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EXECUTIVE SUMMARY

Under the American Recovery and Reinvestment Act (ARRA), 26 ground source heat pump (GSHP)
projecs were competitively selected in 2009 to demonstrate the benefits of GSHP systems and innovative
technologies for cost reduction and/or performance improvement. One of the selected demonstration
projects was proposed by Montana Tech of the University aftda fora 56,000 sq ftnewly
constructedpn-campus research facilitythe Natural Resources BuildiiiyRB) located in Butte,

Montana.

This demonstrated GSHP systeonsiss of a 50 tonwaterto-water heat pumpnd a closedbop ground

heat exchangewith two redundant 7.5 hp constaspeed pumpt usewater in the nearby flooded mines
as a heat source or heat sillkvorksin conjunction with the originally installed steam HX and &n a
cooled chiller to provide space heating and cooling. It is coupled with the existing hot water and chilled
water piping in the building and operates in the heating or cooling mode based on the outdoor air
temperatureThe ground loop pumps operate imgoiction with the existing pumps in the building hot

and chilled water loops for the operation of the heat pump unit.

The goal of this demonstration project is to validate the technical and economic feasibility of the
demonstrated commercigtale GSHP stem in the region, and illustrate the feasibility of using mine
waters as the heat sink and source for GSHP systems. Should the demonstration prove satisfactory and
feasible, it will encourage similar GSHP applications using mine water, thus help seyearnkreduce
carbon emissions.

The actual performance of the system is analyzedaviiiiablemeasured data for January through July
2014. The annual energy performance is predicted and compared with a baseline scenario, with the
heating and cooling pvided by the originally designed systems. The comparison is made in terms of
energy savings, operating cost savings,-effetctiveness, and environmental benefiigally, limitations

in conducting the analysis are identified aedommendations for impvement in the control and
operation of such systerage made

Energy Performanceand Cost Effectiveness

The GSHP system was operated intermittently from January through March, and shut off in May and
June.The GSHP system operated in the heating ndoimg Januaryhrough Aprilwith a heating COP

of 4.0 for the heat pump and 3.5 for the GSHP sysiieduly, he operation alternatedtiaeen heating

and cooling modes, with tleolingEER of 15.3 forthe heat pump antR.8 forthe GSHP systeni.he
ground boppumping power fraction ranged between 8% and 60%, higher at lower buildingdodds
averaged 2-13% when aggregated by monthhedaily pumpenergy usevaslinearly related to the
heating and cooling provided by the heat pump.

Theavailablemeasured data does not include building cooling loop measurement. Therefore, building
cooling loads could not be predictédso, themeasurednine water temperatukeas founchigher than

the outdoor air temperature in the winter and sumwieich suggestd that using the GSHP system to
provide cooling would be less efficient than using the existirgaoted chiller. Therefore, the annual
energy analysigiasperformed based on the premise that the GSHP system would provide only heating.

The analysis of masured data identifide potential for improvement in the contral the heat pump
With therecommended OA reset control, flod -year performancanalysisshowedthat the annual
average COPs of the heat pump and GSHP system were 4.2 and 3.7 vedgpboth of which weré-
6% higher than those measured during the 4 month péfluepredictedground loopgpumping power
annually accounts for 12% of the total GSHP system energy use.

Compared with the baseline system (i.e., the existing steam sysitggraLnatural gas boiler), the GSHP
system achieved significant energy savings angdébission reduction. The GSHP system demonstrated



77.7% site energy savings, 43% source energy savings, and 44&m&Sion reduction compared with
the natural gafired boiler.Based ora $9.63/MMBtu natural gas costca $0.08/kWh electricity cost,
obtained from the sitehé operating cost savings were $17,227 per year.

The installed cost ($750,000 for the mine I&@at exchanger.e., $15,000/ton)fdche demonstitad

GSHP systens higher than that of conventional GSHP systems (about $7,000/ton on average in 2006
dollars, or $8,200/ton in 20X@bllars)that use vertical bore ground heat exchangers. As an experimental
work to research the potential of using mineevas a potential heat source/sink, the project cost may
have included several other researelated costs, which will notxest for norrresearch projects.
Unfortunately, the cost breakdown was not available to the authors when this study was conducted.
Assuming $50,000 cost of the-&h WWHP unit, the payback period is 46 yediable E1 provides a
summary ofcomparisorbetweerthe two systems.

Table E-1. Summary of comparisons between the GSHP system and the baseline system

Steam HX servegl by a GSHP system Savings
natural gas boiler

Site energy use (MBtu) 4,213 1,302 69.1%
Source energy use (MBtu) 4,601 2,832 38.%%
CGO, emissions (Ib) 621,046 376,969 39.3%
Total annual energy cost ($) $40,574 $23,347 42.%%
Operating cost savings ($) - - $17,227
Cost premium ($) - - $800,000
Payback period (years) - - 46

*Based on the utility rates for the site, which are $9.63/MMBtu and $0.08/kWh.

Lessons Learned and Rcommendations for Further Improvements

1 To achievdts maximum potential, th&SHPsystem must be able to operate as much as possible
within the manufacturespecified range of operating conditioAdso, its operating efficiency
can be maximized by optimizing thead-sidesupplywater temperatured he following
measures can be utilide¢o achieve these objectives:

0 By optimizing theOA reset schedule for thmiilding hot water loopo allow lower
supply and return water temperatuteeoperationof GSHP system can be maximized
evenat peakheating loacconditions while meeting thenanufacturespecified operating
conditions.

0 A holistic system design approach is neettesklect angizethe heat delivery
equipmentferminal units that do not require very high supply hot water tempetature
deliver sufficient heat to the building. lower supply temperature would result in higher
operating efficiency and maximum operation of the heat pump.

9 Building chilled water loop measuremeifds estimating the building cooling loadsd a long
term measurements of the mine water temperdtunieh stays warmer than the outdoor aig
needed to evaluate the tradeoff betwesing the mine watgg) solely as a heat source, which
may result in temperature rise over the years, thereby, reducing the heating efficiency of the
GSHP system, and (b) ttoas a heat source and a heat sitlich wouldresult in relatively
stable mine water temperature and stable GSHP heating and cooling efficiency over thriyears
provide cooling at éower efficiencycompared to the existing aipoled chiller

1 Control of heat pump operation should be improved to avoid a large amount of summertime
reheat by the steam heating system, caused by the heat pump opethggating mode.

1 Pumping control could be refined avoidwastingpumpingenergy when the heat pump is not in
operation.

vi
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1. PROJECT OVERVIEW

TheNatural ResourceBuilding (NRB) at Montana TeclfFig. 1) is anewly constructe&6,000 sdft
research facilityn Butte, MontanaFigure 2shows the geographical locatiafithin the United Statesf
the demonstration sitevhich is in a cold clim zone witHong and cold winters and shorttbuild and
somewhat wet summerafter completionin December 200%s originally designed with steam system
and an aiooled chiller NRB wascompetitively selected e US Department of EnergyDOE) to
demonstrat a unigueinnovativeground source heat pump (GSHRE¥tenthat useshewarm water of a
flooded mine in the vicinityFig. 3) asthe heat sourcand heasink to provide heating and cooling
supplemented bthe existing systemgonstruction on the GSHP system bega011.Performance
datasince January 2014r the GSHP systerareavailable
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Fig. 3. GSHP demonstration site (a) an aerial view and (b) an illustration of Orphan Boy Mine Shaft and the
ground heat exchanger

Thegoal of this demonstration project is to validate the technical and economic feasibility of the
demonstrated commerciatale GSHP system in the regiamdillustrate the feasibility of using mine
watersasthe heat sink and source f&SHP systemsShout the demonstration prove satisfactory and
feasible, it willencourage similaGSHP applicationssing mine waterthus help save energy and reduce
carbon emissions



The building and the GSHP systeme describeth the following sections.

1.1 Background

The 10,000 miles of underground tunnels beneath Butte have filled with water since the closure of the
Berkeley Pit and, in 1982, the shutoff of groundwater pumps that had dewatered the underground in the
past. These waters are typically regarded as a lialiilitya new project at Montana Tech is viewing the
watery mines of Butte as a potential asset.

The project utilizes some of the advantatigmine waterdave oveother sources of groundves.

Easy access to mine watésalreadyafforded bymine shafts, saving the cost of drilling wells. Butte

mine waters are also unusually warm; the mine waters used in this project are consistently 78°F (25°C).
Additionally, it takes a lot of water to fill 10,000 miles of tunnel, so there is plenty awaifiabl

geothermal applications.

Mont ana Techos Geot he wasawardddeAnericanlRecgverg & ReiRvesingemt a m
Act (ARRA) grantby DOE in 2009 talemonstrate loveost heatingn a modern building with GHPs

using water from a nearby minethg heat exchange medium. The objective of the projasto install a
centralized hybrid geothermal system usingtbé&shelf technology to redudbe costs ofoperating

Mont ana Techds NRB.

During this project, mine watergereaccessed via an existispaft, a closed loowasinstalled, andh
50ton waterto-waterheat pump was installed to heat and cool the buildihg water in the mine is
about78°F(25°C). Nearly 20 years of continuous pumpat@ nearby mindas demonstratetiat mine
water tempratures are stable and ample heat is available fotésnguse

Based on measurethta andther relevant information, this case study evallipggformance metrics,

including the energy efficiency of the central heat pump equipment and the overall GSHP. algstigin

end uses of all major equipment of the GSHP sysbemefits achieved by the GSHP system (e.g., energy

and cost savinggarbon enission reductiorjscompared witlexistingsystemsand the cost effectiveness

of the GSHP installation. This case study also identified areas for further improvement of the GSHP
systemds energy ef fi ci e outdgorairiQAxréeucdniral fgrthdiqi watemi z at i o
supplyreturntemperatureofthb ui | di ngds e xi st iandghecenira strategpféhat i ng sy
newly added GSHP system

1.2 Building Information

NRB in Montana Tech is a newly constructed 56,00fd sesearch facilitghat houses the Montana
Bureau of Mines and Geology and the Petroleum Engineering Department. The building consists of
petroleum labs, classrooms, offices, and computer Babkling constructiorbeganin October 2007 and
wascompleted in December 2009 d buildinghas beemccupiedsinceJanuary 2010.

1.3 HVAC System

The GSHP system installed at NRB operates in conjunction with an existing steam system (converted to
hot water via heat exchangerghich servesnultiple buildings orthe campusand an existing affooled

chiller. Hot and chilled water are distributed throughout the building to various heating and cooling
terminals The new GSHP unit is cowuga to both the hot water pipirggnd chilled water piping, aritl

alternates between haagiand cooling modes basedtbe OA temperature.

In lieu of a well field, theGSHP system us&a flooded underground mirasits heat source and heat sink
via a closedoop ground heat exchanger immersed into the mine weaigure 2 shows an aerial vievf
the building siteand the location of the mines



1.3.1 Existing System

Before GSHP system installation, spaeaing wassuppliedsolelyby a steanio-hot waterheat

exchange(fsteam HX, henceforthisteam controls for the heat exchanger includecoviirol valves with

2,000 Ib/h and 4,000 Ib/h capacity. A pressure reduction valve at the steam HX reduces the entering steam
pressure from 2psig to 10psig. The HX is sized to supply up to 310 GPM of 140°F hot waligh a

40°F temperature differential between the supply and return water to provide 6.2 M¥Mé&atito the

building). The buildinghotwater pumghas avariable speed drivéhat varies théot waterflow according

to the demand for space heating.

Space coolings supplied solely by a 169 ton aiooled chiller housed outside the building. The chiller
supplies up to 385 GPM of chilled water with a leaving temperaturei ®546. The building chilled
water pumpalsohas avariable speed drivihat varies the chiéld water flowbased on the demand for
space cooling

All existing building pumps have both primary and standby pumps that are alteaintgethtically
according ta predefinedscheduleFive unitaryvariableair-volume {/AV) air-handling unitsand80
VAV boxes with hot water reheate used to condition and distribute warm or cool agaich zone athe
building. The VAV boxesnodulate their supply air flowsypically can be tureddown to 50% of the
design airflowy, and with the operation of the reheatls, maintain theane temperature setpoiras
75°F in summer and 70°F in winték.large amount of laboratory exhaust is present. Teat recovery
units recover heat from the lab hood exhaugréheathe ventilation air. A few small unit heaterga
located in entrywaysilso a few zones have baseboard heat.

1.3.2 GSHP System

Figure 4shows the system schematic of the GSHP systbmGSHP system at this facility consists of
one 50 torMultistack (model numbeMS050XN1H1ROAACR410AMultistack 2014 waterto-water

heat pump. Thiaeat pumpprovides either hot or chilled water for space conditioning, but not both modes
simultareously. Thdoadsideflow (with the hot or chilled water) dhe heat pump is circulated bye
existingvariablefrequency drie-controlled 16hp TACO pump®f eitherthe hotor chilled water loop
depending on the operation mode of the heat pump
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Fig. 4. GSHP systenmschematic



GSHP systeroperatioris controlledas follows:

1 The heat pump operates in the heating mode whe@Ahtemperature is equal to or below 60°F.
In this case,he valves modulate to diverart of thereturnwaterof the existing buildindnot
water loopto theload-side of theheat pump, and isolate thenteection to thexistingbuilding
chilled wateroop. When a positive flow rate is determined, the heat pump stanesat up the
return wateandthe heatedvaterthen goes bacto the buildinghotwater loop before entering
the steanHX. The steanHX then add theremainder oftte heatif it is needegdto maintainthe
returntemperaturdérom the building heating water load a set poinaccording ta reset
schedulé 135°F at-10°F OA temperaturgl00°F at 60F OA temperatureTheremainderof the
building hot water distribution systeamd the heating terminatgerate as originally designed
during GSHPsystemoperation Note: When the heating loads are high (inden the ambient
temperature is belowl0°F), the resulting 135°F return watemperature of the building hot
water loop may prevent the heat pump from operating due to the high pressure proteitigon
heat pump. During those periods, building heating loads are provided by steam HX only.

1 The heat pump operatim the cooling mode when tl@A temperature is abov&0°F. In this
case, hevalves modulate to divepart of thereturnwater from the building chiller water lodap
theloadside of theheat pump, and isolate the connection to the building hot waier Vghen a
positive flow rate is determined, the heat pump starts and intercepts the chilled water back to the
building chilled water loop before it returns to the chillene chiller thenprovidesthe remainder
of thecooling if it is neededto maintan the chilled watersupply temperature setting of 45 to
65°F. The remainder of the building chilled water distribution systemtlagdir-handling units
operate as originally designed during the GSHP sysigration

1.3.3 Mine Water System

Thewaterto-waterheat pumpuses a closetbop GHX immersedn the warm mine waters of thméded
underground Orphan Badyline, whichis connected at depth with the nearby Orphan Girl NFig. 3).
Together they are considerediagle underground reservoir. The water level in the mines is1200ft
below the ground surfac&he Orphan Boy Mine is located approximatelyD ft from NRB. The
distance from the minentrance to the water is 200A set of 6inch supply and return pip@&s
installedfrom thebuilding to the mine Thesepipes wereextendedvith 3 inchhigh-density polyethylene
(HDPE) pipesto the 100t undergroundevel, where they connected witlvénty %inch 600 ft long
HDPE parallel loopswhich werelowered into the existing mine shaft and into the mine waiave.
redundant 7.5 hp constasppeed TACO pump® circulate watein the ground loop are housed on the
second floor oNRB. The ground loop pumpperatan conjunction with the existing pumps the
building hot and chilled water loops for the operatafrihe heat pump unit.

1.4 Data Collection

As part of the original desigthte b ui | di n gcdoing dystean was requippedwith a direct

digital control systemcalledNiagaraAX for the measurement and contiafi the systemDuring the
installation of the GSHP system, the existing control systasextended to include some measurements
for the groundoop and the heat pumpPerformance datanthe GSHP system as well as the building hot
and chilled water loop are collectddough thedirect digital controbystemat Montana Tech.

NiagaraAX polls the sensors once per second and providesife totals or averages of each sensor
depending on the sensor tyj@blel providesthelist of data pointsamong whichmeasurements fahe
minewater pump power (WMWP ifiablel), heat pump loop flow (FHP), building heating loop blended
temperature (TBHB), and building cooling loop data (TBTBCR, TBCB, and FBC) were unavailable



Table 1. GSHP system monitoring points

No. |Data Point |Description [ Units |

Ground Loop (coupled to Mine Water)

1 TMWS |Mine Water Loop Supply Temperature deg F

2 TMWR |Mine Water Loop Return Temperature deg F

3 FMW Mine Water Loop Flow GPM

4 WMWP |Mine Water Pump Power KW/kWh
Heat Pump Building Loop

5 THPS HP Loop Supply Temperature deg F

6 THPR |HP Loop Return Temperature deg F

7 FHP HP Loop Flow GPM
Building Heating Loop

8 TBHS Building Heating Loop Supply Temperature (After Steam HX) deg F

9 TBHR |Building Heating Loop Return Temperature deg F

10 TBHB Building Heating Loop Blended Temperature (Before Steam HX) deg F

11 FBH Building Heating Loop Flow GPM
Building Cooling Loop

12 TBCS Building Cooling Loop Supply Temperature (After Chiller) deg F

13 TBCR |Building Cooling Loop Return Temperature deg F

14 TBCB Building Cooling Loop Blended Temperature (Before Chiller) deg F

15 FBC Building Cooling Loop Flow GPM
Ambient Conditions

16 [  TAO [Ambient Temperature | degF |
Total Facility

17 [ WT |Total Building Power [ kw/kwh |

Figure 4shows the location of data collection points currently available, which include ground loop
supply and return water temperature and flow rate, heat padside supply and return water
temperatures, building hot water loop supply and return water tampes and flow rat€A
temperature, and total building power.



2. ANALYSIS OF MEASURED DATA

Performance datanthe GSHP systens availableas ofJanuary 2014Performancedatafrom January 1
through July 31, 201have beemnalyzed in this studyrhe mesured datwere analyzed tt) assess the
operaional efficiency of theheat pummand the overall GSHP systeR),assess the operationthé

pump and 3) identify faults/abnormalities in GSHP system operation and determine potential
improvementgo the GSHP systenGSHP systemperformances evaluated by analyzing tieend of
measuredvater temperaturim the ground loop and heat pump build{tmpd-side)loop, andby
calculatingheat transfer in the ground loapdthe heat pumgbuilding loop, punp and heat pump energy
use,operaional efficiency of the heat pump, and finally, overall GSHP system efficiency

2.1 Measured Water Temperature Trend and Flow Rate

Measured performance data were visualized through a sepésofThese plots cahelpusunderstand
the operationof the installedsSHP systemidentify periods when the system was not operating, and
pinpoint the factorghatresulted inconditions not suitable for its operatidrhis allowed filtering oubf
the invalid measured data when garg the GSHP system operating performance parametbils at
the same time suggés) GSHPsystem and control improvements to maximize energy saving

2.1.1 Ground Loop (Heat Pump SourceSide Loop)

Theground loopsupply and returmvatertemperatur@ndflow rateand theOA temperatureluring
JanuaryJuly areshownin Fig. 5. The measured flow rate suggests that the GSHP system was operating
only during JanuaiyApril, intermittently, and in JulyThe measuredlow rates were82i 90 gpm most of

the time,64i 77 gpm and 5064 gpmsomeof thetime,and i 43 gpm for brief period.
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Fig. 5. Ground loop water temperature and flow rate.

During JanuaryApril, the ground loop supply water temperature (i.e., water enterirfgedigoumpp
ranged between763°F and79.8°F, and betweef@5.3’F and 94.3°F in Julylheground loopreturn water
temperaturéi.e., watedeavingthe heat pumpranged betweeb2°’F and92.1°F during JanuaiiyApril,
and betweeB0.6°’F and113.TF in July.










































































































































