil Appendix Attachment 2

Page B2-25



Civil Appendix Attachment 2

Page B2-26



Civil Appendix Attachment 2

Page B2-27



Civil Appendix Attachment 2

Page B2-28



Civil Appendix Attachment 2

Page B2-29



Civil Appendix Attachment 2

Page B2-30



Appendix B - Civil Engineering 

Attachment 3: Quantity Calculations 



Appendix B - Civil Engineering 

Page Intentionally Left Blank 
For Double-sided Printing



Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS

0003 CONCRETE VOLUME 49,180 54,098 CY
0004 RIPRAP REMOVAL (DISPOSAL) 28,996 31,895 CY
0005 EXCAVATION 34,712 38,183 CY
0006 COMPACTED FILL 14,528 15,981 CY
0007 REINFORCED STEEL 2,956 3,252 TON
0010 OPERATION AND MAINTENANCE PER YEAR $ 41,516 $
Notes: 10% for contingency is added to quantities
For alternative 1, there are changes in channel linings but not channel dimensions
No changes will be done for spans with culverts.
O&M cost estimate is based on sponsor's historic annual cost for channel  averaged over length of channel.

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 15,245 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 8,380 9,218 CY
0004 RIPRAP REMOVAL (DISPOSAL) 17,193 18,912 CY
0005 EXCAVATION 0 0 CY
0006 COMPACTED FILL 8,813 9,695 CY
0007 REINFORCED STEEL 516 568 TON
0010 OPERATION AND MAINTENANCE PER YEAR $ 44,706 $

Notes:

‐Maintain baseline condiction for channel CO2 alt 1

‐The costs in this calculation do not include road crossings, ocean outlet, raising of PCH

and modifications to 405 freeway

CHANNEL CO4-REACH 22 -ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS

TABLE 1
WESTMINSTER FEASIBILITY QUANTITY CALCULATIONS

CHANNEL CO4-REACH 20 -ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS

CHANNEL CO4-REACH 21 -ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain Baseline Conditions
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Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 18,620 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 18,620 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 14,080 15,488 CY
0004 RIPRAP REMOVAL (DISPOSAL) 28,737 31,610 CY
0005 EXCAVATION 0 0 0
0006 COMPACTED FILL 14,657 16,122 CY
0007 REINFORCED STEEL 812 894 TON
0010 OPERATION AND MAINTENANCE PER YEAR $ 27,911 $
Notes: 10% for contingency is added to quantities
O&M cost estimate is based on sponsor's historic annual cost for channel  averaged over length of channel.

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 14,237 15,661 CY
0004 RIPRAP REMOVAL (DISPOSAL) 31,688 34,857 CY
0005 EXCAVATION 0 0 0
0006 COMPACTED FILL 17,451 19,196 CY
0007 REINFORCED STEEL 856 942 TON
0010 OPERATION AND MAINTENANCE PER YEAR $ 40,053 $

CHANNEL CO5-REACH 5-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS

CHANNEL CO5-REACH 4-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS

TABLE 2
WESTMINSTER FEASIBILITY QUANTITY CALCULATIONS

CHANNEL CO5-REACH 1-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS

CHANNEL CO5-REACH 2-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain Baseline Conditions

CHANNEL CO5-REACH 3-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS

Maintain Baseline Conditions
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Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 13,670 15,037 CY
0004 RIPRAP REMOVAL (DISPOSAL) 31,675 34,843 CY
0005 EXCAVATION 0 0 0
0006 COMPACTED FILL 18,005 19,805 CY
0007 REINFORCED STEEL 839 923 TON
0010 OPERATION AND MAINTENANCE PER YEAR $ 41,682 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 5,708 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 4,928 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

CHANNEL CO5-REACH 6 -ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain Baseline Conditions

CHANNEL CO5-REACH 7 -ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain Baseline Conditions

CHANNEL CO5-REACH 8 -ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain Baseline Conditions
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0010 OPERATION AND MAINTENANCE PER YEAR $ 19,584 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 28,578 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 7,015 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 13,504 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 11,135 $

‐The costs in this calculation do not include road crossings, ocean outlet, raising of PCH

and modifications to 405 freeway

Maintain Baseline Conditions

CHANNEL CO5-REACH 11-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain Baseline Conditions

CHANNEL CO5-REACH 12-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain Baseline Conditions

CHANNEL CO5-REACH 10-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS

CHANNEL CO5-REACH 9 -ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain Baseline Conditions
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Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 13,208 14,528 0
0004 RIPRAP REMOVAL (DISPOSAL) 28,964 31,861 CY
0005 EXCAVATION 0 0 CY
0006 COMPACTED FILL 15,756 17,332 CY
0007 REINFORCED STEEL 782 861 TON
0010 OPERATION AND MAINTENANCE PER YEAR $ 18,000 $
Notes: 10% for contingency is added to quantities
For alternative 1, there are changes in channel linings but not channel dimensions
No changes will be done for spans with culverts.
O&M cost estimate is based on sponsor's historic annual cost for channel  averaged over length of channel.

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 2,101 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 5,385 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 4,254 $

TABLE 3
WESTMINSTER FEASIBILITY QUANTITY CALCULATIONS

CHANNEL CO6-REACH 13-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS

CHANNEL CO6-REACH 14 -ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain baseline conditions

CHANNEL CO6-REACH 15 -ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain baseline conditions

CHANNEL CO6-REACH 16 -ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain baseline conditions
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Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 4,647 5,112 CY
0004 RIPRAP REMOVAL (DISPOSAL) 10,834 11,917 CY
0005 EXCAVATION 0 0 CY
0006 COMPACTED FILL 6,187 6,805 CY
0007 REINFORCED STEEL 285 314 TON
0010 OPERATION AND MAINTENANCE PER YEAR $ 7,218 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE PER YEAR $ 14,000 $

Item Number Description 

Quantity 
Before Adding 

10% for 
Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 3,627 3,990 CY
0004 RIPRAP REMOVAL (DISPOSAL) 9,014 9,915 CY
0005 EXCAVATION 0 0 CY
0006 COMPACTED FILL 5,387 5,926 CY
0007 REINFORCED STEEL 229 252 TON
0010 OPERATION AND MAINTENANCE PER YEAR $ 6,040 $
‐The costs in this calculation do not include road crossings, ocean outlet, raising of PCH

and modifications to 405 freeway

CHANNEL CO6-REACH 19-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS

CHANNEL CO6-REACH 17-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS

CHANNEL CO6-REACH 18-ALTERNATIVE 1 MINIMUM CHANNEL MODIFICATIONS
Maintain baseline conditions
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Item Number Description 

Quantity Before 
Adding 10% for 

Contingency

Quantity After 
Adding 10% 

for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 80,210 88,231 CY
0004 RIPRAP REMOVAL 25,187 27,706 CY
0005 EXCAVATION 254,504 279,955 CY
0006 COMPACTED FILL 24,045 26,450 CY
0007 CONCRETE REMOVAL 0 0 CY
0008 GRAVEL BASE REMOVAL 0 0 CY
0009 REINFORCED STEEL 4,474 4,921 TON
0010 OPERATION AND MAINTENANCE $         41,516.12 
0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added to quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity Before 
Adding 10% for 

Contingency

Quantity After 
Adding 10% 

for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 10,174 11,191 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 3,548 3,903 CY
0006 COMPACTED FILL 0 0 CY
0007 CONCRETE REMOVAL 14,827 16,310 CY
0008 GRAVEL BASE REMOVAL 3,465 3,812 CY
0009 REINFORCED STEEL 0 0 TON
0010 OPERATION AND MAINTENANCE $         15,243.78 
0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added to quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity Before 
Adding 10% for 

Contingency

Quantity After 
Adding 10% 

for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 43,575 47,932 CY
0004 RIPRAP REMOVAL 16,239 17,863 CY
0005 EXCAVATION 82,496 90,746 Culvert
0006 COMPACTED FILL 15,187 16,705 CY
0007 CONCRETE REMOVAL 15,412 16,953 CY
0008 GRAVEL BASE REMOVAL 6,164 6,781 CY
0009 REINFORCED STEEL 2,830 3,114 TON
0010 OPERATION AND MAINTENANCE $         44,707.02 
0011 TEMPORARY SHORING 1 LS

TABLE 4
WESTMINSTER FEASIBILITY QUANTITY CALCULATIONS

CHANNEL CO4-REACH 20-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO4-REACH 21-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO4-REACH 22-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS
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NOTE 1: 10% for contingency is added to quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity Before 
Adding 10% for 

Contingency

Quantity After 
Adding 10% 

for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 0 0 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 394,978 434,476 CY
0006 COMPACTED FILL 42,944 47,238 CY
0007 CONCRETE REMOVAL 0 0 CY
0008 GRAVEL BASE REMOVAL 0 0 CY
0009 REINFORCED STEEL 0 0 TON
0010 OPERATION AND MAINTENANCE  - 
0011 SHEET PILE 1,234,216 1,357,637 SF
NOTE 1: 10% for contingency is added to quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

NOTE 3:   These quantity calculations do not include crossings ( bridges)

For channel C04 quantities, channel configuration of alt 3A1, 3A2, and 3B are the same. 

For channel C04 quantities, crossing (bridge) configuration of alt 3A1, 3A2, and 3B are the same. 

NOTE 4: There is no O&M record for channel C02

CHANNEL CO2-REACH 23-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS

Civil Appendix - Attachment 3

Page B3-8



Alternative 3 Maximum Channel Improvements ‐ Existing and Proposed Channel Conditions

Reach Measure Existing Proposed US XS DS XS XSING Name Existing Proposed Comments

Channel Invehannel Walhannel Invehannel Walls XSing B H2 TW2 z XSing B H1 TW1 z Existing Proposed Alternative Proposed Height Chan

R22 Concrete Concrete Concrete Concrete 520+76.01 513+08.63 4.00 9.50 22.00 0.9 23.0 9.5 23.0 0.0 Trap Rect A 0.00

R22 Concrete Concrete Concrete Concrete 513+08.63 512+45.71 Woodbury RD Bridge 9.50 9.50 9.60 0.0 Bridge 23.0 9.5 23.0 0.0
See attached for bridge 

dimensions
Rect Rect E 0.00

R22 Concrete Concrete Concrete Concrete 512+45.71 510+48.00 4.00 9.50 23.00 1.0 23.0 9.5 23.0 0.0 Trap Rect A 0.00

R22 Concrete Concrete Concrete Concrete 510+48.00 510+33.34 4.00 9.50 23.00 1.0 23.0 9.5 23.0 0.0 Trap Rect A 0.00

R22 Concrete Concrete Concrete Concrete 510+33.34 509+61.26 Blake St Bridge 9.50 9.50 9.70 0.0 Bridge 23.0 9.5 23.0 0.0
See attached for bridge 

dimensions
Rect Rect E 0.00

R22 Concrete Concrete Concrete Concrete 509+61.26 502+73.22 4.00 9.00 19.50 0.9 23.0 9.0 23.0 0.0 Trap Rect A 0.00

R22 Concrete Concrete Concrete Concrete 502+73.22 502+01.84 Ranney Ave Bridge 9.50 9.00 9.70 0.0 Bridge 22.0 9.0 22.0 0.0
See attached for bridge 

dimensions
Rect Rect E 0.00

R22 Concrete Concrete Concrete Concrete 502+01.84 498+73.11 4.00 9.00 22.00 1.0 22.0 9.0 22.0 0.0 Trap Rect A 0.00

R22 Natural  riprap Concrete Concrete 498+73.11 497+54.82 Westminster Ave Bridge 16.63 9.00 16.80 0.0 Bridge 22.00 9.00 22.00 0.0
See attached for bridge 

dimensions
Rect Rect N/A 0.00

R22 Natural  riprap Concrete Concrete 497+54.82 497+51.28 16.60 9.00 16.80 0.0 35.58 9.00 35.58 0.0 Rect Rect N/A 0.00

R22 Natural  riprap Concrete Concrete 497+51.28 473+28.78 10.00 9.00 40.00 1.7 10.00 9.00 40.00 1.7 Trap Trap C 0.00

473+28.78 472+41.69 Ward St. Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

Natural  riprap Concrete Concrete 472+41.69 453+72.36 10.00 9.50 40.00 1.6 35.00 9.50 35.00 0.0 Trap Rect B 0.00

R22 Natural  riprap Concrete Concrete 453+72.36 447+00.11 10.00 9.50 22.00 0.6 28.00 9.50 28.00 0.0 Trap Rect B 0.00

R22 447+00.11 444+96.08 Brookhurst St Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R22 Natural  Concrete Natural  Concrete 444+96.08 440+18.83 24.00 10.00 24.00 0.0 38.00 9.97 38.00 0.0 Rect Rect D ‐0.03

R22 440+18.83 419+73.16 35.50 9.00 35.50 0.0 35.00 9.00 35.00 0.0 Rect Rect N/A 0.00

R22 419+73.16 418+92.11 Bushard St Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R22 418+92.11 397+11.00 35.50 8.00 35.50 0.0 35.50 8.00 35.50 0.0 Rect Rect N/A 0.00

Natural  Concrete Natural  Concrete 397+11.00 393+28.75 35.50 10.00 35.50 0.0 56.00 10.00 56.00 0.0 Rect Rect D 0.00

R22 393+28.75 392+30.61 Magnolia St Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R22 Concrete Concrete Concrete Concrete 392+30.61 366+59.84 25.50 9.00 25.50 0.0 35.00 12.00 35.00 0.0 Rect Rect E 3.00

R22 366+59.84 365+94.21 Newland St Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R22 Concrete Concrete Concrete Concrete 365+94.21 336+62.66 25.50 8.50 25.50 0.0 55.00 11.50 55.00 0.0 Rect Rect E 3.00

R21 336+62.66 334+56.24 Beach Blvd 2 Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R21 334+56.24 333+72.19 Beach Blvd 1 Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R21 Concrete Concrete Concrete Concrete 333+72.19 330+57.00 32.00 8.70 32.00 0.0 37.00 11.50 37.00 0.0

Add 3' floodwall. Note, two 

adjacent 12' wide 

underground culverts.

Rect Rect F 2.80

Concrete Concrete Concrete Concrete 330+57.00 308+22.74 37.00 8.50 37.00 0.0 37.00 11.50 37.00 0.0

Add 3' floodwall. Note, two 

adjacent 12' wide 

underground culverts.

Rect Rect F 3.00

R21 308+22.74 306+59.47 Hoover St Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R21 Concrete Concrete Concrete Concrete 306+59.47 302+33.34 49.00 10.00 49.00 0.0 49.00 10.00 49.00 0.0 Rect Rect F 0.00

R21 Concrete Concrete Concrete Concrete 302+33.34 297+96.11 38.40 12.00 38.90 0.0 38.00 12.00 38.00 0.0 Rect Rect F 0.00

Type

Culvert

Culvert

Maintain Baseline Conditions

Culvert

Maintain Baseline Conditions

Culvert

Culvert

Culvert

Culvert

Culvert

Channel: C02/C04

TABLE 5

Westminster Alternative Analysis

Notes:

USACE Alternative 3

No changes will be done on the spans labeled "Maintain Baseline Conditions"

Spans labeled "Bridges" and not labeled "Maintain Baseline Conditions" will still have the channels  changed as noted.
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R21 297+96.11 297+32.66 Railroad Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R21 Concrete Concrete Concrete Concrete 297+32.66 290+75.54 38.00 11.50 38.00 0.0 38.00 11.50 38.00 0.0 Rect Rect F 0.00

R21 290+75.54 289+91.87 Chestnut St Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R21 Concrete Concrete Concrete Concrete 289+91.87 273+84.25 39.50 10.50 39.50 0.0 50.00 10.50 39.50 ‐0.5 Rect Rect F 0.00

R20 273+84.25 267+31.44 405 FWY 50.00 8.89 50.00 0.0 Culvert
See attached for culvert 

dimensions. 
Rect Rect N/A ‐8.89

R20 Concrete Concrete Concrete Concrete 267+31.44 265+93.29 42.00 10.50 42.20 0.0 42.00 10.50 42.00 0.0 Rect Rect F 0.00

R20 265+93.29 253+88.07 Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R20 253+88.07 240+87.08 Edwards St Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R20 Natural  riprap Concrete Concrete 240+87.08 240+57.04 43.00 9.80 43.00 0.0 70.00 13.00 70.00 0.0 Rect Rect N/A 3.20

R20 Natural  riprap Concrete Concrete 240+57.04 223+78.96 27.00 13.50 70.00 1.6 70.00 13.50 70.00 0.0 Trap Rect B 0.00

R20 Natural  riprap Concrete Concrete 223+78.96 223+42.68 38.00 9.60 38.20 0.0 69.00 13.00 69.00 0.0 Rect Rect N/A 3.40

R20 223+42.68 221+97.26 Bolsa Ave Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R20 Natural  riprap Concrete Concrete 221+97.26 221+84.70 38.00 9.40 38.00 0.0 68.00 13.50 68.00 0.0 Rect Rect N/A 4.10

R20 Natural  riprap Concrete Concrete 221+84.70 191+66.06 25.00 13.50 80.00 2.0 68.00 13.50 68.00 0.0 Trap Rect B 0.00

R20 191+66.06 189+17.70 McFadden Ave Culvert
See attached for culvert 

dimensions
Rect Rect N/A 0.00

R20 Natural  Natural  Natural  Concrete 189+17.70 185+10.40 38.50 12.50 38.50 0.0 80.00 13.20 80.00 0.0 Rect Rect G 0.70

R20 Natural  Natural  Natural  Concrete 185+10.40 172+75.43 40.00 13.70 85.50 1.7 80.00 13.70 80.00 0.0 Trap Rect H 0.00

R20 Natural  Natural  Natural  Concrete 172+75.43 172+10.69 Marina Viking Way Bridge 40.00 14.00 115.00 2.6 Bridge 80.00 14.00 80.00 0.0
See attached for bridge 

dimensions
Trap Rect H 0.00

R20 Natural  Natural  Natural  Concrete 172+10.69 165+62.93 40.00 14.30 123.90 2.9 80.00 14.00 80.00 0.0 Trap Rect H ‐0.30

R20 Natural  Natural  Natural  Concrete 165+62.96 164+35.13 HS Walkway Bridge 48.00 13.00 108.00 2.3 Bridge 80.00 14.00 80.00 0.0
See attached for bridge 

dimensions
Trap Rect H 1.00

R20 Natural  Natural  Natural  Concrete 164+35.13 163+03.71 48.00 13.10 100.00 2.0 80.00 13.20 80.00 0.0 Trap Rect H 0.10

R20 Natural  Natural  Natural  Concrete 163+03.71 161+74.62 HS Walkway Bridge 48.00 13.30 91.00 1.6 Bridge 80.00 13.20 80.00 0.0
See attached for bridge 

dimensions
Trap Rect H ‐0.10

R20 Natural  Natural  Natural  Concrete 161+74.62 140+47.80 48.00 13.30 90.00 1.6 80.00 13.50 80.00 0.0 Trap Rect H 0.20

R20 Natural  Natural  Concrete Concrete 140+47.80 139+65.52 Graham St Bridge 48.00 13.60 82.00 1.3 Bridge 80.00 13.60 80.00 0.0
See attached for bridge 

dimensions
Trap Rect I 0.00

R20 Natural  Natural  Natural  Concrete 139+65.52 113+53.16 48.00 14.00 100.00 1.9 80.00 14.00 80.00 0.0 Trap Rect H 0.00

R20 Natural  Natural  Natural  Concrete 113+53.16 112+44.64 Bolsa Chica St Bridge 48.00 13.20 92.00 1.7 Bridge 80.00 14.20 80.00 0.0
See attached for bridge 

dimensions
Trap Rect H 1.00

R20 Natural  Natural  Natural  Concrete 112+44.64 102+85.13 48.00 14.00 91.50 1.5 80.00 14.00 80.00 0.0 Trap Rect H 0.00

R23 Natural  Natural  Natural  Sheet Pile 102+85.13 073+54.66 94.00 11.50 270.00 7.7 230.00 14.00 230.00 0.0 Trap Rect J 2.50

R23 Natural  Natural  Natural  Sheet Pile 073+54.66 071+79.54 124.00 11.30 188.20 2.8 230.00 14.00 230.00 0.0 Trap Rect J 2.70

R23 Natural  Natural  Natural  Sheet Pile 071+79.54 026+54.52 94.00 11.75 270.00 7.5 230.00 15.00 230.00 0.0 Trap Rect J 3.25

R23 Natural  Natural  Natural  Sheet Pile 026+54.52 025+20.87 Edinger Ave Bridge 94.00 11.75 270.00 7.5 Bridge 200.00 15.00 200.00 0.0
See attached for bridge 

dimensions
Trap Rect J 3.25

R23 Natural  Natural  Natural  Sheet Pile 025+20.87 021+79.51 94.00 12.70 270.00 6.9 230.00 15.00 230.00 0.0 Trap Rect J 2.30

R23 Natural  Natural  Natural  Sheet Pile 021+79.51 000+00.00 94.00 12.72 270.00 6.9 270.00 15.00 270.00 0.0 Trap Rect J 2.28

Culvert

Culvert

Culvert

Culvert

Culvert

Culvert
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Westminster_Alternative Analysis
Project: Westminster

Note:
1. All dimensions are in Feet unless noted otherwise.

2. All crossings, including culverts, were modeled as bridges.

3. Debris was modeled as floating debris on the piers.  Space in between box culvert barrels was modeled as piers. 

4. Quantity of Debris:  Width = 2' on each side of piers + width of pier.  Height:  6'.

HEC‐RAS River

HEC‐RAS Reach

Bridge US XS DS XS

Hoover Street 308+22.74 306+59.47

Box ‐ Flared wingwall 30 ‐ 

75 Deg (1 ‐ 10x9.5, 3 ‐ 

12x9.5)

10, 12 9.5 ‐ 4
Add 1 ‐ 10' x 9.5' 

barrel

3 ‐12' x 

9.5' & 1 ‐ 

10' x 9.5'

Crossing: Confirmed with OC that the 

proposed has been implemented and 

there should only be 4 barrels

3 ‐ 12' wide and 1 ‐ 10' wide by 9.5 ' high.

US & DS XS: Maintain Baseline 

Dimensions. Add 3' flood wall to both 

banks

Box ‐ Flared wingwall 

30 ‐ 75 Deg (1 ‐ 

10'x9.5, 3 ‐ 12'x9.5')

10, 12 9.5 4

Railroad 297+69.11 297+32.66
Box ‐ Flared wingwall 30 ‐ 

75 Deg (3 ‐ 12x9.5)
12 9.5 ‐ 3

No Proposed 

Adjustment

Crossing:Maintain Baseline Conditions.

US XS: Maintain Baseline Dimensions. 

Add 3' flood wall to both banks

Box ‐ Flared wingwall 

30 ‐ 75 Deg (3 ‐ 

12x9.5)

12 9.5 3

Chestnut Street 290+75.54 289+91.87
Box ‐ Flared wingwall 30 ‐ 

75 Deg (3 ‐ 12x9.5)
12 9.5 ‐ 3

No Proposed 

Adjustment

Crossing:Maintain Baseline Conditions.

US XS:  Increased H to 10.5' per as‐built. 

TW & B Maintain Baseline Dimensions. 

Added 3' flood wall to both banks. 

DS XS:  Increased H to 10.5' per as‐built. 

Increased TW & B to 50' (max allowed 

leaving 12' to right side and 3' to left 

side). Extend right bank but maintain 

baseline centerline. Added 3' flood wall 

to both banks. 

Box ‐ Flared wingwall 

30 ‐ 75 Deg (3 ‐ 

12x9.5)

12 9.5 3

405 Fwy 273+84.25 267+31.44

Box ‐ Flared wingwall 30 ‐ 

75 Deg (2 ‐ 12x9.25)

Circular ‐ Concrete pipe 

culvert (2 ‐ 9' dia.)

12 9.5 9 4
No Proposed 

Adjustment

Crossing and XS US & DS: Maintain 

Baseline Conditions

Box ‐ Flared wingwall 

30 ‐ 75 Deg (2 ‐ 

12x9.25)

Circular ‐ Concrete 

pipe culvert (2 ‐ 9' 

dia.)

12 9.5 9 4

Bolsa Avenue 265+44.18 242+31.96
Box ‐ Flared wingwall 30 ‐ 

75 Deg (3 ‐ 14x9.5)
14 9.5 3

No Proposed 

Adjustment
4 ‐14' x 9.5'

Crossing and XS US & DS: Maintain 

Baseline Conditions

Box ‐ Flared wingwall 

30 ‐ 75 Deg (4 ‐ 

14x9.5)

14 9.5 4

Edwards Street 241+97.05 240+87.08
Box ‐ Flared wingwall 30 ‐ 

75 Deg (4 ‐ 10x9.5)
10 9.5 4

No Proposed 

Adjustment
4 ‐14' x 9.5'

Crossing: Change from Bridge w/ piers to 

crossing with 4 ‐ 14' x 9.5' box barrels. XS 

US & DS: TW and B Widen

Box ‐ Flared wingwall 

30 ‐ 75 Deg (4 ‐ 

14x9.5)

14 9.5 4

USACE Description Type

TABLE 6

Rise

Objective: Using the existing HEC‐RAS models geometry files with artificial levees adjust the geometry to include the channel modifications 
proposed in each of the respective Alternatives

Hec‐Ras Model Westminster Channel Project

Project Location P:\Westminster\HEC‐RAS_TSP Alts\CO2_CO4_TSP Alts_3

Geometry File
Westmin_C024_Alt3_BR_FD_NO405

Model

5.  Cross‐sections u/s and d/s of crossings were expanded.  Crossings were adjusted to maximize cross‐sectional flow area using u/s 

and d/s cross sections as the limit.Westmin_C024_Alt3_BR_FD_I405

Alternative Alternative 3 Maximum Channel Improvements

C02/C04

C02/C04

# BarrelsSpan

Current Crossings Dimensions Proposed Adjustment Proposed Crossings Dimensions

` Span Rise Diameter # Piers
Pier 

Width
# Barrels OC Diameter # Piers

Pier 

Width
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Bolsa Avenue 223+42.68 221+97.26
Box ‐ Flared wingwall 30 ‐ 

75 Deg (3 ‐ 12x9)
12 9 3

Add 1 ‐ 16' wide 

barrel

Used OC 

Model

Crossing and XS US & DS: The existing 3 

barrel spans was 12' each and the 

original proposed was to add a barrel 

sized 16' wide. The current dimensions 

were taken from the OC RAS Model 

including the height of 9'.

Box ‐ Flared wingwall 

30 ‐ 75 Deg (4 ‐ 13x9)
13 9 4

McFadden Avenue 191+66.06 189+17.70
Box ‐ Flared wingwall 30 ‐ 

75 Deg (3 ‐ 12x9)
12 9 3

Add 1 ‐ 16' wide 

barrel

Used OC 

Model

Crossing and XS US & DS: The existing 3 

barrel spans was 12' each and the 

original proposed was to add a barrel 

sized 16' wide. The current dimensions 

were taken from the OC RAS Model 

including the height of 9'. TW and B 

Widen

Box ‐ Flared wingwall 

30 ‐ 75 Deg (4 ‐ 

16.25x9)

16.25 9 4

Marina Viking Way 172+75.43 172+10.69

Bridge w/ 2 ‐ 2' piers 

(Trap w/ b = 40, TW = 

72.18)

‐ 5 ‐ 2 2 ‐
No Proposed 

Adjustment

Crossing:  Replace structure widened 

deck.  Channel under crossing changed 

from trap to rect. 

XS US & DS: Reduce TW on both banks to 

match US XS. Change from Trap to Rect; 

Increase B to match TW.

Bridge w/ 2 ‐ 2' piers 80 12 2 2 1

HS Walkway w/ 1 pier 165+62.96 164+35.13
Bridge w/ 1 ‐ 2' pier (Trap 

w/ b = 48, TW = 85.18)
‐ 6.5 ‐ 1 2 ‐

No Proposed 

Adjustment

Crossing:  Replace structure widened 

deck.  Channel under crossing changed 

from trap to rect. 

XS US & DS: Reduce TW on both banks to 

match US XS. Change from Trap to Rect; 

Increase B to match TW.

Bridge w/ 1 ‐ 2' pier 80 10.5 1 2 1

HS Walkway w/ 2 pier 163+03.71 161+74.62

Bridge w/ 2 ‐ 2' piers 

(Trap w/ b = 48, TW = 

73.31)

‐ 5.7 ‐ 2 2 ‐
No Proposed 

Adjustment

Crossing:  Replace structure widened 

deck.  Channel under crossing changed 

from trap to rect. 

XS US & DS: Reduce TW on both banks to 

match US XS. Change from Trap to Rect; 

Increase B to match TW.

Bridge w/ 2 ‐ 2' piers 80 10.5 2 2 1

Graham Street 140+47.80 139+65.52

Bridge w/ 2 ‐ 2' piers 

(Trap w/ b = 48, TW = 

74.58)

‐ 7.5 ‐ 2 2 ‐
No Proposed 

Adjustment

Crossing:  Replace structure widened 

deck.  Channel under crossing changed 

from trap to rect. and XS US & DS: B 

widen to match TW.

Bridge w/ 2 ‐ 2' piers 80 10.5 2 2 1

Bolsa Chica Street 113+53.16 112+44.64

Bridge w/ 2 ‐ 2' piers 

(Trap w/ b = 48, TW = 

88.91)

‐ 9.5 ‐ 2 2 ‐
No Proposed 

Adjustment

Crossing:  Replace structure widened 

deck.  Channel under crossing changed 

from trap to rect.                       

XS US & DS: Reduce TW on both banks to 

match US XS. Change from Trap to Rect; 

Increase B to match TW.

Bridge w/ 2 ‐ 2' piers 80 10.5 2 2 1

Edinger Avenue 026+54.52 025+20.87 Bridge w/ 16 ‐ 1' piers 135 15.5 ‐ 16 1 1
No Proposed 

Adjustment

Used OC 

Model

Crossing and US XS: Superposition of OC 

RAS‐Model STA. 11+34.04 and USACE 

Proposed

Bridge w/ 3 ‐ 1' piers 200 8.46 3 4 1
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Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 31,440 34,584 CY
0004 SHEET PILE REMOVAL 411,001 452,101 SF
0005 EXCAVATION 366,963 403,660 CY
0006 COMPACTED FILL 72,525 79,778 CY
0007 CONCRETE REMOVAL 9,589 10,548 CY
0008 GRAVEL BASE REMOVAL 0 0 CY
0009 REINFORCED STEEL 1,840 2,024 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $        68,402 
0011 TEMPORARY SHORING 1 LS
0012 SHEET PILE 548,002 602,802 SF
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 35,217 38,739 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 41,679 45,846 CY
0006 COMPACTED FILL 9,024 9,927 CY
0007 CONCRETE REMOVAL 8,297 9,127 CY
0008 GRAVEL BASE REMOVAL 2,418 2,660 CY
0009 REINFORCED STEEL 2,223 2,445 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $        18,622 
0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 38,083 41,891 CY
0004 RIPRAP REMOVAL 23,888 26,277 CY
0005 EXCAVATION 57,355 63,090 CY
0006 COMPACTED FILL 2,046 2,250 CY
0007 CONCRETE REMOVAL 5,181 5,699 CY
0008 GRAVEL BASE REMOVAL 2,733 3,006 CY
0009 REINFORCED STEEL 2,224 2,447 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $        27,908 

TABLE 7
WESTMINSTER FEASIBILITY QUANTITY CALCULATIONS

CHANNEL CO5-REACH 1-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO5-REACH 2-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO5-REACH 3-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS
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0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 33,644 37,009 CY
0004 RIPRAP REMOVAL 33,742 37,116 CY
0005 EXCAVATION 75,301 82,831 CY
0006 COMPACTED FILL 6,996 7,695 CY
0007 CONCRETE REMOVAL 0 0 CY
0008 GRAVEL BASE REMOVAL 0 0 CY
0009 REINFORCED STEEL 2,105 2,316 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $        40,052 
0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 36,753 40,428 CY
0004 RIPRAP REMOVAL 33,439 36,783 CY
0005 EXCAVATION 79,929 87,922 CY
0006 COMPACTED FILL 8,007 8,808 CY
0007 CONCRETE REMOVAL 1,613 1,774 CY
0008 GRAVEL BASE REMOVAL 576 633 CY
0009 REINFORCED STEEL 2,417 2,659 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $        41,684 
0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 5,501 6,051 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 10,993 12,093 CY
0006 COMPACTED FILL 3,801 4,181 CY
0007 CONCRETE REMOVAL 2,295 2,525 CY
0008 GRAVEL BASE REMOVAL 959 1,055 CY
0009 REINFORCED STEEL 334 367 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $          5,708 

CHANNEL CO5-REACH 4-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO5-REACH 5-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO5-REACH 6-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS
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0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 0 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 0 LS
0003 CONCRETE VOLUME 0 0 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 0 0 CY
0006 COMPACTED FILL 0 0 CY
0007 CONCRETE REMOVAL 0 0 CY
0008 GRAVEL BASE REMOVAL 0 0 CY
0009 REINFORCED STEEL 0 0 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $                -   
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 15,771 17,349 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 20,052 22,057 CY
0006 COMPACTED FILL 1,695 1,864 CY
0007 CONCRETE REMOVAL 5,347 5,881 CY
0008 GRAVEL BASE REMOVAL 1,167 1,284 CY
0009 REINFORCED STEEL 950 1,045 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $        19,582 
0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 2,221 2,443 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 15,316 16,848 CY
0006 COMPACTED FILL 3,130 3,443 CY
0007 CONCRETE REMOVAL 10,914 12,005 CY
0008 GRAVEL BASE REMOVAL 1,213 1,334 CY
0009 REINFORCED STEEL 174 191 TON

CHANNEL CO5-REACH 7-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS
Maintain Baseline Conditions

CHANNEL CO5-REACH 8-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO5-REACH 9-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS
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0010 OPERATION AND MAINTENANCE (ANNUAL) $        28,580 
0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 0 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 0 LS
0003 CONCRETE VOLUME 0 0 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 0 0 CY
0006 COMPACTED FILL 0 0 CY
0007 CONCRETE REMOVAL 0 0 CY
0008 GRAVEL BASE REMOVAL 0 0 CY
0009 REINFORCED STEEL 0 0 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $                -   
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 0 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 0 LS
0003 CONCRETE VOLUME 0 0 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 0 0 CY
0006 COMPACTED FILL 0 0 CY
0007 CONCRETE REMOVAL 0 0 CY
0008 GRAVEL BASE REMOVAL 0 0 CY
0009 REINFORCED STEEL 0 0 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $                -   
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

Item Number Description 

Quantity 
Before 

Adding 10% 
for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 0 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 0 LS
0003 CONCRETE VOLUME 0 0 0
0004 RIPRAP REMOVAL 0 0 0
0005 EXCAVATION 0 0 0
0006 COMPACTED FILL 0 0 0
0007 CONCRETE REMOVAL 0 0 CY
0008 GRAVEL BASE REMOVAL 0 0 CY

Maintain Baseline Conditions

CHANNEL CO5-REACH 11-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS
Maintain Baseline Conditions

CHANNEL CO5-REACH 12-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS
Maintain Baseline Conditions

CHANNEL CO5-REACH 10-ALTERNATIVE 3 MAXIMUM CHANNEL MODIFICATIONS
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0009 REINFORCED STEEL 0 0 0
0010 OPERATION AND MAINTENANCE (ANNUAL) $                -   
NOTE 1: 10% for contingency is added into the calculated quantities

NOTE 2: Clear site and remove obstruction wherever there are existing natural bottom need to be modified.

NOTE 3: These quantity calculations do not include crossings ( bridges)
NOTE 4: ‐For channel C05 quantities, channel configuration of alt 3A1, 3A2, and 3B are the same. 

‐For channel C05 quantities, crossing (bridge) configuration of alt 3A1, 3A2, and 3B are the same. 
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Notes:

3A
hannel Invehannel Walhannel Invehannel Wal XSing b h TW z XSing b h TW z Existing Proposed Alternative B

626+05.59 621+19.01 6.0 9.0 30.0 1.5 20.0 8.0 20.0 0.0 Trap Rect Maintain ‐1.0 3C

621+19.01 620+53.20
Allard Culvert

See attached for culvert 

dimensions
Rect Rect

Culvert 0.0
D

620+53.20 611+71.00 6.0 11.5 34.5 1.5 20.0 9.5 20.0 0.0 Trap Rect Maintain ‐2.0 3E

611+71.00 596+80.80 Underground Culvert Culvert

See attached for culvert 

dimensions
Rect Rect

Culvert 0.0
F

596+80.80 596+61.00 9.0 15.0 27.0 1.5 36 18 36 0 Trap Rect Maintain 3.0 G
H
I
J

hannel Invehannel Walhannel Invehannel Wal XSing b h TW z XSing b h TW z 3K

R10 578+46.00 578+16.00 DS Haster Basin
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0 3L

R10 578+16.00 564+39.00 DS Aspenwood
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0
3M

R10 564+38.00 563+00.00 US Garden Grove Blvd
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0
3N

R9 concrete  concrete  concrete  concrete  563+00.00 552+93.50 6.0 8.4 26.0 1.2 12.0 8.4 12.0 0.0 Trap Rect 3A 0.0 3O

R9 552+93.50 550+41.67
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0
3P

R9 concrete  concrete  concrete  concrete  550+41.67 547+95.50 12.0 8.4 12.0 0.0 20.0 8.5 20.0 0.0 Rect Rect 3E 0.1 3Q
R9 concrete  concrete  concrete  concrete  547+95.50 546+49.50 6.0 8.0 30.0 1.5 20.0 8.5 20.0 0.0 Trap Rect 3A 0.5

R9 546+49.50 545+81.20 Pearce St
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R9 concrete  concrete  concrete  concrete  545+81.20 545+51.70 12.0 5.0 12.0 0.0 29.0 7.7 29.0 0.0 Rect Rect Transition
2.7

R9 concrete  concrete  concrete  concrete  545+51.70 535+58.60 6.0 7.7 29.0 1.5 20.0 7.7 20.0 0.0 Trap Rect 3A 0.0

R9 535+58.60 534+34.10 Trask Ave
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R9 concrete  concrete  concrete  concrete  534+34.10 534+04.20 12.0 8.5 12.0 0.0 25.0 9.5 25.0 0.0 Rect Rect Transition
1.0

R9 concrete  concrete  concrete  concrete  534+04.20 530+71.20 6.0 9.0 33.0 1.5 25.0 9.5 25.0 0.0 Trap Rect 3A 0.5

R9 concrete  concrete  concrete  concrete  530+71.20 530+61.30 Pedestrian Bridge Bridge 6.0 10.0 33.0 1.4 Bridge 25.0 10.0 25.0 0.0
See attached for bridge 

dimensions
Trap Rect 3A

0.0

R9 concrete  concrete  concrete  concrete  530+61.30 515+38.10 6.0 9.0 33.0 1.5 25.0 9.0 25.0 0.0 Trap Rect 3A 0.0

R9 515+38.10 514+11.80 Harbor Blvd
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R9 concrete  concrete  concrete  concrete  514+11.80 513+82.60 12.0 7.7 12.0 0.0 25.0 8.0 25.0 0.0 Rect Rect Transition
0.3

R9 concrete  concrete  concrete  concrete  513+82.60 503+04.60 6.0 8.0 30.0 1.5 25.0 8.0 25.0 0.0 Trap Rect 3A 0.0

R9 503+04.60 500+01.50 OCTD Yard
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R8 concrete  concrete  concrete  concrete  500+01.50 499+69.40 20.8 10.0 20.8 0.0 25.0 10.0 25.0 0.0 Rect Rect Transition
0.0

R8 concrete  concrete  concrete  concrete  499+69.40 487+80.70 8.0 11.7 43.0 1.5 30.0 11.7 30.0 0.0 Trap Rect 3A 0.0

R8 487+80.70 486+54.70 Westminster Ave
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R8 concrete  concrete  concrete  concrete  486+54.70 486+25.60 18.7 11.5 18.7 0.0 40.0 11.5 40.0 0.0 Rect Rect Transition
0.0

R8 concrete  concrete  concrete  concrete  486+25.60 475+96.40 8.0 11.0 41.0 1.5 40.0 11.0 40.0 0.0 Trap Rect 3A 0.0

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

DS XS XSING Name
Existing Proposed

Comments

Culvert Culvert

Maintain Baseline Conditions.

Culvert

Maintain Baseline Conditions.

Channel: C05

Reach Measure
Existing Proposed

US XS

Height 

Change

Maintain Baseline Conditions.

Culvert

Channel: US C05

Reach Measure
Existing Proposed

US XS DS XS XSING Name
Existing Proposed

Westminster Alternative Analysis
Alternative 3 Maximum Channel Modifications: Existing and Proposed Channel Conditions

No changes will be done on the spans labeled "Maintain Baseline Conditions"

No changes will be done for spans with culverts.

Spans labeled "Bridges" and not labeled "Maintain Baseline Conditions" will still have the channels  changed as noted.

TABLE 8

Comments
Type
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R8 475+96.40 475+29.60 Morningside Ave
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R8 concrete  concrete  concrete  concrete  475+29.60 475+05.90 18.7 10.3 18.7 0.0 40.0 10.3 40.0 0.0 Rect Rect Transition
0.0

R8 concrete  concrete  concrete  concrete  475+05.90 467+47.00 8.0 12.0 44.0 1.5 40.0 12.0 40.0 0.0 Trap Rect 3A 0.0

R8 467+47.00 466+81.60 W Fay Circle
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R8 concrete  concrete  concrete  concrete  466+81.60 466+48.90 18.7 9.9 18.7 0.0 40.0 9.9 40.0 0.0 Rect Rect Transition
0.0

R8 concrete  concrete  concrete  concrete  466+48.90 456+86.00 8.0 12.0 44.0 1.5 40.0 12.0 40.0 0.0 Trap Rect 3A 0.0

R7 456+86.00 445+99.90 Hazard
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R6 concrete  concrete  concrete  concrete  445+99.90 444+59.36 29.0 11.0 39.0 0.5 40.0 12.0 40.0 0.0 Trap Rect 3A 1.0

R6 concrete  concrete  concrete  concrete  444+59.36 438+50.90 21.0 11.0 54.0 1.5 30.0 12.0 30.0 0.0 Trap Rect 3A 1.0

R6 438+50.90 437+72.30 Fifth St
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R6 concrete  concrete  concrete  concrete  437+72.30 437+45.50 18.7 13.0 18.7 0.0 40.0 13.0 40.0 0.0 Rect Rect Transition
0.0

R6 concrete  concrete  concrete  concrete  437+45.50 430+85.00 10.0 12.0 46.0 1.5 40.0 12.0 40.0 0.0 Trap Rect 3A 0.0

R5 riprap riprap concrete  concrete  430+85.00 425+12.20 10.0 12.0 46.0 1.5 40.0 11.7 40.0 0.0 Trap Rect 3K ‐0.3

R5 425+12.20 423+86.40 Bolsa St
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R5 riprap riprap concrete  concrete  423+86.40 423+57.10 20.7 11.0 20.7 0.0 40.0 11.7 40.0 0.0 Rect Rect Transition
0.7

R5 riprap riprap concrete  concrete  423+57.10 397+01.00 10.0 11.7 45.0 1.5 40.0 11.7 40.0 0.0 Trap Rect 3K 0.0

R5 397+01.00 395+93.00 Euclid St
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R5 riprap riprap concrete  concrete  395+93.00 395+62.67 20.0 11.0 22.6 0.1 48.0 11.0 48.0 0.0 Trap Rect Transition
0.0

R5 riprap riprap concrete  concrete  395+62.67 387+49.00 12.0 10.7 44.0 1.5 48.0 10.7 48.0 0.0 Trap Rect 3K 0.0

R5 387+49.00 386+85.00 Deming
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R5 riprap riprap concrete  concrete  386+85.00 386+56.00 20.8 11.0 20.8 0.0 50.0 11.0 50.0 0.0 Rect Rect Transition
0.0

R5 riprap riprap concrete  concrete  386+56.00 370+48.00 12.0 10.0 42.0 1.5 50.0 10.0 50.0 0.0 Trap Rect 3K 0.0

R5 370+48.00 369+63.00 Ward St.
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R5 riprap riprap concrete  concrete  369+63.00 369+34.00 24.8 10.5 24.8 0.0 50.0 10.5 50.0 0.0 Rect Rect Transition
0.0

R5 riprap riprap concrete  concrete  369+34.00 355+13.40 14.0 10.7 44.0 1.4 45.0 10.7 45.0 0.0 Trap Rect 3K 0.0

R5 concrete  concrete  concrete  concrete  355+13.40 355+03.50 Pedestrian Bridge Bridge 14.0 10.7 44.0 1.4 Bridge 45.0 12.0 45.0 0.0
See attached for bridge 

dimensions
Trap Rect 3A

1.3

R5 concrete  concrete  concrete  concrete  355+03.50 344+03.30 14.0 10.7 44.0 1.4 45.0 10.7 45.0 0.0 Trap Rect 3A 0.0

R5 344+03.30 341+55.60 McFadden/ Brookhurst
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R4 riprap riprap concrete  concrete  341+55.60 341+25.60 24.8 10.5 24.8 0.0 45.0 11.0 45.0 0.0 Rect Rect Transition
0.5

R4 riprap riprap concrete  concrete  341+25.60 313+68.64 16.0 11.0 49.0 1.5 50.0 11.0 50.0 0.0 Trap Rect 3K 0.0

R4 313+68.64 312+74.64 Bushard St
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R4 riprap riprap concrete  concrete  312+74.64 312+44.64 28.8 11.5 28.8 0.0 50.0 11.5 50.0 0.0 Rect Rect Transition
0.0

R4 riprap riprap concrete  concrete  312+44.64 307+60.50 16.0 11.5 51.0 1.5 50.0 11.5 50.0 0.0 Trap Rect 3K 0.0

R4 riprap riprap concrete  concrete  307+60.50 307+50.60 Pedestrian Bridge Bridge 16.0 14.0 51.0 1.3 Bridge 50.0 14.0 50.0 0.0
See attached for bridge 

dimensions
Trap Rect 3K

0.0

R4 riprap riprap concrete  concrete  307+50.60 307+25.95 16.0 11.5 51.0 1.5 50.0 11.5 50.0 0.0 Trap Rect 3K 0.0

R4 riprap riprap concrete  concrete  307+25.95 285+04.14 16.0 11.5 51.0 1.5 50.0 11.5 50.0 0.0 Trap Rect 3K 0.0

R4 285+04.14 282+44.14 Magnolia
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R4 riprap riprap concrete  concrete  282+44.14 281+95.14 24.8 11.5 24.8 0.0 60.0 12.5 60.0 0.0 Rect Rect Transition
1.0

R4 riprap riprap concrete  concrete  281+95.14 271+32.70 18.0 10.0 48.0 1.5 60.0 12.5 60.0 0.0 Trap Rect 3K 2.5

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert

Culvert Culvert
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R4 271+32.70 270+78.00 Quartz St
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R4 concrete  concrete  concrete  concrete  270+78.00 255+41.68 60.0 13.0 60.0 0.0 60.0 13.0 60.0 0.0 Rect Rect Maintain 0.0

R4 255+41.68 253+28.90 405 FWY
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R3 concrete  concrete  concrete  concrete  253+28.90 250+77.72 63.0 11.0 63.0 0.0 63.0 12.0 63.0 0.0 Rect Rect 3E 1.0

concrete  concrete  concrete  concrete  250+77.72 248+47.70 60.0 12.0 60.0 0.0 60.0 12.0 60.0 0.0 Rect Rect Maintain 0.0

R3 248+47.70 247+97.70 Woodruff
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R3 riprap riprap concrete  concrete  247+97.70 247+47.70 60.0 12.2 60.0 0.0 60.0 12.2 60.0 0.0 Rect Rect Transition
0.0

R3 riprap riprap concrete  concrete  247+47.70 225+93.00 18.0 12.0 53.0 1.5 60.0 12.0 60.0 0.0 Trap Rect 3K 0.0

R3 225+93.00 223+50.00 Beach
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R3 concrete  concrete  concrete  concrete  223+50.00 222+03.32 31.3 11.4 31.3 0.0 60.0 14.0 60.0 0.0 Rect Rect 3E 2.6

R3 riprap riprap concrete  concrete  222+03.32 201+66.90 20.0 13.0 59.0 1.5 60.0 14.0 60.0 0.0 Trap Rect 3K 1.0

R3 riprap riprap concrete  concrete  201+66.90 201+46.90 Pedestrian Bridge Bridge 20.0 13.0 59.0 1.5 Bridge 60.0 14.0 60.0 0.0
See attached for bridge 

dimensions
Trap Rect 3K

1.0

R3 concrete  concrete  concrete  concrete  201+46.90 198+77.69 31.0 14.0 59.0 1.0 60.0 14.0 60.0 0.0 Trap Rect 3A 0.0

R3 concrete  concrete  concrete  concrete  198+77.69 191+78.45 59.0 16.5 59.0 0.0 60.0 16.5 60.0 0.0 Rect Rect 3E 0.0

R2 191+78.45 191+55.45 Railroad Bridge Bridge 62.0 15.0 62.0 0.0 Bridge 62.0 15.0 62.0 0.0
See attached for bridge 

dimensions
Rect Rect Maintain

0.0

R2 Natural concrete  concrete  concrete  191+55.45 185+43.98 60.0 14.5 60.0 0.0 60.0 14.5 60.0 0.0 Rect Rect 3L 0.0

R2 Natural concrete  concrete  concrete  185+43.98 184+63.98 Gothard St Bridge 60.0 15.4 60.0 0.0 Bridge 60.0 15.4 60.0 0.0
See attached for bridge 

dimensions
Rect Rect

3L 0.0

R2 Natural concrete  concrete  concrete  184+63.98 173+84.28 59.0 14.4 59.0 0.0 75.0 14.4 75.0 0.0 Rect Rect 3L 0.0

R2 Natural concrete  concrete  concrete  173+84.28 165+72.43 75.0 14.0 75.0 0.0 75.0 17.0 75.0 0.0 Rect Rect 3L 3.0

R2 Natural concrete  concrete  concrete  165+72.43 164+72.43 Golden West st Bridge 75.0 14.0 75.0 0.0 Bridge 83.0 17.0 83.0 0.0
See attached for bridge 

dimensions
Rect Rect

3L 3.0

R2 Natural concrete  concrete  concrete  164+72.43 150+74.53 75.0 14.0 75.0 0.0 83.0 17.0 83.0 0.0 Rect Rect 3L 3.0

R1 Natural concrete  Natural concrete  150+74.53 139+22.21 70.0 12.0 118.0 2.0 166.0 16.0 166.0 0.0 Trap Rect 3M 4.0 Existing Levee Conditio

R1 Natural concrete  Natural concrete  139+22.21 138+38.21 Edward St Bridge 70.0 12.0 118.0 2.0 Bridge 166.0 16.0 166.0 0.0
See attached for bridge 

dimensions
Trap Rect 3M

4.0 Existing Levee Conditio

R1 Natural concrete  Natural concrete  138+38.21 112+90.43 70.0 12.0 118.0 2.0 177.0 16.0 177.0 0.0 Trap Rect 3M 4.0 Existing Levee Conditio

R1 Natural concrete  Natural concrete  112+90.43 111+87.43 Springdale St Bridge 70.0 12.0 118.0 2.0 Bridge 177.0 16.0 177.0 0.0
See attached for bridge 

dimensions
Trap Rect 3M

4.0 Existing Levee Conditio

R1 Natural concrete  Natural concrete  111+87.43 101+35.39 70.0 12.0 118.0 2.0 168.0 16.0 168.0 0.0 Trap Rect 3M 4.0 Existing Levee Conditio

R1 101+35.39 101+21.39 146.0 16.0 146.0 0.0 146.0 16.0 146.0 0.0 Rect Rect Maintain 0.0

R1 101+21.39 099+91.39 Warner Ave Bridge 140.0 16.0 146.0 0.2 Bridge 140.0 16.0 140.0 0.0
See attached for bridge 

dimensions
Trap Rect Maintain

0.0

R1 099+91.39 097+11.11 134.0 16.0 134.0 0.0 134.0 16.0 134.0 0.0 Rect Rect Maintain 0.0

R1 097+11.11 074+57.01 146.0 15.5 146.0 0.0 146.0 15.5 146.0 0.0 Rect Rect Maintain 0.0

R1 074+57.01 073+29.01 Graham St Bridge 146.0 15.5 146.0 0.0 Bridge 146.0 15.5 146.0 0.0
See attached for bridge 

dimensions
Rect Rect Maintain

0.0

R1 073+92.01 057+93.87 146.0 15.0 146.0 0.0 146.0 15.0 146.0 0.0 Rect Rect Maintain 0.0

R1 057+93.87 057+63.87 Slater Bridge 146.0 15.0 146.0 0.0 Bridge 146.0 15.0 146.0 0.0
See attached for bridge 

dimensions
Rect Rect Maintain

0.0

R1 057+63.87 051+92.55 146.0 15.0 146.0 0.0 146.0 15.0 146.0 0.0 Rect Rect Maintain 0.0

R1 Natural BotNatural BotNatural BotSheet Pile 051+92.55 036+47.63 70.0 13.0 122.0 2.0 146.0 16.0 146.0 0.0 Trap Rect 3N 3.0

R1 Natural BotNatural BotNatural BotSheet Pile 036+47.63 036+22.63 Oil Field Bridge Bridge 70.0 13.0 122.0 2.0 Bridge 146.0 16.0 146.0 0.0
See attached for bridge 

dimensions
Trap Rect 3N

3.0

R1 Natural BotNatural BotNatural BotSheet Pile 036+22.63 009+90.87 70.0 13.0 122.0 2.0 146.0 16.0 146.0 0.0 Trap Rect 3N 3.0

R1 Natural BotNatural BotNatural BotSheet Pile 009+90.87 006+25.87 120.0 14.5 178.0 2.0 146.0 16.0 146.0 0.0 Trap Rect 3N 1.5

R1 006+25.87 006+05.87 Outlet
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R1 006+05.87 000+00.00 120.0 14.5 178.0 2.0 120.0 14.5 178.0 2.0 Trap Trap Maintain 0.0

Culvert Culvert

Maintain Baseline Conditions.

Maintain Baseline Conditions.

Maintain Baseline Conditions.

Maintain Baseline Conditions.

Maintain Baseline Conditions.

Maintain Baseline Conditions.

Maintain Baseline Conditions.

Culvert Culvert

Maintain Baseline Conditions.

Maintain Baseline Conditions.

Maintain Baseline Conditions.

Culvert Culvert

Culvert Culvert

Culvert Culvert
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Westminster_Alternative Analysis
Project: Westminster

Note:

Proposed Crossing Adjustment

Bridge US XS DS XS

D/S Haster Basin 578+46.00 578+16.00 Box ‐ Flared wingwall 30 ‐ 75 Deg 10 5.5 1 Crossing and  XS US and DS: Maintain Baseline Conditions Box ‐ Flared wingwall 30 ‐ 75 Deg 10 5.5 1

Upstream of Aspenwood 576+80.00 576+08.00 Box ‐ Flared wingwall 30 ‐ 75 Deg 10 4 1 Crossing and  XS US and DS: Maintain Baseline Conditions Box ‐ Flared wingwall 30 ‐ 75 Deg 10 4 1

D/S Aspenwood 576+07.00 564+39.00 Box ‐ Flared wingwall 30 ‐ 75 Deg 11 6 1 Crossing and  XS US and DS: Maintain Baseline Conditions Box ‐ Flared wingwall 30 ‐ 75 Deg 11 6 1

U/S of Garden Grove Blvd 564+38.00 563+39.00 Box ‐ Flared wingwall 30 ‐ 75 Deg 10 5.5 1
Crossing:  US End ‐ maintain baseline conditions.  DS End, expand deck, maintain baseline 

culvert.  XS DS: Increase B and TW.  XS US: Maintain Baseline Conditions.
Box ‐ Flared wingwall 30 ‐ 75 Deg 10 5.5 1

Pearce st 546+49.50 545+81.20 Box ‐ Flared wingwall 30 ‐ 75 Deg 12 5 1 Crossing:  Replace structure with 2‐ 14' x 5' box barrels.  XS DS & US:  Increase B, TW, and H. Box ‐ Flared wingwall 30 ‐ 75 Deg 14.5 5 2

Trask 535+58.60 534+34.10 Box ‐ Flared wingwall 30 ‐ 75 Deg 12 6.5 1

Crossing: Replace structure with 2 ‐ 9' x 6.5' barrels.  XS US: Maintain baseline H.  Increase B 

and TW. 

XS DS:  Increase B, H, & TW to match DS XS.

Box ‐ Flared wingwall 30 ‐ 75 Deg 9 6.5 2

Pedestrian Bridge 530+71.20 530+61.30 Clear span bridge ‐ Trap b  = 6.3 TW = 33 10
Crossing: Replace bridge.  Adjust channel below crossing to match US & DS geometry. XS US 

and DS:  Decrease TW. Change from Trap to Rect. 
Clear span bridge  25 10 1

Harbor Blvd 515+38.10 514+11.80 Box ‐ Flared wingwall 30 ‐ 75 Deg 12 6.5 1

Crossing:  Add 1 ‐ 12' x 6.5' barrel. XS US:  Maintain baseline H.  Increase TW & B.  

XS DS:  Increase B, TW, & H.

Box ‐ Flared wingwall 30 ‐ 75 Deg 12 6.5 2

OCTD Yard 503+04.60 500+01.50 Box ‐ Flared wingwall 30 ‐ 75 Deg 10 8 2
Crossing: Replace structure with 2 ‐ 10' x 8' barrels. XS US & DS:  Maintain baseline H.  

Increase B & TW.
Box ‐ Flared wingwall 30 ‐ 75 Deg 10 8 2

Westminster Ave 487+80.70 486+54.70 Box ‐ Flared wingwall 30 ‐ 75 Deg 9 9.5 2
Crossing: Replace structure with 3 ‐ 12' x 9.5' barrels.  XS US & DS:  Maintain baseline H.  

Increase B & TW.
Box ‐ Flared wingwall 30 ‐ 75 Deg 12 9.5 3

Morningside Ave 475+96.40 475+29.60 Box ‐ Flared wingwall 30 ‐ 75 Deg 9 9 2
Crossing: Replace structure with 3 ‐ 12' x 9' barrels.  XS US & DS:  Maintain baseline H.  

Increase B & TW.
Box ‐ Flared wingwall 30 ‐ 75 Deg 12 9 3

W. Fay Circle 467+47.00 466+81.60 Box ‐ Flared wingwall 30 ‐ 75 Deg 9 8.5 2
Crossing:  Replace structure with 3 ‐ 12' x 8.5' barrels.  XS US & DS:  Maintain baseline H.  

Increase B & TW.
Box ‐ Flared wingwall 30 ‐ 75 Deg 12 8.5 3

Hazard/ New Hope 456+86.00 445+99.90 Bridge with 1‐0.67' pier at center  18.5 12 1
Crossing: Replace structure with extended bridge.  XS US: Maintain baseline H.  Increase B & 

TW.  XS DS: Increase TW & B. Increase H.
Bridge with 1‐0.67' pier at center  40 12 1 0.67

Fifth st. 438+50.90 437+72.30 Box ‐ Flared wingwall 30 ‐ 75 Deg 9 8.5 2
Crossing:  Replace structure with 3 ‐ 12' x 8.5' barrels.  XS US & DS:  Maintain baseline H.  

Increase B & TW.
Box ‐ Flared wingwall 30 ‐ 75 Deg 12 8.5 3

Bolsa st. 425+12.20 423+86.40 Box ‐ Flared wingwall 30 ‐ 75 Deg 10 8.5 2
Crossing: Replace structure with 3 ‐ 13' x 8.5' barrels.  XS US:  Maintain baseline H.  Increase B 

& TW.  XS DS:  Increase B, H, & TW.  Change from natural riprap lining to concrete lining.
Box ‐ Flared wingwall 30 ‐ 75 Deg 13 8.5 3

Euclid st. 397+01.00 395+93.00 Box ‐ Flared wingwall 30 ‐ 75 Deg 11 6.5 2

Crossing: Replace structure with 4 ‐ 11' x 8.5' barrels. XS US:  Maintain baseline H.  Increase B 

& TW.  XS DS:  Maintain baseline H.  Increase TW &B..  Change from riprap lining to concrete 

lining.

Box ‐ Flared wingwall 30 ‐ 75 Deg 11 8.5 4

Deming 387+49.00 386+85.00 Box ‐ Flared wingwall 30 ‐ 75 Deg 10 8.5 2

Crossing: Replace structure with 4 ‐ 11' x 8.5' barrels. XS US:  Maintain baseline H.  Increase B 

& TW.  XS DS: Maintain baseline H.  Increase B & TW.  Change from riprap lining to concrete 

lining.

Box ‐ Flared wingwall 30 ‐ 75 Deg 11 8.5 4

Ward st. 370+48.00 369+63.00 Box ‐ Flared wingwall 30 ‐ 75 Deg 12 9.5 2

Crossing: Replace structure with 4 ‐ 12' x 9.5' barrels.  XS US:  Maintain baseline H.  Increase B 

& TW.  XS DS:  Maintain baseline H.  Increase B & TW.  Change from riprap lining to concrete 

lining.

Box ‐ Flared wingwall 30 ‐ 75 Deg 12 9.5 4

Pedestrian Bridge 355+13.40 355+03.50 Clear span bridge ‐ Rectangular 44 12

Crossing: Replace structure with widened deck to account for widened channel US and DS.  

Channel under XS changed from trap to rect. XS US & DS:  Change from trap to rect.  Maintain 

baseline H.  Increase TW.

Clear span bridge ‐ Rectangular 12

McFadden / Brookhurst 344+03.30 341+55.60 Box ‐ Flared wingwall 30 ‐ 75 Deg 12 9.5 2
Crossing: Replace structure with 3 ‐ 14' x 9.5' barrels. XS US: Maintain baseline H.  Increase B 

& TW.  XS DS:  Increase B, H, & TW. Change from riprap lining to concrete lining.
Box ‐ Flared wingwall 30 ‐ 75 Deg 14 9.5 3

Bushard st. 313+68.64 312+74.64 Box ‐ Flared wingwall 30 ‐ 75 Deg 14 11 2

Crossing: Replace structure with 3 ‐ 15' x 11' barrels.  XS US:  Maintain baseline H.  Increase B 

& TW.  XS DS: Maintain baseline H.  Increase B & TW.  Change from riprap lining to concrete 

lining.

Box ‐ Flared wingwall 30 ‐ 75 Deg 15 11 3

Span Rise # Piers

6.  Cross‐sections u/s and d/s of crossings were expanded.  Crossings were adjusted to maximize cross‐sectional flow 

area using u/s and d/s cross sections as the limit.

Current Dimensions of Crossing Proposed Dimensions of Crossing

Pier 

Width
Diameter

Pier 

Width
Diameter # Barrels# Barrels Description Type

Model
Type Span Rise # Piers

5. Quantity of Debris:  Width = 2' on each side of piers + width of pier.  Height:  6'.

Geometry File Westmin_C05C06_Alt3_BR_FD_ADJ_NO405MOD (.g03) 2. Crossings were adjusted by modifying span and maintaining rise constant.

Alternative Alternative 3 Maximum Channel Modifications No 405 MODS 3. All crossings, including culverts, were modeled as bridges,

HEC‐RAS River Westminster C06, Westminster

4. Debris was modeled as floating debris on the piers.  Space in between box culvert barrels was modeled as piers. HEC‐RAS Reach C05, C05

TABLE 9

Objective: Using the existing HEC‐RAS models geometry files with artificial levees adjust the geometry to include the channel modifications proposed in each of the respective Alternatives

Hec‐Ras Model Westminster Channel Project

Project Location P:\Westminster\HEC‐RAS_TSP Alts\C05_C06_TSP_Alt_3 1. All dimensions are in Feet unless noted otherwise.
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Pedestrian Bridge 307+60.50 307+50.60 Clear span bridge‐ Trap b = 16 TW = 51 14

Crossing:  Replace structure.  Channel under xsing changed from Trap to Rect.  XS US & DS:  

Maintain baseline H.   Decrease TW.  Change from Trap to Rect.  Change from riprap lining to 

concrete lining.

Clear span bridge‐ Trap b = 50 TW = 50 14

Magnolia/Edinger 285+04.14 282+44.14 Box ‐ Flared wingwall 30 ‐ 75 Deg 12 9.5 2

Crossing: Replace structure with 4 ‐ 12' x 9.5' barrels.  XS US: Maintain baseline H.  Increase B 

& TW.  

XS DS:  Increase B, H, & TW.  Change from riprap lining to concrete lining.  

Box ‐ Flared wingwall 30 ‐ 75 Deg 12 9.5 4

Quartz st. 271+32.70 270+78.00 Box ‐ Side tapered; Less favorable Edges 14.25 10 4 Crossing and XS US & DS:  Maintain baseline conditions. Box ‐ Side tapered; Less favorable Edges 14.25 10 4

405 FWY 255+41.68 253+28.90 Culver 1:  Ellipse: Concrete 10 6.4 2
Crossing XS: Maintain baseline conditions. US:  Add 3' floodwalls. XS DS:  Maintain existing TW 

& B.  Increase H.
Culver 1:  Ellipse: Concrete 10 6.4 2

Culver 2: Box ‐ Flared wingwall 30 ‐ 75 De 10 9.3 3 Culver 2: Box ‐ Flared wingwall 30 ‐ 75 Deg 10 9.3 3

Woodruff 248+47.70 247+97.70 Box ‐ Side tapered; Less favorable Edges 14.25 10 4
Crossing:  Maintain baseline conditions.  XS US:  Maintain baseline conditions.  XS DS:  

Maintain baseline dimensions.  Change from riprap lining to concrete lining.
Box ‐ Side tapered; Less favorable Edges 14.25 10 4

Beach 225+93.00 223+50.00 Box ‐ Side tapered; Less favorable Edges 10 10 3
Crossing:  Replace structure with 5 ‐ 11' x 10' barrels. XS US:  Maintain baseline H.  Increase 

TW & B.  XS DS:  Increase B, H, & TW.  Change from riprap lining to concrete lining.
Box ‐ Side tapered; Less favorable Edges 11 10 5

Pedestrian Bridge 201+66.90 201+46.90 lear span bridge: Trap. B = 29.26  TW= 59 14

Crossing:  Replace structure.  Channel under crossing changed from Trap to Rect.  Maintain 

baseline conditions. XS US & DS:  Maintain baseline H.  Increase TW.  Change from trap to 

rect.  Change from riprap lining to concrete lining.

Clear span bridge: TW= 60 60 14

Railroad Bridge 191+78.45 191+55.45 Bridge with 2‐1' piers. 62 15 2 1 Crossing and XS US & DS:  Maintain baseline conditions. Bridge with 2‐1' piers. 15 2 1

Gothard St. 185+43.98 184+63.98 Bridge with 1‐1.3' pier 59 13.74 1 1.3 Crossing and XS US &DS: Maintain baseline conditions Bridge with 1‐1.3' pier 13.74 1 1.3

Golden West St. 165+72.43 164+72.43 Bridge with 1‐1.3' pier 75 16.5 1 1.3

Crossing:  Replace bridge with raised bridge and extended deck. XS US:  Increase b and TW by 

extending both banks.  Add 3' floodwalls.

XS DS:  Increase TW, b, and add 2' floodwalls.  14' remain for access roads on both sides of 

channel.

Bridge with 1‐1.3' pier 16.5 1 1.3

Edward st. 139+22.21 138+38.21 ridge with 3‐1' piers. Trap b=70  TW=118 11.9 3 1

Crossing: Replace structure‐ Extend deck, add 2 piers. XS US & DS:  Add 3' floodwalls.  

Increase TW by extending both top of banks.  Change from Trap to Rect; Increase B to match 

TW.

Bridge with 5‐1' piers. TW=146 11.9 5 1

Springdale St. 112+90.43 111+87.43 ridge with 3‐1' piers. Trap b=70 TW=114.4 11.1 3 1

Crossing:  Replace structure‐ Extend deck, add 2 piers.  Channel under crossing changed from 

Trap to Rect. XS US :Add 3' floodwalls.  Increase TW by extending both top of banks.  Change 

from Trap to Rect; Increase B to match TW.  XS DS:  Add 3' floodwalls.  Increase TW by 

extending right and left top of banks 25'.  Maintain 14' access road on either side.  Change 

from Trap to Rect; Increase B to match TW.  

Bridge with 5‐1' piers. TW=146 11.1 5 1

Warner Ave. 101+21.39 099+91.39 Bridge with 3‐1' piers. 140 11.6 3 1
Crossing: Maintain baseline conditions.

XS US & DS:  Maintain Baseline Conditions. .
Bridge with 3‐1' piers. TW=146 11.6 3 1

Graham St.  074+57.01 073+29.01 Bridge with 3‐1.3' piers. 146 13.5 3 1.3 Crossing: Maintain baseline conditions. XS US & DS:  Maintain baseline conditions. Bridge with 3‐1.3' piers. 13.5 3 1

Slater 057+93.87 057+63.87 Bridge with 3‐1' piers. 146 11.9 3 1 Crossing: Remove bridge. XS US & DS:  Maintain baseline conditions. 11.9

Oil Field Bridge 036+47.63 036+22.63 Bridge with 4‐1' piers. 146 11.95 4 1
Crossing: Remove bridge XS US & DS:  Maintain baseline H.  Increase TW.  Change from trap 

to rect..
11.95

Outlet 006+25.87 006+05.87 Concrete Pipe Culvert 7 12
Crossing: Maintain baseline conditions. XS US & DS:  Decrease TW.  Increase H.  Change from 

trap to rect.
Concrete Pipe Culvert 0
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Item Number Description 

Quantity Before 
Adding 10% for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 21,269 23,396 CY
0004 RIPRAP REMOVAL 31,657 34,822 CY
0005 EXCAVATION 46,123 50,735 CY
0006 COMPACTED FILL 3,419 3,761 CY
0007 CONCRETE REMOVAL 0 0 CY
0008 GRAVEL BASE REMOVAL 0 0 CY
0009 REINFORCED STEEL 1,295 1,424 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $             17,999 
NOTE 1: 10% for contingency is added to quantities

Item Number Description 

Quantity Before 
Adding 10% for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 455 500 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 0 0 CY
0006 COMPACTED FILL 0 0 CY
0007 CONCRETE REMOVAL 325 357 CY
0008 GRAVEL BASE REMOVAL 126 138 CY
0009 REINFORCED STEEL 28 31 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $               2,102 
0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added to quantities

Item Number Description 

Quantity Before 
Adding 10% for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 7,632 8,395 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 20,136 22,149 CY
0006 COMPACTED FILL 0 0 CY
0007 CONCRETE REMOVAL 3,036 3,339 CY
0008 GRAVEL BASE REMOVAL 1,248 1,373 CY
0009 REINFORCED STEEL 470 517 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $               5,385 
0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added to quantities

TABLE 10
WESTMINSTER FEASIBILITY QUANTITY CALCULATION

CHANNEL CO6-REACH 13-ALTERNATIVE 3B MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO6-REACH 14-ALTERNATIVE 3B MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO6-REACH 15-ALTERNATIVE 3B MAXIMUM CHANNEL MODIFICATIONS
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Item Number Description 

Quantity Before 
Adding 10% for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 269 296 CY
0004 RIPRAP REMOVAL 0 0 CY
0005 EXCAVATION 711 782 CY
0006 COMPACTED FILL 0 0 CY
0007 CONCRETE REMOVAL 107 118 CY
0008 GRAVEL BASE REMOVAL 44 48 CY
0009 REINFORCED STEEL 17 19 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $               4,255 
0011 TEMPORARY SHORING 1 LS
NOTE 1: 10% for contingency is added to quantities

Item Number Description 

Quantity Before 
Adding 10% for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS
0003 CONCRETE VOLUME 11,882 13,070 CY
0004 RIPRAP REMOVAL 9,947 10,941 CY
0005 EXCAVATION 14,419 15,861 CY
0006 COMPACTED FILL 1,652 1,817 CY
0007 CONCRETE REMOVAL 0 0 CY
0008 GRAVEL BASE REMOVAL 0 0 CY
0009 REINFORCED STEEL 788 867 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $               7,218 
NOTE 1: 10% for contingency is added to quantities

MAINTAIN BASELINE CONDITIONS

Item Number Description 

Quantity Before 
Adding 10% for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0010 OPERATION AND MAINTENANCE (ANNUAL) $             14,000 
NOTE 1: 10% for contingency is added to quantities

Item Number Description 

Quantity Before 
Adding 10% for 

Contingency

Quantity 
After Adding 

10% for 
Contingency Unit

0001 DIVERSION OF WATER 1 LS
0002 CLEAR SITE AND REMOVE OBSTRUCTIONS 1 LS

CHANNEL CO6-REACH 18-ALTERNATIVE 3B MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO6-REACH 19-ALTERNATIVE 3B MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO6-REACH 16-ALTERNATIVE 3B MAXIMUM CHANNEL MODIFICATIONS

CHANNEL CO6-REACH 17-ALTERNATIVE 3B MAXIMUM CHANNEL MODIFICATIONS
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0003 CONCRETE VOLUME 3,775 4,153 CY
0004 RIPRAP REMOVAL 8,332 9,165 CY
0005 EXCAVATION 640 704 CY
0006 COMPACTED FILL 4,592 5,052 CY
0007 CONCRETE REMOVAL 0 0 CY
0008 GRAVEL BASE REMOVAL 0 0 CY
0009 REINFORCED STEEL 376 414 TON
0010 OPERATION AND MAINTENANCE (ANNUAL) $               6,039 
NOTE 1: 10% for contingency is added into the bid schedule
NOTE 2: These quantity calc. do not include crossings ( bridges)
NOTE 3: -Channel C06 has 3 sub alternatives which are alt 3A1, 3A2 and 3B

-For C06, alternative 3A1 has the same channel configuration as alternative 3A2.  
-Therefore, for C06, alt 3A1 and 3A2 together are called alt 3A
-For C06, Alt 3B with no 405 Modifications will be used.

NOTE 4: Riprap will not be reused for all 4 channels and all alternatives.
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Notes:

3A
Channel Inver Channel WallsChannel Invert Channel Walls XSing b h TW z XSing b h TW z B

R19 Natural Riprap Concrete Concrete 217+31.98 194+29.30 4 9 35 1.7 5 9 32 1.5 Trap Trap 3C 0.0 3C

R18 194+29.30 193+20.10 Euclid Culvert
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0
D

R18 Natural Riprap Concrete Concrete 193+20.10 192+65.50 16.75 9 16.75 0.0 16.75 9 16.75 0.0 Rect Rect Maintain 0.0 3E
R18 Concrete Concrete Concrete Concrete 192+65.50 140+91.30 10 7 10 0.0 10 7 10 0.0 Rect Rect Maintain 0.0 F

R17 140+91.30 139+62.00 Brookhurst Culvert
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0
G

R17 Natural Riprap Concrete Concrete 139+62.00 139+07.30 20.75 10.05 20.75 0.0 50 14.05 50 0.0 Rect Rect Transition 4.0 H
R17 Natural Riprap Concrete Concrete 139+07.30 114+29.00 10 10 46 1.8 28 14 50 0.8 Trap Trap 3C 4.0 I

R17 114+29.00 113+39.30 Bushard  Culvert
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0
J

R16 concrete  concrete  Concrete Concrete 113+39.30 112+84.00 21.5 10.5 21.5 0.0 47 13 47 0.0 Rect Rect F 2.5 3K
R15 concrete  concrete  Concrete Concrete 112+84.00 097+17.00 21.5 10.5 21.5 0.0 47 13 47 0.0 Rect Rect 3E 2.5 3L

R15 097+17.00 076+63.78 405 Culvert
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0
3M

R14 concrete  concrete  Concrete Concrete 076+63.78 074+94.34 20 11 20 0.0 20 11 20 0.0 Rect Rect 3E 0.0 3N

R14 074+94.34 074+39.99 Asari Ln Culvert Culvert
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0
3O

R14 concrete  concrete  Concrete Concrete 074+39.99 072+42.00 19.5 12 19.5 0.0 19.5 12 19.5 0.0 Rect Rect Maintain 0.0 3P
concrete  concrete  Concrete Concrete 072+42.00 069+87.45 19 11 19 0.0 19 11 19 0.0 Rect Rect Maintain 0.0 3Q

R14 concrete  concrete  Concrete Concrete 069+87.45 069+32.47 19 11 19 0.0 19 11 19 0.0 Rect Rect Maintain 0.0

R14 069+32.47 068+62.50 Ross Culvert Culvert
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R13 concrete  concrete  concrete  concrete  068+62.50 068+07.52 19 13.75 19 0.0 19 13.75 19 0.0 Rect Rect Maintain 0.0

R13 riprap riprap concrete  concrete  068+07.52 053+16.13 8 13.8 51.5 1.6 14.5 14.5 57 1.5 Trap Trap 3P 0.7

R13 053+16.13 052+41.32 Newland Culvert Culvert
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R13 riprap riprap concrete  concrete  052+41.32 051+86.46 20.75 15 20.75 0.0 57 15 57 0.0 Rect Rect Transition 0.0

R13 riprap riprap concrete  concrete  051+86.46 027+42.07 8 15 51.5 1.5 13 14.5 57 1.5 Trap Trap 3P ‐0.5

R13 027+42.07 026+12.58 Beach Blvd Culvert Culvert
See attached for culvert 

dimensions
Rect Rect

Culvert 0.0

R13
Natural 

Bottom
riprap

Natural 

Bottom
riprap 026+12.58 025+57.79 18.66 15 18.66 0.0 58.5 15 58.5 0.0 Rect Rect Transition

0.0

R13
Natural 

Bottom
riprap

Natural 

Bottom
riprap 025+57.79 004+90.00 8 15 53 1.5 13.5 15 58.5 1.5 Trap Trap 3Q

0.0

R13 004+90.00 000+00.00 56.5 16.36 56.5 0.0 56.5 16.36 56.5 0.0 Rect Rect Maintain 0.0

Culvert

Spans labeled "Bridges" and not labeled "Maintain Baseline Conditions" will still have the channels  changed as noted.

TABLE 11
Westminster Alternative Analysis

Alternative 3 Maximum Channel Modifications: Existing and Proposed Channel Conditions

No changes will be done on the spans labeled "Maintain Baseline Conditions"

No changes will be done for spans with culverts.

Channel: C06

Reach Measure
Existing Proposed

US XS DS XS XSING Name
Existing Proposed

Comments

Culvert

Maintain Baseline Conditions.

Culvert

Culvert
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Westminster_Alternative Analysis
Project: Westminster

Note:

Proposed Crossing Adjustment

Bridge US XS DS XS

Euclid St 194+29.30 193+20.10 Box ‐ Flared Wingwall 30 to 75 Deg 8 6 2

Crossing: Replace structure with 3 ‐ 10' x 6' 

barrels.

XS US and DS: Maintain baseline H.  Increase 

TW and B.  TW increased to match US XS.  Banks 

extended equally in both directions.  No access 

roads altered. 

Box ‐ Flared wingwall 30 ‐ 75 Deg 10 6 3

Brookhurst 140+91.30 139+62.00 Box ‐ Flared Wingwall 30 to 75 Deg 10 8 2

Crossing: Replace structure with 4 ‐ 12' x 8' 

barrels. 

XS US & DS:  Increase TW and B.  TW is 

increased to match DS XS concrete area.  

Change from riprap lined to concrete lined.

Box ‐ Flared wingwall 30 ‐ 75 Deg 12 8 4

Bushard 114+29.00 113+39.30 Box ‐ Flared Wingwall 30 to 75 Deg 10.5 8 2

Crossing: Change structure from 2 ‐ 10' x 8' 

barrels to 4 ‐ 11' x 8' barrels.  XS US: Maintain 

baseline conditions.  XS DS: Hold H. Increase 

downstream TW and B to match downstream of 

crossing.

Box ‐ Flared wingwall 30 ‐ 75 Deg 11 8 4

405 FWY 097+17.00 092+95.41 Box ‐ Flared Wingwall 30 to 75 Deg 11 9 2

Baseline model has one culvert spanning from 

97+17 ‐ 76+63.78.  USACE Alt 3 calls for 4 

culverts with diff dimensions throughout this 

span.  Baseline culvert was split up into 4 

culverts. Crossing: Decrease length. Maintain 

baseline dimensions.  XS US: Hold H. Increase 

TW and B while holding right bank. XS DS: XS 

was not in baseline model.  Added for Alt 3.  

Change compared to baseline culvert: Increase 

B and TW.  Maintain baseline H.  

Box ‐ Flared wingwall 30 ‐ 75 Deg 11 9 2 No Mod

TABLE 12

Objective: Using the existing HEC‐RAS models geometry files with artificial levees adjust the geometry to include the channel modifications proposed in each of the respective Alternatives

Hec‐Ras Model Westminster Channel Project

Project Location P:\Westminster\HEC‐RAS_TSP Alts\C05_C06_TSP_Alt_3 1. All dimensions are in Feet unless noted otherwise.

5. Quantity of Debris:  Width = 2' on each side of piers + width of pier.  Height:  6'.

Geometry File Westmin_C05C06_Alt3_BR_FD_ADJ_NO405MOD (.g03) 2. Crossings were adjusted by modifying span and maintaining rise constant.

Alternative Alternative 3 Maximum Channel Modifications, No 405 MODS 3. All crossings, including culverts, were modeled as bridges,

HEC‐RAS River C06 4. Debris was modeled as floating debris on the piers.  Space in between box culvert barrels was modeled 

as piers. HEC‐RAS Reach 1

6.  Cross‐sections u/s and d/s of crossings were expanded.  Crossings were adjusted to maximize cross‐

sectional flow area using u/s and d/s cross sections as the limit.

Current Crossing Dimensions Proposed Crossing Dimensions

Model
Type Span Rise Diameter # Barrels Description Type Span Rise Diameter # Barrels
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Culvert DS 405 #1 092+89.89 086+47.57 Box ‐ Flared Wingwall 30 to 75 Deg 11 9 2

Baseline model has one culvert spanning from 

97+17 ‐ 76+63.78.  USACE Alt 3 calls for 4 

culverts with diff dimensions throughout this 

span.  Baseline culvert was split up into 4 

culverts. Crossing: Change from 2 ‐ 11' x 9' 

barrels to 2 ‐ 14' x 9' barrels.  XS US & DS:  XS 

was not in baseline model.  Added for Alt 3.  

Change compared to baseline culvert: Increase 

B and TW.  Maintain baseline H.  

Box ‐ Flared wingwall 30 ‐ 75 Deg 14 9 2 No Mod

Culvert DS 405 #2 086+44.43 085+43.46 Box ‐ Flared Wingwall 30 to 75 Deg 11 9 2

Baseline model has one culvert spanning from 

97+17 ‐ 76+63.78.  USACE Alt 3 calls for 4 

culverts with diff dimensions throughout this 

span.  Baseline culvert was split up into 4 

culverts. Crossing: Change from 2 ‐ 11' x 9' 

barrels to 2 ‐ 14' x 9' barrels.  XS US & DS:  XS 

was not in baseline model.  Added for Alt 3.  

Change compared to baseline culvert: Increase 

B and TW.  Maintain baseline H.  

Box ‐ Flared wingwall 30 ‐ 75 Deg 14 9 2 No Mod

Culvert DS 405 #3 085+40.35 076+72.54 Box ‐ Flared Wingwall 30 to 75 Deg 11 9 2

Baseline model has one culvert spanning from 

97+17 ‐ 76+63.78.  USACE Alt 3 calls for 4 

culverts with diff dimensions throughout this 

span.  Baseline culvert was split up into 4 

culverts. Crossing: Change from 2 ‐ 11' x 9' 

barrels to 2 ‐ 15' x 9' barrels.  XS US & DS:  XS 

was not in baseline model.  Added for Alt 3.  

Change compared to baseline culvert: Increase 

B and TW.  Maintain baseline H.  

Box ‐ Flared wingwall 30 ‐ 75 Deg 15 9 2 No Mod

Asari Ln 074+94.34 074+39.99
Box ‐ 10‐90 degree headwall, Inlet edges 

chamfered 3/4 in
20 10 1

Crossing and  XS US and DS: Maintain Baseline 

Conditions
Clear span bridge  10

Ross 069+32.47 068+62.50 Box ‐ Flared Wingwall 90 or 15 Deg 9 10.5 2

Crossing: Maintain baseline conditions.  XS US:  

Maintain baseline dimensions.  XS DS:  Maintain 

baseline dimensions.  Change from riprap lining 

to concrete lining.

Box ‐ Flared wingwall 30 ‐ 75 Deg 9 10.5 2

Newland 053+16.13 052+41.32 Box ‐ Flared Wingwall 30 to 75 Deg 10 10 2

Crossing: Replace structure with 4 ‐ 13' x 10' 

barrels.

XS US:  Increase H, B, and TW.  Change from 

Rect to Trap.  TW and H increased to match US 

XS.

XS DS: Increase TW and B.  Maintain Baseline H.  

TW increased to match DS XS.  Change from 

natural bottom invert with riprap on channels 

walls to concrete invert and channel walls.   

Box ‐ Flared wingwall 30 ‐ 75 Deg 13 10 4

Beach Blvd 027+42.07 026+12.58 Box ‐ Flared Wingwall 30 to 75 Deg 9 10 2

Crossing:  Change from 2 ‐ 9 x 10 barrels to 4 ‐ 

13 x 10 barrels.  

XS US: Increase TW, H, and B.  TW & H 

increased to match US XS.  

XS DS:  Maintain baseline H.  Increase TW and B. 

TW increased to match DS XS. 

Box ‐ Flared wingwall 30 ‐ 75 Deg 13 10 4
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1. Introduction 

1.1. Study Overview 

The Westminster East Garden Grove Flood Risk Management Study is a cost shared feasibility 

study in which Orange County Public Works (OCPW) is the non-Federal sponsor with the Army 

Corps of Engineers (Corps).    

The study area includes the Westminster watershed within western Orange County, California. 

Cities in the watershed include Anaheim, Stanton, Cypress, Garden Grove, Westminster, Fountain 

Valley, Los Alamitos, Seal Beach, and Huntington Beach (see Figure 1). The purpose of the study 

is to evaluate residual flood risk within the Westminster Watershed after the completion of 

channelization improvements of the Santa Ana River and the subsequent removal of the 

Westminster Watershed from the Santa Ana River floodplain. The region within the floodplain is 

the most significant region within Orange County still within the FEMA 1% Floodplain, and 

analysis shows that approximately 20,000 structures are at risk of flooding.     

Alternative 3 is the locally preferred plan being evaluated as part of the feasibility study currently 

underway with the Corps and includes modifications recommended by OCPW.  Through hydraulic 

modeling it was determined that there is not sufficient capacity in the C04 channel near 

Westminster Mall to convey floodwaters when there is a 1% (100-year flood) or greater discharge. 

The purpose of this effort is to evaluate alternative alignments that reduce the flooding and improve 

conveyance within the areas between Hoover and Edwards Streets and incorporate those 

modifications into Alternative 3 in the feasibility study. 

Two alternative alignments and methods to improve the flood conveyance are investigated.  One 

alternative alignment will be recommended based on these results and will consider costs, right-

of-way, and existing structures.  
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2. Hydraulic Design 

2.1. Overview 

The existing Westminster Channel from Hoover Street down to Edwards Street consists of the 

following facility elements. At the immediate upstream face of Hoover Street there is a confluence 

of an existing open box channel (Hazard Channel), as well as a parallel box culvert (Hazard 

Culvert).  These merge to combine with each other as well as storm drains for both Hoover Street 

and Hazard Street. This combined flow passes through a quadruple box culvert under Hoover 

Street. Upstream of the Interstate 405 freeway (I-405) to Hoover Street, the channel is an open box 

40-feet wide by 10-feet deep near I-405 and 38-feet wide by 12-feet deep near Hoover Street. 

There are three crossings along this reach; two with triple box culverts, and a third with a single 

span bridge. The I-405 crossing consists of two 12’ x 9.25’ reinforced concrete box (RCB) and 

two 121” x 77” reinforced concrete pipes (RCPs). Under Goldenwest Street these become two 12’ 

x 9.25’ RCBs and two 108” RCPs. These facilities briefly daylight and merge into a 40-foot wide 

by 13-foot deep RCB that then goes underground again into triple 14-foot x 9.5-foot RCBs. These 

daylight at Edwards street into an open trapezoidal rip-rap lined channel. A fourth box daylights 

at Edwards Street as well where an existing 66-inch storm drain enters the channel. 

2.2. Assumptions 

In choosing the design alternatives, the alignment was a primary driver for the design in terms of 

cost, feasibility, and simplicity. Assumptions made regarding these factors included the avoidance 

of the acquisition of private property, particularly residences. This effectively drives a preference 

for public rights of way, including existing streets, utility or infrastructure easements, but also 

vacant lots and other property with minimal buildings. Another assumption was to avoid or 

minimize the relocation of utilities, particularly gravity flow lines such as sewer. This also included 

an assumption to protect in place where possible. Also, an assumption on impacts to the Interstate 

405 freeway required consideration. Any alterations that require excavating the freeway would 

have a disproportionate impact on cost and traffic. Lastly, with much of the area urbanized, it was 

assumed the system improvements would be underground due to overlapping existing roadways 

or infrastructure, and with plans for parcels. With these assumptions in mind, hydraulic design to 

meet those needs followed. Hydraulically, the existing model flow amounts and change locations 

were assumed to be correct and correspond with local storm drain networks entering the existing 

and/or proposed systems. 
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2.3. Previous Studies 

The Westminster East Garden Grove Watershed Management Feasibility Study has been ongoing 

for a number of years.   The Alternatives Milestone was completed in February 2014 and the next 

major milestone is the Tentatively Selected Plan Milestone.  At this point in time there is an array 

of 5 alternatives (including No Action) under consideration. 

Hydraulic models of the system were previously developed using HEC-RAS and FLO-2D. It was 

decided modeling would be revised using the current version of HEC-RAS which includes 2D 

modeling.  Tetra Tech was contracted by OCPW to complete revisions to the 1-D channel 

modeling, with the Corps- Chicago District performing the 2D modeling.   

Through hydraulic modeling conducted by Tetra Tech and concluded in April 2018, it was 

determined that there is not sufficient capacity in the C04 channel near Westminster Mall to convey 

floodwaters when there is a 1% (100-year flood) or greater discharge.  

An off-channel retention/detention basin option was considered to provide additional flood flow 

storage basin(s) without modifications of the existing channel system from Edwards Street to 

Hoover Street. It was estimated that forty percent (40%) of the 100-year peak flow needed to be 

diverted at upstream of Hoover Street to remove the 100-year floodplain from Edwards Street to 

Hoover Street. The estimated 100-year runoff volume was 1,160 acre-feet. For a basin with flow 

depths of 8-10 feet, the minimum required surface area would be 116 acre-feet without considering 

freeboard and other flood control apparatus. The estimated cost for acquisition of the land required 

to construct this basin was $250-300 million. Based on that cost estimate, this option was 

abandoned due to the cost of land acquisition alone. Without a detention basin alternative to 

consider, all the alternatives to address conveyance near Westminster Mall focused on channel 

configurations and alignments. 

2.4. Alternative Alignments 

Two main alignments were considered to provide 100-year capacity along the C02/04 channel. 

The first is the northern alignment along the existing railroad tracks. This alignment was developed 

to minimize changes to the existing system, specifically the culverts at the I-405 crossing. The 

second alternative follows the existing channel alignment and was developed to maximize use of 

the existing facilities and right-of-way. 

2.4.1. Alternative 3A - Railroad Alignment to Edwards 

A cursory review of the landscape in the project area identifies a potential alignment quickly, via 

an abandoned railway alignment and along local major roads. The first alignment would take 
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advantage of this open route, which has an overpass from the 405 freeway and thus potentially no 

impact on the highway, and then down a public road. The features of this path would potentially 

minimize right of way and infrastructure impacts and costs when looked at together. The alignment 

of the route for Alternative 3A begins immediately downstream of Hoover Street crossing (see 

Figure 2). To prevent overtopping flows in the existing system that begin at Hoover Street and 

extend downstream through the C04 channel system, discharge is diverted here. The diversion 

would funnel 40% of the combined flow passing under Hoover Street, with the remaining 60% 

utilizing the existing channel system. The diversion relieves pressure on the downstream system, 

allowing the existing four box/pipe structure under Hoover Street to pass the existing 100-yr peak 

flow of 4,090 cfs through the combined system. The diverted flow would progress down the new 

alignment along the abandoned Naval Railway right of way. Right of way requirements are 

discussed further in Section 3.3.3. The diversion route would flow under Goldenwest Street and 

then turn south upon reaching Edwards Street. It would then progress south along Edwards Street, 

where it would replace and pick up the discharge from an existing storm drain before re-joining 

the C04 channel in a confluence where the current storm drain daylights. The split flow ratio, 

configurations of the diversion structure, and proposed underground culvert need to be determined 

and optimized if this alternative is selected as the final improvements. Two variations of this 

alignment along Edwards Street were considered. 

2.4.1.1. Centerline of Edwards Alignment 

The first alignment along Edwards Street that was considered was a route that would follow and 

replace an existing storm drain line down Edwards Street. The benefit of this route would be to 

avoid acquiring an easement along the edge of the Westminster Mall street side landscaping and 

parking lot, as well as utilizing and occupying an existing storm drain facility’s footprint. The 

downside to using this alignment however is that the proposed boxes, with a combined width of 

31-feet, are much wider than the existing 66-inch storm drain and will require additional right of 

way within the street that would not only require replacing the existing storm drain, but relocate 

or protect in place some utilities for both the cities of Huntington Beach and Westminster. Most 

of the utilities in the street (see Figure 9 and Figure 10) however can likely be avoided except for 

those crossing at the bend from the railroad right of way, as well as an existing gas line that runs 

down the center of much of Edwards Street.    

2.4.1.2. East of Edwards Alignment 

The second alignment considered along Edwards Street would be immediately next to the street 

within the landscaping and parking lot beside the road. The benefit of this route is that there would 
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be no need to replace the existing 66-inch storm drain, and the route avoids many utilities on the 

Huntington Beach (west) side of Edwards Street. The utilities for Westminster mostly serve the 

mall and are less extensive. These lines do not extend along the entire reach of Edwards Street. 

The downside to utilizing this alignment is the utilities affected include sewer and water lines 

servicing businesses of the Westminster Mall. Due to the gravity flow of sewer lines, these are 

more difficult to design around as changes in their grade lines may not be feasible during possible 

relocation. The need to acquire a right of way easement through the landscaping and parking lot 

of the mall may also be prohibitively expensive compared to right of way in the street.  

2.4.1.3. Alignment Selection 

The centerline of Edwards Street alignment was chosen due to the location of utilities and their 

type, and to the likely cost of purchasing private property right of way. The east of Edwards 

alignment encompassed water and sewer lines that may need to be protected in place due to gravity 

drainage, and may interfere with the placement of the designed diversion system. Additionally, the 

costs of purchasing privately owned land for right of way would add significantly more cost than 

using public right of way in Edwards Street. The Edwards Street alignment will fit the proposed 

design while primarily only impacting gas lines that can be moved. 

2.4.2. Alternative 3B - Edwards to Hoover Additional Capacity 

The route along the Alternative 3B alignment corresponds mainly with the existing C04 system 

from just downstream of Hoover Street, extending all the way to just downstream of Edwards 

Street (see Figure 3). Although this alignment does not change from the existing system, changes 

and modifications required for expanding the system capacity will require additional right of way. 

From I-405 to Goldenwest Street, underground right of way is required to add capacity. Similarly, 

capacity increases from Goldenwest Street to Edwards Street will require right of way along Bolsa 

Avenue. Right of way requirements are discussed further in Section 3.3.3. 

2.5. Proposed Alternative Descriptions 

2.5.1. Alternative 3A Description 

Alternative 3A includes constructing two underground 14-ft wide by 8.5-ft high reinforced 

concrete box culverts along the diversion route from Hoover Street to Edwards Street, transitioning 

to 14-ft wide by 9.5-ft along Edwards Street, as well as the diversion structure itself. It begins at 

the downstream end of Hoover Street and ends at the downstream end of the Edwards Street 

crossing of the C04 existing channel as seen in Figure 2. The alternate route assumes a diversion 

of forty percent (40%) of the peak flow existing under Hoover Street. A summary of the flow rates 
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in the Alternative A system are found in Table 1. The box culverts maintain a slope of 0.1%, 

matching the energy grade of the hydraulics, down to Edwards Street. The boxes then drop under 

utilities crossing at Edwards and continue to follow the slope of 0.1% under the street until the 

confluence. Additional flow enters the diversion at Goldenwest Street where it is assumed that the 

storm drain running along that street is captured by the new culverts. Similarly, additional flow 

enters the diversion at Edwards Street where the storm drain running along that street is captured 

by the new culverts. The two culverts will daylight at the same location downstream of Edwards 

Street as the culverts that run underground along Bolsa Ave adjacent to Westminster Mall.  

Table 1: Alternative 3A Flow Rates 

 Model Station Location Description Flow Rate (cfs) 

Existing 

Channel 

288+68.42 Hoover Crossing 4,090 

288+38.4 D/S of Hoover 2,454 

249+66.54 U/S of 405 (Storm Drain Inflows) 2,474 

Diversion 

Culverts 

76+18.00 D/S of Hoover 1,636 

49+18.00 Goldenwest Street 1,806 

79+18.00 Edwards Street 2,096 

 

Consideration was given for utilizing three boxes rather than two, but the system was oversized 

upstream, with the additional box reducing velocities and creating backwater effects in the boxes 

at the downstream end. Consideration was also given for three boxes along Edwards Street, with 

only two boxes upstream, but the results were similar in that with three boxes for the entire length, 

even if additional flow from the Edwards Street 66-inch storm drain was included. 

2.5.2. Alternative 3A Hydraulic Results 

The results for the Alternative 3A diversion show no overtopping of the existing C04 system while 

the diversion itself flows near capacity with approximately 0.5-ft of freeboard from the WSEL to 

soffit in the Edwards Street reach. Along the railroad right of way, there is approximately 0.5 to 

1.0 feet of freeboard. Throughout the system the water surface elevation (WSEL) is controlled by 

the downstream confluence with the existing channel. Figure 5 shows the water surface elevation 

(WSEL) profile for the existing system model from Hoover Street to the downstream end of the 

C04 system at Edwards Street. Figure 5 shows the same profile but for the diversion from Hoover 

Street to the downstream end of the C04 system at Edwards Street. The matching of the invert and 

energy grade slope from Edwards to Hoover allows the upstream WSEL of the existing channel 

and the diversion channel to align. The existing system WSEL is at 30.07-ft, with the diversion 
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WSEL at 29.74-ft. The diversion culverts provide sufficient capacity to the existing system, 

passing the remaining flow with no overtopping through the existing system reaches covered by 

the scope of this project. The estimated average RCB flow velocity is between 7.5-9 feet per second 

(fps). The underground closed conduit does not become pressurized with depths ranging between 

7.5-8 feet in the 14x8.5” boxes, and approximately 9” in the 14x9.5” boxes. The estimated existing 

facilities average velocity and flow depth from Hoover Street to Edwards Street vary between 6-8 

fps, with some spikes around culverts and bridges, and 8-9.5 feet deep. A tabulated summary of 

the results can be found in the hydraulic results in Appendix A. 

2.5.3. Alternative 3B Description 

Many channel and culvert configurations had been investigated in developing a final Alternative 

3B. The three most feasible configurations are presented in the order of recommendation.  

2.5.3.1. Replacements of I-405 Crossings and Chestnut Street and Naval Railway 

Culverts 

The proposed Alternative 3B (see Figure 3) includes replacing existing Naval Railway and 

Chestnut Street culverts by free span bridges, replacing existing I-405 crossing with five 14’ x 9.5’ 

RCBs.  Three of the proposed RCBs on the northside will be connecting to the existing three 14’ 

x 9.5’ RCBs that are through Westminster Mall Parking lot and the other two proposed RCBs will 

be transiting into two 14’ x 6’ RCBs along the Bolsa Avenue and joining the open channel at 

downstream of Edwards Street. Vertical walls are needed to meet the OCPW channel freeboard 

requirements and its height varies from approximate 1.5 feet at the upstream of I-405 to 0.5 feet at 

downstream of Chestnut Street. 

2.5.3.2. Replacements of I-405 Crossings and Adding RCB between Chestnut Street 

and Hoover Street 

One of the considerations analyzed was to add a 15’ x 9.5’ RCB from upstream of Chestnut Street 

to downstream of Hoover Street and leaving the existing Chestnut Street and Naval Railway 

culverts in-place. Instead of widening the existing open channel, the proposed underground RCB 

is to preserve the ground surface for existing usage per instructions from OCPW. This option 

required an additional 1-foot of vertical walls from Chestnut Street to Hoover Street along the top 

of existing channel to meet the channel freeboard requirements 
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2.5.3.3. Retaining Part of the Existing I-405 Crossing and Widening the Channel 

between I-405 and Hoover Street 

Another consideration also analyzed was to utilize as many of the existing I-405 crossing facilities 

as possible due to the complexity of making changes at the I-405 crossing (e.g., removing existing 

facilities and/or connecting to proposed facilities, etc.). This resulted in a much wider channel from 

Hoover Street to I-405 crossing (i.e., widening existing 38 feet wide channel to 65 feet wide 

channel), in addition to changes to culverts immediately downstream of the freeway that would 

have required additional transition structures, or a separate set of diversion pipes may have been 

needed to cross the I-405. Both considerations analyzed were discarded as being impractical due 

to the constructability at I-405 and additional right-of-way cost from I-405 to Hoover Street. 

2.5.4. Alternative 3B Hydraulic Results 

The hydraulic results for the Alternative 3B show no overtopping from downstream of Hoover 

Street to Edwards Street. Figure 6 shows the water surface elevation (WSEL) profile for the entire 

C02-C04 proposed system. The estimated average channel flow velocity is approximately 7.6 feet 

per second (fps) from upstream of Edwards Street to downstream of Goldenwest Street and the 

underground closed conduit is pressurized. The estimated channel flow velocities vary from 5.8 to 

12.5 fps and the estimated channel flow depths vary for 8.5 to 10.0 feet within the reach from 

upstream of I-405 to downstream of Chestnut Street. The estimated channel flow velocities vary 

from 7.3 to 11.6 fps and the estimated channel flow depths vary for 9.7 to 10.9 feet within the 

reach from upstream of Chestnut Street to downstream of Hoover Street. A tabulated summary of 

the results can be found in the hydraulic results in Appendix A.  

It should be noted there is still channel overtopping from Hoover Street to Beach Boulevard with 

the current proposed improvements. The overtopping flow depths vary from 0.5 feet at 500 feet 

upstream of Hoover Street to 1.0 foot at the upstream end of Hoover Street crossing. By replacing 

the existing 10’ x 9.5’ RCB with 15’ x 9.5’ RCB will eliminate the flow overtopping the Hoover 

Street but will only decrease the maximum overtopping of 1 foot to approximately 0.5 feet within 

the reach. Detailed and in-depth analysis is recommended during the final design due to the 

complexities of confluence with open channel and various sizes of underground conduits at the 

upstream of Hoover Street crossing which could not be properly modeled by the HEC-RAS 1D 

approach.  
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3. Civil Design and Cost Estimating 

3.1. Alternative 3A - Railroad Alignment to Edwards 

3.1.1. Utilities 

A review of utilities identified clusters of existing utilities along the Alternative 3A route in two 

distinct locations. The first is at Goldenwest Street at the Naval Railway right of way crossing 

where a full range of utility and oil industry lines crosses the railroad right of way (see Figure 8). 

The second are the utilities that run within Edwards Street for both the Cities of Huntington Beach 

and Westminster (see Figure 9 and Figure 10). The west side and center of Edwards Street hosts 

water, sewer, gas, and electrical lines for the city of Huntington Beach. Edwards Street has an 

existing 63-inch/66-inch storm drain on the Westminster side of the Street, and to a lesser extent 

sewer and water lines servicing businesses of Westminster Mall. The proposed alignment for 

Alternative 3A occupies the footprint of the existing storm drain line and avoids most except for 

where the culverts turn off the Naval Railroad right of way and onto Edwards Street, and a gas line 

that runs near to the center of Edwards Street. The existing 63-inch/66-inch storm drain which is 

affected by the project footprint would be removed. 

3.1.2. Design Limitations and Assumptions 

For utility crossings over the proposed alignment, it was assumed that these pressurized gas and 

water lines and electrical lines would be adequately relocated either over or under the proposed 

system. 

No geotechnical or structural analysis was performed for the project. Therefore, wall and slab 

thicknesses of a proposed RCB structure were assumed based on recent and similar projects by 

Tetra Tech. Also, temporary excavation slope was assumed based on available subsurface 

information from adjacent facilities. 

I-405 crosses the proposed alignment as an overpass bridge with piers. The gap between the piers 

was wide enough to accommodate the project RCB structure. It was assumed that excavation and 

construction of the proposed structure between the piers would not affect the structural integrity 

of the freeway overpass.   

3.1.3. Description 

The selection process of the horizontal alignment for this alternative is described in Section 2.4, 

Alternative Alignments. The alignment was further adjusted along Edwards Street to either avoid 

or minimize the impacts by the proposed system to the existing utilities that run along the street. 
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At OCPW’s request, the footprint of the proposed structure was at least 5 feet away from the 

existing curb and gutter along the street. 

A potential alignment that extends through the mall parking lot, along the private access roads, 

was also considered to avoid the closure of Edwards street and reduce the need for temporary 

shoring. However, at this time, it is assumed that the alignment along public right of way was 

preferred. Thus, construction of an alignment through the mall property was not incorporated into 

the alternative. Should this alternative 3A be selected, a more detailed analysis of this potential 

alignment revision may be investigated further in detailed design 

According to the hydraulic analysis in Section 2.5, Proposed Alternative Description, the proposed 

system would include double 14.5-ft wide by 9.5-ft high RCB culvert along Edwards Street 

(Figure 11) and double 14.5-ft wide by 8.5-ft high RCB culvert along the railroad right-of-way 

(Figure 12). The proposed system would also include a junction structure for a 63-inch/66-inch 

storm drain along Edwards Street at the bend near the railroad right-of-way. 

3.1.4. Alternative Approach – Open Channel 

As assumed, Alternative 3A includes an underground culvert along the Naval Railroad right of 

way in order to accommodate future installation of park facilities within the right of way. However, 

the possibility of an open channel in this reach that provides natural park qualities that the agencies 

are looking for while serving the same flood control purposes was also assessed qualitatively. Due 

to the limited right of way width, a trapezoidal channel that provides the same flow capacity as the 

culvert is not feasible. The open channel is likely to be a rectangular channel or a combination of 

vertical wall and side slope. The rectangular channel could be reinforced concrete walls with a 

vegetated soft bottom or soldier pile walls with a vegetated soft bottom. The walls would need to 

receive aesthetic treatments on the exposed surfaces to look more natural. 

It should be noted that while the open channel may provide the qualities of a natural-looking 

stream, it may reduce available area for public use as a larger footprint of the right of way would 

be used as a flow conveying channel. 

3.1.5. Temporary Shoring 

Without any subsurface investigation for this study or existing boring information available along 

the project alignment, the boring logs from the as-built plans of existing Westminster Channel 

were used to determine allowable temporary excavation geometry. Based on the information 

available and Tetra Tech’s experiences from similar projects, a temporary excavation should 

include 4-foot high vertical cut at the bottom and 1.5 horizontal to 1 vertical slope cut above to the 
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daylight as shown in Figure 12. This geometry should be verified in the construction-level study 

when a subsurface investigation is performed for the project site. 

Along Edwards Street, open slope cut for excavation would likely encroach into existing sidewalks 

on both sides of the street, limiting a contractor’s access to the site and requiring removal and 

replacement of the existing features such as curb and gutter, sidewalk, and trees. This type of 

excavation would also expose more existing utilities during construction, requiring extensive 

utility protection measures. Due to limited space available for construction and to avoid adverse 

impacts to existing facilities, temporary shoring using beams and lagging would be used along 

Edwards Street. 

Along the railroad right-of-way which is wider than the street width, open slope cut would be 

allowed without temporary shoring. 

3.1.6. Constructability 

During construction, Edwards Street would likely be closed in both traffic directions. To avoid 

complete shutdown of the entire street during construction, this alternative would require multiple 

phases or segmentation of construction along the street. 

3.2. Alternative 3B - Edwards to Hoover Additional Capacity 

3.2.1. Utilities 

Utilities located along the Alternative 3B existing route are mostly utility crossings for the existing 

channel and culverts. The expansion of the existing route facilities will require re-routing or 

protecting in place these existing utilities. Figure 13 highlights these utilities at Goldenwest, but 

also highlights the lack of utilities that extend down Bolsa Avenue where expansion of the culverts 

along Westminster Mall would be required. 

3.2.2. Design Limitations and Assumptions 

For utility crossings over the proposed alignment, it was assumed that these utility lines would be 

adequately relocated either over or under the proposed system. 

No geotechnical or structural analysis was performed for the project. Therefore, wall and slab 

thicknesses of a proposed RCB structure were assumed based on recent and similar projects by 

Tetra Tech. 

Construction of RCB under I-405 would require creating an open trench through the freeway 

embankment. It is likely that a RCB would be constructed in multiple segments along the 
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alignment and with one or two barrels at a time to reduce the open trench footprint at any time 

during construction. It is also likely that the open trench would be covered with temporary bridges 

to allow construction underneath. It is possible that Caltrans would require construction at night 

time only to ensure construction safety. Based on the discussion with OCPW, tunneling of culverts 

at the freeway was assumed not to be feasible considering lack of cover below the freeway 

embankment. This method of open trench would be perceived by the public as very difficult, due 

to required complete or partial shutdown of I-405, one of the busiest freeways in the region. 

For raising of channel walls, the existing channel walls were assumed to be structurally sound to 

receive wall extension. 

3.2.3. Description 

The selection process of the horizontal alignment for this alternative is described in Section 2.4, 

Alternative Alignments, and generally follows the alignment of the existing C04 channel. 

According to the hydraulic analysis in Section 2.5, Proposed Alternative Description, the proposed 

system would include construction of following features: 

• Along Bolsa Ave between Edwards Street (downstream limit) and Goldenwest Street - 

double 14-ft wide by 6-ft high RCB culverts along Bolsa Avenue (Figure 14), running 

parallel to existing C04 channel which would remain in place 

• I-405 area between Goldenwest Street and upstream face of freeway – five 14-ft wide by 

6-ft high RCB culverts (Figure 15) to replace existing two RCBs and two RCPs. 

• From upstream of I-405 to Chestnut Street – raising channel walls by 0.5 or 1.0 foot on 

both sides of the channel by adding reinforced concrete wall sections with dowels on the 

top of existing walls (Figure 16)  

• Replacement of 2 existing culverts at Chestnut Street and Naval railway with free span 

bridges 

3.2.4. Temporary Shoring 

Along Bolsa Avenue, shoring on the south edge of RCB would be required to limit the impacts of 

construction to a westbound direction roadway. Temporary shoring using beams and lagging 

would be used. 

On the north edge of RCB, the existing RCB would provide support for excavation, making 

temporary shoring unnecessary (Figure 14). 
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3.2.5. Constructability 

During construction, Bolsa Avenue would likely be closed in a westbound direction, limiting the 

mall access from south. To avoid complete shutdown of the westbound street during construction, 

this alternative would require multiple phases or segmentation of construction along the street. 

Complete or partial shutdown of I-405 during construction would require extensive planning and 

implementation in freeway traffic detour plan, construction schedule, and safety plan to work on 

freeway.  If permitted, it is likely that construction would occur during nighttime hours.   

3.3. Cost Estimates 

Conceptual level cost estimates have been developed for the two options discussed above. Detailed 

quantity take-offs were developed for the primary construction components (i.e. earthwork, 

concrete and shoring) and other assumptions were made to follow with the conceptual level design. 

The cost estimates were developed to be consistent with USACE Feasibility Study requirements. 

The cost estimate back-up information, which includes detailed cost estimates, unit prices, quantity 

calculations, and abbreviated risk analysis for contingency development, can be found in 

Attachment C. 

3.3.1. Unit Prices 

Unit prices for most of the cost items were taken from the RS Means construction costbook. The 

unit prices were adjusted with local multipliers that modified the base costs to reflect localized 

labor, equipment and material prices. 

3.3.2. Non-Construction Costs 

Project costs for non-construction elements have been included in the estimates. These costs 

include planning, engineering and design (PED) and construction management (CM) costs. These 

items are based on percentages of the overall construction costs, and currently the estimate assumes 

10.0% for PED and 6.0% for CM, which are consistent with typical percentages used by the 

USACE. 

3.3.3. Real Estate Costs 

Estimated areas have been developed that can be used to determine the costs to acquire necessary 

lands for construction of both alternatives.  These include temporary construction easements, and 

permanent easements for underground structures as indicated in Table 2 and displayed in Figure 

17.  The estimated cost for the new easement associated with Alternative 3A is $6 million. 
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Table 2: Alternative Right of Way Estimates 

Alternative Ownership Detail Acres 

3A 

Private 

Permanent Private Purchased Easement 

(Underground) 3.83 

Private Temporary Construction Easement 3.74 

Public 

Permanent Expanded Public Easement 

(Underground) 1.70 

Public Temporary Construction Easement 0.32 

 3B 

Private Existing Private Easement (Underground) 0.12 

Private 

Permanent Private Purchased Easement 

(Underground) 0.06 

Private Temporary Construction Easement 0.03 

Public Existing Public Easement 1.61 

Public Existing Public Easement (Underground) 0.77 

Public 

Permanent Expanded Public Easement 

(Underground) 2.21 

Public Temporary Construction Easement 1.02 

 

3.3.4. Contingencies 

Contingencies represent allowances to cover unknowns, uncertainties and/or unanticipated 

conditions that are not possible to adequately evaluate from the data on hand at the time the cost 

estimate is prepared, but must be represented by a sufficient cost to cover the identified risks. An 

abbreviated risk analysis (ARA) has been prepared for this project to determine alternative specific 

contingencies. 
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3.3.5. Alternative Cost Summaries 

The following tables reflect summaries of the construction cost estimates (see Appendix C for 

detailed cost estimates). 

Table 3: Alternative 3A Summary Cost Estimate 

Item Description Quantity UOM First Cost Contingency Total Cost 

Mob/Demob and Site Prep 1 LS $3,060,000 32.9% $4,066,000 

Earthwork 1 LS $5,582,000 40.4% $7,838,000 

Culverts and Channels 1 LS $28,985,000 40.4% $40,698,000 

Demolition and Relocations 1 LS $1,330,000 36.8% $1,819,000 

Traffic Control 1 LS $100,000 38.7% $139,000 

Planning, Engineering and 

Design 
1 LS $3,906,000 34.8% $5,265,000 

Construction Management 1 LS $2,344,000 34.8% $3,159,000 

Real Estate 1 LS $- 25.0% $- 

Alternative 3A Total Cost: $45,307,000 39.0% $62,984,000 

 

Table 4: Alternative 3B Summary Cost Estimate 

Item Description Quantity UOM First Cost Contingency Total Cost 

Mob/Demob and Site Prep 1 LS  $2,792,000  32.9%  $3,710,000  

Earthwork 1 LS  $2,416,000  40.4%  $3,392,000  

Culverts 1 LS  $16,458,000  40.4%  $23,109,000  

Demolition and Relocations 1 LS  $4,363,000  36.8%  $5,967,000  

Traffic Control 1 LS  $9,600,000  72.1%  $16,524,000  

Planning, Engineering and 

Design 
1 LS  $3,563,000  34.8%  $4,803,000  

Construction Management 1 LS  $2,138,000  34.8%  $2,882,000  

Real Estate 1 LS  $-    25.0%  $-    

Alternative 3B Total Cost: $41,330,000 46.1%  $60,387,000  
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4. Alternative Comparisons and Recommendation 

Two separate options for Alternative 3 were evaluated in this effort.  Since there is not sufficient 

capacity within the C04 channel near Westminster Mall these options considered means to reduce 

flooding and improve conveyance though the reach between Hoover and Edwards Streets.   

Alternative 3A includes a diversion structure along the abandoned Navy Railway alignment and 

continues down Edwards Street to the same location of the existing culverts on Bolsa Avenue.  A 

diversion structure diverts approximately 40% of the flow downstream of Hoover into two 

underground 14-ft wide by 8.5-ft high RCB’s.  These transition to 14-ft wide by 9.5-ft RCB’s 

along Edwards Street and include flows from the existing 63” RCP that conveys flow from areas 

to the north.   

Alternative 3B includes modifications to the existing C04 channel.  This includes replacing two 

existing culverts (Naval Railway and Chestnut Street) with free span bridges and replacing the 

existing I-405 crossing with five 14’ x 9.5’ RCBs.  Three of the proposed RCBs on the northside 

will be connecting to the existing three 14’ x 9.5’ RCBs that are located in the Westminster Mall 

Parking lot. The other two proposed RCBs will be transiting into two 14’ x 6’ RCBs along Bolsa 

Avenue and joining the open channel downstream of Edwards Street. Between Chestnut Street and 

the I-405 the channel walls will be raised from between 0.5 to 1.5 feet to meet OCPW freeboard 

requirements.   

Both alternatives meet the objective of reducing overbank flooding and improving conveyance. 

Differences in the alternatives are compared below.   

4.1. Costs 

Cost estimates for the two alternatives are described in Section 3.3 above and detailed in Appendix 

C.  Not including land costs, Alternative 3A is approximately $62.9 million and Alternative 3B is 

approximately $60.4 million.   

Most of the costs for 3A are attributed to the length of the diversion route and associated excavation 

and culverts to be installed.   Since Alternative 3B follows the existing alignment and modifies 

culverts the costs associated with the culverts are much less but still make up a substantial portion 

of the overall cost.  Traffic control associated with modifications to the I-405 are also a substantial 

portion of the cost ($16.5 million) of Alternative 3B.   
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4.1. Right of Way 

The right of way required to implement Alternative 3A includes approximately 10 acres.  Most of 

this is along the Navy Railway alignment and the rest within public right of way along Edwards.  

The estimated cost to acquire right of way along this route is $6 million.   

Right of way requirements to construct Alternative 3B is less because it is largely within existing 

project right of way.  Approximately 4.25 acres of additional right of way including temporary 

construction easements and easements within both public and private property are required for this 

alternative.  This includes a temporary construction easement associated with construction under 

the I-405.   

4.2. Construction  

Construction of Alternative 3B will be more complicated than that of Alternative 3A due to the 

crossing at the I-405.  There is minimal cover where the existing culverts pass under the freeway 

and therefore removal of existing structures and placement of new ones will require open cut.  If 

this can be approved by CALTRANS it will require significant traffic controls and likely nighttime 

construction.  

Other options at this crossing may include construction of a slab bridge for construction, or a 

siphon design.  It is assumed that slab bridge for construction would have a similar cost to what is 

estimated.  A siphon at this location would allow lowering the invert to allow for enough cover for 

jack and bore construction.  However, a siphon would likely cost more and require a pump.   

4.2.1. Traffic delays 

Both alternatives would have similar impacts to traffic on surface streets.  Alternative 3A 

construction would impact traffic on Edwards Street and Alternative 3B traffic on Bolsa Avenue.  

The impacts of these would likely be similar.   

Traffic delays on the I-405 associated with Alternative 3B could be significant.  According to 

CALTRANS 2016 Traffic Volumes1 the average annual daily traffic on this part of the I-405 is 

approximately 264,000.  This is a large volume of traffic and one of the busiest freeways in the 

                                                 

1 http://www.dot.ca.gov/trafficops/census/volumes2016/Route280-405.html 
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region.  Therefore, delays to traffic during construction could have a significant impact that should 

be considered.   

4.3. Draft Recommendation 

 

Based on hydraulic modeling the existing system of culverts passing under the I-405 and 

continuing along Bolsa Avenue are a bottleneck that restrict the ability of the C02-C04 system to 

pass flood flows. For Alternative 3B this report recommends removal of the existing culverts and 

replacement with a more efficient configuration that meets the objective of passing the 1% 

discharge and reducing overtopping of the upstream channel.   

There is minimal cover over the culverts where they pass the I-405.  That combined with the fact 

that this is a very busy section of freeway with an AADT of approximately 264,000 at this location 

complicates construction.  Construction would either need to be accomplished through open cut or 

construction of a temporary bridge type structure.  This would require coordination and approval 

by CALTRANS, and if approved would likely require construction during night time hours to 

reduce traffic impacts.   

Alternative 3A avoids construction on the I-405 by implementing a diversion along the abandoned 

Navy Railway alignment.  This alternative is slightly costlier than 3B largely due to its length and 

amount of excavation and concrete required.  In addition, the right of way has an estimated cost of 

$6 million for acquisition.  Including the cost of the Navy Railway alignment it is approximately 

$9 million more than modifying the I-405.   

Although Alternative 3A costs more than Alternative 3B it is recommended that alignment be 

considered for Alternative 3. It is not certain that CALTRANS will allow the removal and 

replacement of the existing culvert systems through the I-405.  If the freeway had to be closed or 

traffic were to be delayed the economic costs of delays to that much traffic would be significant, 

likely millions of dollars in lost time. Therefore, it seems prudent to avoid the challenges of 

modifications to this location and seek an alternate route.   
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Figure 1: Project Location Map 
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Figure 2: Alternative 3A Overview Map 
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Figure 3: Alternative 3B Overview Map 
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Figure 4: Alternative 3A Profile Results – Main Channel (Hoover to Edwards) 
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Figure 5: Alternative 3A Profile Results – Diversion Route (Hoover to Bolsa & Edwards) 
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Figure 6: Alternative 3B Profile Results 
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Figure 7: Utilities Overview Map 
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Figure 8: Utilities at Goldenwest (Alt 3A) 
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Figure 9: Utilities at Edwards 1 of 2 (Alt3A) 
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Figure 10: Utilities at Edwards 2 of 2 (Alt3A)
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Figure 11: Typical Section along Edwards Street (Alt3A) 

 

 

Figure 12: Typical Section along Railroad Right-of-Way (Alt3A) 
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Figure 13: Utilities at Goldenwest/Bolsa (Alt3B) 
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Figure 14: Typical Section along Bolsa Avenue (Alt3B) 

 

 

 

Figure 15: Typical Section under I-405 (Alt3B) 
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Figure 16: Typical Section for Channel Wall Raising (Alt3B) 
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Figure 17: Estimated Right of Way Requirements for Each Alternative Alignment 
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Channel Top of Minimum Computed Water Actual Freeboard Minimum Additional
River Station Q100 Invert Bank Freeboard  Surface Elevation Freeboard Deficiency TOB Improvement

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) Item No.
0+13.01 12,100 -1.57 12.42 1.50 8.02 4.40 -- 12.42 1
7+75.75 12,100 -1.17 12.42 4.00 8.24 4.18 -- 12.42 1

820.3363 Edinger/Sunset B
8+61.69 12,100 -1.12 12.42 4.00 8.35 4.07 -- 12.42 1

14+04.8 12,100 -0.84 12.42 3.00 8.81 3.61 -- 12.42 1
42+88.34 12,100 0.69 12.42 3.00 9.89 2.53 -0.47 12.89 1
52+88.34 12,100 1.22 13.42 3.00 10.31 3.11 -- 13.42 1
55+88.34 12,100 1.38 13.42 3.00 10.44 2.98 -0.02 13.44 1
65+88.34 12,100 1.91 14.42 3.00 10.87 3.55 -- 14.42 1
77+88.34 12,100 2.54 14.42 2.00 11.42 3.00 -- 14.42 1
85+18.34 12,100 2.93 14.92 2.00 11.76 3.16 -- 14.92 1
89+10.72 12,100 3.13 13.63 1.50 11.76 1.87 -- 13.63 1

C02/C04 Confluence
90+68.55 4,320 3.20 13.70 1.50 12.25 1.45 -0.05 13.75
94+48.13 4,320 3.35 13.85 1.50 12.33 1.52 -- 13.85
94+58.13 4,580 3.35 13.85 1.50 11.86 1.99 -- 13.85

9528.456 Bolsa Chica Rd  
96+00.38 4,580 3.41 13.91 1.50 12.26 1.65 -- 13.91 2
96+10.38 4,580 3.41 13.91 1.50 12.88 1.03 -0.47 14.38 2

121+78.9 4,580 4.45 14.95 1.50 13.45 1.50 0.00 14.95 2
121+88.95 4,610 4.45 14.95 1.50 13.03 1.92 -- 14.95 2

12244.95 Graham St       
122+95.04 4,610 4.49 14.99 1.50 13.40 1.59 -- 14.99 2
123+05. 4,610 4.49 14.99 1.50 13.99 1.00 -0.50 15.49 2
143+99.5 4,610 5.33 15.83 1.50 14.45 1.38 -0.12 15.95 2
144+09.55 4,610 5.33 15.83 1.50 14.08 1.75 -- 15.83 2

14433.18 Access Rd       
144+62.67 4,610 5.35 15.85 1.50 14.28 1.57 -- 15.85 2
144+72.6 4,610 5.35 15.85 1.50 14.87 0.98 -0.52 16.37 2
146+02.79 4,610 5.41 15.91 1.50 14.89 1.02 -0.48 16.39 2
146+47.67 4,610 5.43 15.93 1.50 14.90 1.03 -0.47 16.40 2
146+71.8 4,610 5.44 15.94 1.50 14.91 1.03 -0.47 16.41 2
146+81.89 4,610 5.45 15.95 1.50 14.59 1.36 -0.14 16.09 2

14695.86 Ped Bridge      
147+09.71 4,610 5.46 15.96 1.50 14.66 1.30 -0.20 16.16 2
147+19.7 4,610 5.47 15.97 1.50 15.19 0.78 -0.72 16.69 2
147+52.95 4,610 5.49 15.99 1.50 15.19 0.80 -0.70 16.69 2
148+73.69 4,610 5.55 16.05 1.50 15.37 0.68 -0.82 16.87 2
154+18.5 4,650 5.82 16.32 1.50 15.46 0.86 -0.64 16.96 2
154+28.58 4,650 5.82 16.32 1.50 14.86 1.46 -0.04 16.36 2

15460.84 HS Driveway     
154+96.21 4,650 5.86 17.36 1.50 15.25 2.11 -- 17.36 2
155+06.2 4,650 5.87 17.37 1.50 16.14 1.23 -0.27 17.64 2
171+54.45 4,650 6.69 18.19 1.50 16.41 1.78 -- 18.19 2
171+84.29 4,650 6.70 18.20 1.50 15.90 2.30 -- 18.20 2

17303.46 McFadden        
173+96.35 4,650 7.10 18.60 1.50 16.06 2.54 -- 18.60 2
174+26.35 4,650 7.27 18.77 1.50 16.68 2.09 -- 18.77 2
190+99.18 4,460 9.18 20.68 1.50 17.20 3.48 -- 20.68 2
191+28.35 4,460 9.21 20.71 1.50 17.21 3.50 -- 20.71 2
192+68.41 4,460 9.37 21.62 1.50 17.26 4.36 -- 21.62 2
193+84.38 4,430 9.51 22.51 1.50 17.66 4.85 -- 22.51 2
198+25.43 4,430 10.01 24.51 1.50 17.81 6.70 -- 24.51 2
199+35.21 4,430 10.13 24.63 1.50 17.85 6.78 -- 24.63 2
200+24.98 4,430 10.24 24.74 1.50 18.24 -6.50 -9.50 24.74 2
203+92.89 4,430 10.66 24.16 1.50 18.38 5.78 -- 24.16 2
204+22.89 4,430 10.69 24.19 1.50 17.78 6.41 -- 24.19 2

C02-C04 Alternative 3 Option A
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Channel Top of Minimum Computed Water Actual Freeboard Minimum Additional
River Station Q100 Invert Bank Freeboard  Surface Elevation Freeboard Deficiency TOB Improvement

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) Item No.

C02-C04 Alternative 3 Option A

20501.89 Bolsa Ave       
205+63.2 4,430 10.95 24.45 1.50 20.20 4.25 -- 24.45
206+44.91 4,430 11.11 24.61 1.50 20.57 4.04 -- 24.61
206+74.92 4,400 11.51 23.81 1.50 20.52 3.29 -- 23.81
223+17.64 4,400 12.82 24.82 1.50 21.41 3.41 -- 24.82
223+47.66 4,400 12.90 23.90 1.50 21.47 2.43 -- 23.90

22391.01 Edwards         
224+29.4 2,474 13.11 24.11 1.50 22.59 1.52 -- 24.11
224+54.4 2,474 13.14 24.14 1.50 22.34 1.80 -- 24.14
224+74.63 2,474 13.16 24.16 1.50 22.35 1.81 -- 24.16

22494.86 Mall Parking D/S 2,474 13.18 -- -- 22.44 -- -- --
24863.5  Mall Parking U/S 2,474 15.78 -- -- 24.37 -- -- --

249+66.54 2,474 17.72 27.72 1.50 24.51 3.21 -- 27.72
25127.63 GoldenWest      

253+16.61 2,454 18.10 28.10 1.50 26.35 1.75 -- 28.10
253+17.6 2,454 18.10 28.10 1.50 26.35 1.75 -- 28.10

25467.11 405             
256+04.6 2,454 18.42 28.42 1.50 27.72 0.70 -0.80 29.22
256+27.64 2,454 18.45 28.45 1.50 27.54 0.91 -0.59 29.04
257+29.47 2,454 18.56 28.56 1.50 28.00 0.56 -0.94 29.50
258+00.4 2,454 18.64 28.64 1.50 27.78 0.86 -0.64 29.28
262+41.53 2,454 19.12 29.12 1.50 27.90 1.22 -0.28 29.40
262+94.94 2,454 19.18 29.18 1.50 27.92 1.26 -0.24 29.42
263+14.91 2,454 19.20 29.20 1.50 27.86 1.34 -0.16 29.36
264+68.02 2,454 19.37 29.37 1.50 28.17 1.20 -0.30 29.67
271+46.36 2,454 20.12 30.12 1.50 28.42 1.70 -- 30.12
271+51.9 2,454 20.12 30.12 1.50 28.42 1.70 -- 30.12
272+01.9 2,454 20.18 30.68 1.50 28.44 2.24 -- 30.68

27249.02 Chestnut St     
272+85.79 2,454 20.35 30.85 1.50 28.88 1.97 -- 30.85
273+00.87 2,454 20.38 32.38 1.50 28.89 3.49 -- 32.38
275+87.65 2,454 20.68 32.68 1.50 29.00 3.68 -- 32.68

27606.35 Br U/S Chestnut 
276+22.95 2,454 20.72 32.72 1.50 29.02 3.70 -- 32.72
279+26.78 2,454 21.05 33.05 1.50 29.29 3.76 -- 33.05
279+56.8 2,454 21.08 31.08 1.50 29.31 1.77 -- 31.08

27989.95 RR Bridge       
280+17.27 2,454 21.20 31.20 1.50 29.73 1.47 -0.03 31.23
280+47.27 2,454 21.26 31.26 1.50 29.73 1.53 -- 31.26
288+38.4 2,454 22.10 32.10 1.50 30.07 2.03 -- 32.10
288+68.42 4,090 22.14 32.14 1.50 29.54 2.60 -- 32.14

28999.99 Hoover St       
291+25.12 4,090 22.71 32.71 1.50 32.35 0.36 -1.14 33.85
291+45.13 4,090 22.76 32.76 1.50 32.56 0.20 -1.30 34.06
291+97.87 4,090 22.90 32.90 1.50 32.40 0.50 -1.00 33.90

29236.62 Hazard Culvert D 3,600 23.01 33.01 0.00 32.75 0.26 -- 33.01
293+85.19 377 23.42 29.42 1.50 33.65 -4.23 -7.23 35.15
294+11.1 377 23.49 29.49 1.50 33.69 -4.20 -7.20 35.19
294+61.1 377 24.84 30.84 1.50 33.76 -2.92 -5.92 35.26
297+28.7 377 25.36 31.36 1.50 34.17 -2.81 -5.81 35.67
298+20.6 377 25.56 31.56 1.50 34.32 -2.76 -5.76 35.82
303+39.9 377 26.14 32.14 1.50 35.11 -2.97 -5.97 36.61
314+72.3 377 27.32 33.32 1.50 36.91 -3.59 -6.59 38.41
293+85.19 3,223 23.42 31.92 1.50 32.73 -0.81 -2.81 34.23
294+11.1 3,223 23.49 31.99 1.50 32.73 -0.74 -2.74 34.23
294+61.1 3,223 24.84 33.34 1.50 32.26 1.08 -0.42 33.76
297+28.7 3,223 25.36 33.86 1.50 32.52 1.34 -0.16 34.02
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Channel Top of Minimum Computed Water Actual Freeboard Minimum Additional
River Station Q100 Invert Bank Freeboard  Surface Elevation Freeboard Deficiency TOB Improvement

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) Item No.
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298+20.6 3,223 25.56 34.06 1.50 32.60 1.46 -0.04 34.10
303+39.9 3,223 26.14 34.64 1.50 33.54 1.10 -0.40 35.04
314+72.3 3,223 27.32 35.82 1.50 35.07 0.75 -0.75 36.57
315+22.47 3,240 27.49 35.99 1.50 36.30 -0.31 -2.31 37.80

31779.18 Hazard/Beach U/S
318+67.74 3,240 29.21 39.71 1.50 38.00 1.71 -- 39.71
319+16.8 3,240 29.46 39.96 1.50 37.45 2.51 -- 39.96
327+11.89 3,240 31.06 45.06 1.50 38.27 6.79 -- 45.06
327+56.19 3,240 31.15 45.15 1.50 38.33 6.82 -- 45.15
327+85.65 3,240 31.21 45.21 1.50 38.74 6.47 -- 45.21

32792.51 Mobile Home Br  
327+99.44 3,240 31.25 45.25 1.50 41.99 3.26 -- 45.25
328+29.45 3,240 31.61 45.61 1.50 42.12 3.49 -- 45.61
331+17.8 3,240 32.19 46.19 1.50 42.20 3.99 -- 46.19
334+02.87 3,210 32.76 46.76 1.50 42.32 4.44 -- 46.76
338+71.95 3,210 33.70 47.70 1.50 42.52 5.18 -- 47.70
340+28.57 3,210 34.02 48.02 1.50 43.04 4.98 -- 48.02
347+71.4 3,210 35.51 49.51 1.50 43.49 6.02 -- 49.51
347+81.48 2,890 35.53 49.53 1.50 44.36 5.17 -- 49.53

34826.08 Newland St      
348+74.27 2,890 35.78 49.28 1.50 45.03 4.25 -- 49.28
348+84.2 2,890 35.81 49.31 1.50 44.96 4.35 -- 49.31
353+94.36 2,890 37.19 50.69 1.50 45.07 5.62 -- 50.69
363+85.86 2,890 39.15 52.65 1.50 45.95 6.70 -- 52.65
373+84.29 2,890 41.13 54.63 1.50 47.53 7.10 -- 54.63
374+09.55 1,800 43.90 53.90 1.50 48.77 5.13 -- 53.90

37474.7  Magnolia St     
375+27.21 1,800 44.90 54.90 1.50 48.87 6.03 -- 54.90
375+44.92 1,800 45.05 55.05 1.50 52.29 2.76 -- 55.05
376+39.84 1,800 45.86 55.86 1.50 52.28 3.58 -- 55.86
383+96.56 1,800 47.09 57.09 1.50 53.56 3.53 -- 57.09
393+92.79 1,800 48.70 56.70 1.50 55.20 1.50 0.00 56.70
400+78.95 1,800 49.81 57.81 1.50 56.75 1.06 -0.44 58.25

40125.21 Bushard St      
401+61.66 1,800 49.93 57.93 1.50 57.29 0.64 -0.86 58.79
403+91.62 1,800 50.18 58.18 1.50 57.63 0.55 -0.95 59.13
404+86.2 1,800 50.28 58.28 1.50 57.73 0.55 -0.95 59.23
406+86.2 1,800 50.49 60.49 1.50 57.95 2.54 -- 60.49
413+59.91 1,800 51.22 61.22 1.50 58.77 2.45 -- 61.22

41369.91 Ped Bridge      
413+75.07 1,800 51.24 61.24 1.50 58.84 2.40 -- 61.24
426+41.94 1,800 52.61 62.61 1.50 60.18 2.43 -- 62.61
426+78.99 1,800 52.65 62.65 1.50 60.20 2.45 -- 62.65

42793.37 Brookhurst St   
428+93.64 1,800 53.91 63.91 1.50 60.35 3.56 -- 63.91
429+18.6 1,800 54.06 63.56 1.50 59.62 3.94 -- 63.56
433+59.6 1,800 54.63 64.13 1.50 60.64 3.49 -- 64.13
454+10.68 1,580 57.30 66.80 1.50 63.29 3.51 -- 66.80
454+33.98 1,580 57.33 67.33 1.50 63.23 4.10 -- 67.33

45479.91 Ward St         
455+16.07 1,580 57.83 67.83 1.50 66.52 1.31 -0.19 68.02
455+38.54 1,580 57.97 67.97 1.50 66.23 1.74 -- 67.97
459+94. 1,580 58.56 68.56 1.50 66.63 1.93 -- 68.56
465+94.06 1,440 59.34 69.34 1.50 67.40 1.94 -- 69.34
468+27.13 1,440 59.64 69.64 1.50 67.95 1.69 -- 69.64
479+28.15 1,190 61.84 71.84 1.50 68.79 3.05 -- 71.84
479+62.03 1,110 62.25 71.25 1.50 69.70 1.55 -- 71.25
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Channel Top of Minimum Computed Water Actual Freeboard Minimum Additional
River Station Q100 Invert Bank Freeboard  Surface Elevation Freeboard Deficiency TOB Improvement

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) Item No.
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48008.02 Westminster D/S 
480+47.75 1,110 63.28 72.28 1.50 69.81 2.47 -- 72.28
480+63.49 1,110 63.47 72.47 1.50 69.79 2.68 -- 72.47

48100.04 Westminster U/S 
481+28.48 1,110 64.26 73.26 1.50 69.90 3.36 -- 73.26
481+53.55 1,110 64.56 73.56 1.50 69.46 4.10 -- 73.56
483+89.95 1,110 65.20 74.20 1.50 70.37 3.83 -- 74.20
484+14.96 1,110 65.30 74.30 1.50 71.23 3.07 -- 74.30

48446.8  Ranney St       
484+78.84 1,110 65.52 74.52 1.50 73.21 1.31 -0.19 74.71
485+03.87 1,110 65.62 74.62 1.50 73.10 1.52 -- 74.62
491+52.98 1,110 67.37 76.37 1.50 73.55 2.82 -- 76.37
491+77.99 1,110 67.47 76.47 1.50 73.90 2.57 -- 76.47

49211.87 Blake St        
492+39.47 1,110 67.69 77.19 1.50 75.38 1.81 -- 77.19
492+64.54 1,110 67.79 77.29 1.50 75.27 2.02 -- 77.29
494+28.64 1,110 68.24 77.74 1.50 75.36 2.38 -- 77.74
494+53.64 1,110 68.34 77.84 1.50 75.58 2.26 -- 77.84

49485.41 Woodbury St     
495+15.11 1,110 68.55 78.05 1.50 76.28 1.77 -- 78.05
495+40.11 1,110 68.65 78.15 1.50 76.18 1.97 -- 78.15
497+29.52 1,110 69.16 78.66 1.50 76.28 2.38 -- 78.66
497+54.53 1,110 69.26 78.76 1.50 76.50 2.26 -- 78.76

49784.9  Teal St         
498+15. 1,110 69.48 78.98 1.50 77.19 1.79 -- 78.98
498+40. 1,110 69.58 79.08 1.50 77.09 1.99 -- 79.08
500+28.14 1,110 70.09 79.59 1.50 77.19 2.40 -- 79.59
500+53.15 1,110 70.19 79.69 1.50 77.33 2.36 -- 79.69

50085.25 Mallard St      
501+13.59 1,110 70.40 79.90 1.50 78.08 1.82 -- 79.90
501+38.63 1,110 70.50 80.00 1.50 78.01 1.99 -- 80.00
502+19.64 1,110 70.72 80.22 1.50 78.05 2.17 -- 80.22

Alt3A Diversion 0+01. 2,096 12.90 -- -- 21.82 0.58 -- 22.40 3
Alt3A Diversion 4+18. 2,096 13.32 -- -- 22.25 0.57 -- 22.82 3

Alt3A Diversion 19+18. 2,096 14.82 -- -- 23.76 0.56 -- 24.32 3
Alt3A Diversion 22+38. 2,096 15.14 -- -- 24.19 0.45 -- 24.64 3
Alt3A Diversion 23+58. 1,806 15.26 -- -- 24.71 0.05 -- 24.76 3
Alt3A Diversion 24+18. 1,806 16.85 -- -- 24.50 1.85 -- 26.35 3
Alt3A Diversion 29+18. 1,806 17.35 -- -- 25.07 1.78 -- 26.85 3
Alt3A Diversion 34+18. 1,806 17.85 -- -- 25.62 1.73 -- 27.35 3
Alt3A Diversion 39+18. 1,806 18.35 -- -- 26.16 1.69 -- 27.85 3
Alt3A Diversion 44+18. 1,806 18.85 -- -- 26.70 1.65 -- 28.35 3
Alt3A Diversion 49+18. 1,806 19.35 -- -- 27.22 1.63 -- 28.85 3
Alt3A Diversion 54+18. 1,636 19.85 -- -- 27.89 1.46 -- 29.35 3
Alt3A Diversion 59+18. 1,636 20.35 -- -- 28.29 1.56 -- 29.85 3
Alt3A Diversion 64+18. 1,636 20.85 -- -- 28.70 1.65 -- 30.35 3
Alt3A Diversion 69+18. 1,636 21.35 -- -- 29.13 1.72 -- 30.85 3
Alt3A Diversion 74+18. 1,636 21.85 -- -- 29.56 1.79 -- 31.35 3
Alt3A Diversion 76+18. 1,636 22.05 -- -- 29.74 1.81 -- 31.55 3

Additional Improvement Items:
1. 230' wide double sheet piles soft-bottom channel
2. Concrete lined channel bottom from Bolsa Chica Rd to Bolsa Ave.
3. Double 8.5'Hx14'W Box culvert diversion from Hoover to Edwards. Double 9.5'Hx14'W Box culvert diversion along Edwards to Bolsa. 
Intercepts flow from systems draining from north of existing channel.
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Channel Top of Minimum Computed Water Actual Freeboard Minimum Additional

River Station Q100 Invert Bank Freeboard  Surface Elevation Freeboard Deficiency TOB Improvement

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) Item No.

0+13.01 12100 -1.57 12.42 1.50 8.02 4.40 -- 12.42 1

7+75.75 12100 -1.17 12.42 4.00 8.24 4.18 -- 12.42 1

820.3363 Edinger/Sunset B Bridge

8+61.69 12100 -1.12 12.42 4.00 8.35 4.07 -- 12.42 1

14+04.8 12100 -0.84 12.42 3.00 8.81 3.61 -- 12.42 1

42+88.34 12100 0.69 12.42 3.00 9.89 2.53 -0.47 12.89 1

52+88.34 12100 1.22 13.42 3.00 10.31 3.11 -- 13.42 1

55+88.34 12100 1.38 13.42 3.00 10.44 2.98 -0.02 13.44 1

65+88.34 12100 1.91 14.42 3.00 10.87 3.55 -- 14.42 1

77+88.34 12100 2.54 14.42 2.00 11.42 3.00 -- 14.42 1

85+18.34 12100 2.93 14.92 2.00 11.76 3.16 -- 14.92 1

89+10.72 12100 3.13 13.63 1.50 11.76 1.87 -- 13.63 1

C02/C04 Confluence

90+68.55 4320 3.20 13.70 1.50 12.28 1.42 -0.08 13.78

94+48.13 4320 3.35 13.85 1.50 12.50 1.35 -0.15 14.00

94+58.13 4580 3.35 13.85 1.50 12.06 1.79 -- 13.85

9528.456 Bolsa Chica Rd  Bridge

96+00.38 4580 3.41 13.91 1.50 12.41 1.50 -- 13.91 2

96+10.38 4580 3.41 13.91 1.50 13.00 0.91 -0.59 14.50 2

121+78.9 4580 4.45 14.95 1.50 13.55 1.40 -0.10 15.05 2

121+88.95 4610 4.45 14.95 1.50 13.15 1.80 -- 14.95 2

12244.95 Graham St       Bridge

122+95.04 4610 4.49 14.99 1.50 13.49 1.50 -- 14.99 2

123+05. 4610 4.49 14.99 1.50 14.06 0.93 -0.57 15.56 2

143+99.5 4610 5.33 15.83 1.50 14.51 1.32 -0.18 16.01 2

144+09.55 4610 5.33 15.83 1.50 14.15 1.68 -- 15.83 2

14433.18 Access Rd       Bridge

144+62.67 4610 5.35 15.85 1.50 14.34 1.51 -- 15.85 2

144+72.6 4610 5.35 15.85 1.50 14.91 0.94 -0.56 16.41 2

146+02.79 4610 5.41 15.91 1.50 14.94 0.97 -0.53 16.44 2

146+47.67 4610 5.43 15.93 1.50 14.95 0.98 -0.52 16.45 2

146+71.8 4610 5.44 15.94 1.50 14.95 0.99 -0.51 16.45 2

146+81.89 4610 5.45 15.95 1.50 14.64 1.31 -0.19 16.14 2

14695.86 Ped Bridge      Bridge

147+09.71 4610 5.46 15.96 1.50 14.71 1.25 -0.25 16.21 2

147+19.7 4610 5.47 15.97 1.50 15.23 0.74 -0.76 16.73 2

147+52.95 4610 5.49 15.99 1.50 15.23 0.76 -0.74 16.73 2

148+73.69 4610 5.55 16.05 1.50 15.40 0.65 -0.85 16.90 2

154+18.5 4650 5.82 16.32 1.50 15.49 0.83 -0.67 16.99 2

154+28.58 4650 5.82 16.32 1.50 14.90 1.42 -0.08 16.40 2

15460.84 HS Driveway     Bridge

154+96.21 4650 5.86 17.36 1.50 15.29 2.07 -- 17.36 2

155+06.2 4650 5.87 17.37 1.50 16.16 1.21 -0.29 17.66 2

171+54.45 4650 6.69 18.19 1.50 16.43 1.76 -- 18.19 2

171+84.29 4650 6.70 18.20 1.50 15.92 2.28 -- 18.20 2

17303.46 McFadden        Culvert

173+96.35 4650 7.10 18.60 1.50 16.08 2.52 -- 18.60 2

174+26.35 4650 7.27 18.77 1.50 16.70 2.07 -- 18.77 2

190+99.18 4460 9.18 20.68 1.50 17.21 3.47 -- 20.68 2

191+28.35 4460 9.21 20.71 1.50 17.23 3.48 -- 20.71 2

192+68.41 4460 9.37 21.62 1.50 17.28 4.34 -- 21.62 2

193+84.38 4430 9.51 22.51 1.50 17.67 4.84 -- 22.51 2

198+25.43 4430 10.01 24.51 1.50 17.82 6.69 -- 24.51 2

199+35.21 4430 10.13 24.63 1.50 17.87 6.76 -- 24.63 2

200+24.98 4430 10.24 24.74 1.50 18.25 6.49 -- 24.74 2

203+92.89 4430 10.66 24.16 1.50 18.39 5.77 -- 24.16 2

204+22.89 4430 10.69 24.19 1.50 17.79 6.40 -- 24.19 2

20501.89 Bolsa Ave       Culvert

C02-C04 Alternative 3 Option B
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Channel Top of Minimum Computed Water Actual Freeboard Minimum Additional

River Station Q100 Invert Bank Freeboard  Surface Elevation Freeboard Deficiency TOB Improvement

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) Item No.

C02-C04 Alternative 3 Option B

205+63.2 4430 10.95 24.45 1.50 20.20 4.25 -- 24.45

206+44.91 4430 11.11 24.61 1.50 20.57 4.04 -- 24.61

206+74.92 4400 11.51 23.81 1.50 20.52 3.29 -- 23.81

223+17.64 4400 12.82 24.82 1.50 21.41 3.41 -- 24.82

223+47.66 4400 12.90 23.90 1.50 21.87 2.03 -- 23.90

22391.01 Edwards         Culvert 3

224+29.4 4400 13.11 24.11 1.50 22.78 1.33 -0.17 24.28 3

224+54.4 4400 13.14 24.14 1.50 22.80 1.34 -0.16 24.30 3

224+74.63 4400 13.16 24.16 1.50 22.81 1.35 -0.15 24.31 3

22494.86 Mall Parking D/S 4280 13.18 22.81 3

24966.54 D/S of 405      4280 16.13 28.13 1.50 27.54 0.59 -0.91 29.04 4

25467.11 I - 405         Culvert 4

25604.6  U/S of 405      4260 18.42 28.42 1.50 28.28 0.14 -1.36 29.78

256+27.64 4260 18.45 28.45 1.50 26.96 1.49 -0.01 28.46

257+29.47 4260 18.56 28.56 1.50 27.86 0.70 -0.80 29.36

258+00.4 4260 18.64 28.64 1.50 27.93 0.71 -0.79 29.43

262+41.53 4260 19.12 29.12 1.50 28.36 0.76 -0.74 29.86

262+94.94 4260 19.18 29.18 1.50 28.42 0.76 -0.74 29.92

263+14.91 4260 19.20 30.20 1.50 28.20 2.00 -- 30.20

264+68.02 4260 19.37 30.37 1.50 29.35 1.02 -0.48 30.85

271+46.36 4260 20.12 31.12 1.50 29.96 1.16 -0.34 31.46

271+51.9 4260 20.12 31.12 1.50 29.97 1.15 -0.35 31.47

272+01.9 4260 20.18 31.18 1.50 30.01 1.17 -0.33 31.51

27249.02 Chestnut St     Culvert 5

272+85.79 4260 20.35 32.35 1.50 30.06 2.29 -- 32.35

273+00.87 4260 20.38 32.38 1.50 30.07 2.31 -- 32.38

275+87.65 4090 20.68 32.68 1.50 30.65 2.03 -- 32.68

27606.35 Br U/S Chestnut Bridge

276+22.95 4090 20.72 32.72 1.50 30.68 2.04 -- 32.72

279+26.78 4090 21.05 33.05 1.50 31.25 1.80 -- 33.05

279+56.8 4090 21.08 33.08 1.50 31.28 1.80 -- 33.08

27989.95 RR Bridge       Culvert 5

280+17.27 4090 21.20 33.20 1.50 31.30 1.90 -- 33.20

280+47.27 4090 21.26 33.26 1.50 31.31 1.95 -- 33.26

288+38.4 4090 22.10 34.10 1.50 31.94 2.16 -- 34.10

288+68.42 4090 22.14 34.14 1.50 33.08 1.06 -0.44 34.58

28999.99 Hoover St       Culvert 6

291+25.12 4090 22.71 34.71 1.50 34.24 0.47 -1.03 35.74

291+45.13 4090 22.76 33.76 1.50 34.37 -0.61 -2.61 35.87

291+97.87 4090 22.90 33.90 1.50 34.26 -0.36 -2.36 35.76

29236.62 Hazard Culvert D 3600 23.01 34.01 1.50 34.49 -0.48 -2.48 35.99

293+85.19 3223.17 23.42 33.42 1.50 34.45 -1.03 -3.03 35.95

294+11.1 3223.17 23.49 33.49 1.50 34.45 -0.96 -2.96 35.95

294+61.1 3223.17 24.84 33.34 1.50 34.22 -0.88 -2.88 35.72

297+28.7 3223.17 25.36 33.86 1.50 34.33 -0.47 -2.47 35.83

298+20.6 3223.17 25.56 34.06 1.50 34.36 -0.30 -2.30 35.86

303+39.9 3223.17 26.14 34.64 1.50 34.76 -0.12 -2.12 36.26

314+72.3 3223.17 27.32 35.82 1.50 35.76 0.06 -1.44 37.26

315+22.47 3240 27.49 35.82 1.50 36.82 -1.00 -3.00 38.32

31779.18 Hazard/Beach U/S Culvert

318+67.74 3240 29.21 39.71 1.50 38.58 1.13 -0.37 40.08

319+16.8 3240 29.46 39.96 1.50 38.13 1.83 -- 39.96

327+11.89 3240 31.06 45.06 1.50 38.72 6.34 -- 45.06

327+56.19 3240 31.15 45.15 1.50 38.76 6.39 -- 45.15

327+85.65 3240 31.21 45.21 1.50 39.04 6.17 -- 45.21

32792.51 Mobile Home Br  Culvert

327+99.44 3240 31.25 45.25 1.50 41.99 3.26 -- 45.25

328+29.45 3240 31.61 45.61 1.50 42.12 3.49 -- 45.61
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Channel Top of Minimum Computed Water Actual Freeboard Minimum Additional

River Station Q100 Invert Bank Freeboard  Surface Elevation Freeboard Deficiency TOB Improvement

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) Item No.

C02-C04 Alternative 3 Option B

331+17.8 3240 32.19 46.19 1.50 42.20 3.99 -- 46.19

334+02.87 3210 32.76 46.76 1.50 42.32 4.44 -- 46.76

338+71.95 3210 33.70 47.70 1.50 42.52 5.18 -- 47.70

340+28.57 3210 34.02 48.02 1.50 43.04 4.98 -- 48.02

347+71.4 3210 35.51 49.51 1.50 43.49 6.02 -- 49.51

347+81.48 2890 35.53 49.53 1.50 44.36 5.17 -- 49.53

34826.08 Newland St      Culvert

348+74.27 2890 35.78 49.28 1.50 45.03 4.25 -- 49.28

348+84.2 2890 35.81 49.31 1.50 44.96 4.35 -- 49.31

353+94.36 2890 37.19 50.69 1.50 45.07 5.62 -- 50.69

363+85.86 2890 39.15 52.65 1.50 45.95 6.70 -- 52.65

373+84.29 2890 41.13 54.63 1.50 47.53 7.10 -- 54.63

374+09.55 1800 43.90 53.90 1.50 48.77 5.13 -- 53.90

37474.7  Magnolia St     Culvert

375+27.21 1800 44.90 54.90 1.50 48.87 6.03 -- 54.90

375+44.92 1800 45.05 55.05 1.50 52.29 2.76 -- 55.05

376+39.84 1800 45.86 55.86 1.50 52.28 3.58 -- 55.86

383+96.56 1800 47.09 57.09 1.50 53.56 3.53 -- 57.09

393+92.79 1800 48.70 56.70 1.50 55.20 1.50 -- 56.70

400+78.95 1800 49.81 57.81 1.50 56.75 1.06 -0.44 58.25

40125.21 Bushard St      Culvert

401+61.66 1800 49.93 57.93 1.50 57.29 0.64 -0.86 58.79

403+91.62 1800 50.18 58.18 1.50 57.63 0.55 -0.95 59.13

404+86.2 1800 50.28 58.28 1.50 57.73 0.55 -0.95 59.23

406+86.2 1800 50.49 60.49 1.50 57.95 2.54 -- 60.49

413+59.91 1800 51.22 61.22 1.50 58.77 2.45 -- 61.22

41369.91 Ped Bridge      Bridge

413+75.07 1800 51.24 61.24 1.50 58.84 2.40 -- 61.24

426+41.94 1800 52.61 62.61 1.50 60.18 2.43 -- 62.61

426+78.99 1800 52.65 62.65 1.50 60.20 2.45 -- 62.65

42793.37 Brookhurst St   Culvert

428+93.64 1800 53.91 63.91 1.50 60.35 3.56 -- 63.91

429+18.6 1800 54.06 64.06 1.50 59.62 4.44 -- 64.06

433+59.6 1800 54.63 64.63 1.50 60.64 3.99 -- 64.63

454+10.68 1580 57.30 67.30 1.50 63.29 4.01 -- 67.30

454+33.98 1580 57.33 67.33 1.50 63.23 4.10 -- 67.33

45479.91 Ward St         Culvert

455+16.07 1580 57.83 67.83 1.50 66.52 1.31 -0.19 68.02

455+38.54 1580 57.97 67.97 1.50 66.23 1.74 -- 67.97

459+94. 1580 58.56 68.56 1.50 66.63 1.93 -- 68.56

465+94.06 1440 59.34 69.34 1.50 67.40 1.94 -- 69.34

468+27.13 1440 59.64 69.64 1.50 67.95 1.69 -- 69.64

479+28.15 1190 61.84 71.84 1.50 68.79 3.05 -- 71.84

479+62.03 1110 62.25 71.25 1.50 69.70 1.55 -- 71.25

48008.02 Westminster D/S Culvert

480+47.75 1110 63.28 71.25 1.50 69.81 1.44 -0.06 71.31

480+63.49 1110 63.47 71.25 1.50 69.79 1.46 -0.04 71.29

48100.04 Westminster U/S Culvert

481+28.48 1110 64.26 73.26 1.50 69.90 3.36 -- 73.26

481+53.55 1110 64.56 73.56 1.50 69.46 4.10 -- 73.56

483+89.95 1110 65.20 74.20 1.50 70.37 3.83 -- 74.20

484+14.96 1110 65.30 74.30 1.50 71.23 3.07 -- 74.30

48446.8  Ranney St       Culvert

484+78.84 1110 65.52 74.52 1.50 73.21 1.31 -0.19 74.71

485+03.87 1110 65.62 74.62 1.50 73.10 1.52 -- 74.62

491+52.98 1110 67.37 76.37 1.50 73.55 2.82 -- 76.37

491+77.99 1110 67.47 76.47 1.50 73.90 2.57 -- 76.47

49211.87 Blake St        Culvert
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Channel Top of Minimum Computed Water Actual Freeboard Minimum Additional

River Station Q100 Invert Bank Freeboard  Surface Elevation Freeboard Deficiency TOB Improvement

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) Item No.

C02-C04 Alternative 3 Option B

492+39.47 1110 67.69 77.19 1.50 75.38 1.81 -- 77.19

492+64.54 1110 67.79 77.29 1.50 75.27 2.02 -- 77.29

494+28.64 1110 68.24 77.74 1.50 75.36 2.38 -- 77.74

494+53.64 1110 68.34 77.84 1.50 75.58 2.26 -- 77.84

49485.41 Woodbury St     Culvert

495+15.11 1110 68.55 78.05 1.50 76.28 1.77 -- 78.05

495+40.11 1110 68.65 78.15 1.50 76.18 1.97 -- 78.15

497+29.52 1110 69.16 78.66 1.50 76.28 2.38 -- 78.66

497+54.53 1110 69.26 78.76 1.50 76.50 2.26 -- 78.76

49784.9  Teal St         Culvert

498+15. 1110 69.48 78.98 1.50 77.19 1.79 -- 78.98

498+40. 1110 69.58 79.08 1.50 77.09 1.99 -- 79.08

500+28.14 1110 70.09 79.59 1.50 77.19 2.40 -- 79.59

500+53.15 1110 70.19 79.69 1.50 77.33 2.36 -- 79.69

50085.25 Mallard St      Culvert

501+13.59 1110 70.40 79.90 1.50 78.08 1.82 -- 79.90

501+38.63 1110 70.50 80.00 1.50 78.01 1.99 -- 80.00

502+19.64 1110 70.72 80.22 1.50 78.05 2.17 -- 80.22

Additional Improvement Items:

1. 230' wide double sheet piles soft-bottom channel

2. Concrete lined channel bottom from Bolsa Chica Rd to Bolsa Ave.

3. Add 2-14'x6' RCBs from Edwards to D/S of Goldwest St.

4. Replace existing facilities by  5- 14'x9.5' RCBs from Goldwest St to D/S of I-405

5. Replace Chestnut St. and RR Culverts with free span bridges

6. Nee to improve Hoover crossing.

Notes: Leveed conditions from STA 6+80 to STA 85+18 approximately and from STA 129+03 to STA 136+01 approximately
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CONSTRUCTION NOTES

1 CONSTRUCT RCB CULVERT PER PLAN AND TYPICAL SECTION

HEREON.

2 CONSTRUCT A DIVERSION OR JUNCTION STRUCTURE BETWEEN

NEW RCB CULVERT AND EXISTING CHANNEL PER PLAN.

3 CONSTRUCT A JUNCTION STRUCTURE TO CONNECT WITH

EXISTING EDWARDS STORM DRAIN PER PLAN.

4 DEMO AND REMOVE EXISTING 63"/66" DIAMETER STORM DRAIN

RCP WITHIN FOOTPRINT OF NEW RCB CULVERT PER PLAN.

5 PROVIDE UTILITY CROSSING EXISTING UTILITY PER PLAN.

6 RELOCATE EXISTING UTILITY TO OUTSIDE OF NEW RCB

CULVERT FOOTPRINT PER PLAN.
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TYPICAL RCB CULVERT SECTION
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STA. 100+00 TO 123+20 STA. 123+20 TO 176+85
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CONSTRUCTION NOTES

1 CONSTRUCT RCB CULVERT PER PLAN AND TYPICAL

SECTION HEREON.

2 REPLACE EXISTING CULVERTS WITH (5) 14' W x 9.5' H

RCB CULVERT UNDER FREEWAY PER PLAN AND

TYPICAL SECTION HEREON.

3 CONSTRUCT RC CHANNEL WALL RAISING ON TOP

OF EXISTING CHANNEL WALLS PER PLAN AND

TYPICAL SECTION.

4 CONSTRUCT A DIVERSION OR JUNCTION

STRUCTURE BETWEEN NEW RCB CULVERT AND

EXISTING CHANNEL PER PLAN.

5 PROVIDE UTILITY CROSSING FOR EXISTING UTILITY

PER PLAN.

6 REPLACE EXISTING BRIDGE CULVERT WITH A

FREE-SPAN BRIDGE PER PLAN.
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TYPICAL RCB CULVERT SECTION
N.T.S.
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Alternative Quantity UOM First Cost Contingency Total Cost

Alternative 3A 1 LS 45,307,000$         17,677,000$         62,984,000$         

Alternative 3B 1 LS 41,330,000$         19,060,000$         60,390,000$         

Alternative 3A

Item Description Quantity UOM First Cost Contingency Total Cost

Mob/Demob and Site Prep 1 LS 3,060,000$          32.9% 4,066,000$          

Earthwork 1 LS 5,582,000$          40.4% 7,838,000$          

Culverts and Channels 1 LS 28,985,000$        40.4% 40,698,000$        

Demolition and Relocations 1 LS 1,330,000$          36.8% 1,819,000$          

Traffic Control 1 LS 100,000$              38.7% 139,000$              

Planning, Engineering and Design 1 LS 3,906,000$          34.8% 5,265,000$          

Construction Management 1 LS 2,344,000$          34.8% 3,159,000$          

Real Estate 1 LS -$                       25.0% -$                       

45,307,000$        39.0% 62,984,000$        

Alternative 3B

Item Description Quantity UOM First Cost Contingency Total Cost

Mob/Demob and Site Prep 1 LS 2,792,000$          32.9% 3,710,000$          

Earthwork 1 LS 2,416,000$          40.4% 3,392,000$          

Culverts and Channels 1 LS 16,458,000$        40.4% 23,109,000$        

Demolition and Relocations 1 LS 4,363,000$          36.8% 5,967,000$          

Traffic Control 1 LS 9,600,000$          72.1% 16,524,000$        

Planning, Engineering and Design 1 LS 3,563,000$          34.8% 4,803,000$          

Construction Management 1 LS 2,138,000$          34.8% 2,882,000$          

Real Estate 1 LS -$                       25.0% -$                       

41,330,000$        46.1% 60,387,000$        

Alternative 3A Total Cost:

Alternative 3B Total Cost:

WESTMINSTER EAST GARDEN GROVE FLOOD RISK MANAGEMENT

ALTERNATIVE SUMMARY
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Date: 9-May-18

ITEM NO. DESCRIPTION UOM QUANTITY UNIT COST TOTAL COST

Alternative 3A

Mob, Demob. and Site Prepation

1. Mobilization / Demobilization LS 1.0 1,800,000$        1,800,000$                 

2. Site Preparation LS 1.0 720,000$           720,000$                    

3. Diversion and Control of Water LS 1.0 540,000$           540,000$                    

Earthwork

4. Clearing and Grubbing ACR 8.5 5,000.00$          43,000$                      

5. Excavation CY 185,009 7.50$                  1,388,000$                 

6. Compacted Fill CY 83,539 6.25$                  523,000$                    

7. Excess Material Disposal CY 101,470 35.75$                3,628,000$                 

Culverts

8. RCB Culvert ((2) 14'W x 9.5'H) CY 25,165 1,000.00$          25,166,000$               

9. RCB Bedding CY 13,261 47.50$                630,000$                    

10. Temporary Shoring LF 4,680 675.00$             3,159,000$                 

11. Junction Structures (U/S and D/S Ends) EA 2 15,000.00$        30,000$                      

Demolition and Relocations

12. Remove and Replace Ex. Pavement SY 10,200 105.00$             1,071,000$                 

13. Relocate Ex. 15" Dia. Sewer Line LF 2,250 45.00$                102,000$                    

14. Demo and Remove Existing 63"/66" RCP LF 1,000 75.00$                75,000$                      

15. Utility Crossings EA 17 2,600.00$          45,000$                      

16. Relocate Existing Utility (Gas) LF 400 92.50$                37,000$                      

Traffic Control

17. Edwards St. Traffic Control LS 1 100,000.00$      100,000$                    

39,057,000$              

18. 3,906,000$                 

19. 2,344,000$                 

45,307,000$              

20. 17,677,000$               

62,984,000$              

21. Real Estate Costs ACR - -$                    -$                             

22. -$                             

-$                            

62,984,000$              

Construction Management - 6.0% of Sub-Total (2)

WESTMINSTER EAST GARDEN GROVE FLOOD RISK MANAGEMENT

Alternative 3 Design (C02/04 Channel) - Alternative A

Sub-Total (1):

Planning, Engineering and Design - 10.0% of Sub-Total (2)

Total Alternative Costs

Sub-Total (3):

Estimating and Construction Contingency - 39.0% of Sub-Total (3)

Sub-Total (4):

Real Estate Contingency - 25.0% of Real Estate Costs

Total Real Estate Costs:
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Date: 9-May-18

ITEM NO. DESCRIPTION UOM QUANTITY UNIT COST TOTAL COST

Alternative 3B

Mob, Demob. and Site Prepation

1. Mobilization / Demobilization LS 1.0 1,642,000$        1,642,000$                 

2. Site Preparation LS 1.0 657,000$           657,000$                    

3. Diversion and Control of Water LS 1.0 493,000$           493,000$                    

Earthwork

4. Clearing and Grubbing ACR 0.33 5,000.00$          2,000$                        

5. Excavation CY 73,447 7.50$                  551,000$                    

6. Compacted Fill CY 25,887 6.25$                  162,000$                    

7. Excess Material Disposal CY 47,560 35.75$                1,701,000$                 

Culverts and Channels

8. RCB Culvert ((2) 14'W x 6'H) CY 7,615 1,000.00$          7,615,000$                 

9. RCB Culvert ((5) 14'W x 9.5'H) CY 5,728 1,000.00$          5,729,000$                 

10. RCB Bedding CY 7,551 47.50$                359,000$                    

11. Temporary Shoring LF 4,050 675.00$             2,734,000$                 

12. Channel Wall Raising CY 119 45.00$                6,000$                        

13. Junction Structures (U/S and D/S Ends) LS 1 15,000.00$        15,000$                      

Demolition and Relocations

14. Remove and Replace Ex. Pavement SY 7,511 105.00$             789,000$                    

15. Bridge Replacement (Chestnut St.) SF 3,000 350.00$             1,050,000$                 

16. Bridge Replacement (Private Bridge) SF 3,000 350.00$             1,050,000$                 

17. Utility Crossings EA 17 2,600.00$          45,000$                      

18. Demo RCB Culvert ((2) 12' x 9.25') LF 740 1,400.00$          1,036,000$                 

19. Demo RCP Culvert ((2) 121" x 77") LF 740 530.00$             393,000$                    

Traffic Control

20. 405 Freeway Diversion, Demo and Reconstruction LS 1 9,500,000.00$  9,500,000$                 

21. Bolsa Ave. Traffic Control LS 1 100,000.00$      100,000$                    

35,629,000$              

22. 3,563,000$                 

23. 2,138,000$                 

41,330,000$              

24. 19,060,000$               

60,390,000$              

25. Real Estate Costs ACR - -$                    -$                             

26. -$                             

-$                            

60,390,000$              

Sub-Total (3):

WESTMINSTER EAST GARDEN GROVE FLOOD RISK MANAGEMENT

Alternative 3 Design (C02/04 Channel) - Alternative B

Sub-Total (1):

Planning, Engineering and Design - 10.0% of Sub-Total (2)

Construction Management - 6.0% of Sub-Total (2)

Estimating and Construction Contingency - 46.1% of Sub-Total (3)

Sub-Total (4):

Real Estate Contingency - 25.0% of Real Estate Costs

Total Real Estate Costs:

Total Alternative Costs
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Date: 9-May-18

ITEM NO. DESCRIPTION UOM QUANTITY UNIT COST TOTAL COST

1 Clearing and Grubbing ACR 10 5,000.00$          50,000$                      

a) Clearing and Grubbing ACR 10.0 5,000$                50,000$                      

Unit Cost Used:

$5,000.00/ACR

2 Earthwork - Excavation CY 1,000 7.41$                  7,410$                         

a) Hydraulic Excavation CY 1,000 4.65$                  4,650$                         

b) Push to Stockpile CY 1,150 2.40$                  2,760$                         

Unit Cost Used:

$7.50/CY

3 Earthwork - Compacted Fill CY 1,000 6.10$                  6,095$                         

a) Push from Stockpile CY 1,150 2.40$                  2,760$                         

b) Backfill CY 1,150 2.25$                  2,588$                         

c) Compaction CY 1,150 0.65$                  748$                            

Unit Cost Used:

$6.25/CY

4 Earthwork - Disposal Offsite CY 1,000 35.65$                35,650$                      

a) Load Material Into Trucks CY 1,150 1.40$                  1,610$                         

b) Truck Hauling CY 1,150 12.00$                13,800$                      

c) Tipping Fee CY 1,150 17.60$                20,240$                      

Unit Cost Used:

$35.75/CY

5 RCB Culvert ((2) 14'W x 9.5'H) CY 1,000 1,000.00$          1,000,000$                 

a) Reinforced Concrete (CIP) CY 1,000 1,000.00$          1,000,000$                 

Unit Cost Used:

$1,000.00/CY

6 RCB Bedding CY 1,000 46.86$                46,863$                      

a) Reinforced Concrete (CIP) CY 1,150 40.75$                46,863$                      

Unit Cost Used:

$47.50/CY

7 Temporary Shoring LF 1,500 676.00$              1,014,000$                 

a) Steel Piles EA 300 2,520.00$          756,000$                    

b) Wood Lagging SF 21,000 10.50$                220,500$                    

c) Demo Shoring LF 1,500 25.00$                37,500$                      

Unit Cost Used:

$675.00/LF

RCB Bedding

Temporary Shoring

WESTMINSTER EAST GARDEN GROVE FLOOD RISK MANAGEMENT

UNIT COST CALCULATIONS

Clearing and Grubbing

Earthwork - Excavation

Earthwork - Compacted Fill

Earthwork - Disposal Offsite

RCB Culvert ((2) 14'W x 9.5'H)
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Date: 9-May-18

ITEM NO. DESCRIPTION UOM QUANTITY UNIT COST TOTAL COST

WESTMINSTER EAST GARDEN GROVE FLOOD RISK MANAGEMENT

UNIT COST CALCULATIONS

8 Remove and Replace Ex. Pavement SY 5,000 104.15$              520,750$                    

a) Demo Existing Pavement CY 1,667 155.00$              258,333$                    

b) Load Material Into Trucks CY 1,667 1.40$                  2,333$                         

c) Truck Hauling CY 1,667 12.00$                20,000$                      

d) Tipping Fee CY 1,667 17.60$                29,333$                      

e) 8" Base Layer SY 5,000 11.40$                57,000$                      

f) Asphalt Binder Course SY 5,000 14.50$                72,500$                      

g) Asphalt Wear Course SY 5,000 16.25$                81,250$                      

Unit Cost Used:

$105.00/SY

9 Relocate Ex. 15" Dia. Sewer Line LF 1,000 44.06$                44,063$                      

a) Cut Existing Pipe EA 2 390.00$              780$                            

b) Demo 15" Pipe LF 1,000 16.85$                16,850$                      

c) Aggregate Base SY 222 11.40$                2,533$                         

d) Replace 15" Pipe LF 1,000 23.90$                23,900$                      

Unit Cost Used:

$45.00/LF

10 Junction Structures EA 1 22,500.00$        22,500$                      

a) CIP Concrete CY 20 1,000.00$          20,000$                      

b) Miscellaneous Metals LS 1 2,500.00$          2,500$                         

Unit Cost Used:

$15,000.00/EA

11 Bridge Replacement SF 3,000 323.00$              969,000$                    

a) Demo Existing Bridge SF 3,000 28.00$                84,000$                      

b) Install New Bridge SF 3,000 295.00$              885,000$                    

Unit Cost Used:

$350.00/SF

12 Demo and Remove Existing 63"/66" RCP LF 1,000 73.28$                73,280$                      

a) Cut Existing Pipe EA 2 390.00$              780$                            

b) Demo 66" RCP LF 1,000 66.75$                66,750$                      

c) Dispose of Pipe LF 1,000 5.75$                  5,750$                         

Unit Cost Used:

$75.00/LF

13 Utility Crossings EA 1 2,570.00$          2,570$                         

a) Cut Existing Pipe EA 2 390.00$              780$                            

b) Demo Pipe LF 50 12.00$                600$                            

c) Reinstall Pipe LF 50 23.80$                1,190$                         

Unit Cost Used:

$2,600.00/EA

14 Relocate Existing Utility (Gas) LF 400 92.32$                36,928$                      

a) Cut Existing 8" Pipe EA 2 63.75$                128$                            

b) Demo 8" Pipe LF 400 7.00$                  2,800$                         

c) Reinstall 8" Pipe LF 400 85.00$                34,000$                      

Unit Cost Used:

Relocate Ex. 15" Dia. Sewer Line

Junction Structures

Bridge Replacement

Demo and Remove Existing 63"/66" RCP

Utility Crossings

Remove and Replace Ex. Pavement
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Date: 9-May-18

ITEM NO. DESCRIPTION UOM QUANTITY UNIT COST TOTAL COST

WESTMINSTER EAST GARDEN GROVE FLOOD RISK MANAGEMENT

UNIT COST CALCULATIONS

$92.50/LF

15 Demo RCB Culvert ((2) 12' x 9.25') LF 740 1,404.00$          1,038,960$                 

a) Demo RCB Culvert (x2) CY 2,960 320.00$              947,200$                    

b) Load Material Into Trucks CY 2,960 1.40$                  4,144$                         

c) Truck Hauling CY 2,960 12.00$                35,520$                      

d) Tipping Fee CY 2,960 17.60$                52,096$                      

Unit Cost Used:

$1,400.00/LF

16 Demo RCP Culvert ((2) 121" x 77") LF 740 526.50$              389,610$                    

a) Demo RCP Culvert (x2) CY 1,110 320.00$              355,200$                    

b) Load Material Into Trucks CY 1,110 1.40$                  1,554$                         

c) Truck Hauling CY 1,110 12.00$                13,320$                      

d) Tipping Fee CY 1,110 17.60$                19,536$                      

Unit Cost Used:

$530.00/LF

17 405 Freeway Diversion and Demo LS 1 9,430,416.67$   9,430,417$                 

a) Divert Traffic (Phase 1) LS 1 2,500,000$        2,500,000$                 

b) Demo Freeway Concrete (Phase 1) CY 3,750 155.00$              581,250$                    

c) Truck Loading (Phase 1) CY 5,625 1.40$                  7,875$                         

d) Truck Hauling (Phase 1) CY 5,625 12.00$                67,500$                      

e) Tipping Fee (Phase 1) CY 5,625 17.60$                99,000$                      

l) Reconstruct Freeway - Agg. Base (Phase 1) SY 7,500 12.00$                90,000$                      

f) Reconstruct Freeway - Concrete (Phase 1) CY 2,917 365.00$              1,064,583$                 

g) Divert Traffic (Phase 2) LS 1 2,500,000$        2,500,000$                 

h) Demo Freeway Concrete (Phase 2) CY 3,750 155.00$              581,250$                    

i) Truck Loading (Phase 2) CY 5,625 1.40$                  7,875$                         

j) Truck Hauling (Phase 2) CY 5,625 12.00$                67,500$                      

k) Tipping Fee (Phase 2) CY 5,625 17.60$                99,000$                      

l) Reconstruct Freeway - Agg. Base (Phase 2) SY 7,500 60.00$                450,000$                    

l) Reconstruct Freeway - Concrete (Phase 2) CY 2,917 365.00$              1,064,583$                 

m) Misc. Signage, Barriers, Cones, etc. LS 1 250,000.00$      250,000$                    

Unit Cost Used:

$9,500,000.00/LS

18 Edwards St. Traffic Control LS 1 80,000.00$        80,000$                      

a) Sings, Barricades, Cones, Etc. LS 1 20,000.00$        20,000$                      

b) Traffic Control Labor DAY 150 400.00$              60,000$                      

Unit Cost Used:

$100,000.00/LS

19 Bolsa Ave. Traffic Control LS 1 90,000.00$        90,000$                      

a) Sings, Barricades, Cones, Etc. LS 1 20,000.00$        20,000$                      

b) Traffic Control Labor DAY 175 400.00$              70,000$                      

Unit Cost Used:

$100,000.00/LS

Edwards St. Traffic Control

Bolsa Ave. Traffic Control

Relocate Existing Utility (Gas)

Demo RCB Culvert ((2) 12' x 9.25')

Demo RCP Culvert ((2) 121" x 77")

405 Freeway Diversion and Demo
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* Note: All costs are from RS Means, and have been adjusted with local multipliers for labor, equipment and material, unless noted otherwise.

Long Beach Multipliers

Material Labor Equipment Material Labor Equipment Total Toal O&P 105.2% Total

Clearing and Grubbing 31 11 10 0160 ACRE -$                1,950.00$      1,675.00$      -$                2,242.50$      1,926.25$      4,168.75$      5,002.50$            5,000.00$            97.5% Materials

Excavation - Hydraulic 31 23 16 1344 CY -$                1.05$              2.31$              -$                1.21$              2.66$              3.86$              4.64$                    4.65$                    115.0% Installation

Excavation - Hydraulic 31 23 16.16 5000 CY -$                0.93$              0.80$              -$                1.07$              0.92$              1.99$              2.39$                    2.40$                    

Backfill 31 23 23.14 4400 LCY -$                0.46$              1.14$              -$                0.53$              1.31$              1.84$              2.21$                    2.25$                    20.0% OH and Profit

Compaction 31 23 23.23 5100 ECY -$                0.22$              0.22$              -$                0.25$              0.25$              0.51$              0.61$                    0.65$                    

Truck Loading, FE Loader 31 23 16.44 0245 CY -$                0.55$              0.43$              -$                0.63$              0.49$              1.13$              1.35$                    1.40$                    

12-cy Truck Hauling (20 miles) 31 23 23.20 1068 CY -$                2.88$              5.75$              -$                3.31$              6.61$              9.92$              11.91$                  12.00$                  

Tipping Fee Estimate CY 15.00$            -$                -$                14.63$            -$                -$                14.63$            17.55$                  17.60$                  

CIP Concrete 03 30 53.40 2500 CY 330.00$         418.38$         33.99$            321.75$         481.14$         39.09$            841.98$         1,010.37$            1,000.00$            

8" Base Course 32 11 23.23 0303 SY 8.10$              0.71$              0.65$              7.90$              0.82$              0.75$              9.46$              11.35$                  11.40$                  

Asphalt, 3" Binder Course 32 12 16.13 0160 SY 11.15$            0.83$              0.33$              10.87$            0.95$              0.38$              12.21$            14.65$                  14.50$                  

Asphalt, 3" Wear Course 32 12 16.13 0460 SY 12.25$            0.92$              0.42$              11.94$            1.06$              0.48$              13.48$            16.18$                  16.25$                  

Bedding Stone 31 23 23.16 0100 CY 24.00$            6.650$            2.440$            23.40$            7.648$            2.806$            33.85$            40.62$                  40.75$                  

Steel H Pile 31 62 16.13 1100 (material -50% salv.) VLF 41.00$            6.42$              1.88$              39.98$            7.38$              2.16$              49.52$            59.42$                  60.00$                  

24" Drilling 33 21 13.10 0230 VLF -$                41.450$         48.520$         -$                47.668$         55.798$         103.47$         124.16$               125.00$               

Concrete Fill 03 31 13.70 0800 CY 120.00$         31.90$            10.50$            117.00$         36.69$            12.08$            165.76$         198.91$               200.00$               

Wood Lagging 31 52 16.10 2350 (material -25% salv.) SF 1.94$              5.840$            0.110$            1.89$              6.716$            0.127$            8.73$              10.48$                  10.50$                  

Demo Temporary Piles and Lagging Estimate LF -$                12.50$            5.00$              -$                14.38$            5.75$              20.13$            24.15$                  25.00$                  

Freeway Concrete Paving 03 30 53.40 4050 CY 184.00$         104.41$         0.62$              179.40$         120.07$         0.71$              300.18$         360.22$               365.00$               

Demo Pavement 02 41 13.17 5500 CY -$                78.70$            32.11$            -$                90.51$            36.93$            127.43$         152.92$               155.00$               

Concrete Paving w/ Base 32 12 16.14 0045 SF 3.15$              0.23$              0.27$              3.07$              0.26$              0.31$              3.65$              4.38$                    4.40$                    

Demo 15" Sewer 02 41 13.38 3400 LF -$                12.20$            -$                -$                14.03$            -$                14.03$            16.84$                  16.85$                  

Place 15" Sewer 33 31 13.25 2200 LF 13.00$            5.57$              0.66$              12.68$            6.41$              0.76$              19.84$            23.81$                  23.90$                  

Bridge Demolition RS Means + 50% for haul and disposal SF -$                15.75$            4.50$              -$                18.11$            5.18$              23.29$            27.95$                  28.00$                  

New Bridge RS Means + 40% for heavy vehicle rated SF 203.00$         33.50$            6.90$              197.93$         38.53$            7.94$              244.39$         293.26$               295.00$               

Demo 66" RCP 02 41 13.38 0200 LF -$                32.06$            16.20$            -$                36.87$            18.63$            55.50$            66.60$                  66.75$                  

Dispose of Pipe Estimate LF 2.50$              1.50$              0.50$              2.44$              1.73$              0.58$              4.74$              5.69$                    5.75$                    

Pipe Cut 22 11 13.44 9154 EA -$                281.17$         -$                -$                323.35$         -$                323.35$         388.01$               390.00$               

Demo 18" Pipe 02 41 13.38 0490 LF -$                7.35$              1.20$              -$                8.45$              1.38$              9.83$              11.80$                  12.00$                  

Place 18" Pipe 33 31 13.20 3120 LF 13.90$            4.86$              0.57$              13.55$            5.59$              0.66$              19.80$            23.76$                  23.80$                  

Pipe Cut 8" 22 11 13.44 9140 EA -$                46.05$            -$                -$                52.96$            -$                52.96$            63.55$                  63.75$                  

Demo 8" Pipe 02 41 13.51 0200 LF -$                4.06$              0.99$              -$                4.67$              1.14$              5.81$              6.97$                    7.00$                    

Place 8" Pipe 33 51 13.20 4280 LF 47.50$            18.71$            2.38$              46.31$            21.52$            2.74$              70.57$            84.68$                  85.00$                  

Demo Concrete Culvert 03 05 05.10 0070 CY -$                213.95$         16.77$            -$                246.04$         19.29$            265.33$         318.39$               320.00$               

Dispose of Culvert Estimate LF 25.00$            2.50$              4.00$              24.38$            2.88$              4.60$              31.85$            38.22$                  38.25$                  

Demo Concrete Pipe Culvert 02 41 13.38 0300 LF -$                32.06$            16.20$            -$                36.87$            18.63$            55.50$            66.60$                  66.75$                  

Dispose of Culvert Estimate LF 25.00$            2.50$              4.00$              24.38$            2.88$              4.60$              31.85$            38.22$                  38.50$                  

Freeway Demolition 02 41 13.17 5500 CY -$                78.70$            32.11$            -$                90.51$            36.93$            127.43$         152.92$               155.00$               

Value in Estimate
Item Description RSM # / Source UOM

Raw RS Means Localized Totals
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Note:

1. Representative cross sections were prepared using the AutoCAD Civil 3D. 

2. Because the design is only conceptual level, the values from the representative sections were applied over a long distances.

Cost Estimates - Alternative 3 Option A

C&G C&G Shoring

Station Distance Station Improvement Excavation Backfill Fill Conc Top width Beam Ht (ft) Lagging Ht (ft) Excavation Backfill Fill Conc Top width (SF)

Lagging Face x 2 

(SF)

# of 

Beams

10000

11500 1500 11000 (2) 14'x 9.5'RCB 530 173.5 90.5 42 14 29444 9639 0 5028 0 42000 600

12340 840 12000 (2) 14'x 9.5'RCB 541 184.5 90.5 42 14 16831 5740 0 2816 0 23520 336

13250 910 12500 (2) 14'x 9.5'RCB 703 346.5 35 87.5 60 0 23694 11678 1180 2949 54600 0

14910 1660 14500 (2) 14'x 9.5'RCB 730 373.5 38 87.5 74 0 44881 22963 2336 5380 122840 0

16300 1390 15500 (2) 14'x 9.5'RCB 750 393.5 38 87.5 74 0 38611 20258 1956 4505 102860 0

17685 1385 17000 (2) 14'x 9.5'RCB 615 258.5 38 87.5 65 0 31547 13260 1949 4488 90025 0

Total: 185,009 83,539 7,421

370325 (SF)

Compacted Fill: 90,960 (CY) 8.50 (Acre)

(=Backfill + Fill) 65,520

(SF)

RCB: 25,165 (CY)

RC Channel: (CY)

Cost Estimates - Alternative 3 Option B1

C&G C&G Shoring

Station Distance Station Improvement Excavation Backfill Fill Conc Top width Beam Ht (ft) Lagging Ht (ft) Excavation Backfill Fill Conc Top width (SF)

Lagging Face x 2 

(SF)

# of 

Beams

10000

11500 1500 11000 (2) 14'x 6'RCB 450 202 80 42 14 25000 11222 0 4444 0 21000 300

12570 1070 12000 (2) 14'x 6'RCB 450 202 80 42 14 17833 8005 0 3170 0 14980 214

13310 740 13000 (5) 14'x 9.5'RCB 1117 243 209 42 14 30614 6660 0 5728 0 20720 296

14910 1600 Wall Raising 2 0 0 0 119 0 0

15750 840 0 0 0 0 0 0

17986.5 2236.5 0 0 0 0 0 0

Total: 73,447 25,887 -

0 (SF)

Compacted Fill: 25,887 (CY) 0.00 (Acre)

(=Backfill + Fill) 56,700

(SF)

(2) 14'x 6'RCB 7,615 (CY)

(5) 14'x 9.5'RCB 5,728 (CY)

Wall Raising 119 (CY)

3. The average end area method was not used to calculate volume because there is a significant descrepancy in cut/fill surface areas between the section. Being the conceptual leve study, a limited number of sections were prepared to represent the similar 

cut/fill condition.

Representative Xsection Surface Area (SF) Volume (CY)

Representative Xsection Surface Area (SF) Volume (CY)

Temp Shoring (Beam & Lagging)

Temp Shoring (Beam & Lagging)
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Costs Contingency Costs Contingency

Mob, Demob and Site Prep. 32.89% 3,060,000$    1,007,000$    2,792,000$    919,000$    

Traffic Control (Option A) 38.69% 100,000$    39,000$    -$    -$    

Traffic Control (Option B) 72.12% -$    -$    9,600,000$    6,924,000$    

Earthwork (Option A) 40.41% 5,582,000$    2,256,000$    -$    -$    

Earthwork (Option B) 40.41% -$    -$    2,416,000$    977,000$    

Demolition and Relocations (Option A) 36.77% 1,330,000$    490,000$    -$    -$    

Demolition and Relocations (Option B) 36.77% -$    -$    4,363,000$    1,605,000$    

Culverts and Channels (Option A) 40.41% 28,985,000$    11,713,000$    -$    -$    

Culverts and Channels (Option B) 40.41% -$    -$    16,458,000$    6,651,000$    

Planning, Engineering, & Design 34.79% 3,906,000$    1,359,000$    3,563,000$    1,240,000$    

Construction Management 34.79% 2,344,000$    816,000$    2,138,000$    744,000$    

Totals: 45,307,000$    17,680,000$    41,330,000$    19,060,000$    

Total Project Contingency: 39.0% 46.1%

WESTMINSTER EAST GARDEN GROVE FLOOD RISK MANAGEMENT

Alternative 3 Design Options Contingency Calculations

Alternative 3A Alternative 3B
Item Description Contingency
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Appendix B – Civil Engineering 
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Project (less than $40M):

Project Development Stage/Alternative: 

Risk Category: Meeting Date: 5/9/2018

Total Estimated Construction Contract Cost = 9,000,000$                  

CWWBS Feature of Work Estimated Cost % Contingency $ Contingency Total

Abbreviated Risk Analysis

Westminster East Garden Grove - Alternative 3

Feasibility (Alternatives)

Moderate Risk: Typical Project Construction Type

N/AAlternative:

01   LANDS AND DAMAGES Real Estate -$                               0.0% -$                                -$                           

1 09 01 CHANNELS Mob, Demob and Site Prep. 1,000,000$               32.9% 328,902$                    1,328,902$                

2 09 01 CHANNELS Traffic Control (Alt A) 1,000,000$               38.7% 386,919$                    1,386,919$                

3 09 01 CHANNELS Traffic Control (Alt B) 1,000,000$               72.1% 721,223$                    1,721,223$                

4 09 01 CHANNELS Earthwork (Alt A) 1,000,000$               40.4% 404,121$                    1,404,121$                

5 09 01 CHANNELS Earthwork (Alt B) 1,000,000$               40.4% 404,121$                    1,404,121$                

6 09 01 CHANNELS Demolition and Relocations (Alt A) 1,000,000$               36.8% 367,682$                    1,367,682$                

7 09 01 CHANNELS Demolition and Relocations (Alt B) 1,000,000$               36.8% 367,682$                    1,367,681.67$           

8 09 01 CHANNELS Culverts and Channels (Alt A) 1,000,000$               40.4% 404,121$                    1,404,121.20$           

9 09 01 CHANNELS Culverts and Channels (Alt B) 1,000,000$               40.4% 404,121$                    1,404,121.20$           

10 -$                               0.0% -$                                -$                           

11 -$                               0.0% -$                                -$                           

12 All Other Remaining Construction Items -$                               0.0% 0.0% -$                                -$                           

13 30 PLANNING, ENGINEERING, AND DESIGN Planning, Engineering, & Design 1,000,000$                34.8% 347,938$                    1,347,938$                

14 31 CONSTRUCTION MANAGEMENT Construction Management 1,000,000$                34.8% 347,938$                    1,347,938$                

XX FIXED DOLLAR RISK ADD (EQUALLY DISPERSED TO ALL, MUST INCLUDE JUSTIFICATION SEE BELOW) -$                                

KEEP

KEEP Totals

KEEP Real Estate -$                               0.0% -$                                -$                           

KEEP Total Construction Estimate 9,000,000$                42.1% 3,788,892$                 12,788,892$              

KEEP Total Planning, Engineering & Design 1,000,000$                34.8% 347,938$                    1,347,938$                

KEEP Total Construction Management 1,000,000$                34.8% 347,938$                    1,347,938$                
KEEP

KEEP Total Excluding Real Estate 11,000,000$              40.8% 4,484,768$                 15,484,768$              

RANGE Base 50% 80%

RANGE Confidence Level Range Estimate ($000's) $11,000k $13,691k $15,485k

KEEP * 50% based on base is at 5% CL.

Fixed Dollar Risk Add: (Allows for additional risk to be 

added to the risk analsyis.  Must include justification.  

Does not allocate to Real Estate.
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Westminster East Garden Grove - Alternative 3  N/A

Feasibility (Alternatives) Risk Register
Abbreviated Risk Analysis

Meeting Date: 9-May-18

Risk Element Feature of Work Concerns

PDT Discussions & Conclusions

(Include logic & justification for choice of 

Likelihood & Impact)

Impact Likelihood Risk Level

Project Management & Scope Growth Maximum Project Growth 75%

PS-1 Mob, Demob and Site Prep. Scope growth; funding difficulties

There is some risk of further scope growth, as project 

progresses. Also, due to size of project there could be 

funding concerns that delay and push back schedule, which 

also could result in cost increases.

Moderate Possible 2

PS-2 Traffic Control (Alt A) See concern above. See discussion above. Moderate Possible 2

PS-3 Traffic Control (Alt B) See concern above. See discussion above. Moderate Possible 2

PS-4 Earthwork (Alt A) See concern above. See discussion above. Moderate Possible 2

PS-5 Earthwork (Alt B) See concern above. See discussion above. Moderate Possible 2

PS-6 Demolition and Relocations (Alt A) See concern above. See discussion above. Moderate Possible 2

PS-7 Demolition and Relocations (Alt B)
See concern above. See discussion above.

Moderate Possible 2

PS-8 Culverts and Channels (Alt A)
See concern above. See discussion above.

Moderate Possible 2

PS-9 Culverts and Channels (Alt B)
See concern above. See discussion above.

Moderate Possible 2

PS-10 0 Negligible Unlikely 0

PS-11 0 Negligible Unlikely 0

PS-12 Remaining Construction Items Negligible Unlikely 0

PS-13 Planning, Engineering, & Design See concern above. See discussion above. Moderate Possible 2

PS-14 Construction Management See concern above. See discussion above. Moderate Possible 2

Acquisition Strategy Maximum Project Growth 30%

Risk Level

Very Likely 2 3 4 5 5

Likely 1 2 3 4 5

Possible 0 1 2 3 4

Unlikely 0 0 1 2 3

Negligible Marginal Moderate Significant Critical
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AS-1 Mob, Demob and Site Prep. Typical contracting plan

Estimates assume typical contracting plan with one prime 

contractor being awarded, and using subs as necessary. 

Concern could be due to the 405 work on option B, and 

therefore higher contingencies should be expected for that 

work.

Marginal Possible 1

AS-2 Traffic Control (Alt A) See concern above. See discussion above. Marginal Possible 1

AS-3 Traffic Control (Alt B) See concern above. See discussion above. Significant Possible 3

AS-4 Earthwork (Alt A) See concern above. See discussion above. Marginal Possible 1

AS-5 Earthwork (Alt B) See concern above. See discussion above. Marginal Possible 1

AS-6 Demolition and Relocations (Alt A) See concern above. See discussion above. Marginal Possible 1

AS-7 Demolition and Relocations (Alt B) See concern above. See discussion above.
Marginal Possible 1

AS-8 Culverts and Channels (Alt A) See concern above. See discussion above.
Marginal Possible 1

AS-9 Culverts and Channels (Alt B) See concern above. See discussion above.
Marginal Possible 1

AS-10 0
Negligible Unlikely 0

AS-11 0
Negligible Unlikely 0

AS-12 Remaining Construction Items 
Negligible Unlikely 0

AS-13 Planning, Engineering, & Design See concern above. See discussion above. Marginal Possible 1

AS-14 Construction Management See concern above. See discussion above. Marginal Possible 1

Construction Elements Maximum Project Growth 25%

CE-1 Mob, Demob and Site Prep. None No significant risks or concerns anticipated for this item.
Negligible Unlikely 0

CE-2 Traffic Control (Alt A) None No significant risks or concerns anticipated for this item. Marginal Possible 1

CE-3 Traffic Control (Alt B) 405 freeway work

Diverting traffic to build the culverts under the 405 freeway 

are a high risk element. There would need to be significant 

diversion lanes constructed, and the construction would be 

phased. Freeway would require demo and rebuilding.

Significant Possible 3

CE-4 Earthwork (Alt A) No detailed water control plan; shoring methods

Costs for water control have been included, but no 

significant details have been developed. But this is a low risk 

given construction would likely occur mostly outside of wet 

seasons. Sheetpile shoring could require additional costs if 

further analysis shows sheetpiles need to be larger, or 

require other shoring techniques.

Moderate Possible 2
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CE-5 Earthwork (Alt B) No detailed water control plan; shoring methods

Costs for water control have been included, but no 

significant details have been developed. But this is a low risk 

given construction would likely occur mostly outside of wet 

seasons. Sheetpile shoring could require additional costs if 

further analysis shows sheetpiles need to be larger, or 

require other shoring techniques.

Moderate Possible 2

CE-6 Demolition and Relocations (Alt A) Utility demo and relocations

Small risk of cost increases due to unexpected conditions of 

existing utilities that may cause delays and or more difficult 

replacement.

Marginal Possible 1

CE-7 Demolition and Relocations (Alt B) Utility demo and relocations

Small risk of cost increases due to unexpected conditions of 

existing utilities that may cause delays and or more difficult 

replacement.
Marginal Possible 1

CE-8 Culverts and Channels (Alt A) No detailed water control plan; shoring methods

Costs for water control have been included, but no significant 

details have been developed. But this is a low risk given 

construction would likely occur mostly outside of wet seasons. 

Sheetpile shoring could require additional costs if further 

analysis shows sheetpiles need to be larger, or require other 

shoring techniques.

Moderate Possible 2

CE-9 Culverts and Channels (Alt B)

No detailed water control plan; shoring methods

Costs for water control have been included, but no significant 

details have been developed. But this is a low risk given 

construction would likely occur mostly outside of wet seasons. 

Sheetpile shoring could require additional costs if further 

analysis shows sheetpiles need to be larger, or require other 

shoring techniques.

Moderate Possible 2

CE-10 0
Negligible Unlikely 0

CE-11 0
Negligible Unlikely 0

CE-12 Remaining Construction Items 
Negligible Unlikely 0

CE-13 Planning, Engineering, & Design None No significant risks or concerns anticipated for this item. Marginal Possible 1

CE-14 Construction Management None No significant risks or concerns anticipated for this item. Marginal Possible 1

Specialty Construction or Fabrication Maximum Project Growth 65%

SC-1 Mob, Demob and Site Prep. None

No specialty construction techniques or specialty fabrications 

are required on this project.
Negligible Unlikely 0

SC-2
Traffic Control (Alt A) See concern above. See discussion above. Negligible Unlikely 0

SC-3
Traffic Control (Alt B) See concern above. See discussion above. Negligible Unlikely 0

SC-4
Earthwork (Alt A) See concern above. See discussion above. Negligible Unlikely 0

SC-5
Earthwork (Alt B) See concern above. See discussion above. Negligible Unlikely 0

SC-6
Demolition and Relocations (Alt A) See concern above. See discussion above. Negligible Unlikely 0

SC-7 Demolition and Relocations (Alt B) See concern above. See discussion above.
Negligible Unlikely 0
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SC-8 Culverts and Channels (Alt A) See concern above. See discussion above.
Negligible Unlikely 0

SC-9 Culverts and Channels (Alt B) See concern above. See discussion above.
Negligible Unlikely 0

SC-10 0
Negligible Unlikely 0

SC-11 0
Negligible Unlikely 0

SC-12
Remaining Construction Items Negligible Unlikely 0

SC-13
Planning, Engineering, & Design See concern above. See discussion above. Negligible Unlikely 0

SC-14
Construction Management See concern above. See discussion above. Negligible Unlikely 0

Technical Design & Quantities Maximum Project Growth 30%

T-1 Mob, Demob and Site Prep. None

No significant quantities in this item, therefore no added risk to 

project.
Negligible Unlikely 0

T-2

Traffic Control (Alt A) Quantity assumptions

General assumptions were maded on traffic control needs 

for surface street work. There is a likelihood that these vary 

from what contractor requires.

Moderate Possible 2

T-3
Traffic Control (Alt B) 405 Freeway Quantity Assumptions Significant Possible 3

T-4

Earthwork (Alt A) Low design level

Quantities are calculated based on limited design levels. 

Earthwork quantities have been calculated based on all 

current information, but there is a chance that these will 

change with further design.

Moderate Possible 2

T-5

Earthwork (Alt B) Low design level

Quantities are calculated based on limited design levels. 

Earthwork quantities have been calculated based on all 

current information, but there is a chance that these will 

change with further design.

Moderate Possible 2

T-6

Demolition and Relocations (Alt A) Utility demo and relocation quantities

A detailed review of utility locations was completed, but no 

field survey work has been completed. Therefore there is 

some chance that more utilities are encountered during 

construction, but not anticipated to be significant cost risk

Marginal Possible 1

T-7 Demolition and Relocations (Alt B) Utility demo and relocation quantities

A detailed review of utility locations was completed, but no field 

survey work has been completed. Therefore there is some 

chance that more utilities are encountered during construction, 

but not anticipated to be significant cost risk

Marginal Possible 1

T-8 Culverts and Channels (Alt A)
Moderate Possible 2

T-9 Culverts and Channels (Alt B)
Moderate Possible 2

T-10 0
Negligible Unlikely 0

T-11 0
Negligible Unlikely 0
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T-12
Remaining Construction Items Negligible Unlikely 0

T-13
Planning, Engineering, & Design None

No significant quantities in this item, therefore no added risk 

to project.
Negligible Unlikely 0

T-14
Construction Management None

No significant quantities in this item, therefore no added risk 

to project.
Negligible Unlikely 0

Cost Estimate Assumptions Maximum Project Growth 35%

EST-1 Mob, Demob and Site Prep. Assumed percentages

Estimate is based on assumed percentages for mob/demob, 

site prep, and diversion and control of water. These 

percentages are based on previous projects of similar cost and 

scope. But there is still a risk of these being different than 

contractors assumptions and bid price.

Moderate Possible 2

EST-2

Traffic Control (Alt A) Traffic control assumptions

Rough order of magnitude assumptions were made on traffic 

control along surface roads. Risk of there needing to be 

more is possible, but likely road will simply be fully shut 

down during construction.

Moderate Possible 2

EST-3

Traffic Control (Alt B) 405 Freeway assumptions

Work required for 405 freeway detour and reconstruction is a 

significant effort. There is no details on what would be 

required to complete. General assumptions regarding 

quantities and cost items were developed, but high risk of 

more costs being required to complete 405 efforts.

Significant Likely 4

EST-4

Earthwork (Alt A) Productivity assumptions

Earthwork cost is going to be heavily reliant on productivity 

assumptions, which could vary from actual contractor 

production rates.

Moderate Possible 2

EST-5

Earthwork (Alt B) Productivity assumptions

Earthwork cost is going to be heavily reliant on productivity 

assumptions, which could vary from actual contractor 

production rates.

Moderate Possible 2

EST-6

Demolition and Relocations (Alt A) Utility unknowns

General unknowns regarding utility information. Estimate 

has general locations and lengths, but actual depths and 

verification of utilities is needed through surveying. Therefore 

some risk of cost increases compared to assumptions 

currently used in estimate.

Moderate Possible 2

EST-7 Demolition and Relocations (Alt B)

Utility unknowns

General unknowns regarding utility information. Estimate has 

general locations and lengths, but actual depths and 

verification of utilities is needed through surveying. Therefore 

some risk of cost increases compared to assumptions 

currently used in estimate.

Moderate Possible 2

EST-8 Culverts and Channels (Alt A) Material cost assumptions; productivity assumptions

Culvert and channel work is driven by cost of concrete as well 

as productivity of placement. These items could be different at 

time of construction, which could lead to increased costs.

Moderate Possible 2

EST-9 Culverts and Channels (Alt B) Material cost assumptions; productivity assumptions

Culvert and channel work is driven by cost of concrete as well 

as productivity of placement. These items could be different at 

time of construction, which could lead to increased costs.

Moderate Possible 2

EST-10 0
Negligible Unlikely 0

EST-11 0
Negligible Unlikely 0

EST-12
Remaining Construction Items Negligible Unlikely 0
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EST-13
Planning, Engineering, & Design Assumed percentages

PED cost is based on standard percent for PED in this 

region. Actual cost could vary.
Moderate Possible 2

EST-14
Construction Management Assumed percentages

CM cost is based on standard percent fo CM in this region. 

Actual cost to complete could vary.
Moderate Possible 2

External Project Risks Maximum Project Growth 40%

EX-1 Mob, Demob and Site Prep.

Funding constraints; polititcal lack of support; unanticipated inflations in 

key materials;

There are many external risks that could arise between now, 

and a reasonable estimated construction start date. Funding 

will be a huge risk, as this project is relatively large and 

obtaining all requisite funding could be difficult. Convincing all 

necessary stakeholders involved could also cause delays. 

Lastly, significant material items (concrete, steel) are required, 

and potential increases to these material costs would greatly 

impact the bottom line.

Significant Possible 3

EX-2 Traffic Control (Alt A) See concern above. See discussion above. Significant Possible 3

EX-3 Traffic Control (Alt B) See concern above. See discussion above. Significant Possible 3

EX-4 Earthwork (Alt A) See concern above. See discussion above. Significant Possible 3

EX-5 Earthwork (Alt B) See concern above. See discussion above. Significant Possible 3

EX-6 Demolition and Relocations (Alt A) See concern above. See discussion above. Significant Possible 3

EX-7 Demolition and Relocations (Alt B) See concern above. See discussion above.
Significant Possible 3

EX-8 Culverts and Channels (Alt A) See concern above. See discussion above.
Significant Possible 3

EX-9 Culverts and Channels (Alt B) See concern above. See discussion above.
Significant Possible 3

EX-10 0
Negligible Unlikely 0

EX-11 0
Negligible Unlikely 0

EX-12 Remaining Construction Items 
Negligible Unlikely 0

EX-13 Planning, Engineering, & Design See concern above. See discussion above. Significant Possible 3

EX-14 Construction Management See concern above. See discussion above. Significant Possible 3
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Westminster East Garden Grove - Alternative 3  N/A

Feasibility (Alternatives)

Abbreviated Risk Analysis Risk Evaluation

WBS Potential Risk Areas

Project 

Management & 

Scope Growth

Acquisition 

Strategy

Construction 

Elements

Specialty 

Construction or 

Fabrication

Technical 

Design & 

Quantities

Cost Estimate 

Assumptions

External Project 

Risks

Cost in 

Thousands

01   LANDS AND DAMAGES Real Estate
$0

09 01 CHANNELS Mob, Demob and Site Prep. 2 1 0 0 0 2 3
$1,000

09 01 CHANNELS Traffic Control (Alt A) 2 1 1 0 2 2 3
$1,000

09 01 CHANNELS Traffic Control (Alt B) 2 3 3 0 3 4 3
$1,000

09 01 CHANNELS Earthwork (Alt A) 2 1 2 0 2 2 3
$1,000

09 01 CHANNELS Earthwork (Alt B) 2 1 2 0 2 2 3
$1,000

09 01 CHANNELS Demolition and Relocations (Alt A) 2 1 1 0 1 2 3
$1,000

09 01 CHANNELS
Demolition and Relocations 

(Alt B)
2 1 1 0 1 2 3

$1,000

09 01 CHANNELS Culverts and Channels (Alt A) 2 1 2 0 2 2 3
$1,000

09 01 CHANNELS Culverts and Channels (Alt B) 2 1 2 0 2 2 3
$1,000

0 0 0 0 0 0 0 0 0
$0

0 0 0 0 0 0 0 0 0
$0

All Other Remaining Construction Items 0 0 0 0 0 0 0
$0

30 PLANNING, ENGINEERING, AND 

DESIGN
Planning, Engineering, & Design 2 1 1 0 0 2 3

$1,000

31 CONSTRUCTION MANAGEMENT Construction Management 2 1 1 0 0 2 3
$1,000

$11,000

Risk 619$                    883$                  1,079$               -$                       311$                  586$                  1,006$               $4,485

Fixed Dollar Risk Allocation -$                         -$                       -$                       -$                       -$                       -$                       -$                       $0

Risk 619$                    883$                  1,079$               -$                       311$                  586$                  1,006$               $4,485

Total $15,485
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