SECTION 15515

Exterior Ground Loop Heat Exchangers
PART 1 – GENERAL

1.01 
DESCRIPTION

This section shall include providing exterior underground heat pump heat exchangers. The extent of ground heat exchanger work is indicated on the drawings and schedules, and by the requirements of this section. The buried heat exchangers consist of polyethylene heat fusion-joined piping formed into vertical or horizontal loops. [Designer Note:  If available, polybutylene may be used with approval of CM.] The loops are connected with prefabricated headers and prefabricated vertical heat exchanger U-bend assemblies. 
1.02 
RELATED WORK SPECIFIED ELSEWHERE

Refer to Division 1 for additional requirements applicable to the work. Also refer to sub-sections listed below.

A. Section 02200 – Earthwork.

B. Section 02225 – Trenching.

C. Section 03600 – Thermal-Enhanced Bentonite Grout.  

D. Section 15050 – Piping Systems.

E. Section 15072 – Cleaning.

F. Section 15073 – Pressure/Leak Testing.

G. Section 15110 – Geothermal Heat Pump and Loop Piping Systems (High Density Polyethylene) 

H. Section 15786 – Water Source Heat Pumps.

I. Section 15950 – Testing Adjusting and Balancing.

1.03 
WARRANTIES

A. Provide manufacturer's standard material warranty for HDPE piping loop. Provide installer’s 1-year warranty on the piping installation. 
1.04 
SUBMITTALS

A. For Approval:

1. Shop Drawings and Product Data - Submit shop drawings and manufacturers' technical product data for all utility systems specified including all piping and appurtenances.

2.  Include submittal for grout material and mix design.

3. Accurately record, on site plan, dimensioned "as built" drawing showing depth and location of horizontal piping and location of each bore, hole, measured from permanent fixture such as corner of building, fire hydrant, etc.

4. Certificates and Test Reports - Provide manufacturers' certificates of compliance (COC) and/or testing reports for pipes, tubing, U-bend heat exchangers, and appurtenances. Submit for review and approval prior to commencement of any pipe or loop installation.  [Designer Note:  The COC’s may be omitted at the discretion of the Owner.] 

5. Provide Installing Contractor's and Thermal Fusion Technician's records of qualification and related job experience.

6. Submit manufacturer’s technical data on fusion machine to be used in fabricating the ground heat exchanger.

7. Copies of applicable pages from County SCS Survey. [Designer Note: GIS related information may also be requested .] 

8. Loop pressure test procedures and results.  Procedures shall be approved prior to commencement of pressure test activities.  Provide a 2 working day notification to the CM prior to conducting pressure tests.  

1.05
QUALITY ASSURANCE

A. Installing Contractor shall have a minimum of five (5) years experience in designing, installing, and commissioning vertical ground heat exchangers for ground‑coupled heat pumps.  Five references and contacts for previous jobs of a size and scope comparable to the project under consideration shall be provided. [Designer Note: It may be advisable to require that one or more individuals on the work crew have a minimum of three years experience in heat exchanger installation and or have IGSHPA certification.] 

B. The Drilling Contractor shall be a State licensed well driller. [Designer Note: Verify the applicability of licensing for the state in which the job site is located.]  As a minimum, state regulations and guidelines of the National Ground Water Association shall be followed for the backfilling vertical bore holes.  Backfill shall be evenly distributed throughout the entire bore to provide maximum heat transfer without voids.
C. Thermal Fusion Technician shall be certified by recognized certification agency and shall have field experience in forming thermally fused joints. Must have completed a polyethylene heat fusion school in which each participant has performed a heat fusion procedure under direct supervision of an IGSHPA-accredited heat fusion technician, as part of an IGSHPA-approved manufacturing certification program, or under direct supervision of a DOT-certified heat fusion technician. Certified technicians must attend a retraining school annually.

D. Manufacturer’s Qualifications: Must be regularly engaged in the manufacture of GHP ground heat exchanger materials or fusion equipment for not less than five (5) years.  [Designer Note: These requirements may be relaxed at the discretion of the Owner in order to accommodate new technology or other suppliers deemed advantageous to the project.]  

1.06 
REFERENCE STANDARDS

A. ASHRAE 1995 Commercial/Institutional Ground Source Heat Pump Engineering Manual (ISBN 1-883413-21-4) 

B. ASHRAE 1997 Ground Source Heat Pumps:  Design of Geothermal Systems for Commerical and Institutional Buildings. (S.P. Kavanaugh and K. Rafferty) (ISBN 1-883413-52-4)

C. County Soil Conservation Service Soil Survey   [Designer Note: Also may include  GIS information.] 

D. State Drilling Logs for local area   [Designer Note: Also may include  GIS information.] 

E. IGSHPA 1997 Closed Loop/Geothermal Heat Pump Systems Design and Installation Standards

F. IGSHPA 1988 Closed Loop/Ground-Source Heat Pump Systems Installation Guide

G. IGSHPA 1989 Soil and Rock Classification for the Design of Ground-Coupled Heat Pump Systems – Field Manual 

H. IGSHPA 1991Grouting Procedures for Geothermal Heat Pump Systems 

I. IGSHPA 1994 Closed-Loop Geothermal Systems: Slinky Installation Guide 

J. IGSHPA 1997 Geothermal Heat Pump System Design Training for Architects and Engineers – Appendices and  Manual

K. EPRI 1994 Water-Loop Heat Pump Systems Vol. 1, Rev. 1 

L. Cost Containment for GSHP Systems by Steve Kavanaugh & Christopher Gilbert

M. Grout Thermal Conductivity and Vertical Loop Design by C. P. Remund

N. National Ground Water Association’s Guidelines for the Construction of Vertical Boreholes for Clossed Loop Heat Pump Systems.

PART 2 ‑ PRODUCTS

2.01 
MATERIALS AND MIXES

A. Grout: High‑solids bentonite grout, bags labeled "Grout" ('GEL" label is not acceptable). Paddle mix grout with minimum shearing action and agitation of the slurry. See Section 03600.

B. Concrete: All concrete shall have 3000 psi 28 days compressive strength, air entrained and shall conform to ASTM C94 for ready mixed concrete.  

2.02 
FABRICATION AND MANUFACTURE

A. Heat Pump Water Piping and Fittings: 

1. Materials: Virgin prime and comply with IGSHPA Standard I.C.3 for polyethylene with a minimum cell classification of PE345434C per ASTM D3350.  See Section 15110.

B. Fittings  shall be compatible with the pipe material or from the same material as the pipes. 

C. Joints:

1. Thermally fused or mechanically joined per IGSHPA Standards. [Designer Note:  No socket fusion (except electro-fusion) on pipe larger than 2”. ] 

2.  
No joints in vertical tubing; maximum two joints at return U-bend. [Designer Note: May be useful to specify that the return U-bend be factory equipped with anti-buoyancy port, but limits to competition may also be a result of this requirement.]      

D. Miscellaneous:

1. Markings: Pipe shall be marked with manufacturer’s name and product name, nominal size, ASTM dimensional standard, PPI material classification, cell classification, sequential footage, and manufacturer's date code. Print line shall repeat every two feet.  

E. GLYCOL SOLUTION 

[Designer Note:  Glycol may not be required on all systems, particularly larger commercial systems.  The design engineer is responsible for determining by calculation the lowest loop temperature likely to be encountered and apply the appropriate percentage of glycol to prevent freezing.  Glycol will also increase pumping costs for the system. Many systems may only require the introduction of inhibitors to prevent corrosion and scaling.  The information presented below on glycol is to address such a possibility and is not mandatory for all systems.]

1. Heat pump water: Softened water and, 22% by volume, Dow‑Frost (or approved equal) propylene glycol. Coordinate with General Contractor. 

[Designer Note:  The following antifreeze solutions could  also be specified.  All are currently EPA approved. The various weight by %, mean temperature, freeze point, density and volumetric heat capacity at various mixes should be specified --  Methanol/Water; Ethylene Glycol/Water;  Sodium Chloride/Water;  Calcium Chloride/Water. ]     

PART 3 ‑ EXECUTION

3.01 
GENERAL

A. Protection of Existing Utilities Structures. Protect the existing utilities shown on the drawings or the locations of which are known prior to excavation, from damage during excavation and backfilling of trenches and, if damaged, repair them at no expense to the Owner. 

B. Any existing line or utility structure which is not shown on the drawings or the location of which is not made known in sufficient time to avoid damage, if inadvertently damaged, shall be repaired by the Contractor and an adjustment in payment will be made in accordance with "General Conditions". 

C. Make repairs under the supervision of the utility concerned.

D. Contract for a thermal conductivity test for actual soil performance data. [Designer Note: The thermal conductivity test should be the first thing done for a potential GHP project.  This test is used to aid in sizing the GHP bore field and piping systems.] 

E. Ground field layout shall be capable of being purged of air and debris, balanced within 15 percent without flow regulators, and connected in a minimum number of trenches and/or pits. 

F. Fill U-bend loops with water and insert the  U-bend into the bore to the depth stated in the design documents. 

G. Examine areas and conditions under which ground heat exchanger systems are to be installed. Verify that  the loop layout is appropriate for site conditions. After approval from CM, correct site problems before proceeding. 

3.02 
PREPARATION ‑ EXCAVATION

A. General: Perform all excavation of every description and of whatever substances encountered, to the depths required or indicated on the drawings, in accordance with OSHA. 

1. During excavation, deposit material suitable for backfill in an orderly manner a sufficient distance from the excavation banks to avoid overloading and to prevent slides or cave‑ins. Dispose of material unsuitable for backfill as directed by the CM.

2. Grade as necessary to prevent surface water from flowing into trenches or other excavations, and remove any water accumulating therein by pumping or by other acceptable method. 

3. Unless otherwise specified, all excavation shall be by open cut.   Fill any excess excavation below the levels indicated for structures or pipe with sand, gravel or concrete, as directed by the CM.

B. Trench Excavation: Excavate true to line to an elevation at least 2 feet above the top of pipe to provide a clear space on either side of the pipe to facilitate bedding.  See Section 02225 for details. 

1. Heat pump water piping shall be provided with a minimum cover of four (4) feet.  [Designer Note: Five to six feet of minimum cover is recommended by some reference sources.] 
2. Replace any material excavated beneath pipe entering and leaving manholes with sand or gravel fill and extend such fill to the center of pipe for a distance of at least 3 feet from face of manhole and terminate at a joint. 

3. Subsurface Soil Data: [Designer Note:  Add soil borings information as an attachment to this section, if available.] 

4. Unsuitable Material: Where the bottom of the trench is found to be unstable or to include ashes, cinders, all types of refuse, vegetable or other organic material, or large pieces of fragments of inorganic material, which in the judgement of the CM should be removed, excavate and remove such unsuitable material to a minimum depth of 12 inches below the pipe. 

5. Backfill the trench with selected bedding material and compact to provide uniform and continuous bearing for the pipe. Dispose of the unsuitable material as directed by the CM. 

C. Borrow:  When borrow areas are not indicated on the plans, it is the Contractor's responsibility to locate and obtain borrow material, subject to the acceptance by the CM.

D. Shoring Requirements: Perform all shoring and sheeting that is required to protect the excavation and to safeguard employees in accordance with OSHA. Widen excavation to provide for space occupied by shoring and sheeting. 

E. Shoring shall meet the requirements of all applicable codes and regulations.

F. Cold Weather Protection. Protect excavation bottoms against freezing when atmospheric temperature is less than 35oF.

G. Dewatering: Do not allow water to accumulate in excavations.  Prevent surface water and subsurface or ground water from flowing into excavations.  See section 02225 for details.   

H. Provide and maintain pumps, well points, sumps, suction and discharge lines, and other dewatering system components necessary to convey water away from excavations. 

I. Do not use trench excavations as temporary drainage ditches.  See section 02225 for details on diverting ditches.

3.03 
INSTALLATION

A. Excavation and vertical drilling work shall be performed by qualified Contractors as defined in 1.05 above. 

B. Pipe shall be installed in accordance with recommendations of ASHRAE and IGSHPA.  Pipe joints shall be heat fusion type and  shall be made as recommended by the pipe manufacturer. 

C. Open ends of all pipe shall be sealed to prevent entry of contaminants until final connections are made. 

D. Vertical loop piping shall be filled with water and pressure tested prior to insertion into the bore hole and tested again after manifolding. Refer to Section 15073 for test pressures and times.  [Designer Note: When the manufacturer seals the assembly and ships under air pressure, the first pressure test may be omitted at the discretion of the CM.]    

E. After connection to the vertical loop piping and prior to backfilling, each lateral shall be filled with water and pressure tested.  Refer to Section 15073 for test pressures and times. 
F. Results of all tests shall be recorded and supplied to the CM upon completion of the project.

G. All final tests shall be witnessed by and the report signed by the CM. Provide minimum of 2 working days advance notice to the CM prior to testing.   [Designer Note:  It may be advantageous to specify what part of the system is defined  as the final test, i.e. lateral (=circuit header) + its boreholes, or of total loop field.] 

H. Grouting: Vertical bore holes shall, as a minimum, be grouted in adherence with all state and local requirements and with the guidelines of NGWA. Since settling of the grouting material may occur after the initial grouting, Contractor shall monitor each bore hole and continue adding grout as required.  Refer to Section 03600. [Designer Note: If complete bottom to top grouting of vertical bores is required or desired, the tremie pipe method, or equal approved by the CM, shall be used to assure sealing and good thermal conductivity between the earth and the pipe.] 
I. Use temporary casings to support unstable soils.  [Designer Note: In some instances the casings may be left intact provided the appropriate grouting and sealing is performed between the casing and the ground.]
3.04 
BACKFILL

A. General: Do not backfill trenches until all required inspections are made and tests are performed. 

B. Backfill horizontal trenches with the excavated materials specified for back filling and in accordance with section 02225. Broken concrete shall not be used as backfill material. 

C. No backfilling shall take place in freezing weather, and no backfill shall be made with frozen material. [Designer Note:  If unfrozen fill is available, it may be used a backfill material.] 

D. Adjust the moisture content of the backfill material if required for proper compaction.  

E. Reopen any trenches improperly backfilled, or where settlement occurs, to the depth required for proper compaction, refill and compact to specified density. 

F. Compact all backfill for structures to the specified density.

G. Around Horizontal Pipe: Deposit backfill around the pipe in 6 inch layers and thoroughly compact. Refer to Section 02200. Be careful not to disturb the pipe. Perform back filling simultaneously on both sides of the pipe.

H. Remainder of Trench: Deposit suitable backfill material in layers not exceeding 6 inches in loose depth and thoroughly compact each layer.

I. Bedding: Crushed rock, sand, or gravel bedding, as defined in section 02200, shall be used where selected bedding material is required by the drawings, specifications or CM during construction to replace unsuitable foundation material. 

J. Warning tape shall be of the type specifically manufactured for marking and locating underground utilities. The tape shall be installed directly above the pipe, at a depth of 18 inches below finished grade unless otherwise shown. The tape shall be acid‑ and alkali‑resistant polyethylene film, 6 inches wide with minimum thickness of 0.004 inch and shall have a minimum strength of 1750 psi lengthwise and 1500 psi crosswise with an elongation factor of 350 percent. Tape color shall be yellow and shall bear a continuous printed inscription describing the service. Tape shall have integral wires, foil backing, or other means to enable detection by a metal detector when the tape is buried up to 3 feet deep. The metallic core shall be encased in a protective jacket or provided with other means to protect it from corrosion.

3.05 
ADJUSTMENTS AND CLEANING

A. Pressure Testing

1. Utilizing the purging unit and the procedures recommended by IGSHPA, conduct a pressure and flow test on the ground heat exchanger to ensure the system is free of blockage. If the flow test indicates blockage, locate the blockage using the manufacturer’s recommendation, remove the blockage, then purge and conduct the pressure and flow test again until all portions of the system are free-flowing.  [Designer Note:  This test may be required to be performed on each individual borehole and for individual circuits rather on a system wide basis only.  It should be performed prior to backfilling the trenches.] 

2. The flow test shall be observed and approved by the CM. Form 1, “Ground Heat Exchanger Inspection and Test Report,” attached, shall be completed for each system by the CM before the systems can be backfilled.
B. Flushing and Purging:

1. Configure flushing/purging unit as recommended by IGSHPA and Section 15072.

2. Flush lines and appurtenances as required to remove all dirt and contaminants within the piping system with potable water until no dirty water appears at outlet. 
3. Purge air from system, or sections of system, by maintaining minimum of 2 feet per second through all pipe.  Purge until no air bubbles are observed leaving the system. 

4. Notify CM minimum 2 days before flushing operation.

5. Utilize a portable temporary purging unit consisting of the following (see IGSHPA Closed Loop Ground Source Heat Pump Systems Installation Guide, Figures 7.7 & 7.8, pages 152-3):

a) High volume, high head purge pump capable of maintaining the required purge velocity in all sections of the pipe. 

b) Open reservoir with inlet and outlet valves and pressure gauge

c) Filter assembly with bypass

d) Flow meter

e) Pressure gauge

f) Connecting piping

g) Connecting hoses
6. Using a purge pump and the procedures recommended by IGSHPA, flush and purge each ground heat exchanger system at 2 fps flow velocity until free of air, dirt, and debris. Perform the flushing and purging operation with the water source heat pumps isolated by shut-off valves from the ground heat exchanger system. 

7. After the ground heat exchanger is completely flushed of air and debris, open the isolation valves and permit circulation through the heat pumps until the entire system is flushed and purged. Allow pump to run 15 minutes after the last air bubbles have been removed. [Designer Note: In some systems, it will be better to purge the interior loop and heat pumps before circulating through the ground loop.] 

8. After purging has been completed, add the required amount of antifreeze to the system.  Test the solution with a hydrometer to determine the actual freezing point. 

3.06 
Reports
A. The following reports shall be submitted to the CM for information.

1. SCS Soil Survey for site.

2. Drillers logs to depth in local area.

3. Meeting notes with utility supervisor on surface-to-15-ft. (4.6 m) soils previously encountered in area (as applicable).

4. Site layout of loop, header, warning tape, installation locations and lengths.

5. In situ loop thermal test report.

6. Purge pump specifications.
END OF SECTION

Ground Heat Exchanger (GHX) Inspection And Test Report (Form 1)

Note: Use a separate form for each system. 

Building:





Inspection Date:




Ground Heat Exchanger No. or Description:








List the WSHP Unit Nos. served by this GHX:






 

Ground Heat Exchanger Design Water Flow:


gal/min

Calculated purging flow and press to achieve 2 ft/sec:







Purging:
 Flow:
   
     gal/min  
Head:

psi
Duration:
      min.

Did the system pass the pressure test?
 FORMCHECKBOX 
  yes
      FORMCHECKBOX 
  no


How much did 

-inch diameter reservoir level reservoir level change with 
(P?   
inches

Is antifreeze required in system?  FORMCHECKBOX 
  yes   FORMCHECKBOX 
  no
 If yes, was antifreeze measured?  FORMCHECKBOX 
  yes  FORMCHECKBOX 
  no 

Has a dimensioned drawing been prepared, completely and accurately showing the layout of the GHX?


 FORMCHECKBOX 
  yes     FORMCHECKBOX 
  no




Does the layout differ substantially from the contract documents? 
 FORMCHECKBOX 
  yes   FORMCHECKBOX 
  no



If so, is the deviation approved? 
 FORMCHECKBOX 
  yes   FORMCHECKBOX 
  no




Depth of installed vertical loops is 

ft. (Design is 

ft.)

Depth of horizontal piping is 


ft. (Design is 

ft.)

Are the trenches clear of sharp bends, rocks, or other sharp objects that could restrict the flow?


 FORMCHECKBOX 
  yes
    FORMCHECKBOX 
  no

Are all the joints heat fused (butt-, socket-, or saddle-fusion)?
 FORMCHECKBOX 
  yes
 FORMCHECKBOX 
  no


Do all the joints have the proper amount of roll-out?
 FORMCHECKBOX 
  yes
 FORMCHECKBOX 
  no 

Has the piping material been cut out and properly removed from all saddle-fusion tees?
 FORMCHECKBOX 
  yes   FORMCHECKBOX 
  no 

Was the system backfilled properly with good, clean backfill materials?
 FORMCHECKBOX 
  yes    FORMCHECKBOX 
  no


Comments:












Inspected and approved this ______________________(date) 

By:




Title:







3-31-2000
15515-1


