©2006, American Society of Heating, Refrigerating and Air-Conditioning Engineers,
Inc. (www.ashrae.org). Published in ASHRAE Transactions, Volume 112, Part 2. For
personal use only. Additional reproduction, distribution, or transmission in either print

or digital form is not permitted without ASHRAE’s prior written permission.

QC-06-006

Geothermal Standing Column Wells:
Ten Years in a New England School

Carl D. Orio
Member ASHRAE

ABSTRACT

A public middle school located in the Massachusetts town
of Westborough is the first fully heated and cooled public school
in New England using standing column geothermal wells. This
successful geothermal retrofit has been functional since 1996.
This paper details the performance of the geothermal system,
including the performance of the standing column wells, their
maintenance, and their overall heating and cooling costs.

The 200 ton installation utilizes six standing column wells
for earth coupling. Twenty 10 ton water-to-water geo heat
pump modules supply existing unit ventilators (after modifi-
cation) and large air handlers. The in-place unit ventilators
were refitted with new hydronic coils. This paper describes the
installation, its costs, and its performance for the period from
1996 to late 2005 and illustrates the long-term thermal stabil-
ity of a standing column well system.

Management of the project was fully integrated. The design
engineers and architects were also the construction managers.

BUILDING REQUIREMENTS

The school was built in 1970 as an all-electric heating and
no-cooling facility. The 72,000 ft? building is a single-story
brick structure of 28 classrooms, an auditorium, a gymnasium,
and a library. Classrooms have one outside wall with each
having about 50% window area.

The school’s heating load was estimated from a block
load analysis and verified by a comparison against existing
electric billing information. Several operational cost analyses
were performed in 1994. These studies projected geo-
exchange heating savings of approximately 1,300,000 kWh
per year compared to the existing electric heating system.
Actual savings have been as much as 20% higher according to
power utility records and installed recording devices (Robin-

Carl N. Johnson, PhD, PE
Member ASHRAE

Kristine D. Poor
Associate Member ASHRAE

son 1996a, 1196b, 1997a, 1997b, 1998, 1999, 2002; Blake
2000, 2002; Villanueva 1999; Anderson 1996, 1997). During
the 1999-2005 period, the school was used in the summer,
with air conditioning.

With reference to the then-current ventilation air
requirements of ASHRAE Standard 62-1989 and the Massa-
chusetts building code, the heating and cooling loads speci-
fied and capacity installed in 1994 (HEC 1996) were as listed
in Table 1.

Electric consoles built into the exterior walls under the
windows heated the classrooms. Prior to the retrofit, fresh air
was manually and subjectively controlled by each teacher.
Part of the upgrade included installation of carbon dioxide
(CO,) sensors in each classroom. An aggressive fresh air
capability was also specified for each classroom’s heating
and cooling consoles.

SYSTEM DESCRIPTION

Selected for the retrofit was a water-to-water geoex-
change system with 20 centralized, modular 10 ton water-to-
water heat pumps feeding a two-pipe building-wide distribu-
tion system. The building has two major distribution loops,
which are combined in the equipment room. The central heat
pumps are earth coupled by six standing column wells.
Figure 1 is an overview of the installation.

Table 1. New England School
Space Conditioning Loads
Computed Loads Connected Capacity
Heating 2,400 MBH 3,500 MBH
Cooling 1,500 MBH None
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Six standing column wells (SCWs) are located adjacent to
the playing field behind the school. Each SCW is a nominal
6 in. (15 cm) bore that is fitted with a 4 in. (10 cm) “porter
shroud,” an internal sleeve, and an override bleed system. A
10% bleed system allows the wells to be brought back to
average earth temperatures should winter or summer
requirements vary greatly from statistical weather or building
use standards. Each SCW is 1,500 ft (455 m) deep with a 6 in.
(15 cm) rock bore. The SDR26 4 in. (10 cm) PVC “porter
shroud” allows a 3.625 in. (9.2 cm) submersible well pump to
be located near the top of the well and still draw the warmer
and more stable water from the bottom. The six well pumps
were set up to operate with interleaved pressure logic.
Difficulty in balancing the well system forced continuous
running of the well pumps. Today’s design would incorporate
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Figure 1 New England school concept design.
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variable-frequency drives. Figure 2 is a cross section of the
typical SCW employed (Spitler et al. 2001).

The wells were constructed by a contractor having expe-
rience with SCWs. Each well/bore required approximately
one work week to drill. This period included setup, drilling,
area maintenance, and relocation to the next well/bore. The
drilling process is a shown in Figure 3; note the number of 20
ft (6 m) long drill rods.

The six bore holes were laid out in a linear array, with each
well being approximately 75 ft from the next. The 75 ft sepa-
ration is a generous design spacing and ensures little, if any,
thermal transfer from SCW to SCW. Spacing of less than 50 ft
requires thermal interference analysis of the thermal transfer
between bore holes.
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Figure 2 One of six 1,500 ft (455 m) SCWs.

58

|
[

—~ =
b

Geothermal Heat Pumps -
Common Manifolds

ASHRAE Transactions



As the well field was outside of any play areas, in an
overgrown strip of school-owned land, the well heads were left
exposed with each well head approximately 18 in. above the
earth surface. Each well head is sealed with a standard sanitary
seal. Connection to the well casing is by two “pitless adapters.”
These standard well trim adapters allow the well pump to be
easily inserted and removed, if required, without redigging
piping. If the wells had been located within a play area or an
area where students would have access to the well heads, the
well heads would be located below ground level within
shallow (18-24 in. [48—60 cm]) manhole pits.

Piping from the SCWs to the school is high-density poly-
ethylene (HDPE) of a 3408 resin with high abrasion resis-
tance. All piping is joined by heat fusion. Underground
mechanical connections are not permitted, as seasonal temper-
ature variations have been shown to make simple mechanical
connections unreliable.

In Figure 4, supply and return piping to the SCWs is
shown entering the new mechanical room. Note the thermal
separation (white Styrofoam™ brand plastic foam) between
the six upper supply pipes and the lower return pipes. High-
density polyethylene (HDPE) 3 in. (7.6 cm) pipes are

Figure 4 SCW piping shown entering the new mechanical

room.
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sufficiently compliant to allow being bent without the need for
elbows or other underground fittings.

A small new mechanical room was required for this retro-
fit as there was no central mechanical facility at the school.
Figure 5 shows the configuration of the new room with twenty
10-ton heat pump (120,000 Btu/h, 35 kW each) modules.
These modules are stacked two high and in two rows of ten
each. Multiple modules provide redundancy.

Control of each of the heat pumps is by a direct digital
control (DDC) system. The DDC system has a central
processor in an area accessible by the school’s maintenance
personnel. A rapid change (approximately one hour) from
producing heated water to chilled water is a unique benefit of
a reversible water-to-water geothermal heat pump. This
feature allows the school’s maintenance manager to readily
heat the building in the morning and provide air conditioning
by midday. Building planners often overlook this major
advantage of the water-to-water geoexchange system.

Each classroom had a separate resistance heating-only
console with a fresh air louver through the wall. Classrooms
are spaced around a series of inner courtyards; each classroom
has a wall of windows.

Each classroom console had an electric heater, blower,
blower motor, and outside air louver. The geo retrofit
involved removing the old electric coil, validating the integ-
rity of the existing blower and motor, and cleaning and
repairing the 25-year-old console as needed. The old electric
elements were replaced with a new custom-made three-row
hydronic coil (see Figures 6 and 7).

The custom three-row coil is shown in Figure 7 before its
insertion into one of the 56 classroom consoles. While this is

Figure 5 Geothermal heat pumps in mechanical room
(room size is 20 x 40 ft [6 x 12 m]).
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Figure 6 Typical retrofitted classroom.

a common coil depth for an air-conditioning application, the
lower R-22 heating water temperature also required a three-
row coil. Since the three-row requirement was common to
both heating and cooling water temperatures, a single coil
sufficed. This is in lieu of a fixture that normally requires two
coils, allowing a less costly installation.

A drip pan was added for condensate removal. The class-
room consoles are now able to provide air conditioning as well
as heating.

As a result of this retrofit, minimum cutting, patching, or
repainting of each classroom was required. The insulated two-
pipe system manifolds were run across the ceiling in the corri-
dors and fed into each classroom. The pipe drops were covered
with a plastic protective coating that matched existing wall and
drape colors. Figure 6 shows a typical finished installation.
New thermostatic controls in classrooms provide individual
comfort options for the room’s teacher. The digital control
system determines if hot or cold water is circulated in the
building’s pipe distribution system.

STANDING COLUMN WELL PERFORMANCE

A trend program in the DDC system was reactivated in
late 2004 to provide data for this paper. The data show that
after ten years the standing column well (SCW) has main-
tained winter entering water temperatures (EWTs) in the low
40s (°F) (4.4°C) and summer EWTs in the low 80s (°F) (26°C)
(Figures 8, 9, and 10). Note there is no bleed control to hold
summer SCW entering temperatures to lower values.

The EWT never fell below 43°F (6.0°C) even when the
outside air temperature (OAT) was at —5°F (-15°C). Winter
return temperatures higher than supply temperatures were
attributed to quiescent periods when the local sensors reached
room temperatures. During cold periods, a 10% bleed was
activated at an EWT of 42°F (6°C).

A typical severe winter day is shown in Figure 9. Seven-
teen of the twenty heat pumps are functioning at ~7 KW each.
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Dypical custom hydronic coil for replacement of
existing classroom console resistive elements.

Figure 7

The OAT was below —10°F (-23°C). The EWT remained in
the mid-40s (°F) (4.5°C), with an approximate 4°F (2.2°C)
differential. During this period the bleed was activated.
Colder entering well water increases heat transfer from the
ground at a mean earth temperature of 50°F (10°C) (Spitler et
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HewEngland School Typical Well Data
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Figure 8 Most recent year SCW performance.
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Figure 9 Typical severe winter day SCW performance.

al. 2001). At a 42°F (5.6°C) EWT, the bleed circuit will start
the 10% bleed (approximately 0.3 gpm/ton, ~0.3 I/kW)
(Corina 1996). For this design, each well has an independent
bleed monitor and bleed valve.

No bleed function was employed during the summer.
Bleed could have been employed but was not programmed.

Data show the SAW’s temperature recovers yearly and
does not show any measurable well temperature excursion
trend over the ten-year period.

UPGRADE MAINTENANCE AND REPAIR COSTS

Overall maintenance has been favorable. Several scroll
compressors with apparently faulty head gaskets failed and
were replaced by the compressor manufacturer under
warranty; they are not listed in Table 2.

Maintenance was performed by a commercial company
from 1997 until 1999. In 1999, school maintenance personnel
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took over the responsibility. Well maintenance and repair has
been performed by the original well contractor.

Repair costs over the ten-year period were $61,164. The
average cost of maintenance for the geothermal system has
been approximately $0.085 per square foot per year ($0.008
per square meter per year). This is consistent with other
ASHRAE-sponsored maintenance evaluations (Martin et
al. 1999; Lane et al. 1998).

OPERATIONAL COST REDUCTIONS

The electric utility guaranteed a saving of 298,384 kWh
(Massachusetts Electric 1997) for the geothermal system in
heating. Under the terms of the guarantee, a comprehensive
metering system was put in place for the five years from 1997
through 2001.

Electric costs at the school have been reduced by an aver-
age of 1,000,000-1,300,000 kWh per year, or approximately
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New England School August 13, 2005
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Figure 10 Typical severe summer day SCW performance—no bleed used.

Table 2. Geo Heat Pump and Well Repair and
Upgrade Maintenance Costs
Year Geo Heat Pump Well
(Baynes 2005) (Wilmington 2005)
1996 - -
1997 $1,496 (two compressors*) -
1998 - -
+
1999 $2,815 (valves $150 (water analysis)
tWO COmpressors)
$4,829 (replaced
2000 - well pump, purchased
spare pump)**
$4,500 (replace bladder and
2001 . -
air separator tanks)
$8,000 (upgrade—add
2002 auto flow valves to -
all heat pumps)
2003 - -
2004 $4,9OQ (replace bladder and B
air separator tanks)
2005 B $6,474 (replaced two

well pumps and motors)**

$28,000 misc. controls
10 costs/repair ***
Year Routine site check two
times per year each HP***

* Compressors under warranty.

** Average well pump life is 20 years.

*** Some local maintenance allocation costs are estimated from existing
records.

14-18 kWh/ft per year (1.3—1.7 kWh/m? per year). Air-condi-
tioning capability was not utilized until the summer of 2002.
During the winter of 2001-2002, resistance electrically heated
portable classrooms were connected to the heat pump meter-
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ing system. These classrooms recorded an average of
13,000 kWh/year. Their electric energy is not included in
Figure 11.

Figure 11 shows the estimated heating kWh used in the
three years (FY94-FY96) before the geothermal installation
and the heat pump and well pump costs for five years after the
geothermal system was installed.

In the five-year period from 1997-2001, meter readings
were taken from a separate meter installed by the electric
power utility (Robinson 1996a, 1996b, 1997a, 1997b, 1998,
1999, 2002; Anderson 1996, 1997). The meter records the
consumption of geothermal heat pumps, well pumps, and
building circulating pumps. Console and AHU fans are not
included. The electric utility had guaranteed the school that
the electric use would not exceed 298,384 kWh per year for the
first five years. Air conditioning allowed the school district to
plan and implement “School Summer Camps” starting in
2001.
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Figure 11 Heating KWh showing reduction with geothermal heat pump installations.
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DISCUSSION

Larry Spielvogel, L.G. Spielvogel, Inc., King of Prussia,
PA: Since the paper presents definitive electric savings each
year, and since the references relied upon are not available
publicly, please state the year-by-year total building utility-
metered electric consumption and demand data, both before
and after the changes.

Also, provide year-by-year metered data from the
“installed recording devices” and “comprehensive metering
system” and describe what each was measuring.

How does the use of CO, controlled outdoor air meet the
code-mandated ventilation requirements?

Carl D. Orio, Carl N. Johnson, and Kristine D. Poor: The
Hastings School heating energy consumption shown in
Figure 11 was taken from recorded data connected to the geo-
exchange system only. We recently received total school
consumption for the years from 1998 to 2006 (partial). We
estimated the heating consumption by subtracting the school’s
base load and reflects base load mythology as indicated in the
paper. Using this analysis, the calculated yearly heating aver-
age for all nine years is 259,830 kWh. For the three years of
1994 to 1996 (prior to the installation) the yearly average was
946,650 kWh or a ratio of 3.64 to 1, a significant improve-
ment. Cooling energy after the installation was not significant,
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as the school usage in summer months was sporadic and there-
fore was not reported here in detail.
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Figure 11 Revised with five additional years.
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Comprehensive metering by the utility included well
temperatures, return and supply (our primary interest), build-
ing distributed water temperatures, run times of each of 20
heat pump modules, and kWh of system, which included well
pumps, building pumps, and controls. Data from the building
DDC hard disc was parsed from the unformatted DDC trend
file. There was a lack of data between 2001 and when we
requested well data starting again in 2004.

During the period of 1998 to present, total school demand
varied from a low of 97 kW to a peak high of 453 kW. Actual
monthly total school kWh consumption varied from a low of
24,180 kWh to as high as 151,200 kWh.

The CO, requirement was a 1994 Massachusetts state
requirement in an effort to reduce ventilation air and subse-
quent conditioning requirements.
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