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<SUMMARY>

1. Vision of this study

A. Interest for stability of ground source heat pumps increase. However, this
study can improve reliability of ground source heat pumps.

B. The installation cast for ground source heat pump can decrease. In addition,
low coast can reduce risk for careless construction.

2. Contents of this study

A. Increment of energy efficiency (over 10%)
a. Installation of spill way among geothermal wells and development of control
technique which enables two-way circulation using pairing
— In anisotropic geothermal wells, energy efficiency can increase using
technique of controling pumping and recharge.
- In a geothermal well, pumping and recharge are enabled alternatively
considering hydrogeological properties.
- 25-30% of total groundwater pumped from geothermal wells is recharged

into the aquifer to save the geothermal energy and the rest is stored at the

Purpose & pumping well caused by difference of water levels.
Contents — Groundwater cycling system will be developed to use alternatively the saved thermal

energy with cooling and heating mode at the geothermal wells.
b. Now, blooding rate is 20% of total circulated groundwater in the system.
However, blooding effect is elevated by 45-50% in our system because
recharge rate is included.
c. When some of the geothermal wells is breakdown in our system, our system
can be operated normally because the pumping and injection are enable in
geothermal well suggested in this study.

B. Reduction of installation cost (over 10%)
a. Most groundwater is yielded within 200 m in Korea. Therefore, if
geothermal well is installed within 200 m, installation cost of ground source
heat pumps can decrease by over 10%.
— The installation cost increase highly in depth over 200 m compared to
within 200 m based on domestic standard price.
b. When geothermal well is installed near 500 m depth, well deflection can
occur because advanced technique is demanded

1. Achievement of this study

A. New technique is going to be obtained using developed technique and
patent.

B. Industrial construction model will be suggested.

Resuls C. Long—term monitoring for ground source heat pump will be conducted

D. Technical data obtained in this study is forever preserved.

E. Design specifications and management guidelines are supported to professional
organization and university

2. Verification

A. Experimental results are subject to verification by an expert group.

5



Expected
Contribution

1. Future plan

A. System installed previously can be imporved.

B. Major consumers may be horticulture, large—scale residential development
area, and most open loop ground source heat pump facility.

2. Benefit

A. Social aspects
— Deep groundwater resources is preserved from uncontrolled installation of
open loop ground source heat pumps.
— It is about ensuring the reliability of geothermal energy.
— The risk for poor construction can be reduced due to the low cost of
installation

B. Technical aspects
— Imbalances of ground source heat pump market can be solved because multi
well two—-way groundwater circulation control system is suitable for large
ground source heat pump.
— When this technique is applied to closed ground source heat pumps, various
problems such as thermal energy accumulation and high cost of installation
can be solved.
— There are advantages such as increment of energy efficiency and decrement

of installation cost because of the elevation of bleeding effect.

Keywords

Open Loop Aquifer thermal
Ground source | Multiful-well Spill way Pairing energy
Heat pump storage(ATES)




1. AFANIETFA Q] TR eeessseersssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 9
Th, GINEE TR i s 9
Lb, QI AEEO] 2 QA T T QA cerrereeersseensseensise i 9
(R e 1121 o) A o) B - A 7 R S 11
TF, ABPATE UJR T Z I} st 14
1:1]-. %:,7_7}]1??1_-94 1:\?34_?4 ....................................................................................................................... 15
HE, 7] EE ALEIE st 18
AF B AN 71E0] F|ETNEPASE T} et 18
2. ZUL] 7]E TNHE GBI oveerecrsscusscssssussssssscssssassssssssssesssssssssssssssssssasssssssssssssssssssssssssssssssssssssssss 19
TE, U] @B} ettt s 19
L}, U] AL JEIL BB correesmsnrassennssnassnasorassssmssnassssnsonassesssnassosnsstsosesssssassianssnsossissassassassosassrsssins 20
1 I 21
) S o) A e = - 1 N 21
RIS Ry R B = B~ | | T T T T T RO 23
7}, Test Bed AAZ] T Q00 ittt s 23
LE, O] Z] T8 ZJZE vttt s 38
1 | e 45
g} 25} AEAO] 7L TNHE e 46
ol R EE ZTE QJSF QOIOIRF FAE wrerrrrrrmrrrrsntstsssttt s s 47
HE, o[ A8 U JIZ2 et 67
KE, 7]20] B U BH ittt ssmsssssnssssssstsssssssnsssisssssnesssssssssssssassssssss 71

4, X FAL G T BHOE J]GID ettt 96
T = 96
LE, TEE ELOE Z] O T coveneeneernenenten ettt 96
of, B3 0|ZAA] QOIAES) B ZFS TR coerererrrsiiittssseeet s 97

5, cdq_yﬁl??l_-}g]jq.g] i]E-_g_y_-"_—?,_jl ........................................................................................................... 98
A T B 1 0 ) e - =) o) 0 98
LI - R =1 e e 98

6. AFTAGNA SATE HQ TIBH7|E FH rerrersssrsirsssssssisisissssssssssssssssssssssssssssssss 104
7}, 29 AW AR T 7] L HE TG s 104
U A QUWIHPA| AE] O] SHAIELIL Z R AT ceeeerrnserererssssstsiisissstetststs et 104



7. AN HASH

105

8. L7t} | EZTNARAAEY] S22 AZAA - FH[A T} et 105
9. AFNEINA £Pof] = ALA S9] OFAZ ] OTP AR ceevrerserscscsnsnsnsenscscsncsncsenaes 106
7}, AT QP R ] OGP A T coereeverereruesesssmetststtett ittt 106
10. AFTAQ] TEZ AFAIZ] s s 107
Th AJTH] FZER T coereereesererssssstssniii s s 109
L} oA EE 7] SCW THH| 11.5% TEAL soerereeseresssessssstntsiiinisisitstsiststssts st 110
TF, GATGAIAHED Z Q. FEAFA QF cererererertsiensitieitittt 110
11, ZVERAFGE terresesrseennnststntteent st e 111



1. el L
7. AL =

() 30] ALY Aol L Aol ALR ASIBE o8 AT ANW| 54T
(@) Ff i oS WY GEAE(£200m ol) HelH AGF 22 FBO| AT AT Holx
A5k, T AGAG] W2 Aok TPl SNk, BEFA 20 5T AAA AFRY 7

L dUidte] da g
(1) 2016 FERER 445 7o) AQ2277)
Qo gald olg 2 mals|THEw} gL
F@o] 7]o]
(2) A 5EZF TEAT Aol el whe AEAAj] AeE AN DA oF 7297t 2|
A1)
(3) 2F 713 o]0 upRa] FRA WAARATm)olE A4 o) eA 5 (RHO) £ Juts] 9L,
A B ZAREAY AT A, AR NE AR G A%
@) AAPAIA 9] REZ
Oh BRI AR A A2 228 9l 201413744 Fie] oF 790 MW &efo] Ax]€g]
©1(Song and Lee, 2015), 20204 747 BE71e] o 7] Aule} Fo] 30% 5277 A4
S IEEPARSIS IS EA =i B

ol

900
= 800 —
= 500 4 ®Annual
iy M Cumulative
g 600
o 500
©
O 400
©
@ 300
©
+2 200
_
— 100
O | 1
b & X OO O QA @ O QO DN A D N
" L X O X VO L N AN A NN
AT AT ADT ADT ADT ADT ADT ADT DT DT DT DT D
(2™ 1-1) 2002~2014a712] A GPraAel 2y A2 @3HSong and Lee, 2015)
(b ®17F AZE(10,000m?o]4h) 2] AL A AR RSIA = A PAR(HEA] RE 5 2
AAE AR AE A AR vF 14% oFstzd AA)

th oA QA AAAIAY B ALADAE 0% oV A

(5) 8% AFRALGALH] ox] weT 748a

Oh Ha7A el AxH AFFAGA LT A o] Sl Psk B4 o Aok A2
1 glol 7t Aol e UA wo] oS Hol AR} I

o



Heat pumps

= |/ N == _ Overflow

P
Pl e ———
s

\
N\
N
7
4
/

N e Initial groundwater level

Drawdown
Pumping Q=100 m®d Pumping Q=20 m*/d

Injection Q=60 m?d Injection Q=60 m?d

High optimum yield Low optimum yield

d 1—2> /1\_}'%% Aol =z Ut Askr AFIT LAY
(th =592l Aele AL
S ES b R R g —Er 1€ oF”
() =l FFA DAL AA o =
ojFojH ot AFFel HFt oA aE
ZA|GA|AH Jdro] " Qs
@ =l B¢ Gt W Askert 22030z J4d delE weh 225t
L A] &gol ol & E T qeuz o] &EJ Eo)7] Hside 4 A
= B7Iekl AEFe] Ak 9 x| 22} 7e o] 2adt
(6) Aa7HA] A QAR A A7 HAL e 71’\14 “Zﬂﬂoi% 2o dujefA el -ste] ot
aeAst, MEde] Fee v AEA BN Aot St HEA R, ol A
600137t 2 A5k L - o8 Ve éE“J o]-g-sl = —ZL—“% et 71edAd
b 116’}‘311’5?5% =40 diet AT A 2 Jledige £ YA Y (eading

Ho
of
of
N
o
&
oX o
2
S~
N
o
4>
1o
@)
S
=
o
=
ﬂllﬂl
e
)
>,
Y
<2
i
R
>.
>
i)

F_HJ,

(th AA - AlE = Zledg = A - Ak 27 fofrt ARt o] o], shakdle &R EA]

10



o AT oy - HAY 5
(1) 24

2~ Bz og An Heo| yo] Zand At
2.0
=

O dugt AL 7|E 7]&6CW)2 Hx(conduction) FHANA t4E: 34 A5
(ATESZ7IH)= ©l-& olF&Hadvection)E It EA3A 7= Z[ckrd ol&7]&
@ F5E UG FFAE o8, Quet & FHeAoR AeRAIA KA 9T &

‘ 1.443 mh ‘ ‘ 1.680 m¥h ‘ 1971 m3h

0.00

& W1
1| = OBS7
- OBSTa

Pumping start at surroundings

M

1.00 —

2.00 A

300 —W

4.00 T T \ T
g 60 120 180
Elapsed Time(min)

(IR1-3 SAFYAGA SSJAS12A2015, KIGAM)

Depth to water table (m)

9
o N "
= N &
I e T
o 20 58 o
-
2 1| g
m — m
o e Tt e o
3 ¢ &
& . s L
S0 —= a5
[- % - o
5 ¥ 5
= 8 41
] 32
0.0% 5.0% 10.0% 18.0% 20.0%
Bleed Rate(%)

|—5—M|n|mum Temperature to HP —e— Maximum Temperature to HP |

(I-1-4> the effect of bleed rate on the water temperature back to the heatpump.
h) ot dis3oll 24 7Fsst 71&e A

@ ME7ee 7] A= e SCW AFdugr|o 45 SHE fdl ALde |l 7Hs
[e]

@ BY AR 2 well A2H, HLo] JFL wx

11

@ FAAA AFH Astrde Yl 2ARE wet A wHRAd FA7Hs
@ FAH diesol 58" Askr#25~30%)2 £89 2y dsaglo=w 85t du
ZH—(10~50%)

2 2] e i 7hH2] 2 Well A A" 9] 7Hgo]



BRAYA
Ground ~=~7 " Watertable
/ GL
/ /
Water table
] E— i |
2 VN
— 3 A, =
= # Water table (£
—_ 4 z — .
=~ [———> PVCpipe | A
Returnwater "~ ol e
loss to the ground | | PR -— — — —
3 } = » Submersible - | — - L —
N v v - water pump
3 [ v v v v
S
JI|HE . +
3 2
N -
3 =—> Borehole wall
3 2
J W 3.0+ | F 4
T VE J4 T NE e
T = ———
= —~ PVC perforated N : *
\\ / end section > 5 ] z
Ground water \; _7/ g N — \‘ — ‘/
gainto the system - ——| 5_ B == Zm > = B
— = F+ —»:\ o - o
- _ A W el N el N
w2 E 500m 4
(@) (b)
EW Lw LW
= = - —Z— - Water table
U .- o 11
GL e GL
7
g /
= P == W (172%5 — < Sealed Clapboard ~ ) —
> U '7—\%- « > Sy 0 r 1 4 . E
3 - -~ -
g " . ) ¥ - ~ -
J - ~ I By, -
VAR - < = N = 3 ’
— e 1l v = —~ X | | h || g
Water table - < Ny 2 ~ . — = = =
N - N I > — = Z
> . t = N : N =
N 2 ~ — N ~ N -
A b " 2 - 2 -
= J = 2 e
NEE N = . t14 E J (4 B
N - . - N g
X v E N C X " Ny .
~J - > 4 [ < - oy /
3 p* = - e — J ”
B S = — 1l = B e Wl =5 =S E
3 - - 3 f =
=~ - " - =~ ~ > e
t - 2 N t = > t =
= v & U= ~J v q v =
> " g "~ ~J - >~
= i 4 # = = _
~] ~ g —~ e -
i ot 3 - '/Aquifer recharge ~
J = = U B @30%) T Ty -
- iy - ~J
« 3 ~ >
A S AN J J
=241 200m Suction well Injection well

115 A0 S84
() 712 SCW AFdus], (b) 712 SCW AFIugs] A%
() 2 Well Fejo] &4l (d) AF 7ha4 LAFH

12



(2) 4%

o4

71&71=(SCW)

Aohs4e

M=

20% out

—@—[1-7)

(=]

T

+ F N F 3 *
N g2 =g
: I
| & A I+
¥ |
: I
: |

¥
v |
d

Z|otrE ek 2 } o HZ2o] ZYAS SWED (LS
T 29 eyl Aeteat sourco?t | T TS0 T e Y
(heat exchange Sh2=(heat sink) A3t £ &9 ®HE Hog & = FHe
St (heat sink) A%
mechanism) N FUA7s YA
a8 30RT7|+
=00 = aL . ar By ake:
%Z}-—g’—_/,\_ E_l /‘\JE_ SOOi m, 10 250+ mXZO(ﬁ }j"ﬁ]_'o O)

FSFAH] HEAHAE: +300m

2% =
2|8 AHE200mold 100m37t Al mpet | +50m 2]
10%25-5AH F3128
2 20% « o 50%
Eed a7t

(bleeding rate)

9] HlE 20% 2] 80% Aok B
ey gz duet g8 A}

o ATESZ|&/HE(H45<27H)
X [(F2HE 2070+ G 2oF 25~30%)]

Aol

A=A o] FgA

T (well-deflection risk) 3~4Hj

27}

— A5l e2dn] S A8A sk
2 Sigl 2

K shApA el 27

2 284

A5

>
ol

e ol gdul=A] it ek
FEHNZQ00mE HE A4
&2 HAPAEA

1A712](15m oV FrAF 30RT =it
Al AlSFA] gH et

N

Fa

A

Mo

O

o U R Jidolg Tle 9 AdH]
oA e

o =

13




A AtE A ofj A Hl 11
FELER sy | AT BEAIA | 14,500
<) al ~
@FEAdusHs|e)| 87 & "17+:1,600
(2) AN TA o] 2 E3B} HQE
OEEREEERY
T Sl P et N7
e g | FAEO UL SUTACIT - YT 4Y U 18 B2 A48
o =3t (H, &, &%)
TS - 4% Alstr(pore water) - oMt= 2|5} (fissure water)
— A=Al ZFZolA zsto] A
Asked FEWA |- AT £949) 71 5ET AW TUB Aske wHE
718}
70%
out
sealed
plate
p
M=
1\ 30%
recharge
- —
w3 o gin
%227 %0)% A4 F9474
FHZA At
Oj?-*gliﬂ- Ui] =g T ]O]'—r ]O]'—ra T=, 30,_ }6]'?3% /‘]Z}% 7H%1.'
2A49gFndy 5 7=
as - 80+% - 20~30% 1t

(3) dPAFhAete] 2B} ¥k

Oh AstrE Edem ste AuAd olge] 2 gou, A7 e 7Ieid 871 F450
WA 2xHE A o] ofd, ARIAAEEdA G| ARt A5t Agdider sAA
=74 B AgHE At o-87I%o] AEsHd

() 2 A871ed I =9 S48 ity e - o8 ZlerIielol AsEs8F71 #3835t
€ Ave] A, Al ol gel, A A, oflvx] Attas § AEe Ve BAE gR
S Zed A= AEst 3

14



of. QAsare] W)
(1) A7aA 9] HE2n

78 Hg
4% 28 Aok duBag 10% F0 L BA 10% 2
© 5540 A2 THE GUEA HolPS Bol Aok £4 AF D Yy 2
saze] wet f5E F9an Ve LN LWL ATctel dund
28 10% ol =
@ FU P Aed WS FRUER A9 PUSE HAoalolel 24 2
AR BE | A BPEE BRdeflection)]  SHHEE Ask: £ 918 A%

@ Algdolzo] wat &5 FAM AEHdE S A B SAH] 10% ©]

@ A1) A £ @ AAA Bl A
G A& AH

-

B | PUMPING WELL
AC.D: INJECTION WELL

au..? N ?Lerh | b HEAT PUME 0“0’]

R o WA § 2"’”"& L2 . S
[——.-f——- 25 i) P AL LN smx| =Xy
|:._. - TORIND BX COMMNECTION 4 I =

L’ g = 2] GEWR  GEWS F=TEZU=
_ A il HZORY —
i :L i B:RUM #%E}E EE‘!
i {3 d
i b | DHET P
'; ? c o FLOW DUAGH . =S us=zIsN
TGO 250M

HZ Oty BY

MULTI WELL TS XIFaO27)

" 1-6 A%71e9 712 MEk

15



=
Hr

gop

A%

=
=

sk ABA 171z o

E‘—l Z]o
2 QA

T o] g
0 29

=

[

A

T

-

o

st dEA017]

E—l Z]o

l= AAA =&
o]

sh4 ABA0I71% A

- Z]o

Klo

_g]

AHEl
—

b AgAoA

°

sl A5ANlE B8

sk AFA07% A

[¢)

%A
X]o
W

=1
=i}
=

o1

g mod
g He13g

SIEEE

2~
T

9

A Hl
—n

b AR o)A

A5
3 AAl

A
- NE7lEe] =y-e] By

i
<

o

&

SEEE

wa|ele] 2z

[e]

T

— Test Bed A1 9 A]H

— Test Bed

wjr

Tor

HE

- Test Bed HA]9
- Wd7lse] S A

AA

o

ek

T
;o_o

Tk

(2016)

22HA T
(2017)

3

16




() 4744 V==

(& Zl
. S} Crol AR OFA Ay
= B ke T AT S el e e e
Aadlel Ay £5: 2 7
T Al A 2o/ 3 Ex
1 [y Sdald FES | 00 | 100 | e | weer | 0 | e
NIEEEE g |
10% 27 .
o] 4 2] 8 & 712 SCWd B . E5 :E%% A
1-2 10% 2o © Aap] g | 100 | 100 | EEEY | BYRE | 5 |
11 Az Aig 5 =i | A Qi —
= =5 29 7
AzH] 10%| _, HEE 109 | 2 SCW hEa | 2 s
2z 271 g = @ g?RT 712 ol | 100 100 | Thelu H]E*U 20 }\;;: %}
SW: 7‘;’
] =4 20 7
Ao A A| S Kk FEA| g AR AR - =5 o5
317 e 271 o Jjes it o %]oj L‘ A 100 100} APk A%%T—g 2 Aﬁﬂ%—f 1A
YW: vl
o U 2] & & E5: 29 A
- e i) == —9—?_?_]]'01] = o EE 5
35| 1 1A 8 1 0% $H% @ et o | 100 | w00 | ERP SRR 0 | o Ty
29/ 2 AE AE7HES é‘;@% 3 ;
4t T
VB ) ol | 2] & & Qa9lelzte] o = o =° C%r_ .
D21 T 2 e o3 s g | w00 | 100 | SEI | EE 0 et
A A A% gy Al—
21
| baane o e ss ol | ovs i 39 4
1 2 E 3] o] B ol i I | o ol S
| L 10% 20 | O ey | S | S| AR | AR 10 | e T
5] A —l
A Ed%égd?%
100 | =B
A= 7 7
T
[32hd & ]
AP PR
| R Eors o
A4 4RAE | SEA | 99 | S99 [ aew |k |
S5 O =z = 5@% Zj
o A & & ol 4 A & & 71E  SCW& sy | ol el
IUAEE] 1l Zd 4 o | A3 o | 100 | 100 | T2 | s 2
10% oEH % H Z]_ﬁe__-‘% %EH :@Z}E /%]@r/‘_l O Aﬁ%; 1 %
=529 7
A 10% |, EE 109 o | D SCW 0 s = el
Jec 2-103" 2 9% @ | 50RT 7% W | 1 iEd | e |
B! a7 A% SORT 71 8l 1001100 ) ey | et | O | SR 4
S
2o/ ol [AAEE e g
[Pl AES, H10%  SUS g | addel d |, | g | =R | =R wo. S
o o e ada O\ R o | e | XD | L%
= yw: A
B s s, pre w2 i =
A g 7)&o gl J1za 2] = A
A AR s, e 28 R\ TEE AN se | sl | A | A | 0 | =T
£ ® ik A
AV Gl
S
S 170
A 100 =moo1 4
AT 1A
YW al

17



i Zled A5k

(1) 20074 S 74450 A77e] 57.8%% BrhEIgont A AR @ wzte] &AL <A
AGPAPA LT Hope] T|aszol 2 FPHE Ao P

() & ATIAE Fo AEE 7)o B 5512 FulwelA Bastn ooz o
o= TRL 8870l AAIE 47 9 A5AE BA9 S22 Brue] A7ER Ao
A8l 7 AYsie 228 dFolnz TRL 991 AIst Bz A& ALA&SE} 27)
HE

(U [
rel
o
2

AL 2 AN Vel Ve s Bt

T2 AT F= | 9T F= @A 4%
TRL 1 O O
eS|
TRL 2 O ] O| =X AL
Jled HaEE oA
TRL 3 O O
A3 oA =2EH T A
TRL 4 = = NP P
TRL 5 O O o RAREE AE B
AE O TRLG | SAIEZE 7ISAIE B
TRL 6 O O —
L7 | HAEZE ATE O O
_ IRL 7 - - TRLe | AIFE LX) L HEAHE oA
283t 2
TRL 8 _ O TRLe | HEES/AYS A
Atgst @A | TRL 9 N u

18



ot

HF 5

2. Y2 J[=7HE ©

7F =A%t
(1) 2015.12 ot2]7]Z¥3F FAHCOP2D) oA oF&3t etanj&eF 7
(7h S2lueR= 20304 8iE AR ojE|(BAU) 37% 7=, F5 AU A 9] 80%5 Wit dofy#]
PA42E A =] 71 EAE, +H

(2) 715 HstEeF ARt H-85t7] S5l
(20143~20359) F 12} oA 11% AABANIA] =
B 18%(0.7—8.5) A%F A%

oh Az
17+ (14'~35) A i) HFL
Qe 4 A A7 Bad or

(Wh o] 7171
(th A el BHAME Tetel A A%
A ool W A A% Rt BESEA BT O

7}

A gel ] *J%ﬂ% EEde!
F12%E HG5= AR goz
Aol gaEe] 7HY ]

(3) A 5E7H
ATl 100% AFoldA] -8

ot A2l o]&
hH A @l =7} & OﬂLiZ] ol 12

K o=l olvA] FHd 719 =HEHEAY A5

£ o R slstel RHOAE A9 st
MX] A 18%E AAAAAA] AHg 259t

Aol tehd Aol A BhE 5 0% ol
A2 o 10%7F AGA2E B

23 9, ©A F 1009 F1o
v g Al

o ®

Mo
Y
Ay
o
1o

(5) Q¥ oltE ADEH
B A GAgol e%sm ol FAAR
ol 43}
0D ABHASY, B9 KEA 57 A0 AL shadale] FAThEAOR dolt 74 415
= BAZL AR ol R2hE A% AGad A4 23 9 AW
(6) &3 FEDFRAAE T AAYIA F vl EHsERS TRAS AT AZAUALY L
HAgsa A 27 42 2 RADEA AF 7049 E
Oh § AU 9P A Aol A Dol 87so] FRAT WY
(WD) A5t A9E TR 5ol YU Aoz o § Bl o)A FEFFBE As4E I
2 olgstid] Wad AF Sy Ba

oA o

19



ek

4
N

o

éT

N,

QL of
g

El

o3l
g
N

v}
—_

N

i

A fi 2=2keE Az A
AT a2 S3&EE DB 7=

rict

=
[e)
T

el
5
A|olo

o l/; ne |l ofh
>
)

ol

au
o,
i
oY o
i o
o
e

=

e Ad

e

B ol [»|m

o
-
o

o

ek
| o

lo

]_

e
oL
S

|25 A

et 7
]

C

4
o "
)
ofy

1o

o

Ol

N
O

—_

N

il
g

)
o
<
A,
e
e

rL
Ou:

A)
=

F97

L)
o

R
Bz}

Ll

o
ol g

DAL CTREP)
[~ [rel g

N

9 %

=2
A2H

9

]
bl

O

o
olr
e o

s

=

=
[e)
A

T
It
o
ol
=L
N

A}

pil
=
[e)

[
N|
ng o
e
o% A
ol

?_

¢
c

=

r
rﬂzj

rE
ol
R
ng

2L op| 2, o
ol @ ol T o

7] &

i
ofo

L

)
oo
B}
ng

oL 1A

o
=
=

¢

<

o/ |
oL
S

A

o

It

o
o >
T

o Lo
40

U
oft.

A2 A

A 2 A5 Bt 47

c

o)

5

S
- -

o% ng ol |

ol
YOowe |
o

c

~

@ A ZRANGAR) Fwg

ek A7) 57.8%%F 60.2% (A=

=
K<)

Q) dd7le & FHAE, A H Al

100

L
[}

=2}/ AS7e 2ok TlerEs

A& 7o) olsoln 20079 7%, 2 ALpA 7

3%, AR/ AAI=59.2)) Ao BRI (A
ofe] T|a4Fe AR e v

piKe)

Aoz v BIHE A9 £, 2007)

&=t
2], 2007)
871

o

3
o S
[e)

s
61.
& &
/\Pcﬂ

o

2 !
3

80 —|

60 —|

7|E&4E(%)

40 —
20 —

0

100

80 —
H : 60.2%

M : 57.8%

F=(%)

60 —

iof
=<

I

40 —
20 —

S

il

N
i)

i

2>= R

frul
o
A

=
Ll

fol

7|

0.
I

(4) = Aoy z] A2 2008

QPR (AAAZ, 20125 =l v =], 2013), AHF-9] 247MA =57
YEPALE 2ok Tle o] AEHor o]fod A

(5) 2010~2017E7HA] A5 dE ok

AzZF oF 1,000 o 9 oA 2013

1

—_

)

AgANGo R oF 1 2 ho] A7} EpE]y 9lom(ohy

&, 2012), o] A Tl ALIITIALF Y] Hygo] 543] 71D ALr APEHER = X
dodA] AR FRE oS 47E A

1200 —

(o2} ©
o o
o o

Fund (Billion won)

w
o
o

o -

?
5N
N ‘ol
St
0‘0? .0
‘5‘%\ ¢
0‘0
’0
m | I .
2008 2012 2016 2020
Year
= v 2 ARREEHAY 2, 2007)

(2™ 2-2) 20079 712, Y AE8d 7

20



o =9 A%
(1) 22 209 <t A
ol A, vge

I
ofx
4

Prediction— [
100 — (Slop=13.9) !

Capacity (GW/year)
1

Slop = 2.86
r?=0.866

1995 2000 2005 2010 2015 2020
Year

(I 2-3> 1995~2020@7k2] =+2] A GA|AH Az A< 9D o

w|\

QAT LS §ANE BE AL 2L JUAge Bestels 2470 24g
5 AL ek, ol AT h2w 20109 AA T84T A T3 AL
F2 F S17I7FFER 20059 thH] oF 80% &3t 51GW+= 1000H7FIEMW)& ¢4

rlo
ﬂ

(3) AAALATLe] 20109 LES BN 2w AAHoR AIAugago] Be ek nl,
U &og of sojzo] WAL 60%E AAet Ut A AA A
SH= 35GW7H 499 GEEE WEAASE JPEsHs Aulth A9

A= ol gl W2 vUets =, "=, 294, B2, i ol

£ 48|25 50,583 MWt B AR amoTi W

-
4) AsHo=m Ay

B (99 9¥ns} Bamoz 3

ot =] A R dR

(1) 20139 71 =9 AGEIIAILE AFL of 152 4do~162 ¢ FRA. (I8
2014) oA Foll wlato] oF 1124, EUS Xget 7e A7b50] oF 5298 gk
I35 uZe FAOE &HoZ JHE Hog HAFE AL, 2014)

%

el
i

qz

N
pacs
o
A

o= A—
(2) Z9] AGYHIA AR AF2 vl=, A9dl, A4, =, iyt QAERoLE FAOR
o] Qlom o] FofA ul2o] AF HFR7} 7FE 2 (Goetzler et al., 2009)

21

2,
o,
i)



(3) AFYFFAIAR O] APFFRIE 7P F vl=-2 20059 742] °F 1,000,000 7] Aol Ax]=]o] 9}
on wfd eF 60,000 7Re] Aol AIAE&(Goetzler et al., 2009)

4) o= ggoz AF Fr7E 2 FHolAE 20058 714 690,0007] Aol AF WdHrA A= o]
AAEem, 2006 = 100,00070 oFe] Aol A= U=(Geotzler et al., 2009)

Anstiia CﬂIlﬂdﬂ.

Fio f 70 Germany
— | _al B 6%
T
.
Europe ‘~._\
394% ‘\,I Sweden
J North 20%
America .
f”r‘ll"'l Ub.l".l
i SR Switzetland
Asia - 4%
kY
19 2-5) 20059 7)== =9 AGITHA|AH FR(Curtis et al.,, 2005; Lund et al., 2005)

22



™
<0

oK
mm
3

&

r

o

7F. Test bed Az @ &9

EERE

ey
L

Test bed

T

__OL

2 9

alo

X

<

al

(1) 77

tod Test bed T

9

k>

=
=

717 A

o

=

(Z} 25RT)

(th d+A71ed 71E7]

& 43 A5 oIS o1AAA B2tol 7}

oF
5

]

14

o

1€ &

A

==
T— -

Sto] H

o A5

S|
=

() AFHA} F2

o8

3

A *

d

A9z

A

Test bed

AT

7] Agel o=

SR RGED)

SF
S Y

=0

|

W T2l AAEAUA ot AFTBungtr] 28l o=

o I7LHRIAI ol B2 A o] Ao FAI7F 9

(H FH=E ol

o)
Tor

o BAWR(IY 3-1).
o §7t & AFHA 287t

o]
=

i

(=3

il

__o_l

L

ngulg TPOE =

Ly
[

%

_
N
_zT

Tk

23



1

,mﬂ‘
2B
k3
!
Jl
B 8
g<

(@) 71A4 v o

4 715 e FYmATo] 2

ATA

- 4741

oA AFIA g FHA,

=
A7}A]

31
]
o M

o

.

AL &tg Q@

A1l
23

=

24



5]

5

£ 9

o AIA F o

S}
ol

@) =t

CEN

5

gl 9

S

St
ol

o

[e]

A}
=]

(a)

V— ) md.

!lllﬂv.w‘\w\i\aﬂ

o

71A142

Ol
o o

d

2

A

]

=L 4

O =A

1

=]
e

ZIAE W

(e) =AY

AN @ @ AT 7]AA)

A==
[l

& A, @ ¢

19 3-2> st

B

i~y

ST

25



(3) Test bed A
Test bed AA7|=0) 7|zt THA] HE & FHZ|eLO] HolAw} A& =
Aoz MA & Agristwet 20179 2¥€ 209 AratA AP 95t FPA S A

Azeadt BE FU7lE o - Bl

ME (F3) & 4P “%eo] AYAY Aoy 9 A%s dEAsIed B8
AFYag B§ Sz U7 Fs gelstel Ay RAE ATe EtE
(ele} dRcio} AFE Agsl= (F)AAAclels GOK FEU 7Yy Bee
YIS & HART ol TV e FALE @Yt

P A8

Hu)

K

N Rl
I
g

22 (AT71 AEAY 22 g AddaR) 97718 GGKe okl 7|3HER 4R
Taéin|, dRcield AFH pxol APAYEE HAQCL

L g - foi7d 3y - 2020 6M (% 3 3NN

2 d4  dedttz 2Y=A8 0 & 2

1% 4YE 57, AHART 27 9 NEy=

M3 (dhidel /WS H&AE GCRAA obdd sl AaHE 2T AuUPc)
LM 234 BUG A4NA(LA0), 14N FHIT0G0). AlY A4
2 HA YR BuY A AE Fa| FAxW
3 OF A9siE ANTE 93N A
L9y Y B 24 A g3 duHe

e TF 1GG!5.$I 2 {8 GOKe HRdld ofells] Mg & 3= AYdrt
ARAM B UFAEE SRA4 22 24 B
dEsl 8 Arhavel UE A+ GKe SRAS 2AUNE

. s| Rgol WANE Y OGKE 4MNE AUF W Y AeE
WANT o, AR A W UAE FEAs Wl Waed

L FGT B NNANYs ol AE A FARA + YolE ¥ Ueed

5 FA7G 2 £89 ashE M FAZIBEY NS UNNel 288 Has e,
foAFod B APL A wAsE OF A0 Ay YUY %YE GOK Se
7 B4 APANM Y LN R BAZ WD ¢

M52 (7]Eh) & efiAle 20E dhaistal Muisha 2b 184 d@abel, & gk g
EHE& Mysics v 90t

2017, 02 20
(52 2 #A o

gmo|A % 2 R*{-_‘fg:ﬁ'-

(O™ 3-3) AFTA HAIE SA-t oF9A

26



(4) Test bed9] AE&5 =2+

Oh 4329 24 B AT FH

AT IAEE HIHZES test bed AAE 5 FEDERY As5ATolg AHTA 4A
ARQ Y Aske AVBAE JEoE AP, Aol Bao] vt A A L ALY B
A3 AsE 4 Al Agstdon], Aoty JPRAY AUS FOR 2AEE ATAYL 4
ZR R D

& Ase Holwe 18 ADBQS0me] 7124 FUsA wiHshe, AL G00m)Tte] A
08 388 o|ANA ATHL U=S AAR Telt st bed AH] AT AAAF] AYP
of ol AAFL 192 astgon, AFFALT AXE oA FHR AT 2HS A

FERUTIKI3A0|

#1-#5: NFEmEI| [
01-02: H=F

DI

HA0%n 2AX|E
2 R

[-‘x—)GGK
37| £
3

A\ ARSI 22| X|AUHT FHE

\V

(9 3-4) AE¥ SFAALZ#] @ 500m, #2-#5 : 250m, O1, O2 : 70m)

27



(#F 3-1 AEs 2227
L | | e
ey | TR | HE 2R
o (mm) (mm)

300 29

1%

(20

~23)
200 500
300 31

29%

23

~24)
200 260
300 30

35

(23

~24)
200 266
300 28

453

(22

~23)
200 254
300 26

5%

(20

~21)
200 250

28




,m.o
i

Ho

FHEGS Fol NGB AU B

o
A

Ho
__O._

0.32

Ho
__O._

0.31

Ho
__O._

0.52

Ho
__O._

0.33

Ho
__0._

0.1

#°l(m)

Eli=iis
_._._5.49.
O [— | O
RA|— | on | <F

‘..MO

o

by

-

=
EIRRE
E1Q/&=
O — | —
,_lﬁ_l _z._o
S
He
= S

oo

=

i~

iyl

E

E

ﬁo

_L_l

g Mo
TE

(&9 - GL -)

ed4¢] — 9.40m

] — 474.28m~ 499.74m

9
=

018561

—125mm) — 185.51m

(140mm

el 74 9

& HFPHE  499.74m

29



an =548 o) 5A0)4
B 773 (mm) A% (m) 77 (mm) A% (m)
250 31.14
25% 200 228.85 250 31.14
THE 259.99
o F SiRe] g4 W v shgRe] ghrt &g
(F9] © GL )

R D03 ATy
Aol stE © 31.14m

o) 46.42m

' 0253950
© 259.63m

t

il
n

ol

}4

[¢]

"|_

30




® 35¥ F92H

a8 =2 Y& QI F-A o] 4
= 74 (mm) A& (m) F73 (mm) A% (m)
250 29.67
3o% 200 236.66 250 29.67
FAE 266.33
H 3L @ oozt 68~70m Aol I, o]F "ot wofx|= Ao

HotxE Aor Hop ¥

5=

Aol st — 29.67m

D266 B5M

5 ZstdE - 266.33m

31



an =224 9] 7) 0] 4]
B 77 (mm) A& (m) 774 (mm) A& (m)
250 28.35
49-F 200 225.66 250 28.35
FHE 254.01
H1AL ot 7h 47~48m Aol WA, o1F A5t 200m ©]FE EHErt molAlE

o] W,

32



e} =2 & QA 0] 4
73 (mm) A& (m) 73 (mm) A E(m)
250 25.80
50y 200 224.2 250 28.35
ZAE 250

Z4A%9] - 9.18m

T

0R26::12M

_ a0go;

- 39.79m

0254 3l
shek - 254.34m

o

33




(th) Test Bed A4 A

D AL HAE
FE AFFY A 7HEe AFEES dotET] fof dHER AFEE (
o, AFAALS SCW HAlo s =2t 1233 294 Hojd& HAl 9F ]93\‘:
dsto] 23]9] AlFdS 20179 59 26¥FH 62 19714 AAsA. Al
Source Theory)& ol&ste] HELE ZHst e, Zt AdZAA7} ﬂ:rLJJ'Zﬂ Z1sy

XL 32 Hole
(B 3-3) dHE: =4 At

Ao PtEglo

B ofefe} 2.

A A= =gy 71& SCW A EF 2way H4 AEF
AZE=z71e% T 20.13 16.61
PET P22t T 5.70 6.10
Bt FALZFQ) W 122,166 122,116
g AFIZF*QW) W 103,954 104,317
vz g (FEHAD % 1.113 0.921
71&71(k) - 5.8423 5.3190
GRIAET(Aeff) W/m.K 2.944 3.369
*QW = mCp,w(Tin-Tout) m =8 AFgF(ke/s),  Cpw - HLE([/kgC)

(b) SCW =4 =<

34

3 o]
a2y G4




T e

[FIGGK
NS YT ZNN

[ et

e

Tt
v
un
hk
]
[

Ak

EE
=
=7

FE <™ 3-5).

°

Al

() Test Bed Al A%

1. PEL{O| D= MF2AAIE
2. PENO|E &= HE#E]
3. HESE PETIFE ALS

= 3
*

<3

wr = Je

|
1
Dy

163D

@ ’
.g‘g
K
K
3

pD63)

AT
=

15}
=
(e)

|

7N ey 29| XEHi YT

e
S
=
% %%HWM
2
NS
(19 3-5)
el 4
dwehE

#1-#5 : XIFHRARD)|
01-02 : &4=F
]._E_
=

35

5

&

S|
S

SCW A|~HlS

=
—

07]

1



ANA FLEA

Ho
B

™,

ol
B

0

2

20179 79 195¥ Test Bedo] AL met7|An]e] A=A} 3

nj

a7

o] 1A A

=1
[e)

Rlof A 27

=l

g

ARE T 8d 15¢71] A

=gom, 201749 7€ 1

|~
ok
=
)
s

s

E a2 Hj

()

Al dd e

d 3-6)

-

36



@ 71443
~ AR AR ] — BB - ASAelAAR AA) fow FgEgleon, 2017d 79
18912 E] Bd 89 169714 AFF A
~ AsAMATIE PCE Eal Z|eNAse] AEAl BUE @ LAAelS S|, dyaile] Bmel sl
Marlde] edag HmEAS glo) LAuolElE 12 0 147 o Axsles dsiot Eat 97
AojmzTwe o) ol 4 BUHY @ LAAoIE F1sap shick

X

(e) TLHEA AloA A" HX] Mv(f) )7 2| o] A| A H] g}uqm

O™ 3-7) 7|AAAR] Bl AsAo A28 HX

37



L ovA =

=5

(1) Test bed €<
b A1&d7bs

A g4

(h)

S L AFA N2

A=

gNste] o9l of

2 It
20174 9¥
Z79]) lﬂr%

Test—bed &9 &

198 3097 PHeAe si99om, 2017d 11
Ytk ds ARSI TRt V=7 ]e

et e ATt theat 2t

NE7)&2]

2RO APH FH5E BISP] Sfslel 89 15U 3197 F 1697
2 PYAS KRS sk

19E 3P deEg

HEE )

Fgsigon], et

27179 e 1494

71E71&ECW3)

M7= 2 welld)

©)

o
ol| I,
Aol

N[

¥
&
oN
i

O

re
ol
Mo
r

O[O

Pv— 20474 | 5632 | 364 23081 | 5187 | 44
78 | 1 To7 | w08 | 1
2017.09.02
iRt 37414 | 10036 | 3 E] w2 | 4
51| w92 Tz | a0 | s
5 [0 | 36 £ O T
709
70904 56 | 1os 2004 | o0 | 1078
20170905 8 | oees | 5 2 | sas | am
. S 7006 | 92 | w078
prevm— 3 %72 | 361 562 | mise | aw
52| a7 a7 | 9 | 066
premm— T N T T & | aa7
‘ EXER T %01z | sl | w07
P 75901 | w623 | 361 6781 | s | 4
58 | Bos 7066_| 106 | 1236
a6 | e | 3o FTET I T
S Zoa8_| 2075 063 _| o0 | 1066
JI— am o6 | 370 a2z | waz | as
9a7_| 109 771 | 936 | 1056
% 366 T 17| aE:
017-09-11
i F IET) T8 | oa1 | nioa
BB e e B 7 7
20170913 — — —t—
a5 | oo Tor | o | w06
D JT T FECEC a5
e 50| a6 630 | so1 | o0
T5m | ow [ 36 & | ®s [ 4e
017-09-
it 268 | 60 181 | 1706 | 181
2017:09-16
20170917 356 372 30600 | s623 | an
: 571 | 1 1738 | oas | 1o
2017-09-18 £ 36 El BBz | a7z
o5 | Tz A I
e | s | 3 a0 | a7
7
27 55 | om A | ss6 | 046
X 3% G Bl | 46
2017-09.20
N 55 | 901 | T
P i 006|356 [ED
. 6| 1050 24 | os | oas
Taoer | 7006 | 356 o W
170922
964|080 720 | 937 | ioas
2017-09:23
F— a7 | e | se 78458 e
2 T4 | o6 | om0
s | sars | 36 w26 1)
2017:09.25
578 | Tz | sar | woss
ERE M Y ) A | e
017-09-26
7T ) Tm | 965 | 06
2017-09-27 28 | wozs [ 3 Hiaas | w I
P IETRE) i | 890 | 1083
e TOTA: 72718 [ 199279 | 36 28870 | 175465 | 462
AVERAGE| 2283 | 1010 | 1161 182 | ems | o7

TNEFYs Y Y& 22U
=0 —
— 2
00
52

L

Q — — s

—o2 XU

500 —rpL AT
P e
o YegEy L HY -
:: :: E-HeLUARE
o 0o ~E=NR2UYRY
LSS TSI
cop

=

o~

WP FFFFIIFIITIIIIIFIIIFIII T

20179 99 A7}

38



)
- o0 — 1
Bae 3 e ek
e | ¢ | © sm — 2
20171101 48742 331 48402 336 o
Tam | wss7 | @29
3.3 39094 310 o
2017-11-02 - — — — —
5 | wor | a3 w0
F5057 | 75es | 3 Zhom | am | 79
2017-11-03 .00
55 | o | wm
o 1 5 0 »
T 25057 | 7560 | 33 23098 | o1 | 292 0
PN Y R i L s
- - o | 15 1612 | 1528 302 ool N— ~ -
0171105
376 | #18 | 418 im0 J——y
p— o — B 222 I R o Haeus
2017-11.07 25528 =] A1575 1 ua078 1 28 - @ PSP IIAI SIS ISP D DD D PRl
wE | o | @ A A A R A A A AR Pietgn
i LN IR P T | v e
TRV R
S—— e | s | n A R
G | ey | a0 N
T e | war | 3m 75756 | o7ae | 360 oo 2UYEY U WY oo
SESEI AT TS i i ot
el FCr I T T | em | 265 )
_ 1274 3128 2624 asoop
325 303 foon
7 a0
20171112 B | s | o
5 sano0
2071113 i TE5E) sso00
EEi s 300,00
p— T 7620 w000
FEY e 5000
. F0 R 2 ;oo
2017-11-15
T 20000
” 7766 | wes7 | 31 T | e 15000
; =000
20071118 13.92 4344 4036
- - — =T75 10000
e S0 | 10w | 3% ETVTNN T ) s
T | mes | w7 P
- 5 - 5 vazy
i — 1168 | 2935 | 2525 = = & 000 ey Y
P s [eioe | oon PiREIIIIIEIEiiiiiiGiGiGiEiiiii
o T35 | war | aien R
A |7 | 3w 36765 793 ARARIRARIRRALIIELIIRAIRRARARARARRAR
20171120
e | we | s
- R 716 | w616
s E T ) cop
p— e | 1oe | 32 N - d—i
1374 4491 4238 — HP2
P w6 | T7a | se | 29
FECE I 5T
7080 3% sa09 | eare | 28 a5
o 1325 | 4368 | 4056
B0 | s | w %% | st | o
17-11-25
i 1159 3261 27.36
p—— 31 [ 0ese | 3 301 | A | 78 sm
T3 | we | am
271127 e | 75 [ a0 - ’ 7758 7%
FEETIN I KT
s—— T N B I I s
[ i | wea | mw
e PIE T N TS T
T ) e | @ | @m
25 F¥ 07 o
4490 | 4226 13.39 | 4448 | 4226 tg J s £ PP I PP D DD P D I SR N 4
B e
w0 | dom e | 406 | o3
b) 20179 119 Y27
L T
L 1 1 = 1= o2
~
P © XE+Y$ 22ET 2243
= o
ez 7% [Hgds [yesssluese T T T S—
(| I | = ] = — 2
e - e soo0
——— lsee2 | 421 | 325 3 792 | 294
FZER I T ST I T
7 | em | 33 B5 | em | 2@
71 @
e 1155 3432 25.53 1106 3061 2553
. s | 3% s | oo | 3o
i T | Be | 5% FEEE I 00
T | e | 3% Wy | | 7%
i FECN I T S
£50 ST )
2017-12:05
255 598 _| 4720 | #h65 N o PLNEEUS
2017-12:06 Gl | o | 3 1450 | 570 | 299 w00 B —2 T EAUS
- ] B9 | w72 | @ —1 2B
o T e — — EEED * ® * SHID IS DS DD DD » » o
R = e L T S LSS L L PSP SSPEP PSP S LL PP S —eevr
0171208 e T v (e P i
057 | et | 3 Fis0e | eres | 18
7
v 23.08 1032 2781 2308
= 2 |1 308 9506 | 290 QurACiaE o1 X{ 242l
i == 7 2 W oon 2udezy A uEY o
p— B 0 50 M N N ) 20 250 R so000 SO0 p— ey
19.1: 62284 207.10 3.01 205. 292 70000 = n W 2
071212
gy 56 | we | & P
- el | w0 | 3w ErE % son00
wRE w51 355 | 693 | aasi 350.00
— ; T i FRC it
A 46,00 1378 49.39 46,00 0o
33504 11364 295 35525 11259 316 400.00 mm
7-12-3
Gt 4121 13.16 4475 4.21
o T TEE 2 wa
e S% | 3w % | w7 | 3% it
Sis0 T5 | w0 | wes s
e [ wem [ow | 5w a5 o | o 20030
w5 Gy | mw | w6 1w
v s 5@ 5 R 10000 | 1 Y
AR 550 73 | w6 | 550 0 a2 UG
S e N R T 5720 R - — m PRSPPI ISR ISP DI DD BDD DB .
— o e (2T TS R BB B P BB P PSS TSP PP PSS [——
2071220 R i T as T S o S e e P e 8
p— 5 557 5]
r G5 | wo | B
—— e | e | 7% EETE T P B cop
v - FETN I 5 -
T 35075 310 317 ) —PL
* 3582 1272 3861 3582 L
ey T 357 e
o Te | w% | e -
— 57 G W
2011 4540 1362 48.18 4540
iios | e | e &7 T3
E P P 1o
= 7e | e a0 | moee | 3o :
APIRZE 4569 1340 48.00 4569
o PI7 V]
2079228 4568 1331 4824 4568
o 355 | 123 | 20 35887 294 0
- 4070 1267 4358 40.70
P 7k | s | 300 7o | o
X FTECN BTV TS
e G 2m
= R = P R ) > P
ZED = 00| e R = SIS 5P PSP PP
e == So8a2z |57 | 3t | 5 3% P g g Pl o S S PP Pl

(C) 201711’:_] 12% _‘(i_ogpgl—q_

39




NEsds 2FET 228
[EE5 2 8 . fad
B TR I 2 s ———
T k3 £ i3 x
T o | 08 = — 72
i 1258 4729 4507 4728 3507 e
2018-01-02 56 |aese|] 289 CLE N B T
T | wn T En FPETIN T ) oo
ey R N FETE S T
20180103 AVERAGE] 1262 4634 4503
o o
-~ .
T T
2018-01-0% 00
R AOES —p X UG
2018-01-05 1000 S e S —1 Ara
i AVERAGE] 1072 3738 3206 WPz XA AT
prrpe T T 11 —rLESE T
o801 S - o ——ngtgs
p T g "yr » SFIPII PSSP 9 ) e
2o oras
e P PTG TSI LS LTSS
20180109 CETT IETSEC N I 5 R
4801 3348 1327 4624 4348
= ST ]
o8 0110 » -
EXIECHN IERTS EEETIN IV e 2uygT U HAY o
. EE T I FET E
o ETE R 127 | as6s b 00— pL
p— FECTEN VA LT N T ooy — 7
P T PPN R T e
i T 3 @5 [ 3 | 000
p—— N T EC [
T PN BT N7 o
e 4600 4361 4519 4381 30000
2018-01-15 — 5 o5 30000 25000
P T FEESN TP P
p— PR T oo
T Ry FISEN T snse |
04K 85 12380 0t 15000
2018-01-17 - - - = -
EE T ST T T | o
. 08| 13661 | ue e _| 5137 | 307 10000 | S
s oLs T TS FETTN N N % iy
p— [T T P N T - 1 ey
EEPEN W) FESTIN RCEETIN Y Form .
ihod = = P VI
= 3414 2908 1158 3408 2905
2018-01-21 — 25 i
P ) FETCIN T [
201840122 s 14273 FEE 308 cop
) FEETIN RCEE )
= = 251 %038 | 1se0 08 Les — L
A 4575 4386 1346 4532 4386 — HP2
p— PN I L ST BT R
EEE T FEET R REEEE ol
p— =0 FIF T
FE Y EIST IEEF
EPETN IEEECH E ST SYETER T
2oin o128
PETH FYELIN SN T |
20180127 R
ETN BT C T T
2018-01-28 76 2%
W | an 7590 | 4358 o
2018-01-29 m
[T (TN ST
om0
FEET NN PXl . :
2otm 011 F : > 2 PRSP P >
557 TT| wn| 69 e P 4
SFIT3NE T
PV — i
Esssmws A28 18 1995 728 £ ETED
1 9 ol A
(d) 2018¢ 149 & ¥
= o=
rojaoa
- AEF Y 25ET 2EHS
et — e
u
SRS BN T PR T T [ — 2
i e 28 e b e so.00
3@ | 16251 | 285 S T
My VT I TS T3 | %0 | B8 o L
T | | S e [ 5w
it 1145 4398 116 1259 4422 4116 e
FoE7N 2 ST gt N )
2me0es 1008 3674 3314 1131 3676 3314
R Tt Pl fou6
N Y 0 0 N N E—
sy ST N WP T N - =
2080205 1194 4533 1312 4559 4317 R AU
Tame | 790 T S — 2557
280206 T8 1 2 oo - - — maigd
7= G P = 2+
o207
— T e T T T . S
Mma02-08 _ _ 751 .
i | e R R EES
2018.02-09 32734 | 11431 286 34428 11336 304 o™ Sﬂﬁg EJ ¥ E E% e
o | e | mE P T
; : ] o0n s
P ) g - p7E N R —
[ NN B F N B | — P ——
p—— S [ e | e wnon
G 1200 4535 4332 1230 4612 43.32 oom;
s T I T sous0 iy
BT 1229 4420 4379
= | o = -
2m802.13 = WET 269 %090
T T ) om
SN U R ST T M
o w00
MEBN Tr | e | om w0
20180215 20000 15060
sy
2m8.02:16 I—
B T L
2018-0217 o - - YAEY
" —p1 o
T _ FEPREE I ESE) - 5 | % PRI P PI ISP 4 -
P i e [am [ aw
— T e | e T Tmw | m
2080219 VET T NPT T I S
i | e | 5w T T
180020 T 2 cop
i 1209 1251 4407
3535 17290 286 52196 7103 305 - — L
o
M2 T | o | o o5 | 80 | o pr—
5 | e | N ET R
w0z
i 1199 4779 4356 1257 4802 4356 o
PN P T — T wn
Meass T | a7 | im0 o | e | 980
LN T MEG Eh S
s 02
i Tom | w | wm T | =
s | s | 2 s | e
mo22s
i 1278 4586 4383 4604 4383
erepern o T T T
i T3 | @ | ws TE | o5 | ae =
e S EE N TN TS T
PG P A IE
— % = Z
20180238 B ErEny T3 | wwm | am )
ey 1055057 | S7eas] 22 R EErZTEr) T P g 2 r g > > 4
= e AR P ST TSI TSI TSI &
#2YISYUTE 28 18U A DIRZ OY 1534 RS

(e) 2018 29 292y (4 AB=E Qg 15~17¥ 7ls5 )

AU L] FAS 98] JRBAF E5HE AFSLEAWDo] YH/ES 234
b 2elge Agstar Begens $d7) 6Cols), shd7] 35T
743 27) ujg SN BT 25F o

40

1o, & o



2) 2&ds

71% SCW7le¥ 2WELLEA] 2]a AEZPHe W] aavludes s t=sietsadAdd+
AKTR)NA FE71eF a7 7 a7t &2 A71)] 183 89l a8ds< AAstAeH, Al

d 24 9 Avhe e 2ok

O 2 A2 2dE QA 2H0 854 Add
@ Bl A2 H A= 2k, = Tl dF= AEStL WS ST A LHE AJHA S

® ABAA St 24 @ doldl F ALdo] FaAH] g AR AT BEGS AHEU,
@ 2wellFA T AA7HESY HAL AFAADL] AU LA FA 7Hso| B7FsT o 2t 24e
Axjstel, ARPRYE A 2] T, #9)% £ANE ABslel AAALCODE ZHe
o},
(h AlEZ2axt
O sFE7] AE717F - 20189 8¥ 6¥ ~ 20184 8¢ 26¢
st87] WAL o) ) ek
(E 3-6) 7]& SCW - 2well &4
JeraeEE | derdRdn
43 139t L3F Al
gz | Hol= 4AH AH
_ 1951995 oo | ppgey | 2 cop | = cop
AL | exat | eny v | dew A | cop o AE | cop HlA
o o Vi V!
(4C) | (A0) (kW) &1 gew &
2018-08=06 | 407 | 3.5 | 231.0 | 7419 | 2171 | 3.42 2021 | 3.67
2018-08-07 | 3.99 | 439 | 2265 | 72.84 | 2203 | 331 2053 | 3.55
2018-08-08 | 408 | 464 | 2265 | 731 | 2276 | 3.21 21.26 | 3.44

2018-08-09 | 4.06 | 3.72 | 2244 71.98 | 21.57 | 3.34 | 3.27 | 20.07 | 3.59 | 3.51 | 7I&SCW

2018-08-10 | 3.79 | 4.59 |22543 | 719 23.07 | 3.12 21.57 | 3.33
2018-08-11 4.1 0.2 | 2220 | 73.07 | 2203 | 3.32 20.53 | 3.56
2018-08-12 | 388 | 470 | 2268 72.3 2251 | 3.21 21.01 | 3.44
2018-08-06 | 4.73 | 3.68 | 231.0 | 78.66 | 19.96 | 3.94 18.46 | 4.26
2018-08-07 | 4.43 | 456 |230.25| 7832 | 19.70 | 3.98 18.2 | 4.30
2018-08-08 | 4.45 | 493 | 230.25| 79.41 | 20.20 | 3.93 18.7 | 4.25

2018-08-09 4.1 394 | 2292 | 78.02 | 19.15 | 4.08 | 3.94 | 17.65 | 4.42 | 426 2well

2018-08-10 | 4.44 49 | 23057 78.64 |20.19 | 39 18.69 | 4.21
2018-08-11 5.4 0.2 234.0 71.9 20.08 | 3.88 18.58 | 4.19
2018-08-12 | 4.32 | 494 | 2316 | 7753 | 20.13 | 3.85 18.63 | 4.16

41



(FE 3-7) 71& SCW - AAZMHEI#4)

JeigREn | deiRun
S5 19t L5 Al
Ag= | Hol= 4B AH
] 1951995 oo | gerey ] COP ! CoP
ANRUzt | e} | 25 | dew 9 | COP A A9 | COP A Bl
(40) | (40 (kW) % W) '8
2018-08-13 | 4.08 | 46 | 2250 | 73.46 | 22.71 | 3.24 2121 | 3.46
2018-08-14 | 3.96 | 4.63 | 22629 | 72.68 | 22.91 | 3.17 21.41 | 3.39
2018-08-15 | 41 | 415 | 22425| 72.67 | 21.94 | 331 20.44 | 3.56
2018-08-16 | 4.17 | 4.6 | 2250 | 73.09 | 22.49 | 325 | 3.42 [ 20.99 | 3.48 | 3.69 | 71=SCW
2018-08-17 | 3.85 | 46 | 2250 | 7035 | 22.83 | 3.08 21.33 | 3.30
2018-08-18 | 3.7 0 | 2280 | 68.08 | 15.53 | 4.39 14.03 | 4.85
2018-08-19 | 3.98 | 352 | 2250 | 70.61 | 203 | 3.48 188 | 3.76
2018-08-13 | 4.45 | 488 | 231.0 | 79.56 | 20.16 | 3.95 18.66 | 4.26
2018-08-14 | 427 | 489 |233.14| 7821 | 20.48 | 3.82 18.98 | 4.12
2018-08-15 | 4.45 | 436 | 231.0 | 781 | 19.69 | 3.97 18.19 | 4.29 A
2018-08-16 | 44 | 485 | 2995 | 7823 | 2032 | 3.85 | 4.04 | 1882 | 4.16 | 4.40 | 7}#¥
2018-08-17 | 428 | 4.88 | 231.0 | 7533 | 20.36 | 3.75 18.86 | 4.05 )
2018-08-18 | 3.6 0 | 2340 | 70.78 | 14.19 | 4.89 12.99 | 5.45
2018-08-19 | 455 | 3.70 | 2295 | 7532 | 1845 | 4.08 16.95 | 4.44
I 3-8 7]& SCW - AAZPHI#5)
dertREE | desdean
£ 23 L3 Al
2E= | Hol= AH AH
_ 1951995 oo | ey | 2 cop | = cop
Al Lzt L2} | 2L} P | (W) A8 | COP A A2 | COP A H|11
° o Vi \Y
(4C) | (AC) (kW) &1 gew &
2018-08-20 | 3.95 | 4.17 | 2240 | 7274 | 22.55 | 3.23 21.05 | 3.46
2018-08-21 | 40 | 45 | 2280 | 7325 | 2237 | 3.28 20.87 | 3.51
2018-08-22 | 4.0 | 467 | 2240 | 73.67 | 22.6 | 3.26 211 | 3.49
2018-08-23 | 3.8 | 457 | 22538 | 70.69 | 22.89 | 3.09 | 3.21 | 21.39 | 3.30 | 3.44 | 7|ZSCW
2018-08-24 | 391 | 3.98 | 22667 | 7115 | 2212 | 3.22 20.62 | 3.45
2018-08-25 | 40 | 44 | 2220 | 71.85 | 22.36 | 3.21 20.86 | 3.44
2018-08-26 | 3.75 | 46 | 2250 | 719 | 2252 3.19 21.02 | 3.42
2018-08-20 | 4.45 | 433 | 230.0 | 78.02 | 20.28 | 3.85 18.78 | 4.15
2018-08-21 | 44 | 47 | 2280 | 77.83 | 20.42 | 3.81 1892 | 4.11
2018-08-22 | 44 | 483 | 2280 | 7775 | 208 | 3.74 193 | 4.03 A
2018-08-23 | 431 | 4.72 | 22988 | 7514 | 21.19 | 3.55 | 3.69 | 19.69 | 3.82 | 3.97 | 7pais
2018-08—24 | 433 | 409 | 231.33 | 7497 | 20.53 | 3.65 19.03 | 3.94 #5)
2018-08-25 | 43 | 45 | 2280 | 752 |20.83 ] 3.61 19.33 | 3.89
2018-08-26 | 432 | 47 | 231.0 | 7544 | 2098 | 36 19.48 | 3.87

@ oFd7] 5449
- 7]& SCW B+ COP : 33(¥2FhFHrgsF M) / 35425t FH g A A
- 2well B+ COP : 39424l EogeF 23HA]) / 4.26(F250FHE
- AEZIHY Hd COP @ 3.86(W25NFHEEH EFA)) / 419(F2FFHZ85F AL]A]
- 7]& SCW tiH] B+ 118.7% &&FF



® 5471 AE71ZE 1 20199 01€¢ 19¢ ~ 20199 02€ 11¢

B 3-9) 7]& SCW — AEZIP#5)

desdeAz | deidraz
2% w3 PE
_ AT g | moay | 2 cop | =1 cop
AR | ewd | ewa He | Cop A9 | cop W
o | o | T A W g
2019-01-19 3.07 5.84 | 235.71 93.24 32.09 | 291 30.59 | 3.05
2019-01-20 3.03 5.87 237.0 92.81 32.08 | 2.89 30.58 | 3.03
2019-01-21 3.2 5.85 | 233.25 93.57 32.18 | 2.91 30.68 | 3.05
2019-01-22 307 5.8 233.0 93.09 31.99 | 291 | 2.91 | 30.49 | 3.05 | 3.05 | 7]&SCW
2019-01-23 3.18 5.88 233.0 91.45 31.8 | 2.88 30.3 | 3.02
2019-01-24 3.24 4.97 234.0 93.4 32211 2.9 30.71 | 3.04
2019-01-25 3.3 5.87 230.0 95.6 32.29 | 2.96 30.79 | 3.10
2019-01-19 3.46 6.01 |239.14 | 98.55 31.77 | 3.1 30.27 | 3.26
2019-01-20 3.42 5.93 237.0 98.13 31.74 | 3.09 30.24 | 3.25
2019-01-21 3.51 6.04 | 236.25 98.28 31.76 | 3.09 30.26 | 3.25 A4
2019-01-22 3.5 5.97 236.0 98.75 31.54 | 3.13 | 3.08 | 30.04 | 3.29 | 3.24 71y
2019-01-23 3.42 5.95 236.0 95.8 31.64 | 3.03 30.14 | 3.18 #5)
2019-01-24 3.47 4.97 237.0 97.1 31.8 | 3.05 30.3 | 3.20
2019-01-25 3.43 5.93 240.0 98.08 31.84 | 3.08 30.34 | 3.23
B 3-10) 71E SCW — AFAHE )
desdeAz | deidraz
2% w3 P
_ ARSI o | ggae | 2 cop | =¥ cop
ARt | ewd | e A2 | cop A9 | cop o
o) | () | MW A8 | W) A
2019-01-29 3.2 5.89 |230.67 | 91.96 31.73 | 29 30.23 | 3.04
2019-01-30 3.33 5.05 | 23291 92.32 31.98 | 2.89 30.48 | 3.03
2019-01-31 3.9 5.89 235.5 92.68 32.08 | 2.89 30.58 | 3.03
2019-02-01 3.4 49 234.0 94.96 32431 293 | 291 | 30.93 | 3.07 | 3.06 | 7]&SCW
2019-02-02 3.35 4.35 234.0 95.67 32.44 1 295 30.94 | 3.09
2019-02-03 3.35 5.87 233.0 95.73 3249 | 29 30.99 | 3.09
2019-02-04 3.18 5.88 232.8 93.11 32.15 | 2.96 30.65 | 3.04
2019-01-29 3.11 5.74 | 236.67 | 92.54 31.30 | 2.94 29.8 | 3.11
2019-01-30 3.2 485 | 236.18 | 92.57 31.51 | 2.97 30.01 | 3.08
2019-01-31 3.24 4,76 237.0 93.63 31.51 | 2.97 30.01 | 3.12 A4
2019-02-01 3.27 478 238.0 94.49 31.82 | 297 | 297 | 30.32 | 3.12 | 3.12 71y
2019-02-02 3.15 422 240.0 94.41 31.84 | 2.97 30.34 | 3.11 #4)
2019-02-03 3.25 5.73 236.0 94.58 31.89 | 2.97 30.39 | 3.11
2019-02-04 3.32 5.94 237.6 96.74 31.80 | 3.04 30.3 3.19

43




(E 3-11) 7]1& SCW — 2well &4

Gesgean | deidEdn
2o wg 22 79
) S B T D cop | = cop
NBLA | erat | 2 2= | Cop A= | Ccop Hla
10 | (10 (LPM) W) k%) Avg W) Avg
2019-02-05 3.21 5.89 234.0 92.93 32.13 | 2.89 30.63 | 3.03
2019-02-06 3.25 5.3 234.0 93.22 32.24 | 2.89 30.74 | 3.03
2019-02-07 3.34 5.09 | 23229 | 95.21 32.5 | 293 31 3.07
2019-02-08 3.3 5.6 23486 | 95.83 3253 | 295 | 292 | 31.03 | 3.09 | 3.06 | 7]&SCW
2019-02-09 3.29 3.95 238.5 94 .4 32.41 | 291 30.91 | 3.05
2019-02-10 3.3 5.86 234.0 95.16 32.3 | 295 30.8 | 3.09
2019-02-11 3.27 5.89 | 233.14 95.09 32.35 | 2.94 30.85 | 3.08
2019-02-05 3.47 6.04 | 237.43 98.16 31.83 | 3.08 30.33 | 3.24
2019-02-06 3.57 5.38 237.0 08.34 31.94 | 3.08 30.44 | 3.23
2019-02-07 3.63 5.14 | 237.43 99.00 32.08 | 3.09 30.58 | 3.24
2019-02-08 3.56 5.66 | 239.14 | 98.97 32.08 | 3.09 | 3.09 | 30.58 | 3.24 | 3.24 2well
2019-02-09 3.79 3.99 238.5 98.49 31.97 | 3.08 30.47 | 3.23
2019-02-10 3.56 5.94 237.6 98.59 31.87 | 3.09 30.37 | 3.25
2019-02-11 3.60 6.03 | 236.57 | 98.97 31.9 3.1 30.4 3.26

o COP : 2. 91(m2*ﬂ1%ﬁ,§£%%¥ FZIHA)) / 3.05(F25 R E 85 AQA)

— 2well B+ COP : 3.06(F2tFHZE&F ZHA]) / 3.24(F2rtFH 8 A=A

- AEA7PAY Hd COP : 3.03(¥e% m%féz%%* A / 3.18(F2HFEEETF AL]AD
7]1% SCW oiH] B 104.7% T8

44



ok AlFHEY HE
Are% ARG 7
AYARDTLE B AA
2% 9 AQgust] A4
2 A e 2o

(1) WZAE

(b SCW 170& 22(500m) %
(250m X 270-8) H F5Al
Addwety] A5 ALt 71AA = 5
(th Al AeE= @7 2 ddi7tEs 7HEAE, 27t 2
2 Ak, 20199
LA AFAL, 2009.11) 2 2018F A A7
(@) ZAuyge] zgdd 2z 9 ¥&8 20184
(2) A7t =5
Al W163,238,0329.°

th

A A

=~

of AP} Azl

e
BFEA

A= AR

A1t 7)1& SCWHHAl o2 ZAMA] W186,166,036Y0]
@ AAA] 71EEH

E|glon], A7

T Ao,

EREA, A5

AHA

c

ol A7Ale] B

SCW AlgH|AZd A2 20199 3€25URH 2019949 53t Sh=
sdxHor AAHE ZIAA v B s AlQet 2459
AR Al 285 = AlSEOl Ut ArbEAe AAStA e, 24
FeAdE ARl 28FHe ¥ ARVNE Ve =2

woll vl Al

AR A gohelr
gglom, ARG

A A= 2=H7HE

24t

H] 12.32%(W22,928,004)

71 EFAHE] 10%843 8

I} ol Ao AT aIE =+ ok 4 ok
(G 3-12) Q7HEAH|w®
o4/
el 9 71& SCWHH A7 e5H 4] (%) H 1
= A) (B) (B/A) 2kl (B-A)
= | T.S Mg a8z 43
= A PVC zo]x HDPE mto|x
o @ 140mm X 500m @ 75mm X 500m
7 A A =] 28,248,067 25,588,528 | 90.59% -2,659,539
N 2174 1 B2 H] 59,777,612 49,500,085 82.81% -10,277,527
Jg; 71 A7 25,236,875 18,920,546 74.97% -6,316,329
A
A A A 113,262,554 94,009,159 |  83.00% -19,253,395
o ZHA L ) 7,531,979 6,237,010 | 82.81% -1,294,969
7t %, H] 15,857,692 13,319,451 83.99% -2.538,241
&
AutTalH| 8,199,133 6,813,937 | 83.11% -1,385,196
=i
o, o = 17,490,493 14,218,654 | 81.29% -3,271,839
Hf, Z+ A | 6,900,000 13,800,000 | 200.00% 6,900,000
A}, = 9 7t 169,241,851 148,398,211 87.68% -20,843,640
o}, B 71712 A 16,924,185 14,839,821 87.68% -2.084,364
3 Al (AHop 186,166,036 163,238,032 | 87.68% -22,928,004
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AR o) ARe S Fele] dusgeen ARAnR A T

(c) (d)
(™ 3-9> Test bed B3 49 An|d A
(@ OB-1 Cross, (b) OB-1 Open, (c) OB-2 cross, (d) OB-2 open)
@ AR A AFEx B
ZAA Gl = A@ASNAL} HEA 20aE AA

core sampling= A] 4.

(17 3-10) Test bed B5F ABAA (@) NX- A4, (b) PVC casing 27144,
(0) =31t core AFA, (d) T core AHA)

47



(13 3-11) Test bed A7|v]Ag+

=

e}

10000 E =g : 10000 7
2 il g ]
£ 1000 e £
% i .‘/. B f g
&€ 100 § 100
10 R — T
1 10 100 1000 10 100 1000
Depth or AB/2 (m) Biepith . A8 2. m)
(a) (b)
<1E 3-12) Test bed A7|H[AFHAL 24Tz
X 3-13) Test bed A7|H|AFEA E442 7
Measurin Electrical
Posit & Depth(m) resistivity Geology remark
osition
(Q-m)
0.0 ~ 3.2 393 A3 EE
3.2 ~ 124 138 TIE
St
Test_SY-1 12.4 ~ 341 262 Z o
34.1 ~ 69.3 1102 A
o} g_]-
69.3°]5} 2404 1y
00~ 29 521 AZ I E
29 ~ 145 120 ZIE
S
samyuk?2 14.5 ~ 33.6 417 Z2td
33.6 ~ 69.2 1329 Sy
Ely
69.20]s} 3338 73 o
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EN
>
)
12
1o,
i
0%
rlo
o
It
==
i
0[)1!
<2
o
N,
-
o
i

Fo] RE3}T, o|F l6m 7H4 EFEF SMo] st
L AEY e B

=
=2
(E 3-14 EFIEEHo| gt USCS EFEF

Atterber Grain Size Distribution
Limits(% %,Finer than
Boring Depth | M/C| ps
No. m % | gfar U.S.C.S.
[ | py |/mm| mm| mm| mm mm| mm mm| mm mm
0.01 [0.0810.11{0.25]0.43]0.85[2.00(4.75| 9.5
1.0 122.912.689|45.7122.6126.5|72.8|73.5|77.2179.3|85.6|92.4|100.0 CL
2.0 |18.712660| NP | - | 9.1 |{37.0]38.6|46.3|50.6|63.6(81.8/98.6100.0 SM
30 |18.0[2658| NP | - | 83 (36.8(/39.2/46.8|51.5]65.0/82.7/99.1/100.00 SM
6.0 1892650 NP | - | 6.4 [21.5]23.2131.9/36.9|51.0(75.0/98.2(100.00 SM
SY-1
9.0 [ 14312653 NP | - | 7.4 |26.8]29.5|37.7|42.7(58.0(79.5/99.1(100.00 SM
12.0 {19.22.657| NP | - | 6.7 [20.3]21.8|30.6|35.9|49.5/73.4/98.7/100.00 SM
15.0 | 14.0]2.660| NP | - | 8.2 [259]28.9|37.4|42.6|58.081.4/98.7/100.00 SM
16.0 | 13.22.654| NP | — | 5.0 |18.4]20.5/30.5|36.0[51.074.2196.3/100.00 SM
1.0 |124.9/2.682139.6|18.4|22.9|60.2|61.6|66.3|68.7|76.1[87.2/97.8]100.00 CL
2.0 |18.5]2.684 1282 7.7 |20.4|56.3157.9|64.5|67.6|75.3|85.6/98.3|100.0 CL
3.0 |155]2.675]129.1| 83 |16.4|44.6|46.3|53.5|57.0|65.3|78.4/97.9/100.00 SC
6.0 | 15.9|2.657| NP - 9.7 |28.5]130.8]37.1|41.3|55.5|76.1/97.2/100.00 SM
SY-2
9.0 |17.712.654| NP | - |10.5|27.1|28.9/36.3/42.1|57.4(80.6/99.6100.0 SM
12.0 | 21.0 | 2.656 | NP - 8.3 123.4125.6133.7/39.5|55.3/81.0/98.9/100.00 SM
15.0 | 12.5]2.648| NP | - | 6.0 | 18.5]20.5|31.0|36.8|52.776.4/98.21100.00 SM
16.0 | 13.3]2.650| NP | - | 7.3 119.9|22.4|30.8|36.4|51.5/74.9/98.2/100.00 SM
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N

(th Aol Faol we 549 getist o=
@© XRF E4Z3}t
AeFaAl2 Netherland PhilipsAF PW-2400 o 233 X-ray Fluorescence Spectrometer®] 7-&
w4 AZEQo¢l SUPER-QE o|&ste] #4 stler ZAFE91712.5 Pa)stollA 7HEHY
24~40KvE 9] AF 50~80mAS 7F5to] EASIA-S.
2L Brammer standard company Inc. U.S.AoA gt NIM AEe] FE EFAR 104
£ J7IEo 2 AFAS A5t Fet

d

E 3-15) XRF E4Z3 (Core ME &8)

PW-1 pPW-2 pPW-3 pPW-4 PW-=5

GL- GL- GL- GL- GL- | GL-15 L- GL- GL- GL-
1082m | 211.6m | 48.7m | 1403m | 62.8m | 7.4m 514m | 155.5m | 64.9m | 160.2m

AlLOs3| 15.21 14.59 15.01 | 16.74 | 13.37 | 14.60 | 13.06 | 14.07 | 13.24 | 12.22

CaO | 4.65 7.58 1.78 0.60 1.71 0.95 6.95 0.35 1.43 2.96

Cr,0;5) 0.02 0.04 0.04 0.01 0.04 0.04 0.03 0.03 0.04 0.03

Fe,O3| 3.18 2.48 1.68 2.73 1.95 2.33 2.47 2.79 1.55 3.50

K, O | 3.25 4.06 6.11 5.91 3.58 5.52 3.43 3.95 3.39 3.60

MgO | 0.91 0.78 0.29 0.70 0.43 0.50 0.72 0.65 0.33 0.77

MnO | 0.09 0.17 0.08 0.04 0.07 0.07 0.10 0.05 0.05 0.11

Na,O| 3.35 3.43 3.08 1.68 3.40 3.44 3.55 3.22 2.82 0.00

P,Os | 0.06 0.08 0.04 0.09 0.07 0.07 0.05 0.06 0.06 0.07

510, | 66.65 59.84 69.70 | 69.11 | 73.28 | 71.54 | 62.69 | 73.28 | 7491 | 72.26

TiO, | 0.21 0.20 0.08 0.24 0.17 0.18 0.13 0.16 0.14 0.22

LOI | 2.42 6.75 2.11 2.15 1.93 0.76 6.82 1.39 2.04 4.26

Total | 97.58 93.25 97.89 | 97.85 | 98.07 | -58.16 | 93.18 | 98.61 | 97.96 | —-64.46

Qtz 9 Qtz 10
K-
z ;P' 2
£ Z
c f=
() (2}
E E
M;."” aez Mul atz
i chl '
Qe Qtz B Qt
W - \ N Z I
T T T T T T T T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
2theta 2theta
(a) (b)

(19 3-13) XRF B84} AAPW-5HF GL-64.9, 160.2m)
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(@hH Test bed 2]A&
© 2AALY

(E 3-16) 22749 "4 Ad Addel Al

dAIE

Ground water
Well No. Well Depth Casing Depth(m) level Meas. GWL(m)
(GL—m) Point(m)
(GL-m)
PW-1 500 29 8.96 0.06 8.9
PW-2 250 27 9.34 0.25 9.09
PW-3 250 27 9.37 0.43 8.94
PW—4 250 27 9.24 0.23 9.01
PW-5 250 27 9.33 0.24 9.09
@ A EAQ ] dAHFFA A (Step drawdown test)
GAHGAS2 4 A~5FAE 3ot e olF HIH oo HAGdso] A4t T PW-21
T, U2 FEL A S HolAe FAGsEFS Holl S
(E 3-17) AEAQ9 A E 2t
Well | GWL Pumping rate (Q, m3/day) |Drawdown water level (Sw, m)|Optimum yield
No. (m) Ist | 2nd | 3rd | 4th | 5th | 1st | 2nd | 3rd | 4th | 5th (m3/day)
PW-1| 9.28 150 | 200 | 250 | 300 - |-1.21]7.05|7.48 | 7.92 - 300¢<
PW-2 1 9.35 40 50 60 70 - 13.2 118.09124.62 41.47| - 60
PW-3| 9.41 70 80 90 100 - 110.59] 12,7 |15.26[18.09| - 100<
PW-4 | 9.64 150 | 200 | 250 | 300 | 350 | 1.15 | 1.86 | 2.48 | 2.99 | 4.07 350¢
PW-51 9.84 100 | 200 | 300 [ 400 - 0651 1.1 | 191|264 - 400¢<
® AEA] A4 A D (Long—term pumping test)
A7 A A BLFAS(T, cm2/sec)+= 0.07~23.12cm2/sece] HYE Holal PW-2HITS 5
Aoz PW-1H3F Atolo] sejidaglo] o dAdS wil S
(R 3-18) A|FA 9 A7IddAd 2t
. Distance . Hydraulic characteristic
Denth Diamet Thickn ¢ |pumpi
Well |GwL| P 1AM oss of |, © .Ing rate| Sol.
N (m) of Well| of well Aaui observatl( 3/dal SPC T K g Meth
Y (m) (mm) ?;l)er on well m) a (cm2/sec)| (cm/sec) et
(m) Y :
g e
PW-1|9.81| 500 200 [490.19 (OB-1) 300 | 4.13 23:12 4:72E—O4 . Reco
14.13 [2.88E-04|3.40E-03] S.total
0.3 0.19 |7.90E-06 I.IOE—Og ”ggis
_ . 0.16 |6.65E-06/1.90E-0 |
PW-219.36| 250 200 |240.64 (Single) 50 10.27 007 291E=06 Reco
0.14 [5.82E-06]1.50E-03] S.total
10 11.82 42%13—821 %§8E—84 ”lél’g?s
_ 14.18 |5.89E— .30E-05 |
PW-3|9.44| 250 200 |240.56 (PW-4) 90 |0.59 1503 625E=04 Reco
13.68 |5.69E-04|1.90E-04| S.total
3 15.04 6.26]3-8211 %.2613—85 Fg:ge;s
_ 15.98 |6.65E— .65E-05 |
PW-4|9.79 | 250 200 [240.21 (OB-2) 300 |9.94 1863 |7 76E=04 Reco
16.55 |6.89E-04|2.01E-05] S.total
7 10.93 4.55E—Oj 3.2§E_Oj Eheis
_ 9.44 13.93E-04/9.03E-0 &]J
PW-5/9.93| 250 200 |240.07 (OB-2) 400 |12.73 1769 737E=04 Reco
12.69 [5.28E-04|6.14E-04| S.total
OB-1 - | 80 | 75 | - - |- -1 - - -
oB2[ - [ 80 | 75 | - - [ - 1T-1 - - -
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AR A o A
W3S Hol|il

FHFSToR gHE 25~35m AfoloflA] M7 ==

i

a9 3-14) A<E

EC(uS/cm), Temp('C) EC(uS/cm), Temp('C) EC(uS/cm), Temp('C) EC(uS/cm), Temp(C) EC(uS/cm), Temp('C)
0 200 400 600 0 20 400 600 0 200 400 600 0 20 40 600 0 20 400 600
0 ] 0 0 0
/ 10 10
20 20 20
‘ [ 2 Pl
G : G 2l 2
100 100 100
120 120 120 0 0
(1 3-15) ALF £38% 27 9 £20877
@ 2AAGe) wE5A BAAT)
E 3-19) ZAAG] 32T 14
NO. | Ca K Mg | Na Si Al | Fe* | Mn* | CI Br |[NO* | SO |[HCO*
SY-1|31.565| 1.498 | 5.221 | 18.094 | 16942 | N.D. | N.D. | N.D. | 18.2 | N.D. | 23.0 | 19.2 | 70.0
SY-2|36.57 | 2.115|5.041 |17.992|14.683 | N.D. | N.D. | N.D. | 32.9 | N.D. | 16.9 | 22.1 | 61.0
PW-1{24.648| 3.025| 3.541 | 15.089 | 16,406 | 0.132 | 0.051 | 0.040 | 17.2 | N.D. | 37.4 | 18.1 | 46.0
PW-2131.102| 1.971 | 4.787 | 18.355|17.903 | N.D. | N.D. | 0.044 | 26.9 | N.D. | 35.2 | 17.6 | 57.0
PW-3|48.662| 1.407 | 6.182|21.280|17.009 | N.D. | N.D. | 0.007 | 41.0 | N.D. | 32.7 | 17.0 | 97.0
PW-4149.314| 1.870 | 6.483 | 23.138 | 17.218 | N.D. | N.D. | 0.016 | 56.6 | N.D. | 25.9 | 24.3 | 73.0
PW-5145.146| 2.291 | 6.840 | 23.824|17.045| N.D. | N.D. | 0.011 | 59.5 | N.D. | 24.8 | 25.4 | 58.0
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(2) Test bed EH }‘—‘T]—X]Q,] System 7].£oﬂ uq.l_F'___‘_ %E]?ﬁ‘ 1

Oh SRS Aolol G2 S9UF BUH
D #9195 BUH

900

"e,
o
Lo
)
rE

5 =Y

800

700

8

Drawdown(cm)

Groundwater level (crm)

8

10-18 0: 10-1
X0 Measuring Time(Min)
T7-6-170:00 T7-9-27 0:00 T7-10-70:00 17-10-17 0:00

(a) (b)
(1% 3-16) PW-2 A759856) U D/5985h) By 27

Rise in groundwater level

n)

i"‘l I |“

il i

i

'\H _ \ |
T

T

Drawdown(cm)

ndwater level (ery

‘)H‘ “‘f | H“ q"“y‘ A I w“‘)
punin] s e
"Ilﬂ HIWWWW U|7MWW "¢||||||\W|\N'¥|h I

Down in groundwater Ievel

8-1-21 8:0C 18-1-2112:00

Measuring Time(min)

——PW-4 —=PW-5 —6-PW-4 —o—PW-5

(a) (b)
(A9 3-17) PW-4, 5 A7|+9¥5(@ 2 @7]5-9Hs0b) 2YHEY 21t

@ PW-2"13F2] -5 9 Ao 17~2219] 4R}, 64 o]Fo] 38~4272 2 Y2 ARE 744
o

2 gAsh AAge I,
® 4919 A5 AA%AE AEo A T.64 mot A5, B AFATRNA 620 m, §E 7}
SAQUAAL 385 mAA] 919] %ol WSHAT Spill way® AAT A 287

= 3
PW-3HTOR B4 Askesle] 5ol WA e
3

@ H5T PW-4HFAAL 0.57 me] 59 A5kt WA, BB PW-SHZIAE 142 m9] 4
ol WA, SElEAo] Be thFelAE Spill way AXTRF SHEAA 49lao] BAY
® System £9F AVAZEY WPt WS Ao BAHT o], LA, 495 dnn
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500
s &
£ o9
. kd
400 —t
08
i
2 9 ro7
200 3
+
bae. ' % 1 06
g e L LI p=smsanen e
= o 2
0 — § 0s
L4 fil s 1 %S £
Ed NN ‘ e
< g
1 04
-200 1 PUNSNSS— b || —
i ‘ ] 03
i3 ; it
o % 1 Q‘ 5 g ; | !
G R3] Fo2
I
b3 T R Lt
! \ ke j
‘ L od
-500 0
2017-09-02 0.00 2017-10-22 0:00 2017-12-110:00 2018-01-30 0:00 2018-03-210:00 2018-05-10 0:00 2018-06-29 0:00

(19 3-18) PW-1 $915te] 2 /AT w24

(Wb 4 ZUER] w2 £d9s) oS 9 wsted] =&
@ =AY A OP—r—J 27949 wsly] 98 B 25140 shstxAS o]gsle] nto|Htto]
o]l ZABIAS. 1 Ayt RAAFL] A5k C

= Monitoring well
® Well used in GSHPs

PWS.'PWZ
.

Ca? Na*+K* HCO, CIr
O™ 3-19) Aot9] 3FetxAd-& ]85 Piper Diagram
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®

©)

EbEE o] Ao Te AFE fo ATl =2 FEe YR FPRdY o]§5to
~AAYol AT FF5AS BASGS. O AT A4 AAYY s W AoR BAY
21 m  Monitoring well 12 7

i — ® Wellused in GSHPs Coarrosion intolerable

T 1 Scale forming b j ¥ | P

i= cale forming but non crrosive % P PW-2

: ----.--:-.-------.-.-------‘------.--.--.---..--.----- _E 10 _ I'F'@ PW“E

o 0 Slightly scale forming and corrosive - (= & P\gdl

ot B e L L L N N N T T e

[+ & 5 E ]

5 = s OIG, csssiss B, o BV
o 3

w | s

s PW-3 & g — Heavy corrosion

= _ _ PW5 o @ c

B w1 B ® B
% 2 — & e PW-2 o Carrosion significant

= | ; ;

] Serious corrosion Little scale or corrosion
-3 6
[ [ [ | I I I I
200 240 280 320 360 200 240 280 320 360
TDS (mg/L) TDS (mg/L)

(19 3-20> Langelier saturation index (LSD2} Ryznar stability index (RSI)

Ao Az AEF W AsHee] pH=6.4~7.0, NO*N=4.9~5.9 mg/L, Cl-=21.2~38.3
mg/Le] WHYE HAew uymz 1670 FE2 HEHA &= ALe8S AA FE F
pH=5.8~8.5, NO*'N<20 mg/L, Cl-<250 mg/Lo|B& Mz|H 2|gZo] 4 gARo 447

= O gz
= v
AGE Y FEARE ZFof Ca?', Mg¥, Na’, K, SO,29] = 7|7t Foto] Ao dA%H
Te HA

g/L), CI-(17.2~78.4 mg/L), NO* (15.5~37.4 mg/L)&= A28 F10] B
orRE FEE & e AEE0IM 53] M W2 sEHE Hole Cle AdAREH &
e £ 3lom AdEE Tl =2 fol AT PW-47F 7P Eor] 53] A&of 784 mg/L2
M e we B

offl Aol wAtd FEFO] Bl Ee I ol Ax Ca¥, Mghol wEIF A4
24.6~60.9 mg/Le} 3.54~7.58 mg/L2 WSS Hol7l= ShlAwt o2zt Hghs A AL
ot YFor Frlshrl= oM FF AEH] #EE Foll olF WA ¥ dart &
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2+
Mg v PW-1

m PWwW-2
e Pw-4
-
Ca?* » Na*+K*
HCO_;
v v v
v v v
. [ 4 ve [ 4
S0/ i Ly L
v jsﬂ AL Bl PN
g
° ) ¥ &
CI NO T T T T T T
-+NO -
3 0 50 100 150 200 250 300

TDS (mglL)

{19 3-21> Durov diagram showing water chemistry of wells using GWHP

system
120 —
100 — o
80 — 78.36
62.92
60 —|
6
40 —
- 28 54
249 25
P By &
15.095 72 g5 17
. 7607 11.16
2.529 1.923

0! S 0 008 0282
79 0 0 0407 E
Ca K Mg Na Si Al Fe* Mn* CL Br NO35042CO3-

<™ 3-22) lon analysis result of Open Loop Ground source Heat pump in test bed
(Box—whisker’s grapher)
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Drawdown(m)
(m)

EEEEN =N
o

(a) (b)
(¥ 3-23) A FAA] =93t (a) BH, (b) &H (PW-3, PW-2)

EEEEECEN
EEEEEEE
5

(a) (b)
(A9 3-24) A FAA 93t (a) A, (b) @A (Forward direction)

B

EESD) CE

Drawdowr
m)

EREEECEE ¢

(a) (b)
<adg 3-25) A=A FAAY] =993t (a) HH, (b) @ (Reverse direction)

® F47 PW-39A Al Aste9l= AAF sHdstr] Al&kste] 1972 3HA] oF 0.90 m7HA] o=
Ao g WAL FUARI PW-20A= Aske9)7F A3F A55t7] Altste] 19 733 Al oF 10m 744
oot 21 B-FZE(Overflow) Bl Ao2 LA}

@ PW-5E1FA 2gAl Rskeels AAF sPdstr] Al&ste] 1974 3A] oF 0.9 m7HA] spidste=
Ao BAb EQAACl PW-4HIAE #5907 AR} ASshy] AFele] 19 AT A] <F
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0.84 m7HA] A%ste Ao mA
® PW-41FolA H5Al Aol dab stetr] ARste] 19474 o 0.86 m7HA] sF3ske
HoR BAL FUAH PW-SHTAL Aal5907t Hzp A5at] Atste] 19 Ax A o
0.87 m7tA] A5dhe Aoz HAL
® tigFe] s ol 2 PW-2, PW-3F9] A9 A5ot FU AZF F oF 19
| Aol Astse] AmfEo] WSt v Jridos S gho] & PW-4, PW-5
kil & AT F 0.84~0.9 m o] £9MsHE Holw g
5798 Amst sA|s|Ae] ofs] ALtE 4=9Hs o] Zpo|7t WA,
~40ZO R YR goh AR gyl FAYt A 9
T2 el ghol A2 XolA et 343

?_]_ 1 % =
T ol F FHAAEAS e ASolde #oAHete FHol njn] A Yehtes 4T
H

Qo]
=
2 Q30| WolH& M8 fSIME SR LSl 27 @
B, AseE olgsts &840 ARGE0] WA AAH0] &
= a
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Geothermal Heat Pump system

Heat exchanger

Increment of
Inflow=500 m¥day ~ : W : Outflow=500 m¥/day
Solubility of calcite=104213 : g | i Solubility of calcite=10275
(at 15°C) : : (at 20°C)
: v v v :
Precipitaiton of calcite
(150 cc/day)

@ AGQA2"A 500 m’/daye] A|st4E £8AZ wf 150 cc/day?] Hafi4o] JHE 4 9lom
Augr)o] 1 m’e] Wag mEati=d 36740 AQFE A0 AXEDE DA AT A AL
| Aok g duwer]o] WAS oo duetr]| o] HAFVE AT 5 s

@ =ule] AAE dFEo] SCW A DAL A A FF2] HEw 500 moltt. whepa] DA
Ho] % Al 500 mell = Ast7E A/d7HA] ol &eh Fol dughr|oA Fugto] o]Fof2|=

ol o] o 4HFWSIr} oF 50 kg/m? Lol & UL

® AFFNA o] At FHsivte e o, dEgA=E I g FE9 &=t
st AGAAHFA 500 mP/daye] AetEE A o FH s oA & Rojs
72.54 cc/DE ALHE). whebA AGAAE W i) A A dolE aresiA W] FAaFTE

A4t 5 Sl

- A Solubility of calcite at 1kg/cm? =1042%
(=
1 3 2
[ kS
1 2 2 © =
5% 33
E Al '235 ° 3
o 1@ 2 oo cs s ] > §©
=] 12— L«
Lol 15 o g v
o S
@@= T > 9
q) -
i &
o
\ 4 [D

Solubility of calcite at 50kg/cm? =1018¢

(O™ 3-28) WEF ALSALHANA Aot F Al A=z ot &2ibd F=9f dA
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arjz eutslo] Gmg] R vherel] siet grot B4 S Q7] HRel A& BrE o] B
sfet. AGA2Ho] 2 AN A5 AP Aske 543 ol D ALY HehE 2]
sfo] AUTE PEL RSk Aol verasidd

(b A=A a9le] o7t 2AAY Belay

® YRS 2902 AYF AAA2LHY v EEAsht HuE At AY glout ras
A AGA LR wpe] B5aekEe] Aol S At 918, ot o]jgt fgle] nlyE
g AA BeFEL AAA GesHA HalA E

@ ZelelA ARt aeloz 8] AdE 2o 946& OﬂLW 845 HuE ARt glon

UEE F A A 3RS Hlgo] 285 0E 0 % *4% A% o A2 BAHOE ol
2 Znlo] 98
® AL 49 Asre] £ MSAZIBR Astre] 22 BUHHS Bof BHHO Tl

St Wl A 2o Buwe] S5 A Wk Egshs 219 o] M2 dojyti 1]
BB F EAS B WA G Bblor 2 A ¢

(4) HETE AD Aad Asa B4

Oh EY AG A2E0) A ANxd, 442D, edzAoR 7R
O AREANE A BrAS AAEES e dYer BAL A
@ GAZAL B oA Holy Ao HE IULE L AsHEe] BAL A
® eHEAL Y4 U Lrije] GE GYLE BAL AN

Delta T , Heat exchange rate
Heat
Pumping rate —> Exchanger

p 7 I F y./ 7 T l 77

Distance — Diameter

Hydraulic conductivity

hed l T Initial temperature
Thermal conductivity
mmp’ | ], dm— “
— || d— a = =———m
Flow rate

(19 3-28) tsAd AE A AH9 L1zt

(5) A Algeold +=

Oh AFL-Asts olF= F
A7) Rde 5 Sty
_1_§I_o]: Etﬂ_o_ —_ (ﬁ%

() A9 75m x 60m x 300m, A AF 250mm, ¥ 7+ o]AAE 15m, 237 37| 10m=
By Rdg TANLL

ral
olt
o
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Well 2 Well 3 Well 4 Well 5

2AZ9] (m) 9.09 8.94 9.01 9.09

I=E 0.001 0.001 0.001 0.001
FHAEE (m/s) 5.82 x 10-8 5.69 x 10-6 6.89 x 10-6 5.28 x 10-6

AFLE (T) 16.61 16.61 16.61 16.61

X@?f;i 2.944 2.944 2.944 2.944

Temperature (°C)

A Supply well(Experiment) 2 Diffusion well{Expenment)

O Supply well(Simulatton)

16

13

40 60

0 Duffusion well{Stmulation)

80 10 120

140

Tire (hour)

(O9 3-30> ASAd dHlolEet s|si4gk vl
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3-21> Adgolg e} 2314 dglolge] MBE ¥ Cv(RMSE) 24

Date Experimental data (C) Simulation (C) MBE (%) Cv(RMSE)(%)
Supply Diffusion Supply Diffusion Supply | Diffusion Supply Diffusion

1/18 14.89 13.05 15.08 13.04 -1.2 0.1

1/19 14.96 13.35 15.09 13.12 -0.9 1.8

1/20 15.11 13.98 15.11 13.45 0.1 3.7

1/21 15.00 13.41 15.13 13.21 -0.8 1.5 b H
1/22 14.96 13.28 15.16 13.16 -1.3 0.9

1/23 14.94 13.21 15.18 13.12 -1.6 0.7

b
@
@

Terperature (°C)

©)

@

h

@ ASHRAEO|A #A = GWHP AlA
@ Z=2] P B 72kW Lo A|A

QA E A LAHA(MBE) 318 ¥$] +7%, Cv(RMSE) 3]-8H9 15%
Aol Hf MBEE: -1.6%, 4 Aol o MBE 3.7%

HEAol CVRMSE)= 1.1%, 949 Cv(RMSE)E 1.9%
MBE®} Cv(RMSE)E4-S %ﬁﬁ 589 ol S EQlstil=.

(6) gRlAte] mE 2k HIE

A
A
AFEAEE TE Hrd @ 794 2 HE
AFHer g 94
=z
o=

AFIAEE 0] HE stote] EIdArE: W (1.5 /mK ~ 5 W/mK2S ¢

&

20.

k-

164
O : Thermal conductivity : L5 Wim - K O : Thennal conductivity : 1.5 W/m - K

: Thermal conductivity : S.0 W/m - K : Thernal conductivity : 5.0 W/m - K
15.0 16.1
160 & E 158 S VS
' \w‘ 1 i ;E; - \ '\
5.0 w""l A s :
0.0 15.2
0 30 60 90 ] 390 60 99
Tirne (Day) Time (Day}
(a) TLE 2= (b) F=+8 2=

¥ 3-3D ASEAEE e F94 9 FA+d 2=8u

AFGHAEET 1.5 W/m'K ¢ of, A0 2l 256CoH H4Ao 2l 1542C2 g
ol

ASEHEE7 5 W/mK € o, FUAFY 2= 3.86Co|H 449 2Es 1543C=2 g9l

A= wet FHe] LRl o) 1307 Aol ehiAR, 990 o gt 7
9o 2= 0.01C Aol thehd.
AZIARE 2 ALH A5 Aol 27 e,

Tl O H4d 9 Y 2E HE

go] 2H582S 0.018L/s:kW ~ 0.036L/s kW= &elH.
HS 7Hgste] AASHR e, o o A §F W=
112 m*/d ~ 224 m®*/d<.



® AEFolA 212 HAGFE WA 200 m¥/dY HARF HART {FS FUHI ST

300 m®/d, 400 m*/d&2 $3st9-L.

200 182
<> : Pumping rate : 200 m®/day
¢ :Pumping rate : 300 m®/day
. Pumping rate : 400 m? /day

150 159

o o
L <
o w
5 1040 E 156
b 50 -

0.0 150
0 30 60 90

Tiue (Day)
(a} 7:0!7('1 %E

> :Pumping rate 1 200 m®/day
O :Pumping rate 1 300 m*/day
- Pumping rate : 408 m*/day

] 30 60 0
Time (Day)

(b) K| I—1 _‘25

(1% 3-32 P54l ©E 94 D H44 LEHn
@ F5eFo] 200 m¥/d U W), APLES] % 15.6T, F5eF 400 m¥/d & of, FPer M5

= T
e 153CE Foago] Fers dde

D

%\_ ]/\1 T

GeabAg, Aol nlulg,

® ASHRAEOIH F4oH 44208 BeLest QYsiohe JHgstold sIEgme] sl et

]
APEzo] anjdEe] 4t He AHoln, 295

() AT ol AA R ] e A5EA

Hol & ASHRAEQ] 7]Fo] Aot

O 574 A4 A" 852 20RT, 30RT % 40RT= AAstgod, ¥4 I o472 = 4714

2 (5m, 10m, 15, 20m) F+&3t%] Case StudyES 7193

6]' ME‘

W 28 7t o|AAE| : 10m

(O™ 3-33) o|A4A= ®st] nE
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o Supply Well (°C) e Diffusion Well (°C) ® Supply Well (°C) » Diffusion Well (°C)

18 18
Eamaw s S ly Well : 15.35 °C
i Supply Well : 14.41 °C [ <l il i
| !
14 | 14§
e P o 1373 °C
2 2
g g Diffusion Well : 3.79 °C
a 6 Q. 6
£ £
I [
2 2
2 -2
12/1  12/11 12/21 12/31 1/10 1/20 1/30  2/9  2/19  3/1 12/1  12/11 12/21 12/31 1/10 1/20 1/30 2/9  2/19  3/1
@ 28 7+ 0|3 A2l 5m (b) 2+ 7+ olAA 2| 10m
18 s Supply Well (°C) = Diffusion Well (°C) o Supply Well (°C) = Diffusion Well (°C)
18
| . .
14 § Supply Well : 16.35 °C T 1 Supply Well : 16.56 °C T
—~ Il —
ke 15.82 °C L 16.41 °C
10 |'Y 10
3 E
3 3
® N © -
o Diffusion Well : 3.83 °C 7] Diffusion Well : 3.78 °C
o 6 Q. 6 -
€ £ | -
2 [
2 2
2 J 5 -
12/1  12/11 12/21 12/31 1/10 1/20 1/30 2/9  2/19  3/1 12/1  12/11 12/21 12/31 1/10 1/20 1/30  2/9  2/19  3/1
() 2 7t 0]747{2| 15m (d) 278 7k 0| Z{7{2| 20m

9 3-34) ¥4 3+ o147 wE 74

2L
s

T4 =¥t (40RT)

E 32D A" 839 ojA7 el e EWT 9g

20RT
5m 10m 15m 20m
27L& (0) 16.61 16.61 16.61 16.61
EWT () 14.44 15.17 16.19 16.48
Fge 13% 8.7% 2.5% 0.8%
30RT
5m 10m 15m 20m
271k (0) 16.61 16.61 16.61 16.61
EWT () 13.36 14.44 16.01 16.45
Fge 19.6% 13.1% 3.6% 1%
40RT
5m 10m 15m 20m
271 (0) 16.61 16.61 16.61 16.61
EWT () 12.29 13.73 15.82 16.41
Fge 26% 17.3% 4.8% 1.2%
@ A2H &FE WG 7t olAA Y TE EWT FF=
- A A" g2F 20RTAA T4 7} o]AAZ 7} 5m A wf, 27| eEoA] EWTE 13% 7H4stgon,
olAAE7} 15m FREAS H¢ EWTE 2.5% #4592, &4 7t o|AA=} S7id+=
FFEE HAsH9S
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- A2d

|5}

§%

il

o|AA =7} g4

30RTS} 40RTO) A

o4

22 LI} 7hA

b olA7A =l wE EWT 9%

Aty 1 A

5me} 10mEe AFEE ZH7F 26%, 17.3%2 olE S
- WF olAA Yt e ARl

He) AP Zu
- Ad g 9FEE AR 0R ANHEL

of
7} gy

= o,

= A AHE G2F 20RTQ
L5F 40RTOA o] A7 =]
FrE 7H4

(20RT : 7.5mol4, 30RT : 9.5moJAr, 40RT : 11meolAh)
) 2R me Askse] vmEA
Oh A E5A, Fre Woly AAgBol e A5 W FIHe Askrele B
() Ask9 242 dE5d 2oz a4
(E 3-22) Aot 24 Case =71
b 2|
ase (10~*m/s) (m3/day) ° =
Case N1 0.008 300 Not installed
Case N2 0.008 400 Not installed
Case N3 0.008 500 Not installed
Case N4 0.006 300 Not installed
Case N5 0.006 400 Not installed
Case N6 0.006 500 Not installed
Case N7 0.004 300 Not installed
Case N8 0.004 400 Not installed
Case N9 0.004 500 Not installed
Case N10 0.002 300 Not installed
Case N11 0.002 400 Not installed
Case N12 0.002 500 Not installed
Case P10 0.002 300 Installed
Case P11 0.002 400 Installed
Case P12 0.002 500 Installed
) 0
. =0~ Pumping rate : 300m /d
2 - Pumping rate | 400 /d
z g -0~ Pumping rate ; 306 /d
§ <0~ Pumping e - 300m® /¢ 5 ;
4 Pumping tafe ; 400m* /d )
. ‘ -0~ Pumping wte : 300m° /d W
' 30 6 g4 0.062 i 0.006 0008 401 0,012
Day Hydrauiic conductivity (1075m/s)
(a) (b)
(O9 3-35) g FxAb) o s Aok 4
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@ 5o
®h 2

/\

jus)
-
~—
A
r

Overtlow ©

13

sundwater level (n)

Cine

o3t ol 2A vehg
of g FUE Aot Aol AA HEd.
, YA AN WA 2.
, 7o - (Overflow)o] g
0
~-Nopaing - ~O-Pairing 187

810

Groundwater level (n)

o Nt O P
e , . "
Day Punipiag ratefr’ day)
(a) (b)
(A" 3-36) #Hold fRoll W 2skE9] B4 () FF 500m’/d, (b) Fgol w2 A|st=¢] ¥t
O Overflow7} WAT AN 1 Aokl ABHol S+
(oh Holee AAekA] Gte WESAS 1 2 x 10 m/s, B4 500mYd), skl 2]
18.71m 74 A5AAAT, Aol A3 T 316me Lo,
(D) AREFASZE 2 x 10 'm/sQl Z7AAE Hold dAE Bl FUA] didtS A
T AU
(b #Holg AR A Astfle Asste], HE AnA=g AT A4,
E 3-21) Askesl BAEH
Case Min. ij\)e(/l% ((r)rf) supply | Max. Gv\z,gi ?; )injection Overflow
Case N1 -9.26 -8.71 Not occurred
Case N2 -9.35 -8.62 Not occurred
Case N3 -9.43 -8.52 Not occurred
Case N4 -10.21 -7.69 Not occurred
Case N5 -10.62 -7.27 Not occurred
Case N6 -11.04 -6.85 Not occurred
Case N7 -13.17 -4.73 Not occurred
Case N8 -14.57 -3.07 Not occurred
Case N9 -16.20 -0.86 Not occurred
Case N10 -15.24 8.17 Occurred
Case N11 -15.41 13.32 Occurred
Case N12 -15.50 18.71 Occurred
Case P10 -9.00 -3.22 Not occurred
Case P11 -9.00 -3.14 Not occurred
Case P12 -9.06 -3.16 Not occurred
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A2Ee Bgoz, 20179 99 10015E 99 287k Wiy

o
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Temperature (°C)

e TaHeatSource_In) ® T (HeatSource_Out) « T (Heat Pump_In) 0 Ta [Heat Source_In) ® Tb.(Heat Source_Out) » Tec (Heat Pump_In)
@ Td(Heat Pump_Out) X Te.(Load side_In} * Tf{Load side Out} # Tci{Heat Pump_Out) X Te.(Load side_In) # TfLoad side Out}
350 35.0
&
; LLE0720 ar 2l
280 -f;—ff ,f, ’ p,—f, GE-_J‘-S.G
J £ Wit oy wmmMn iy
210 B 210 - G
5 |y Ty T -—'I-—m“‘-—h ;
140 g 140
mwﬁtz w = .u.-:.u.m_.naw \’MAI& . ey e W, W -..‘_M_m.".,‘ v, W
PREEw A SRR Swen 0 (Cuw it mmeams aeww
00 T T T T T 0.0 : T T T
09/10 09/13 0916 0918 09122 0925 09728 09/10 09/13 0916 09/19 06/22 09/25 09/28
Time(date) Time(date)
(a) SCW System (b) Two-well Pairing System
(O™ 3-38) 495, SIEHE, Hol5 2k
@ SlEWL 9 Axg dA PP B4
- SCW A G A|A"o] A7F W B5lFe 20.8kW, H47 #Hojg A AJAde 23 8kW= 8
A= A=
-5 Aol A9 ALY GRL SOW AW ALY GRS ol FY 2oh 2
Aoz Epstn sl Hol2 ehj9l

- SCW system H.COP :
- SCW system S.COP :
- A&’ AR COPE B4

Coeefficient of Performance

4.8 / Two-well pairing system H.COP :
3.4 / Two-well pairing system S.COP : 4.3
wlof®] A E A|AHo] SCW A|F A ARET 29%= &7

6.5

9
SHCOP(SCW) BILCOP(Two-well) X S.COPISCW) X S.COP{Two-well)
8
[ ]
7 - = w n L] -
=1 L] L ] o ] = L] ]
[ ] m® [ ] . " = . l. - -
6 ] ::' :=.‘ .-..:. 'I-‘. - .l e ‘ﬂ ..:- .-. ... :. il L a i _'.
. '-. . Y _-'I-. T .: : PR j.
L] - " o= 'y - B¢,
5 —— L — g . . P,
!:":*' “.O ‘r + N LR ] S )‘;i :w:" .‘: 0, [ o :' « ;.: + ¢ . s “ K
7 K 'S r = N
- P * % ;’i%*gg % xévm:‘a;a%
: IR N
, | gg_i&‘:&% “JS%‘ % S w4 X Ba RO W L
“ % ® A X b4 w x %X ;g x"z % X g
- ® * % x P
09/10 09/13 09/16 09719 09722 09725 0928
Time(date)
(1™ 3-39) SCW A E A2y} B4 219 A|AH”HO] SIEHIT 9 AAH A COP

@ SCW A A|AHT ELEZE 2|5 %

- SCW 2|E A|ARI(Well DI E452E

AR717HQ20179 109 1Y€ ~ 20189 1€¥ 24¢)
814 2,

Ao e vlaEs

shsie.

A 29 A|AHO GHIAL Ayl v W

AxgH B4 2]E AAR(Well 2 ~ Well 5 tido=z

5 1A LA

< ol&
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- LR E AAT B4 A E AR 2 E Zot4¢] HIE &lstr] {6 AR
of tholH AXE AX|st] 1+ HHo= HolHE Ao, Aote-d 2%, 3 9 AH[H
22 dole] 2AF olgate] 12 B2 FS5AL.
3 3-22) AA" Y
System Mode Supply Well Diffusion Well Operation Period
2017.10.01. ~
SCW Mode 1 Well 1 Well 1 2018.01.24
2017.10.01. ~
Mode 2 Well 3 Well 2 2017.11.31
Two—well 2018.01.01. ~
Pairing Lledop Well 4 Well 5 2018.01.30
2017.12.01. ~
Mode 4 Well 5 Well 4 2017.12.31
- Mode 12 SCW ZA|g A|AHS] 2AHHO 2 Well 1 $ElA Aot49] Hget 42 &
5 $35tH, Mode 2= Well 3 SEAA FHskar Well 2004 FUe T35 Mode 33 4=
7HHAl S Foll Well 49 Well 57F H4¢t 9 g 5 &34 ¢+ = 4THS o]
Q 3t
O ™.
Schemetic diagram A Well inside B
-1.5m —|:|
-10m !
Well 2 Well 3 Well 4 Well 5 o I@

[ : Heat exchanger [ :
B : Heat pump )
ok :3way-valve () :
(© : Thermal Sensor ¢ :

Heat storage tank

: Circulation pump

Submersible pump

Flow meter

(1% 3-40> AFAE g A
- ELERE ol§T Ashe AFAlole] BE Asee L Ass 2=
2EEFL WA BIGLII|E olFote wigh Yol A HAIG ALHe] ul7hE Aol
Aoty LE7} obd Hi YRo BIREs SHH LS.
+ A" FFEA] Well 29] A5591e Wl A (1.5 m)E ol At -0.8 m7b A5stel,
HelFge 53 450 AT,
E4EEE 5O FYRY ASE 054 A5l 2E] 4TS Fol ALE Hkol tha
Haw Aoz 957
S, Hole BF Asty AClans LAAT BAL A gL,



B Well 3 T C) @ Well 2 Gr d level(m) M Well 4 Temperature("C) @ Well 5 Groundwater level(m)
220 80 220

170 WrJ\/\ 40 170
120 00 120 \ \ \ \ 0.0
1 .
E = Spill-way depth N Spill-way depth
" l - B m

20 -80 20 -8.0
10/12 10/13 10/14 10/15 10/16 10/17 10/18 01/18 01/19 01/20 01/21 01/22 01/23 01/24

Temperature(°C)
[(CHIELCTFEEIYY
(w)|ans| 4218M

Temperature(°C)

(@) Mode 2 274t (b) Mode 3 271t

(18] 3-41) A6} LEBT W 26149

- SCW A A2HS EHERE AT 854 4D ALY s A3 v

= )
- S.COP= 11497} 12¥€9= SCW A|E A|&do] E4A wojyg AQE AAREY =4 vebd
1gell= 544 ol 11@‘ A2glo] E=A yYebgew,. 3717 AAS] S.COP H2
SCW 2lg Ala"lo] 2.79, B4A mlojs g AlAglo] 27002 SIS
149] Holgo] 119H} lto} Hoh 38220 248 AAS Aoz mod.
1149] S.COPE SCW A|E A|AHlo] B4A Hojg] AE AA”HG 0.30 =4 Vel

=]
=

ST, 149 S.COP= 544 Hojd A|E AlAHle] SCW A8 AJARIELE 0.08 =] Yete
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