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July 3, 2012 
 

Mr. T.G. Davallou 
Alfatech 
100 Montgomery Street, No. 715 
San Francisco, CA 94104 
 

re: Borehole grout integrity, vertical ground heat exchanger, Mission College 
Santa Clara, California  

 

Dear Mr. Davallou: 
 
This narrative is in response to the situation at Mission College where some of the current 
boreholes are showing signs of surface leakage of ground water.  After reviewing the situation at 
the project site, visiting with the driller to confirm mixing and installation procedures, verify 
materials used, and confirm grout mixing ratios, it is my opinion that the grout composition was 
possibly too low on expansive bentonite grout for the purposes of sealing any aquifer or water-
bearing formations. 
 
 
Thermally Enhanced Grout 
 
Thermally enhanced (TE) grout is often specified for closed loop heat exchangers to take 
advantage of geology with high thermal conductivity conditions to allow for faster heat 
penetration into the native geology.  It is particularly beneficial for high peak cooling loads (heat 
rejection) where the geology shows a high thermal conductivity (TC) value, often proven with a 
TC test.  TE grout can be specified for selected thermal enhancement values by varying the ratio 
of expansive bentonite grout with fine grained, pure silica sand. 
 
 
Grouting Procedure, History 
 
Pure bentonite grouts have a strong history of sealing boreholes against aquifer or ground water 
migration, either preventing the creation of an annulus between the loop and borehole wall, or 
reducing the potential for washing out grouted material to the surrounding formation or a surface 
breach; this is often true for those conditions with high pressure conditions (artesian).  The usual 
method for grouting is once the borehole is completed to total depth (TD) is to load the borehole 
with the ground loop circuit and immediately grout from TD to surface (Figures 1 and 2).  There 
is often a delay in the sealing capability of the grout until it can swell and seal any remaining 
permeability of the grout material.  In the case of TE grout with higher ratios of silica sand, this 
process may take additional time to eliminate permeability. 
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This process is not new, and has been used for other borehole sealing efforts in the seismograph 
survey industry worldwide, where holes are drilled to place an explosive charge to generate 
sound waves for bouncing off formation changes to map subsurface geology.  This procedure 
dates back to the 1920’s in the seismic survey industry, primarily for minerals exploration and 
development.  The use of bentonite grout for borehole sealing has evolved for other purposes 
outside of minerals exploration, including the sealing of closed loop ground heat exchangers.  
Professional organizations such as the International Ground Source Heat Pump Association 
(IGSHPA), National Ground Water Association (NGWA), International Association of 
Geophysical  Contractors (IAGC) and others have refined and established proven techniques and 
procedures that are accepted for sealing of boreholes using bentonite-based grout. 
 
Figure 1: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: 
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Sealing Ability of Pure Bentonite Grout 
 
Pure bentonite grouts, and even those mixtures using silica for thermal enhancement, are usually 
more than sufficient to permanently seal boreholes. 
 
From Outside the Loop newsletter, Fall 1998 - Volume 1, Number 4 (Kavanaugh): 
 

GSHP Bore Hole Water Migration 
 

An ideal GSHP bore grout would protect groundwater, promote heat transfer, be 
easy to install, and have a reasonable cost. Conventional grouts that are used to 
seal the annular region around U-tubes may protect groundwater at the expense of 
effective heat transfer. This imbalance could result in a less efficient system that 
would reduce the environmental benefits associated with high efficiency (reduced 
power plant emissions and greenhouse gases). 
 
The potential of contamination from surface water pollutants can be demonstrated 
by calculation of the flow through a 6 inch grouted bore (only the top 10 ft. 
grouted) when a loop field is flooded with 10 feet of water, a fairly extreme 
assumption. 

 
Flow = Permeability × Bore Area × Water height ÷ Thickness 
Permeability = 1.97× 10-7 ft/min (1× 10-7cm/s) , 
Bore Area = π/4 (6”/12)2 = 0 .196 ft2 
Flow =1.97× 10-7 ft/min× 0 .196 ft2× 10 ft. ÷ 10 ft. 
Flow = 0.0000000386 ft3/min = 0.000000289 gpm 
OR 3,460,000 BORES REQUIRED TO FLOW 1 GPM 
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Observations 
 
From direct observations of those holes that were found to be “weeping” at the surface from my 
site visit on June 14, I did not observe any high flow situations (high velocity output such as a 
fountain effect, etc.).  It may be that initially some of the other holes determined to be leaking 
may have originally have had higher rates of flow but have apparently diminished over time, 
either through increased expansion of grout and/or plugging with native fines.  If a delaying 
agent (EZ Mud, etc.) was used to delay grout expansion to assure grout placement without 
plugging of the tremie injection line during loop installation completion, this may have also 
played a part in some of the holes showing surface water leakage. 
 
 
Composition of TE Grout, Mission College Project 
 
From my understanding the following composition of TE grout was used on the Mission 
boreholes: 
 
Grout (refined bentonite, 92%+ pure) GeoPro Lite
Silica (refined SiO2 99.7% pure) Lane Mountain
Desired TE value 1.00 btuh/ft/°F
Ratio 50 pounds bentonite to 250 pounds silica
 
The products used have a proven history within the industry. 
 
Enlink confirmed that all holes were grouted immediately upon reaching total depth with the 
aforementioned grout mixture, using a steel stinger tremie line to force the u-bend assembly to 
design depth, at which point grouting was initiated from TD to surface.  This procedure is 
compliant with IGSHPA and NGWA standards. 
 
 
Opinion 
 
I find no issues with the grouting procedures or materials used.  However I suspect but cannot 
prove that the ratio of grout to silica is relatively light for the saturated conditions that apparently 
have some amount of pressure to breach the surface with some of the boreholes. 
 
It is my opinion that using a lower TE mixture, such as 0.80 btuh/ft/°F target value with a ratio of 
3:1 (silica to bentonite blend), would have eliminated any leakage.  The ground loop can be 
designed using any grout blend, and often reduce the need for higher performance TE blends 
using increased spacing, deeper bores, etc.  However at the time neither the design team nor the 
looping contractor were aware of the potential for leakage using a low-bentonite blend grout mix 
for shallower bores; from my understanding the strategy of redesigning to shallower depth bores 
was intended to stay out of a more active water bearing zone or aquifer. 
 
It may be that given some additional time the boreholes showing some leakage may diminish or 
stop.  We have observed this with other projects where high water tables or pressurized aquifers 
exist in other parts of the US. 
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What is a concern is that this situation could be used as a basis to unnecessarily and arbitrarily 
eliminate the use of vertical ground loops elsewhere without consideration of specific conditions, 
grouting strategies, etc., when in fact this type of closed loop heat exchanger may be most 
advantageous. 
 
Regards, 
 

 
 
Terry Proffer, CGD 
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