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August 14-16, 2000, the International Ground
Source Heat Pump Association (IGSHPA) and the Earth
Energy Society of Canada (EESC) will team up to hold an
IGSHPA Installation Accreditation Workshop in Canada.
The workshop will preceed the Heat Pumps in Cold
Climates conference, August 16-18.

The workshop is the first training effort following
an agreement between the two organizations.  The goal
is to ensure that as the ground source heat pump market

develops in Canada there will be enough fully qualified
professionals to support it.  Heath Chelesvig, IGSHPA
Training and Conference Coordinator, along with IGSHPA
Executive Director Jim Bose, IGSHPA Development
Engineer Randy Perry, and IGSHPA Advisory Council
Director and Florida Heat Pump Representative Larry
Eitelman will be conducting the training course.

The program committee for the Heat Pumps in Cold
Climates Conference has developed an exciting program.
The committee is comprised of Phyllis Hoshino, Natural

Resources Council; Sophie Hosatte, EDRL CANMET; Bill
Eggerston, EESC; M. Lamanque, Natural Resources
Canada;  Doug Cane, Caneta Research, Inc.; J.W. Bouma,
IEA Heat Pump Centre; Jim Clark, Natural Resources
Canada; and H.G. McAdie, H.G. McAdie Associates.  The
following sessions are scheduled over the day-and-a-half
meeting: Design Tool Shoot-out, Heat Pumps in Cold
Climates, Market Development, Climate Change,
Monitored Results from Ground Source Projects, Novel
and Advanced Heat Pumps, Design Short Course, Heat
Pump Standards, Deregulation Updates, and Regulatory
and Market Issues.

The workshop and conference are both being held at
the Château Cartier Resort in Aylmer (Québec) Canada.
The resort is situated on the north bank of the Ottawa River
just ten minutes from beautiful downtown Ottawa.

To obtain information on the workshop, contact
IGSHPA or EESC (eggertson@earthenergy.ca).
Conference registration information can be obtained from
Caneta Research,  Inc. (caneta@compuserve.com).

Training Across the Border

Looking across the Rideau Canal, Parliament
Hill in Ottawa, Canada can be seen.

Take a trip through history by visiting the
Canadian Museum of Civilization, Ottawa,
Canada.
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Bulletin Board

Heat Pumps/Electric
Heating Systems
Seminar

The University of Wisconsin,
Madison, Department of Engineering
Professional Development will offer a
seminar, Heat Pumps/Electric Heating
Systems, September 25-27, 2000 in
Madison, Wisconsin.

This course will benefit designers
and facility managers of buildings where
a heat pump system is being considered.
By attending this practical two-part course
featuring industry experts and intensive
classroom sessions, you will learn about
heat pump systems using ground source,
water source, or air source.

The electric heating systems portion
of this course will benefit designers and
managers where electric heating is the
only option, or where electric reheating
is necessary.  Contact Katie Peterson at
800-462-0876 for more information.

New Geothermal Heat
Pump Resources

Oak Ridge National Laboratory
(ORNL) has made available several new
publications from the U.S. Department of
Energy’s Federal Energy  Management
Program’s New Geothermal Heat Pump
(GHP) Core Team at ORNL.  All of these
publications and/or software tools are
available for download from the FEMP
web site at: www.eren.doe.gov/femp/
financing/ghpresources.html

Some of the publications available are:
Generic Guide Specification for

GHP Installation.  These guide
specifications were developed by ORNL to
assist federal agency sites and engineers
in the preparation of construction
specifications for GHP projects.

Geothermal Heat Pumps in K-12
Schools: A Case Study of Lincoln,
Nebraska Schools.  Schools are a major
concern of local and state governments,
but several federal agencies also have
significant numbers of schools and other
training and educational facilities with
similar characteristics.  In 1998, ORNL
began a study of 50 schools in the Lincoln
Nebraska School District.  The GHPs were
found to be the most cost effective HVAC
option for the schools.

New Method to Determine the
Thermal Properties of Soil/Rock
Formations from In Situ Field Tests.  This
report presents a new analysis method for
determining thermal properties from
short-term in situ test data using a
parameter estimation.

The Geothermal Properties
Measurement Model is a computer
program that allows users to determine
thermal properties from short-term field
tests.  The tutorial for this software is
included in the report described above.

The Geothermal Heat Pump
Technology-Specific Program.  This one
page brochure describes FEMP’s initiatives
to foster  the transition of GHP systems
from their current status “proven but
under utilized” to “mainstream energy
cost-saving measure.”
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Part 1 of this article (see the May/June 2000 Source) introduced
a new approach to in-situ thermal conductivity testing being used
in Europe and briefly described the test rig developed by
Groenholland BV for these tests. Part 2 continues with details about
the test setup and data obtained at the St. Lukes Church site.

Two 0.25 m diameter boreholes, located approximately 20 m apart,
were drilled at the site to a depth of 50 m. A “shell and auger” technique
with continuous sampling was used, providing detailed geological
information (drilling by Soil Mechanics Ltd., London). The local geology
consists of mainly dry sand and clay beds overlying a chalk layer. Based
on this information estimates of soil conductivity (using literature
values) would be in the range 0.53 to 1.08 W/m, K (see Table 1).

Ground loops were installed in these boreholes consisting of HDPE
PN10 (21 mm internal diameter, 25 mm external diameter) laid out in
a U-loop construction using 0.1 m spacers. The holes were backfilled
with a conventional grout (1:1 Portland cement/bentonite). The
circulation medium used in the loops was an ethylene glycol anti-freeze
solution. An energy extraction experiment was run using the first
borehole (27.1 Wm-1), and an energy injection experiment was run
using the second borehole (33.2 Wm-1). Power was supplied to the
test rig from a 35 kVA diesel generator, eliminating any problems with
power surges/fluctuations from a mains source. Experimental data was
collected for 148 hours and 128 hours for the energy extraction and
injection experiments respectively.

Analysis of the experimental data was based on a line source model,
whereby the slope of the line resulting from a plot of average fluid
temperature against the natural log of time is used to obtain estimates

of thermal conductivity (see Austin 1998, Gehlin 1998 for details on
methodology). The length of the tests carried out at the St. Lukes site
were such that they would comfortably meet the minimum time condition
which is associated with use of the line source model. The results of the
two experiments are presented in Figure 1.

Several observations can be made about the graphs presented in
Figure 1; firstly, in both datasets there is a distinguishable change in
slope after approximately 10 hours ( ln(t) = 10 ). This corresponds
well with the calculated time at which the temperature front is expected
to reach the borehole wall (9.9 hours) (calculations based on line
source model). The second observation is the oscillations, which are
evident in the second part of the datasets, caused by changes in outside
temperature during the day - night cycle. Oscillations of this nature

have been noted before, and also reported in
other studies (Austin 1998, Gehlin 1998).

Oscillations in the data presented here are
a maximum of 0.2˚C (0.3˚F) (energy extraction
experiment). This is small compared to the
temperature change in the circulation medium
(10˚C, 50˚F), and the changes in outside
temperature (approx. 20˚C, 70˚F) during the
experiment, and only slightly greater than the
accuracy of the temperature sensors (0.1˚C,
0.2˚F). The oscillations in the energy injection
experiment are even less pronounced, due
largely to the fact that the average temperature

In-Situ Thermal Conductivity Testing: The Dutch Perspective
(Part 2 of 2)
by Henk Witte, Steven Kalma, and Guus van Gelder; Groenholland BV, Amsterdam

Table 1. Soil thermal conductivity (() for St. Lukes Church site based on geological information
and literature values. Values are weighted by the thickness of the layer.

Depth (m) Texture Moisture Conductivity (λ), W/m, K
Min. Max. Ave.

0 - 0.3 Paving/earthy fill dry ~ ~ ~
0.3 - 8.3 Sand and gravel dry/moist 0.83 1.04 0.93
8.3 - 27.9 Stiff clay dry/moist 0.44 0.92 0.68

27.9 - 29.7 Dense silty clay dry 0.75 1.07 0.91
29.7 - 34 Sandy clay/pebbles dry/moist 0.48 0.85 0.67

34 - 46.7 Dense sand dry/moist 0.58 1.75 1.17
46.7 - 50.4 Chalk and flints dry/moist ~ ~ ~

Weighted average 0.53 1.08 0.81

(Continued on pg. 4)

Figure 1. Results from (a) the
energy extraction experiment
and (b) the energy injection
experiment at St. Lukes Church
Site showing average fluid
temperature against ln(time).
Graphs show T fluid (   ), and
linear regressions of T fluid for
t < 10 hours (- - -), and t > 10
hours (   ).
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of the circulation medium in this experiment was closer to the outside
temperature.

There has been quite a deal of discussion within the GSHP
community regarding the method of obtaining conductivity values from
experimental test data. One criticism leveled at the use of the line source
model is that it is sensitive to perturbations caused by outside influences
(such as diurnal temperature cycles) with individual data points having
a disproportionate affect on the regression result (e.g. Spitler et al 1999).
It has been shown however, that if care is taken in the data interpretation
stage, accurate estimates of thermal conductivity are obtainable (Smith
1999). One of the methods Groenholland uses to investigate the
sensitivity of the regression results to the individual data points is the
bootstrap method (Effron and Tibshirani 1993). This procedure
provides an estimate of the confidence interval of the regression
coefficients, and the influence of individual datapoints in thermal
conductivity estimates.

 In determining estimates of thermal conductivity for the St. Lukes
site, the regression equations were solved for the complete data sets,
for the first 10 hours (representing the borehole conductivity), and for
the data range excluding the first 10 hours of data. Conductivity results
are shown in Table 2 along with bootstrap confidence estimates.

Based on the detailed drillers logs for each borehole, the estimated
thermal conductivity of the site was in the range 0.53 to 1.08 W/m, K.
However, when the in-situ test was carried out, the thermal conductivity
value for the site was found to be in the range 1.38 to 1.43 W/m, K. Of
course, it is useful to have an idea of how these different values would
affect the actual design of the GSHP system. For the St. Lukes project no
design framework (building load, hydraulic design etc.) is available
yet. However, in order to give an impression of the effect the different

conductivity values would have on system design, the lengths of ground
loop heat exchanger required to cope with a peak load of 2.7 kW (for
a 48 hour period) have been calculated (Table 3) using the EED software
package (Eskilson et al 1999).

The difference in loop length between that calculated using the
measured average λ value and values from literature is up to 25%. Of
course, a conservative design based on λ values from literature alone
would use a value of λ somewhere between the lower and average value,
as risks of freezing or over-heating need to be minimized. It would
seem realistic therefore, that the design of a groundloop heat exchanger
for the St. Lukes site based on values of λ obtained from literature
would result in an over design of approximately 15 %. This clearly
illustrates the value of conducting an in-situ thermal conductivity test in
the design/feasibility stage of a project.

It should be noted that the accuracy of in-situ ground thermal
conductivity estimates increase with the length of the test (e.g. Austin et
al 2000, Smith 1999). However, the nature of most in-situ test apparatus
is such that they must be “baby sat” through the duration of the test
experiment to ensure that the equipment is not interfered with and is

Table 2. Thermal conductivity (λ) values calculated for St. Lukes
Church site, London, and estimates of confidence intervals
(calculated from 500 bootstrap replicate samples) associated with
conductivity values.

Data range λ 95% confidence
Experiment (W/m, K) interval

(hours) Lower Upper
Energy extraction 10 - 148 1.43 1.40 1.47
Energy injection 10 - 128 1.38 1.37 1.39

Phil Albertson, PE, represented the GHPC and the IGSHPA Standards
Committee at the most recent Canadian GHP Standards Association
meeting in Toronto, Canada. The committee discussed a number of
issues critical to the success of the Canadian GHP industry.

In the early 1990s, increased promotional activity for installing
GHP systems prompted the development of the Ontario Hydro installation
and warranty program. The C445 Canadian residential GHP installation
standards were last revised and published in 1992 in support of this
program. The C447 Canadian commercial GHP standards published in
1994 have not been widely used due to a cutback in demand-side
management activity in Canada.

In 1999, Caneta Research conducted a stakeholders survey to
determine the level of interest in improving the standards to support a
new, higher level of interest in GHPs, due in part to rising national energy

costs and demand. Survey results from contractors, manufacturers,
designers, utilities, end users, regulators, and public works personnel
indicated strong interest in anti-freezes, GHP sizing, buried HEX
installation, backfilling, leak testing, and a number of other issues.

Committee members expressed interest in combining and
harmonizing the residential and commercial standards, and in using
mandatory language extensively, rather than publishing non-enforceable
guidelines. There was strong support for removal of training material
found in the existing standards.

There was also strong support for including standards for GHP
earth energy storage in off-peak periods, as well as developing a checklist
to ensure that systems are installed correctly. One copy of the checklist
would be given to the owner and another filed as part of a registration
program, much like IGSHPA does in its own GHP Registration Program.

Update on Canadian Standards Association

(Continued from pg. 3)
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running correctly, and that data quality is maintained. As a result there
is typically a trade off between the cost of carrying out the experiment
and the accuracy of the conductivity estimates. The test rig operated by
Groenholland is housed in a shipping container which can be placed
directly over a borehole, minimizing the chance of interference with
the experimental setup, and allowing the test to be set up then left to
run unattended.

Work is currently underway to incorporate telemetry in the test rig
setup so that experiments can also be remotely monitored via a mobile
phone and modem. Other work being carried out includes developing
a methodology to measure the relative contribution of different soil
layers in the profile, making concurrent estimates of soil thermal
capacity, and the development of a more robust analysis method (based
on a numerical model approach). There is also ongoing work developing
protocols for design verification.
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Water Furnace

Table 3. Required heat exchanger loop lengths (to cope with a peak
heating load of 2.7 kW for a 48 hour period, while maintaining
circulation fluid temperature ( 0˚C) at the St. Lukes Church site,
London, for different soil conductivity (λ) values.

Source of λ Loop length required
λ value (W/m, K) (m), T ≥0˚C

Literature min. 0.53 111.5
Literature ave. 0.81 99.8
Literature max. 1.08 93
Measured min. 1.37 87.4
Measured ave. 1.40 86.9
Measured max. 1.47 85.9
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Grundfos

August
Heat Pumps in Cold Climates
Aug. 17-18
Ottawa, Canada
Caneta Research Inc.
905-542-2890 fax - 905-542-3160
caneta@compuserve.com

September
Comfortech 2000
Sept 6-9
Atlanta, GA
Contracting Business
1-800-467-0997
www.contractingbusiness.com

Installation Workshop
Sept. 20-22
Stillwater, OK
IGSHPA
1-800-626-4747
www.igshpa.okstate.edu

October
World Energy Engineering Congress
October 25-27
Atlanta, GA
www.aeecenter.org

Certified GeoExchange Designer Seminar
October 23-25
Atlanta, GA
www.igshpa.okstate.edu
1-800-626-4747

Calendar
IGSHPA invites you to submit proposals for presentations at the

Ground Source Heat Pump Industry Conference & Expo slated for
December 4-6 in Norfolk, VA.  The focus of the conference is reflected
in the theme “Gobble Up the Competion.” The conference program
content will focus on how the industry can position itself to continue
the incredible growth it already seen. Some of the suggested topics
include:

• Project Financing
• Marketing Success Stories
• Building Industry Infrastructure
• Legislative Initiatives
• Case Studies
• Cost Containment
• Working with Trade Allies
Please call Heath Chelesvig at 1-800-626-4747 if you are interested

in being considered as a speaker at this important industry event. You
must respond by August 31 to be included in promotional items.

Call For Papers

The International Ground Source Heat Pump Association

would like to thank

Florida Heat Pump
for their support of the IGSHPA MayTech 2000 Conference
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Hydro Pump

Q: We have an old oil furnace that needs to be replaced and were considering
installing a geothermal heat pump. We are on municipal water but have an old
well that still produces water. Can we use this well as the water source for a
geothermal system?

A: You are describing an open loop system, as opposed to the more common closed loop geothermal system. Open loop systems are
less expensive to install than closed loop systems because there are less materials involved. Assuming that your well produces enough
water to supply a GHP system, there are a couple of other factors to consider.

Since an open loop extracts water from the well to use as a heat exchange medium, you will need a place for the water to go after it
leaves the heat pump — a pond, creek, or another well are typical options. Also, you will need to have your well water tested for
corrosiveness. The wrong kind of water can damage your heat pump and increase maintenance costs for your system.

Remember, GHPs are not do-it-yourself projects. An IGSHPA-accredited installer will have all the necessary tools, training, and experience
to design the best system for your particular needs and situation.

Fred’s FAQs

Earth Energy Technology & Supply, Inc.

505 N.E. Second Ave.
P.O. Box 219
Marietta, OK 73448
1-800-771-9455

www.earthenergytech-supply.com

“The Geothermal Industry’s
Single-Source Supplier Since 1988”

FABRICATION • CUSTOM DESIGNS
CERTIFIED TECHNICIANS • TRAINING

■ Portable Pressure Tanks ■ Non-Standard Loops
■ Transitions ■ Purge / Test Manifolds
■ Centers ■ Purge Carts
■ 3/4" - 10" Diameters ■ Pressure Tests

■ Polyethylene Headers




