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Executive Summary  

Colorado Northwestern Community College (CNCC) is working collaboratively with recipient 
vendor Chevron Energy Solutions, an energy services company (ESCO), to develop an innovative 
GHP project at the new CNCC Campus constructed in 2010/2011 in Craig, Colorado.  The 
purpose of the CNCC Craig Campus Geothermal Program scope was to utilize an energy 
performance contracting approach to develop a geothermal system with a shared closed-loop 
field providing geothermal energy to each building’s GHP mechanical system.  Additional 
benefits to the project include promoting good jobs and clean energy while reducing operating 
costs for the college.   
 
The project has demonstrated that GHP technology is viable for new construction using the 
energy performance contracting model.  The project also enabled the project team to evaluate 
several options to give the College a best value proposition for not only the initial design and 
construction costs but build high performance facilities that will save the College for many years 
to come. 
 
The design involved comparing the economic feasibility of GHP by comparing its cost to that of 
traditional HVAC systems via energy model, financial life cycle cost analysis of energy savings 
and capital cost, and finally by evaluating the compatibility of the mechanical design for GHP 
compared to traditional HVAC design. 
 
The project shows that GHP system design can be incorporated into the design of new 
commercial buildings if the design teams, architect, contractor, and owner coordinate carefully 
during the early phases of design.  The public also benefits because the new CNCC campus is a 
center of education for the much of Northwestern Colorado, and students in K-12 programs 
(Science Spree 2010) through the CNCC two-year degree programs are already integrating 
geothermal and GHP technology. 
 
One of the greatest challenges met during this program was coordination of multiple 
engineering and development stakeholders.  The leadership of Principle Investigator Pres. John 
Boyd of CNCC met this challenge by showing clear leadership in setting common goals and 
resolving conflicts early in the program. 
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Comparison of Goals  

The requested funds were for the construction of the GHP system and monitoring. The GHP 
projects goals were to develop green technology jobs, provide a research opportunity in both 
engineering and geological aspects of this GHP project, and serve as a model for economical 
deployment of GHP systems as a common utility for new construction in a campus 
environment. 

 
Specific Goals and Results of the project as listed below: 
 
Goal:  Promote green-collar industries and create sustainable jobs through clean energy and a 
sustainable green technology.   
Result:  Educate and train future students on benefits of geothermal.  This project also created 
and retained green jobs as shown in DOE Formula. The jobs created by this project will be 
construction related jobs.  Using the DOE figure of $92,000/job-year, the green jobs this project 
will create/preserve are $870,491 / $92,000/job-year = 9.5 green jobs for just the well field 
alone.  The installation of the entire project was 3,794,518 which results in an additional 41 jobs 
in this project alone. 
 
Goal:  The CNCC Craig Campus Geothermal Program project will reduce the carbon footprint 
through the reduction of green house gases created by on site consumption of natural gas and 
by utility generation of electricity.   
Result:  This goal was a success.  The College and community will achieve benefits as shown in 
“Specific Expected Benefits” below based upon our model results. 
 
Goal:  The project will demonstrate the energy savings and utility cost avoidance associated 
with GHP systems compared to traditional HVAC systems in new construction. The energy 
performance contracting program will achieve energy savings over the base design case using 
traditional HVAC systems as shown in Specific Expected Benefits below. 
Result: In addition to the DOE grant funds, the project is funded through an energy 
performance contract provided by the ESCO to leverage avoided utility costs.  Traditionally an 
energy performance contract program is created with a financing package to leverage energy 
savings to fund capital improvements.  The grant funding, coupled with favorable contractor bid 
pricing in a troubled market allowed CNCC to fund the project within the existing construction 
budget, so financing was not necessary. 
 
Goal:  This project will also seek to demonstrate that GHP technology can be cost effectively 
provided as a utility to campus environments, and can be readily transferred and replicated in 
both the public and private sectors to other areas of the country. 
Result: The program has been successful in demonstrating the life-cycle benefits of GHP 
technology. 
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Specific Expected Benefits 

• The project will reduce global CO2 emissions by approximately 678,000 lbm per year. 
• The project will create jobs and stimulate the local economy. 
• The project will reduce natural gas consumption by approximately 2,203 decatherms 

per year. 
• The GHP project will reduce the energy costs by more than $37,835 per year compared 

to the traditional HVAC system. 
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Summary of Project Activities
 

  

The process began with the design of two new facilities to be constructed for the Craig 
Colorado campus of the Colorado Northwestern Community College. The facilities to be 
constructed were an Academic building and a Career Tech building.  The only prerequisite of 
each building is that the Academic building was to achieve LEED certification at the Silver level. 
 
The original Architect and Engineering firms proceed with traditional building mechanical 
systems with packaged gas fired rooftop systems served with zoned terminal reheat.  These 
systems are of common design for similar facilities in the region with a typically low initial cost.  
 
Chevron Energy Solution (CES) was introduced to the team to analyze alternative systems for 
these facilities that are not only cost effective but energy efficient.  The College is concerned 
with the initial costs of the project but also conscious of the impact of how these buildings are 
to be constructed that will impact their operation budget for years to come.  CES had previously 
analyzed the viability of using GHP technology at the campus with preliminary design of a 
future residence hall to be constructed on the Southwest portion of the campus.  A single 400 
foot well was constructed and a thermo conductivity (TC) test was conducted to determine that 
the campus was indeed a viable for GHP.  Funding for the residence hall was stalled and 
subsequently so was the design development and analysis.  
 
The project team was skeptical that a GHP system would be cost effective for the proposed 
facilities.  CES ran several preliminary models that validated that the technology should be 
investigated further.  With the announcement of the grant opportunity this request was 
approved.  CES was officially brought into the team to develop a GHP strategy, analyze 
alternatives, help with the grant application, and present the best case alternative for not only 
the initial investment but also the long term operational commitment to the College. 
 
The initial challenge was introducing these alternatives into a design that was already under 
way.  The existing team had forged ahead with the initial design intent with several key 
scheduled milestones to meet.  A new system could impact all elements of design for the 
project team that include but not limited to structural, architectural, mechanical, electrical, and 
civil.   
 
Architectural & Structural:  The interior spaces were designed with the original mechanical 
systems.  The Architect was concerned that if additional ductwork, piping, or control was 
needed that the current design may not support these changes. Any changes to the plan could 
also impact the structural design as equipment could be moved. 
  
Mechanical:  The mechanical engineer expressed concern the GHP system would not be 
sufficient to meet the heating needs in the Craig climate.  Nestled in at over 6,000 feet Craig 
does pose challenges for engineers with changing weather conditions. 
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Electrical:  Although the electrical engineer had only a preliminary design there was concern 
that if several smaller decentralized GHP units were installed in lieu of larger centralized 
rooftop units that the power distribution would cause issues. 
 
Civil:  The master plan for the campus did not consider the installation of dozens of wells.  How 
was the loop field to be installed efficiently and not deter the master plan of the campus build 
out? 
 
CNCC coordinated several meeting with all the stakeholders to discuss these and other issues.  
The plan was to give CES several weeks to finalize their analysis and present to the group for 
further discussion.  CES collaborated with the all stakeholders but extensively with the 
mechanical engineer (ME).  The ME had started computer modeling for the Academic building. 
The intent of the model was not only to aid the mechanical design but also be used as a basis 
for an energy profile.  This energy profile is to be used for the LEED requirements. 
 
The original methodology used by CES was to review the current design and estimated budget 
and create several alternatives to determine the best case.  This was accomplished using a Life 
Cycle Cost Analysis (LCCA). 
 
The LCCA is a method for assessing the total cost of the HVAC system over the life of that 
system.  It takes into account costs for initial construction plus the annually recurring costs for 
energy, equipment replacement, and maintenance over the life of the system.  The LCCA is 
useful when comparing different alternatives that fulfill similar performance requirements, but 
differ with respect to initial and operating costs.  This LCCA was used to determine whether the 
incorporation of a high-performance HVAC system (such as Geo Exchange), is cost-effective as 
compared to a traditional HVAC system. 
 
An LCCA was performed for the project comparing three options as follows: 
 
Option 1:  Baseline Case.  Traditional HVAC system based on using boilers, air-cooled chillers, 
roof-mounted air handling units (AHUs).  This option was designed to meet the requirements of 
ASHRAE 90.1 – 2004. 
 
Option 2:  Geo-exchange Case #1. HVAC system based on ground source heat pumps (GHPs).  
The GHPs were designed with a decentralized approach.  This approach was for smaller 
packaged units serving individual zones.   
 
Option 3:  Geo-exchange Case #2.  HVAC system based on ground source heat pumps (GHPs).  
The approach considered using roof mounted centralized heat pumps.  This approach was very 
similar to Option 1 so change in design would be minimal. 
 
 
 
 

http://www.wbdg.org/resources/hvac.php�
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Assumptions:  For the purposes of this LCCA, the following assumptions have been made: 
 
 The initial construction costs for each option include the costs for both the Academic 

Building and the Career Tech Building.  Construction costs were established by a 
professional construction cost estimating firm. 

 
 Energy consumption for each option was established by a computer simulation of the 

Academic Building using the Trane Trace 700 building modeling software.  The design of 
the Career Tech Building had not been developed to the extent necessary to model the 
building, therefore energy consumption was extrapolated from the Academic Building 
simulation results based on building floor area. 

 
 Utility rates used in the analysis are actual rates obtained from the various local utilities.   

The natural gas rate used for the analysis is $8.764/Dth.  The electric consumption rate 
used for the analysis is $.0865/kwh.  There is no electric demand charge used in the 
analysis. 

 
 Maintenance costs for each option were established based on industry accepted rules of 

thumb base on building floor area. 
 
 A discount rate of 4.5%, Escalation rates for energy and maintenance costs of 3.0%. 

 
 25-year life cycle. 

 
The results of the LCCA are as shown in table A-1.  Copies of the analysis can be found in the 
Appendix. 
 

TABLE A-1 - Results of Life Cycle Cost Analysis 
 

Option 

Annual 
Electric 
Savings 

(Compared 
to Option 1) 

(kWh) 

Annual 
Natural Gas 

Savings 
(Compared 
to Option 1) 

(Dth) 

Annual Energy 
Cost Savings 

(Compared to 
Option 1) 

25-year Total Life 
Cycle Cost 

Option 1 – Baseline – 
Traditional System 
with Boilers / Chillers 

- - - $6,749,930 

Option 2 – distributed 
GHPs with Vertical 
Closed Loop Well field 

170,753 1,769 $30,262 $6,393,329 

Option 3 –RTU GHPs 
with Vertical Closed 
Loop Well field 

214,271 2,203 $37,835 $6,198,521 
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The results of the analysis were presented to the team.  The team discussed over several 
meetings the results of the analysis and concerns with the change of design with a GHP 
approach.  Each team member contributed valuable input into the design.  Since most of the 
design had started before the introduction of the GHP alternative most of the original design 
concerns were evaluated and a collaborative consensus was used to determine the final design. 
 
To alleviate most of the initial design impact packaged rooftop heat pumps units were designed 
in place of the original packaged traditional rooftop units.  This reduced the need to change the 
much of the existing structural, architectural, and mechanical design.  Most of the existing 
ductwork and plumbing design was changed very little. The decision to install rooftop GHPs also 
coincided with the initial best case scenario of the LCCA analysis as seen in the table above.   
 
Civil concerns were diminished when the layout of the loop filed was designed.  A large 
adjacent green field was used for the loop field that did not impact the future expansion of 
campus or any existing underground utilities.  The attached site drawings illustrate the loop 
field design.  As the loop field was encroaching on the future building the design went from 10 
circuits of 9 holes drilled to a depth of 400 feet, to 12 circuits of 8 holes drilled to a depth of 375 
feet.  A large subterranean vault was also installed between the loop field and the building so 
additional mechanical floor plan space would be minimized with the additional equipment.  
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Identify Products Developed
 

  

There have been several releases about the award of this grant in the local community.  The 
following are three links to these regional press releases.  Each release is also attached to the 
end of this report in the Appendix. 
 
http://markudall.senate.gov/?p=press_release&id=307 
http://denver.bizjournals.com/denver/stories/2009/10/26/daily53.html 
http://www.metrodenver.org/news-center/metro-denver-news/colorado-
companies-recieve-18m-in-ARRA-geothermal-grants.html 

 
 
Chevron Energy Solutions will be installing remote metering on each building’s electrical and 
natural gas loads.  An additional meter will be installed in the ground loop heat exchanger to 
measure flow and temperature difference or BTUs.  This program is similar to what is installed 
on the College’s Rangely campus.  Data from these metering points can be collected into a data 
base and manipulated in various ways for DOE reporting.  This part of the scope is expected to 
be completed by the spring of 2011. 
 
No new technologies/techniques or inventions were part of this scope.  Only standard industry 
recognized design and installation techniques. 
 
Collaboration between CNCC, ESCO (Chevron Energy Solutions), Contractor (Adolfson Peterson 
Construction), CM (Blythe Group), Engineer (Beaudin Ganze Consulting Engineers), Geothermal 
Consulting (Geo Energy Services), Architect (Anderson Mason Dale Architects) was essential to 
completing the objectives.  President John Boyd was instrumental in gathering the team 
member to understand the goals and commit to the project objectives and schedule.  The team 
gathered valuable information on how to look at design from an energy perspective. 
 
The adaptation of the life cycle cost analysis to the process presented the College with several 
options with the result of the best value program.  This is different than the typical 
plan/spec/bid/build process typically found in the public sector and positions the College with 
the opportunity to build a high performance facility which will provide dividends in the future. 

 
  

 
  

http://markudall.senate.gov/?p=press_release&id=307�
http://denver.bizjournals.com/denver/stories/2009/10/26/daily53.html�
http://www.metrodenver.org/news-center/metro-denver-news/colorado-companies-recieve-18m-in-ARRA-geothermal-grants.html�
http://www.metrodenver.org/news-center/metro-denver-news/colorado-companies-recieve-18m-in-ARRA-geothermal-grants.html�
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Computer Modeling Overview

 

 - For projects involving computer modeling, provide the 
following information with the final report: 

In order to develop the best ground heat exchanger sizing design, computer software is used 
that has been developed using known algorithms approved and used throughout the 
GeoExchange industry.  Different versions of these programs exist and to some degree, some 
use a combination of different algorithms to derive their specific computer software.  The result 
of these various software programs is that none of them generate the same answer given the 
exact same inputs.  Several white papers have been written on this topic; however, most 
simulation software programs are within 15% of one another.  For this project, a program called 
Ground Loop Design (GLD) version 2.5 was used in the design of the ground heat exchanger.  
The program relies on several inputs to generate a ground heat exchanger size.  These inputs 
are building loads (peak and cumulative heating and cooling), ground temperature, ground 
thermal conductivity, ground thermal diffusivity, and minimum and maximum entering water 
temperatures to the heat pumps as external variables.  Within the program additional 
parameters are selected and include: pipe size, borehole diameter, grout type (grout thermal 
conductivity), borehole spacing, fluid type (water, antifreeze %, etc.), system flow rate, and 
heat pump equipment type. 
 
The major assumptions for this project relate to the heat pump equipment.  Due to the design 
of the HVAC system by the design mechanical engineer (Beaudin Ganze Consulting Engineers) 
for the two buildings, large customized heat pump units were specified.  This type of system 
design does not allow the exact selection of the equipment within ground heat exchanger 
programs to match total heat rejection or heat of extraction of the equipment.  In order to 
generate those curves, three of the pre-approved manufacturers were contacted to provide 
and derive performance curves to use within the program.  An average value of all three was 
then used to create generic heat of rejection and heat of extraction at various entering water 
temperature conditions to use within the ground heat exchanger software program. 
 
A final set of variables that may change are the three ground thermal properties, static 
temperature, thermal conductivity, and thermal diffusivity.  The initial ground heat exchanger 
design used our initial thermal conductivity results in March of 2009 in an effort to condense 
the design and installation schedule as well as save some cost.  However, the bore field site is 
approximately 400 yards away from the test borehole and we recognize the ground thermal 
properties may change.  So, the first borehole drilled for the project was tested to confirm the 
values and that test was completed in April of 2010.  The key values were nearly identical.  For 
instance the ground thermal conductivity values were 1.32 and 1.28 Btu/hr-F-ft.  In order to be 
certain, the updated values specific to the project site were re-simulated in the ground heat 
exchanger program and found to only have about 1.5°F change in long term temperature 
changes over a 20-year period.  Copies of the thermo conductivity tests can be found in the 
Appendix. 
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Below is a sample screen shot from the software vendor’s website.  No other documentation 
can be directly attached as it is embedded within the program for viewing, but not printing. 

 
 

 
 









Udall, Bennet Applaud $18 Million in Recovery Act Funds To Accelerate 
Geothermal Energy And Exploration In Colorado 

Colorado School of Mines to Get $2,298,287 

Posted: Thursday, October 29, 2009 

Washington, D.C. -- Senators Mark Udall and Michael Bennet today applauded the announcement of over $18 million in Recovery Act 

funding for the exploration and development of new geothermal fields and research into advanced geothermal technologies in Colorado. 

These grants will support more than 10 projects in Colorado. 

"This funding is terrific news for Colorado and the race to develop geothermal energy technology," Senator Udall said. "Tapping the heat of 

the earth for power holds enormous potential as we work to build a strong, clean energy economy. Coloradans are doing extraordinary 

research and development in this area, and this funding will help us continue to lead the way in renewable energy development." 

"This funding will help us tap into our geothermal energy resources in Colorado while boosting the local economy," Bennet said. "By 

combining our innovative spirit with the natural resources of our great state, we can build a new, clean energy economy in Colorado that 

creates jobs and frees us from our dependence on foreign oil." 

These projects represent a dramatic expansion of the U.S. geothermal industry. The grants are directed toward the development of new 

geothermal fields and reducing the risks associated with geothermal development through innovation. 

The following projects have received funding in Colorado: 

Innovative Exploration and Drilling Projects 

• $4,778,234-Flint Geothermal LLC in five sites across the state will utilize a combination of geological mapping tools to identify resources in 

Colorado. 

Enhanced Geothermal Systems (EGS) Components Research & Development/Analysis 

• $557,150 -- Composite Technology Development, Inc. in Lafayette, Colo., will develop and demonstrate a new class of circuit boards that 

can withstand high temperatures and operate reliably in EGS wells 

• $708,000-William Lettis & Associates, Inc. in Blacksburg, Va., And Denver, Colo., will use seismic data to image the physical properties of 

geothermal reservoirs. 

• $1,191,893-Colorado School of Mines in Golden, Colo., will create large scale simulation model that can tie together all the various 

physical properties of an EGS system. The resulting model will be more robust and accurate than those of a smaller scale. 

• $860,597-Colorado School of Mines in Golden, Colo., will create and validate an EGS simulation model that can tie together the fluid flow 

properties of an EGS system. The resulting model will be more robust and accurate than current, smaller scale models. 

• $1,840,000-Power Environmental and Energy Research Institute in Nathrop, Colo., will develop a model to compare tracer fluids used to 

help visualize EGS reservoirs. 

• $954,546-Composite Technology Development, Inc. in Lafayette, Colo., will shape memory polymer composites and foams to be used to 

isolate particular sections of a drilled well, as part of an EGS simulation technique. 

Geothermal Data Development, Collection and Maintenance 

• $17,799,947-Arizona State Geological Survey in collaboration with 40 other State Geological surveys, including Colorado, will participate 

in populating the National Geothermal Data System (NGDS) with relevant state specific geothermal data. 

Ground Source Heat Pump Demonstration Projects 

• $245,797-Colorado School of Mines in Golden, Colo., will create a "Geothermal Academy," a data and analysis clearinghouse for GHP 

projects. 

• $4,600,000-Colorado Department of Personnel and Administration in Denver, Colo., and its partners will collect and analyze data to 

access the performance of GHP systems. 

0 tweetShare Like 
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• $430,000-Colorado Northwestern Community College in Rangely, Colo., will retrofit a number of campus buildings to provide heating and 

cooling capacity as well as strong educational opportunity. 

• $2,611,832-Denver Museum of nature & Science in Denver, Colo., will demonstrate the use of municipal waste water as the heat 

exchange medium for a heating/cooling system. 

  

 
By: Tara Trujillo 202-224-5941
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From the Denver Business Journal: 
http://www.bizjournals.com/denver/stories/2009/10/26/daily53.html 

Colorado gets $18M through stimulus for geothermal 
projects 
Denver Business Journal - by Cathy Proctor 

Date: Thursday, October 29, 2009, 5:16pm MDT 

Colorado companies, agencies and institutions received $18 million in grants from the federal economic stimulus package 
Thursday. 

Overall, the U.S. Department of Energy announced $338 million in grants for 129 geothermal energy projects in 39 states. 

The DOE said state and private funds will give another $353 million to those projects. 

Geothermal energy, or using the Earth’s heat to generate electricity or heat buildings, has enticed researchers in the last few 
years because it offers virtually unlimited energy without any emissions of carbon dioxide. 

The grants were directed at technologies to better find and tap hot spots under the Earth’s surface. 

“Geothermal energy is a vast, and still largely untapped, resource that diversifies our supplies and builds energy security for 
Colorado and the country,” Gov. Bill Ritter said in a news release congratulating grant recipients in Colorado. 

Four Colorado companies, three state institutions and the Denver Museum of Nature and Science received grants 
Thursday: 

• Colorado Department of Personnel and Administration: $4.6 million to collect and analyze information to evaluate the 
performance of ground-source heat pump systems. 

• Colorado Northwestern Community College in Rangely: $430,000 to retrofit a number of campus buildings to provide 
heating and cooling capacity. 

• Colorado School of Mines: $1.19 million to create a large-scale simulation model that can include more factors involved in 
geothermal drilling than do the existing models. 

• Colorado School of Mines: $860,597 to create and validate an model that includes how fluids might act if injected into a well 
drilled into hot rock. 

• Colorado School of Mines: $245,797 to create a “Geothermal Academy,” with a data and analysis clearinghouse for ground-
source heat projects. 

• Composite Technology Development Inc. of Lafayette: $954,546 to shape materials used in geothermal wells. Also, $557,150 
to develop and demonstrate a new class of circuit boards that can withstand high temperatures and operate reliably in wells 
drilled into hot rocks. 

• Denver Museum of Nature and Science: $2.61 million to demonstrate the use of municipal wastewater as the heat-exchange 
medium for a heating/cooling system. 

• Flint Geothermal LLC of Denver: $4.78 million to use a combination of geological mapping tools to identify geothermal 
resources in Colorado. 

• Power Environmental and Energy Research Institute of Nathrop: $1.84 million to develop a model to compare fluids used to 
help visualize reservoirs of geothermal heat. 

• William Lettis & Associates Inc. of Denver (and Virginia): $708,000 to use seismic data to image the physical properties of 
geothermal reservoirs. 
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News Center 

Colorado companies recieve $18M in ARRA geothermal grants

Gov. Bill Ritter congratulated four Colorado companies, three state institutions, and the Denver Museum of Nature and 
Science for securing $18 million in Recovery Act funding for geothermal exploration, research and demonstration projects. 

Grants included $4.78 million to Flint Geothermal to use geological mapping tools to identify Colorado geothermal 
resources and $4.6 million to Colorado's Department of Personnel and Administration to assess the performance of 
ground source heat pump projects. 

"These projects will further power our New Energy Economy into the future, providing important jobs and leading Colorado 
to more clean energy sources," Gov. Ritter said. "Geothermal energy is a vast, and still largely untapped, resource that 
diversifies our supplies and builds energy security for Colorado and the country." 

The grants were part of $338 million in geothermal grants distributed nationwide by the Department of Energy. In all, the 
grants will support 123 projects in 39 states, including work conducted by private industry, academic institutions and 
governments. The grants will be matched more than one-for-one with an additional $353 million in private and non-federal 
cost-share funds. 

Collectively, these projects represent a dramatic expansion of the U.S. geothermal industry and will create or save 
thousands of jobs in drilling, exploration, construction, and operation of geothermal power facilities and manufacturing of 
ground source heat pump equipment. 

"The United States is blessed with vast geothermal energy resources, which hold enormous potential to heat our homes 
and power our economy," said Department of Energy Secretary Steven Chu. "These investments in America's 
technological innovation will allow us to capture more of this clean, carbon free energy at a lower cost than ever before. 
We will create thousands of jobs, boost our economy and help jump-start the geothermal industry across the United 
States." 

The Recovery Act grants follow investments by the Governor's Energy Office in early geothermal research and 
development. Those grants, using Clean Energy Fund dollars, have now helped leverage $18 million for Colorado 
companies and agencies. 

Below is a breakdown of the Colorado grants: 

Innovative Exploration and Drilling Projects 
 Flint Geothermal LLC: $4.78M -- The company will use a combination of geological mapping tools to identify 

resources in Colorado.  
 Enhanced Geothermal Systems (EGS) Components Research & Development/Analysis  
 Composite Technology Development Inc. of Lafayette: $557,150 to develop and demonstrate a new class of circuit 

boards that can withstand high temperatures and operate reliably in EGS wells.  
 Colorado School of Mines: $1.19M to create a large-scale simulation model that can tie together all the various 

physical properties of an EGS system. The resulting model will be more robust and accurate than current, smaller-
scale models.  

 Colorado School of Mines: $860,597 to create and validate an EGS simulation model that can tie together the fluid 
flow properties of an EGS system. The resulting model will be more robust and accurate than current, smaller-scale 
models.  

 Power Environmental and Energy Research Institute of Nathrop: $1.84M to develop a model to compare tracer fluids 
used to help visualize EGS reservoirs.  

 Composite Technology Development, Inc.: $954,546 to shape memory polymer composites and foams to be used to 
isolate particular sections of a drilled well, as part of an EGS simulation technique.  

 William Lettis & Associates Inc. of Denver (and Virginia): $708,000 to use seismic data to image the physical 
properties of geothermal reservoirs. 
 

Ground Source Heat Pump Demonstration Projects 
 Colorado School of Mines: $245,797 to create a "Geothermal Academy," with a data and analysis clearinghouse for 

ground-source heat projects
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 Colorado Department of Personnel and Administration: $4.6M to collect and analyze data to assess the performance 
of ground-source heat pump systems.  

 Colorado Northwestern Community College: $430,000 to retrofit a number of campus buildings to provide heating 
and cooling capacity.  

 Denver Museum of Nature and Science: $2.61M to demonstrate the use of municipal wastewater as the heat 
exchange medium for a heating/cooling system. 

[e] info@metrodenver.org[f] 303.534.3200[p] 303.620.8092
© 2010 Metro Denver EDC

1445 Market Street Denver, CO 80202
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G E N E R A L   N O T E S

1. ALL GROUND HEAT EXCHANGER WORK SHALL BE
INSTALLED ONLY BY AN INTERNATIONAL GROUND SOURCE
HEAT PUMP ASSOCIATION (IGSHPA) CERTIFIED
CONTRACTOR.  CONTRACTOR SHALL MAINTAIN COPIES OF
CERTIFICATIONS ON FILE AT JOB SITE DURING
CONSTRUCTION FOR ONE (1) SITE DRILLING
SUPERINTENDENT AND ONE (1) SITE FUSION HEADERING
SUPERINTENDENT.

2. ALL GROUND HEAT EXCHANGER INSTALLATION WORK
SHALL CONFORM TO ALL STANDARDS AND PROCEDURES
SET FORTH BY THE INTERNATIONAL GROUND SOURCE HEAT
PUMP ASSOCIATION (IGSHPA) AND LOCAL GOVERNING
AGENCIES.

5. ALL HDPE PIPING CONNECTIONS SHALL BE FUSED BY A
QUALIFIED IGSHPA CONTRACTOR.

6. PRIOR TO ANY EXCAVATION, PROVIDE UTILITY SURVEY AND
MARK LOCATIONS OF ALL WATER, SEWER, ELECTRICITY,
GAS, COMMUNICATIONS, SPRINKLER SYSTEMS, AND ALL
OTHER UTILITIES.

7. ALL PIPE TURNS SHALL NOT BE LESS THAN THE MINIMUM
BEND RADIUS OF THE PIPE MANUFACTURER'S
SPECIFICATIONS, EXCEPT WITH USE OF 90° ELBOW PIPE
FITTINGS.

8. PIPE SHALL BE INSTALLED SUCH THAT NO PIPING REMAINS
ABOVE MINIMUM DEPTH INDICATED PER HEADER TRENCH
SECTIONS.

9. PROVIDE METALLIC LOCATING TAPE OVER ALL GROUND
HEAT EXCHANGER PIPING FOR UNDERGROUND SURVEYING
AND MARKING.  MARKING TAPE SHALL BE BURIED MINIMUM
OF TWO (2) FEET ABOVE PIPING IN ALL TRENCHES.

10. ALL BOREHOLE SPACING SHALL BE NO LESS THAN ±1 FOOT
OF SPECIFIED BOREHOLE SPACING IN BOREHOLE
SCHEDULE.  FINAL BOREHOLE LOCATIONS SHALL BE
SURVEYED.  SURVEYED LOCATIONS SHALL BE SUBMITTED TO
ENGINEER FOR APPROVAL PRIOR TO BACKFILLING AND/OR
COMPACTION OF TRENCHES.  IN THE EVENT BOREHOLES
SPACINGS ARE NOT PROPERLY MAINTAINED, LOOP
CONTRACTOR SHALL BE RESPONSIBLE FOR PROVIDING
ADDITIONAL NUMBER OF BOREHOLES AT THEIR SPECIFIED
DEPTH TO MATCH THE NUMBER OF BOREHOLES THAT DO
NOT MEET THE SPACING REQUIREMENTS.

11. LOOP CONTRACTOR SHALL BE RESPONSIBLE FOR
MAINTAINING INDIVIDUAL BOREHOLE CIRCUIT
INSTALLATION  FOR THE SPECIFIED LENGTH OF THE
BOREHOLE.  IN THE EVENT INDIVIDUAL CIRCUITS DO NOT
MAINTAIN SPECIFIED DEPTH, LOOP CONTRACTOR SHALL BE
RESPONSIBLE FOR NOTIFYING ENGINEER OF RECORD PRIOR
TO TAKING ACTION.  ENGINEER OF RECORD SHALL
DETERMINE FINAL COURSE OF ACTION.

12. GROUND LOOP CONTRACTOR SHALL BE RESPONSIBLE FOR
GROUND LOOP SYSTEM FILL, FLUSH, AND PURGING, AND
ANTIFREEZE MIXING (30% PROPYLENE GLYCOL).

13. ALL BOREHOLE PIPING STUBUPS SHALL BE PROPERLY
CAPPED AND SEALED.  DUCT TAPE IS NOT ALLOWED AND IS
NOT CONSIDERED ACCEPTABLE SEALING METHOD.

14. LOOP CONTRACTOR SHALL BACKFILL TRENCH WITH
COARSE SAND 3" ABOVE AND BELOW PIPING IN THE EVENT
ROCKS OR OTHER DEBRIS ARE PRESENT THAT ARE GREATER
THAN 1" IN SIZE.  OTHERWISE, LOOP CONTRACTOR MAY
BACKFILL ENTIRE TRENCH WITH TRENCH CUTTINGS,
HYDRATING AS NECESSARY FOR COMPACTION
REQUIREMENTS OF PARKING LOT OR LANDSCAPING.

K E Y  N O T E S

BOREHOLE SCHEDULE
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G E N E R A L   N O T E S

1. ALL GROUND HEAT EXCHANGER WORK SHALL BE
INSTALLED ONLY BY AN INTERNATIONAL GROUND SOURCE
HEAT PUMP ASSOCIATION (IGSHPA) CERTIFIED
CONTRACTOR.  CONTRACTOR SHALL MAINTAIN COPIES OF
CERTIFICATIONS ON FILE AT JOB SITE DURING
CONSTRUCTION FOR ONE (1) SITE DRILLING
SUPERINTENDENT AND ONE (1) SITE FUSION HEADERING
SUPERINTENDENT.

2. ALL GROUND HEAT EXCHANGER INSTALLATION WORK
SHALL CONFORM TO ALL STANDARDS AND PROCEDURES
SET FORTH BY THE INTERNATIONAL GROUND SOURCE HEAT
PUMP ASSOCIATION (IGSHPA) AND LOCAL GOVERNING
AGENCIES.

5. ALL HDPE PIPING CONNECTIONS SHALL BE FUSED BY A
QUALIFIED IGSHPA CONTRACTOR.

6. PRIOR TO ANY EXCAVATION, PROVIDE UTILITY SURVEY AND
MARK LOCATIONS OF ALL WATER, SEWER, ELECTRICITY,
GAS, COMMUNICATIONS, SPRINKLER SYSTEMS, AND ALL
OTHER UTILITIES.

7. ALL PIPE TURNS SHALL NOT BE LESS THAN THE MINIMUM
BEND RADIUS OF THE PIPE MANUFACTURER'S
SPECIFICATIONS, EXCEPT WITH USE OF 90° ELBOW PIPE
FITTINGS.

8. PIPE SHALL BE INSTALLED SUCH THAT NO PIPING REMAINS
ABOVE MINIMUM DEPTH INDICATED PER HEADER TRENCH
SECTIONS.

9. PROVIDE METALLIC LOCATING TAPE OVER ALL GROUND
HEAT EXCHANGER PIPING FOR UNDERGROUND SURVEYING
AND MARKING.  MARKING TAPE SHALL BE BURIED MINIMUM
OF TWO (2) FEET ABOVE PIPING IN ALL TRENCHES.

10. ALL BOREHOLE SPACING SHALL BE NO LESS THAN ±1 FOOT
OF SPECIFIED BOREHOLE SPACING IN BOREHOLE
SCHEDULE.  FINAL BOREHOLE LOCATIONS SHALL BE
SURVEYED.  SURVEYED LOCATIONS SHALL BE SUBMITTED TO
ENGINEER FOR APPROVAL PRIOR TO BACKFILLING AND/OR
COMPACTION OF TRENCHES.  IN THE EVENT BOREHOLES
SPACINGS ARE NOT PROPERLY MAINTAINED, LOOP
CONTRACTOR SHALL BE RESPONSIBLE FOR PROVIDING
ADDITIONAL NUMBER OF BOREHOLES AT THEIR SPECIFIED
DEPTH TO MATCH THE NUMBER OF BOREHOLES THAT DO
NOT MEET THE SPACING REQUIREMENTS.

11. LOOP CONTRACTOR SHALL BE RESPONSIBLE FOR
MAINTAINING INDIVIDUAL BOREHOLE CIRCUIT
INSTALLATION  FOR THE SPECIFIED LENGTH OF THE
BOREHOLE.  IN THE EVENT INDIVIDUAL CIRCUITS DO NOT
MAINTAIN SPECIFIED DEPTH, LOOP CONTRACTOR SHALL BE
RESPONSIBLE FOR NOTIFYING ENGINEER OF RECORD PRIOR
TO TAKING ACTION.  ENGINEER OF RECORD SHALL
DETERMINE FINAL COURSE OF ACTION.

12. GROUND LOOP CONTRACTOR SHALL BE RESPONSIBLE FOR
GROUND LOOP SYSTEM FILL, FLUSH, AND PURGING, AND
ANTIFREEZE MIXING (30% PROPYLENE GLYCOL).

13. ALL BOREHOLE PIPING STUBUPS SHALL BE PROPERLY
CAPPED AND SEALED.  DUCT TAPE IS NOT ALLOWED AND IS
NOT CONSIDERED ACCEPTABLE SEALING METHOD.

14. LOOP CONTRACTOR SHALL BACKFILL TRENCH WITH
COARSE SAND 3" ABOVE AND BELOW PIPING IN THE EVENT
ROCKS OR OTHER DEBRIS ARE PRESENT THAT ARE GREATER
THAN 1" IN SIZE.  OTHERWISE, LOOP CONTRACTOR MAY
BACKFILL ENTIRE TRENCH WITH TRENCH CUTTINGS,
HYDRATING AS NECESSARY FOR COMPACTION
REQUIREMENTS OF PARKING LOT OR LANDSCAPING.
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G E N E R A L   N O T E S

1. ALL GROUND HEAT EXCHANGER WORK SHALL BE
INSTALLED ONLY BY AN INTERNATIONAL GROUND SOURCE
HEAT PUMP ASSOCIATION (IGSHPA) CERTIFIED
CONTRACTOR.  CONTRACTOR SHALL MAINTAIN COPIES OF
CERTIFICATIONS ON FILE AT JOB SITE DURING
CONSTRUCTION FOR ONE (1) SITE DRILLING
SUPERINTENDENT AND ONE (1) SITE FUSION HEADERING
SUPERINTENDENT.

2. ALL GROUND HEAT EXCHANGER INSTALLATION WORK
SHALL CONFORM TO ALL STANDARDS AND PROCEDURES
SET FORTH BY THE INTERNATIONAL GROUND SOURCE HEAT
PUMP ASSOCIATION (IGSHPA) AND LOCAL GOVERNING
AGENCIES.

5. ALL HDPE PIPING CONNECTIONS SHALL BE FUSED BY A
QUALIFIED IGSHPA CONTRACTOR.

6. PRIOR TO ANY EXCAVATION, PROVIDE UTILITY SURVEY AND
MARK LOCATIONS OF ALL WATER, SEWER, ELECTRICITY,
GAS, COMMUNICATIONS, SPRINKLER SYSTEMS, AND ALL
OTHER UTILITIES.

7. ALL PIPE TURNS SHALL NOT BE LESS THAN THE MINIMUM
BEND RADIUS OF THE PIPE MANUFACTURER'S
SPECIFICATIONS, EXCEPT WITH USE OF 90° ELBOW PIPE
FITTINGS.

8. PIPE SHALL BE INSTALLED SUCH THAT NO PIPING REMAINS
ABOVE MINIMUM DEPTH INDICATED PER HEADER TRENCH
SECTIONS.

9. PROVIDE METALLIC LOCATING TAPE OVER ALL GROUND
HEAT EXCHANGER PIPING FOR UNDERGROUND SURVEYING
AND MARKING.  MARKING TAPE SHALL BE BURIED MINIMUM
OF TWO (2) FEET ABOVE PIPING IN ALL TRENCHES.

10. ALL BOREHOLE SPACING SHALL BE NO LESS THAN ±1 FOOT
OF SPECIFIED BOREHOLE SPACING IN BOREHOLE
SCHEDULE.  FINAL BOREHOLE LOCATIONS SHALL BE
SURVEYED.  SURVEYED LOCATIONS SHALL BE SUBMITTED TO
ENGINEER FOR APPROVAL PRIOR TO BACKFILLING AND/OR
COMPACTION OF TRENCHES.  IN THE EVENT BOREHOLES
SPACINGS ARE NOT PROPERLY MAINTAINED, LOOP
CONTRACTOR SHALL BE RESPONSIBLE FOR PROVIDING
ADDITIONAL NUMBER OF BOREHOLES AT THEIR SPECIFIED
DEPTH TO MATCH THE NUMBER OF BOREHOLES THAT DO
NOT MEET THE SPACING REQUIREMENTS.

11. LOOP CONTRACTOR SHALL BE RESPONSIBLE FOR
MAINTAINING INDIVIDUAL BOREHOLE CIRCUIT
INSTALLATION  FOR THE SPECIFIED LENGTH OF THE
BOREHOLE.  IN THE EVENT INDIVIDUAL CIRCUITS DO NOT
MAINTAIN SPECIFIED DEPTH, LOOP CONTRACTOR SHALL BE
RESPONSIBLE FOR NOTIFYING ENGINEER OF RECORD PRIOR
TO TAKING ACTION.  ENGINEER OF RECORD SHALL
DETERMINE FINAL COURSE OF ACTION.

12. GROUND LOOP CONTRACTOR SHALL BE RESPONSIBLE FOR
GROUND LOOP SYSTEM FILL, FLUSH, AND PURGING, AND
ANTIFREEZE MIXING (30% PROPYLENE GLYCOL).

13. ALL BOREHOLE PIPING STUBUPS SHALL BE PROPERLY
CAPPED AND SEALED.  DUCT TAPE IS NOT ALLOWED AND IS
NOT CONSIDERED ACCEPTABLE SEALING METHOD.

14. LOOP CONTRACTOR SHALL BACKFILL TRENCH WITH
COARSE SAND 3" ABOVE AND BELOW PIPING IN THE EVENT
ROCKS OR OTHER DEBRIS ARE PRESENT THAT ARE GREATER
THAN 1" IN SIZE.  OTHERWISE, LOOP CONTRACTOR MAY
BACKFILL ENTIRE TRENCH WITH TRENCH CUTTINGS,
HYDRATING AS NECESSARY FOR COMPACTION
REQUIREMENTS OF PARKING LOT OR LANDSCAPING.
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	An LCCA was performed for the project comparing three options as follows:
	Option 1:  Baseline Case.  Traditional HVAC system based on using boilers, air-cooled chillers, roof-mounted air handling units (AHUs).  This option was designed to meet the requirements of ASHRAE 90.1 – 2004.
	Option 2:  Geo-exchange Case #1. HVAC system based on ground source heat pumps (GHPs).  The GHPs were designed with a decentralized approach.  This approach was for smaller packaged units serving individual zones.  
	Option 3:  Geo-exchange Case #2.  HVAC system based on ground source heat pumps (GHPs).  The approach considered using roof mounted centralized heat pumps.  This approach was very similar to Option 1 so change in design would be minimal.
	Assumptions:  For the purposes of this LCCA, the following assumptions have been made:
	 The initial construction costs for each option include the costs for both the Academic Building and the Career Tech Building.  Construction costs were established by a professional construction cost estimating firm.
	 Energy consumption for each option was established by a computer simulation of the Academic Building using the Trane Trace 700 building modeling software.  The design of the Career Tech Building had not been developed to the extent necessary to model the building, therefore energy consumption was extrapolated from the Academic Building simulation results based on building floor area.
	 Utility rates used in the analysis are actual rates obtained from the various local utilities.   The natural gas rate used for the analysis is $8.764/Dth.  The electric consumption rate used for the analysis is $.0865/kwh.  There is no electric demand charge used in the analysis.
	 Maintenance costs for each option were established based on industry accepted rules of thumb base on building floor area.
	 A discount rate of 4.5%, Escalation rates for energy and maintenance costs of 3.0%.
	 25-year life cycle.
	The results of the LCCA are as shown in table A-1.  Copies of the analysis can be found in the Appendix.

