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ABSTRACT

The predicted end of the oil era, along with insreg atmospheric carbon dioxide and pollution, and
the resultant climate change have led to wider gl@zceptance of the urgent need for alternative
renewable energy sources. Ground source heatnpsesech a viable alternative, having been
hydrogeologically and economically refined througluch research, design and development in the
European Union and elsewhere over the past 20 .ye@lss study investigated the hydrogeologic
potential of using an open-loop ground source bBgstem to heat and cool the proposed Earth Systems
Science Building (ESSB) at the University of Biiti€olumbia (UBC) campus. This was done by
inserting existing data from previous hydrogeoloigicestigations at UBC into water and heat yield
equations to finally identify a range of the toralmber of wells required to meet the heating and
cooling demands of the ESSB. We found a best saseario of 2 wells, a mean case of 5 and a worst
case of 15 wells. The economic feasibility wasassd by comparing the capital and running costs fo
open-loop systems of the various well number seesdo those for a steam-run heating system, i.e.
the conventional method at UBC. We found the thvek scenarios to have payback times of 5, 6 and
8 years respectively, after which they would offeninimum annual cost savings of $50,500. Though
a ground source heat system was found to be ecoathynfeasible, from a hydrogeologic point of
view, installing more than one or maximum two walsnot realistic as it takes up a fairly large
proportion of UBC’s groundwater resources and ttaavdown cone has a large land footprint. Hence
using ground source heat and combination techredagia better approach. Much further work would
be needed before any such system could be implecheA detailed hydrogeologic site investigation
including the effects of pumping on the futureiméition of groundwater resources at UBC, combined
with finalized building specifications would be reed in the next step of the assessment process.
Furthermore, it was found that current British Gohia groundwater legislation is lacking in water
withdrawal specifications, as are the Canadian riosource heat industry’s level of information
centralization and standardization of technique dedign. Through its institutional development
policies and practices, UBC has firmly demonstrétedommitment to sustainability in response ® th
threat of climate change. As a leading global aodd institution, UBC has the potential to take its
visionary development one step further by instgllinis new technology that makes much sense in the
context of climate change and Canada’s commitneetite Kyoto protocol.
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1. INTRODUCTION

1.1. Introduction to Ground Source Heat

As early as 1956, it was predicted that our useoibffar exceeds a sustainable rate and that
consequently the day will come when we will run otibil (Deffeyes, 2004). This first assessment of
the world’s finite petroleum supply was carried diyt M.K. Hubbert of Shell Oil Company, who
believed that oil production would rise sharply domaximum and then decline equally rapidly
(Deffeyes, 2004). He predicted this maximum wowddached for US production in the early 1970's,
and in hindsight we now know that the US peak addoiction occurred in the year 1970 (Deffeyes,
2004). Since then the US has imported the majofityeir oil from other countries. On a global leve
most other countries are believed to be close fjasirpast the peak of their production potentighw

the exception of a handful of Middle Eastern coestthat are still far from it (Duncan, 2003).

Since this early and rather notorious predictiothefend of the oil era, in combination with in@eg
atmospheric carbon dioxide and pollution, climabargge and many other anthropogenic processes,
there has been a slow global acceptance of theneors pressing need for alternative energy sources.
Today we are obtaining a small, yet important faactof our energy demand from a variety of
alternative, “more sustainable” energy sourcessThcludes the use of solar power, wind power,
nuclear energy, tidal energy and hydrogen fuel ggnoany others. This is an innovative and rapidly
growing field, and this study looks specificallycartain aspects of the use of ground source Iseah a

alternative energy source.

There are two main alternative sources of usab&rggnthat we directly harness from beneath the

earth’s surface:



- Geothermal energy

- Ground source heat (GSH)

Geothermal energy is a widely used misnomer uséaldiscriminately describe both of the above, yet

they do refer to very separate, different processes

A geothermal energy system, from the Greek wgels meaning earth, antherme meaning heat,
uses heat directly from the earth’s mantle tha¢nstted via natural sources, such as hot springs,
geysers and volcanic hot spots. The steam or htarwaiginating from deep underground is used to
heat buildings or power turbines for electricityngeation (CanREN, 2006). It is thus a direct method
of generating energy for our use. This is only pgmesin very few locations on earth (e.g. Iceland,
Meager Mountain in British Columbia) and is not ey&ically effective when scaled down for use in

single family houses (CanREN, 2006).

A ground source heat system, also known as eamhggnor geoexchange, is not a method for
generating energy. It uses electricity to move Ifigeh one place to another. These systems runen th
principle of a heat pump or reverse heat pump. Thake use of the fact that at most locations in the
world the earth’s surface below a certain depthnta@is a temperature of between 10 and 16°C all
year round (BCHydro, 2005). In the parts of the ldidhat require buildings to be heated and cooled,
these soil temperatures are warmer than the avexager air temperatures, and cooler than the
average summer air temperatures. Hence, a groundestieat system will transfer heat from the
warmer earth and groundwater to the colder buildmginter, and from the warmer building to the

colder earth in summer. Thus, the ground and aoyrgiwater it contains act preferentially as a heat
source or sink depending on the season. Whildlitates energy to operate such a system, it islhmu

more efficient than electric furnaces or air coiodiers. It can be used on both large and smalesgal
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without significant decreases in efficiency or krmgnergy losses. In addition, they offer large prov

greenhouse gas reductions and cost savings (Hat@a 2007).

1.2. History of Ground Source Heat Pump Systems

The concept of ground source heat is in no wayaidea, but it has only recently gained populaaisy
the heating/cooling method of the future. As easyl778, a French chemist/physicist realizedahat
a depth of 27 m below Paris’ streets, the temperatmained constant throughout the year (B. Sanner
2008). The first heat pump was developed by Lortviken 1852 (IGSHPA, 2006). The first ground
source heat pump system was installed in IndiamggdEA, by Robert Webber, an employee of the
Indianapolis Power and Light Co. in the late 19403SHPA, 2006). He was experimenting with his
deep freezer one day. When he lowered the temperatthe freezer significantly, he noticed that th
outlet pipe became hotter. He realized that th¢ Ieiag removed from inside the freezer was simply
being lost. He decided to run pipes between hezeoutlet and his hot water boilers, and thisupet
provided the family with more hot water than theyld use. He took it one step further and used the
remaining waste heat to heat his home and saveldeahn the excess hot water through a coil of pip
and distributed the heat through his house witthtip of a small fan. This set-up worked so wedl, h
soon built a permanent larger scale ground sowaepgump for his own house, using underground
heat collected by Freon gas that was run through@loop of copper tubing. The next year, Mr.

Webber sold his old coal furnace, and so the gramuice heat system was born (IGSHPA, 2006).

1.3. Components of Ground Source Heat Pump Systems

A typical ground source heat system can be usedllggifectively for heating and cooling and is

comprised of three main components (Natural Regsu@ianada, 2002b):

- Earth connection— extracts/discharges heat from/to the earth



- Heat pump — extracts heat from the groundwater/antifreezkteansfers it to the distribution
system, or vice versa
- Distribution system— transports the extracted heat around the buildiregch of its spaces,

or from the building to the heat pump when ugg@n air-conditioner

1.4. Types of Ground Source Heat Pump Systems

Ground source heat systems come in a variety efaesnd orientations.

They can either use groundwatgrqundwater systen) or the soil ground source systemas the

sink or source of heat energy.

They can beopen loop or closed loop The first removes water from the soil via pumpinglls,
extracts its heat and then re-pumps it into ththeaa a second well, or discharges it to a surfaater
body. The latter system collects heat by runningraeze or some other suitable liquid or gas tigiou

a continuous loop of piping that is buried in tlod sr within the aquifer.

They can be eitherertical or horizontal. The horizontal set-up is generally easier toaithiut is less

space efficient and more destructive to a widea aiging its initial construction.

Below are the most common ground source heat petrpps that are in use today.

A. Groundwater Open Loop Vertical Systems

The groundwater, open loop, vertical system shoelovb (Figure 1) was the first to appear on the
market and has subsequently been used succesBiulijmany years (Natural Resources Canada,

2002a). It pumps up groundwater from a series dfoa wells, uses the water to heat the buildind a
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subsequently discharges the water back into thha e&r another well or into a surface water bodlys |
limited by local environmental regulations that amcerned with the removal of large amounts of
groundwater and its re-pumping back into the elatiédr on (Natural resources Canada, 2002a). These
regulations are in place to prevent aquifer contatmon and depletion. The exit and entry wells $thou
be far enough apart so the colder and warmer vdaterot mingle, affecting the heat pump’s thermal

performance. They are also dependent on suffigwater availability and pumping power.

Open Loop Systems

Figure 1: A typical groundwater, open loop, veltegtem.

(Natural Resources Canada, 2002a.)

B. Ground Source Closed Loop Vertical and Horizb8tstems

Ground source, closed loop systems shown below{&ig) do not pump out any water, rather they
run antifreeze or any other suitable chemical fimidvertical or horizontal pipes through the ground
The vertical closed loop set-up is also known 8®eehole Heat Exchanger (BHE). It has a very small
land footprint and can be successfully installetbWweother infrastructure. Both of these systems are
well suited to most soil conditions, however thetical set-up cannot be installed in bedrock. \Gaiti

loops are understandably more expensive to ingtail horizontal ones as they require more drilling,
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but they need less piping length due to the mablet narrower temperature range and thus better
efficiency at greater depths (Natural Resourcesa@an2002a). Hence, horizontal systems are less
robust to seasonal temperature variations as treeless deep within the soil. For instance, in aint
the air and thus the soil near the surface are Giound source energy would be used for heatimg), a
efficiencies would be greatest when the water haggh temperature. Deeper water will be warmer

relative to the air than surface water.

Closed Loop Systems Closed Loop Systems

Hoelzontal Vertical

Figure 2: A typical ground source, closed loop,

a) horizontal and b) vertical system.

(Natural Resources Canada, 2002a.)

1.5. The Earth Systems Science Building

UBC as a university is very dedicated to sustamalglvelopment and sustainability in general. H is
signatory to a number declarations relating toasnability and takes pride in the number and variet
of green buildings on campus. This is discussedreater detail in section 2.1 and 2.2. One such

proposed green building, although still in the vearly stages of planning, is the Earth Systems



Science Building (ESSB). The Department of Eartth @cean Sciences (EOS) was created in 1996 by
combining Geological Sciences, Geological EngimggrGeophysics, Oceanography, and Atmospheric
and Environmental Sciences. Since then, growtherdepartment's researcher and student population
has surpassed the capacity projected when the BadiOcean Sciences facilities were first built in
1974 (UBC Science, 2008). The Faculty of Scieratsfthat UBC will not be able to effectively meet
the growing industry demand for Earth Science @msifenals, as there is not enough space in the
existing facilities to accommodate the learningdseef the more than 300 major and honors EOS
students, 170 graduate students and more than 6yd¥rgraduates that require the use of the EOS
facilities (UBC Science, 2008). Thus, the propo&adth Systems Science Building is tentatively
slated to begin construction in 2009 and be coraglet 2011 (Chadwick, 2008). It will accommodate
the Department of Earth and Ocean Sciences, alatigtihe Department of Statistics, the Pacific
Institute of Mathematical Sciences, the administeabffice of the Dean of Science and teaching

laboratories and lecture theaters for science gmdéuates (UBC Land and Building Services, 2007b).

Thus far, the Earth Systems Science Building hesived approval from the UBC Board of Governors
in concept and approximate location only. It isnplad that the new building will be located near the
corner of Stores Road and Main Mall, and have agjavea of 17,484 4nstanding 5 stories high, with
a basement underneath (D. Grigg, personal comntigrigdNovember 2008) (Figure 3). Once the
designers have developed a complete building pnegea public review process will be initiated,

followed by application for a development permit.
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Figure 3. Preliminary structural model for the posed Earth Systems Science Building (pink),

to be located at the intersection of Main Mall 8tdres Road. The dark

grey attachment represents a future, connectiridibgisite.

(Campus and Community Planning, 2008.)

1.6. Research Questions

This project will attempt to assess the hydrogeiol@gnd economic feasibility of installing a ground

source heat system in the proposed Earth SysteiescBcBuilding at the UBC Vancouver Campus.

The original concept of this building was developedhe early 1990’s, and while a basic design was
created, the building is still in the early fundiag stages today. Hence, no feasibility studies fo

ground source heat or any other heating methods yetvbeen carried out.

In general, open loop ground source heat systems I@en found to be more suitable for large scale
applications than closed loop systems (Sanner,)2@%undwater wells are able to deliver a higher
thermal capacity per borehole than closed looppst-This is because the transport of heat to hisvel

done by hydraulic pressure, as opposed to heaspoainin a closed loop system which requires a

8



temperature gradient. As a result, larger appbeatitypically use open loop systems (assuming the
hydrogeologic conditions are favourable) becausegtieater costs involved in investigation, planning
and maintenance are offset by the need for fewsrhades than closed loop systems and hence lower
cost (Sanner, 2005). In addition, the higher grafdieeat obtained from open loop systems allows the
ground source heat set-up to be used for additimngdoses such as heating water for domestic use in
buildings (J. Giffin, personal communication, Mar2@09). This would be an added benefit in any
building at UBC as many contain showers for thoke wycle to work. For these reasons, a feasibility
study was carried out looking at an open loop gdosource heat set-up. Had sufficient time been
available, an analysis of a suitable closed loogiesy would have been performed for comparative

purposes.

The specific research questions we will examine are
a) Is it possible to extract enough heat for an opep lgroundwater ground source heat system to

be considered feasible for the proposed Earth Bys&xrience Building?

This question can be broken down into a numbemaiiier component questions that must be
answered:

- What is the local geology and the hydraulic cartahity associated with it?

- How much water can be extracted from this area?

- How much heat can be extracted from this water?

- How much heat is the Earth Systems SciencelBgjllikely to need?

b) Based on economic data and using set-up costgher tocal systems as a rule of thumb, are
the set-up and running costs, as well as paybaw& df an open loop ground source heat

system for the proposed Earth Systems ScienceiBgitibnsidered feasible?



Our approach to answering the above questionsegdamine and compile existing data collected by a
number of Vancouver-based consulting companieshtaa¢ done exploratory work in the UBC area
over the last few decades. We will look at a vgr@thydrogeologic data in order to gain an allfdu
picture of the ground source heat possibilitieghe vicinity of the future Earth Systems Science
Building’s location. Specifically, we will estimathe water and subsequent heat that can be supplied
by the upper freshwater aquifer underlying UBC aoadhpare this to the building’s expected heat
requirements, in this way determining whether gmbwsource heat is a suitable, large enough
heating/cooling method for this new building. Sadlgnusing values obtained from contractors who
install ground source heat systems, in combinatiith other necessary economic data, we would like
to give a broad price range for the installatigmeration and maintenance of the system. In mosiscas

a ground source heat system is physically posshtolé,may not necessarily be cost efficient. By
estimating costs for the installation of a groumdirse heat system for the Earth Systems Science
Building, we aim to assist in the further planniagd actual implementation of such an alternative

energy system.

10



2. LITERATURE REVIEW

2.1. UBC's Commitment to Sustainability

Sustainable development is the use of resourcasrianner that meets the needs of the present withou
compromising the ability of future generations teentheir own needs (United Nations, 2008). In
1990, UBC affirmed its commitment to sustainabilly becoming a signatory to the Talloires
Declaration, the first official statement made lyversity administrators from every continent tgtfer
environmental sustainability in higher educatiorB(@ Sustainability Office, 2008a). The Talloires
Declaration recognizes that various environmentablems — air and water pollution, accumulation
and mobilization of toxic wastes and resource deple among others — compromise the survival of
humans and many other living species. These prabkdso jeopardize the security of nations and the
basic livelihood of future generations. The Tabsi Declaration calls on universities as institugiof
research, education, policy formatiand information exchange to address these issukanork to
reverse the trends by incorporating sustainabditg environmental literacy within teaching, reskarc

operations and outreach (University Leaders fSustainable Future, 1990).

In 1992, UBC also became a signatory to the Halifseclaration, released in the aftermath of a
conference between university leaders of 33 unitvessfrom 10 countries on 5 continents, who were
also joined by representatives from the businessnoanity, banking institutions, governments and
non-governmental organizations (International tosi for Sustainable Development, 1991). The
conference centered around the role of universitieslation to the environment and developmend, an
the resulting declaration, much like the Talloii2sclaration, focuses on the role of universities in

promoting and practicing sustainable development.

Since the Talloires and Halifax Declarations, UB@plemented its own policy framework for
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sustainable development in 1997, the SustainabielBement Policy, becoming the first Canadian
university to adopt such a policy (UBC Sustain@pi®ffice, 2008a). It outlines UBC's motivatioms i

pursuing sustainable development, acknowledging jist as UBC adds to a healthy society and
economy through education to enhance society'salsgaipital, it must also invest in preserving
ecological services and resources, or “naturaltaipiupon which society is also dependent. The
Sustainable Development policy also describes haxious players on the UBC campus will fulfill

certain roles in order to advance UBC's sustaindblelopment agenda in an economically viable

manner (University Counsel, 2005).

UBC has also created a planning framework to addiesv sustainable development will be
incorporated into campus and community planninge Dfficial Community Plan (OCP), and the
Comprehensive Community Plan (CCP). The Officialn@nunity Plan is relevant to the whole of
campus as well as two lots in Pacific Spirit RegioRark. It is an overall guide for the campustas
evolves into a “complete community” that balandes Greater Vancouver Regional District's (GVRD,
now known as Metro Vancouver) Livable Region Sgatd’lan for regional growth with UBC's own
academic goals (UBC Campus and Community Plann2@5). It focuses primarily on non-
institutional growth, outlining specific objectivesd targets for land use, green space, community
services and transportation (Pottinger Gaherty Bnwmental Consultants Ltd., 2004). The use of
ground source heat in the proposed Earth SystemacgcBuilding and its associated energy and cost
savings as well as greenhouse gas reductionsveeltdi conventional technologies such as electric
furnaces and air conditioners are consistent Wids¢ aims and directions (Hanova et al., 2007). The
Comprehensive Community Plan is more focused orBthesignated Neighborhood Plan areas that
surround the academic core of UBC, and describesore detail how the Official Community Plan's
objectives and targets will be fulfilled in the igabourhood Plan areas in conjunction with its state

development capacity for the entire campus areaQWEampus and Community Planning, 2005).
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Thus, it is not directly relevant to the design dndding of the Earth Systems Science Building, bu
will need to be considered if ground source heaised in future developments in the Neighbourhood

Plan areas surrounding the campus core.

2.2. Institutional Development at UBC

The development of institutional buildings at UB&hde initiated by faculties, departments, schobols
third party groups affiliated with UBC's academicssion. The proposed projects are then reviewed
by the University for compliance with UBC policiesich as the Official Community Plan and
Comprehensive Community Plan. A staff review aodstiltation process takes place, which includes
posting a public notice, holding a public meetimgl aubmitting the design plans to the University's
Advisory Design Panel. During this stage of a pis®1l project, Metro Vancouver must also be made
aware of the design plans. The project is thenmnaee as necessary, and submitted to the UBC Board

of Governors for final approval (GVRD & UBC, 2000).

Since the adoption of the Sustainable Developmetityy UBC has made significant progress in
implementing programs at the institutional levelttare reflective of the goals outlined in the diaéls

and Halifax Declarations. It has undertaken itiites that have made UBC the only Canadian
recipient of the Green Campus Recognition from th8.-based National Wildlife Federation, a
recognition it has garnered 3 times (UBC SustalitglDffice, 2007). For example, the ECOTrek
Energy and Water Reduction initiative reduced UB&ser use by over 20% and it's Greenhouse Gas
Emissions by 15% (ECOTrek, 2006). ECOTrek wasya& $35 million retrofitting project of over
300 buildings on campus, and saves UBC $2.6 mildach year (ECOTrek, 2006). It included
processes as simple as replacing inefficient lighsystems, installing low consumption plumbing
fixtures and sealing drafty doors and windows. I#oaincluded more involved processes such as

repairing and replacement of 5 kilometers of cosdén pipe, modifications to the Central Steam Plant

13



to reduce polluting nitrogen oxide emissions andtredizing the operation of heating, cooling and
ventilation systems of 90% of campus buildings thia Building Management System, allowing for

adjustment based on building occupancy (ECOTreB620

Recently, UBC has also opted to pursue certificatia the internationally-recognized Leadership in
Environmental Energy and Design Green Building RatSystem (LEED) when renovating or
developing some of its institutional buildings. EE consists of 5 main categories: Sustainable Sites
Water Efficiency, Energy and Atmosphere, Materiatgl Resources and Indoor Environmental Air
Quality (Canada Green Building Council, 2008). also has an Innovation and Design category to
provide points for measures excluded from the 5Snntaitegories. LEED is divided into 4 levels:
Certified (26-32 points), Silver (33-38 points), I6q39-51 points) and Platinum (51-69 points)

(CaGBC, 2008).

Through its UBC Renew Program, UBC renovates agoaglemic buildings to meet minimum LEED
Silver standards, resulting not only in reductioh each renovated building's impact on the
environment, but also a 40-year extension of eaghlihg's lifetime. This has led to savings of $89
million to date and preservation of the history andture reflected by each building's architecture

(UBC Land and Building Services, 2007a).

Furthermore, newer buildings at UBC have achieve8D certification at the Silver level and higher.
The Aquatic Ecosystems Research Laboratory (AEBRhgned in 2005, is certified LEED Silver. It
features natural ventilation and less sheet matating which reduce the use of both energy and
materials. It also includes passive solar lightamgl heating, natural materials and renewable wood
sources (UBC Sustainability, 2008b). The Life &cies Center (LSC), opened in 2004, is certified

LEED Gold. It cost $125 million to build, and us28% less energy than a standard building (i.e. a
14



building that complies with fixture performancestioé 1992 Energy Policy Act), resulting in an arnua
savings of 6,400,000 kWh of energy, 1000 tons eeghouse gas emissions and almost $180,000 at
2006 utility rates (Coady & Hasan, 2006). Coadg &lasan (2006) also describe the water use at the
Life Sciences Centre as 50% less than standardibgsl. They further describe the landscaping of
52% of the site's open space with soft-landsca@iidy% of which is native vegetation and requires n
irrigation after 1 year of establishment. UBC nistihe process of planning and building more green
buildings, including the Centre for Interactive Rasch on Sustainability (CIRS), which is aiming for
LEED Platinum certification through initiatives $uas using waste heat from adjacent buildings for
heating (J. Robinson, personal communication, Got@®08). New provincial legislation mandates
that the proposed Earth Systems Science Buildingt meet, at a minimum, LEED Gold standard (D.

Grigg, personal communication, November 2008).

2.3. Ground Source Heat Pump Systems in VancoukatUBC

As of 2005, there were more than 70 documented agial and multi-residential ground source heat
pump projects completed in British Columbia (Gediamge BC, 2005b). These include hotel resorts,
schools, churches and recreation centers. Of tladeast 18 are located in Metro Vancouver, and
most of these are closed-loop systems. The mdkkn@wn of these is the residential and commercial
complex located at the intersection of WeltAvenue and Vine Street in Kitsilano, which, in 399
was the first Western Canadian complex to use angtsource heat pump system. The vertical,
closed-loop system consists of piping in 46 boresithat reach depths of up to 91 m and servedb he
and cool 2,300 fof office space, 3,700 Tof retail space and heat the water used in thdaoUS

GHPC, 2008) .

There are also several elementary and secondaoglsdn Metro Vancouver that utilize some form of

ground source heat for their heating and coolingdee(Table 1). Some, such as Bob McMath
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Secondary School and Burnaby Mountain Secondarypd@clalso use high efficiency condensing
boilers to supplement their ground source heaesyston very cold winter days. The system at Bob
McMath Secondary School, completed in 1997, isr&botal, closed-loop field that is used for space
heating and cooling 14,000°mas well as water heating (GeoExchange BC, 2005H)e school
building receives 80% of its heating requirememtsnf a 108 ton earth energy unit located indoors,
while a natural gas condensing boiler providesrdmainder (EESC, 2008). This combined system
saves the school approximately $11,000 in annuatatimg costs, relative to “conventional” heating
and cooling systems (Natural Resources Canada,)20@urnaby Mountain Secondary School,
completed in 2000, also has a closed-loop, horaaground source heat system that services 15,000
m? of space by extracting heat from and rejecting ke¢he ground underneath a playing field via 24
km of pipe (Green Buildings BC, 2004). A case gtpdblished by Green Buildings BC (2004) also

states that the school saves $15,000 annuallyddit® tse of a ground source heat system.

Name of School Location Date Installed| Loop Orientation Water heating?
Bob McMath Secondary Richmond 1997 Horizontal Yes
Burnaby Mountain Secondary Burnaby 2000 Horizontal No
Heritage Woods Secondary Port Moody 2004 Horizontal No
Nestor Elementary Coquitlam 2000 Vertical Yes
Seaview Elementary Coquitlam 2000 Vertical No
Westwood Elementary Port Coquitlam 2002 Horizontal No

Table 1: Elementary and secondary schools in Méamcouver that

utilize Ground Source Heat Systems.

(Geoexchange BC, 2005.)

Similar to Bob McMath Secondary and Burnaby Moumt@econdary, some recreational buildings that
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use closed-loop ground source heat systems alsbigertheir system with another form of energy
supply or distribution to maximize energy use édficy. The Gleneagles Community Centre, a 23,000
m? facility located in Vancouver, uses floor and amte slab radiant cooling and heating along with 2
ground-source heat pumps to maintain an indoor ¢éeatpre between 19 and 25 °C (Earth Tech, 2003).
A 10% propylene glycol solution is circulated thghua 3,000 m horizontal loop field underlying the
community centre's parking lot where heat is cagatuor the building or released from the building
(i.e. the earth connection). A second system 80®,m of water-filled plastic piping set in the
building’s exposed concrete surfaces is the digion system responsible for actually radiantly
heating or cooling the interior or the building.affh Tech, 2003). During peak heating conditians,
small gas-fired boiler supplements the ground ssureat pump system. The West Vancouver
Community Complex uses a vertical loop field comeal in more than 150 boreholes, to heat and cool
three buildings — a pool, skating rink, and offm@mplex (GeoExchange BC, 2005b). Unnecessary
energy use is minimized via the use of waste hee fthe ice rink cooling system, as well as an
“advanced” management system based on the vary@aginigy and cooling demands of the three

buildings (Earth Source Energy, 2007).

The use of ground source heat at UBC campus islveited compared to its use in Metro Vancouver.
There is an existing system in place at the Mabnige residence towers, though it is not yet fully
connected due to the ongoing construction of oneerbailding in the complex (A. Popple, personal
communication, November 2008). It is also usethatLegacy housing complex in the South Campus
area. Additionally, the faculty and staff-ownede@kent's Green townhome complex in the Hawthorn
Place neighborhood uses a ground source heat sy&tepreheat water (A. Aloisio, personal
communication, November 2008). Furthermore, Re@wnilege, adjacent to UBC has used an open
loop ground source heat system for several yeaxs Tibe Regent College system will be examined in

much greater detail later on.
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Although ground source heat is currently not wideded on campus, it has been considered for use
during recent development initiatives, such as $lustainability Street project, and the Centre for
Interactive Research on Sustainability. Sustalital$treet is a multi-phase project located onr&o
Road that attempts to the be the world's first edde®op water recycling system, integrating
stormwater management, wastewater treatment, anthgrsource heat (UBC Sustainability Office,
2006). During the first phase, developers of Snatality Street had planned on using infiltrated
wastewater that would be microbially remediateddmyund source heating and cooling of the Earth
and Ocean Sciences building. However, it was @ecttiat replacing one of the existing natural gas
heating and cooling units in the Earth and Ocedan8es building with a ground source heat pump
system would not be energy or cost-effective (RckB® personal communication, October 2008).
Furthermore, ground source heat was also considereithe Centre for the Interactive Research on
Sustainability building, though it was later reptfor the use of waste heat from adjacent buiklidg

Robinson, personal communication, October 2008).

2.4. Ground Source Heat Pump Systems Around thi&lWor

In a review of worldwide geothermal and earth epergage, Lund et al. (2005) found that 32% of the
energy harnessed from the earth was through grsoncte heat pump systems, with most of these
systems located in North America and Europe. Tdisy found that compared to 2000, the installed

capacity of these systems had doubled in 2005hmegé 91,962 TJ/yr (Lund et al., 2005).

In North America, most ground source heat pumpisis®ncentrated in the United States of America.
In the USA, their use accounts for 22,215 TJ/yedrmergy, and they are the fastest growing
application of geothermal and earth energy, withaanual increase of 11% (Lund et al., 2005). In
2004, it was estimated that 50,000 ground soure¢ pk@mp units were installed annually, of which
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46% were vertical closed-loop systems, 38% werebotal closed-loop systems and 15% were open-

loop systems (Curtis et al., 2005).

Though ground source heat pump systems in Canadetdbarness as much energy as those in the
USA (a total of 33,000 units produced 891 TJ ofrgnen 2004), their use has also steadily increased
(Lund et al., 2005). The ground source heat puragket has grown at a rate of 10-15% annually since
2000, while their operation has saved approxima2dg0 TJ/year of energy and 200,000 tonnes/year

in reduced greenhouse gas emissions (Lund et0&l5)2

Like Canada, most places in Europe do not havesadoeabundant geothermal resources that can be
used as a direct energy source. However, in sesmuatries in Central and Northern Europe, namely
Germany, Sweden, and Switzerland, thermal resoufes the shallow subsurface have been
exploited primarily for space heating via groundiree heat pumps. In these countries, most systems
systems are vertical, closed-loop systems, andhieg become very well-established in these regions

due to over 20 years of research, design and dawelot (Sanner, 2003).

Ground source heat pump systems have been esablish Sweden since the early 80s, with
installations numbering 50,000 by 1985 (Lund et2005). Usage by the public increased greatbr aft
1995 due to strong support and subsidies from thed8h government. They are now the most

popular small-residential heating method in Swe(@airtis et al., 2004) (Figure 4).
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Figure 4: Heat pump units sold yearly in Swedemfik®86-2002,

with a significant increase after 1995.
(Curtis et al., 2004.)

Additionally, an increased demand for cooling ie tommercial sector has also opened a new market
niche for ground source heat pumps (Lund et al4R00n 2004 alone, 47,000 units were installed in
the country, and by 2005, there were a total of,@J® residential heat pumps responsible for
providing 28,440 TJ of energy each year (Lund gt2805). Ground source heat pumps in Sweden are
recommended to provide for 60% of the heating logkije electric heaters included in heat pump
cabinets cover the rest; however, there is a ttewdrds increasing the heat pump share to 80% (Lund
et al., 2004). Concerns for the systems in Swaagnde imbalanced annual heating and cooling loads
leading to reduced heat pump efficiency and lommténermal influence of neighboring boreholes
(Lund et al., 2004). A ground source heat pumgesysunder construction near Stockholm aims to
mitigate these concerns by thermally rechargindgpaiseholes with warm lake water (15-20°C) during

the summer (Lund et al., 2004).

In Germany about 30,000 ground source heat pung sopply 2200 TJ/year of ground source heat

energy (Lund et al., 2005). Though the numberrofsuis greater in the residential sector, insthlle
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capacity is greater in the commercial sector, whiels many office buildings requiring heating and
cooling (Curtis et al., 2005). Since predomindimhatic conditions in Germany call for more heating
than cooling during a given year, thermal imbalarsseies must be addressed in the design of the
systems. For small residential systems, most ottwhtilize ground source heat pumps for heating
only, natural heat conduction and groundwater mer@nsuffice in preventing thermal imbalance
(Sanner, 2005). In the commercial sector, theimbhlance issues are avoided by designing systems
to meet cooling demand, and installing boilers threo additional heating mechanisms to meet peak
heating loads (Sanner, 2005). In 2006, the Gergrannd source heat pump market grew by over

100% (Eugster & Sanner, 2007) (Figure 5).
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Figure 5: Number of Ground Source Heat Pump un#iglled in Germany since 1996.

(Eugster & Sanner, 2007.)

Lund et al. (2004) assert that the research, demmghdevelopment process has been left behind in
Germany, with current efforts focusing on qualipntrol via e.g. technical guidelines, certificatioh
contractors and quality labels, so as to effegtiy@btect industry and consumers against inadequate

lifetimes of ground source heat pump systems.
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Finally, in Switzerland, SwissEnergy, a governmieittative that aims to promote renewable forms of
energy, has led the country to having the highestber of ground source heat pump systems pér km
in the world, with a total energy usage of 2854/&ar by 30,000 units (Lund et al., 2005). Curtiale
(2005) outline the reasons for such high areal idenmcluding very ideal thermal and geologic
conditions of the substratum, many years of thezakeand experimental measurements for monitoring,
low operating costs relative to conventional oitéd and other fossil fuel systems, and rebates

provided by local electricity utilities.

Installations of ground source heat pump systenre w@kso found to be increasing annually by 20%
from 2002-2006 (Eugster & Sanner, 2007). Instafigstems systems are typically vertical closed loop
systems (65%), followed by groundwater open loggiesys (30%) and horizontal closed loop systems
(5%). Lund et al. (2004) also state that even ghoground source heat pumps are used primarily for
space heating in residential units, thermal imbadaof underlying soil is a non-issue in Switzerlaasl

the underlying geology allows for rapid thermalh&ge during the non-use period in the summer.
Theoretical and experimental measurements, asasetieasurements taken over many heating seasons
have consolidated the long-term viability of growsalirce heat pumps use in Switzerland (Eugster &
Sanner, 2007). Modern innovations involving grdwource heat pump systems include use for both
heating and cooling and combined energy sourceemsgsie.g. solar & ground source heat pumps)

(Eugster & Sanner, 2007).

Similar to Canada, ground source heat pump sysite@sntral and Western Europe are used primarily
for space heating rather than cooling, though areasing number of commercial applications in both
regions of the world are leading to emphasis ot hetting and cooling. As new markets for ground
source heat pumps develop in countries such as Japeey and Greece, Eugster and Sanner (2007)

urge for further quality assurance and accompantiaiging and certification programs to prevent
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negative environmental impacts and subsequent danagthe public image of this promising

technology. They assert that “well designed, itefaand maintained ground source heat pumps
systems work over many decades without any problam$ do not pose any threat to the
environment”. This is especially important whemsidering the greenhouse gas reductions and

energy and cost savings provided by ground sowraepump systems (Hanova et al., 2007).

2.5. Factors Limiting the Widespread Use of GroGodirce Heat Pump Systems

Though ground source heat pump systems offer &gnif energy savings and have lower costs
associated with them in the long-term relative tmwentional technology in a particular country
(Hanova et al., 2007), market penetration of trestems is still quite modest throughout the world,
with the exception of the USA, Sweden, Germany @witzerland (Curtis et al., 2005). This may be
due to several factors. First, the higher camitat due to installation may be a deterrent, degpit
lower maintenance and operating costs (Hanova.,eR@0D7). Complicating factors, such as thermal
imbalance, which may be mitigated through combamatechnologies or naturally due to underlying
hydrogeologic conditions, may also be a furtheredent. In addition, all three common types of
ground source heat pump systems — vertical anddrdgl closed-loop and open-loop — present certain

risks with regards to groundwater pollution.

Vertical closed loop set-ups may experience unodatt water flows into and along boreholes
(Eugster & Sanner, 2007). Thus, in Europe, thestallations are not allowed in groundwater
protection areas, areas with several perched aguibe aquifers with heavily mineralized water, and
groundwater authorities still impose special cdndg upon ground source heat pump installers that
pertain to dimensioning and installation (Eugste$&ner, 2007). Ground source heat pump installers
must take precautions regarding borehole fill mat¢o ensure minimal contact between aquifer and

surface water but still maintain thermal efficien¢Rafferty, 2003). This ensures maximum
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performance and minimal groundwater pollution ridhorizontal closed-loop systems do not pose as
big of a threat to aquifers if installed above tiater table, though European authorities still negu
installers to follow specific regulations duringstgn and installation such as optimizing leakage

prevention (Eugster & Sanner, 2007).

Groundwater heat pump systems pose the largestaiskjuifers due to the direct contact between
groundwater and the loop and exchange system. utopg, this has led to the strong imposition of
extensive guidelines dictating the assessmentgesind construction processes. For example, a
preliminary hydrogeologic assessment is requiredichvincludes evaluation of the natural thermal
condition of the groundwater, estimation of thermpatential, construction of a hydrograph of yearly
groundwater table and temperature variations, ewialn of groundwater chemistry, estimation of
groundwater cooling impact, impact on other presentfuture installations and evaluation of

compliance with existing laws (Eugster & SanneQ20

Groundwater chemistry is especially important whssessing a site for an open-loop ground source
heat pump. In areas with water hardness greaaer 100 ppm (as CaGpand a pH greater than 7.5,
scaling is likely to occur in the heat pump heathanger (Rafferty, 2003). This is due to minerals
such as CaCg£becoming supersaturated, and thus precipitatinggher temperatures, which may be
the case on the surfaces of the heat exchangeshwikat up when the heat pump is in “cooling mode”.
If enough scaling occurs, performance of the heamp diminishes. Furthermore, 28l in
concentrations exceeding 0.25 ppm can greatly eethelifetime of heat pumps with copper or cupro-
nickel heat exchangers (Rafferty, 2003). Care nalst be taken in screening outgoing water for
particulates to prevent clogging of the injectioreliw and ensuring adequate spacing between
production and injection wells such that there astimermal interference. Eugster and Sanner (2007)

argue that correctly dimensioned and built grouodree heat pump systems that diligently comply
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with all regulations pose minimal risk to grounderasystems.

Despite the risks involved, high market penetrabbiground source heat pump systems, especially in
countries with a long history of ground source hpamp usage, such as Germany, Sweden, and
Switzerland, show that “well designed, installed] anaintained systems work over many decades
without any problems and do not pose any threghécenvironment” (Eugster & Sanner, 2007). The
successes, failures and improvements in thesensystger the years, particularly in Europe, can be
very valuable for novice users of ground source.h&de can learn much from their mistakes, as well
as their regulatory policies to ensure that futgrewth in the use of Canadian ground source heat
resources does not endanger other natural caphiak the key, perhaps, to increasing use of ground
source heat pump systems in countries such as Gamado standardize and strictly implement
regulations overseeing design, installation, andnteaance, as has been done in Switzerland and
Germany, so that performance of the systems dadefalhshort of expectations and damage the public

image of ground source heat.
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3. CASE STUDY - Regent College, Vancouver, Canada

Regent College is a theological school adjacenbub,not affiliated with UBC. It was founded in the

mid-1960’s by a group of business people whosenwisias to make the study of God and religion
available to all the many different members of Gochiurch. Since then, the College has greatly grown
in size and numbers, and much innovative designhbean incorporated into the Regent College
infrastructure. Notably, they installed one of firet ground source heat systems at UBC (C. Grout,
personal communication, November 2008). This grosodrce heat system set-up, its construction,
operation, drawbacks and successes will be examinddtail to provide a close look at the holistic

geoexchange process and provide the necessaryrbankigor the rest of this project.

The original ground source heat system at Regeleg&owas first installed in 1988. It is an opeado
ground source heat system that pumps water usiifing pump out of a single well located in a
nearby outdoor garden (Figure 6). This water sulesetty travels to an indoor heat exchanger, where
it absorbs heat from the interior of the builditnggnce cooling the original 3-story Regent College
building (Figure 6). Some degree of cooling is iieegi both in summer and in winter. This warmer
wastewater is then pumped back into the groundhégssame well. This particular ground source heat
set-up is thus used for cooling purposes only, evtiile main building was heated using an efficient

electric boiler up until 2007 (K. Chen, personaintounication, November 2008).

One important factor to take into account whenglgsg ground source heat systems is their need to
be thermally balanced to ensure continued long-&ffiaiency; that is, the amount of heat taken aut

the soil in winter must be roughly balanced by d@ngount of heat put back in summer. In the case of
Regent College, they are only using ground souez for cooling, thus they are pumping more heat

into the ground than they are taking up. This sulttng in a gradual, long term heating up of the
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ground since 1988, making it less and less effect cooling the building (D. Grigg, personal
communication, October 2008). This is confirmedtly increasing electricity usage in recent years,
which runs the electrical system that augmentsgaoexchange cooling shortfalls (D. Grigg, personal

communication, October 2008).

‘Westarn Parkway

Regent Coliege
Original
Building

Figure 6: Plan of Regent College showing origimad aew buildings as well as pumping well.

(Sarah Hall Studio, 2008.)

In 2007, some new additions to the Regent Collafastructure were made (See Figure 6 above). A
new, vastly expanded 220°n$10-million (Anglican Journal, 2007) library waesigned and built

specifically to meet LEED Gold Certification (Cob&ingineering, 2008). The building was believed to
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have the potentiab utilize 0 purchased energy and produce no nmbiocadioxide. At the time, this was
the first building in North America to achieve thiBuring construction however, certain sustainable
elements had to be eliminated due to cost congidesa For instance, it was initially proposed ¢cdte
solar panel®n the roof of an adjacent existing building. Thesee never implemented however due to
the budget impacts of upgrading the roof structfrthis building. (Helen Goodland, 2006). Most of
this recent construction was performed by Cobalgikeering, based in Vancouver. A key design
feature was to locate the high thermal mass newarljtbuilding entirely underground in order to make
use of the more stable ground temperatures, asar@ahpo fluctuating air temperatures. It is powered
using both solar and wind energy and utilizes Reggmeviously installed ground source heat system
for cooling. Other key concepts incorporated iiis tgreen” building include natural and wind dnive
ventilation and radiant heating and cooling via toacrete slabs that form the library ceiling (VEL
Engineering, 2008). An overview of all the pro@s®ccurring in the new library is shown in the

diagram below (Figure 7).
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Figure 7: Heating, cooling and ventilation processged in Regent College Library.

(VEL Engineering, no date.)

As a result of the new construction completed i@72@he ground source heat cooling system, as well
as heating methods were updated and altered. Whiiially the Regent College ground source heat
system was merely used to cool the original bugdiafter 2007, the warmer wastewater is further
utilized in the library. First, water is pumped aiditthe original well at a variable rate dependimgthe
cooling load. This water has an approximately camsiannual temperature of 10-11°C. It is then
pumped to the heat pump and is cycled around ttezion of the original Regent building. After
cooling the building, the water has been heatedtauan average of 15.5°C (K. Chen, personal
communication, November 2008), roughly a 5 degreeeiase, which corresponds to an addition of
approximately 21,000 J of heat energy to each kgatér. The original Regent building is still het
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by an electric boiler. This warmer wastewater egitthe heat pump is then diverted to pipes in the
concrete slabs in the new library ceiling. Hens tised to radiantly heat the library below, by nvig

the large thermal mass of the concrete slab whadsequently warms the air in the library belowAit.
big advantage of radiant heating is its comfortalalmbient quality which results in it satisfying
occupant’s heating needs equally well using 30% ksergy compared to more traditional space
heaters (Miles Industries Ltd, 2009). As the grosodrce heat system is used to cool the original
Regent building both during summer and winter, soatgant heating of the underground library will
occur all year round. Even in summer, some heatintpe library may be needed due to its contact
with relatively cold soil all around. Hence, thbrhry is kept at a constant comfortable temperadiire
year round by the combination of warm ground sohest wastewater, radiant heating from the library
ceiling and the high surface area contact withgiteeind. Finally, the wastewater is pumped out ef th

concrete slabs and back into the ground.

The multiple consecutive uses of the water pumpgdbthe Regent College well are an illustratién o
the move towards a more holistic use of resourddsle using ground source heat to heat or cool a
building is already one step in a more sustaindbkstion, according to David Grigg of Campus and
Community Planning (personal communication, Oct@®8) we are still largely under-utilizing our
valuable, finite resources. He proposed that thetraffective use of this water would involve many
different processes, before it is finally pumpedkato the ground. This concept was incorporated
into the original design of the UBC SustainabilByreet, which as mentioned previously, aimed to
combine the use of ground source heat with storematd wastewater treatment. Regent College is
hence a good example of this holistic, multistage of groundwater: first it is used for coolingtbé
original building, then later for radiant heatingdting of the new library before being pumped back

into the ground so as to minimize aquifer depletion

30



The newer, integrated ground source heat systerbé®sin place for over a year at Regent College.
Besides having encountered normal, general consiruproblems, the main challenge that has been
faced since the project’'s completion is the stasiion of the concrete slab temperatures during the
changing seasons. As the slabs are at the sunf@ceoacrete reacts strongly to heating and cooling,
very large temperature range is experienced thmutgkhe year. This must be stabilized by an
additional boiler to ensure consistent heatingther library below. Overall, no real assessmentehav
been done of the system’s workings, as it is atithirly recent installation. The ground sourcethea
system is still only used for cooling and whileigttoo early to evaluate the new system, thermal
imbalance and continued heating of the soil is etggeto continue. It has been found that the water
pump needs regular maintenance, whereas the hegt ipgelf works optimally with a minimal amount

of maintenance.
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4. METHODS

4.1. Hydrogeologic Analysis

A. Evaluate the groundwater regime in the vicimtyhe proposed Earth Systems Science Building

I. Determine the geology of the area and estimataitable range for the value of the hydraulic

conductivity (K) for the water bearing soil layeelbw the Earth Systems Science Building:

The geology will be characterized based on the Z0@2au report by Alan Dakin (Piteau Associates
Engineering Ltd., 2002), using a cross-sectiorhefdround below UBC (Appendix C1) and borehole
soil core data (Appendix C2). This report was caned to assess the cliff stability of the North
campus area; however it contains a compilationretipusly collected data for the whole of UBC
campus. The aforementioned cross-section runs sadtes centre of campus, from west to east
(Appendix C1). The borehole soil core was takemnmfra well installed at the Biosciences building
(Appendix C2), the closest soil core data availablte hydraulic conductivity (K) will be estimated
from pumping test and test well data as describetheé 2002 Piteau report. Hydraulic conductivity
varies greatly even for one single soil type, ardde a representative range of values of K will be
chosen to account for measurement uncertainty @al heterogeneities in geology, as determined in

the previous step.

ii. Estimate the theoretical pumping rate for threain question:
This will be estimated by setting up a simple bamdvalue problem (BVP), using the previously
found range of values of K, a cross-section viewhefarea (Appendix C1), as well as hydraulic head

contours (Appendix B), all from the 2002 Piteauarep

Once the conceptual model has been clearly definedhe boundary value problem, the Dupuit
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Equation for unconfined aquifers (Misstear, Bank€ark, 2006) will be used to estimate a range of
possible groundwater flow rates to the proposedhEaystems Science Building well. This equation
assumes homogeneous, isotropic soil conditiongdgtestate, horizontal flow and an unconfined
aquifer of infinite extent. While the soil undertg UBC is likely not entirely homogeneous, the mng
of values of K we will use captures any heteroggmand gives a more accurate range of results. The
upper aquifer underlying UBC is vast enough ineix$ent for it to be a realistic assumption that the
boundary conditions can be placed far enough awagissnot to have a significant impact at our
proposed well location. The physical and hydrabéed gradients in most of the area are slight dmoug
(Piteau, 2002) for flow to be considered horizontde assume any well installed would be completed
across the entire saturated interval in order t@imize groundwater inflow, and flow. We perform a
steady-state analysis, which is representativeooflitions a few weeks after pumping has started.
Hence, it is justifiable to use the Dupuit Equatifor radial flow between two specified head
boundaries in this case, which is usually expressedllows

Q=IK (H’~h? 4.1)
In (RB/ra)

where Q = discharge in*fsec
K = hydraulic conductivity in m/s
Ro = distance in m from the well, where the effedtpomping are no longer felt i.e. the
outer edge of the drawdown cone
Ho = hydraulic head in m at a distancgfi®m the well
h;= hydraulic head at the well in m

r, = radius of well in m

Note that for the Dupuit analysis, the hydrauli@athet a specified depth is measured from a datum at
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the base of the underlying confining layer andhisréfore the same as the saturated thicknesstat tha
point. A simple schematic illustrating the Dupuigu&tion and the drawdown cone resulting from

pumping is shown below (Figure 8).
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Figure 8: lllustration of the parameters requiredthe Dupuit Equation.

Note: Figure not to scale.
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The values of Bland h are known from the Boundary Value Problem and &tained initially from
the 2002 Piteau hydrogeological report. There heenlno significant interannual variation in the
watertable height since 1975 (Piteau, 2002) andose fluctuations are minimal (R. Beckie, personal
communication, January 2009), hence these valuésemwiain largely fixed throughout the year iR

obtained from the physical mass balance expression

Q=iA=iIRY) (4.2)
where Q = discharge in*fsec
i = recharge in m/s
A = recharge area inm
Ro = radius of the recharge area which we equatbdalistance from the well where the

effects of pumping are no longer felt i.e. the oetdge of the drawdown cone

where we assume that, the water available for pagnigi equal to the recharge rate (usually expressed
per unit area) times the area of the drawdown cdhe. discharge will be taken from a pump test
conducted by Hemmera in 2006 at the UBC Sustaital§itreet pumping well, the closest well to the
proposed ESSB location (100 meters southwest) (AgigeB). The recharge rate is known from the
2002 Piteau report and hence an approximate sait&btan be found. Furthermore, slight variations
in Ry will not greatly affect the calculated dischargeedo the impact of the natural logarithm in the
denominator of the equation, is set at 0.076 m (3 inches) , as the standardl asing used in
industry today has a diameter of 6 or 8 incheB@tkie, personal communication, January 2009). K is
known to be extremely variable due to pockets eéfogeneities, and hence a sensitivity analysis wil
be carried out using the estimated minimum and mam values of K, to give a more realistic range
and account for the large degree of uncertainguich hydrological calculations. All other paramster

needed for the Dupuit Equation that are descrilzatiee are less variable than K, and hence are less
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likely to distort the results.

Typically, at a later stage in such a construcpooject, pumping rates are obtained by drillingest t
well and subsequently pumping specified amounteater out over a certain period of time until a
new steady state is reached. This is an expensbeess that must be undertaken by a consulting firm
hence we are not able to rely on this method. iBglivill likely be undertaken at a later stagethé

pre-feasibility study has concluded ground soues s a feasible option.

B. Estimate the actual enerqy extractable and @&vailto heat/cool the Earth Systems Science Bujldin

I. Determine the temperature of the extracted water
This is approximately constant for the whole of th@C area and is known to be between 10 and 11°C
(D. Grigg, personal communication, January 2009;ARellano, personal communication, January
2009). This is a measure of how much heat peruatitme the groundwater contains, and hence could
theoretically be extracted for heating purposealdd indirectly gives an indication of how muchahe
could be added during the cooling process. In aigithe temperature of the water to be pumped back
into the ground after heating or cooling must digodefined or identified. It was discovered at this
stage in the investigation that no legislation &xia British Columbia that limits the maximum and
minimum temperatures of water to be re-inserted the ground after use for heating or cooling in a
ground source heat system (D. Grigg, personal camuation, January 2009)! There is a vague
unwritten understanding that one should not negbtiaffect one’s neighbours, and that harming fish-
bearing waters is a punishable offence (D. Griggs@nal communication, January 2009). In addition,
there should be essentially no impact on the sfdxseirdue to the temperature changes, save some
changes in mineral solubility and perhaps microleieblogy (R. Beckie, personal communication,

February 2009). As no legal limits exist, local tantors were contacted in order to find typicdésu
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of thumb for the minimum and maximum water temp@ethat they consider reasonable.

In Vancouver, heating demands for buildings arealigugreater than the cooling demands. As air
conditioning at UBC is only utilized to cool semg#t equipment and in inner, windowless areas of
buildings where no natural ventilation can occiwe heating demand for institutional buildings is
significantly larger than the cooling demand (Dig@r personal communication, January 2009). For
this reason, the rest of the analysis is perfore@tsidering the use of the future ground sourcé hea
system for heating only. It is assumed that ifghgjected system is sized according to the hebiad,
then by default it will be sufficient to also maee lower cooling load (Natural Resources Canada,

2004).

ii. Determine the heat contained in the extracteden

This will be found by simply multiplying the speicifheat capacity of water by the temperature
difference of the water from when it is pumped oluthe ground to when it is re-inserted back ifie t
aquifer AT). Combining this value with the pumping rate gi\erate of heat flow that is available to
the building for heating.
Rate of heat flow = CAT Q (4.3)

where C = specific heat capacity of water in J&gt 4186 J/kg/°C

AT = temperature difference between water comingpbgtound and water going back

into the ground in °C

Q = pumping rate in ffs
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C. Compare the heat available to the Earth Sysgmence Buildings heating requirements

i. Determine the Earth Systems Science Buildingts&Heating Load:

When installing a ground source heat system, darigial to accurately assess the building’'s heating
load. To calculate this, one must know the heatired to warm the building (net heating load) ad we
as the additional heat needed to make up for lusase$ through windows, doors etc. These losses
depend on a complex variety of factors including tgpe and size of windows, the number of
occupants, the geographic location in Canada, dhael Isoil type and many other factors (Dincer,
2003). Since we do not have access to this kindiatéiled data during this very early stage of
planning, we will research overall values of th@sgr heating load (net heating load + losses) of
buildings in Vancouver. This will be calculated rfrdts proposed square footage in conjunction with

typical energy use values per unit area in this gthe world.

ii. Sizing of the Ground Source Heat System:

While ground source heat could be used to meet 180&bbuildings heating demand, this is in most
cases economically unfeasible. Hence, it is typgicalize a ground source heat system to 60-70%eof t
buildings peak heating requirements. By doing tiis,costs are kept down, at least 95% of the dnnua
demand is still met and the remainder of the hgati@eds can be supplied by a high efficiency gas
boiler (Natural Resources Canada, 2004). The af#tis additional boiler must be included in any
economics calculations. A further advantage of ihthe presence of a back-up heating system. 8houl
maintenance work be required on the ground soueed $ystem, or in the unlikely event of system
failure, there is an alternative source of heailabke (R. Marier, personal communication, February

2009).
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iii. Estimate the number of wells required:

By dividing the required energy previously calcathty the available energy calculated by Equation
4.3. in B.ii. we will get an estimate of how many wells we wonkkd to install to satisfy the whole

building’s energy demands.

4.2. Economic Analysis

Given time and sufficient data available, we witeanpt to perform a brief, economic feasibility dyu

for the set-up of our proposed ground source hesiés in the Earth Systems Science Building.

A. Estimate Installation Costs

The feasibility survey, drilling of well(s), pipincheat pump, heat pump installation, distribution
system, distribution system installation, laboungieeering fees and other hardware costs will be
estimated based on rules of thumb and installattonpany estimates. Typical values for all theséscos

are shown in Table 6.

B. Estimate Running Costs

Again, this will be estimated based on previousbtalled systems.

C. Estimate Payoff time

This will be done by comparing ground source hgatesn installation and annual running costs to the

energy costs of the “usual” heating/cooling systearording to the following equation:
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(Installation Costs GSHS — Installation Cds Usual System) (4.4)
(Annual Running Costs Usual System — Annual Runnin@osts of Ground Source Heat System)

The “usual” system at UBC and its costs will haoditst be researched and identified. From this we
will calculate an approximate “payback time” foretkarth System Science Building ground source

heat system.
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5. RESULTS

5.1. Hydrogeologic Analysis

A. Evaluating the groundwater regime in the vigirdf the proposed Earth Systems Science Building

i. Determine the geology of the area and estimataitable range for the value of the hydraulic

conductivity (K) for the water bearing solil layeslbw the Earth Systems Science Building:

The underlying geology of UBC campus in the vigingf the proposed Earth Systems Science
Building is described as follows: a thin cappingdeaof about 1 meter comprised of glaciomarine silt
to clay loam (Capilano Sediments), followed by 3ere of sandy, loamy lodgment till (Vashon Drift),
underlain by a relatively thick and permeable layefine to coarse sand with minor traces of giltl a
gravel (Quadra Sands 1), a thinner layer of intédled silt, fine sand, and traces of peat (QuadnalSa
2), and finally a thin layer of Quadra Sands 1 ddwrsea level. Figure 9 shows an adaptation of a
hydrogeologic profile taken from a well installed #he Biosciences building (Appendix C2),
approximately 150 m North of the proposed locabbthe Earth Systems Science Building (Appendix
B), which details the depths of these layers.

100 ==

Capilano Sediments

Washon Till
75

Elevafion 50 Quadra Sands 1
(masl)

25==

Quadra Sands 2

) == Quadra Sands 1

E\
A2 s 2 SR Well Screen
Aguiclude

Figure 9: Soil profile taken from the Bioscienegsdl 200 m north of the

proposed Earth Systems Science Building.

(Adapted from Piteau Associates, 2002.)
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Due to the relative permeabilities of the geolagnats, the two Quadra Sands 1 layers both havd basa
portions that are saturated with water, and heapeesas aquifers, while the Quadra Sands 2 layanm is
aquitard, and the layer underlying the lower Qu&hads 1 unit is an aquiclude (Figure 10). The uppe
aquifer is fresh, while the water in the lower dguis salty, and is hence unsuitable for usegnoand
source heat system as it would corrode the pipeigitation falling over the area is either lost a
evapotranspiration, runs off over the land surfacenfiltrates through the soil. Since the surféeer

is relatively impermeable, much of the receivedewas lost through evapotranspiration or runoff.
Using the Thornthwaite method, Piteau Associatésnated that only 9.6% of the average annual
precipitation seeps into the ground as infiltratiaha rate of approximately 3.9 L/s/krThus, as seen

in Figure 10, the two aquifers have relatively dntfsicknesses. Based on a cross-section provided in
the Piteau Report (2002) (Appendix C1), we estintaedepth of the upper water table at the proposed

Earth Systems Science Building to be approxima8lyneters below the ground surface.
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Figure 10: Approximate depths and thicknesseb@ftjuifers within the two Quadra Sands 1 units.

(Adapted from Piteau Associates, 2002.)
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The heterogeneity underneath UBC campus is apparehe range of K values cited in the Piteau
Report (2002), whether based on the soil sampléysesm and aquifer pump tests done by Piteau
Associates or estimates from e.g. Smith (1981,ii@aB Associates, 2002). The minimum value we
will use is 0.5x10 m/s found by Piteau Associates from back analg$emuifer pump tests run on
two production wells, while the maximum is 4.8%1@/s, found by Smith when analyzing 12 soil
samples from the North Campus Area (1981, in Pitesaociates, 2002). Our middle K value will be
1.9 x10* m/s, based on the average found by Piteau Assediaiéng grain size analyses of samples
taken from a well (THO1-03) located at the intetser of University Boulevard and Main Mall

(Appendix B).

ii. Estimate the theoretical pumping rate for threain question:

A simple BVP was the basis of our conceptualizatbthe Dupuit equation, as applied to our own

area of study (Figure 11).
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Figure 11: Boundary Value Problem visualizing éinea around and beneath the imaginary pumping

well at the proposed Earth Systems Science Bujllioation. Water will move from areas of

higher to lower hydraulic head. “h” representsiaydic head, “dh/dn=0" signifies no change
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well extraction and R represents recharge to thierg

Note: figure not to scale.
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Subsequently, Equation 4.2 resulted in gnoRapproximately 320 meters, when using the 2@ogal

per minute (gpm) steady-state pumping rate founddymera (2006).

Assuming a maximum drawdown of 3 meters to baldheeneed for water for the ground source heat
system with keeping the aquifer saturated, we tatied theoretical pumping rates for the three

hydraulic conductivity values, outlined in Table 2.

Hydraulic Conductivity (m/s) Theoretical Pumping Rate (US gpm)
0.5x10* 11
1.9 x10* 24
4.8x10" 60

Table 2: Theoretical pumping rates based on a rehbgdraulic conductivity values to account foeth

heterogeneity of the subsurface beneath the prddéseh System Science Building.

B. Estimate the actual enerqy extractable and aviailto heat/cool the Earth Systems Science Bujldin

i. Determine the temperature of the extracted water

We used a range of 10-11°C for the initial grountgwsemperature under UBC, as suggested by David
Grigg of UBC Campus Planning and Ruben Arellandlemmera Inc., and set the minimum injection
temperature of the water during heating mode taaymately 6°C. The greater the difference in

temperature, the less efficient the heat pumplvell Thus, while the heating water could be coated
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theory to 0°C, 4-5 degrees of cooling is regarded good industry standard to ensure sufficient hea

can be extracted without compromising efficiency.

ii. Determine the heat contained in the extracteden

Using Equation 4.3, we calculated the heat extbhetiom the water for space heating of the Earth

Systems Science Building (Table 3).

K (m/s Extractable heat flux (J/sAT=4°C Extractable heat flux (J/sAT=5°C
0.5x10" 11,620 14,525
1.9x10* 25,350 31,688
4.8x10 63,376 79,220

Table 3: Heat extractable, in J/s (=W), assuminan#ial groundwater temperature of 10 and 11°C

respectively, and a final temperature after heakigacted of 6°C.

Best case (maximum heat extractable) = 79,220 J/s
Mean case (based on middle estimate of hydrauhdwctivity) = 28,519 J/s

Worst case (minimum heat extractable) = 11,620 J/s

C. Compare the heat available to the Earth Sysgaience Buildings heat requirements

i. Determine the Earth Systems Science Building'sggheating load:
Geoforce Energy Solutions and Dandelion Geothempnavided an estimate for peak load heating
requirements of the Earth Systems Science Builbesed on typical values for the Lower Mainland:
12,000 BTU for 1000 square feet, or, 660,000 BTbo(a 190,000 J/s) for the 55,000 square feet

comprising the Earth Systems Science Building. eBamn calculations that included parameters such
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as well condition space and UBC climatic conditio@s R. Martin provided an estimate of 816,120

BTU (about 240,000 J/s) for the Earth Systems Seid@uilding peak heating load.

ii. Sizing of the Ground Source Heat System:

We subsequently adjusted the peak heating loaldeoEarth Systems Science Building in order to size

our system to 60-70% of the buildings peak heateguirements (Table 4), as is typically done.

Remember that this still meets at least 95% oftimaual demand (Natural Resources Canada, 2004).

Peak Heating Load (J/s):

60% of Peak Heating Load:

70% of Peak Heating Load

190,000

114,000

133,000

240,000

144,000

168,000

Table 4: Peak heating load adjusted based orr &ither 70 % of peak heating load

covered by the ground source heat system.

Best case 114,000 J/s
Mean case is 139,750 J/s
Worst case is 168,000 J/s.

iii. Estimate the number of wells required:

Using the range of adjusted peak heating loadstt@ndalculations of heat extractable from one well

found in Bii, we found that anywhere from two to fifteen weNgdl be required for an open-loop

ground source heat system to meet the majorityhefhteating requirements of the proposed Earth

Systems Science Building (Table 5).
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Heat Required (J/s)
(from Table 4)

Heat Available (J/s)
(from Table 3)

Best Case: 114,000 Mean Case: 139,750 Worst Ca83&0

Best Case: 79,220 2 2 2
Mean Case: 28,519 4 5 6
Worst Case: 11,620 10 12 15

Table 5: Bold numbers represent wells required dasebest, worst and mean cases of both adjusted

peak heating load of Earth Systems Science Buildimjheat flux from one well. Decimal values

were rounded up to nearest whole number. Combimist)case of both variables resulted in 2

wells required as a best case scenario. Usingaime line of thought, the mean number of

wells required is 5, and the worst case is 15.

5.2. Economic Analysis

A. Estimate Installation Costs

The two major types of ground source heat pumpesystthat could be installed are a central heat
pump system or a distributed heat pump systemenral heat pump system consists of one large heat
exchanger in a mechanical room, with pipes theningithroughout the entire building. Every location
in the building is serviced by four pipes, two &moling, with one bringing water from the mechahica
room and the other taking it back to the mechanimain, as well as two similar pipes for heatingisTh
system is slightly more expensive to install duéhtolarge amount of piping required. Howevecaih

be used simultaneously for heating and cooling iffer@nt parts of the building if needed, which
should occur 10% of the time in the Lower MainlgiRd Marier, personal communication, February
2009). In this way, groundwater and electricity s decreased, as the heated cooling water frem th

hot portion of the building can then be used foatimg another colder part of the building. A
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distributed heat pump system consists of multiplalter heat exchangers; as many as one in each
room. Though it has a lower capital cost, it regslimore maintenance once exchangers need to be

replaced some years later.

As described earlier, UBC cools its buildings selety and hence cooling pipes are only needed in a
few rooms per building. In this way, the cost gbipg required is drastically cut down and hence a
central heat pump system is thought to be the @regption. For the distributed heat pump system,
heat exchangers would still be required in eveomr@ven if only for heating purposes, hence we have
decided to do a cost-benefit analysis for a ceittealt pump system. The capital costs are outlined i

Table 6. All costs shown in this report are in GHaa dollars, with values correct in 2009.

Number of Wells Required

Costs: (in Canadian $, value as of 2009) Best Case; 2 earMCase: 5 Worst Case: 15
Engineer 50,000 50,000 50,000
Well ($60/ft) 30,000 75,000 225,000
Indoor Materials - _(heat pump, exchang_ers, 150,000 150,000 150,000
controls, tanks, piping, additional gas boiler)

Outdoor Piping —

($5,000 per well 10,000 25,000 75,000
Water pump, 50 gpm variable speed —

($8,000 per well) 16,000 40,000 120,000
Total $ 256,000 $ 340,000 $ 620,000

Table 6: Estimates for capital cost based on ¢@st, mean case and worst case of number of wells

required. Depth of well casing is approximatelyn75250 feet. Estimates of various costs provided

by R. Marier of Terasen Energy Services (persooalmunication, February 2009).
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B. Estimate Running Costs

Heat pumps, on average, have a coefficient of pgdace (COP) of 4, indicating that for every urit o
electricity used, four units of heat are transpmbridatural Resources Canada, 2004). Based on this
COP and Terasen's current price of electricitykWh, we estimated the annual running costs of our

projected best case, mean case and worst casedgource heat systems (Table 7).

Heat Requirement Met By Ground Source Heat Sy$t&iyr)
(from Table 4: scaling up of J/s to GJ/yr)

Running Cost Parameters: Best Case: 3,595 Mean Case: 4,407 Worst Case8 5,29
GSHS Electricity Need (GJ/yr)
= heat requirement / COP 899 1,102 1,325
—Conversion to kWh 249,678 306,075 367,947
Final Cost of Electricity to power
GSHS (=$.07/kWh), to the nearest $ 17,500 $ 21,400 $ 25,800
$100

Table 7: Estimates of running cost over one yeapfojected best, mean and worst case ground

source heat system. Cost of electricity per kWivigled by R. Marier (personal communication,
February 2009).

C. Estimate Payoff time

An estimation of payoff time attempts to compare tlosts of a ground source heat system to a more
traditional heating and cooling system. At UBC, tireaof buildings is typically done using hot water
loops that deliver heat into individual rooms. Aégent, the loop is heated using steam from thaten
steam plant. The general UBC operating fund paystlie purchase of natural gas, water and
electricity, which are then used to generate steaengy that is supplied to core campus buildings fr

of charge. All residences and ancillary buildingJ8C do pay for steam at $21.63 per kilopound of

steam (KLBS). In this study however we do not m#ies distinction as to who actually pays for the
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energy, merely that at some point in the energye¢ymsts will be incurred for energy usage. Overal
$12 per KLBS of steam is a representative numbethi® total cost entailed in the production of 1000
pounds of steam energy for use in UBC buildings5iffin, personal communication, February 2009).

1 GJl/yr of energy is approximately equivalent ta 98BS of steam. Of the total steam generated,
approximately 40% of the heat is lost during tramsdeaving 60% available to finally heat building

(J. Giffin, personal communication, March 2009)other words, the efficiency of the heating process
by steam is 0.6. Based on this efficiency and UBsDisent price of steam per KLBS, we calculated an
approximate payoff time for our projected best ¢casean case, and worst case ground source heat
systems relative to a steam driven heating syskerst, we estimated the annual running costs for a

steam powered system (Table 8).

Heat Requirement Met By Steam Driven Heating Syg@J/yr)
(from Table 4: scaling up of J/s to GJ/yr)

Running Cost Parameters: Best Case: 3,595 Mean Case: 4,407 Worst Case8 5,29

Required Energy (GJ/yr)
= heat requirement/ efficiency

—Conversion to KLBS of steam 5,656 6,934 8,335

Final Cost of Steam (= $12/KLBS)
to the nearest $100

5,992 7,345 8,830

$ 68,000 $ 83,200 $ 100,000

Table 8. Running costs for best, mean and wos# seenarios based on a steam driven heating

system of efficiency 0.6. Steam price providedb@iffin (personal communication, February 2009).

With Equation 4.4, and rough estimates of installatcosts for a traditional steam driven heating

system at UBC, we then calculated payback timebI€T®).
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Best Case: Mean Case: Worst Case:

Ground Source Heat

Capital Cost 256,000 340,000 620,000

Annual Running Cost 17,500 21,400 25,800
Steam Powered Heating System

Capital Cost 30,000 30,000 30,000

Annual Running Cost 68,000 83,200 100,000
Payback Time (years): 5 6 8

Table 9: Payback times calculated for best, meanarst case scenarios when comparing a ground

source heat system and a steam powered heatirmsy§tapital costs provided by R. Marier (personal

communication, February 2009). Decimal values daghup to the nearest year.
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6. DISCUSSION

6.1. Sustainable Pumping Rates

Using the above described theoretical hydrogeologgthod based on first principles to calculate the
predicted water yield of a single well placed né¢lae future Earth Systems Science Building,
sustainable pumping rates were estimated to be lsrngabetween 11 and 60 gallons per minute. The
large range is mainly due to uncertainties in tydraulic conductivity. While an area may have &khi
saturated layer with much water available, if thaier material transmits water very slowly, pungpin
rates will remain low despite much water being enes This was found to be the case for the
Sustainability Street well, where groundwater weseased for its potential to heat and cool theraig
Earth and Ocean Science building. While the satdrdepth was approximately the same as that near
the Earth Systems Science Building site, at deptiit&lay lens in the Quadra Sands was found to
greatly reduce the hydraulic conductivity and thihe water the well could produce (R. Beckie,
personal communication, November 2008). The rarfgeatues of the hydraulic conductivity used

attempts to address some of the heterogeneitysthikely present in the soil.

Where the true pumping rates lie within this ramg@ only be conclusively known later on in the

drilling phase of a further feasibility study. Thisstallation of a pumping well would have to bendo

by an engineering firm. As with the Sustainabiltyreet well, a pump test would be performed over a
number of days to identify the maximum sustainabteunt of water than can be removed from the
well before it settles to a new steady state. Wosld need to be done at every future proposed well
site and would identify any unexpected drawbaclchsas large boulders underground or clay layers
that do not transmit water rapidly. Combining tleadfrom each well, a total pumping rate would be

obtained and this would give an indication of howacim water is available for use in a ground source
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heat system. Based on this concrete knowledgecoulkel chose to include optional benefits such as

domestic water heating by ground source heat derinithe Earth Systems Science Building.

There appears to be an overall decreasing tretiteisaturated depth and well yield as one moves fro
the eastern to western edge of UBC campus. Weathdige decreases from the most easterly Regent
well which produces 100 gpm (6.3 I/s), to the Biesces well which produces 51 gpm (3.2 I/s) and
finally to the Fisheries well which produces 37 gfh8 I/s) (Piteau Associates, 2002) (see Appendix
B). The proposed Earth Systems Science Well istéocapproximately between the Biosciences and
Fisheries wells, and the calculated discharge oiden 11 and 60 gpm is consistent with the actual
measured values obtained elsewhere on campus.allated depth decreases towards the west, as

this is where discharge occurs at the boundary thi#tocean.

The range of pumping rates from 11 to 60 gallorrsni@aute are based on a drawdown cone of radius
320 m created as a result of pumping. Dependinthemumber of wells eventually installed, this has
the potential to affect the groundwater availapibind characteristics of a fairly large proportiain
campus. If a large radius like 320 m is used whetnadly implementing the ground source heat
system, plans for adjacent buildings must be takEnaccount as there may not be sufficient watr |
for them to utilize open loop ground source heawels. A smaller radius could be used so as toeless
the ground source heat system’s footprint, howéas water would be extractable from each well and
more wells would be needed in total. In this ways & trade off between a variety of factors idahg
drawdown cone radius, number and cost of wells amé of campus affected. The radius of the
drawdown cone can be changed in further calculatdepending on the results of a pumping test and

the need for water of adjacent buildings.
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When installing multiple wells, as will likely bén¢ case for the Earth Systems Science Building’s
ground source heat system, one factor to take aotmunt is the Principle of Superposition. This
hydrogeologic principle states that the drawdowm goint caused by pumping from many wells is
equal to the sum of the drawdowns of the individualls when treated as if in isolation. While tigs
only true for confined aquifers, it can be takerb&approximately true for unconfined aquifershié t
drawdown is small relative to the saturated thiskenef the aquifer. We are dealing with an uncomfine
aquifer, in which the drawdown is fairly large ela to the saturated thickness, and hence this
principle does not necessarily apply. Nonethelasy, effects of superposition must be monitored to
ensure that the wells are located a sufficienadist apart so as not to fully deplete the satulaiest

due to multiple pumpings.

Finally, the uptake rate for return water into #wifer for the proposed open loop system may also
deplete the saturated layer if it is less thanrtie of extraction. Care must be taken to ensuge th
aquifer remains at an overall steady state by mgtgrthe same amount of water to the aquifer as was
initially pumped out otherwise well yield and heaticapacity will diminish over time. Any rejection
wells should have a large enough uptake capacitsjpose of all the water pumped out initially and
used in the heat pump. According to Natural RessuCanada (2008), if an extra existing well is
available, this could potentially be used as act&a well. The Sustainability Street well is logdt
close to the future Earth Systems Science Building is currently not used for anything. Hence this
well should be kept in mind for a possible futuegection well. Alternatively the single extractiand

injection well set-up of Regent College could belegul here.

6.2. Building Heating and Cooling Loads
While typical rules of thumb for heating and coglimequirements of “archetype” institutional
buildings in the Vancouver area are known and wesed in this study to show the feasibility of a
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concept design, a more detailed analysis wouldeljeired before any ground source heat system is
fully implemented. Ground source heat system deisiggmown to be far more concerned with detailed
heating and cooling load calculations and annualgninformation than conventional heating and
cooling systems (R. Arellano, personal communicgti&ebruary 2009). This step can only be
performed once a finalized and detailed plan ferlthilding has been designed and the proportion of
building space usage is known. This includes kngwihe surface area of classrooms, offices,
administration areas, museum space, as well akitepand research laboratories. Each of these areas
use and produce different amounts of heat and hiesee different heating and cooling requirements.
In addition the number of doors and windows, th@dew material, the wall types, the window
orientation and the degree of insulation, among ymather factors, all play a role in how much
additional heating/cooling is required from a grdwource heat system. Furthermore, diurnal, weekly
and seasonal changes in the energy requirementsl \atso have to be characterized in detail. For
instance, during the day, internal heating requisedhigher due to people occupying the building
needing a comfortable temperature to work in ancbtmteract the heat lost from the constant opening
and closing of doors. However, this may be paytiafl entirely offset by the heat emitted from light
people and computers. This detailed calculatiobwlding heating and cooling loads is a complex,
extremely involved process that requires specidlizgowledge, detailed and varied data and in-depth
methods (calculations or detailed modeling) to wetee (R. Arellano, personal communication,

February 2009).

6.3. Sizing of the Ground Source Heat System

In this study, the number of wells was computednfran estimate of groundwater extractable from a
single well, combined with approximate building hé&zads. In a later study, these results would be
confirmed based on more detailed knowledge of theumt of water extractable from pump tests and

the heating requirements of the building from caerphodeling. This step has some overall flexihility
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Typical ground source heat systems are sized ta 8@&0% of the peak heating requirements
(Natural Resources Canada, 2004), which resulg5% of the daily heating requirements being met.
For this additional 5% and to serve as a back-ameskind of high-efficiency boiler is installed in
most cases. However, it is not unusual for systene sized to 50% of the peak heating requirements
or even less (R. Marier, personal communicatiotoyréay 2009). In this case, a higher capacity Iboile
is installed to meet the larger shortfall. Altemaly, the extra heat can be supplied by some dtren

of heating, using a combination method. Hencehigway there are a variety of combinations that ca

be implemented to make the use of ground sourdebo¢ia physically and economically feasible.

A further factor to take into account is the etfiocy of the heat extraction process by the heatppum
The greater the temperature difference betweemttial and final reservoirs of water, the greatiese
heat is in theory available to extract to subsetiydmeat the building. However, the greater this
temperature difference, the lower the efficiencytlod heat extraction process becomes (R. Marier,
personal communication, February 2009). Hence,emhimay seem advisable to work with a large
temperature difference so as to have maximum heatable, the tradeoff between greater heat
availability and lower extraction efficiency must bonsidered. There is at present no legislatian th
limits the temperature of water that is pumped batk the ground after use in a ground source heat

system.

It was found in this study that anywhere betwean@ 15 wells would be required to satisfy 95% of
the Earth Systems Science Building’s heating araling requirements. While anything more than 2
wells of drawdown radius 320 meters will likely éakip more of campus’ groundwater and surface
area than is available for this project, the finaimber of wells needed depends ultimately on the
amount of water that can be pumped up and the propoof the building that it is feasible to heat

using ground source heat. If there is found toitike water (the lower end of the 11-60 gallon per
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minute range) then ground source heat could be fesed smaller portion of the building. If more
water is found to be extractable, then the wholié&ng could use ground source heat. Ground source
heat is ultimately physically possible, if not thie whole building, than merely for a smaller pamtof

it, using other combination technologies to heat aool the rest of the building. Here however, the

economic feasibility of a ground source heat or lom@tion system may become restrictive.

At a further stage in the feasibility study, wapeimped out of the wells would have to be examimed i
detail. Poor water quality can cause severe prabiaenopen loop systems as they can cause scaling or
clogging of the heat pump system, making it malfiomc in a very short period of time. The
groundwater should be free of excessive partictek @ganic matter, and acidity, hardness and iron
content should be tested. Different heat pumpshbl®to cope with water of different quality, herice

is important that the groundwater be tested, chanaed and a suitable heat pump chosen (Natural

Resources Canada, 2008).

In addition, later on in a further study, the exdistribution, location and type of wells will bave to
be examined in more detail. These specifics wetecagered within the scope of this project as it is
too early in the design proceedings to be able daclasively set such detailed engineering

specifications.

A further consideration that must be taken intooact when performing more detailed studies for the
implementation of this ground source heat systenthes effect of thermal imbalance. Thermal
imbalance of the soil is something that needs tedresidered for every ground source heat system,
both open and closed loop. This is especially saiewas the systems proposed for the Earth Systems
Science Building must meet a greater heating thaolirgg load, as only core areas and sensitive

equipment is cooled at UBC (D.Grigg, personal comication, January 2009). There are several
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ground source heat systems in British Columbia Wwhise their systems for cooling only and do not
inject any heat at all from the building back itbe soil. These ground source heat systems work wel
generally, but only if they are sized properly. Wkae ground source heat system is used more for
heating or cooling, or only for one of the two, #ystem needs to be oversized to take into acabant
slow decay of efficiency over time due to the gmwvarming up or cooling down. This decrease in
efficiency is considered normal for most buildingsthe Lower Mainland, as generally their heating
and cooling requirements do not fully match. A récaiggestion proposed to help address the issue of
thermal imbalance is to install a few solar panelénject some extra heat into the ground and help
keep the soil temperature constant in a regime @vgesund source heat systems are mainly used for
cooling. This is most effective in Vancouver durithg summer months and a single glazed panel (4 by
8 inches) can inject approximately 13 GJ of he#d ithe ground per year if oriented and sloped
properly (R. Marier, personal communication, Febyu2009). For our proposed system, we would
theoretically need between 276 and 408 solar paoethermally balance the aquifer provided the
system is not used for any cooling. While this sedike a large amount, each panel is only 8 by 4
inches, so in total a panel area of between 5.78hdquare meters would suffice. A more obvious
suggestion that may be feasible at UBC, is simplintrease the cooling load of the building, by not
just providing cooling for core rooms but for théhale building. This would be pleasant for the
building’s occupants, while simultaneously ensutimg continued efficiency of the ground source heat

system.

6.4. Economics of the Proposed Ground Source Hgsie®

Looking at the economic considerations, an appratneconomic analysis was performed above to
give a rough idea of the economic feasibility agthroject, as cost often plays a large role in(tio-)
implementation of a ground source heat projectagback time between 5 and 8 years was obtained.

This means that the additional cost of installingraund source heat system is paid off within B to
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years and from that point on, net savings are aelieThis payback time of approximately 5 to 8 gear
compares favourably to the average lifespan ofoargt source heat system: the underground portion
of the system typically has a warranty of 50 yg@srix Utilities, 2009), with the heat exchanger
having a warranty of around 20 years, with a muarigér lifetime if maintained properly (Unitary
Products Group, 2006). Given its long lifetime,atelely short payback time and lower longterm
running costs (typical monthly costs for ground reeuheat systems are approximately one third of
more traditional electric or gas heating and caplaystems) (R. Marier, personal communication,
February 2009), the installation of some sort @lugid source heat system in the future Earth Systems

Science Building is deemed to be very economidalgible.

In the future, if the decision is made to move farsvwith this project, a more detailed analysid &
possible based on the exact building design andldaihardware. In addition, when performing more
detailed and accurate payback time calculatiomgries and costs in the future must be consistent
brought back to the value of money in the preséhis degree of detail was not possible within the
scope of this project, but must be taken into antau future calculations. Furthermore, the prioés
gas and electricity are predicted to go up by astl&% per year (R. Marier, personal communication,
February 2009), a further factor which could beetaknto account when performing more detailed
payback calculations. 5% is an approximation basedcurrent market conditions and projected
changes and is likely to change much in the futtfence this was not included in the payback
analysis. This implies that as the running costsmafre traditional heating methods which use
electricity and gas increase, the payback timdtefrative systems such as ground source heatsyste

will continue to decrease.

One issue that may be encountered is that at UBjtat and running costs for university

infrastructure come from separate budgets. Hendelewt may be advantageous to spend more

60



initially in order to get greater savings in a fgears, these two separate budgets do not allowhi®r
kind of flexibility. More recently this has been dadssed by initiatives such as Public Private

Partnerships. This is discussed in more detait tate

6.5. Further Steps to System Implementation

While this study has given a valuable first looktla¢ background of ground source heat and the
possibility of using it to heat and cool the Ea®ystems Science Building, and in future perhapsroth
buildings on campus, much further work remains éodone. Should UBC Campus and Community
Planning decide to look further into the use ofum@ source heat in the Earth Systems Science
Building, many further stages of feasibility stugli@ill need to be performed by a variety of expeats
described above. All things considered, a combomagiystem, for instance an open loop ground source
heat system in combination with a supplementalebpinay be the best option when looking at the

trade-off between groundwater footprint and deptetrealistic number of wells and cost.

Furthermore, this study has focused solely on ¢lasibility of using an open loop groundwater system
to heat and cool the Earth Systems Science Buildiigile this set-up has been shown to be both
physically and economically feasible, it may bepfidl before proceeding to do a brief feasibilitydy

of the other kinds of ground source heat systeros.irfstance, in a closed loop system, the cooling
fluid can be cooled to as low as — 4°C during deall events (R. Arellano, personal communication,
February 2009). This greater temperature change nesuyt in the ability to meet a greater heating

load, or may be canceled out by the lower heatagpaf the coolant or by the reduced efficiency of

the heat pump at this higher temperature differeRughermore, a closed loop system may be limited
by sub-surface conditions or lack of free spacewvimch to install loops. In general however, as

described earlier, open loop ground source heat baen found to be more suitable for large scale

applications than closed loop systems, as theglaeeto deliver a higher thermal capacity per bolkeh
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(Sanner, 2005). Another alternative would be taltsge the water after use in the Earth Systems
Science Building directly into an open water boslych as the nearby ocean. This is known as surface
water geoexchange. These options should be brestgmined to see if locally, they offer any

overwhelming advantages over the proposed opendommdwater system.

Ground source heat pumps have strong economiesatd. sSThis means that both annual operating
savings as well as greenhouse gas emission redsidtiorease proportionately as the building heating
loads increase. As larger homes or institutionaldings typically have higher heating loads, ground
source heat systems are most economically viableelisas environmentally beneficial for these large
installations (Hanova & Dowlatabadi, 2007). Thisulbstrongly support the decision to heat and cool
the Earth Systems Science Building using groundcgoheat. Not only is this in line with UBC’s
sustainability policies and initiatives, it becommasre financially and environmentally effective whe

applied to a building of this size.
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7. CONCLUSIONS AND POLICY IMPLICATIONS

Since the signing of the Talloires and Halifax Reations in the early 90s, and becoming the first
Canadian university to adopt a Sustainable DevetopmPolicy, UBC has demonstrated its
commitment to sustainability through a variety woitiatives such as ECOTrek, UBC Renew and the
design of several LEED certified institutional lliigs. It has been enterprising in the realm efrgn
efficiency, utilizing waste heat, natural ventitatj and solar heating and lighting in more recent
developments. Ground source heat technology sasir@e of renewable energy, with its demonstrated
cost and energy savings and the lowest greenhassergissions of all conventional heating/cooling
systems used today, can provide UBC with the oppdst to become a leader in the realm of new,

energy and cost effective technologies.

7.1. An Alternative Financing Option for Ground SmiHeat Systems in BC

Financing such a system for the Earth Systems &eiBuilding may be made much easier by Public,
Private Partnership (P3) opportunities, which werade mandatory for consideration by the BC
Government Capital Standard in 2006. The Capitahdard requires that all BC Government and
Agency projects over $20 million be assessed forpBt@ntial. Whereas the traditional route for
project financing is individually optimizing budgefor various stages of the development process
(i.e. Design, Build, Operate, Maintain and Finand®3 attempts holistic optimization, and thus the
potential for organizations such as UBC to redatal pproject cost in the long-term. Such a sceniari
proposed by Terasen Energy Services wherein ittaié on the capital cost for the system, taking
ownership of the pipes in the ground and the ckntiechanical equipment, while UBC returns the
capital cost in monthly installments along with tekectricity bill. During the period of Terasen
ownership, operational risk is also eliminated asa$en will operate the system to utility standards

(Terasen Energy Services, 2009). As of 2007, UBE Ileen in the process of conducting a “High
63



Level Assessment” for the P3 potential of the E&Bystems Science Building (UBC Land and

Building Services, 2007c).

7.2. Legislation Governing Ground Source Heat Sydtestallations

If an open-loop ground source heat system is chtsguartially heat and cool the proposed Earth
Systems Science Building, any relevant legislagomerning groundwater usage and well installation
must be considered. At the federal level, the gawent introduced the Federal Water Policy in 1987
which acknowledged the federal role in groundwateanagement, but has “taken little direct action to
improve groundwater management” (Nowlan, 2005). ndpng and protecting water quality in the

provinces is primarily under the jurisdiction oktprovincial government.

British Columbia is one of eight provinces thataassits ownership over all water resources, indgd
groundwater, which is defined as “water under toed? (Nowlan, 2005). It is the only province in
which groundwater and surface water are part oarsee licensing regimes, because permitting is
currently not applicable to groundwater extractiohsess than 75 litres per second (Geoexchange BC,
2005a). Furthermore, submission of well log resood groundwater reports is not mandatory, and
there is no charge for extraction of groundwatelowever, well identification plates are required in
some cases, including that of the open-loop gracuice heat system proposed for the Earth Systems

Science Building, and must be obtained from theegowment.

In BC, use of water resources in general is regdlander the Water Act of 1996. In 2001, as plaat 0
broader drive to protect drinking water suppliesh@a province, the legislature approved an amentimen
that became Part 5 of the Water Act entitled Waltsl Groundwater Protection. The provincial
government also introduced the separate BC Grouai@MProtection Act, or Ground Water Protection

Regulation in 2004, which builds upon and expandsg B of the Water Act and focuses on well
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construction standards and groundwater qualityegt@mn. There are no regulations pertaining to
quantity of water allowed to be withdrawn, or limib radii of influence of wells, though withdrawn

water that has passed through the heat pump isredquo be returned back to the source afterwards.
There are no municipal bylaws that govern groundwaisage in Vancouver, likely because the
drinking water, and other water supplies are takemm surface sources (A. Cohen, personal
communication, February 2009). However, this igsothe large-scale hydrologic cycle and the
consequent link between surface and groundwatkegrolind source heat technology is to be more
widely used in the future, municipal regulationttigholistic in nature is necessary. A new hdalist

approach should also be taken if provincial legjistaconcerning groundwater is ever to be edited or
amended, as currently, the Water Act and GroundwRrtetection Regulation seem to by and large
treat surface water and groundwater as separaigegnt This may make sense for organizational

purposes, but is not very realistic in a physiesilse.

The Government of British Columbia has acknowledted“unregulated and uncontrolled” nature of
groundwater use in BC, and is attempting to redtify situation by developing the above-mentioned
Groundwater Protection Regulation in three phaaed,is aiming to complete the regulations by 2012.
The third phase will include “requirements relatitegaquifer protection, ground water quantity and
use”, while the regulation itself will focus on ¢gar-scale applications, including “open-loop water

supply wells for geo-exchange purposes” (Provirfdériiish Columbia, 2007).

Such regulation in turn depends on more thorougtradterization of the groundwater regime in the
area of concern. A study commissioned by NatueddRrces Canada and the Geological Survey of
Canada in 2005 aimed to evaluate how well grounelniatunderstood in Canada. The study found
that “the current state of government monitoringl aassessment is deficient” and that “reporting

groundwater use is not mandatory" (Rivera, 2008y stated by the 2005 NRCanada report, “the
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limited current knowledge will be the main obstatdeimproving groundwater regulation”, or, that
groundwater regimes must first be well characterizéth concrete data and measurements for any

groundwater legislation to be effective.

Vancouver could thus be dubbed energy-forward botigdwater-backwards with regards to policy.
In 1991, Vancouver became the first Canadian oitj¢orporate energy efficiency measures into a by-
law (Canadian Geoexchange Coalition, 2009). THavbwpplies to all new buildings and additions,
with the exception of one-family and two-family diwegs. Bylaw 6871 was Vancouver's visionary
attempt to decrease the environmental impact aedatipn costs of buildings in the Lower Mainland.
Existing developments in the Lower Mainland thaé wgound source heat, though mostly of the
closed-loop variety, are very good examples ofroping energy efficiency, as they utilize hybrid
heating and cooling systems that include waste hedistribution as with the West Vancouver
Community Complex or radiant slab heating and caphks with Regent College and the Gleneagles

Community Centre.

7.3. Improvements to Legislation and Standardirafidhe European Model

The lack of legislation regarding groundwater drawd and quality of reinjection water may become

problematic, especially if open-loop ground soureat systems are increasingly implemented on UBC
campus and in Vancouver. Indeed, the use of gramdce heat systems seems to be gaining
popularity in Vancouver, as evidenced by the matigdards advertising new high rise developments
that include ground source heat systems. Althaughy of the existing developments with ground

source heat systems tend to be of the closed-laojety, groundwater quality is still an important

consideration in the design and implementatioruchsa system.

The European countries discussed earlier with wigesl ground source heat system utilization have
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strict laws regarding groundwater usage, with s@ven having groundwater protection areas where
ground source heat pump installation, regardlessypé, is not allowed. They have also been
monitoring and studying ground source heat pumfalilasions since the early 80s (Eugster & Sanner,
2007). Their level of monitoring, as well as légign regarding ground source heat pump instalati
are good models to look to as the ground sourceheap industry develops here in Vancouver, and
in BC. In the EU, groundwater pollution is seen ageal threat, and policy has been shaped
accordingly. Many authorities even provide mapd aeb-based GIS applications which delineate
which type of ground source heat pump is allowedeoommended at a particular site. For example,
the German state of Hessen provides maps that dateaareas where small ground source heat pump
systems of less than 30 kWh may be installed witlspecial licensing, areas where an application for
licensing is required, and areas where ground sobeat pump installation is prohibited, such as
groundwater protection areas, areas with severahpd aquifers, or aquifers with heavily mineratize

water (Sanner, 2005).

Furthermore, every ground source heat pump installaequires advance licensing from the relevant
authority for groundwater protection, water managetnor mining, regardless of location (Eugster &
Sanner, 2007). Frequently, depending on the “pskential” of the installation, the licensing
authorities also impose special conditions fordbestruction and operation of the ground source hea
pump, and site assessments also include deterntimenighpact on present or future ground source heat
pump installations. Within the countries discussedier, i.e. Germany, Sweden, and Switzerland,
national or regional water management and/or greatel protection authorities have published
guidelines for the license proceedings, as wefoashe construction and operation of ground source
heat pump installations. Though they cannot besidened a “groundwater protection authority”,
Geoexchange BC has also published a 3-part guedddwok regarding site assessment, design,

construction and monitoring, intended to “promotwrapriate and responsible designs, leading to
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successful, sustainable systems that will in tuaethowner’s requirements and improve the reputation

of the industry” in BC.

This leads to the need for more industry-wide stadidation of technique in BC and Canada in order
for ground source heat systems of all types to tmecmore widespread. Canada has commenced with
such attempts as is evidenced by GeoexchangeBC tl@dCanadian Geoexchange Coalition.
Geoexchange BC is an attempt at BC-wide standamiizaand provides a thorough guidebook
detailing system design, potential shortfalls, Iylsystems and relevant environmental regulations.
The Canadian Geoexchange Coalition is also an pttaetrcentralization on a country-wide scale, and
seems to focus more on training and certificatidrhe website offers few case studies from all the
provinces (three in BC), and does not offer muchhim realm of “technical reports” as many of the
sections of the website, such as the Academic rahastry Technical Documents sections, do not have

any documents in them.

Though the industry itself is moving towards staddation, there is still a lack of public awareses
regarding this technology, highlighting the addiabneed for centralization of information in BCdan
Canada. It was discovered through the course sefrégearch that while much is known in general
about ground source heat, its uses and advantdgs®, is a distinct lack of detailed knowledge
available regarding specific ground source heaesys. For example, though the GreenBuildings BC
website contains a document listing all of the knogvound source heat systems in BC, it is only
current as of 2005 and contains only basic ingtalaspecifications such as type of system and date
installed. Furthermore, the bulk of the knowledgew the Regent College ground source heat system,
which we hoped would serve as an extensive casky sipon which to build our pre-feasibility
assessment, was held by one man, the former kexiltanager who was present when the system was

installed and who took an active interest in theikeof the system. When he retired in early 2G0B,
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knowledge beyond basic details of their ground s®ureat system was effectively lost (R. Smith,
personal communication, November 2008). This caosedase study to be greatly limited in terms of
post-installation assessment. Such lack of infeionanot only makes future research near impossible
but it is also a great pity that those who usefaledities every day will never know the intricadetails

of a system so crucial to their comfort. An infotioa consortium kept by each individual facilityath
uses ground source heat or all together by a deyrvand source heat bureau would ensure that this
kind of information is not only available for furiuse, research and improvements, but also toeensur

the optimum management of the existing systems.

The underdevelopment of standardization, infornmatientralization and particularly public awareness
is understandable as the ground source heat systdostry in Canada is, as the Canadian
Geoexchange Coalition states, “fragmented andivelgtsmall”. Again, a region which has already
reached a more advanced level of research, demighgdevelopment in the ground source heat sector,
and is a good example to draw from, is the EU, @aflg since, like Canada, it is a big region with
varying geographies, but has a much more establigreind source heat pump industry. This can be
in part attributed to the high level of regionaburstry-wide standardization and collaboration. In
addition to national networks that provide inforioatand technical support, there are technically-
focused multi-national networks (e.g. DACH — GermaAustria, and Switzerland), as well as a
Europe-wide European Heat Pump Association thatesess a technical and marketing network, and
the European Geothermal Energy Council which agtarainformation provider. There are also many
journal articles and conference proceedings thatpcehensively cover the history, current state, and
future outlook of the ground source heat pump itrgusa Europe on a country or regional basis, and
though they can be helpful as a guide for the dagmed ground source heat industry in Canada,

specific case studies of Canadian systems woutdf geeater relevance and help.
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7.4. Climate Change and UBC's Role on the Glohbad&t

An important question that must be mentioned indtwetext of today’s global changes, is how global
warming and climate change are expected to affecefficiency and potential of ground source heat
systems. Soil temperature will likely change, byibbly a few degrees as it maintains constant hgati
from below, and thus may affect installation ofsad-loop ground source heat systems. For open-loop
ground source heat systems, it is likely that ciangrecipitation regimes will have a much bigger
impact on the installation of open-loop ground seuneat systems such as that proposed for the Earth
Systems Science Building on UBC campus. Changmegipitation regimes will alter groundwater
recharge rates and thus may have significant pateiat change the steady-state pumping rates of
already established open-loop wells. This woul@lgwod area for future research to be performed in

as it will become an ever-more relevant issue @ftiiure.

The academic community plays an important role lom global stage, uncovering the underlying
causes and processes, and importantly mitigatiothods, of many of the environmental and other
issues we face today. UBC, as a leading globaeang institution, thus has a key role in contribgt

to global awareness and shaping international palicen it comes to issues such as global climate
change. We have reached the point where we ddane the time to simply converse about the
underlying causes and processes of global clinfzege; there is an ever more pressing need to take
action. As such, UBC has the potential to takeetent forward-thinking institutional development
initiatives to the next level and serve as a roledeh to other institutions around the world by
promoting this new technology that makes a loteise in the context of global warming and our

commitment to the Kyoto protocol.
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8. FINAL RECOMMENDATIONS

Using first principles to estimate the amount dfrastable groundwater in the soil below the progose
Earth Systems Science Building, it has been foulnad in the best case, 2 wells will be needed to
provide 95% of the building’s heating demand. Ie thean case, 5 wells will be needed and in the
worst case, 15 wells would be required, based aredauantities of groundwater available to the
ground source heat system. Economically, thesesgstvould take 5, 6 and 8 years respectively until
their capital costs are paid off and they resulbéh savings. While economically this compares very
favourably to the 50 year lifespan of a typicalgrd source heat system, physically the possilslitie
are fairly limited. 2 wells of drawdown radius 320 could possibly be installed around the Earth
Systems Science Building without taking up unreigbdly high proportions of groundwater. However,
this is the best case only and the wells wouldaserdmoved from the building thus requiring much
energy to transport the groundwater to the buildiitg. The mean and worst cases of 5 and 15 wells
are entirely unrealistic and practically unfeasidige to their large ground footprint and the high
proportion of UBC campus’ groundwater resourcesy thwuld utilize. Thus, a tentative further
feasibility study may be commissioned to perforsirggle pumping test adjacent to the proposed Earth
Systems Science Building. Even in the best case,vell will not produce sufficient water to fully
meet the heating requirement of the Earth Systewgisn& Building, and hence combination
technologies should be further explored. Theseifipeombination systems should be studied in much

greater detail to optimize energy and cost effectess.
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Appendix B: Relevant Well Locations (Zoom-in afi€45 of Piteau Report)

Vicinity of the Earth Systems Science Building
Demarcating Relevant Wells and Hydraulic Head Contours
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Mote: Wells, roads, and ESSB not to scale.
Scale only valid for distances on base map, not
inset map.

220 Upper aquifer contour and elevation (masl)

Black line B-B' is line across which cross
section shown in Appendix C1 was taken.

20 Lower aquifer contour and elevation (masl)
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Appendix C1: Cross Section Running West to Easts8dJBC Campus (Page 44 of Piteau Report)
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Appendix C2: Soil Profiles Under UBC (Page 38 é&u Report)

TYPICAL PROFILE OF UNCONSOLIDATED SEDIMENTS
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Appendix C3: Sustainability Street Pump Test (Herarinc. Well Log)
LA Terasen utiiity Services
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Appendix D: Obtaining Best Case of 2 Wells — Sar@@allculation

1) Estimate a suitable range for the value of laydic conductivity (K) for the water bearing saler

below the Earth Systems Science Building:

“Best case” value for K (from Piteau Associate)2)0= 4.8x10"m/s

2) Estimate the theoretical pumping rate for #énea in question:

Use the Dupuit Equation for radial flow betweermtspecified head boundaries:

Q=Ix K x (H’—t?
In (R/ r1)

Need R, therefore use:
Discharge = (Recharge) x (Recharge area)

Q=ixA=ix{IxR)

where we subsititute Q = 20 gpm = 1.262%/s found by Hemmera (2006), and

i = 3.9 L/s/kn? = 3.9x10° m*/s/nt found by Piteau Associates to fing: R
Ro=[(1.262x1Cm%s) / (1 x 3.9x10° m¥/s/nf) ]2
Ro~320 m

Back to Dupuit:

Q =_II x (4.8x10*m/s) x [(5mf — (2mY]
In(320 m / .076 m)

=379 x10°m%s = 60 gpm = 3.785 kg/s

3) Estimate the energy extractable from the wgteen this flow rate:
Rate of heat flow = specific heat capacity x terapae difference x pumping rate

:CXATXQ
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Use “best case” temperature difference of 5°C,@rd4186 J/kg/K
= 4186 J/kg/ °C x 5°C x 3.785 kg/s

=179,220 J/s

4) Compare extractable energy to ESSB heatingirepents to obtain final well number:
Number of wells = (ESSB heating requirements / Bnextractable from one well )
Best case consultant estimate of peak heatingdbdde ESSB: 190,000 J/s
—Size system to 60 percent of peak heating load:, 00D J/s required
Finally,

Number of wells = (114,000 J/s /229 J/s) 2 wells

87



