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Forward 
 
This report was complied in response to the many questions, interests and 
comments about the first fully heated and cooled public school using Standing 
Column Geothermal Wells in New England, the HASTINGS School in 
Westborough Massachusetts. 
 
The document is designed to familiarize the reader with the value and the ease 
of installation of a practical retrofit of an existing all electric school using Standing 
Column Wells and geothermal heat pumps. During the 1950’s and 1960’s many 
schools were built with electric resistance heat and were so prompted by the then 
Federal aid to school assistance programs.. 
 
Magnified energy costs, the consideration and realization of twelve month 
schools and the concern that a community’s capital resources tied up in a school 
building are only useable for substantially less than a year – have made the 
geothermal heat pump an attractive school building asset. 
 
“Green” or non-polluting buildings are also the genesis of the major upswing in 
the use of geothermal heat pumps systems for schools throughout the United 
States and Canada. As of the start of 2003 there were 1,200 schools in the US 
that were build new or were retrofitted with geothermal heat pumps.  This 
document describes the first in New England that took the step and realizes a 
successful energy, cost and environmental savings from the installation of a 
GeoExchange space conditioning system 
 
The report is prepared by Water Energy Distributors Inc., as the provider of the 
ClimateMaster Geothermal heat pumps, designer of Standing Column Wells and 
a participant in the overall design of this successful installation. While this 
document is not a formal report on the part of the Westborough Public School 
System it has been informally coordinated with the Westborough School 
systems, the designers and the installers before it was published. 
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Hastings School                   hast007.doc             Carl D. Orio CGD, Water Energy Distributors Inc. 
 
ABSTRACT – This paper describes the installation of a GeoExchange1 retrofit at the 
Hastings Elementary School in West borough MA. The retrofit was completed for the start 
of the 1996 school year. The 200 ton installation utilizes six standing column wells for earth 
coupling, ClimateMaster ten ton water-to-water geo modules, existing unit ventilators, large 
air handlers, both with replacement hydronic coils and a Johnson Metasys control package. 
The paper describes the installation, its costs and its performance for its first four years of 
operation, to the end of the 2000 school year. The installing contractor2, design engineers 
and construction managers 3 all had previous geothermal experience 
 
REQUIREMENTS 
 
The Hastings Elementary School was built in 1970 as an all-electric heating and no 
cooling facility. The 72,000 square foot facility is brick and single story with 28 
classrooms, an auditorium, gymnasium and library. All classrooms were on outside walls 
with the average classroom having 50% of that outside wall being glazing.   
 
Existing asbestos ceiling tiles were removed in the year before the GeoExchange 
retrofit. The replacement drop ceiling was installed with removable cross-hall bars, so 
the GeoExchange piping could be installed without disassembly of the ceiling supports. 
 
The School 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 the 1994 - 1995 time period4.  These studies projected 
GeoExchange heating savings of approximately $ 44,000 per year  as compared against 
the existing electric heating system. Actual savings have been approximately $75,000 
per year according to School officials.  A conservative initial estimate of costs and higher 
energy rates account for the difference… and with the addition of air conditioning. 
 
With the then recent fresh air requirements specified under ASHRAE 90.1 and the 
Massachusetts building code the heating and cooling loads specified were: 
 
           Computed Estimate Previous Electric Connected 
  Heating  2,400,000 btuh     3,500,000 btuh 
  Cooling  1,500,000 btuh           none 
 
  Figure 1 – Hastings School Space Conditioning Loads 
 

                                                 
1 The U.S. Department of Energy, the Geothermal Consortium and other Agencies have recently  
  adopted the term “Geo-Exchange”. The term will be used interchangeably with “Geothermal” in   
  this report 
2 Enterprise Equipment Corp, Weymouth MA, acted as installers on this and other GeoExchange  
  Schools 
3 HEC Corp Natick MA served as design engineers and construction managers 
4 Operations analysis study by Vanderweil Engineers (1994) and revised by HEC Corp, Natick  
   MA  (1995)  
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As noted in other similar retrofits, the existing connected electric resistance load was 
considerably higher than the actual heating requirement. The need to accurately define 
the loads for a GeoExchange system becomes an important first step in the design of a 
retrofit system. Fossil heating systems are often considerably oversized as the increased 
first cost for an oversized fossil system may only be a small fraction of the oversized 
ratio. Electric resistance heat has the lowest first cost of all competing space 
conditioning systems. and is often substantially oversized because the incremental first 
cost is small.  However, operational electric resistance costs are the highest of any 
heating system. Conversely, over sizing of a GeoExchange system can result in 
substantial increases in acquisition costs.  
 
Building loads for GeoExchange systems must always be accurately defined, not only 
for heat pump sizing but also to insure the earth coupling system is properly specified.  
Oversized heat pump equipment would result in fewer annual full load run hours and 
undersized heat pump equipment would results in longer annual full load run hours – in 
either case the load on the earth coupling system would be approximately the same. 
 
Existing class rooms were heated by electric consoles built into the exterior walls under 
the windows.  The building had fresh air requirements based upon the needs of 
elementary school children and Massachusetts health codes. Part of the retrofit 
installation included carbon dioxide (CO2) sensors in each class room. An aggressive 
fresh air requirement was also specified for each of the class room heating and cooling 
consoles 
 
SYSTEM DESCRIPTION 
 
A water-to-water GeoExchange system with twenty (20) centralized modular ten-ton 
water-to-water heat pumps fed a new two-pipe building-wide distribution system with a 
two-pipe distribution was selected for the retrofit. The building has two major distribution 
loops, which are combined in the equipment room. The central heat pumps are earth 
coupled by six (6) standing column wells. The figure 2 below is an overview of the 
installation. 
 

 
Figure 2 – Hastings School Concept Design. 
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Six standing column wells are located adjacent to the playing field behind the school. 
Each Standing Column Well (SCW) is a nominal six (6) inch bore is fitted with a four (4) 
inch Porter Shroud, an internal sleeve and an over-ride bleed system. The bleed system 
allows the wells to be brought back to average earth temperatures should winter or 
summer requirements vary from statistical weather or building use standards. Each 
SCW is 1,500 feet deep.  The Porter Shroud allows the submersible well pump in each 
well to be located near the top of the SCW and still draw the warmer and more stable 
water from the bottom of the bore. The figure below is a cross section of a typical SCW. 
 
The six SCWs were drilled by a Massachusetts well contractor5 with over twenty years 
experience with these types of geothermal wells. Each well/bore required approximately 
one workweek to drill. This elapsed time period included set-up, drilling, area 
maintenance and relocation to next well/bore. He drilling process is a shown in figure 4. 
(Note the number of 20 foot long drill rods). Many SCW contractors use aluminum rather 
than steel rods to ease the loads on the drilling equipment and the drill operator. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 - STANDING COLUMN WELL TYPICAL CROSS SECTION 
 

The six bore holes were laid out in a linear array, with each well being approximately 75 
feet from the next. The 75 foot separation is a generous design spacing and insures 
little, if any, thermal transfer from SCW to SCW. Spacing of less than 50 feet requires 
analysis of the thermal transfer between bore holes and may effect the design of the well 
field. Well fields that have wells in the center of an array must also be carefully 
evaluated. 

                                                 
5 Wilmington Pump Supply Co, Wilmington MA with driller Viera Wells, Georgetown MA 
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1Water & Energy Systems Corp

Drilling Six 1,500 foot Bore Holes 
at Hastings School – Westborough MA

 
 

Figure 4 - DRILLING ONE OF SIX STANDING COLUMN WELLS AT HASTINGS 
 
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 inches 
above the earth surface. Each wellhead 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 were to have been located within a play area or an area 
where student would have access to the well heads, the well heads would be located 
below the surface of the ground within shallow (18”-24”) manhole pit. 
 
Piping from the SCWs to the school are high density polyethylene (HDPE) of a 3408 
resin with high abrasion resistance specifications. This piping has identical 
characteristics as piping used for natural gas lines. All piping is joined by heat fusion. 
Underground mechanical connections are not permitted for this piping as annual 
temperature variations have been shown to make simple mechanical connections 
separate.  
 
 



Printing 305.1 
  

 7

 
 
 

Figure 5 – SCW PIPING SHOWN ENTERING THE NEW MECHANICAL ROOM 
FOUNDATION 

 
In figure 5, the supply and return piping from and to the SCWs are shown entering the 
new mechanical room.  Note the Styrofoam thermal separation (white Styrofoam)  
between the six upper supply pipes and the lower return pipes. Shown are high density 
polyethylene (HDPE) 3 inch piping. These pipes are sufficiency compliant to allow being 
bent without the need for elbows or other underground fittings. Bend radius is 25 X pipe 
diameter, in this case 75 inches. 
 
A small new mechanical room was required for this retrofit as there was no central 
mechanical facility at the School. The photo below shows the configuration of the new 
room. There are twenty (20) ten ton (120,000 btuh each) modules. Note these small 
modules (28” x 40” and 40” high) are stacked two high and in two rows. Stacking is a 
common configuration where there are multiple modules being employed.  
 
Should a refrigerant leak occur and in order to meet the requirements of ASHRAE 
Standard 15, “ Safety Standard for Refrigeration Systems” a refrigerant sensor and an 
automatic high volume exhaust system was installed in the mechanical room. 
 
The reliability and energy saving feature of multiple modules is an important benefit of 
this type of GeoExchange system. 
 

Return Back to Wells  

Thermal  
Break 

Supply from  Wells – 
Under Thermal Break 
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Figure 6  - GEOTHERMAL HEAT PUMPS IN HASTING MECHANICAL ROOM 
ROOM SIZE IS 20 ft X 40 ft 

 
Control of each of the heat pumps is by a Johnson “Metasys” direct digital control (DDC) 
system. The DDC system has a central keyboard and display in an area accessible by 
the School’s maintenance personnel. The heat pumps can either act as a boiler, 
producing heated water or as a chiller producing cold water.  
 
A rapid change from producing heated water to producing chilled water is a unique 
benefit of a reversible water-to-water heat pump. This unique feature allows the School’s 
maintenance manager to readily heat the building in the morning and by mid day provide 
air conditioning. Building planners often overlook this major advantage of the water-to-
water GeoExchange system.  
 
Each existing classroom had a separate heating only console in place with a fresh air 
louver through the wall. Classrooms were organized around a series of inner court 
yards, with each class room having a wall of  windows. 
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Figure 7 – TYPICAL RETRO-FITTED CLASS ROOM 

 
Each class room console had an electric heater, blower, blower motor and outside air 
louver. The geo retrofit involved removing the old electric coil, validating the integrity of 
the existing blower and motor, cleaning and repairing the 25-year-old console as 

EXTERIOR 
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COURTYARD 
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TYPICAL. 

 
EXISTING CONSOLE 
HEATER - TYPICAL 
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needed.  The old electric element was replaced with a new custom-made hydronic coil. 
See figure 8 below 
 

The custom coil is shown here before 
its insertion into one of the 56 
classroom consoles. 
 
Note the coil is a three row deep 
configuration. While this is a common 
coil thickness for an air conditioning 
application, the lower heating water 
temperature developed by a 
geothermal heat pump also required a 
three-row coil Since the three-row 
requirement was common to both the 
heating and cooling water 
temperatures a single coil was all that 
was required. This in lieu of the 
common console, fan coil or large air 
handling unit that normally required two 
water coils, one for hot water and one 
for cold water. This characteristic of a 
geothermal system allowed a less 
costly single hydronic coil 
configuration. 
 
A drip pan under  the hydronic coil was 
also an integral component of the 
retrofit. The existing classroom 
consoles were now able to provide air 
conditioning as well as heating. 

 
Figure 8 - TYPICAL CUSTOM HYDRONIC COIL 

for INSERTION INTO CLASS ROOM CONSOLES 
                               
As a result of this retrofit approach, minimum cutting and patching or repainting of each 
classroom was required. The insulated two –pipe system manifolds were run across the 
ceiling in the corridors and fed into each classroom. The insulated pipe drops were 
covered with a plastic protective coating that matched existing wall and drape colors. 
The figure below shows a typical finished classroom installation.  Thermostatic control in 
each classroom provided individual comfort options for that room’s teacher. The Metasys 
control system determined if hot or cold water was circulated in the building’s pipe 
distribution system. Conversation of the system from a heated water loop to a chilled 
water loop was is approximately one hour – allowing morning warms up and afternoon 
air conditioning. 
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Figure 9 - TYPICAL CLASS ROOM HEATER CONSOLE – 
NOW CONVERTED TO HEATER AND AIR CONDITIONER 

 
OPERATIONAL RESULTS 
 
Replacing an all electric resistance heating system with the highest energy efficiency 
equipment provides an easily achieved  “heroic” opportunity. During the mid 1950’s and 
into the 1960’s many schools were built with electric resistance heat. Electric heat was 
fairly touted as an, easily controlled and with the vision of cheap nuclear power an ideal 
method of space heating.  The Hasting School was built under that hazy visionand 
survived for many years under that spell. 
 
The use of geothermal heat pumps has allowed the School to substantially reduce its 
operating costs. The School management has noted, that the overall electric cost at the 
School have been reduced by an average of $75,000 per year since the geothermal heat 
pump system went on line and with the addition of air conditioning. The figure below 
shows the over all energy used in the three years before geothermal and the three years 
after geothermal was installed. 
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Figure 9 – TOTAL COMPARATIVE ENERGY USED 

BEFORE & AFTER GEOTHERMAL HEAT PUMP INSTALLATIONS 
 

Striped bars are the actual electrical use of the total building including heating and 
cooling (cooling and heating only after fy 96) lighting and other facility electrical loads. 
School fiscal (fy) and calendar years were the same. On the basis of the above actual 
information from local power utility billing information and estimates of lighting and other 
non-heating loads, the annual Coefficient of Performance (COP) for the last electric year 
and the last geo year was calculated to be about 3.35 – or a savings over electric 
resistance heating of 70%. 
 
This 70% savings included fully air conditioning the school that had previously not been 
capable of air conditioning. 
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A SUMMARY THAT APPLIES TO ALL SCHOOLS 
 
The flowing pages summarize information on various schools in the U.S.A. and Canada 
and their experiences with GeoExchange systems. Although not directly related to the 
Hastings School installation, Hastings mirrors much of the following information. 
  
A Geo-Exchange heat pump based space conditioning system can provide: 
   

•Maximum Design Flexibility 
  •Lowest Operational Costs for heating, cooling and hot water 
  •Lowest Maintenance Costs 
  •Exhaust Air Recovery for Efficient Fresh Air Requirements 
  •Provide Air Conditioning at Little Additional Cost 
  •Most Environmentally Responsible Space Conditioning   
 
The use of a geo-exchange heat pump offers many advantages for the academic 
building manager and operator.  Flexible use, low cost operational and maintenance 
budgets, savings on the newly adopted fresh air requirements and newly required “12 
month” schools all make the geo-exchange heat pump an attractive space conditioning 
system for all school at all levels. 
 
FLEXIBLE DAY-TIME USE 
 
Geo-Source heat pumps may provide their conditioning via: 
 

• Distributed water-to-air heat pumps (many small heat pumps proliferated  
      throughout a building),  
• Centralized water-to-air heat pumps or by hydronic distribution of a central    
      water-to-water heat pump system.   
 

Both of these configurations have the ability to winter “set-back” (lower) temperatures 
during nighttime non-use hours, and quickly and efficiently bring temperatures up in time 
for morning classes.  Summer time set-forward ability is equally important and a 
capability of the geothermal heat pump. 
 
Commercial and class room GeoExchange heat pumps have the ability to operate with 
return air temperatures as low as 45°F. In this mode their efficiencies can exceed 
Coefficients of Performance (COP) of 4.5 or higher, as the thermodynamic lift of the heat 
pump circuit is relatively very low. Unlike the narrow temperature range of a boiler-
cooling tower water source heat pump6,  the GeoExchange heat pump7 has another 
layer of internal dynamic controls, e.g. thermostatic expansion valves, larger evaporators 
and condensers and other enhancements.   
 
With that in mind, a GeoExchange heat pump does not have the high thermal mass (not 
a lot of metal) that requires time to heat-up or cool-off as with a massive boiler. Early 
morning school heat-up after a cold winter night can require a boiler more operational 
                                                 
6 These units are rated at Air Conditioning Research Inst. (ARI) Standard ARI-320 at 70°F 
(heating) and 85°F(cooling) 
7 Geo-source heat pumps are more severely rated at ARI-330 at 30°F (heating) and 77°F(cooling) 
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time to bring its bulk and the building up to temperature than a comparatively sized heat 
pump. The heat pump with a substantially small thermal mass can change its 
temperature very rapidly and efficiently. 
 
Because of this low thermal mass, the geo-source heat pump could provide the Spring 
or Fall classroom with efficient and comfortable heating during the cool morning and the 
comfort of air conditioning to meet the hot afternoon sun load. A feat not easily 
accomplished with two separate bulky heating and cooling systems. 
 
We note with several monitored commercial buildings of 60,000 – 80,000 square foot 
and a 100,000 square foot grammar school, the turn-around from heating to cooling is 
typically accomplished within a 1 to 1 ½ hours with a central GeoExchange system and 
within 20 minutes for diverse GeoExchange systems.  
 
GeoExchange heat pumps can provide substantially higher comfort levels during Fall 
and Spring days and building and room by room flexibility. 
 
OPERATIONAL COSTS 
 
Table 1 below lists the relative costs of operating a geo-source heat pump both the costs 
of fuels and the cost of periodic and repair maintenance must be considered. 
 
In order to compare operational energy costs we can bring representative energy source 
and their present costs to a common factor of Dollar Cost per Million British Thermal 
Units ($/mmbtu). \ 
. 
 
 Space Conditioning Energy Source/Cost/Unit Efficiency $/mmbtu  
 
 HEATING 

    Electric Resistance $0.0955 /kWh(avg.)  100%  $ 27.97 
     Oil    $ 1.25/gal     70%  $ 12.75 
     Natural Gas   $0.95/therm (winter)    78% heating $ 12.20 
     Geo-Source   $0.0955/kWh(avg.)    3.6 COP $   7.77 
 AIR CONDITIONING 
     Central Chillers $0.0955 /kWh(avg.)  8.0EER $12.16 (w/CT)  
     Gas Chillers $0.4824/Therm     45%  $ 10.72 
     Geo-Source  $0.0955 /kWh(avg.)  17.0 EER $   5.63 
 DOMESTIC HOT WATER 
     Electric Resistance $0.0955   100%  $ 27.97 
     Oil   $ 1.25/gal     65%  $ 13.70 
     Natural Gas  $ 0.85/therm (all year)    70%               $ 12.15 
     Geo-Source            $ 0.0955/kWh    3.0 COP $    9.33 
 

Table 1 - TYPICAL ENERGY COSTS NOMINALIZED 
DOLLARS per MILLION (MM) BRITISH THERMAL UNITS (BTU) 

 
Note - the fossil energy costs, e.g. oil and gases also include the costs of the electric 
parasitics that are required to operate motors, blowers, and controls for those devices. 
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MAINTENANCE COSTS 
 
The reliability and maintenance cost for the GeoExchange heat pump has been the 
subject of several factual studies over the past decade. The overall life of a water 
source/GeoExchange heat pump has been evaluated in an Electric Power Research 
Institute report8 in 1988. Looking at a large population of actual heat pump installations,  
showed smaller water source heat pump had a mean time between failure (MTBF) of 46 
years and large commercial water source heat pumps 19 years MTBF. 
 
GeoExchange maintenance costs are demonstrated to be impressively low, with several 
site closely monitored in the past few years. the U.S. Army9 and Caneta Research 
Corp10 have been recently evaluated GeoExchange installation maintenance costs. 
GeoExchange heat pumps are shown to be lower maintenance costs than comparable 
gas or oil based heating systems. 
 
The Table 2 below shows the results of these studies: 
 
 
   4,003 buildings, U.S. Army Study, Ft. Polk LA 30% reduction 
   25 Buildings (U.S. & Canada)   20% reduction 
 
 Table 2 -GeoExchange Maintenance Reduction – Two Recent Surveys 
 
 
It should be noted that of the 25 building surveyed, 15 were schools. All of the schools 
were in Canada, New Jersey and Pennsylvania. School maintenance costs for 
GeoExchange heat pumps were evaluated for in-house and contractor maintenance: 
 
 
     
 

   GeoExchange Cost per Square Foot 
    Mean Cost  Standard Deviation 
 In-House   $0.0594          $0.0509 
 Contractor   $0.0697          $0.0618 
 
       Table 3 -  15 School Survey of Maintenance Costs – 
           Actual Labor Costs Averaged Over System Life 
   
 
In the above, table 3, the approximate labor rate was $26.00/hour plus 36% Overhead 
and Benefits allocation. 
 

                                                 
8 Ross, Dr. David, PRA Inc. Pilot Study of Commercial Water-Loop Heat Pump Compressor Life, 
EPRI CU-6739, March 1990 
9 J.Shonder & P. Hughes, Results from the Geothermal Heat Pump Energy Savings Performance 
Contract at Fort Polk LA, Oak Ridge National Lab, IGSPHA Conference, 10-1997 
10 D.Cane et al, Survey and Analysis of Maintenance and Service Costs in commercial Building 
Geothermal Systems,  Caneta Research Inc., RP-024 10-1997 
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A comparison of total Maintenance Costs from a 1985 Caneta Research Survey 
compared against an ASHRAE11 survey shows: 
 
 
Cost per Square Foot 
    Mean Cost Standard Deviation 
 Caneta Survey $0.0732      $0.0692 Base Case, GeoExchange 
 ASHRAE Survey $0.2180      $0.1640 Water Source Heat Pumps 
    $0.5220      $0.3380 Gas Absorption Chiller 
 
  Table 4 - Results of Recent Maintenance Studies, Commercial Buildings 
   GeoExchange vs. Typical Fossil Based System 
 
 
The ASHRAE survey included nearly 350 buildings and a variety of heating and cooling 
space-conditioning systems. 
 
A recent study12 (1999) in the Lincoln Nebraska Public School District compared four 
different types ofheating and cooling systems in the District’s 20 school buildings, table 
5. The results do not include preventative maintenance and capital renewal in the 20 
school data base.  
   
 
 

Type Space Conditioning System  Annual Cost/Square foot 
 Geothermal Systems      $ 0.0213 
 Air Cooled Chiller w/ Gas HW Boiler    $ 0.0288 
 Water Cooled Chiller w/ Gas HW Boiler   $ 0.0373 
 Water Cooled Chiller w/ Gas Steam Boiler   $ 0.0607 
  
    Table 5 - Operational Repair Maintenance 20 Schools – Lincoln Nebraska 
 
 
These 1999  maintenance costs for geothermal are substantially lower than those 
reported in the previous studies, noted above. 
 
 
 
 
 
 

                                                 
11 ADM Associates,  Analysis of Survey Data on HVAC Maintenance Costs (RP-382), ASHRAE 
Technical Committee 1.8, 1985 
12 Martin, MA, Durfee and Hughes PJ, Comparing maintenance costs of geothermal heat pump 
systems with other HVAC systems in Lincoln (NB) public schools: Repair, service and corrective 
actions, ASHRAE Trans, 1999, Vol.  105, Part 2, #SE-99-20-04, 1208-1215 


