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Estimation of optimal pumping rate by step-drawdown tests at combined well and open-closed loops geo-
thermal systems. Journal of the Geological Society of Korea. v. 54, no. 4, p. 415-424

ABSTRACT: This study was performed to estimate optimal pumping rates by step-drawdown tests at the combined
well and open-closed loops geothermal (CWG) systems. For step-drawdown tests, GH-2, GH-3 and GH-4
geothermal wells were assigned as pumping wells, and each step-drawdown test was performed with 4 incremental
pumping rates. The optimal pumping rates were estimated with pumping rates and specific drawdown (S, /@)
comparison method. According to analysis results with 5 or 10 m water level drops at each pumping wells, the
optimal pumping rates were estimated as 276 or 408 m3/day for GH-2, 197 or 265 rn3/day for GH-3 and 320 or
581 m’/day for GH-4. The critical pumping rates were estimated as 315 m3/day for GH-2, 340 m3/day for GH-3
and 370 m”/day for GH-4. The study area is appropriate to operate CWG systems for green house with water curtain
facilities because of sufficient supply of groundwater.
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1. M2 A7 AR} S 718k QAth(Song and Lee, 2015).
S| AU AT A Q8] Wbyl
2000d 0] o] BT AGUIAAHE A AR ol AR Mo Ao KEE
B Zro] gukgt WaRHo R o) Ao AA Z  Z7IeH= Al BT glom S8 njelle}
7+ ek (Kwon et al., 2012; Song and Lee, 2015). 31 22 ZE0) AFH o2 o]85 1L Yrf(Park ef
A GYHFA A HGHof FoME FToll= 59 al, 2017). EAuiA] o] ARleE A GEdial A
Al oA B e WS 5RO AMgSHs H9 A U] asS FHHAIZIZ] Y8l ot
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FHA AN A= B2 FY AstrE AR o
o] R RA|of o 521 A AeHA B4 shefe) 5
23 Aol

el Selx Aok B4L shetahr] AsIA
£ @A oAg 712 2| A1 ¥ (aquifer test)S 4=
yafjof gtet. A F DA YA (step-draw-
down test)2 Tl A LT A7 7HH o=
FE STHZIHA FH BEA Y 7EE 3
o= B mE WS WM 5= ¥
71e 4= th(Dawson and Istok, 1991; Kruseman
and de Ridder, 1991; Hahn, 1998). gxtzo =2 ot
AGTAE S 8L o 24 dANA FeA W A
ske7t 2 m7kA] g skt Ald
F| 4 3GA o4 g ojof sk Zk A A 9] F
A F LA FAI= A o] FR3HH(Choi et
al., 2010).

2 A7E AR Ued A QA A0e Age
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ol 4 Algker BIA LA AHCWG)S Al v
U A EF W7ol Lol g FA 2 AT dueE 2
o A SFHE 2T = NG
H|3| A FofLiR] &EEo] IA ZhHH(Song et al.,
2018). BYALALHE Aeleg oz o}
L ulufjA) o] Aglst A AR XFToR
HE AJ55S o] thRe] 13} A <)
3 2|22 WSl A o] uhEA] 9T 23 A

2 % AoSE BUESE Y AST 4 Urke
xg@ o] Qlth(Mok ef al., 2017). TebA] CWGA| 2]
S ARH o 2el7] HINE LHF ol 4
Sl 7k B9 Hojof BTk, 17 18 27%-
Rta=Soll 4 9] A BAIAE F Coaxial Type
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Fig. 1. Schematic diagram showing configuration of complex geothermal heat pump combined with closed and
open loop systems. The figure was modified from Park et al. (2017).
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Fig. 2. Geological map of the study area modified from KIGAM (2017).
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Fig. 3. Location and layout of wells used in pumping and monitoring wells. The figure was modified from Mok

etal. (2017).
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Table 1. Vertical profiles of geological properties at wells used in Pumping and monitoring wells.

Well Elevation (m) Depth (m) Thickness (m) Stratigraphic
73.3 19.0 19.0 alluvium
GH-2 54.3 32.0 13.0 weathered rock
41.3 400.0 368.0 hard rock
) 73.1 20.0 20.0 alluvium
(gzgiﬁgﬁi p O3 53.1 24.0 4.0 weathered rock
49.1 150.0 126.0 hard rock
73.1 21.0 21.0 alluvium
GH-4 52.1 26.0 5.0 weathered rock
47.1 150.0 124.0 hard rock
73.1 18.1 18.1 alluvium
BH-1 55.0 29.0 10.9 weathered rock
o 44.1 150.0 121.0 hard rock
Monitoring -
73.2 20.5 20.5 alluvium
BH-2 52.7 25.0 4.5 weathered rock
48.2 150.0 125.0 hard rock

Table 2. Specifications of wells used in the step-drawdown tests.

Inner dia. ~ Well depth Well casing Depth to water table

ksk
Well (mm) (m) length (m) (m, TOC¥) Type of GHPs
GH-2 200 400 34 11.12 SCW***
GH-3 200 150 24 11.04 U-tube
GH-4 200 150 26 11.11 Coaxial
BH-1 76 150 50 11.24 L.
monitoring

BH-2 76 150 44 11.37

TOC* : Top of casing

GHPs** : Geothermal heat pumps

SCW*** : Standing column well

8, = BQ+ CQ" ) 7|4 B A4k ok Azke] whe} Wk

(Kruseman and de Ridder, 1991). wjehx] A |%F

o71M P= ol Wt 1.5~258kS Zh=tt 12y AR 4= A FAIEGAIZE SJESHA
Jacob (1947)°] AR 2(P) gho] 3] Q2| ARGEL =W, i3 FA Y A (productivity)S
AthRamey, 1982; Skinner, 1988). GAIFFAIEE A8k H|YGEH(Q/S,) & ST T2 of4aF

B3 B9k OGS BT 5 ek AHE 5%} 0L o] Z7Fatol wel sk Frk(Lee et al, 2005)

0% Y ANZHOT FRFQN el PRI B AESEE FAlzke] ATHAL 4
o SePASHE ANKE 4= QITk. UNFHOE 9 o) S7lo] wet Pashor] $RES (5, Y
Sl HAGSFS FHT] AL AG)S ol A TheF SRSt 43 % AP A
S5tu] 2 SARE OISR, QT P S 9SIEO R s 0 2 AXRE 4= Qe T}
o HPTAE ol 3to] ot CE RV S AUk MY Ui5F AAG AP $B 2045 TR

o] u$- ol g Ak o= (4)4ah o] 13 &
Sl @= B+ CQ G) A4 ARE o) 85l $-E R &L ARTTHChoi
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Table 3. Pumping rates, durations for the step-drawdown tests.

Pumping Well Step Pumping rate (m3/day) Duration (min)
Qi 231 240
258 240
GH-2 %
Qs 330 240
Q4 370 240
Qi 285 120
315 120
GH-3 Q
Qs 348 120
Q4 370 120
Qi 198 240
250 240
GH-4 Q
Qs 300 240
Q4 373 240

Table 4. Results for each step-drawdown test.

GH-2 (pumping well: depth 400 m)

Observation Well BH-2 GH-2 GH-3 GH-4 BH-1
Distance 8.75m - 8.86 m 16.86 m 25.88 m
Qi =231 m’/day t; = 240 min AQ=0
Pumping rate Q, =258 mz/day t, = 240 m%n Q-Q1=27 mz/day
Q3 =330 m’/day t3 = 240 min Q3-Q2 =72 m”/day
Q. =370 m’/day t4 = 240 min Q4-Qs = 40 m’/day
GH-3 (pumping well: depth 150 m)
Observation Well BH-2 GH-2 GH-3 GH-4 BH-1
Distance 17.61 m 8.86 m - 8.00 m 17.02 m
Qi =285 m’/day t; = 120 min AQ=0
Pumping rate Q,=315 m‘z/day t, = 120 min Q,-Q1 =30 m‘z/day
Q3 =348 m’/day t3 = 120 min Q3-Q2 =33 m”/day
Q4 =370 m’/day ty =120 min Q4-Qs = 22 m’/day
GH-4 (pumping well: depth 150 m)
Observation Well BH-2 GH-2 GH-3 GH-4 BH-1
Distance 25.61 m 16.86 m 8.00 m - 9.02 m
Qi = 198 m’/day t; = 240 min AQ=0
Pumping rate Q. =250 mj/day ty = 240 m%n Q:-Q1 =52 mj/day
Q3 =300 m’/day t3 = 240 min Q3-Q2 =50 m’/day
Q. =373 m’/day ty = 240 min Q4-Qs = 73 m’/day
et al., 2010). 4. A1} 9l E9|
_ { BQ ]X 100(%) 4.1 SHHYTAIY 2ot
(B, ;?g;;@z @ GH-2, GH-3 & GH-4 A 2T of| 4] S=a)3t v
- {W]Xmm oFAe] e 40 Fejsigrh. GH2 B3

oAl of4ake 231, 258, 330, 370 m’/day 2.2 &
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o] gtk (Lee, 2010; Choi et al., 2010). ZF SAE F-=F
o w2 w5 9at e 59 k.

SERE RS Be CE AV $18f Bierschenk
(1963) 9] WL olgsto] g} vlpdstd
(/@8] BAE 19 5 =ABHAT

Zh Fp7R 9| Gk vl dshEe] 2o A
H3] AL GH-2= S,/ Q= 0.000048- Q-+ 0.004965,
GH-3Z $,;,/ @= 0.000182:Q — 0.010377 1831 GH4+=
S/ @= 0.000006: Q+ 0.0137590| T}, 97| A AE 3] HZ]
Ko} 7719 dhe 22} cof pofl SjgEct. 17
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Fig. 4. Results of step-drawdown tests in GH-2, GH-3 and GH-4.
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Fig. 5. Relationship between pumping rate and specific drawdown.
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Table 5. Specific drawdown (S./Q) for each pumping step.

GH-2 AS (m) Sy (m) Q (m’/day) S./Q (day/m’)
step 1 3.74 3.74 231 0.0162
step 2 0.74 4.48 258 0.0174
step 3 2.15 6.63 330 0.0201
step 4 1.94 8.57 370 0.0232
GH-3 AS (m) Sy (m) Q (m’/day) S./Q (day/m’)
step 1 11.99 11.99 285 0.0421
step 2 2.66 14.65 315 0.0465
step 3 3.37 18.02 348 0.0518
step 4 3.43 21.45 370 0.0580
GH-4 AS (m) Sy (m) Q (m’/day) S./Q (day/m’)
step 1 3.00 3.00 198 0.0152
step 2 0.76 3.76 250 0.0150
step 3 0.84 4.60 300 0.0153
step 4 1.42 6.02 373 0.0161
B | @ GH2 * | () GH-3 ! | (c)GH-4

% €7 ?5 N 340 m¥/day % €7

:;: N 315 m¥day Em— % .

a a a

> 370 m¥day
0 T T T T T 0 T T T 0 1 I
. 250 Q(msgyday) ® " = " Q(m3/day) = " ]50 . 2g(m3/da;()m ® 400

Fig. 6. Relationship between pumping rate and drawdown.
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Table 6. Estimate of optimal pumping rates.
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GH-2
Parameters Optimal pumping rate (Q)
B C Pumping rate .
(day/m?) (day¥/m’) (m’/day) Explanation
276 S5m .
0.004965 0.000048 drawdown, (quasi) steady-state
408 10 m
GH-3
Parameters Optimal pumping rate (Q)
B C Pumping rate .
(day/m?) (day¥/m’) (m’/day) Explanation
197 S5m .
-0.010377 0.000182 drawdown, (quasi) steady-state
265 10 m
GH-4
Parameters Optimal pumping rate (Q)
B C Pumping rate .
(day/m?) (day¥/m’) (m’/day) Explanation
320 S5m .
0.013759 0.000006 drawdown, (quasi) steady-state
581 10 m
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7R 9] H A4 GH-20]4 276, 408 m®/day,
GH-3914 197, 265 m®/day 12|31 GH-4¢]| 4] 320,
581 m’/day 0 2 AXE Qi) SARGRTFE 5917
a1k 2P o2 GH-29)|4] 315 m’/day, GH-3
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oo g AP E et wekA AAHE RskY
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o
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LAt 2
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