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DESIGN OVERVIEW 

INTRODUCTION 

Provided herein are the 90% design criteria for the replacement of the three barrel culvert (TBC) road 

crossing over the Vern Freeman (Freeman) Diversion Conveyance System, owned and operated by 

the United Water Conservation District (United), in Ventura County, California. This report includes 

design information for the project that has been updated, revised, or progressed since the draft 30% 

design submittal (Ref. 1). The TBC redesign described herein includes changes and requirements 

outlined in reviews (Refs. 2 & 3) from the Ventura County Watershed Protection District (VCWPD). 

REFERENCES 

1. Design Criteria & Drawings, Three Barrel Culvert, Draft 30% Submittal for Review, Vern 

Freeman Diversion Conveyance System, Ventura County, California, Gannett Fleming Project 

No. 067376, prepared by Gannett Fleming, dated October 13, 2020. 

2. Permit 2021-019 – Project 8D103, Review of 30% Plans – Replacement of Santa Clara River 

Levee Penetration, Zone 2 – Freeman Diversion – Ventura County, California, prepared by 

VCWPD, dated April 29, 2021. 

3. Permit 2021-019 – Project 8D103, Review of 30% Plans – Replacement of Santa Clara River 

Levee Penetration, Zone 2 – Freeman Diversion – Ventura County, California, prepared by 

VCWPD, dated August 10, 2021. 

4. Design Drawings for Inverted Siphon Replacement at the Vern Freeman Diversion Conveyance 

System, Ventura County, CA, (AFC Drawings), prepared by Gannett Fleming, dated June 10, 

2022. 

5. VFD Three Barrel Culvert and Inverted Siphon Design – Alternatives Analysis Technical 

Memorandum, prepared by NHC, dated July 16, 2020. 

6. United 3BC, Email Correspondence from Ed Wallace (NHC) to Jennifer Allen (Gannett 

Fleming), prepared by NHC, dated November 6, 2022. 

7. Preliminary Geotechnical Evaluation – 30% Design, Vern Freeman Diversion System: Three 

Barrel Culvert & Inverted Siphon, United Water Conservation District Saticoy Facility, Ventura 

County, California, Project No. 67376, prepared by Gannett Fleming, dated September 30, 

2020. 

8. Lower River System, Main Supply Line, Culvert, STA 40+80.40 to STA 41+85.40, As-Built 

Drawing (M-100-15), prepared by United, dated March 19, 1962. 

9. Canal Pothole Drawing – United Water Company, Hand-Drawn Drawing Titled “United 

Pothole Drawing 404 Sec 4A”, prepared by United, unknown date. 

10. RE: TBC 30% Design, Email Correspondence from Bryce Cruey (NHC) to Jennifer Allen 

(Gannett Fleming), prepared by NHC, dated September 25, 2020. 

11. Sediment Transport and Deposition Assessment of the Freeman Diversion Conveyance System, 

Phase 1: Existing System Performance. Project 6000088, prepared by NHC, dated January 7, 

2015. 

12. Sediment Transport and Deposition Assessment of the Freeman Diversion Conveyance System, 

Phase 2: Evaluate Alternatives. Project 6000785, prepared by NHC, dated September 1, 2016.  

13. EM 1110-2-2902 Conduits, Pipes, and Culverts Associated with Dams and Levee Systems, 

Engineer Manual, prepared by USACE, dated December 31, 2020. 
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14. Santa Clara River Levee and Appurtenances Foundation Investigation Record Drawing As-

Constructed Cont. No. 59-159 Rev. Date 28 Jun 61, prepared by USACE – Office of the District 

Engineer, Los Angeles CA. 

15. Lower River System Main Supply Line Culvert STA 40+80.40 to STA 41+85.40 Drawing C-2, M-

100-15, prepared by United, dated August 3, 1954 (marked As-Built 20 Feb 1956 and marked 

revised with Note 8 19 Mar 1962).  

16. HEC-RAS River Analysis System Version 5.07, prepared by USACE – Hydrologic Engineering 

Center, 2016. 

PROJECT BACKGROUND 

Freeman Diversion Conveyance System hydraulics were analyzed by Northwest Hydraulic Consultants 

(NHC) in Phase 1 of a sediment transport assessment, and flow capacity restrictions were identified 

at United’s existing TBC, inverted siphon facilities, and other facilities. The present design flow for the 

canal is 375 cubic feet per second (cfs), but United’s goal is to increase the system-wide capacity to 

750 cfs, thereby requiring improvements to the TBC and inverted siphon. Potential modifications to 

the TBC were identified in the Phase 2 evaluation of alternatives for improvement of the conveyance 

system (Ref. 12), and design is being completed in this project. NHC has been leading the hydraulic 

design and topographic survey efforts for the project, with Gannett Fleming being retained to 

perform geotechnical, structural, and civil design (Ref. 1). Construction plans for the inverted siphon 

replacement were completed in June 2022 (Ref. 4); the focus of this design report hereafter is for the 

replacement of the TBC facility. 

In July 2020, NHC performed an alternatives analysis in conjunction with a hydraulic analysis of the 

redesign options for both the TBC and inverted siphon facilities (Ref. 5). Based on their analyses and 

discussions with United and Gannett Fleming, NHC proposed the most viable option for the TBC 

redesign as replacing the existing three barrel (round) culverts with two higher-capacity box culverts, 

including replacement of the existing flow control gates, as required by VCWPD. 

In October 2020, NHC and Gannett Fleming prepared a Draft 30% Design Submittal package for 

United to provide to VCWPD (Ref. 1). VCWPD completed two sets of preliminary reviews between 

April and August 2021, in which they presented several considerations to United for revising the TBC’s 

replacement to meet standards set by both Ventura County and the United States Army Corps of 

Engineers (USACE), particularly due to the Freeman system located within the USACE-regulated Santa 

Clara River levee system (Refs. 2 & 3). While re-evaluating the TBC’s replacement, United elected to 

continue moving forward with the inverted siphon’s replacement, thereby separating the 

construction plans for each facility within this project. 

In November 2022, NHC completed their initial re-evaluation of their hydraulic design for the TBC 

and re-engaged Gannett Fleming to provide structural and civil design of the new design (Ref. 6). As 

part of the revised TBC project, NHC and Gannett Fleming coordinated with United to ensure existing 

features, utilities, and facilities around the TBC are accommodated for or are accordingly improved 

with the new system. 
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SUMMARY OF WORK 

Gannett Fleming performed a preliminary geotechnical evaluation of the project site in September 

2020 (Ref. 7; see Attachment B). Subsequent discussions with NHC and United regarding site 

conditions and desired redesign options established the geotechnical and structural design criteria 

for the TBC replacement. 

Gannett Fleming coordinated with NHC and United to further incorporate the revised hydraulic 

design and VCWPD and USACE requirements/standards (Refs. 2 & 3). Through these coordination 

efforts and revised redesign considerations, Gannett Fleming prepared the design criteria outlined 

below for use in preparing the 90% revised design drawings (see Attachment A) and design 

calculations (see Attachment D) for the replacement of the TBC. 

EXISTING CONDITIONS 

Channel System 

Flows in the existing channel are regulated at the Freeman Diversion, approximately 1.5 miles 

upstream of the TBC. The diversion is a concrete river intake equipped with a trash rack, closure slide 

gates, a fish screen, and channel-regulating slides gates. The diversion structure can isolate the 

channel system from the river during flood events. Flows in the diversion channel pass through a 

headworks and piping system and are diverted using two sets of slide gates through a desilting basin 

upstream of the TBC site. The desilting basin removes sediment from the flows to reduce 

maintenance and improve percolation in groundwater recharge basins located downstream of the 

TBC site. Flows are returned to the channel from the desilting basin through a set of slide gates. The 

existing channel is a rock-lined trapezoidal channel with a top width of approximately 60 feet and a 

depth of approximately 12 feet at the road crossing. The rock lining in the area immediately adjacent 

to the crossing is grouted in place. The existing TBC culverts are equipped with flap gates on the 

upstream end that are each secured in the open position by cables extending to a box (presumably 

containing a cable reel) mounted on concrete pedestals behind the headwall (Figure 1). The gates 

are not shown on as-built drawings for the structure dated 1956 (Ref. 15), but there is a note added 

in 1962 stating that the structure was modified in 1959 in conjunction with construction of the federal 

flood control levee. The gates are noted to be “…normally open [and] held by cables; manual release 

effects closure during floods”.  

United has no record of operation of the gates since installation. 
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Figure 1: Looking West at Existing Channel and Road Crossing 

Flood Control Levee 

The TBC site is located at the upstream end of the federal flood control levee, and the TBC culverts 

are a penetration through the levee to carry diversion flows from upstream of the levee into the area 

protected by the levee downstream. The levee was constructed by the USACE and is maintained by 

VCWPD. The levee location and top of levee profile are shown on a March 1959 foundation 

investigation drawing sheet for the Santa Clara River Levee (USACE, 1959).  Figure 2 shows the levee 

alignment in relation to the TBC crossing. 
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Figure 2: Levee Alignment and TBC Crossing (Photo from Google Earth, 2019) 

Cross-Channel Flood/Drainage Ditch System 

The road crossing of the channel serves the agricultural land to the south and provides access to a 

road along the south side of the channel upstream of the TBC site. This road is used by VCWPD to 

access a depression or linear basin (noted as a flood/drainage ditch in the design drawings) south of 

the channel that collects drainage from the steep northern slopes of South Mountain, as well as 

potential flood flows/runoff. Drainage flows pass through the basin and enter a 36-inch-diameter 

concrete pipe at a headwall near the intersection of the levee and road crossing of the channel with 

adjacent higher ground. This flow intersects with drainage flows from the agricultural property 

collected in a rectangular concrete cross-channel. Flow then passes through a series of rectangular 

concrete open channel segments and underground concrete pipes. The tops of the concrete channel 

segments are approximately at elevation 1561 feet, the design top of the levee height. No 

documentation for the design of the drainage system was available for review. Figure 3 shows the 

general configuration of the cross-channel drainage system. 

 
1 Unless otherwise stated, all elevations used in this report refer to the National Geodetic Vertical Datum of 1929 (NGVD29). 
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Figure 3: Cross-Channel Drainage System at TBC Site (Photo from Google Earth, 2019) 

Other Utilities 

Previous as-built drawings (Ref. 8) show two 18-inch-diameter gas lines crossing perpendicular to 

and underneath the existing TBC crossing. Based on correspondences with United (Refs. 9 & 10; see 

Attachment C), Gannett Fleming understands that the gas transmission has been relocated to a 22-

inch-diameter pipeline that travels beneath the channel away from the existing TBC crossing. It is 

assumed that the 18-inch-diameter gas lines have been abandoned in place, but this will need to be 

verified by the contractor prior to construction.  

An existing water line was also identified crossing perpendicular to the TBC. The water line will need 

to be verified by the contractor prior to construction and protected in place or relocated as 

appropriate. 

DESIGN DESCRIPTION 

Gannett Fleming is providing geotechnical, structural, and civil layout design services for the TBC and 

cross-channel pipeline. Any geotechnical or structural components that follow established design 

standards or guidelines (e.g., Caltrans standard plans, AWWA HDPE pipe design) will be confirmed 

to align with project needs and requirements. All other design services and design of other 

components (e.g., the steel gates) will be performed by others. Regrading of intersecting or approach 

roadways will be approved by United and conform with the grades on the design drawings (see 

Attachment A). Location, layout, and geometry of the new structures will generally match the 

existing structures to the extent practicable. 
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The project will involve the replacement of the three existing 5-foot-diameter “barrel” culverts with 

two higher-capacity cast-in-place (CIP) reinforced concrete box (RCB) culverts—also referred to as a 

double-box CIP RCB culvert—with each box having 14-foot spans and 7-foot heights. The new RCB 

culverts will be approximately 76 feet long, with an inlet invert elevation of 144.10 feet, a downgrade 

slope of 0.0006%, and an outlet invert elevation of 144.05 feet. Both the inlet and outlet end of the 

new RCB culverts will comprise new CIP reinforced concrete headwalls and wingwalls, with the 

footings also serving as the new aprons for transitioning between channel and culvert inverts. Per 

USACE 1110-2-2902 (Ref. 13), both inlet and outlet headwalls will accommodate new stainless steel 

slide gate systems (e.g., gate, frame, stem, actuator) for each culvert span (four gates in total). Both 

transitions between existing channel and new aprons will comprise a section of concreted rock slope 

protection (RSP) to better conform to existing channel dimensions and to mitigate seepage and scour 

potential. 

Designs and layouts, as well as material and construction specifications and appropriate design codes 

and standards, for the TBC replacement are depicted in the design drawings (see Attachment A). 

Cross-Channel Flood/Drainage Ditch System 

An existing cross-channel system runs perpendicularly above the TBC and comprises open concrete 

channel structures and a 36-inch-diameter concrete pipe system. The existing 36-inch-diameter 

concrete pipe will be removed and replaced with two 30-inch-diameter, approximately 110-foot-long 

HDPE (high density polyethylene) pipes to accommodate the new TBC sizes. The invert elevations of 

the new pipes will be slightly higher than the existing concrete pipe; however, the HDPE pipes will 

maintain a slope that complements the flow of the existing system. The cross-channel pipeline will 

include new CIP reinforced concrete inlet and outlet structures that will replace the two existing 

transition structures to the open concrete channel. Some channel and roadway regrading will be 

required to provide sufficient soil cover for the new pipe system.  

An extension of the new HDPE pipe system will be included to connect the new inlet structure of the 

cross-channel system with an existing Ventura County flood/drainage ditch that runs adjacent to the 

Freeman system. This HDPE pipe system extension, comprising two 30-inch-diameter and 

approximately 20-foot-long pipes, will involve a new CIP reinforced concrete headwall at the 

flood/drainage ditch end. 

DESIGN CRITERIA AND LOADS 

The following design criteria focuses on the geotechnical, structural, and civil aspects of the TBC 

replacement. NHC’s hydraulic design and modeling design criteria are also described below. 

Applicable design codes, guides, and manuals are provided in the Design Procedure section of this 

report. 

Hydraulic Design 

Because the TBC road crossing penetrates the levee, USACE guidance (Ref. 13) applies for design of 

all the conduits. The most significant design requirements from USACE standards include: 

• Precast reinforced concrete boxes are not permitted due to potential joint leakage. 
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• Conduit backfill must be designed to prevent soil loss around the conduits with differential 

water surfaces on the water and landsides of the levee. 

• Gates must be provided for flood closure: 

o Gates are required for the upstream and downstream sides of the levee crossing. 

o USACE closure requirements provide for one active and one passive gate for fast 

rising flood scenarios and allow two active gates for slow rising flood scenarios; in 

the project’s case, passive gates are not feasible because channel flow is into the 

protected area rather than out of it (as is typically the case for interior drainage 

applications).   

The hydraulic design criteria for the TBC replacement are summarized as follows: 

• Design Flow = 750 cfs 

• Desired Velocity = similar to channel velocities to minimize entrance and exit losses 

• Flow Control = two sets of gates to comply with USACE requirements for flood closure 

United wishes to maximize capacity and minimize head loss at the crossing to accommodate the 

design flow and any physical or operational changes that may occur in the channel system in the 

future. Hydraulic design for replacement of the drainage system is intended to provide the same 

hydraulic capacity as the existing system. Several different pipe types are allowed by the USACE 

guidance (Ref. 13), with an emphasis on pipe design to prevent leakage and potential soil piping or 

loss due to seepage paths along the conduits. 

Civil Design 

Gannett Fleming’s civil design and layout, including grading and work limits, are depicted in the 

design drawings in Attachment A. A maximum slope of 5% is determined for grading work along 

and adjacent to the road crossing over the TBC site to accommodate agricultural vehicle traffic, per 

discussions with NHC and United. 

Geotechnical Design 

For geotechnical and seismic design parameters, see Attachment B for Gannett Fleming’s 

geotechnical evaluation (Ref. 7). 

Structural Design 

The following design criteria were used to guide the structural designs of the new culvert, headwalls, 

and wingwalls: 

• Soil Unit Weight = 120 pcf 

• Reinforced Concrete Unit Weight = 150 pcf 

• Portable Reinforced Concrete Barrier = 900 pounds per linear foot (plf) 

• Stainless Steel Slide Gate System = 10,000 pounds (maximum for one gate system) 

• Vehicle Vertical Surcharge = 250 psf 

• Load Factors per USACE EM 1110-2-2104, Table 3-1 (see Design Procedure section below for 

additional USACE engineering manual usage). 
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DESIGN PROCEDURE 

Cast-in-Place Reinforced Concrete Box Culverts 

The new double box CIP RCB culverts to be used for the TBC crossing redesign are to follow the 2022 

Caltrans Standard Plans and Specifications for a CIP RCB double box culvert, as referenced in the 

design drawings. To accommodate the slide gate systems, modifications to the inner and outer wall 

thicknesses of the double box culvert were made and are noted in the design drawings. Though these 

modifications differ from the Caltrans Standard Plans, the intent of the standard design is maintained. 

Per requirements of VCWPD, adherence of applicable design guidelines and engineering manuals 

(EMs) set forth by USACE, including EM 1110-2-2100, EM 1110-2-2104, and EM 1110-2-2902, have 

also been confirmed or accommodated for, such as with modifications to reinforcing steel to meet 

USACE minimum reinforcement requirements. 

Reinforced Concrete Retaining Headwalls and Wingwalls 

Due to existing and anticipated soil conditions, slide gate system installation, and channel layout, the 

new proposed CIP reinforced concrete headwalls and wingwalls are designed the same for both the 

inlet and outlet end of the culvert. These new walls are to serve as standard retaining walls and will 

be designed in accordance with guidelines and codes set forth by the 2019 California Building Code 

(CBC) and ACI 318-19 from the American Concrete Institute (ACI). Per requirements of VCWPD, the 

new retaining walls are also designed in accordance with applicable USACE EMs, including EM 1110-

2-2100, EM 1110-2-2104, and EM 1110-2-2902. The reinforced concrete footings of the new 

headwalls and wingwalls are also serving as the new aprons for the inlet and outlet ends of the 

culvert; the top of footings align with the invert elevations of the culvert and channel.  

External stability of the new headwalls and wingwalls is provided by additional reinforcing tie-

ins/connections with the new culvert. The headwalls comprise a stepped thickness design, with the 

thicker section aligned with the culvert’s height to provide sufficient thickness/depth for reinforcing 

tie-ins/connections and embedment for the slide gate system anchor bolts. The footings for the new 

headwalls span the invert and side slopes of the channel to form the apron that serves as a transition 

for flow between the open channel and culvert. The wingwalls are designed to tie into the sloped 

extensions of the headwall footings. A typical keyway is also included on each toe end of the new 

footings as a “cutoff wall” for supplementing the concreted RSP’s mitigation of seepage and scour 

potential at the transitions between existing open channel and new apron. 

The thinner, upper section of the headwalls above the top of culvert are designed as a retaining wall, 

accounting for previously mentioned loads and spanning across the full width of the culvert. The 

thicker, lower section of the headwalls is not intended as a retaining wall and is instead meant to 

serve as a stable connection point for the overall culvert system, tying together the culvert, wingwalls, 

footings/aprons, and slide gate systems. The slide gate system will be bolted along the vertical culvert 

walls, fully attached to the entire height of the headwalls whose external stability is also tied with the 

culvert, wingwalls, and footings. The new headwalls have been designed with assumed 

accommodations for common slide gate systems similar to that needed for this project. Actual 

fabrication, installation, and layout design of the systems will adhere to the selected manufacturer 

requirements and instructions. The contractor will provide submittals of the selected gate systems to 

undergo engineering review in accordance with the design drawings (see Attachment A). 
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The cantilevered stem wingwalls, by contrast, are designed as full retaining walls with shared footings 

with the headwalls. 

Portable concrete barriers are included along roadway edges near the new headwalls and wingwalls 

to provide protection to the new structures, as well as guide vehicle traffic along the adjacent 

roadways. The portable barriers will still allow access to the slide gate systems, as needed. 

Cross-Channel Flood/Drainage Ditch System 

A new CIP reinforced concrete headwall has also been included in the modifications to the existing 

Ventura County flood/drainage ditch. The new headwall will connect to the new inlet structure of the 

existing cross-channel system via the new HDPE pipes. This new headwall will be constructed per the 

2022 Caltrans Standard Plans and Specifications for a CIP headwall with a pipe connection. Previously 

mentioned USACE EM guidelines have been confirmed or accommodated for with adjustments in 

the construction drawings for this additional headwall design.  

The new CIP reinforced concrete inlet and outlet structures of the cross-channel system are in mostly 

box-shaped layouts and are designed to retain the surrounding soil and possible traffic loads. Both 

cross-channel structures are externally stabilized as they are buried on all applicable sides, with each 

structure’s walls sharing the same footing, as well as the new walls and footings tying into the existing 

cross-channel’s walls and inverts, respectively. The cross-channel inlet structure has two of its walls 

requiring pipe penetration detailing, while the cross-channel outlet structure only has one of its walls 

requiring pipe penetration detailing. The cross-channel inlet structure will also require new concrete 

fill to be placed in the invert, extending beyond the structure into the existing cross-channel to attain 

an invert elevation of 152.7 feet to maintain the flow into the HDPE pipes.  

High Density Polyethylene (HDPE) Pipe Systems 

The new HDPE pipe size was selected based on the increased size of the new culvert and the need to 

maintain gravity flow from the inlet and outlet structures of the cross-channel system, including the 

extension from the flood/drainage ditch. Comprising two 30-inch-diameter, smooth-surfaced 

(interior and exterior) HDPE pipes, the new pipe system is designed per guidelines established by the 

M55 Manual by the American Water Works Association (AWWA). Using AWWA M55’s “Design 

Window”, the 30-inch-diameter HDPE pipe design follows standardized parameters and properties 

with a standard dimension ratio (SDR) of 17.0, as shown in the design drawings. Additional 

considerations and requirements outlined by USACE EM 1110-2-2902 for pipe systems are confirmed 

or accommodated for in the AWWA-based design. 

Controlled Low Strength Material (CLSM) Backfill 

Per USACE EM 1110-2-2902, controlled low strength material (CLSM) is to be used for structural 

backfill around the HDPE pipes, as outlined in the design drawings. CLSM will provide a more durable 

backfill that also acts as an internal seepage filter for the HDPE pipes. Additionally, due to the 

proposed project layouts, the use of CLSM allows for more efficient placement of the HDPE pipes 

over the culvert crossing, as it is difficult to perform proper compaction of soil backfill around the 

span of the culvert. 
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Hydraulic Design 

Several design options were originally considered, including a simple bridge and a precast arch 

culvert. However, the levee penetration requirements make these options infeasible. A series of 

culvert sizes were tested in an updated HEC-RAS (RAS) model (Ref. 16) of the channel system. The 

RAS model was derived from the model used to assess the channel conveyance system capacity and 

make recommendations for improvements (Ref. 12), modified to include proposed improvements at 

the inverted siphon structure approximately 0.2 miles downstream of the TBC site, and construction 

of a proposed flow split structure and new canal segment bypassing the Grand Canal and Saticoy 

Ponds approximately 0.4 miles downstream. These improvements are necessary to achieve the 

desired 750-cfs future flow capacity and are thus consistent with design flows for the TBC site.   

A double-box RCB culvert is a hydraulically efficient option for replacement of the three 60-inch-

diameter pipes. Double-box RCB culvert sizes between 10 feet wide by 6 feet high and 14 feet wide 

by 8 feet high were simulated in the RAS model. A constraint on the vertical height of the RCB is the 

need to pass the HDPE drainage pipes over the top of the RCB culverts. Heights greater than 7 feet 

appear to be impractical for this reason.  

The selected double-box RCB culvert size has a span of 14 feet wide by 7 feet high, with headwalls 

at the upstream and downstream ends. United requested that the existing length of the RCB crossing 

be maintained. The twin RCB structure will be slightly wider than the existing canal bed, requiring 

angled wingwalls to avoid slope grading that would encroach on existing roads. The closure gates 

will be fabricated stainless steel slide gates and will be installed on the headwalls. The gates will have 

manual operators, with provisions for portable electric operators to also be used. Based on 

coordination with potential gate manufacturers, the selected gate size is also the maximum that can 

practically be manufactured with the design operating head at the elevation of the adjacent road 

(elevation 156 feet). This elevation also approximately corresponds to the USACE design top of levee 

elevation.   

RAS modeling results for various options are included in Attachment D. The computed design water 

levels and velocities for the selected option are shown in Table 1. Culvert hydraulic computations 

use entrance and exit loss coefficients of 0.5, and contraction and expansion loss coefficients of 0.3 

and 0.5, respectively. Friction in the culverts is represented by a Manning’s n-value of 0.02.  

Table 1. Hydraulic Characteristics of Double-Box 14’ x 7’ RCB Culvert 

Flow 

(cfs) 

Upstream Water 

Surface Elevation 

(feet) 

Downstream Water 

Surface Elevation 

(feet) 

Culvert Velocity 

(feet/second) 

Upstream 

Channel Velocity 

(feet/second) 

750 151.40 151.23 3.8 3.7 

500 149.89 149.94 3.1 3.5 

375 149.12 149.15 2.7 3.3 
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The conveyance of the proposed cross-channel drainage system replacement was designed to be 

equal to or greater than the existing concrete pipes using an n-value of 0.013 for existing concrete 

pipes and 0.011 for new HDPE pipes. The new drainage system will operate at a higher elevation to 

clear the proposed RCB culverts. Inlet and outlet losses will be reduced compared to the existing 

system by eliminating one segment of rectangular channel. The capacity of the two new HDPE pipes 

is estimated to be 39.4 cfs (flowing full). Computations for the cross-channel drainage system capacity 

are also included in Attachment D. 

LIMITATIONS 

This report has been prepared for only the replacement and redesign of the TBC facility described 

herein. Information related to the replacement of the inverted siphon facility associated with the 

Freeman Diversion Conveyance System is exclusive to this report’s conclusions and 

recommendations. 

This report has been prepared for the sole use of NHC, United, and their respective agents, 

specifically for design of the proposed improvements at the project site referenced on the cover of 

this report. The conclusions and recommendations contained in this report are based upon the 

information obtained from the references listed above. Gannett Fleming is not responsible for the 

data presented by others. 

The information provided in this report is valid as of the date shown on the cover page for the 

designs described herein. Structural issues may arise that were not apparent at the time of this 

design (e.g., changes in design geometries, soil design parameters, loadings, etc.). Accordingly, the 

information provided in this report may be invalidated, wholly or partially, by changes outside of 

Gannett Fleming’s control. Should changes occur that might affect the design presented herein, 

Gannett Fleming should be notified to evaluate the validity of this report to those changes. 
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ATTACHMENT A – 90% DESIGN DRAWINGS 

 

 

The reduced size (11” x 17”) plans provided herein are intended as reference documents.  



Vern Freeman Diversion Conveyance System: Three Barrel Culvert 

Draft 90% Design Report 

August 14, 2023 

GF Project No. 067376  B 

 

ATTACHMENT B – GEOTECHNICAL EVALUATION 

MEMORANDUM 

  



 

 

Gannett Fleming, Inc. 
Suite 200 • 2251 Douglas Blvd • Roseville, CA  95661  

t: 916.677.4800  
www.gannettfleming.com 

TECHNICAL MEMORANDUM 
  
To: Ed Wallace 
 Northwest Hydraulic Consultants, Inc. 
 200 S. Los Robles Avenue, Suite 405 
 Pasadena, California 91101 
   
From: Alma Luna, PE 
 Jerry S. Pascoe, PE, GE 
  
Date: September 30, 2020 
  
Re: Preliminary Geotechnical Evaluation - 30% Design 
 Vern Freeman Diversion System: Three Barrel Culvert & Inverted Siphon 
 United Water Conservation District Saticoy Facility 
 Ventura County, California 
 Project No. 67376 

In accordance with our agreement with Northwest Hydraulic Consultants, Inc. (Ref. 1), Gannett Fleming is 
pleased to present this technical memorandum summarizing the results of our preliminary geotechnical 
evaluation for two locations along the Vern Freeman Diversion (VFD) conveyance and recharge system 
project in Ventura County, California. The approximate coordinates (WGS84) for the two components of the 
project are presented in Table 1 and their approximate locations are shown on the attached Vicinity Map, 
Figure 1. 

Project Component Latitude Longitude 

Three Barrel Culvert 34.2828 -119.1228 

Inverted Siphon 34.2803 -119.1251 

Northwest Hydraulic Consultants, Inc. (NHC), as the prime consultant, is leading the hydraulic and civil 
design aspect of the project. Gannett Fleming is providing geotechnical and structural consultation and 
design services for this effort. Gannett Fleming participated in an onsite meeting with NHC and the owner, 
United Water Conservation District (United), on May 27, 2020 to discuss the project goals and observe the 
existing conditions. 

PROJECT BACKGROUND 
The Three Barrel Culvert (TBC) and the Inverted Siphon (Siphon) are part of United’s Saticoy Spreading 
Grounds site, a facility that recharges the groundwater table through percolation. Specifically, these two 
structures are road crossings over the open-channel VFD conveyance system. NHC prepared a report in 
2016 (Ref. 2) in which the need to replace the TBC and Siphon structures was identified to increase the 
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capacity of the canal. The 2016 report identified the design discharge goal of 750 cfs as the basis of the 
design in order to improve the sediment management of the system.   
The design of the TBC is constrained by an existing canal and 36-inch pipe that crosses perpendicular to 
the conveyance canal and by a set of flap gates that are to remain operational per the Ventura County 
Watershed Protection District. Based on these restrictions, the possible alternatives under consideration by 
NHC (Ref. 3) include: 

 Modifying the existing structure to accommodate an additional culvert pipe with a flap gate. 
 Replacing the existing structure with a box culvert that can accommodate the necessary flap gate(s). 

The scenarios analyzed by NHC indicate changes to the existing channel may include increasing the top of 
bank or widening the channel to provide the necessary freeboard conditions. The extent of these 
modifications would need to be evaluated further in future project phase(s).  
At the Siphon location, the recommended improvement would include the removal of the existing structure 
and the construction/installation of a new bridge. The bridges under consideration are a CON/SPAN® O-
Series precast system or a CONTECH steel clear span bridge. Either of these alternatives will likely require 
slight modifications to the existing channel.  

SCOPE OF SERVICES 
Our scope of services, designated as Tasks 1a in our agreement (Ref. 1), include the following: 

 Review existing geotechnical reports prepared by others and containing subsurface data from areas 
in the vicinity of the proposed improvements. 

 Review published topographic, geologic, and fault documents to obtain generalized geotechnical 
data relevant to the site. 

 Develop preliminary geotechnical design parameters and recommendations for 30% development 
of plans.  

 Prepare this preliminary technical memorandum summarizing relevant information from existing 
geotechnical reports and published data.  This memorandum also includes preliminary geotechnical 
design and considerations for the project earthwork, foundations, and seismic considerations, as 
applicable.  

This scope of our services did not include field subsurface exploration or laboratory testing. Environmental 
assessment for the presence of hazardous or toxic materials, detailed inspections of the existing conveyance 
system and evaluation of the system’s flow capacity were also beyond our scope of services.  

SITE CONDITIONS 

Reviewed Documents 
We reviewed four previous geotechnical investigations performed at or near the site by other consultants. 
The four reports are listed in the references below and were provided to us by NHC.  
We also received a topographic survey by Stantec for the project site and dated June 11, 2020. The following 
is a summary of relevant geotechnical information from the reports reviewed.  
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Proposed Shop Building and Water Tank, Saticoy Facility (Ref. 4 and 5) 
In 2012 and 2015, Earth Systems Southern California (ESSC), performed a geotechnical engineering study 
(Ref 4.) and an update (Ref. 5) for a shop building and water tank at the Saticoy facility. Two borings were 
drilled at the site of the shop building and water tank to depths between 16½ and 51½ feet below ground 
surface.  
Boring 1 was drilled approximately 200 feet north of the Siphon site and approximately 1,000 ft south of 
the TBC site. The materials encountered in this boring generally consisted of 8½ feet of loose, olive brown 
to yellow brown, silty sand (SM). The silty sand was underlain by medium dense to dense, coarse to medium, 
well graded gravel (GW) with silty sand and cobbles. The gravel extended to the full depth of the boring at 
50½ feet below ground surface.  Boring 2, just to the east of Boring 1, also encountered about 8 ft of loose 
silty sand (SM) underlain by the well grade gravel (GW). Groundwater was not encountered in either of the 
two borings. ESSC concluded in the 2012 report that fault rupture hazard and liquefaction potential were 
low. However, in the 2015 report, ESSC used a historic high groundwater level of 10 feet and the applicable 
ground acceleration at the time in a new analysis. In the updated analysis, they indicated that there is a 
liquefaction potential at the site and the anticipated total settlement would be about 1.1 inches with about 
½-inch of differential across the proposed structure. 
Noble Basin and Saticoy Spreading Grounds Improvements (Ref. 6) 
In 1993, Geotechnical Consultants, Inc. (GCI) performed a geotechnical investigation for the UWCD Noble 
Basin and Saticoy Spreading Ground Improvements projects. The site is located along Los Angeles Avenue, 
southeast of Saticoy, Ventura County and it extended to the western portion of the VFD system. Subsurface 
conditions were explored by drilling nine hollow stem auger borings to depths between 17½ and 41 feet 
below the ground surface.  
Boring DH-1 is the closest boring to the project site from this report and it was drilled approximately 1,500 
and 2,500 feet southwest of the Siphon and TBC, respectively. The materials encountered in this boring 
generally consisted of 10 feet of artificial fill, underlain by alluvium (Qal) soils that extend to the maximum 
depth explored of 41 feet. The artificial fill is described as very dense, damp, fine-grained silty sand with 
cobbles and gravel. The top five feet of the alluvium soils is described as very dense, damp, poorly graded 
sand with scattered fine gravel. Below the poorly graded sand, the alluvium soils become gravelly with 
cobbles and coarse to very coarse rounded gravel. Groundwater was encountered near the bottom of the 
hole (40 feet below ground surface), at the time of drilling. Laboratory tests performed indicate the soils 
have approximate dry densities between 98 to 108 pounds per cubic foot and moisture contents between 
5 and 11 percent. 
Except for borings DH-7 and DH-9, the other borings also encountered artificial fill, which varied in thickness 
from about 2½ to 10 feet. All borings that encountered alluvium deposits were generally consistent with 
the boring DH-1 description. Soft, dark brown silt lenses were observed in borings DH-2 and DH-3 and 
loose sands were encountered at about 5½ feet in boring DH-6. Groundwater depths in other borings 
varied between 21 to 24 feet below grade.  
In general, GCI concluded that the Oak Ridge fault is located about 1 mile from the site and strong ground 
shaking during an earthquake should be expected. Loose sands encountered in boring DH-6 may become 
susceptible to liquefaction when saturated. This potentially liquefiable layer was not encountered in DH-1. 
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Construction of Four Well Pads, Saticoy Groundwater Storage Management Program (Ref. 7) 
In 2002, Padre Associates, Inc. (PAS), performed a geotechnical study for the construction of four 
groundwater well drilling pads within the Saticoy Spreading ground facility. Their study involved reviewing 
previous geotechnical reports, collecting near-surface bulk samples for laboratory testing, and providing a 
report summarizing their findings, conclusions and recommendations for the geotechnical aspects of the 
well pads. Based on their review, PAS concluded that materials underlying the spreading grounds facility 
are fairly uniform and consist primarily of dense, coarse grained sand, gravel and cobbles.  
Other Published Data 
The site is approximately 500 feet southeast of the Oak Ridge fault, approximately one-mile northwest of 
the Wright Road fault and about 3.5 miles southeast of the Ventura fault (Ref. 8).  
The site is not located within an Alquist-Priolo Earthquake Fault Zone (Ref. 9). The site is located within a 
zone identified as being prone to earthquake-induced liquefaction (Ref. 10).  
A geologic map of the Ventura 7.5’ Quadrangle (Ref. 11), indicates the site is underlain by latest Holocene 
alluvial fan deposits (Qhfy). The descriptions accompanying the map described this unit as composed of 
moderately to poorly sorted, and moderately to poorly bedded sandy clay with some gravel.  

Site Reconnaissance  
A site reconnaissance was performed on May 27, 2020 to observe the existing conditions and to note if any 
obvious geotechnical concerns are evident. The VFD conveyance canal was unwatered at the time of our 
site visit. 
The canal is unlined and has a trapezoidal shape with 1.7H:1V to 2H:1V side slopes. The side slopes of the 
canal are lined with riprap, although the area immediately upstream of the TBC crossing consists of grouted 
riprap. The invert of the canal is generally bare earth, although there is some riprap and concrete fragments 
upstream and downstream of each crossing. The soils exposed in the canal and adjacent roadways consists 
of brown silty fine to medium sand. We did not observe indications of instabilities in the canal sideslopes 
nor excessive erosion or scour. Additionally, the Siphon and TBC structures and surrounding improvements 
appeared to be performing satisfactorily, with no visible indications of excessive settlement or other 
geotechnical hazards, such as cracking, buckling, or distortion. 

CONCLUSIONS 
Based on our review of existing data and observations from our site reconnaissance, it is our opinion from 
a geotechnical standpoint that the site is suitable for the proposed alternatives being considered to increase 
flow capacity at the facility, provided the recommendations presented below are considered in the design 
and construction of the project.  
Based on the existing data, the general subsurface profile at the location of the proposed Siphon and TBC 
is expected to consist of about 8 to 10 feet of silty sand, underlain by well graded gravel with a dense to 
very dense consistency. The two borings drilled closest to the project site (Ref. 4) indicate the silty sand 
layer is relatively loose. However, the boring further to the west and within the embankment limits, suggest 
the silty sand layer is very dense fill material. Assuming the embankment at the Siphon and TBC sites was 
constructed in a similar manner as the embankment further west, it is anticipated the underlying materials 
consists of silty sand fill with a dense to very dense consistency. This is consistent with our observations of 
the existing channel slopes that indicate they appear generally stable and not showing signs of excessive 
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erosion or scour. The alluvial soils below the embankment fill are expected to be dense to very dense, 
gravelly sand with some cobbles.   
Groundwater was not encountered in the two borings closest to the project site (Ref. 4). Groundwater was 
encountered in three of the eight borings further to the west (Ref. 6) at depths between 21 and 40 feet 
below the ground surface. However, these boring were completed prior to the groundwater recharging 
system being placed in operation, so the groundwater is expected to be encountered at much shallower 
depths if and when new construction commences.  

RECOMMENDATIONS 
Based on the anticipated subsurface soil profile as discussed above, we have provided preliminary 
geotechnical design parameters for the development and evaluation of alternatives for the Grand Canal 
Headworks Improvements.  
Site and Subgrade Preparation 
Subgrade preparation efforts may vary based on the option selected to increase the capacity of the existing 
structures. Preliminary recommendations are as follows. 
After dewatering the Canal, the areas of the proposed improvements should be cleared of any elements of 
the existing system that will not be part of the improved structure. This may include pipes, gates, electric 
actuators, concrete structures and foundation elements. Concreted riprap may be stockpiled at an 
appropriate location for reuse.  
Any excavations into the existing levee will most likely encounter dense to very dense silty sands. These 
materials, classified as type C (Cal-OSHA), should be sloped back at an inclination of 1½ to 1 (horizontal to 
vertical) or temporarily shored if excavated at steeper inclination. The final determination of temporary 
excavation inclinations and requirements for, and design of temporary shoring, is the responsibility of the 
Contractor. 
The subgrade surface should be reasonably free of loose soil, standing water or mud. Prior to placement of 
fill or rebar for the foundation system, the subgrade should be moisture conditioned and compacted to the 
requirements for engineered fill described below. The subgrade should be firm and unyielding, and any soft 
soils should be excavated to expose firm, non-yielding materials.  
If the option selected involves the complete removal of the existing structure and partial removal and 
replacement of the levee, additional geotechnical review and analysis of the levee may be required.  
Fill Materials and Placement 
On-site materials are anticipated to be suitable for use as engineered fill behind and around the structures. 
Any soils with organic contents greater than about 3 percent by volume should not be used. Fill materials 
placed at the site should not contain particles greater than 3 inches in diameter. Any imported soils should 
be free of organics, debris, and oversize particles. It should be predominantly granular, with at least 20 
percent fines and a plasticity index of 12 or less.  
All engineered fill should be spread and compacted in lifts not exceeding 8 inches in uncompacted 
thickness. The engineered fill should be moisture conditioned to at least 2 percent over optimum and 
compacted to at least 95 percent relative compaction based on ASTM D-1557. Any areas of the service road 
damaged by the construction activities, should be repaired to match preconstruction conditions.  
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Existing Utilities 
It is anticipated that overhead wires and possibly underground utilities cross through the project site. The 
contractor must coordinate with the site representative and the necessary utility owners for proper removal 
and/or relocation of any existing utilities that may be affected the proposed improvements. Any utility 
trenches should be backfilled with engineered fill as described above. A shading layer extending at least 6 
inches below small diameters pipes and 6 to 12 inches above should be placed prior to placement of 
engineered fill. The shading layer should consist of granular materials carefully placed and tamped around 
the utility lines.  
Allowable Bearing Pressures 
A new structure for the TBC or additions to the existing structure may be supported on a shallow foundation 
system bearing on the dense to very dense, gravelly sand alluvium.  
For preliminary design, an allowable bearing pressure of 3,000 pounds per square foot due to dead plus 
live loads and 4,000 pounds per square foot for all loads including wind and seismic, may be assumed. At a 
minimum, footings for the TBC structure should be at least 12 inches embedded into the lowest adjacent 
grade, such that there is at least 5 feet of horizontal cover. Spread footings may also be used for the bridge 
at the Siphon site provided they are at least 48 inches wide and 24 inches deep below the lowest adjacent 
grade.   
If a slab-type structure is planned, a modulus of subgrade reaction of 100 psi/in is applicable for subgrade 
soils that are submerged. 
Total long-term settlements of foundations designed per the above criteria are expected to be less than ½-
inch. Due to the presence of granular soils, the settlements are expected to occur relatively immediately 
upon loading. Differential settlements are expected to be less than ½ of the total settlements. If additions 
are planned to the existing structure(s), it is recommended to dowel into the existing foundation to minimize 
differential movements. 
Friction Coefficient 
Lateral load resistance for the structures may be developed in friction between the foundation bottom and 
the supporting grade. A friction coefficient of 0.4 is considered applicable1.  
Lateral Design Parameters 
Retaining walls should be evaluated to resist lateral earth pressures and any additional lateral loads caused 
by surcharge on the adjoining ground surface. Assuming the wall backfill consists of engineered fill with 
similar characteristics to the existing levee fill, the following earth pressures can be assumed for initial 
evaluation.  

 Active earth pressures (level backslope): 35 pcf above water, 17 pcf below water. 
 Passive earth pressures1: 285 pcf above water, 120 pcf below water.  

 

1 The values presented for passive and frictional resistance can be used in combination and include factors 
of safety of at least 1.5 to reduce the potential for lateral movement. 
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 At-rest earth pressures (level backslope): 50 pcf above water, 25 pcf below water. 
When using the “below water” values for active or at-rest pressures, lateral loads due to hydrostatic pressure 
must also be applied. The upper 1 foot should be neglected for passive resistance unless a scour resistant 
surface (e.g., concreted riprap or slab) is present. 
Seismic Design Parameters 
Based on the data reviewed and the 2019 California Building Code, the following parameters should be 
used for preliminary seismic design: 

NAME VALUE 

Site Class D 

SS 1.938 

S1 0.726 

SMS 1.938 

SM1 ** 

SDS 1.292 

SD1 ** 

PGA 0.858 

PGAM 0.943 

** See ASCE 7-16, §11.4.8, Exception 2.   

LIMITATIONS 
This Preliminary Geotechnical Evaluation Memorandum has been prepared for the sole use of NHC and 
United Water Conservation District, and is specific to the conditions at the Freeman Diversion Conveyance 
System as discussed above. The opinions, conclusions, and recommendations contained in this letter are 
based upon the information obtained from our review of the existing data, site reconnaissance, experience, 
and engineering judgment, and have been formulated in accordance with generally accepted geotechnical 
practices that existed at the time this letter was prepared; no other warranty is expressed or implied. In 
addition, the recommendations presented in this letter are based solely on surface exposures at the site. 
No subsurface investigation was completed by Gannett Fleming; actual conditions may vary. If conditions 
encountered in the field differ from those described in this letter, we should be consulted to determine if 
changes to the conclusions presented herein or supplemental recommendations are required.  
The opinions presented in this letter are valid as of the date of this letter for the site being evaluated. 
Changes in the condition of a site can occur with the passage of time, whether due to natural processes or 
the works of man. In addition, changes in applicable standard of practice can occur, whether from legislation 
or the broadening of knowledge. Accordingly, the opinions presented in this letter may be 
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invalidated, wholly or partially, by changes outside of Gannett Fleming’s control. In any case, this letter 
should not be relied upon after a period of three years without prior review and approval by Gannett 
Fleming. This document may not be reproduced for any other reason than pertains to the project for which 
it was prepared. 
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