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CANAL REPLACEMENT PROJECT – INNOVATIVE APPROACHES TO UNIQUE CHALLENGES
Peter Stabb1, Sarah La Vallee1, Peter Bellows2, and Colin Dudley2
1  Contra Costa Water District, Concord, CA
2  Brown and Caldwell, Walnut Creek, CA  

ABSTRACT:  The Contra Costa Water District (District) is implementing the Canal Replacement Project to ultimately replace 21,000 feet of the unlined Contra Costa Canal, in Oakley, CA, with a 10-foot diameter concrete pipeline in order to increase flood protection, enhance public safety, and protect water quality from groundwater intrusion. The most recent phase installed 5,500 linear feet of pipeline. One of the key challenges associated with the project is dewatering the relatively shallow and high salinity groundwater for pipe construction. Review of various techniques identified dewatering wells as the most cost-effective method for dewatering; however, this method produces a large, continuous discharge of high salinity water that is difficult to dispose. The most recent phase used low saline raw water from the District’s other supply sources to dilute the dewatering water prior to discharging to the San Juaquin River delta, thus meeting permit requirements.  

Additional challenges on the project requiring innovative solutions include reducing imported bedding materials by using soil cement for pipe bedding and constructing a sheet pile seepage barrier to provide flood protection for the District’s right of way where the pipeline crosses an existing slough.  This paper explores these challenges and discusses solutions to address them.
1.
INTRODUCTION 
The Contra Costa Canal (Canal) was originally constructed by the United States Bureau of Reclamation (Reclamation) in the late 1930s and is operated and maintained by the Contra Costa Water District (District).  The Canal Replacement Project (Project) will ultimately replace 21,000 feet of the unlined Canal with a 10-foot diameter concrete pipeline from the Canal headworks at the Rock Slough Fish Screen to the Canal Pumping Plant No. 1 (Figure 1) in order to increase flood protection, enhance public safety and security, and protect water quality from groundwater intrusion.  
Implementation of this Project has been phased due to funding availability.  Figure 1 depicts the Canal segments and construction progress.  Construction of the first segment of the Project, completed in 2009, installed approximately 1,900 feet of pipeline from District’s Pumping Plant 1 to Marsh Creek.  Construction of the second segment of the Project, completed in 2015, installed approximately 6,000 linear feet of pipeline from Marsh Creek Road past Sellers Avenue, and installed a flood isolation structure at the Canal headworks.  The next phase of the Project, completed in 2018, installed approximately 5,500 lineal feet of pipeline between Sellers Avenue and East Cypress Road (Segments 3 and 4).  One segment of the Canal, approximately 7,000 lineal feet, remains for future construction.  The Project has been implemented east to west in order to replace the Canal in advance of development adjacent to the Canal right-of-way and through areas where greater groundwater degradation risk exists.
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Figure 1. Canal Replacement Project Overview.

The Project presents many unique challenges that required innovative solutions to deliver a successful project.  Three of the most interesting are dewatering, reduction of imported fill materials through use of on-site generated soil cement bedding, and the use of sheet pile cut-off walls at a waterway crossing.

2.
DEWATERING Disposal
The canal replacement pipeline is being constructed using the open cut method, and due to the large diameter and hydraulic grade line, requires a large deep excavation (Figure 2).  The project’s close proximity to the Sacramento River delta (delta) results in a water table approximately 17 to 20 feet above the bottom of the excavation.  The soils along the project alignment vary considerably ranging from clays to silts and sands, with the pipe zone being primarily silts and sands.  A review of various dewatering methods during preliminary design identified gravity wells as the most appropriate approach for controlling groundwater.  In addition to the large volumes of water produced by using dewatering wells, the groundwater in the area contains high levels of salts, complicating the disposal.  Dewatering disposal methods have evolved during the construction of the four completed segments.
Segment 1 Construction:

Various disposal options including land application, evaporation spraying, and direct discharge to surface waters were evaluated.  Evaporation spraying would not be efficient enough to dispose of the anticipated quantity of water and the treatment required for direct discharge to surface waters would be prohibitively expensive; therefore, land application was the preferred method of disposal. Segment 1 of the project was bordered on both sides by unused land application fields belonging to Ironhouse Sanitary District and adjacent privately farmed land, providing enough space for land application disposal operations.  

[image: image2]
Figure 2. Canal replacement pipeline excavation.

Segment 2 Construction:

Land application was also identified as the preferred disposal method for the construction of Segment 2 due to the availability of adjacent agricultural fields.  Agreements were put in place to use the groundwater from the project to irrigate the fields in lieu of the surface water normally used.  The challenge with this arrangement was that irrigation for agriculture is managed very differently than for water disposal operations where the goal is to maximize the amount of water applied to the land.  Irrigation for grazing operations is managed to maximize vegetative growth and provide relatively dry access for cattle as they are rotated between fields.  This resulted in less predictable and regular land application rates, and it became apparent that additional disposal capacity would be needed.  
The District secured a limited threat discharge permit from the Regional Water Quality Control Board (RWQCB) allowing direct discharge to the delta.  Modeling indicated that the higher salinity groundwater would mix sufficiently with receiving waters due to tidal action and treatment would not be required.  Ultimately, the tidal mixing was less effective than anticipated and a new approach would be needed for the remainder of the project.
Segments 3 and 4 Construction:

Though Segments 3 and 4 are bordered by irrigated agricultural fields to the north, the logistical challenges experienced during construction of Segment 2 drove the search for a viable alternative away from land discharge.  Direct discharge to the delta appeared to be the best approach and the District again secured a limited threat discharge permit from the RWQCB.  This time however, instead of relying on ineffective tidal mixing, the high salinity groundwater was mixed with higher quality water from the District’s other supply sources.  
Dilution water was back-flowed through approximately 3 miles of lined canal and around its 4 pumping plants, and finally through Segments 1 and 2 of the Canal Replacement Pipeline.  The dilution water was pumped from an access structure (Figure 3) at the beginning of the Segment 2 pipeline through a 5,500 foot long 24-inch diameter HDPE pipeline to the upstream end of Segment 4 (Figure 4).  
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Figure 3. Dilution water pumps at Segment 2 access structure.
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Figure 4. Dilution water system overview.

As construction progressed dewatering wells discharged directly into the dilution pipeline where the groundwater was mixed with the dilution water.

Some features of the dilution pipeline included:

· An electro-conductivity (EC) probe installed near the discharge used to control the rate of dilution water being pumped.  This allowed adjustment to the varying flow and quality of the groundwater.
· Two half closed gate valves were located near the discharge of the dilution pipeline to enhance mixing.

· Periodic sample ports on the dewatering wells allowed sampling of non-diluted groundwater.

System Requirements

The system requirements were based on analysis of the dewatering flows and quality from the construction of Segments 1 and 2.  The basic dewatering system parameters for the Segments 3 and 4 analysis were:

· Well spacing: 50 feet 

· Initial drawdown pumping: duration two weeks before trench excavation and 48 gpm per well 

· Maintenance pumping: 30 gpm per well. 

· Pump shutdown: approximately three to six wells (150 to 300 feet) operating behind open excavation  

The results of the analysis were used to project the amount of dilution water required to meet the discharge permit requirements of EC less than 1,900 umhos/cm for varying groundwater quality and flowrates.  Table 1 was included in the project specifications and served as a guide for operating the dilution system.

 Table 1.  Dilution water requirements included in the project specifications
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Additional system requirements included:

· The system must have redundant pumps with automatic controls to ensure a shutdown of the primary pump would not result in the discharge of non-compliant water.

· The Contractor must project dilution water needs 5 days in advance based on observed groundwater quality and anticipated number of well pumps running.

· The dilution system must be operational prior to any discharge from the dewatering system.

· A maximum dilution water flow rate of 12 mgd
Lessons learned

The following are lessons learned that will be applied during construction of Segment 5.

· Specify a base dilution water flowrate based on average anticipated groundwater quality.  Unlike Segments 1 and 2, the quality of the groundwater throughout Segments 3 and 4 was relatively stable.  Not having to constantly change the dilution flowrate will simplify the dilution water demand forecasting and ease the burden on the District of manually adjusting the dilution water backflow.
· Reduce the dilution pipe diameter.  The groundwater quality appears to generally be improving as the project moves towards the Rock Slough intake.  The observed groundwater quality before dilution was often near the permitted discharge limit, meaning that the Segment 5 system can be sized for smaller dilution water flows saving additional material cost and increasing the ease of operation. 
3.
Soil cement pipeline bedding

The original trench section design required aggregate base bedding material be placed from a foot below the pipe up to 1/5 of the pipe diameter (Figure 5).  Additionally, the design called for a minimum one-foot thick crushed rock foundation below the pipe bedding.  This would require approximately 13,600 cubic yards of imported material over the 5,500 foot length of the Segment 3 and 4 project.  
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Figure 5. Pipe Trench Section – Granular Pipe Bedding.

The Segments 3 and 4 project included an alternative trench section (Figure 6) that allowed the use of on-site generated soil cement in place of the aggregate base bedding to reduce the amount of imported material and associated cost.  Soil cement, referred to as controlled density fill (CDF) in the project, is a flowable material made by adding cement and water to native soils.  It is placed in the same manner as other flowable or controlled density fill materials and because compaction is not needed, the trench width was reduced and a rounded trench bottom was allowed.
Material Requirements

The design requirement for the on-site soil cement specified that no more than 30% of the soil may pass through the #200 sieve in order to ensure high quality, stiff bedding material to support the pipe. Clayey soil is considered unsuitable as it requires more cement as the amount of clay increases to achieve the required strength. Lime treatment of clays can be used to reduce the amount of cement required; however, this makes managing the production of on-site soil cement difficult because the percent of clay in the native soil must be carefully monitored and adds an additional variable into the mix. In addition, clay balls can form in the soil cement mix that can potentially result in soft zones in the bedding. Therefore, silty sandy soils were required for use in on-site generated soil cement for pipe bedding.  During design, the amount of suitable on-site material was estimated based on the project’s geotechnical borings.  There was plenty of sandy soils spread along the site, much of which was located in the pipe zone to be excavated.  Thus, mining of sand and transport along the alignment was not anticipated.
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Figure 6. Pipe Trench Section – Soil Cement (CDF) Bedding.

The specifications required sampling periodically along the alignment to identify on-site material meeting the design requirements.  Mix designs were prepared for the various soil types found along the project using cement contents of 4%, 8%, and 12%.   Mix designs with 8% cement generally met the specified minimum design compressive strength of 50 psi at 30 days, but the sub-contractor elected to use 10% cement in the soil cement to provide added safety factor.
Results

· All field samples exceeded the specified design compressive strength of 50 psi.

· Using soil cement reduced the number of end dump (33 cubic yard) truck trips by an estimated 315 trips.
· The soil cement sub-contractor preferred to place the pipe bedding in longer production runs resulting in longer lengths of trench being left open prior to backfill.  This had some impact on the dewatering operations as more wells had to be in service for longer periods of time, increasing the required dilution water flows.
4.
Sheet pile cutoff walls
The pipeline crosses Little Dutch Slough, a tidally influenced channel that drains the area south of E. Cypress Road and provides water for irrigation of fields surrounding the existing canal (Figure 7).  The original Canal had twin concrete culverts that convey untreated water underneath the slough. Little Dutch Slough can be dry during the summer at the crossing location, allowing construction of the pipeline across the slough by open cut.
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Figure 7. Little Dutch Slough

The banks of LDS act as levees protecting the surrounding land, including the canal right-of-way (ROW), from inundation by high tides or storm flows.  The existing berms are constructed of native soils and are not well compacted, do not have impermeable cores or blankets to control seepage, do not meet modern urban levee design criteria.  Once the Canal is converted to pipe, the LDS berms still need provide flood protection for the ROW.
As an alternative to restoring the berms to meet modern levee standards, a seepage barrier of interlocking sheet piles was driven through the existing and restored Little Dutch Slough berms to control seepage through and strengthen the berms. This approach avoided the import of clayey material, additional over-excavation, and the extensive quality control associated with placing the clay and filter materials associated with modern levee construction.  

Some benefits of the sheet pile approach are:

· Sheet pile flood walls will provide a modern level of flood protection. 

· The Contractor was already installing sheet piles for cofferdams to isolate the pipeline excavation from Little Dutch Slough.

· The berms could be restored to approximately match the existing geometry of Little Dutch Slough instead of matching a modern levee geometry.

· Sheets piles would protect the berms from burrowing animals, reduce concern for berm erosion, and need minimal inspection in the future.

Controlled density fill (CDF) was used to form a closure where the pipe penetrates the sheet pile seepage barriers as shown in Figure 8.  Compressible material was placed around the opening in the sheet piles prior to the CDF placement to accommodate some movement of the sheet piles without point loading the pipeline.  Other requirements for the seepage barrier construction included permanently welding a plate to the sheet piles above the pipe to prevent them from being driven or migrating deeper in the future and requiring a more robust pipe design to accommodate the increased soil loading due to the height of the Little Dutch Slough berms.
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Figure 8. Seepage Barrier Closure Detail
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