
SECTION 03600PRIVATE 


THERMAL-ENHANCED BENTONITE GROUT

[Designer Note:  The requirements for depth, materials, and placement of grout vary greatly with locality and local codes and regulations should always be consulted before specifying grout placement.  Local codes may allow sand, drill cuttings, gravel or cement to be placed in the borehole in lieu of conventional grout materials.  The required depth of grout placement can vary from full length to only a top cap and in some areas no grouting is required.  The designer should be aware of the cost factors impacted by the grout specification.  Excessive grout specification can negatively impact project costs with respect to materials and placement.  Inadequate grout specifications can negatively impact system performance through reduced thermal conductivity. The following section specifically addresses thermally enhanced bentonite grout. It is provided as a guide for specifying a grout material and placement that generally represents the most stringent or conservative approach to GHP vertical borehole grouting.]

PART 1 
GENERAL

1.01 SECTION INCLUDES:  Requirements for furnishing, mixing, and placing thermally-enhanced bentonite grout to seal and backfill each vertical u-bend well bore of the closed-loop ground heat exchangers to insure proper thermal contact with the earth and to ensure the environmental integrity of each vertical bore column.  No other backfill material shall be accepted. 

1.02 REFERENCES 

A. National Ground Water Association - geothermal heat pump manual- Guidelines for the Construction of Vertical Boreholes for Closed Loop Heat Pump Systems

B. Local codes 

1.03 SUBMITTALS


A.
Manufacturer’s published data sheets including thermal conductivity, permeability, percent solids, grout weight, linear shrinkage potential, maximum particle size and unit yield along with verification of the required listing.

1.04 QUALITY ASSURANCE


A.
Grouting compound shall be certified and listed by National Sanitation Foundation International to ANSI/NSF Standard 60, “Drinking Water Treatment Chemicals - Health Effects”.

PART 2 
PRODUCTS

2.01 MANUFACTURER/PRODUCT

[Designer Note:  Two grout requirements are provided below for comparison purposes.  One is more generic while the other is more proprietary or product specific.  The designer can take either approach or a hybrid combination of the two.  Other grout products are listed below for information. 

Grout Products:

Aquagard

Aquagrout

Black Hills Grout

Enviroplug

Groutwell

Puregold

Quick Grout

Volclay Grout]

A. Grouting:  Materials to be utilized by the Contractor shall be a minimum of 20% high sodium solids bentonite grout.  The bentonite will be a slurry that will be tremie grouted from the bottom of the boring to the surface in accordance with the IGSHPA installation manual.  The contractor will work quickly to assure that there are no air voids forming as a result of the bentonite placing.

B.
Grouting material shall be Black Hills Bentonite’s Thermal Grout Select as supplied by GeoPro, Inc. or equivalent which is pre-approved by the Owner or Owner’s representative. 

2.02
THERMAL CONDUCTIVITY

A. The thermal conductivity of the grouting compound must be 0.85 Btu/hr-ft-F or greater.

2.03
PERMEABILITY


A.
The grout mixture shall also have a maximum permeability rate of less than 6.9 x 10 -8 cm/s as determined by using the “Falling-Head Method” (defined in the United States Army Corps of Engineers' Civil Engineering Manual No. EM 1110-2-1906, “Laboratory Soils Testing” as recommended by the U.S. Environmental Protection Agency to insure proper sealing.  Permeability shall be verified by an independent testing laboratory with a copy of the report being supplied upon request from the Owner or Owner’s representative.

2.04
TOTAL SOLIDS AND ENHANCEMENT COMPOUND PERCENTAGE


A.
The thermally-enhanced bentonite grout used shall have a minimum manufacturers recommended mixture of 63.5% solids.  The thermal enhancement compound (high-grade silica compound) shall constitute a minimum of 50% by weight of the aqueous slurry.

2.05
PACKAGING


A.
Grouting materials shall be pre-manufactured and packaged prior to delivery to the job site.

PART 3 
EXECUTION

3.01
MIXING


A.
Thermally-enhanced bentonite grouting material shall be mixed according to manufacturers’ written instructions.  


B.
Contractor shall monitor the grouting operation to ensure grout is properly mixed and the viscosity is adequately maintained for pumping. [Designer Note: It may be more desirable to specify a grout flow rate which takes in to account the time required to fill the bore diameter in question and which accounts for differences in tremie pipe diameter and material, i.e. metal vs. plastic.]


C.
Grout shall be mixed by a paddle type mixing device or by manufactured portable grouting unit specifically designed for the vertical ground heat exchanger industry.  Jet mixing and re-circulation are not allowed for grout.

3.02
INSTALLATION

A. Grout material shall be pressure pumped through a 1 in., 1-1/4 in. or 1-1/2 in. inside diameter tremie pipe and placed in the bore column from the bottom to the top.  Grouting process shall conform to the manufacturer’s instructions. [Designer Note: “Geothermal Heat Pump Grouting Manual - Engineering Design and Field Procedures Manual”, as published by the Electric Power Research Institute, 1997 (TR-109169) may also be consulted for additional information.]  Completed grouted surface shall be placed at ground level to ensure complete fill of the bore column. 


B.
Contractor shall maintain a ready supply of spare grout pipes, hoses and fittings on the site.


C.
A positive displacement pump shall be used for placing the grout in the borehole.  Minimum pump suction and discharge lines shall be 3 inches and 1-1/2 inches respectively.


D.
Drilling fluids shall be confined to the site and disposed of in accordance with prevailing local environmental regulations. 

3.03
INSPECTION


A.
Since some settling may occur after initial placement of the grout material, the Contractor shall monitor each borehole and continue adding grout as required for a period of no less than 30 minutes and no longer than 2 hours.

B. Grouting manufacturer shall provide testing of site mixed grouting material to verify thermal conductivity.  Manufacturer shall provide a minimum of 3 sample analyses for each project.

[Designer Note: Testing requirements are optional and would be contingent upon the availability of an independent testing laboratory capable of performing such tests.]

At a minimum, sampling shall be taken at the beginning of the project, at approximately one-third completion, and at approximately two-thirds completion.  In the event that the analysis indicates a thermal conductivity value below the minimum specified value, corrective action shall be taken to increase thermal conductivity value back.  [Designer Note: Testing requirements are optional and would be contingent upon the availability of an independent testing laboratory capable of performing such tests.] 
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