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ABSTRACT

The green house on the waterfront is air-conditioned by a water-source heat pump system with riverbank filtration water.

In order to supply riverbank filtration water in alluvium aquifer, the riverbank filtration facility for water intake and recharge,

two pumping wells and one recharge well, has been constructed. The research site in Jinju, Korea was chosen as a good site

for riverbank filtration water supply by the surface geological survey, electrical resistivity soundings, and borehole surveys. In

the results of two boreholes drilling at the site, it was revealed that the groundwater table is about 3 m under the ground, and

that the sandy gravel aquifer layer in the thickness of 6.5 m and 3.5 m occurs at 5m and 7 m in depth below the ground level

respectively. To prevent the recharge water from affecting the pumped water which might be used as heat source or sink, the

distance between pumping and recharge wells is designed at least 70 m with a quarter of recharged flow rate. It is predicted

that the transfer term, the recharge water affects the pumping well, is over 6 months of heating season. Hydrogeological

simulation and underground water temperature measurement have been carried out for the pumping and recharge well positions

in order to confirm the capability of sustainable green house heating and cooling.

1.4 & 28 F2A7b F7k2 QA o] o f5A7} fls A9l
= AAE 4 oA "ok
20083 =rujo] Ao AL 53,408 haolal, o] & <F g, s, sk, g T FEYS E¥r e
25 %l dF3h= 13,329 hats 537] WhdAlzgo] dash 2 S WIS He] Aol o Aol dish &
T}, 2008 @ 7152 Ertol FaE WA oF 60 %= A T7F Rlo] Al ] WA ARl o' wals Wl Qv =
Aejlo] Wibol] AMEE Aoz FAHFL A fESe ul AL A] = i vickels de] "9ojA Qo] sl
A3 AU Byl Wung Rl I/ ZUlslgle ool Hekslal, R AT fIAlSkaL Qo] Alsk W
) AujE SAEC] THAAAE L TS o] YA A Hgiek.  AHolakE o]8o] Goldh Hojut. ojals s B
olo] E2HE Aulol] glo] oUA] H7Le] AL Aay v WELGTTEASES BEHE S8l AR B2, A
Hoon H ouA G8o] 2o Y dAEE Agsl= DO FES ol Askret o] AT s} Ho] =
ARIZE F7b8ka Qika-w aAuk, AFdndr) g dew  H ARz ddoR FEIHATL Ak
= A GEZE A8 QA ol AFDuer)E A T HEE dNH R Asl, g, AW 5
S dYor AR yYibde] AMgEa 9itl. Hwang et
x AL EA K-waterd 74 al. e ZAHANGE 9oz sl WA ~ES Jjdket
T o slor, $RE e Aa AR PR 5 oy
T WAIA A} E—mail : jpmo‘(;n2002@korea.kr = W Ao ofgteomn Wi sEe The S
20 SAIIHME M523, M2, pp. 20~29, 2012(=2& 22Xk 2011.12.19, =248k 2012.03.13, AAIRSUXE 2012.03.20)



X&7ts 24

0E
i
0
1o
do
o
0y
=
o
B
B
Db
P

U s pAl2Y T

HolFeh Hahn et al.®2 ZWoizlpel MY Aales wlis7hs d315A AE87ke 53] Zejgte Austa

o] g5hH= AR A2 giAH o NFAuF|E X Jdrh 2AE] A8 o3 W HuEi= of 30 T, Aok

3 QR Z A AR o] -Elal, AR AL fRke HALEE oF 18T, ¥ Bt &% 22 CTE fAlsof gk

2 R AT B9 5 9SS Bl vk ld DEe7bE 145 FER A7) Wwige] desta, 57
Nam and Ooka®= A|3krd SHZO) Wbk A5S S AN 45 A8717HS 58 5 9lo] 89S o] &

BAEGT) o] AlAEE X3l FHE Zoloh &o] exo] 3 FEFET WA AuS Hgs A4S Aujsrte] Al

Aeo] FA9-EE AL Fglsa, 37189 Iz Ay A o]o] WS Ao wdd

wr} ®oh o] 52 sty 3 Nam 52 4|

skret b7 E A= FpolHBE A" 2.2 A7¥| A8 AL Ao}

rio
o
fr
=
oo
[0 ok
4

o =
= jI
< Zidetar v w3 7keell= A8k AT APlE T i BRle i Fig. 1o Het

A7E AT
o 2127} th7]9) £} elE e JIgke] Qo B Wl el o] £4 4 37e) AA(Ist, 2nd, 3rd H4)E
o B89 AUS AT A2Ue PARRON, o  Agslel WA SHEAE AASAL. 3] e
g B3 AU ) 2~7 %, /1D O] 4~18%9] A5 FAOIA ASF0R 47 50m APl PAE A
o WPEe AT, 31, 71 AE Fig. 20 bk

FRE LS 9 @ EE SHomyy Hshs 95 3 WA S A8 RH, A% o 1~6m AFS 7]
EE el 9Re $o Aglo]l B 4 oItk Cho and AT HE Fo] Uhlt 0w AEo] qals ¥E
Yun® & ROl AR 955 o8 B-37] B4 sFsAel W, A5 o 6~17m Aol thFol EAske

o) A~

DR gl g Rz BuEh F uAlsh A WA SA049) dnke 3
oMy oheh Buby RokE wH AYE WA S Aaish fAks, A3t oF 1~7m ARE thrE
KR

3L W AL Ak ole} 27]90 ofgithi Be 3L A3} oF 7m¥E 550l
AT A%H S8 S 3 £AY = EAT AFsHel g Aoz puHEd.

Bz A9S A7 AR F9Y HERTY 9o

2 FHY A5 943 A9 o8 F AFoR ATAT 23 NFxA A%

F oS LS, 22 e A% £99 AERT WMAY BAERE Fasel AF s F A

Az PRGN, WA AR A 2GS A (BH-1, BH-2)E A4si] Fig. 10] JeiRle, A%

S7Fsd &4 Webds S8 Adwoddt Aol ddle] wat F AHe] ATE nlaste] Fig. 3l wERAITh A3l

EAskaat gt A AJ8f 20 m ol = A|F8131 o1, BH-1 &¢] Ao} 9=

°F 3.0 m, BH-2&2] %39 oF 2.6 mz YERGTE A%

2. =S gAl A 2RE AEARYZ, RES, FoE, FEeh A &
o AFo] FdHo] Jlon, Rt oR FAdEF

AAdd e g8 ZalkaE gy 22 39s 2 Gl T2 BH-189 4 7.0m~10.5m= 3.5 me] FAE 2,
= ok o Au  BH-2F2 4 5.0m~11.5mZ 6.5me] FAE 2h= sloz
ket Z1S ettt olelgh diitE Al e AujA| 5 el AlF2AE 34 T e e FeAEAy
Al ZdWelagre] &go] 7hsdk YAIE & =

dol 5 APl ZAbetaar @AL A7HA R JAL

NFZAE AN,

A% HojA] 9lof ARoTgE o8 ¢ Qv YAFUL NamRVEr
F3t Jow AhEn, Fig. 1 Three measuring lines for electrical resistivity soundings
A o] AYL sHFA oY A= HHFAZA A and two borehole locations for borehole surveys at the site

SHIANME: M52, M25, 2012 21



22

b
oo

100,000
Resistivity of Layer
M W W Observed Value
10,000 4 A A Calculated Value
E
b=
1.000
=) 2
= L ]
E i
>
S 100 " o ”
3
=1
10
l—TTT
0 10 20 30 40
Depth (m)
(a) 1st measuring line
10.000 —
E
=
=
2.
Z 1.000
& 3
=
=
& gien g
L}
] LI
] N
L
100 ——F————T7—— 71—
0 10 20 30 40 50
Depth (m)

(b) 2nd measuring line

10.000 1

£ 1.000

£

2, - "rE . L]

= - LI

=

E 100 " .

=

7

123

=
10
l4+——T7——T——T1T T
0 10 20 30 40 50

Depth (m)

(c) 3rd measuring line

Fig. 2 Electrical resistivity for three measuring lines

NS
2
G

Weathered rock

g
hoshod
oo
1R E
RO

T P A A A
2
o5

_..185

BH-2 BH=1
I

- 2 050 EL.0.00

- =i R ;Clamatcd soil 24/30

i v /30

&l Silty sand EEY

I TR R 5 |5/30

u . o

7 Sandy gravel 50/11
-104 105 50/20

- = - Weathered sml ,,1%9 -

5

+
L

200

F

Softrock

o
L

Fig. 3 Geological strata for two boreholes

o
rd
&
of
E
r-ln

=
4

sl Lajrbdse] el aes oF 1X107% em/sec=
Eht 1,000 mYday] FH 7ol 7 e Ao ekt

2.4 Az A3t

E %9] Fe, Mn 59 o]24EL wl# vl 2AUE A%
st olo] 3 HEZL s}, L3 x
EE 100 % 3l57aHA] Satal Wpshs A 791 sAKE
=t Al~9~5‘ T A=A TRA
a7t dof FARALE FEsith

oA S T2 A A< 1€ BH-13%
BH-2%&¢] 7% 7tz 15.3 C¢} 13.1 CE =4 Ho] 3|EH

.Sl
;
ol
s
o
i

o,
rfo
o>’
M
=
=
o
¥
)
M
_13:
m&
5
=2 o
_a
o
=
D
o,
rfo
1o

BH-1&9ll4 1.13 mg/L, BH-2 W 3.81 mg/Li iﬂl L}
ERrom, Mn o] 53k 0.058 mg/Le}t 0.067 mg/Lo& 1}
ERgiT), wEbA] Fe, Mn ©]&-2 4748 4= = AFgAE
ot Tl AL S S aUt e Ao wetEh

kA, o ga o] A of B IS 94 o’
A71E 1470 5ol digk TS AN A3, 3737
Falde F71549l Cd, As, CN, F7191 59 7|85
A BAE S Y s8] ARVIEHS UR &

Astol g TS Felskich
3. A% L AFASY A
31 B4 A9 AE

Aol el 8 AL o fHAT BA ol
4 % A5 AL Ao

Ao A}J‘m «l A AE el A 2%
& 7skan, sl =94 wol A5 IS T
Hs G 2R dEs skl AldE 54 204
= S 13 pEE|R sl oled xHow
Fig. 4ol vehdl vie} gro] 57 714 ks mZsigitt

(a) Case-A (b) Case-B

Fig. 4 Pumping and recharge wells locations

SHIANE M52, M2z, 2012



AN
RA&7bs 24 ity

mjo
*

213

Table 1 Transfer term that the recharge water affects the pumping well
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Table 2 Predicted stable pumping rate

Confined aquifer Unconfined aquifer
Well
S, (m) Q (m3/d) S, (m) Q (m3/d)
P1 2.70 957 6.13 1,527
P2 2.57 666 6.05 1,202
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Fig. 8 Schematic diagram of green house heating and cooling system

Table 3 Heat pump capacity

H/P capacity Power consumption
Model (kW) (kW)
(Refrigerant) - - - -
Heating | Cooling | Heating | Cooling
HP-0300WW
(RAOT) 133.0 105.0 33.0 215
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Table 4 Monthly averaged COP

Month Twater (T) COPyi COPgys
February 144 45 3.3

March 138 4.2 3.1

April 11.8 4.0 29

Days

Fig. 9 COP variations for 5 days from March 1, 2011
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Fig. 12 Time history of temperature in observation point 1(O1,
solid) and 2(02, dashed) : thick line for recharge rate of
1,000 m3/day and thin line for 500 ms/day

o] 7hssiAIRt, ko ® s Bejgk g xzie]
b P i e e e i e S B
13 #5410 Hedks 5o 248 Eg=
A ol =gl & Aom sebet

Fig. 11(a—1ell WJeRal nhe} ho] 7 344
H(01)3 #5429k 3719] g1t A5
aka, F A 10d Tete] 2EwstE Bt
129] LRSI,

WA 02+ 42k AR)7E 7] el 3laeadol
1,000 m¥/day<l 7-%- 10 T} W7} 3|55 whgA7]o]
£ 10 C7HA Wg7kaL, 25 Cof &7 S Wia7]
o= 25 T7HA] sahal vk 3, #5744 01914+ 12
~15C Afele] 2Lwsks Ueplar glof 3at 29 9%
of mulgk Aew o Ferh EE, 5] 500 mY/day]
75l 1,000 m¥/dayl 9Bk Bleat o] ol A
| b oles gl 4 ok

A ow W7 67d) o] W72 E)el Ha]

L)

o

-
2=
T

o

X

oz

(e
rV‘
-
=2
k
[
_O|L
o o
r}-; I
b
rlr
—
(@)
i
i
>
5§82
re o

S TEokaat A7HA R EAkek AlF2AME S5
o} 4 zlo)7h 20 m W= ]
&5 FAE Fol7] st olA4A
% =0k 200 m3/day

B GFS MAA S AR B HEHA

& 2=
A8

Zm
o=

M

SESITE Aol ARE-g FHGHx
FTAIY Aoks AR T 2t
7}, 60RT 3|EHZEU] H 252 1,000 m3/day
3= 1,623 m3/day 0.2 AF3 ¥ Qe

3) 2¥NE 497HA] 24 WS AlRYEE A} 29Kt 4
ol HAFE7F ezl wet S|ERE AAgr 25
sleslg o), e 55 COPSF A|l2=8l COP:= z+zt 4.29}
3.1 oo s ZA4uo] g
A3}

A7 gl Ao 7t

B AT wEASY TEATARI(FHME: PI006508
032011)2] A {lell 2]a) o]Fojzl Ao, oo FA=gurt.

A F3

(1) W84, 594, 2000, 54 ALA Y 24 A gApe)
sk n]Fets] 2] A, Vol 38, No. 1, pp. 61~66.

(2) Kang, S. H, Choi, J. M., Moon, J. M. and Kwon, H.

J., 2010, “Heating Performance of a Ground Source

Multi-Heat Pump for a Greenhouse,” Korean Journal of

Air-Conditions and Refrigeration Engineering, Vol. 22,

No. 6, pp. 337~344.

SFH, 2011, ‘¥ F¥ 2HY AGA =" AEddd

A-gAad)” DA A A, Vol. 7, No. 2, pp. 20~45.

(4) Hwang, K. S., Jung, W. S., and Ahn, Y. S., 2006, “The
Field Test of Bankfiltration (including alluvial and
riverbed deposits) Source Heat Pump Cooling &
Heating System,” Proceedings of the SAREK Annual
Summer Conference, pp. 1186~1190.

(5) Hahn, J. S, Han, H. S., Hahn, C., Jeon, J. S., and Kim,
H. S, 2007, “Optimum Pumping Rates of Ground-
Water Heat Pump System Using Groundwater or Bank
Infiltrated Water,” Economic and Environmental Geology,
Vol. 40. No. 6, pp. 833~841.

(6) Nam, Y. and Ooka, R., 2010, “Numerical Simulation of
Ground Heat and Water Transfer for Groundwater

3

=

Heat Pump System Based on Real-scale Experiment,”
Energy and Buildings, Vol. 42, pp. 69~75.

(7) Nam, Y., Ooka, R., and Shiba, Y., 2010, “Development
of Dual-source Hybrid Heat Pump System Using
Groundwater and Air,” Energy and Buildings, Vol. 42,

SHIANE M52, M2z, 2012



&7k 24 deine 9

ot

=

ot ZHo{t F 3 B[AIAE T

pp. 909~916. (11) Rorabaugh, M. I, 1953, “Graphical and theoretical

(8) Cho, Y. and Yun, R., 2011, “A Raw Water Source Heat analysis of step-drawdown test of artesian well,”
Pump Air-conditioning System,” Energy and Buildings, Proceedings American Society of Civil Engineers, Vol.
Vol. 43, pp. 3068~3073. 79, pp. 1~23.

(9) US Environmental Protection Agency, 1975, Manual of (12) Choi, H-M,, Lee, J.-Y., Cheon, J.-Y., Jun, S.-C, Kwon,
Water Well Construction Practices, Offlce of Water Supply, H.-P., 2010, “Estimation of Optimal Pumping Rate,
EPA-570/9-75-001. Well Efficiency and Radius of Influence Using Step-

(10) Driscoll, F. G. 1986. Ground Water and Wells, 2nd Drawdown Tests,” Journal of Engineering Geology,
Edition. Johnson Division, St. Paul, Minnesota, U.S.. Vol. 20, No. 2, pp. 127~136.

SHIANME: M52, M25, 2012 29



