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	02320 Directional Boring rev2.pdf
	SECTION 02320 
	DIRECTIONAL BORING 
	1.1 SUMMARY 
	A. Section Includes: 
	1. Procedural requirements for directional boring. 
	2. Quality Assurance while directional boring. 
	3. Submittals required prior to start of work. 
	4. Data collection for development of Record Drawings. 

	B. Measurement and Payment: 
	1. Unit Cost. Work performed during directional boring shall be paid on a lineal foot of installed piping basis in accordance with the Measurement and Payment. 


	1.2 DEFINITIONS 
	A. Submittal for Review: 
	1. Submittal for OWNER'S designated representative's review in accordance with requirements of Submittals. 

	B. Submittal for Record: 
	1. Submittal for inclusion into OWNER'S records and construction certification documents prior to substantial completion. 


	1.3 WORK INCLUDED 
	A. The work specified in this section consists of furnishing and installing an underground high density polyethylene pipe for landfill gas transmission using the horizontal directional drilling (HDD) method of installation, also commonly referred to as directional boring or guided horizontal boring. This work shall include all services, equipment, materials, and labor for the complete and proper installation, testing, and providing a record profile of the installation as recorded at the bore machine. 

	1.4 QUALITY ASSURANCE 
	A. The requirements set forth in this document specify a wide range of procedural precautions necessary to insure that the very basic, essential aspects of a proper directional bore installation are adequately controlled. Strict adherence shall be required under specifically covered conditions outlined in this specification. Adherence to the specifications contained herein, or the ENGINEER'S approval of any aspect of any directional bore operation covered by this specification, shall in no way relieve the CONTRACTOR of their ultimate responsibility for the satisfactory completion of the work authorized under the Contract. 

	1.5 SUBMITTALS 
	A. Work Plan 
	1. Prior to beginning work, the CONTRACTOR must submit to the ENGINEER a general work plan outlining the procedure and schedule to be used to execute the project. Plan should document the thoughtful planning required to successfully complete the project. 

	B. Equipment 
	1. CONTRACTOR will submit specifications on directional drilling equipment to be used to ensure that the equipment will be adequate to complete the project. Provide information on drilling rig, guidance system and calibration of radio receivers. Provide inventory of spare components (such as rods, pipe rollers) to ensure continuation of work in the event of damage or malfunction of Equipment. 

	C. Materials 
	1. Specifications on material to be used shall be submitted to ENGINEER. Material shall include the pipe, fittings, drilling fluid mix design (water, Bentonite, and any polymer or additives); water PH used in the fluid mix design and any other item which is to be an installed component of the project. 

	D. Personnel 
	1. Documentation of training and relevant experience of personnel shall be submitted 


	2.1 GENERAL EQUIPMENT 
	A. The directional drilling equipment shall consist of a directional drilling rig of sufficient capacity to perform the bore, reaming, and pullback the pipe for the intended drill length; a drilling fluid mixing & delivery system of sufficient capacity to successfully complete the drill length; a guidance system to accurately guide boring operations and trained and competent personnel to operate the system. All equipment shall be in good, safe operating condition with sufficient supplies, materials, and spare parts on hand to maintain the system in good working order for the duration of this project. 

	2.2 BORING SYSTEM 
	A. Boring Rig 
	1. The directional drilling machine shall consist of a hydraulically powered system to rotate, push and pull hollow drill pipe into the ground at a variable angle while delivering a pressurized fluid mixture to a guidable drill (bore) head. The machine shall be of sufficient capacity and anchored to the ground to withstand the pulling, pushing and rotating pressure required to complete the drill length. The hydraulic power system shall be self-contained with sufficient pressure and volume to power drilling operations. Hydraulic system shall be free of leaks. Rig shall have a system to monitor and record maximum pull-back pressure during pull-back options to prevent damaging the bored hole and damage to the product pipe pulled into the hole. 

	B. Bore Head 
	1. The bore head shall be steered by changing its rotation and shall provide the necessary cutting surfaces and boring fluid jets. 

	C. Mud Motors (if required): 
	1. Mud motors shall be of adequate power to turn the required boring tools 

	D. Drill Pipe 
	1. Drill Pipe shall be constructed of high quality 4130 seamless tubing, grade D or better, with threaded box and pins.  Tool joints should be hardened to 32-36 RC. Drill pipe shall be of sufficient grade for the proposed work. 


	2.3 GUIDANCE SYSTEM 
	A. An electronic (walkover or non-walkover) tracking system shall be used to provide a continuous and accurate determination of the location of the drill head during the drilling operation. The guidance system shall be capable of tracking at all depths up to fifty feet and in any soil condition. It shall enable the driller to guide the drill head by providing immediate information on the tool face, azimuth (horizontal direction), and inclination (vertical direction). The guidance system shall be accurate and calibrated to manufacturer's specifications of the vertical depth of the borehole at sensing position; at depths up to fifty feet and accurate to 2 feet horizontally on either side of the borehole. 
	B. The guidance system shall be of a proven type utilizing current technology and shall be setup and operated by personnel trained and experienced with the system. The receiver shall translate the radio signal into depth and alignment.  The technician performing tracking shall utilize this information and relay the information to the bore rig operator to make the necessary pitch and alignment adjustments at the designated intervals provided herein.  CONTRACTOR shall submit a copy of manufacturer's information for transmitter and receiver. 

	2.4 BORING FLUID (MUD) SYSTEM 
	A. Mixing System 
	1. Mixing System: A self-contained closed, drilling fluid mixing system shall be of sufficient size to mix and deliver drilling fluid composed of bentonite clay, potable water and appropriate additives. 
	2. Mixing system shall he able to molecularly shear individual bentonite particles from the dry powder and to avoid clumping and ensure thorough mixing.  The drilling fluid reservoir tack shall be a minimum of 1,000 gallons.  Mixing system shall continually agitate the drilling fluid during drilling operations. 

	B. Drilling Fluids: 
	1. Drilling fluid shall be composed of clean water and bentonite clay. Water shall be from an authorized source with a pH of 8.5 -10. Water of a lower pH or with excessive calcium shall be treated with the appropriate amount of sodium carbonate or equal. No additional material may be used in drilling fluid without prior approval from the ENGINEER. The bentonite mixture used shall have the minimum viscosities as measured by a March funnel: 
	 Rocky Clay  60 seconds
	 Hard Clay  40 seconds
	 Soft Clay  45 seconds
	 Sandy Clay  90 seconds
	 Stable Sand  80 seconds
	 Loose Sand  110 seconds
	 Wet Sand  110 seconds
	These viscosities may be varied to best fit the soil conditions encountered, or as approved by the ENGINEER. Operator may recommend and/or request alternate viscosities to ENGINEER based upon the results of soil borings or observed field conditions. 

	C. Delivery System: 
	1. The mud pumping system shall have a minimum capacity of 35-500 GPM and the capability of delivering the drilling fluid at a constant minimum pressure of 1200 psi. The delivery system shall have filters in-line to prevent solids from being pumped into drill pipe. Used drilling fluid and drilling fluid spilled during operations shall be contained and shall be removed. 


	2.5 OTHER EQUIPMENT 
	A. Pipe Rollers: 
	1. Pipe rollers shall be used for pipe assembly during final product pull-back. 
	Restrictions: Other devices such as Hydraulic or pneumatic pipe rammers may only be used if necessary and with the authorization of the ENGINEER prior to commencement of the work. Consideration for approval will be made on an individual basis for each specified location. The proposed device or system will be evaluated without undo stoppage and maintain line and grade within the tolerances prescribed by the particular conditions of the project. 


	2.6 CONTRACTOR QUALIFICATIONS AND PERSONNEL 
	A. CONTRACTOR Qualifications  
	1. All directional drilling operations shall be performed by a qualified directional drilling CONTRACTOR with at least (5) years experience involving work of a similar nature to the work required of this project. 
	2. All personnel shall be fully trained in their respective duties as part of the directional drilling crew, and in safety. Each person must have at least two years directional drilling experience. 
	3. A competent and experienced supervisor representing the CONTRACTOR shall be present at all times during the actual drilling operations. The responsible representative who is thoroughly familiar with the equipment and type of work to be performed must be in direct charge and control of the operation at all times. In all cases, the supervisor must be continually present at the job site during the actual Directional Bore operation. The CONTRACTOR shall have a sufficient number of competent workers on the job at all times to insure the Directional Bore is made in a timely and satisfactory manner.  


	3.1 HIGH DENSITY POLYETHYLENE (HDPE) PIPE  
	A. HDPE PIPE
	1. The pipe material shall be high density (PE3408 or approved equal). Material shall meet the specifications of ASTM D3350 with a cell classification of PE: 345434C. Pipe shall have a manufacturing standard of ASTM D2513. Pipe shall be of the SDR as provided in the project drawings and/or specifications.  
	2. Pipe to be butt fuse welded into one continuous length prior to pullback operations, and pipe shall be inspected prior to pullback for damage, gouges, or other deleterious imperfections of the pipe outer wall.  
	3. CONTRACTOR to be diligent in regards to removing pipe shavings from the pipe.  

	B. HDPE PIPE FITTINGS  
	1. Polyethylene fittings shall be made from material meeting the same pressure requirements or greater as the pipe.  Fittings shall be PE3408 (or approved equal) HDPE, Cell Classification of 345434C as determined by ASTM D3350.  Butt fittings shall have a manufacturing standard of ASTM D3261.  Molded & fabricated fittings shall have the same or greater pressure rating as the pipe.  
	2. Electrofusion fittings shall be PE3408 (or approved equal) HDPE, Cell Classifications of 345434C as determined by ASTM D3350.  Electrofusion fittings shall have a manufacturing standard of ASTM F-1055.  Fittings shall have the same or greater pressure rating as the pipe.  
	3. Flanged and Mechanical Joint Adapters shall be PE3408 (or approved equal) HDPE, Cell Classification of 345434C as determined by ASTM D3350-99. Flanged and mechanical joint adapters shall have a manufacturing standard of ASTM D-326 1. Fittings shall have the same or greater pressure rating as the pipe.  

	C. HDPE BUTT FUSION PROCESS 
	1. Prequalification of operators shall be required by ENGINEER.  The requirements for the prequalification are presented in the Construction Quality Assurance (CQA) Plan.
	2. For pipe sizes 6" and larger of IPS or DIPS, hydraulic fusion machines shall be used. For pipe sizes smaller than 6" IPS manually operated equipment may be used. The butt fusion process shall be also used for fittings, the location of which is shown on the drawings. Hydraulic fusion machines shall be fully equipped with controls for setting pressures for facing, heating and fusing. 


	4.1 BORING PROCEDURES 
	A. Preconstruction Meeting 
	1. Prior to boring, a preconstruction meeting shall be held with the CONTRACTOR, OWNER, OWNER'S Surveyor, OWNER's ENGINEER and OWNER's CQA representatives to discuss the project requirements. The purpose of the meeting is to discuss the limitations of the equipment to hold line and grade and methods to be followed during boring to provide, to the greatest extent possible, a final installed product that conforms to the lines and grade intent of the drawings while ensuring the structural integrity of the borehole. 
	2. CONTRACTOR shall provide at the meeting a description of equipment to perform the work and provide information regarding equipment pull-back capabilities, bore head transmitter and receiver accuracy to monitor drill path and depth. CONTRACTOR selected shall have equipment that is capable of providing a profile printout of the entire path of the pilot hole bored. Limitations of the equipment to maintain grade precision shall be discussed and methods and monitoring that may be performed to improve both the structural integrity and precision of the bore path. 

	B. Site Preparation
	1. Prior to any alterations to work-site, contractor shall photograph or video tape entire work area, including entry and exit points. One copy of which shall be given to ENGINEER and one copy to remain with CONTRACTOR for a period of one year following the completion of the project.  
	2. Work site as indicated on drawings, within right-of-way, shall be graded or ﬁlled to provide a level working area. No alterations beyond what is required for operations are to be made. CONTRACTOR shall confine all activities to designated work areas. 

	C. Survey Layout and Bore Monitoring Schedule Preparation 
	1. OWNER will stake and grade, at 20 feet intervals, the proposed bore alignment and existing ground elevation at the stake. The 20 feet staked interval is the incremental bore length segment in which the pilot hole tubing grade and alignment will be verified for record of construction. The interval was chosen to monitor the pipe grade following the installation of standard 20 feet lengths of drill pipe tubing. If the pilot drill pipe tubing is in a different length, an alternate monitoring length to match the drill pipe tubing will be considered. Each stake shall be marked with station and existing ground elevation in accordance with the alignment and profile provided in the drawings. The entry and exit stakes shall also be staked and graded at this time. 
	2. OWNER'S Surveyor will prepare a monitoring schedule in spreadsheet form, based upon the record ground grades along the staked alignment. The monitoring schedule shall provide the station, existing ground grade, and the depth the receiver should read to the proposed pilot hole tubing at each stake. A column will also be provided to record the horizontal offset from the stake in the field to the centerline of the pilot hole tubing. 

	D. Environmental Protection
	1. Contractor shall place silt fence between all boring operations and any drainage, wetland, waterway or other area designated for such protection by contract documents, state, federal and local regulations. Additional environmental protection necessary to contain any hydraulic or boring fluid spills shall be put in place, including berms, liners, turbidity curtains and other measures. Contractor shall adhere to all applicable environmental regulations. Fuel or oil may not be stored in bulk containers within 200’ of any water-body or wetland. 

	E. Utility Locates 
	1. Contactor shall notify all companies with underground utilities in the work area via the state or local “one-call” to obtain utility locates. Once the utilities have been located Contractor shall physically identify the exact location of the utilities by vacuum or hand excavation, when possible, in order to determine the actual location and path of any underground utilities which might be within 20 feet of the bore path. Contractor shall not commence boring operations until the location of all underground utilities within the work area have been veriﬁed.  

	F. Safety 
	1. Contractor shall adhere to all applicable state, federal and local safety regulations and all operations shall be conducted in a safe manner. Safety meetings shall be conducted at least weekly with a written record of attendance and topic submitted to Engineer.

	G. Boring and Monitoring Procedures 
	1. Boring segments shall be chosen to maximize the length of segments bored in a straight alignment to assist with the maintenance of line and grade along the pipe alignment. Continuous bore segments shall be limited to a maximum of 1000 ft. The purpose of limiting the bore length is to provide a true surveyed field verification of the pilot tubing grade; to minimize the stress on the pipe during pull-back and to improve the bore hole integrity by minimizing the length the drilling mud must be removed during reaming. 
	2. Locations where the pipe is desired to be directionally drilled through the curved section of the alignment, the hole shall be bored such that when the hole is reamed and pull-back of the pipe is performed, the pipe will be pulled through the curved portion of the boring in the direction that will impart the least amount of stress to the pipe during pullback and will maintain the greatest integrity of the borehole. 
	3. The precision of the receiver to detect and determine the depth to the transmitter on the bore head will be verified prior to entering the proposed borehole alignment. A minimum of two receivers shall be utilized to determine the calibration variance between receivers. Utilize the receiver depicting the greatest precision if a variance between units is observed. Maintain a backup receiver if possible on the jobsite in the event of problems with the selected receiver. 
	4. The location of the initial verification pit shall be chosen such that the bore rig is capable of achieving the proposed alignment and grade before the pit. Utilizing the survey information recorded at the verification pit, adjustments, if necessary, will be made to the pitch or alignment of the boring operation to be on grade and alignment at the first stake within the proposed bore alignment. 
	5. The CONTRACTOR'S Technician and OWNER's CQA representative will track the bore head alignment during boring between stakes to ensure alignment is being maintained. At each 20 feet staked interval, the depth to the bore head will be recorded and compared with the depth to design grade required on the monitoring schedule prepared by the OWNER'S surveyor. The operator shall have screen readout of the transmitter data from which to make necessary adjustments. 
	6. At each 20 ft. stake along the alignment a determination will be made to accept the grade and maintain the existing pitch; to accept the grade and alter the pitch of the boring to achieve grade at the next 20 ft. interval, or to pullback a distance and change the pitch and re-drill a portion of the segment to attempt to achieve the desired grade. If the bore head is trending in the direction of the desired grade and is generally ±0.5 ft of the design grade and the ±3.0 ft horizontally distance from the design pipe location, the grade and location will be accepted. 
	7. Upon completion of the pilot hole phase of the operation, a complete set of "as-built" records shall be submitted in duplicate to the OWNER and ENGINEER as logged at the bore rig. CQA shall also manually track data for record information at each stake. These records shall include copies of the plan and profile drawing, as well as directional survey reports as recorded during the drilling operation. 
	8. Upon completion and approval of the pilot hole location, the hole enlarging phase shall begin. The final hole enlargement shall not be exceed by more than 1.25 times the O.D. of the pipe. The CONTRACTOR may remove the outside weld bead around the HDPE pipe if desired to assist in pulling the pipe through the bore hole. Enlargement of the borehole greater than 25% will make the pipe more susceptible to buckling and collapse due to the future overburden loading of the proposed fill and should not be performed without approval from the ENGINEER. 
	9. The open bore hole may be stabilized by means of bentonite drilling slurry pumped through the inside diameter of the drill rod and through openings in the reamer. The drilling slurry must be in a homogenous/flowable state serving as an agent to carry the loose cuttings to the surface through the annulus of the borehole. In the event of refusal during either the drilling of pilot hole or reaming of the borehole, Contractor shall notify the ENGINEER.  ENGINEER may direct the CONTRACTOR to excavate and remove the obstruction. 
	10. Following completion of the bore hole the product pipe shall be pulled through the hole by means of a pulling eye attached to the lead joint of pipe. Once pull-back operations have commenced, operations must continue without interruption until pipe is completely pulled into bore hole.  During pull-back operations CONTRACTOR will not apply more than the maximum safe pipe pull pressure at any time. 
	11. In the event that pipe becomes stuck, CONTRACTOR will cease pulling operations to allow any potential hydro-lock to subside and will commence pulling operations. If pipe remains stuck, CONTRACTOR will notify ENGINEER.  ENGINEER and CONTRACTOR will discuss options and then work will proceed accordingly. 
	12. Fuse together sufficient length of pipe to enable pulling through at least 4% more pipe than the length of the pipe bored. Pipe length will adjust itself following pipe installation as a result of thermal changes in the pipe wall and the relief of stress from pull-back as the drilling fluid settles and fluid water is adsorbed by the soil. Providing 4% additional pipe length will prevent pipe from retracting back inside the newly reamed hole. 
	13. Monitor the drilling fluid return during drilling. In the event that a drilling fracture, inadvertent excess of returns, or a return loss occurs during pilot hole drilling operations, CONTRACTOR shall cease drilling, wait at least 30 minutes, inject a quantity of drilling fluid with a viscosity exceeding 120 seconds as measured by a March funnel and wait another 30 minutes. If mud fracture or returns loss continues, CONTRACTOR shall notify the ENGINEER and OWNER to discuss options before proceeding. 
	14. Utilize pipe rollers to assist with aligning pipe before being pulled into place. Do not drag pipe along ground surface before entering borehole. 
	15. Pipe grade and location verification
	a. Pipe grade and location shall be verified by excavation of verification pit at an interval no longer than 1000 ft.
	b. Before excavating the verification pit, record the depth to the pilot tubing being detected by the receivers at the proposed verification pit location. The ground grade will be surveyed at the detected bore head location and the receiver depth recordings obtained to the top of the pilot tubing. 
	c. If the pipe is ±0.5 ft vertically of the design grade and the ±3.0 ft horizontally distance from the design pipe location, the pipe grade and location will be accepted.
	d. Based upon the precision observed, the OWNER and OWNER'S ENGINEER will determine whether the maximum 1000 ft. bore segment should be reduced for the purpose of verifying line and grade. A maximum project bore length will then be established. 



	5.1 SITE RESTORATION
	A. Following boring operations, contractor will de-mobilize equipment and restore the work-site to original condition.  All excavations will be backfilled and compacted to 95% of original density. Landscaping will be restored to original.

	6.1 RECORD KEEPING
	A. CONTRACTOR shall maintain a daily project log of drilling operations and a guidance system log with a copy given to the ENGINEER at completion of the project CQA shall manually track both depth readings and calculated pilot pipe elevations with the monitoring schedule provided by the Owner's Surveyor. Owner's ENGINEER will utilize the CQA data to verify report provided by CONTRACTOR.  The CONTRACTOR shall furnish "as-built" plan and profile drawings based on these recordings showing the actual location horizontally and vertically of the installation. 







