PILOT TUBE MICROTUNNELING

PART I - GENERAL

1.1
Summary

A.
Definition - Pilot Tube Microtunneling shall be defined as an alternate microtunneling system for sizes 8” through 18” and larger nominal internal diameter pipe. This system is a two or three stage system, which allows both trenchless guided installations of house connection sewers as well as accurate direct jacking of mainline collection sewer pipes without use of casing a permanently installed casing. The Pilot Tube Microtunneling boring machine uses a remote controlled, laser or theodolite guidance system to maintain specified line and grade, a jacking system is used for thrust and mechanical drive which creates torque to both the pilot tube and the augers used for spoil removal.

B.
Contractor Responsibility

1.
The Contractor shall examine the geotechnical report and borings and obtain additional information as required to assure that the system provided will be capable of operating successfully given groundwater conditions, soil type, potential for obstructions and all geotechnical parameters pertinent to this type of microtunneling. Geotechnical information provided by the owner shall be relied upon by the contractor for determination of means and methods selected by contractor for bidding purposes.

2.
When using this method of construction, the Contractor shall be responsible for the orderly and timely progression of work. If obstructions with a maximum lateral dimension of less than one foot are encountered, the Contractor shall be capable of advancing past said obstructions either by this method or by open trench method. No additional compensation shall be provided for such work.

3.
Sewer pipe used on this project within the defined limits of work for Pilot Tube Microtunneling shall be designed by the Contractor’s Professional Engineer. See Part II for design criteria. The pipe manufacturer’s engineer is acceptable.

4.
Design of vertical shafts, excavations and all other features as required to provide the completed pipe installation.

1.2
Limits of Work - Pilot Tube Microtunneling will be defined pursuant to the Plans and Drawings

1.3. Contract Method

1.4
Design and Performance Requirements

A.
Pilot Tube Microtunneling Machine - The system utilized shall be either a two phase system or a three phase system as described below and shall consist but not be limited to the major components listed below.

1.
Major Components

a.
Line and Grade Control System - The control system shall include but not be limited to a theodolite, lighted target, camera, and monitor screen.

b.
Jacking Frame - The jacking frame shall possess adequate strength to advance the pilot tube, the enlargement casing and the string of product pipe from the drive shaft to the receiver shaft. The jacking force shall be easily regulated down to the safe working load rating of the pipe. The frame shall develop a uniform distribution of jacking forces on the end of the pipe. The auger motor shall possess adequate torque to steer the pilot tube and adequate torque and speed to effectively auger the excavated material from the face of the bore to the drive shaft.

c.
Pilot Tube - The pilot tubes shall be constructed of steel in rigid but short sections to accommodate the small drive and receiver shafts. The tubes shall rigidly connect to each other, the steering tip and the enlargement casing and have a clear inside diameter large enough to adequately view the lighted target. The tubes shall withstand the torque encountered in the steering process.

d.
Enlargement Casing - The enlargement casing shall be constructed of steel to a diameter just larger then the product pipe and have a leading connection compatible with the pilot tube. The leading face of the casing shall possess several large openings for the soil to enter as it advances along the proposed alignment. An internal auger chamber shall funnel the excavated material into the temporary full diameter casings of the Three-Phase Process or into the internal auger casings of the Two-Phase Process. Structural members shall connect the leading edge of the casing to the pilot tube connections.

e.
Soil Transportation System - The soil transportation system shall consist of an auger train operating inside the full diameter temporary steel casings of the Three-Phase System and an internal casing and auger train operating inside the product pipe. The internal casings of the Two-Phase Process shall be manufactured to minimize leakage of the excavated material into the product pipe.

f.
Soil Removal - A soil removal system shall be provided to safely remove the excavated material from the drive shaft to the surface.

g.
Hydraulic Power Unit - The hydraulic power unit shall rest on the surface and be connected to the jacking frame by hoses. The unit shall meet all applicable noise standards.

h.
Lubrication System - A lubrication system shall be employed to minimize pipe friction to insure that pipe can be installed from the drive shaft to the receiver shaft within the safe working load rating of the pipe. The system may also be required to minimize the torque required to transport the excavated material to the drive shaft.

i.
Monitoring equipment shall be provided capable of continuously monitoring:

i.
The jacking pressure and advancement of the boring head.

ii.
Deviation of the pilot tube microtunneling machine.

iii.
Indication of the steering head.

2.
Three Phase System

Phase 1 -  A rigid steel pilot tube in approximately one-meter lengths shall be installed through the ground from the drive shaft to the receiver shaft by earth displacement with the microtunnel-jacking frame. The alignment of the pilot tube shall be established with a theodolite mounted at the rear of the drive shaft and accurately set to the desired line and grade. The theodolite shall view a lighted target in the lead or steering pilot tube. A camera shall be fitted to the theodolite and shall transmit the image of the crosshair and the target onto a monitor screen to be viewed in the drive shaft by the operator. As the operator advances the pilot tube through the earth the center of the target will drift from the crosshair as a result of the biased or slanted leading tip of the pilot tube. The operator shall rotate the pilot tube as require to orient the slanted steering tip toward the crosshair and continue to advance the pilot tube until it reaches the receiver shaft.

Phase 2 - An enlargement casing with an outside diameter up to 1” larger than the product pipe shall be rigidly connected to the final pilot tube and advanced into the earth behind the pilot tube. An auger shall be used inside the enlargement casing to remove the material being excavated. The auger shall be contained inside the limits of the enlargement casing as it progresses along the proposed alignment. A train of temporary steel casings with an outside diameter very similar to the enlargement casing and used to move the enlargement casing from the drive shaft to the receiver shaft. The enlargement casing will cut a borehole from the drive shaft to the receiver shaft and the temporary casings will case the hole as it is cut. Each temporary casing shall be fitted with an internal auger to transport the excavated material to the receiver shaft where it shall be removed from the shaft and disposed of at an approved location. The pilot tubes shall be recovered in the receiver shaft as the temporary casings are installed.

Phase 3 - The product pipe shall then be installed directly behind the

temporary casing pipe with the jacking frame. The casing pipes and augers shall be recovered in the receiver shaft as the product pipe is installed.

3.
Two Phase System

Phase 1 - The pilot tube shall be installed in the same manner described above.

Phase 2 - The enlargement casing shall be installed in the same manner described in Phase 2 of the Three-Phase System. Each product pipe shall be fitted with an internal protective-casing pipe to house the auger and prevent damage to the product pipe. The product pipe shall be installed directly behind the enlargement casing with the internal casing rigidly connected to the auger chamber of the enlargement casing. The internal casing shall be manufactured such that the excavated material does not leak excessively into the product pipe. The internal casing shall be fitted with a protective shoe to protect the product pipe from damage and to support the casing and auger at the centerline of the pipe. The product pipe shall be advanced along the proposed alignment with the jacking frame thus progressing the enlargement casing from the drive shaft to the receiver shaft with the pilot tubes being recovered in the receiver shaft. The excavated material shall be funneled into and conveyed through the internal casing to the drive shaft where it shall be removed from the shaft and disposed of at an approved location. Upon reaching the receiver shaft the enlargement easing shall be removed and the internal casings and augers refracted and recovered at the drive shaft.

B.
Drive and Receiving Shafts - Shafts diameter shall be minimized however shall be commensurate with safe working practices. Shafts shall be located at manhole locations and elsewhere as approved by the Engineer. The Contractor shall provide equipment as required to keep the shafts free of flowing or standing water while in use. The groundwater control system shall not result in a loss of fines for the soil surrounding the shaft. The Contractor shall assess during the design phase if the lowering of the groundwater in the vicinity of the shafts will have unacceptable impacts and if so shall preclude the lowering of the groundwater table. Groundwater may be disposed of into the combined sewer or as directed by the Engineer. Design. and construction technique for drive and receiving shafts shall be the responsibility of the Contractor and, shall be in compliance with all applicable requirements. The Owner shall assume no responsibility for shaft design and or construction. Shaft design shall include all devices required for safe working conditions and shall be in compliance with OSHA and State requirements. The Contractor shall make provisions to prevent groundwater, if present, from flowing along the pipe into the shaft and prevent pipe lubricant from escaping into the shaft.

C.
Grade and Alignment Requirements - Acceptance criteria for the installed sewer pipe shall be +/- 1 inch from design grade at any location and +/- 3 inch from design alignment at any location. Multiply deviations from line or grade such as minus 1 inch from design grade at a downstream manhole to plus 1 inch at the next upstream manhole will not be acceptable. To assure that acceptable grade is achieved the installed pipe must be capable of meeting the design flow and velocities for a full pipe condition as specified in Recommended Standards for Wastewater Facilities, 1990 Edition, as prepared as A Report of the Wastewater Committee of the Great Lakes - Upper Mississippi River Board of State Public Health and Environmental Managers. Excessive steering should be avoided. Steering correction when required should not exceed 1” in 250”.

D.
Tunneling Overcut - The over cut of the enlargement casing shall be limited to no more than 1” of the diameter of the product pipe to be installed.

E.
Ground Movement -

1.
The machine shall provide full support to the tunnel without the use of ground stabilization or other ground support techniques to allow the installation of the sewer line.

2.
Drive and receiving shafts shall be designed in a manner to preclude settlement of the adjacent areas.

3.
Settlement of the ground surface along the centerline of the gravity sewer during and after construction shall not exceed 0.5 inch.

4.
Repair of ground losses and or damage to structures due to ground losses that are a result of the pilot tube microtunneling operation shall be the responsibility of the Contractor.

5.
Repair of voids created during the pilot tube microtunneling operation shall be the responsibility of the Contractor. A plan of repair shall be prepared by the Contractor for review and approval by the Engineer.

6.
Voids greater than 0.5” beneath pavement shall be filled with a soil slurry mix approved by the Engineer.

F.
Thrust blocks design including the establishment of allowable thrust load is the responsibility of the Contractor and shall provide a minimum factor of safety of three. Thrust blocks shall be designed to distribute loads into the ground in a uniform manner and shall not impart excessive loads on the shaft itself or cause the jacking frame to become misaligned. Special requirements to achieve general thrust block requirements shall be the responsibility of the Contractor.

1.5
 Contractor Qualifications -

To qualify as a bidder on this project the Contractor shall as a minimum meet one of the following criteria:

A.
Successfully completed 3000 feet or 10 drives of pilot tube microtunneling using the type of equipment to be used or

B.
Meet both of the following criteria:

1.
Provide a representative of the manufacturer of the pilot tube microtunneling machine being used by the Contractor whose level of experience in pilot tube microtunneling is acceptable to the Engineer ands

2.
Provide an operator with a minimum of 3000 feet or 10 drives of successful pilot tube microtunneling installation using the equipment to be used who will be in direct supervision of the pilot tube microtunneling operation at all times.

1.6
 Submittals

A.
The Engineer will base the review of submitted details and data with consideration of requirements necessary for the completed work, including utility conflicts, and the possibility of unnecessary delays in the execution of the work to be constructed under this contract. The review of the submittals will not be to check the adequacy of design of the pilot tube microtunneling system, which is the responsibility of the Contractor, but to confirm that the items requested have been considered in developing the design. Review and acceptance of the Contractor submittals by the Engineer shall not be construed in any way as relieving the Contractor of his responsibilities under this contract. Such review by the Engineer shall not be construed by the Contractor as an endorsement by the Engineer that such methods are constructible or will work for the specific subsurface soils encountered.

B.
Submit for review a complete work plan including drawings showing details of the proposed method of construction. Include written descriptions as necessary to clearly indicate the manner in which the sewer installation will be performed including the sequence of work. Show the location of working shafts, including method of excavation, shoring and bracing, and dewatering techniques that are proposed to be used. The following is not intended to limit, but to provide the minimum of details, which must be included:

1.
A quality control plan that includes at a minimum how supervision of installation shall be accomplished and procedures for assuring line and grade requirements are meet. Include forms to be used to determine work progress.

2.
Manufacturer’s literature describing in detail the microtunneling system to be used. Include the method of controlling line and grade of the Pilot Tube Microtunneling Machine and details of the pipe installation. Detailed description of projects on which this system has been successful used, including the names, addresses and telephone numbers of owner’s representative for these projects.

3.
Method of spoils removal including surface storage and disposal

4.
Method of controlling groundwater at the shafts at by the microtunneling machine.

5.
Shaft dimensions, locations, surface construction, profile, and depth, method of excavation, and shoring and bracing.

6.

Shaft backfill material.

7.

Safety plan for shafts. Include details for security fences and shaft covers.

8.

Pavement removal and replacement plan.

9.

Thrust block design. Include materials to be used.

10. 
Schedule of work.

11. 
The manner in which the annular space will be filled.

12. 
Forms for air testing using ASTM C828-98 Standard Test Method for Low-Pressure Air Test of Vitrified Clay Pipe Lines.

13. 
Manufacturer’s literature on type of sewer pipe to be used and type of joints.

14. 
Pipe submittal should include Manufacturer’s literature describing the microtunneling pipe, indicating allowable safe jacking loads with the designated safety factor. Anticipated jacking loads include the manner in which the anticipated jacking loads were generated. Provide details of pipe compression rings to safely distribute jacking forces and instructions on storage, handling, transporting and installation requirements. Design calculations prepared by the Contractor’s Engineer and stamped by a

Professional Engineer. Contractor may employ pipe Manufacturer for pipe design. Provide verification by the Manufacturer that the pipe complies with the design.

15.
Contractors Contingency Plan COMPLETE

16.
Miscellaneous materials to be used on the job.

17.
Plan for monitoring ground movement.

C.
Structural designs and other engineered components shall be signed and sealed by a Professional Engineer.

D.
Experience Record as required in Part 1.5 Contractor’s Qualifications. Include name and experience record of superintendent, location of prior work performed including number of feet installed and pipe size, contact names and telephone numbers of Owner’s representatives and name and experience record of PTMM operator.

E.
Such other information as the Engineer may request.

PART II- PRODUCTS

A.
Pipe - The sewer pipe and pipe joints to be used on this project shall be designed and selected by the Contractor’s Engineer and verified to withstand all loads the pipe will experience. Pipe selection is to be selected based on sanitary sewage use, and all loads that will be induced on the pipe. Pipe selected shall have a factor of safety of three (3).

Design of pipes shall include but not be limited to:

1.
In-use loads for the project design life, which shall be defined as having a demonstrated life of 100 years. The in-use loads include but are not necessarily limited to internal operating, transient, and test pressures, soil overburden, surface loads, and external static water head. AASHTO H-20 shall be used for live load in roadway areas.

2.
Installation loads include but are not limited to jacking forces, external pressure from groundwater, soil loads, surface loads, and annular space lubrication injection.

3.
Drive length, pipe length, pipe mechanical properties and quality control provided during manufacture of pipe.

4.
Provisions for protecting the driving end and intermediated points of the pipe.

B.
Lubricant shall be selected by the Contractor to achieve successful installation of the pipe system. Any additives used should meet NSF Standard 060.

C.
Minimum pipe sizes are shown on the plan set. Up sizing pipe sizes to accommodate the Contractor’s operation will be considered by the Owner. No increase in pipe sizing is permitted without written approval of Owner. No additional compensation shall be paid to the Contractor for such increase of pipe size or any additional work that might be associated with this up sizing.

D.
Packing rings (cushion and or gasket buffer) shall be as recommended by the pipe manufacturer.

PART III - EXECUTION

A.
Methods of construction for the shafts, jacking pits, or other components of the construction shall be such as to ensure the safety of the work, Contractor’s employees, the public and adjacent property, whether public or private. All damage to property shall be restored to equal or better condition than prior to construction.

B.
Selection of an excavation technique, excavation support system, and dewatering system is the contractor’s responsibility. The Contractor is responsible to ensure all excavations are in compliance with all Federal State and Local regulations.

C.
All excavations shall be adequately ventilated. Air monitoring of the shafts or pits shall be conducted on a continuous basis.

D.
All work of excavation, shoring and bracing and tunneling shall be so executed that settlement is minimized.

E.
Before beginning construction at any location, the contractor must adequately protect existing structures, utilities, trees, shrubs and other permanent objects.

The repair of or compensation for damage to permanent facilities due to negligence for lack of adequate protection on the part of the Contractor will be at no cost to the City.

F.
The Contractor shall provide surface drainage during the period of construction to protect the work and to avoid nuisance to adjoining property and to assure that surface runoff does not enter the entrance or exit shafts.

G.
The Contractor shall conduct his operations is such a fashion that trucks and other equipment does not create a dirt nuisance in the streets. The Contractor shall immediately remove and dispose of any spillage or excess dirt on the roadway.

H.
Blasting will not be permitted.

I.
The tunnel machine operator shall be fully trained on other tunneling projects on the use of the machinery on this project or at all times be under the direct supervision of a fully trained and designated operator.

J.
The machine shall be operated so as to prevent either surface heave or loss of ground during tunneling and shall be steerable to maintain line and grade within the tolerances specified.

K.
The thrust reaction backstop shall be properly designed and constructed. The backstop shall be normal to the proposed pipe alignment. The thrust wall shall be designed to support the maximum obtainable jacking pressure developed by the main jacking system and shall include a safety factor. Failure of the thrust block system and any corrective action required shall be the responsibility of the Contractor.

L.
The pipe shall be jacked in place without damaging the pipe joints or completed pipe section. Any pipe, which has been damaged during installation, shall. be replace by the Contractor at no additional cost to the Owner.

M.
All excavated material from the tunnel and shaft construction shall be disposed of away from the construction site. No stockpiling of material on the job-site will be permitted. Material shall be removed at regular intervals not exceeding 48 hours.

N.
The Contractor shall monitor all ground movements associated with the work and maintain these within permissible tolerances. A baseline survey shall be prepared by the Owner prior to undertaking the tunneling work.

0. Work hours will be per City of Omaha ordinance unless otherwise approved by the Engineer.

PART IV - TESTING

After the completion of each line segment, before the jacking frame has been removed, each completed drive section shall be low-pressure air tested in accordance with ASTM C 828, latest revision. In addition, Contractor shall televise all lines and a copy of the videotape provided to the Engineer. All acceptance testing shall be completed prior to the removal of the jacking frame.

