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GEOTHERMAL ENERGY
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HE ue of peothermal resources can by sobdivided ot throe

pencral categories; high-emperature (~3HFF} electric power
production, intermediste- and low-tempernture (<300°T) direcl-uss
appheationg
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1. RESOURCES

Civohermal cnergy & the thermal energy inthe carth’s crust. ther-
inal enerpy in tock and fuid {water, steam, or wader conbumng |aggs
amgats of dissolved solids) thal fils the pores and fmctunes m e
ruck, sand, and gravel. Calculations shew that the earth, orginatmg
firomm a conspletely maokten stats, would have cooled and become com-
pletely solul many thousands of years ago without an enerEy inpat
heyond thal of Uns sun. 1§ i believed thot the ultmae source of geo-
thermal coengy 15 radioactive decay withim the carth {Bullard 1573).

Thrsuagh phate motion snd volocanism, seme of this cnerey is con-
centrated al high emperature near the surface ol the canth. Enerpy is
nlso transtemad from decper paris of the crast w e carth’s surface
by condocten and by comvection in regions where geological con-
ditions and the presence of water allow,

Becanse of warintion in volcame activity, mdionctive deciy, rock
condisetivities, and Fuid circulation, diffenens repiones have dffenent
beat flows (theouph the coust w e surface), as well as differen
temperatares b @ paricular depth. The pormal incresse of lemper-
sture with depth (i, the nommal gesthermal gradient) s about
13.7°T per 1000 1 of depth, with pradients ol 3 1o 27°F per 1000 f
being common. Anvas that have higher semperature gradients and/
or higher-than-average beat fow cates consfitite the mos nlercst-
ing and wiohle ceommmic resources. Howover, arcus with marenal
pradients may be valuable rezources iF certain weobogical features

e present.

Cienthermal Toscurces of the United Stames are categorized into S?

the followmg typss:

Irmeons pobad rexources are asocated with magma bocies,
which resalt from woleanic activity. Theze bodics heat the surmound-
ing amd overlying rock by conduction and convection, a5 allowed by
the rock permenbility and fuid contens i the rock pores.

Hysdropeeraral convection systears are hot fluids near the canth’s
surface that result from deep aincalation of water fn arens of hygh
regsomal heat flowe A widely wsed resowrce, these fhuids nse from
psatural comvection betwom hoker, decper formatinns asid coober for-
mations near the surface. The passaseway that provides for ths deep

The prepretiun ol des chigeer is ssigned to TC 6.8, Gosthemial Energy
Litaliztim,
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snd finns. The lower value
*Wanergy sourcator heat pumgs, and the higher lemperatire: represents

comvection musl conss of adequately permeable frocturcs and
fxulkts,

! resources, presend wid gy in the Guif Coast of the
Umitied Stases, comsist of reynional eceurmences of confined hot waber m
docp sedimentnry straty, whene prossurcs of grester than 10,000 pa
are commmon, This resourcs aleo cemains methane, which is dissalwed
i the peathermal flmd

Radivgeaic ket sources exisl 0 varss igions 05 granitic ple
wme rocks that ore relatvely nch o wranmem and thormem. Theas
phutons bove a bipher heat flow than the sorroanding rocks if the phe-
1oms are Banketed by sodinpents of Tow thermal conductiviry, an cle-
vahes] temperatore af the base of the sedimentary secbon can sesult
This ressuaros s been identified inthe castem Ul Staics.

Deep regional aguifers of commensal valss can ocour in deep
sedimentary lraging, ewen in areas of onfy nonmal iemgeranre E.'ﬁﬂ
ent. For doep agquiafers 1o be of commencial value, {1} basing pnst be
deep enoaph o provide usshle tenperature Tovels al the provaling
prodient, and (2 permsabiliny in the aqoifer must be adeguate for
floaw,

Thermal energy in geothermal ressarces cxigts primarily inothe
micks and only scondnrily i the Tusds tat fill the pores and frac-
tures. Thennal cnergy is usually extracted by bringing o the surface
the hert wales oF stearn that poours ratarally i Uss opsn spoces in the
vk, Where mock permeability i low, the encermy extracton e is
bow, kn permecabic aquidicrs, Muid prodeced may be injectod back o
the aquifer at some distance from the production well be pass through
the aquifer again and recover somes of the energy in the rock. Frgure
1 mdpzacs peothermnl resounce aneas 1 the Lindted Sextes.

Temperature &

The temperture of faids prodisced in the earth™ o and wsed
fior their thermal enerpy comient varies from belra-S82E 1o 631FE. Az
indicated w Figare 1, bocal pradients aleo vary with geologic condi-
(GpaeaEnis Thrids need as the low-Iamgrerarn:

an approximate wibue for the HGP-A wiell &t Hilo, Howaii.
The: folleaing classification by tempemiune = weod m b goo-
therma] indusiry:

High tegerature £ M0°F
Intermedsate Wcmperatare.  1ESEF 2 poo HOFF
L temiperatune E:.'I:;.‘-Fi“" 105"F

Flectric grnoration & penerally oot econanmical For resousess with
lemperalures below about SO0°T, which 15 U ssasen for the: divisen
betwien high- and  imtermediate-tmperahars.  Howsver, binary
{omganase Bankiee cyele) power plants, wath the proper sef of circum-
st have demonsraied that it is possibli W gencrate clecimicity
econummeally above 230°F, In 1924, there were 56 binary plants
warkbwide, penerating a total of 1263 MW {D4 Pippo 1988}



‘It file 15 lcensed do Theodore B, Beinkar, P (irvinhastisomengy pe o). Pubsbsanon Dume 6120135

(reothermal Energy

1.2 PRESENT LSE

Diseovenies of concentrated radiopenic heat sources anid decp re-
giomal aquifiers m areas of pesr-noemal temperamnee pradicnt indicate
that 37 states in the Uniled Sites hines ccommmcally explosble
direcs-use geothermal resmerees (Imerapency Geotbonml Cordi-
nating (Council PREN). The Geveers, mononbem Califomnis, is the
Inrpest single geothermal deadopment i the world. The LS, De-
partmwent ufl:'mcim' created a datnbhase of geothermal sysiom dsta i
chidimg groond resouree datn) for practitioners in share datn about
it Lo (PGDS 2014y,

The botal electrserty penerated by zeoibsrmal development in
the weorld was 7974 MW on 2000 (Lund cf al. 2001). Direct appli-
cation of pesthermal cherpgy For gpace heating and cooling, water
heting, agriculiural growth-related heating, and indusirial pro-
cegsing represented abowl 516 = 107 Buwh worldwade m 200d. In
the Linited Sintes m 2000k, dinsct-os: mealied capaciiy amoymeed
to 129« WY Bush, providimg 193 = 102 Boa'yr.

The wajor uses of geothenmal energy in the United States anc for
heating preenbowse and aguacultuee facilitics. The principal mdus-
trial uae iz for fomd processing.

1.3 RENEWARILITY

Creothenmal enerpr is n reneweshlie resource [wee the section on
siporcnewnbie and Rensemble Enerey Soarces in Chapler 34 of the
2013 ASHRAE Haondboot—Fumdemenials for disgussion), Chemti-
ficatinn of the source mey be roguised for rencwable portfolie stan-
dords, uriliny programs, eic; o do this, measure or calcalase the
clectric or twermal encrgy Usat 18 cubey generased from, or ovoided
oy, use ol the geothermal resowes,

eodhermal enengy uitimalely comes from a varicly of sowsss,
mehsdmeparib-beat-mnbsebenaney, [rect-use and hagherdem-
perature  ppasthermel  resousce: may be congidered  reneanble,
hecouse the heat nensowed 18 eplaced by naboral processes heat is
penemated diecp mo e carth asd wassderred 1o more ghalloar depths
The geothermal pesoaree nrost be carcfully managed however, and
an evennzally be deplated 18 el ot boo high of a mbe.

et H . | (albaiti

2. DIRECT-USE SYSTEMS
DESIGN

A major poal in desipgning direct-use systems = captuning the
most possible heat from each gallon of fnid pumped. System gwn-
ing and operating coss are composed primarily of well pampang
and wikl capitalization components; moximizing system Af (Lo,
minimzzing low requinmmnents) mnsmizes well capital cost and
pump aperaling cost. Inomany cases, sysem desipn can benefit
fram coanecing losids n serics acoording o temperaiuge requine-
ments. Dirocl-uss system degign = covered i detil in Anderson
amd Lumd {1980 and Bafferoy {198%).

Direct-uee systems con be divided mo four subsesioms: (1) poe-
chactiom, incinding the producmy wellbore and assoczated wellhead
equpminl {2} insnsion and dismbotion 10 manspor peothermal
conerpy From the nessuree ste i the nger st and then daseribee it to
thez mndivadien] user boads; (3 ) user system; and (4} dispoal, which can
hae clither simrnce disposal or injection hack imte a2 foonaleoen.
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Fig. 3 Gesthermal Direct-Use System with Welthead Heat
Exchonger and Injection DNisposal

In o typice] direet-use gysiem, geothermal fleid is prodoced
from the prodoction bunshale by a lineshafi multistage conirifizgal
pump, When the geethermal flud ceaches he surface. i1 s defiv-
cred to the spplication site through the transmission and destribo-
Hon sysiem.

In the system m Frgure 3, peothenmal fad i3 separated foom the
bezating system by a heut excheanger. Tlos secondary loog i3 cepe-
cially desimble when the geotherns lnd = particalarty corosive
andfor cowses scabing, The prothermal fhuid B panoped direcly boeck
ado the prrimd withot loss to the sumounding surface.

21 COST FACTORS

The Following characsersncs influence the cost of energy diliv-
czedl from peothern] resoanoes:

= Well depsh
= Dnstance berasen resource locaion nnd applicetion site
= Wl [low rale
= Resource kemperatien:
- T;:rn.p:rnmn.-dmp
= Laxul factos
= Compasition of Hud
= Ease of disposal
Wamy of thise characoersncs have 3 major infleence becanse the
cout of peothermal syslems i primarily froatend capital cost
ansl opemsing cost is relatively low.

Well Depth

The cost of the wells is n=aally one of the lrger items in the overs
all cost of a peothermal system, and incroeses with resource ddepth.
Compared 5o mamy peothermal areas worldwide, well depth require-
menls m the western United Stanes ane relative by shadlows, most tarper
geathermal systems there operate with production wells of less than
2000 1 amd ey an biss tham TO0N0 fi

Dhstance Between Resooree Location and Application Site

Dnrect use of peothermal cnergy mast ocour near the resparnce,
The rensen (4 primanly seopomes; altbouph peothermal (or seoond-
ary)] fiuéd coold be tensmitted over moderstely Jong distanoss
(greater than ) miles) without great temperatire ks, swoh trams-
mission i generally not econamically feasible, Most cusing goo-
thermnal prjects have tensmission disances of bess than [ mmle.

Well Flow Rate

Erl.n:'rgy matput from a production well vanes directly wath the
fiid flow rie. The encngy cost af e welllseed varses mverssiy with
the well flow mee. A typical povd resoamee bas 3 prodocton mag of
A0y B ppum per prosdiction weell; hivwever, geothermal direct-nse
wills kv bogn designed to produce up to 2000 zpm
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Resource Temperatun:

Tl available temperztne = fixed by the prevailing resource. The
lemperat: can restrict applications, I ofton roquines o reevalustion
of accepted application tempertures, which were developed for ases
served by conventional foels for which the application remporatre
could be sedoetod af any vahee i arelatively brosd range. Most exis-
ing dinect-use projects use fluids inthe 1M e ZHPE mrge.

Temperatare Drop

Bocanss well flow is limited, power ootput frooa gesthermal well
& dincetly proportional to the temperture drop of te goothermaal
Mud comnected to the system. Comsequintly, 3 lrger tempernme
drop reduces operating (pmpicg ] and capitad (well aod peodoction
pump ) ooss

Cascading peothermal Musd o wses with lower tempertun:
requircinests can help achiowe a kerge fempershure difference (Ad).
Mozt peothermal systems ane desigesd for a A7 between M and
SOPF, althengh one system was designed for o Af of 100°T aith 2
1%F rescnnce temperabure.

Load Factor

Mhefined as the rmbo of e averspe kead to the design capaaty of
the syetem, the load facter effectively refleets the fraction of Gme
thas the instial investment in the sysbem 15 woeking. Again, becmse
peolhcrmal cost is primarily nitial rather than operating cos, this
factor significantly affects 0 peathermal system’s vability, As the
Toad facior meveases, a0 does the ecomonmy of wsmg peollemmsal
enerpy. The tasy main wiys of increasing the load Factor s (1) o
seleet applications where it is ratorally high, and (2) 10 use peaking
oyuiprment 50 that the gecthermal despn boad 12 pod the applicafion
pak boad, but rmther a redooed boad that occurs over 3 kenger perind.

Composition of Flaiad

The quality of the produced fd &5 site specifie and may vary
From Jess tan J00 ppen TES to heavily brined. Fluid qualay influ-
o Dwo aspects of the desipn; (1) material selection i ad cor-
rosion and scalmg elfiscts, and (20 disposal oruhimate eod use of te
Ml

Ease of Disposal

The custs asociabed with dispesal, particolarky when myection
involved, can substantially affect development costs, Historcally,
e peothermal effloent was dispossd of oo the surface, incloding
dizcharge o Frrigation, rivers, and akes. This method of disposal i
considernbly less expnsive than comstructing injection wetls,

Gieoibermal Theds sometimes contyin chermcal comstituents that
make: surfacs disposal problemetic. Some of thess conslivmts &%
lzesed in Table L.

ot pew, large peothermal systomes wse mjeetion for disposal o
minimize covirsomental coneerns and ensure long-torm resoarc:
rebiabilivy, I infection is chosen, the depth at whach the fluid com be
inpected affisets well cost substnntially, Many junsdscbons requine
the fuid be rerurped o the sme ar simelar aguafers; does, it moy be
mecessary W bore the injection well fo the same depth as te prodoc-
tiom well, Dhrect-use imjection welks are congiderad Chass W welk
under the UL, Emvironmental Protection Agency's Undergronnd

Table 1 Selected Chemical Species Affeeting Fluid Dispasal
ek [
Hydrogen sulfide (10,5) Culoe
Tarom (B ) Dhrveaps: 1 agricubrural croqes
Flaoride (F  § Level lmimed in drinkseg winer soamee:

Teachometive Apeches Levils limitcd im air, wiier, and anil

P ——r——

2015 ASHRAE Handbook—HVYAC Applications

Injection Control {UIIC) program. Waler wells, along with termmnal-
oy relating to the techmolomy, are discussed in the sectiop on
iroumdaater Heat Pemps, i ﬂ}-‘-ﬁi‘_‘"l't'f-‘ ¥, Eround Spala
Direct-Use Water Quality Testing PL’ “r '-,“*‘?
Lioros-temperatare geothermal fuids commonly contin seven key

chemical species thal can spmificanly comode standard medenals of
coasrruction (Ellis 1989), These melude

H‘t.:n:l"

= ryeen (wmeally from seration)
* Hydragen ion (pEl)
= [Chloride ion
= Sulfide spacics
= Carbon diokide species
= Aiinodia apecics
= Sulfare oo
Thee principal effects of these spocies &g sumimsarized in Table 2,
Excepl & noted, the described effects are for carbon gteel, Kindle

Tahle 2  Principal EMects of Key Corrosive Spedes
. b
Crypen

Principal Eflects
= Exercmuly sommosse i crbon ated lows-alloy
sieels; 5 ppb shown 1o Gase Bradodd
nerease in carhon @eel comosion rulc
Cynenlnations above 30 ppb couss scrivuk
pithng.
= [m conjuscines wdh chiondde anid hi.ghn:mp-cr-

ature, < [F ppiy dessolved onygen can couss

chlorsde-stress cormosion cracking {chiomde-

ST of some auseninG sambess siecke.
Hydrogen ion (pH) - Prisnany cothodic reacgon of shes] comeson m
mir-free hrme i pdrogen ion meduetion, Cir-
rasicn e decreases shamply above pk B
Losy phi {3} promotes sulfichc slreo crackaig
15507 of high-stresgsh hooe-allow (HELA)
smeels und some other alboys coupial s el
Acid stuck oo cemenss,

L

Carban dipside species = Thasalvead carbon dumide bowers pH, inemes:-
{idissnlved carbon imp carbon and HELA meel comosion.
dinxide, bcarbonxie [Fissalved carbom dhoxule prossdes nltemarme
itm, castupisie son) roduction pathway, fanber expcermar.

ing carbom and HELA stoel comeeswm,
- My exacerbaic S50,

Sieeng le=ik herwees winl aliadinity and como-

ann of stead in lnw Sempscratare posthormal
wella.

mm mfide species = Poless cathodic pusson, prossoling, S50
{hylrageen sulfile, FSLA siocls and some other alless conpled
bonlfide won, sulfide ion)  seel

= Highly cornmsive o allens contienng binh
coppes el niciel o adver L oy PropoaTions.

L]

4

E——— ;::l;l.;,.';;l:mur-‘.‘l- = i \peeEs SITESE COITOSHIN rrack_i'lEE.E'l'.':Cr el
niz, aremomniurm jon) wonting copper-hissed alloys

Chlarde fon regng promoter of bocalized cormeson of -

T, HSL A, and stamnless sieel, as well @ of

odher alluys,

Chloride-dependont threshsld orperatane for

nitting amd SCC, Dallerent for esch alloy.

Litthe 3F any cfliodt on H5C

Stzol passivabes at hegh femperstun? i

71 ppm chlooide solutiom (pH - 51 wih

carhon dicaxde. | 33500 ppm clarde

destrnys passivity abovs 300CF,

= Prumasy ;rl:p.-l.h‘m-.mnu'n;:r{um.-:nﬂ.

4

[

Sudlinle wn

Severre- o FR0)
Moke: Enuiget 8% lacancd, dloscrited cffec are for crbon siced.
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Fig. 7 Closed Geothermal District Heating System
[Raffaty 198%)

enerpry demand density, and load factor. For those nesources that
canpt heat water o the required semperatuns, prehealiog o asally
possible. Whenewer possible, the domestic bed-waler laad ghoubd ke
placed in series with U space-heating load to reduce Syatem flow
rates and incncsc Al

sSpace Cooling

Crenthermal mmergy has seldom heen osed for cocding, althongh
cinphasiz on solarenengy and wasie heat has cronted imfenest m sool-
ing with thermal ercriry. The absomtion cycle is most ofien auand,
and lithium bromidewates absorption machines are pvalable ar a
witle rampe of capacitics. Temperature and Aow aogquarcmends for
shsoepbion chillers rus counter to the geneml desim philesophy for
peathermal syitems they require bigh supply walbor Lanpératures
and & szl A on the hot-water side, Figune § illustrates the effect
of redisesd supply water temperahare on machime perfonnsnee. The
machine is reicd ot a 240°F mput emperrhare, 5o demting ko
muzst be applicd if the machine is operted below this remperatars,
For example, operation at a 200°F supply waser tempemtun: nosults
m 3 5% decrease in capacity, which smously affects the econam-
e of ahsorption cooling 3 8 low nesoomee lermeraiine.

Cocfficient of perfrrmance (C00) 1 bess serioasly nffected by
redoped supply waler temperatur:. The nominal COF of 2 sogle-
stape machine ot 240°F is 0065 to 0.70; that iz, for each tom of
coaling sutput, o heat input of 12,000 Brw'h divided by 065, ar
18460 Buwh, is roquined,

Most absorption equipment 5 designed for steam imput (an so-
thermal process) to the penemtor aeetion. When this equipment 15
vperated froem o hot-water source, o relatwvely small Ar must be
waced, “This crestes o mdsmatch between budlding, flow requirements
fiur space heating and eooling. For example, assome 2 200,000 fi2

o
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Fig. 8 Typical Lithium Bromide Absorption Chiller
Perfermance Yersas Temperasture
[Christen 19771

buildeng iz 1o uss 3 prothermal reounse for heating and cooling. Al
25 Huwb-fi* and o design At of #F°F, the flow requirement fos
hesatong 15 250 ppem. At 30 Bawhe 07, 2 Ar of 15°F, and 2 O0F of
065, the flow requircment for coolimg m 1230 gpas.

Somme sneall-copacity {3 o 25 wom) sbaoqption equipment hax
bezen optmized for low-temmperarune operation in comjumction wath
solar heat. Although thas equipnssnt conld be 2ppliod o ootz
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resoarces, the prospects re qoestionable. Small absorprion equip-
ment peocrally compebes with packazed direci-expansoon units in
ihis Tange; sheombion ogquipment requarge 0 preal deal mone
mcclzsnical muxiliary cquipment fora given capacity. The cost of the
chilled-wnter piping, pump, and ooil; cooling-waler piping, pumg,
amil tower; and hol-water piping rises the capitil cost of the-ahsomg-
tion cquipment substantially, Only in large sizes (=11 1ons) and n
areas with high cledne ot and ligh cooling naguirmends
{2000 full-load bours) would this fype of equipment offer an
aliractive imvestmend ke the eamcr (Rallory 158%92).

24 INDUSTRIAL APPLICATHONS

Design philosopby for te wse of geotbe el enerry o wdustrind
applicativas, inclading apncultaral facilibes, is similar fo thal for
space conditoning. However, these applications e the potentisl
for mach momne economical s of the peathermal resoee, primandy
because they (1) operate year-round, shich gives tem greater load
facioes than possible with spoce-conditioning applacatoes; (2} do
nol nepiire extensis (ond expensive) distribetion o digpersed en-
LY COTSUMETS, &3 §8 COmTHm i dlestrict bestings and (3) ofien e
quire virkss lemperatuncs aml, consequently, may b able i make
greater me of 4 paricalar nesomes: than space conditioning, which 1=
restrigted toa speeific temperature, I the Untted Stabes, the primiy
non-space-leating, applcatons of direcl-me goothermal ressurces
are dehydration (primanky vepetahles), zold ramiEg, and aguacalture,

Mew Chogter <Storts here.

—3— GROUND-SOURCE HEAT PUMPS

Grround-sousee heat pamps were originally developed m the res-
dertial srena amd are now widely applicd i the commersial sector
Many of the instalkstion recommendations and design punds apgwo-
pezate i residential desipn st bz amended for lange ualdings. Kav-
resuph and Rafforty (1997) proende a s complete awerview of
dlesaprs of promnd-suurs beat pump sysions, .mamazgh {1994 ) and
051} {1980, 1985h) provide & mare dotailed reatment of s desipn
and metalkation of ground-snuree beat pumps, bt their focus is pri-
murily ressdential and light commercial applications. Cramprchinsive
conezape of commercial and institutional design and coettraction ol
grownd-souree heat pumg spstems s provided I C54 Stcenard C448.

il TERMINOLOGY

The term grovnd-source beat pamp (GSHE) 13- applicd #o a
wariety of gystems that use the ground, groundwater, ar surface
water 5 0 heal spuree and sink. The penersl terms inchede groand-
coupled (GCHP), grounsdwater (GWHP), and surfaco-water
{SWHP} heat pumips. Many paralle] lemms it [e, peolhermal
heat pumps (GHP), geo-exchange, and ground-searo: (5] sys-
temes] el are umed 1o mest a varety of marketing or institutionz]
s (K avanaogh 1997 See Chapier 9 ol e M2 ASHEAE Hazal-
hook— HVAC Syziems and Equipmen! for o discusswon of 1he merits
of varipus other pongeothermal hext soarocsisinks.

This chapter focmass promsarily on the grownd heat exchanger por-
tipn of GSHP systems, althoush the heat pusnp onits used in thess
syslenns ore unique b GEHP techaology o weil, GEHEP gysiems
Eypieaily use exiended-ringe water-seurce Tt P arnks:, T e
casgs oF water-to-uir confiparation. Exlonded-mnge units arc specif-
ically designed oe oporsfion 2t colenng waber LCmpéraiires
berween 22°F in besting mode and 104°F in cooling mode. Linits
ol meeting the exiended-range crilena ane not suikshlbs lor use in
CXHP gystems (ooeept for some groundwater heat pump gystems],
Some appications can inchude a frec-cooling made when water:
b eemperatures Bl near or below 35°F, This ineluidis pronmdwi-
ter loops, decp-surface-water Joops. and fnderior carc Z00cE of
groursd-couplal luops when perimecion sonds requine heating, This is
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rypically accomplished by inserting 2 water coil in the reem ar
gtream hefore the refrigerant coil.

Cropad-Coupled Heat Pump Systenis

“The C3CHT 22 sabest of the GSHP and is ofien celod n closed-loop
bzt pump. A CHCHP system conszsts af n neversible vapor compres-
siom cycle that is linked to-a closed groand heat exchanger (3l clled
2 prvand Toop uried i soil (Figee 90 The most widily g pmit is
2 wilher-20e-g1ir hesanl pusmip, which camoalates n warter o a wateriantifrecze
sahation throush a Hygid-to-refrigerant heat exchanger and a e
thermoplastic piping network, Heat pusnp units ofien inehede deamper
hpater ket exchanpers (shown on the lefln Figure 9, Thes: divices
use hot refriserant at the compressor ontlel o heat water, A saaoand
type of GUHE i the direct-exparsion (D) GUHP, which nms 2 bur-
vl copper piping neraork throoeh which refrgerant 15 circukated.

The GUHP s further subdivided according 1o pround heat
exchanper desipn: vertcal and hortmontad. Vertiesl GCHPs (Fignme
111} pemeradly consist of two small-diametr, lph-density palyetbyl-
e {HDPE) tubes placed in a vertesl borehode that iz subsequently
Filled with 2 g0l mediam., The tobes are thermally fused at the bt
bven o il beore: B a clhose retarn U-bend. Wertical tubes rngg: from
0,75t 1.5 i, nommire] dismesen, Bore depths noomally mnge from b1
0 4001 1L depending on local drilling condstsons and available equap-
ek, bl can g to G0 0L or more i proceduncs for deep borcholes
are followed (see the section on Panp and Piping Sysiom Options).
Bogeholes are typecally 4 to 6 in. m diameter

Tis redliscee thermal mierferencs hetween mdividunl bores, a min-
imem borchobs sepasation distance of 20 1 @ recommendiod when
lpanpes are placed in a grid pattern. This distance muy b veduced
when bones are placed in a singhe row, the anmual gronnd losd =
batanced {ie., enerpy released in the ground is approcimately equal
(o the coeTey extracted on an annoal k), o wler mevement or
evaporarion and subsequent recharpe mitigates the ¢ffect of heat
butld-up in the leop Gekd

Advantapes of the vertical GOHP are that 7 {1} requarcs rela-
tively small plots of ground. (2) is in contact with soif that VariGe
very litile 10 temperture and thermal propertics, (31 requires e
snallest amount of pipe and pumping enengy, and (2] cn yeeld
thee most efficient GUHP system performance, Dissdvantages are
(1) typacally hipher cost becanse of expeosve capnipment oeedied G
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separtion distence, completion methods, annulus grout/fil,
arl header arranpements); mcfude sbheader cucuits {tym

cally 51 13 U-fubes on each) with isolation valves to allow air
and debris flushing of ssctives. of loop field through a set of
full-post puno valves,

o, Determine optimum ground bex exclanger dimensions with
Equations (4) and (5] or seliware, obe or mone altemarives
deth, number of bores, groul/Gill material, cie.} that provide
cquivnlent perlornmes: may yeeld tuspe competitnns ds,

10, Tierate to determing optimum operatmg temperatores, flows,
lop field nrmangement, depth, bpres:, groul/fill maderials, o
11. Lay vt interior piping and compate head boss throagh cntcal

12. S¢lect pamps nd control method, determss system efficicocy,
and consider modifying water distribotion system if pump
demanidl eveceds B% of the system wnl demand or abr distribu
i system if fan dememd exconds | 2% of the system tofal

Dieliverables: Trom this process that are necessary to adogquately
deserbe a GUHP instatlation inclsde, 25 2 miniman,

« Hiear puinp specifications at rited condibions

Purngd s} specifications, cipandion tnk sioe, amd Jir separaior

Fluil specifications: system volume, inhibilors, antifresze con-

conbrals (i required], waber quality, eic.

= Diapn operating condilions; entering and kanang ground beal
exchanger bomperarores, refum wr lengeratures {ncluding wet
baalhs in cowleng ), airflow mies, and lquid flow mies

+ Pips header detals with groand heal Exchanper Inyoal, inclsding
pipe dinmeters, spacing, aid chearance: from buikding and utilinies:

= Bore degth and approximats bore dizmeter

= Piping muterinl specifications, and visus] megeetion and pressurn:
eslzng requirements

= Ciroat'fill sperifications: thermal coodductnaty and accepiahle
placemnent methods t elmmnabe voids

v Purpe provisions and flow requiremests W ensore nemavil of air
and dehris withoul reinjecting air when switching: to sdjome sub-
heaider circmits

« lisstructions vn conpecting 1o buikdmg loop(s) and coordmating,
bilding and ground best exchanger Dushing

= 1f applicable, o drilling report from the thermal propertes et
borelsole that nciudes e type of cguipment used {rig, bit, oo,
drilling fluid {air, foam, dnlling mud), depth of hole, description
of drilled soil or rock, time needed (o drill the horehole, any spe-
cinl comdstsons encountencd.

= Seguencs of eperation for contreds

Therval Progerty Testing. In te degign of vertical CGUHPS, 3000-
rane knowiedpe of soilirock formation termal properties 15 ctical.
These propertics can bi: cstimased in the fickd by installing a Joop of
approximtely the sme ses and depth 25 the heat exchanpers planeed
fior the gt The test oop locstion should be chosen with care, and
designed to be wsed for the evenmal full boceficld, especially if gue—

ﬁﬂ*«mmrm-l-inulfkul}' Ferval vt cheoice (thes ey roquire the fest kiog 1o

meet all Tocal groursd heat exchanger standands), Heat = added in 2
waler [oop af & constant i, and data ane collected a6 shown m Py
14, |nx¢mnﬂhﬂhmﬂnﬂ'¢dmwmmﬁﬁmﬂlﬂm-
iy, and tempemtune of the formation. Thise methods are based an the
pither the fine soemoe (Geblin 1998; Mogensen |983; Witke of al.
JiHxE), the cylindrical hest soorce (loperaall and Fohel 1954}, or a
prumicrical alganthm (Austin et al. ZHN; Shonder and Bock 10
Spiter ot al. 19%40), ke tham one of s inethods should be appicd,
when pessible, 10 enhance noported accwracy. Recommended test
specifications ans a2 follows {Kavanaugh 2000, 2001):

+ Thermal propermy tests should be performed for 36 o 45 b

= [eat b ghoubd be 15 10 25 Wi of bore, which are the ¢xpectad

prik ks on the U-tubes for an actual heal pusep system.
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Fig. 14 Thermal Praperties Tost Ajpairates

- Standard deviation of input power should be less than =1.3% of
thee anverape valoe and peaks legs tan = 10% of averape, of resubl-
ing fwmpersture vardation should be less than H1A*F from a
straight trend line of a log (rime) verszs averaygs loop tempemture.

« Apsirary of temporaire measurement snd recording devices
shoudd be +0.5"F

« Cpasbined scourcy of the power nsducer sl recording device
shiould be +2% of the reading.

« i rates sheuld he safficint 10 provide 2 diffienential loop fem-
perture of 6t 12°F, This is the erperanme differential for an
actonl host pump Sysiem,

« A waifing period of five days is wuzgested for Toar-cooductivity
werls £k < 1.0 Btwhe A °F) after the pround heat exchanger has
been insalicd and grouted {or filled) before the termal conduc-
tivity Det i9 initinted. A delay of thres days i rocommended for
hiper-conshactivity Formations (£ = L0 Bk fi-“F

= The nitial ground temperabore mensoremment shoubd be mode at

the emd of e waiting period by disccdly insertine 2 prolse inside

a Tayuid-filled pronnd heat cxchanger nf three locations, represens.

iy the sucrage, or by femperanans measurement i Iquid exits the

boop during the period mmnedintely after start-up.

[3ata cotlectiom shauld be a1 least ance every 10 min.

All shovepround pipiog should be insaled wih a pinimum of

15 i chosed-cell insularion or equivakenl. Test rigs should

enclosed in 3 sexled cabinet that is nsulated witls a minimem of

1.0 in. fiberplass insulabion or cquivalent.

If retestmg a bore is necessary, loop tempemture should be

allowed to netum bo within 0.5F of the pretest initial ground tem-

perature. This typically regueres a 10 e [2 day delay i mail-
hiph-conductivity formations and 14 days i low-conductiviey

Focenations if o commplete 48 h tes has been condocled. Waiting

peniods can be proporsoonally reduced 17 ests wene ahrier

Crrvund Heat Exchongper Sizing, This is perhaps the most crit-
iical step in desipn of o vertical GUHE: Ground- loop destgn methods
rst proceed with limited information; & mejor missng SHmpenen
i Jomg-1eren, field-monitored dacs, which an: needed o further val-
it the desipn method to sddress effects of waler movement amd
Temp-termn beat storyse mon: fully. The comservtive esigmer can
msume 1o benefit from waler movement; designers whi assume
maxamusn benefit must ignore gaminl imbalanoss in beat rejection
and abeorption.

T design methods are presented in tbe follewing sechion,
Hoth methods have been implemented o degign softwarne ools,
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temgerarar: aficr 10 years of Bl cADacion 2 an arps e of
%2 Db peor fisod aof ome®

Ervalustios af the Bmee soe-demensinnal parmmcicrs bead o A7
S, B = 005, ¢ = 31,5 years and Infer} = L15, According to
Fegaire 19, the resultmg p-function is 12,3, Usng Equation [13), the
tarelate wall iIempermanee o then cgual o 470°F.

The s fimctions con be used W determine the desagn length of a
bore figld. Doae possible approacts = 0 we Equtioes (4 anid 5] hat
with twa mudifieations, First, when g-fanctions ane wed, thermal
interference among horehales 15 mplicithy acooumbed for and £, can
b climinated. Second, the widwes of B, B . and 8 06 now
hased om g fumctions. Hence, Eguations {1030 12) take the fallow-
inp fomme:

- Finy — ®igy )

Dy (18}
_Il.l_. [T 1A iyl
Hinp fad
Reum S (16}

where g, i3 the g-function cvalusted at Iaj{s, — &)%) for 2
iven hore 3¢1d and 816 mtio, Note that determinng L i, m, = H,
where my 18 the number of boecholes) is an iteratve process because
B P ard &, depend on H. which s unkoown beforehond

ns, sollwase jpols ore often required to accomplish this tsk,
Recause p-functions accoumt for 30 heat mansfer in the boreficld,
they 2 considered to be mone accumte than the Li-factors, which
derve from o mdizl-only heat mansfor madel

Example 3. A building box = conling block losd of 15 wes with a corme-
spaedang Vilue of . = -225,2H Bra'h. The sed ground iméel-
anoe g, = - HL256 Buwh, PLE_= QUMY and Fgo~ 1.0 The 3 = 2 ban:
fipld Bag the tollrwing charsseriams ry = 2im, § = [hd 1t and 8, -
17T heR-"F/Bme The undistinbed ground somperstunc: w 30F, e
hezmal comductndty & 1,93 Buwk-0-°F, and the fheinal diffusivin i
[ ey = 00 ® . Calvulme die equivalont theml regasmces B,

amf .'i:pfrhrlmsenmmumthﬂrmlmsnfmnﬂ L ru-:ng..
g & hours amed the el requined Tength i che maximun mean Toid
temperanre in the borchok is 0o be kept below 95°F,

Fromn the problem stacment, £~ 28025 daye, &, = P6R0 days, and
¢ = 3650 daya. After iberatiors, thiz leads 0o gre, = TE3 Ep 0 =
Vo, By, 1,y = 155 and B, = (4% AT, Ry 002
1-ft-OF Do, el &, ~ 0,128 hF4-"E/Hn: snd

100, 230 = OUAKY zzﬁ.ﬂ'::mg‘- O AL P OIER] ey

Thus. 321 per baove i requised with o hocehele spacing of Th4 B
Thi= mepraeniz a length of 135] 8 por Do

Simulation of Ground Heat Exchangers

A Chee desspr length has oo determined, it iz pfbin mecessnny
i evaluate the ouslet fusd wenperahure of 2 boo: field a5 o fonction
of time, gencrally om @n hourdy basis, and cxlzane e annmal bl
pump eergy conmmption. Encrry simulation can be wsed ta com-
puite this bemperatuse (they can also be wed iemtively 1o assist in
gizing the grownd heat exchanger). Some enerpy sumulslsn pro-
grams e the doct greand stomge (DST) moded introducsd by Hedl-
arram { 19R5 1o cvaluate the outli Musd remperaturs of 2 bors feld
g5 fisnction of Time, Yaviodurk and Spitler{ 1999 descrbe the cal-
culatiom method bebingd the DET model,

The DET madel calealmes the mamsiest thermal proccss @
densely packed borthole ficlds, The barcholes are assamed (o be
evenly distribated within a cylindrical siorage region in the ground.
Althouoh the DST mode] was ongmally infended by simulaie Doane-
hole thermal enetey sturase (BTES) systems, il bas been used
samulang ground sounsc hit pamp systems.
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Oiher creTpy simulation programs kave a g-function-has:d rou-
time oevaluate the autlet fuid tempertun: of s bore field as 2 fune-
fion of time (Fisher ot al. 2006; Lis 2008). The Tollowing analysis 15
imtended to give anly the slient festures of on hourly simulation
based on g-fanctions. As ancxample, assurming that Fg-= 1 2nd thas
thi: borehole length and thse inbet fluid wmperanars ane known, and
that the hieat trarstis rates for thres consscutve time ntervals (010
£ £ W0 Iz, dnd £ 10 1) are gven by (3, @, and {2y, then, usig tem-
poral superposition, the mean fluid temperature at the end of the
third time inferval o given by

T =T,
['Elll-gir._ o= Fey o0 ColEp e~ By el Pifin 1
Tk L
4R, .
e {17}

with T, = (T + T2
Based on the work of Yaveourk and Spitker {19599), Eguation
{17) can be penermliood for o e steps as fellows,

u[ﬂi {-ﬂi‘r |:|‘_|(I-'l-'l i T ﬂ'] ﬂnﬂﬁ
n Eﬁ InkL -\ &, HH L

Solving Fguation (15) can he computationally intensmve of thi:
nEher of time sieps 5 lorpe, because s is no recumenos m ihe
summaten et I other wonls, te caicubstions performed at fime
step o — | cannot be used at tume #tep g, and the ground loop Tomding
history must be updated ot each tme step, Load aggnogation is
typically wsed 10 redece the oumber of ferms in the summakion writh-
ot sacrificing scovmcy. It 15 based on the Bl thal recent sl
loads have a mare significant effect on the cament mean fluid tem-
perature than distant ground keads. For example, i the cass of
hourly simulanons, the determnatien of T, at the cod of & year
would require a summation of 8760 hourty terms asconding to
Equation {18). One possible altemative &5 to agynogate (ic., aver-
gz thee prownd Soads of the first B0 houss, then aggregic e oo
730 hoors and keep intact e Tast 30 hows, The summation tenm
wnald thsen b reduced to 32 e, Other aggregation schemes huve
heen proposed by Bermer et al. (2004], Liu (20E5], and ¥avariork
amd Spatler { 19990

Hybrid System Design

The design methods descnbed proviously sime e grpnnd loop
fior the Targer of the heating or cooling londs, inchading a tempern-
ture pesalty for the wooumt of imbatance {which can be lansc in
sovere climatesh, An altemative approach for imbalanced buoldmgzs
i% 1o partially balmce the load on the groand, both 21 peak and
anrual seale, by ndding a sopplemental device o help meet the
liuryner of the two peak lowds. This is 2 hytewdgeothermal-ter by brid
sround-cowpledisvasem, Hybrids can provide several heoefits for
buildings with 2 load imbalaee. The brpgest economic effect 15
decreasing the proumd beat cuchonger sirefoost. Firss-post svimgs
have been reporied of 6 o 16% of total HVAC system cost, with Tit-
tle comsequence reported on operating cost (1lacke! and Pertzhon
201 1; Simph and Foster 998} becapse the HVAL syaloms operates
For the vast majority of the year ot 5 fraction of prak degign, Tahle
7 shows that the more batmesd lands resubting from Fybrids also
signilicanthy affect long-term performance bou.

inmast U5, commersial buildings, the conlmg leed is dominant
bioth anmually and af the peak becanse of high miomal losds, venti-
Tatiom hial recoverny, amd pood bailding eovelopes. Heat from com
pressors, pamps, and s sk plays 2 Betor, i heating mode, thes
heat is delivened to the building, so bess heat is reguured from the

{18)
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i, A% 3 resudt, achimdng anmaal thermal balamce reqones sl
pUMPE I 4 pecthemrrsysem B opemie i beating mode 1.6 1o
1.5 b for every hour in cooling,

The sdeal confipuration of the ground heat exchangrer and supple-
menital coobing device in a hybrid depends on mamy factors, such as
clirmate:, hulding peak bad, and helding anoual boads. Carefolhy
analyme which approach may work best for o spoabc budlding, Cine
commun cenbipurason foe coolimp-dominared systens, a sencs
hyhnid, 1% shivemn in Figure 204, This apgprosch could atso be mken
with a chsed -circoit coolmg fwever (1e., Nl cosler) downsiream ol
the ground heat exchanger (GHXD. In peocral, i i3 most effective o
plce the kewer-lemgrerabare heat sk downstrcam; an encrgy mode]
cam help determine which onder most often resolis o this sceranio
throneghow the yearn As g male of thumb, in drier climades with
WATTHNET _gn:mn:l (e, dessert smathwrestern Uindted States) the toeeer is
almost always the lower-emperanme zink, wheress in bumid cli-
mEes with moderale-temgoranars grosnd fep; southeastern United
Staves), the groand 12 oficn the lower-temperature gink, The hvbrid
cam adso be conbpured m paraliel, x shown in Figure 308, which iz
capecially desarabbe if the proumd heat exchanper i3 small in compar-
1500 b0 the bubdmg pedk coalme load {2 senes systiem m dos coamn-
péz wionld require & mone complex partind GHXY ypassh. In esther
case, there are ra gaidslimes for design and opembion of Eybrd sys
berns:

= A valve can be used oo bypass the pround heat exchanger when ibe
gyeiem i3 balonced: & dend bond of 55 to 75°F can be nsed for ihis
arpnse, This valve can he three-way as shown, or twooway
where approprinbe,

" T_',-;,HJI:";; lrwirs are oplienal when they ase oversized, ise 5
warinhle-speed fan, and minimize fn speed across cells.

Comiral ol a conlmg-dommsted hybnd depemis an the sonfipp-
ration, IF cquipment is placed ns showm in Frgare HbA, the temper
ghare dowrstream of the tower can be tsed 1o control the use and
speed of the tower based on o high limit (some additiora] sevings
are possable if e woer is controdled by the A betaesn cotering
fiupd asd aspduent wied-bulb ensperatures, thoush this metbod
depends on o delfacell measmrement of wet bulby, If the wwer iz
locatesd upstream of the proumd bexl exchanger, the femperalone
exiting the toaeer and the ground beat cxchanger shoald both b weed
in twer comtrol (86 ensure the groand is not bemg coaled). For par-
allel configurstions (Fipure D3, ome praciical e contogl
sequency bises T operghon on a cabpulation of the sverags of
Ml lempemlone entennp the hest pamps over the previos week

(XKu HHIT). Xuo alee suzpests & swatepy for commolling the paraliz]
three-way valvi.

A beatnp-domenated hybrid with a bodler instead of a cooling
Bpeaver Cam imse A semies condimeration, wath the bmler dowstnsen of
the loop (because of the boiler’s high temperature outpot). The hoiler
12 idealby controdled based on the temperrhme leaving the heat pumps,

Sazimg biybrid compoments i3 a bit more complex than standored
gystema. For cooling dominated hybrdz, Kavanmigh and Ratferny
{19 T) suppest that heat exchamger leageh for heating £; be deter-
mmmad usies Equation {5) witly besting-mode boop temperatures 1
amd 4, a8 low as posgible s mimmize L A fowesr with an izolation
hzar exchemper 12 2ized w0 meet the cgpacify difference betaeen the
vequarcd conling lengrh £, from Eqeasion {2 and the heating length
'I-'.'.' Hamu.@-ﬁ {1995 revised this medhod o inchude an additiomal
ieTastion o size the pround heat exchanger ondy afler estimating
the anowal heat repection from the wowcr: g, Drated gpm) -
pprmy e (L — LWL whene L ks calewlated from Bguation (3] but
based om redosed EFLH_ 10 sacoent for i0wer Spoeraisn 1e)eciing an
edimatid amount of dee ansmes] Josd. The straeey sugpess ¢lomi-
nuting long-lerm grousd lemperature change with additional ower
operation.

A more detanled sody (Hacke! ot al, 2004 included assumprions
about tyqre] irstaliabion and operating costs i demonstrae an apl-
mized desizn strategy for cooling dominated hybrids. Based oo life-
cyche cosl, thes approach was rouphly alsacive whenever the peak
heating oad was less than 0% of the coolmg Joed: savngs
imreassd logarihmically as the ratse decreased below B0 A var-
ety o cises were miodiebod, amd o simplified best-1i regnession for
the hybrnd groumd hest exchenger length Ly, @ a cooling-
dlomimated scenamo was fioumd o be proporisenal 1o esting load:

Lyp= Oy =agyilly — 1L,) (19)
where ) — 254 f-b-"FikBoe, at & -1.4 Baeffi-b-*F. For other
ronmnd pomduetivities, the change in groand beaf exchanger siae 18
approm ey iversely propostional o the change m conduchivity,
In choasing ¢, Hackel et al. 2lse sugpest m cosder climates it is
often economical o mclode antrfneesne m the systom and allow the
ciferingg fheid remperanme ioodrop s 35°F or lower, The supplemen-
tal cooling deviee {closed-circnit pwer) should then be simed 1o
meet the fraction of the cooling land that this smaller hpbnidized
prouend heat exchanper canmior The shedy suggests tha the toser
ghomld even he oversized slightly and its fan pat on variable-speesd
comered, to nchieve optimal performance. Farthermore, tower stone
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Fig. 2} Central Loop GCHP

Table 10 GCHP Piping Cost Comparisen for

T Sampde Buikdings
Fuonr-Stary (HEce E}mznury&hﬁr
Biniliin, 40,000 ft* 57000 *
Cemtral Sob-Contral  Central  Unstary
Loop  Loops (Eight)  Loop  Leops
Virnes] loopomtper i 56087 b Stk 5663
Hizader mel verncsd lonp - BEQST 96T 1291 BT
poet por Al
Vertscal loop cod perion S1EZ7 S1%al 51 3Hy S145
Heador and vertical leup £2114 EI95 L] EEN

oo T Bom

(ICESHPA) despn and installotion standamds lists ondy lugh-density
poiyethyleme (HDPE), and most recently an cxocplion for cross-
linked polvethylene (PEX-3) nz approved materzals for buried
pipe. (WGSHPA 200 1) In most cases, thas pepe 18 buried withow
s lle0d.

Distribution systems in 2 buihibmg need o be carefully chosen and
mit solcly diiven by cost of case of installabon. As with sy system,
piping materals nvost be compatible with sysbeom design e perarures
amd with the (oids comveved, Closed-loop systoms tymeally s pots-
e water and may alse nclode an antifreese solubon sodior waker
freatment chempsile. With pewer refripemnts, cire is oosded 10
ensure The piping materials ane compatzble with the oils used m the
refrigeration svstem and that sqmpmenl ssaks ane compatible with the
bt transticr Trusds comveyed; for instanoe, polyolester (FOE) od] used
with R-4104 i not compatible with PV pipe. Conslr clesnical
resiaance charts provided by mutorzals manuferorers

Whether designing @ new sysicen oF rerrofimng nn existing ooc,
it is thee desipn engindsr s responsihility to sioe and select e propes
pipenyg; materials for each application and e sclost only thoss mate-
riaks allowed by code (B0 20 In laspe bailding spsteme, the
abovegromd piping mpecificativns commmonly mchude steel, iron,
wopper of PV, Where the hydrone mams ¢4 in, or Inrger, i is
eiten meore oost effsctive o specdly steel prpe. Specifying steel pipo
may requing somme type of waler treatment - ithibit genetal commo-
sien and deelectrie solation when I:rmnncu:rJlE hias
[umps. = SR

Water (uakity, Heat Transfer Finids, ond Witer Treatment,
When engineers idroduce dissmilar metals nbe closcd-loop hy-
dromic piping sysems, improperly sddress water reatment -
quirements for their designs, of are o8 properly informed of te
Ienl proumdwmier negulatioes, waer quality problems may rosuall
Moor wader guahiny comrabates oo decline i mechamcs] syecn

perlormance, mcrepsed maintenance, asd can reduce the oseful
lifetime of mechanical systom COMmpOEnis,

The standard wockieg fuid nosmiall residental clossd-loop
piping systems = ather potable water or, in colder regsons, an anfi-
frecze sotution. Where reguired, the anfifresze sohetion = mbr-
duweed after the groand loop 1s properly pressure tested, flushed, and
purzed of debriz and air, Thens has bewm Link: problem with or con
cem aboul waker gualiny in these GEHP sysiems, because: piping
miaterials keve bistorically boen HIDPE, copper, or stamless seel
hase kits for Gl commection at the heat pumps.

Cmality of potable water can wary, depending wpon te soarce,
aned rules on its usc vary From stake o state. The chemastry of thie
wader is vne of the conribaiors o cormosion and water guality
problbems i chezed-loop piping systems, 0 engineers need o be
precis: with liydronis piping and water treatmoent system specifi
cations. Chapier 49 offers some guidance on widerstanding, the
consequences of water quality on both open- and closed-loop
hyddromc svetems,

The type of chemical wied for walcr trestmend in closed-loup
syatems iz based on several cnters, incboding the materinls being
protecied, the quality of the waler in e piping system, local reg-
ulations, and cost, These systems ane typcally specified o inchede
a rigorows process for cleaning the distnbution prping, fushing the
piping systems of air ond debris, and then sdqesting the woter qual-
ity of the final local water 1o meet the Tong-term performancs
requirements of the buildmg systems, Chernicals used to sdyust
water quality for thess systems are oficn ol acceptable for use
when the circalating fuid is also conpected toa grovnd loop, This
1= not @ problem unless there is a pipe finlure of problem with the
ground loop, bot a peieotial Kak & & concemn of the regulatorny
agencies that protect prounsdwater in ench stte, g revad 500

Flush and Purge. To cosme thata UM system
provides trouble-fres operation, 2l ground-loop systems must be
proqpecty Hushed and porped prior te connection to the butlding pip-
ing system (FGSHPA 201 1L The current stordard of cone is defimed
b BGSHPA a5 providing a mammen velocity of 2 fu's through cach
piping system, and fushing and porping each supply and revar G-
it i the fomward and nevirse directions for long snoegh b remone
all debriz and air from the syslesn

Recommendatiogs for Gosd GSHP Piping System Dusign.

« Befivme bepmiing degipn, consult the kcal repulatory agency for
guidance on naquirements related 1o the groond-loop parten. bn
wieany locaticns, this may be the Depariments of Health or Eoi-
rommental Services. Deallmg for a vertical closed-loap syslen
muy nod be allowed. Local gromodaster conditsons may Dol tee
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Geothermal Energy

cxchanger, The mereased capital cost of mstalling, the heal ex-
changer in only & small percentape of the total cost and, in vicw o
Uwese systems” preafly reduced  maintenano: Teuiremenis,
quickfy recoviered,

Prst COWELP svetems somielnnes used surfao: digposal (B mvirs,
Iski=, drminage ditches, ete.) of the groundwater. lopection, i go-
ernl, should be the standanl digpeanl method becauss it elimmaies
the podential fir negative effccts on the aquifer i lieve] over time
and preserves the positive environmeztal charncier assosiabed with
(ST ayabems.

Fepandless of the Lyps of equipment matalled in the buikdmg, the
specific components o bandling groundwater are smtlar. Primery
itemes inchude | 1] wells (supply and injection), (2} well pomp aod
comimls, and (3) groanchiter Bl exchanger. Somes specifics ol
{hese ke are disoussed m the Direct-Lse Systems Desipn seclon
of this chapeer. 1n addition to those comments, the following con-
siderations apply specifically o wdary GWHP sysbons using i
groamebaater isolation heat exchanges,

Design Strafegy

A apen-loop sysiem design must balance well LN, P
with heat pump performance. As groundwater fow increases thmough
a system moee EBvarable average temperilures 30 peoshaced for the
hest purnpe. Higher growsdwager flow mbs:, i@ point, increass system
FER e DO incrensed well pusp poses 5 ouweighed bry ahcriased
heal pap power reguircents (becauss of B smome: fvoeable fem-
perahanes). Al some paing, additional increseses m groundwater (kv 12
mllinzyﬂﬁminnﬂmwrrMMlerir@_
decrease in heal pamp poser, The key strtepy in open-loop system
deign s identifymy the point of mammum system perdimmance with
respoct 1o heat pumgp aind well pump posser requiremenits. Omee thas
aplmui relafinnship ks been estabbished for the destan condition,
the method of contrullmg the well pamp detemines the et 10
wiich the relationsip 19 preserved ot off*prak conditions. This opei-
mization proces mvolves eviiating the performance of the heat
purips and well pumpis) over 2 mage of groundwater flovwe. Koy datz
Wmmmmlmimhcln&wupﬁﬁmiﬂwm
clrerwidow af varias proundwiter Aows} and heot porp perlonmc:
wersis eiering water feonperntures: at different flow mies. Well infor-
ratiom 5 penerally derived from well pomp test ressdts. Hest pamp
performance data are svnilable from the manafacmn

GWHP svsseins cmploy the sme type of extended-ran g unitary
heat memps as GUHP systems. Buildiog lop pumping, puidelimes
{see Table %) m e GCHP portion of thiz chapler alsse apply i
GWHP gystems. In large commercial applications, the hesid oss
amspciated with the isolation heat exchanger in a GWHP system 18
typically lower than that of an cquivaienily simbd prommed ezt
exchanges in a GOHP system. A guideline for buzlding Jeop head
fose in o CAWHP system can be desoribed a3 folkows:

Building Toup besd boss (fof wale)— 28 + ik 1d

where o = pipelme distanes f from plate beat exchanger outles fo
mcsst distand beat pumap umit kol

This calculstion pmsmes o rsxium hemd o of' 4 0100 i
af 7% af ot besd oss and 3 heat purnp ait besd lossof 12 fi. Beomse
af mone extensive firtings, retrofils cn somefimes coooed tis value.

Far moderate-cihcioncy heat pumps (EER of 142}, efficient
lovop puamp desien { 7.5 hpd100 toas), and a heat exchanger approach
of 3°F, Figure 29 provides curves for mwo differenl groundwater
temperatunes (LW T = 50 and 8571} and rwio well pungr sthaations
(WL 75 fspecific capacity 10 ppm/(l and SWIL 300 fi'specific
capacity 3 gnmit). The curves are ploticd for constant well pumg
head, o sitetion which does not oocur m practice, In realaty, well
pump bead rises wath flow but at a mbe typicaily less than that in
tricion boad appheations.
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Althooph the four curves show 3 clear ophirem Flonw, Sunmsetimess

img a1 8 Jower groumdwater flow reduces well pump cagpizal

ceed amid the problem of Puid disposl. Thess considomtions ae

highly project specific, bar do afford the designer some Etitde in

flow selection, Cenerally, an opfimam design reslis ina groundwn-
ter lonw rate that is loss thas the baikling loop flow rate.

The exception to this socurs in the cxse of groundwater tempe-
aumess ol e than S7°F el preaser than T27F. In thése situabions e
grousdwnter flow roquitement s influenced mare by avoiding
excessive heat pump EWT in the cooling mode (groundwatcr tem-
peratures above T27F) and begt pamp LW Ts that could nwelt in

conditions in (e esing made {groundwler Emporanss
Jess than $7°F). In the cwse of low waler temperabares, some design-
o5 have Foumd it sdvantaeeous W s antifreere e bulding leap
b0 sliphithy hroaden the allowable loop femperbiure e,
Tabde 17 provides design data for 2 specific mﬁ? Ry ELEE.
3 i1

“ :;.*i"l"luﬁr"\.
34 WATER WELLS remuiaS with

Fhis section includes information on water wells that i pescrally &
SVEIEME,

relere pced b"i

Tuble 17 Example GWHFP System® Design Data

Heat  Heat Gropsd-Grownd=  Well

Pomp Pump Heat  walor  water Fomp Well Loap

EWT, LWT, Pamp LWT, Flow, Hewd, Pamp Fump Sysbom
¥ F EKR °F FRITL i KW kW EER

sl0 Tid 76 6R4 28D & D37 4K LL3
G180 TS 173 TS 233 e 175 4% 115
S0 ThS - I8% YRS I 20 dag 4% B9
670 TES eS8 It 1gT  TE4 4R 11D
00 RGO D61 The M4 1Be 9T 4B 13D
TIL6 &7 157 TRT 13 1 ES 43 1340
T30 %47 153 BT 1M 17T 7S 48 129
Teo o EAT  ISD EX? O ND T 67 4K |10
TT0  BEF 49 BB Im M3 B0 4F 12
a0 U0E 144 A6 o 15 55 44 ed
B10 B33 143 #L9 ¥®OI5p 51 a8 124
HRO M0 134 009 £ 155 &7 44 122
millnck coriing load 4% tans, WP groasdwoser, 75 i well static waset lovel, 2 ppmifl

apecii cgrginy, 37 1 surfice hoad linsos, #°F bos cuduiger appasech, 8N g
tesilefig; ey Thoew 34 03 it besal.

i"MTl:'E.'r'E.TFHI1FHJU’:\'N|HWMMIERF{WE‘H

— — ——

M EER, Bt =

BYvET

0% wo i3 e 25 10
GROUMIVARTE F FLOAY, gpmme

— —— AT = GPFSAL = 75 S0 = i) gpmm

— e G = SPFERAL = 300 S = 3 G0

e CWT - GSFEAL = 7 BEC = Sapm

e m - am = CWT E BFFERAL =00 RS = Zgpmft

Fig, 29 Optimom Groundwaier Flow for Maximam
System EER
S o smie water level im it and
BT s apecific capacity of well = gpon i
(B anvankegh and Rafferty 1997T)
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In a comentional heat-reeovery chiller, vaste heat is maulable onty
when there i3 2 building chilled-water {or conditioning) load. In 2
proundwane system, o beat source (e groundwater) is availkabis
yar vitand, To take advantage of thas soarce during 1be heating sea-
soar, the chiller mast be loaded m rezponse to the hacating: load
inshead of the chilled-water Joad. That i3, the control mest inchade 3
heating-dominant mode and 8 cooling-domirsant mode. Tty prencral
designs are svailable for this
+ {hiller capseiny remains contrelled by chilled-water {supphy ar
pesum) temperarune, and growndwater Aow through the chilled-
waler exchanger & varied in respoesc W the hezating Load
« Chiller capacity is controlled by the heating-water {condimse
loop temperanumes, and groundwater flow theough the: challed-
water cxchasnper is controllud by chilled saater lemperanme

Eor buildings with o significant heating Joad, the formes may be
mare altrctive, whereas the lafter may be appropriabe for cogven-
tional busldings in moderaie 10 warm cloomies.

Standing-Coloma Systems

In practics, standing-column wells {SCWs) are 2 trde-off be-
pween proundwater systems and ground-coupled systoms They 4o
ot rerquine well flow testing of the soot necessary for groundwadcr
systems, and conductive beal transfer can be baxsed om existing
closed-loop beony. Thouph spanding-colomn SysiETs have been
applied mastly in the northexsern United States, agproximately
B of the country @ underlan by pear-serface (=130 fi'}t bedrock
suitahle for the svetems.

A beating capacity of 350,000 b $20,0000 Brdh ar cooling
capacity of 30 10 33 wes can be expecad from a LS00 DL desp
standing-column well. Ideal spacing botwoen SCWsis S0 TSI
i et-al BN} Typically, spacing between standing-colums
wells is greater than vertical closed-loop (GOHF) borcholes. Thesc
catimted capaeitics assame a 8% advective bliosd flow, discusmed
bty in this section, Closer spacing affects well feld performence
and ean be ovaluated with desizn sofltware, Additional formation
on dandmp-column systems con be foond i Spitler (2002).

The standing-column well combines supply and injectzon wells
it one, and docs ot depend on e predencs or Now of ground
water, beyond that of the fypical blesd rate of 10 o 205 of tntnd
pumped flow. Standing-calumn wells are always augpnested with
a Bleed circwil, 1o monitor the cotering water ieenperatune, Well
water temperatures that are below or above design limits becaus:
of voriations i rock condoeuvity, boilding anomalies, or non-
standard weather patterns can he restabilized (e, browght back to
far- field temperatares by overflowing smaller amounts of water on
commusnd). This advectrve flow s 2 powerful shart-term b
of warming and cooling well columns that re beyomd desagn
ltmitz,

Sranding-column wells (Fizare 33) consiat of o borchols caaed
i steel or piher neterinl ol comperent bedrock i redhed. The
gnsing must be driven 25 to 50 fi inte and scabed i competent -
rock. Bedrock scaling requircments vary by state. The remaimeg
depth of the well is then self-supporting throagh bedrock. For decp
comomereial SCWs, 3 tal pips (porer shroud) is inserted Lo foem 3
conduil to drow up water, and on anmalus 0 rem wiler dewn-
weared, This tnil pipe 15 perforated af the boettom 1o form a duffuser
Wealet i drawm imto U diffuser amd up te central riser pipe G the
rubmcrsible pomp, The wiell pump moest be Jocated hedow the water
table in lime with the centeal riser mpe. The toil pipe alisws a
shader, reduced-paws wire size as well as more accesible wedl
i service.

The L%, Environmental Protection Apency (EPA) Underground
Injection Control program. considers standiog-colunm Teinjocicn
will water 3 Class W amter ZAT, noncontact cooling water

e Wlming and coa The EPA amd equivalent state
et pomi
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Fig. 33 Commercial Standing-Column Well

apencics regand SCW neinjection as a benelicial nse. Pernuming, or
notos mEy be required, depending on averope daily water frwr
i, SCWs are serviced by qualificd well contractons wath minima’
Farmy larization tamnmge.

3.5 SURFACE WATER HEAT PUMPS

Syrface water hodwes can be very goud best sources and sinks if
properly used. In some cises, lakes can be the very best waler sup-
ply For couling, Warious waber circulation deagms ans possibhle; wey-
eral of the mong commaa are presented here.

Ir 3 chsed -loop SYSTRmL, Oz oF EOTE WikeT- loe walss oF wWiter Lo
aur heat pumps are linked fooone o mors submerzed codls or flat
plate heat exchangers, nefemed i as surface water heal exchang-
ers (SWHES), Heat 15 exchanged to (coofing mode) or from (heat-
ing mode] the lake by the Oud (usualiy o walesanii frese mixbure)
circulating mside the SWHE. The heat pump transfors beal o o0
from the aur i the boiliding,

Iin om open-loop system, water i pumped from the sake throwgh
a heat exchanger and retumned 1o e lake some distanee from the
point at whnch i was removed.

Thermal stratification of water often keeps Tanne guantities of
vold water mndisturbed near the bottom of deep lakes, This wader i
cold enough o ademately cool buildings by somply bzingr circalated
throaph heat cichangers. A heat pump is not nosded for cooling,
nmd enenzy use is suhstantzlly reduced. Closed-loop coils many also
be nml o colder Inkes Heating con be provided by o separate
source or with heat pumps in beating mode. As noted previoasiy,
precooling o supplemental totl cooting are also allawed when
waler returning to the buikding is near or below 35°F

Heat Transfer inm Lakes

Heat & transforred fo bakes by three primary meodes radion
energy from 1he sun, comveetivg heat transfer from the murroundisg,
air {whem the air is warmer than the water), and conduction from
the pround. Solor rdiaton, which can exceed 0y Bow'h o Sy
Food of lake area. is the dominant heating mochanism, et af aocurs
primarily in the upper portion of the lake unbess the Gake 15 very
clear. About 4% of solar radistion is absorbed af the surfscs
{Pevent and Kavanangh F90L Approximately 93% of the remain-
ing coerpy i& absorhed at depths visible to dhe buman cye.

Comvection transfers heat i the [ake when the lake soriace i=
cooler than the air, Wind spoed incresses the rale a1 which beat
is transferred to the Take, bul maximam heat g by comeecbon 15
wsimlly caly 10 to 20% of maximom solar heat gain, Conduction
pain from the growund i even bess than comeection gam (Pezent and
Kanmmangh Pl

-h'i e §A$‘&tmL¢ (= m‘.niﬂﬁhun wells



32 Types of Class V Injection Wells

Sowce: Ground Waler Pratection Counci

Code Wil Type and Descnpion Risk Potenfia Conlminants
DRAIMAGE WELLS

5F1 Agricultural Drainage: Wess - receive imgation High Pesticides, nutrienis, pathogens,
taibasater, other fisld drainage, anamal yard, milals transparted by sediments, salks
fradiod, or dairy runoff, etc.

502 Storm Water Drainage Weils — receive siorm Lo - Heavy medals (Cu, Pb, Zn), organics,
water runoff from pasved svess including Moderate | hagh levels of colilonm Deschens.
parking lots, streels, resadential subdnisions, Contaminants from streets, rools,
bullding roofs, higiways el landscaped ameas [herbicides,

pesticades. )

503 Irmproved Sinkholes - receive stormwator Moderate - | Vanable: pesticides, nutrients, coliform
menall from deselopments in karst loposraphe High bacteriz, of ather Stomm water
ATEEE. contaminants

504 Indestrial Drainage Wells - wells located Meoderate - Uisually organic sohents, acids,
industrial anzas which are constructed to High pesticides, and various industial wasie
discharge storm waler bul are susceptible o constituents.
spills, leaks, or ather chersal discharga.

5330 | Special Drainage Wells - used lor diposing Lo - Chiorenated and freated waber, pH
wittesr from sounces other than direct Moderate | imbatance, aligaecides, fungicides,
precipitation, such as landslide condrol, lahke masniatic acid,
ezl condrol, swimming pool drainage, or
portable waler tank overfiow/drainage.

GEQTHERMAL REINJECTION WELLS

GAG Eleciric Power Reinjecton Wells - reinjes Moderate | pH imbalance, minarals and mneraks in
grotharms fheds used to generate elecric solufian (As, Bo, Se), sulfates,
o (chessn wells. )

Lan Direct Heat Renjection Waells - meinjec Moderate | Hot geathermnal brines with TDS
geotharmal fuids used to provide heat for betwean 2,000 to 325,000 mail Ca,,
large buildings ar developrents. Ca%0,, SR and Ba, As,

SAT Heat PumplAir Conditicning Felum Fiow Lo Potable water with temperatures
Wells — reinject groundwarter used o heal of ranging from 90 o 110 degrees F, mary
cool 8 bullding in 3 hesel pumg system have scate or comosion mhibilors
[shaliow wells.) Not injection weldls if they
are a clksed loop System as many states
resquira.

AR Groundwater Aquacultene Retum Flow Weills Moxderate | Used gecthermal waters wiuch may be

— reinject groundwader or geothermal wells
used o support sousculiure. Non-geothemssd
ipErculiure disposal wells ane sk indudesd
in thiss sategory (such g5 those used in
aquanums.

highly mmmeraiized and imdudes traces of
arsan;, homa, lluodde, dissoived and
sympiended sobds, animal waste.
perished animals and bactena.
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