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ABSTRACT:  Several problematic trenchless crossings have driven Caltrans to increase scrutiny of proposed trenchless projects crossing their facilities.  The City of Modesto recently successfully completed a challenging 350-foot long auger bore and jack crossing of Highway 99 as part of the Ceres Trunk Sewer Rehabilitation Project.  The project constructed approximately 3,800 feet of 30 and 24-inch diameter sewer by open cut trenching to replace a deteriorated trunk line, with a new trenchless highway crossing providing needed redundancy for the original sewer which predated the highway.  Crossing beneath Highway 99 with a 36-inch steel casing presented several challenges including shallow cover below travel lanes, potentially unfavorable soil conditions along the alignment (e.g. running ground), a flat grade, crossing approximately 16-inches below a Caltrans storm drain, and limited access due to existing buildings.  In addition to overcoming these technical challenges, the project team had to address Caltrans’ concerns with the shallow cover above the casing, ranging from just 5 feet to 13 feet under the Highway 99 travel lanes. This paper discusses project design and the engineering controls put in place to successfully monitor and construct the crossing as well as the approach to successfully permit the project with Caltrans.
1.
INTRODUCTION 
The City's 2007 Wastewater Collection System Master Plan identified the Ceres Trunk Sewer Project as a high priority project due to it being one the most severely corroded RCP trunk sewers in the city. The Ceres Trunk consists of approximately 2,500 feet (ft) of 24-inch diameter that has experienced loss of concrete and corrosion of reinforcing steel.  The trunk sewer currently crosses under Highway 99 via an uncased crossing that predates the six-line divided highway and is the only means to bring flows from the Ceres area across the highway.

Two project alternatives were evaluated and are shown in Figure 1.  The first alternative was to rehabilitate the trunk Line to protect it from further corrosion damage and to extend its service life, and the second was to relocate the trunk line to a new alignment along Zeff Road making it more accessible and moving it out of the flood plain.  Both alternatives included construction of a parallel undercrossing of Highway 99 using trechless methods, along with rehabilitation of the existing crossing.  Ultimately, relocation of the sewer along Zeff Road along with the new highway undercrossing was selected.  This paper explores the design challenges, permitting approach, and construction of the new highway undergrossing.
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Figure 1. Project Overview.

2
Design Challenges
The new highway undercrossing presented several design challenges, the most basic of which involved locating the new crossing.  The general location of the proposed undercrossing is shown in Figure 2.  The existing sewer is located in an easement through an auto recycling yard and is relatively flat.  The flat slope limited the potential locations for the crossing to relatively close to the existing alignment as much increase in length would result in an even flatter sewer with poor hydraulics.  Preliminary soil sampling indicated the soils on the parcel used for auto recycling were potentially contaminated making excavation of a jacking shaft at this location undesirable.  A potential alignment was available on the parcel just north of the existing sewer; however, this would require the alignment pass very close to an existing storage building making open cut infeasible.  To address this, the proposed jacking shaft was located further east, allowing the portion of the new sewer to be constructed near the storage building by bore and jack.
The most substantial design challenge came in the form of site geotechnical conditions that required the design team to make every effort to permit and construct a successful undercrossing.
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Figure 2. Undercrossing Area
Geologic Setting

The Ceres Trunk Sewer Highway 99 undercrossing is located within the middle of the San Joaquin Valley and California’s Great Valley Geomorphic Province. The project site within is underlain by deep Pleistocene age alluvial, lacustrine (lake) and marine deposits of the Modesto Formation consisting of inter-bedded sands, gravels, silty sands, silts, clayey sands and silty clays. The Tuolumne River (tributary to the San Joaquin River) is located approximately 750 feet west of the undercrossing location and is about 35 to 40 feet lower in elevation than the Highway 99 undercrossing.  Meandering of the Tuolumne River and alluvial soil deposition over geologic time has resulted in a complex project soil profile of inter-bedded and mixed sands, gravels, silts and clays.
Soils and Groundwater

Soil and groundwater conditions at the Highway 99 undercrossing location were developed by a) reviewing historic reference borings for nearby projects (e.g. nearby CalTrans bridge borings for Tuolumne River crossings), b) reviewing construction precedent in the area (e.g. similar auger bore and jack tunnels in Modesto) and c) two project test borings completed by Crawford and Associates geotechnical engineers. The two borings, B-2 on the east side of Highway 99 and B-3 on the west side of Highway 99 (Figure 3) were drilled to maximum depths of 31.5 feet below ground surface with a CME 75 drill rig equipped with hollow stem augers. The following summarizes the range of physical and engineering properties of the native alluvial soils at and near the tunnel zone:

•
Composition Interbedded silty sands (SM), sands (SP), silts (ML), clayey sands (SC), and   sandy silty clays (CL/ML) with 2% to 7% gravel in the sands.  Within the tunnel zone plus one casing diameter above and below the tunnel zone, the anticipated soils (interpolated between B-2 and B-3) are approximately 75% to 100% sands and silty sands (non-cohesive) and 0% to 25% silts and clays (cohesive).

•
Consistency: :Loose to medium dense sands (Standard Penetration Test Blow Count N-values of 7 to 15), stiff to hard silts and clays (N-values of 27 to 44 and unconfined compressive strength = 8,615 psf), the hard silts in B-2 are typical of localized “hard pan”.

•
Total Weight: avg. = 122.7 pcf

•
Moisture Content: avg. = 8.4%

•
Angle of Internal Friction in silty sands (SM):  phi = 28o to 35o
•
Angle of internal friction in clean sands (SP): phi = 38o
•
Undrained Shear Strength in silts and clays:  Su = 4,300 psf (“hard pan”)

•
Tunnelmans Ground Classification: Running to raveling non-cohesive sands and firm cohesive silts and clays.  The sandy soil behavior description for running ground in the Tunnelmans Ground Classification includes “… run like granulated sugar…”. Locally, clean sands in the Modesto area are commonly referred to as “sugar sands”.

For borings B-2 and B-3 by Crawford and Associates, a total of 17 alluvial soil samples were tested for gradation.  The maximum percent gravel was 7%.  Typically, the samples had no gravel.  There was no indication in the project or reference boring logs (e.g., erratic and high blow counts, borehole cuttings material description, or drill rig performance description) that cobbles or boulders were encountered during drilling.

Groundwater was not encountered in either project borings B-2 or B-3 drilled to depths of 31.5 feet below ground surface.  Recall that Highway 99 at the crossing location is approximately 35 to 40 feet higher in elevation than the Tuolumne River.
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Figure 3. Tunnel cross-section and project test borings B-2 (east side) and B-3 (west side). SM = silty sand, SP = clean poorly graded sand, SC = clayey sand, ML = silt, CL = clay
Soils in the tunnel zone consisting of silty sand (SM) and clean poorly graded sand (SP) were largely loose to medium dense in place with Standard Penetration Test blow count N-Values of N = 7 to 15. Silts (ML) in the tunnel zone and deeper silts (ML), clays (CL) and clayey sands (SC) were very stiff to hard in place with N-Values of N = 27 to 44.  Interpreting tunnel zone soil conditions between test borings B-2 and B-3 requires interpolation of soil conditions. Of the soil conditions described in B-2 and B-3 the clean, loose sands (SP) are the most problematic and unstable in the unsupported tunnel face of auger bore and jack.  Therefore, for purposes of design it was assumed that a significant portion of the tunnel would be in running clean sands (SP).
Geotechnical Risks for Auger Bore and Jack Tunneling

The following are typical geotechnical risks for auger bore and jack tunneling to be addressed in design and construction:

•
Groundwater: the presence of groundwater in non-cohesive soils can eliminate auger bore and jack as a viable and safe tunneling option.

•
Unstable soils at tunnel heading: unexpected face loss at the tunnel heading from running ground will lead to void formation above the casing and large scale settlements, much larger than systemic settlements.

•
Mixed-face tunnel heading: A tunnel heading consisting of two different soil types exhibiting different soil behaviors can lead to inadvertent over-excavation.  For example, non-cohesive, loose sands (SP) exhibiting running behavior over cohesive hard silts and clays exhibiting firm behavior at the excavation face of the tunnel will lead to inadvertent over-excavation of the loose sands and large scale settlements. 

•
Oversize materials/obstructions:  the presence of oversize materials (e.g. and object larger than one-third the casing diameter) can stop auger bore and jack and/or lead to inadvertent over-excavation and large-scale settlements as the auger cutting bits grind on the obstruction and non-cohesive matrix soils run into the casing.

•
Systemic settlement: systemic settlement is the result of closure of the overcut annular space around the outside of the steel casing, systemic settlements decrease with decreasing overcut, lubrication injection into the overcut annular space, and increasing cover depth of cover.

For the Highway 99 undercrossing the following site constraints presented additional risks:

•
Minimal cover of only 5 feet under the Highway 99 north bound travel lane: 

•
18-inch storm drain pipeline in the Highway median with only 16 inches of separation from storm drain invert to tunnel casing obvert

•
Unknown fill and potential for oversize materials/obstructions under the approximately 100-year-old Highway 
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Figure 4.  Tunnel cross-section, site constraints include 5 feet of cover at northbound travel lanes and 16 inches of separation from the 18-inch storm drain in the highway median.
For the project undercrossing, groundwater and oversize natural materials (cobbles and boulders) were not issues.  However, systemic settlement with minimal cover, unknown fill and potential for oversize materials under the approximately 100-year-old highway and passing beneath the 18-inch storm drain with only 16 inches of separation were definite issues to be addressed with design and construction mitigations.
Mitigations

In order to address the identified project risks for auger bore and jack tunneling the following design and construction mitigations were developed:

· The timing of the Highway 99 undercrossing was limited to summer months when the 18-inch storm drain in the Highway median would be dry.

· The tunnel jacking shaft was placed approximately 100 feet east of the Highway 99 right-of-way with tunneling proceeding from east to west.  This allowed for treating the first 100 feet of tunneling as a “field test” to check on Contractor means and methods and confirm that all was going per plan before getting under the Highway 99 travel lanes.

· A total of 3 subsurface settlement monuments were set in the first 100 feet of tunnel with the bottom of the settlement monument set at 5 feet above the tunnel obvert (to simulate the casing passing under the Highway 99 north bound lanes).  These subsurface settlement monuments were carefully surveyed before, during and after the tunnel passed beneath.

· The 18-inch storm drain pipe bedding and pipe embedment material was permeation grouted prior to tunneling to enhance storm drain pipeline support.

· Tunnel spoils weights were measured and recorded for the first 100 feet and then compared to tunnel spoils weights for that portion of the tunnel under Highway 99 as a means of checking for inadvertent over excavation.  A large increase in spoils weights could indicate creation of a void around the tunnel.
· The design casing diameter of 36 inches allows for a) hand removal of obstructions (e.g. rocks and oversize debris in the old highway fill) from within the steel casing and b) contact grouting of the overcut annular space from within the steel casing.

· Overcut banding on the 36-inch steel casing was limited to 3/8-inch to minimize systemic settlement.

· Full and continuous lubrication of the tunnel overcut was required to minimize systemic settlement.

· Retraction of augers was required to form a soil plug (one casing diameter in length) in the lead casing to minimize tunnel face loss and resultant large-scale settlement (this requirement could be relaxed if the Contractor demonstrated firm and stable ground conditions at the tunnel face).

· Did not allow removal of augers for grade checks under the Highway 99 travel lanes to protect travel lanes from unexpected face loss and resultant large-scale settlements if settlement was observed in first 100 feet of tunnel.

· Installed and monitored all geotechnical instrumentation including surface settlement monitoring points per CalTrans’ requirements, subsurface settlement monitoring points and utility monitoring points with particular emphasis on the three subsurface settlement monuments in the first 100 feet of tunnel to project settlements to be expected under the northbound Highway 99.
· Required immediate contact grouting of the 36-inch steel casing overcut annular space to minimize systemic settlement and fill any voids over the casing caused by inadvertent over excavation.

[image: image5]Figure 5.  Subsurface settlement monitoring points and utility monitoring point
With the above requirements for 3/8-inch overcut banding on the steel casing and full and continuous lubrication of the overcut annular space, the calculated systemic settlement for the 36-inch casing with 5 feet of cover was 0.35 inches to 0.50 inches.  
3.
Permitting PRocess
Crossing under Highway 99 required that the project obtain a utility encroachment permit from CalTrans.  The project followed the guidance of CalTrans’ 2013 revision of the Encroachment Permit Manual (Permit Manual), Section 600.  The Permit Manual required that the soil structure be suitable for bore and jack crossings but also discussed general minimum cover depths ranging from 36 to 48 inches depending on utility type.
Several recent bore and jack crossings of CalTrans highways had been problematic, with one requiring the closure of one side of Interstate 5 for excavating and rebuilding the pavement section due to excessive settlement.  CalTrans’ initial response to the proposed 60 inches minimum cover of the crossing design was to increase the depth of the crossing to 15 feet minimum, the minimum cover requirement for horizontal directional drilling.  This would require the new undercrossing to be constructed as an inverted siphon, an option that would not work well due to the limited driving head of the flat sewer and would be a maintenance burden on the City.
The proposed mitigation measures to avoid excessive settlement were discussed with CalTrans in a face to face meeting with the City and design team. This helped to drive home the message that it was in the best interest of all parties to have a successful project and the City and design team had put in place the project controls necessary to achieve this.  Ultimately, the mitigation measures and the design team’s efforts to communicate with CalTrans were the basis of approval of the undercrossing with only 5 feet of cover above the steel casing under the north bound lanes of Highway 99.

4.
Construction
Construction of the project as discussed with CalTrans required that the mitigation measures be followed diligently during construction.  This required that the mitigation measures be very clearly communicated in the project documents including action levels for monitoring activities and resulting contractor actions.
Adding an additional check, the City elected to have a member of the design team on-site during the boring operation to provide real time review of monitoring results and observation of the work.  This allowed immediate feedback to the City if undesirable impacts were to occur such as excessive tunnel spoils or observed movement of settlement monitors.  The general construction observations included:
· Spoil weight monitoring

· Spoils observation

· Settlement monitor survey review

Spoils Weight
Monitoring the spoils weights involved checking the actual weight of spoils against the theoretical weight of the tunnel and looking for significant changes in the average weight per unit length of tunnel.  Spoil weights exceeding the theoretical weight or sharp increases in the average weight could be indicative of overmining of soil and creation of a large void outside the tunnel casing.
The spoils were removed from the jacking shaft using a crane with a clam shell bucket.  Each bucket was weighed using the crane’s scale giving a weighted to the nearest 100 lbs.  While ultimately successful, the theoretical observations had to be adapted to the realities of construction.  Figure 6 shows the average observed spoils weights for different portions of the tunnel and shows how this changed for different portions of the project.  The average spoils weights were lower as the tunnel was getting started due to spoils filling in the voids around the jacking frame and not being completely removed from the shaft.  Additionally, the spoils weights observed for each 20-foot length of casing installed varied based on several factors including:

· The extent the crew removed the spoils (i.e. did they leave any behind or remove leftover spoils from the previous casing section installed)
· Buildup of spoils in the casing and augers.  For example, if the augers were removed completely for grade checks, the spoils would have to fill the voids in the casing prior to making their way to the shaft.  Therefore, not all spoils would be removed immediately.

Ultimately, a running average was used to account for the variations in spoils removed from the casing.  In future projects, additional requirements for spoils removal could be used to obtain more consistent and accurate spoils removal and weights, though this would likely take additional time and add some cost to the project.
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Figure 6.  Average Spoils Weights

Spoils observations

Observation of the spoils texture and cohesiveness also played a role in the construction monitoring.  The soil was observed visually when discharged from the boring machine for characteristics such as clumping and clods indicative of a more cohesive soil or a running behavior indicative of clean less cohesive sands.  Once the spoils were removed from the jacking shaft, the soil texter was observed to determine if it was silty, clayey, or sand, and the cohesiveness was checked by squeezing the material by hand as shown in Figure 7.  Though not official tests, this provided an idea of how the face of the tunnel may be performing.
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Figure 7.  Spoils material was checked for cohesiveness by squeezing in hand. Raw spoils
(left) vs. compressed spoils by squeezing (right).

Settlement Monitor Surveys
The settlement monitors were surveyed every two hours during boring operations as required by CalTrans to monitor for signs of settlement.  If movement reaching specified action levels were observed during these surveys, work would have immediately stopped until the cause could be identified and remedied.  If action levels were not reached, survey results would be reviewed daily.
Construction Results
The soil conditions observed during construction were very favorable with the ground being mainly stiff silty material that did not run.  This resulted in a tunnel face that stood vertical and required the cutter to be moved to the front of the casing to progress the bore.  The tunnel face was observed when the augers were removed for line and grade checks as shown in Figure 8.
Little to no movement was observed on the settlement monitors and the contact grouting used less grout than the theoretical overcut volume, indicated that there was a minimal void around the casing and that over-excavation or mining of material had not occurred.  Though soil conditions turned out to be more favorable than predicted and no concerning construction monitoring results were observed, the design team believes the mitigations put into place on the project were worth the extra effort and would be worth doing again given a project with similar potential challenges.
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Figure 8.  Vertical tunnel face in stiff silty material observed during grade checks.  Note the circular teeth marks from the cutter head and the laser for the grade check.
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