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Valve Openings and Minimum Pump Head for Precise Operation of
Multiple Groundwater Injection Wells

I:ll- L—I‘ A'* / N3 xl o**/ I- o***

Park, Namsik / Jang, Chi Woong / Cho, Kwangwoo

Abstract

Freshwater may be injected into aquifers to combat sea water intrusion in groundwater or to store water
for later retrieval. For these cases to achieve the desired goal groundwater modeling is commonly used to deter—
mine locations and rates of injection wells. When these wells are connected to a pipe network, a flow control valve
is installed for each well to regulate the injection rate. When a valve opening is modified, pressure changes
in the entire pipe network and thereby changes flow rates in other wells. Therefore, desired valve openings
must be determined for all injection wells. The pipe flow analysis allows estimation of the minimum pump
power in addition to valve openings. Methods are developed to identify valve openings for multiple wells and
the minimum pump power. The methodology developed in this work can contribute to precise operation of
multiple injection wells.

Keywords . sea water intrusion, injection wells, valve openings, minimum pump head

e N
AFAT P RS AFFFS Aol el B Bolo] rRoE B sk gl Uk o9 @
el A9 avle] BAe BAs] A wge) 1A% U, Teln Ansls wge) sk Fol W)
A5 mae Falo] AR FAFE B BUS Folol Yo FFHE U o) i pyel WY FUAYS
245 9% WHsk AAE B AFNAE o] 791 o] A Bgel M Abde] PR FUY LIS
F4al] 918 Wn e} FwY Thel Wad BE Ak 209 AWPUHS AT B AT AN FPA
o] FUEE PPAIE b 71elF 5 ek

Asks SR ool 14 F Btel tl4Eo

* WAAA}, Foltjstnl Tt EEF ST WS (e-mail: nspark@dau.ackr, Tel: 82-51-200-7629)
Corresponding Author, Professor., Dept. of Civil Eng., Dong-A University, Busan 604-714, Korea
w Folgtn EEF 8T} g7 (e-mail: 18kps@naver.com)
Undergraduate, Dept. of Civil Eng., Dong-A University, Busan 604-714, Korea
ok G A AN AT (e-mail: kwcho@kei.re kr)
Korea Environment Institute, Sejong 339-007, Korea

484 1095 20155 10H 869



Fe|2 At @ Ak a1 AR &
vitE FEETh Ask sile3lTe Ask o] gl
A ol A = gl et X8k ide] ole A
GOl a7 U Wiso = ster o] d4ds
szt F-2 497t Brh AAAolE QIF o=
TR T= Askr T Al Asle] dEE S7HAA
AarE L GAZ = dtHJavadi et al., 2011; Johnson,

2007, Dettoraki et al., 2012; Pye et al., 1933).

Ak R TE At WHoR s TS
o] FYst= wHo] Itk Bray et al, 2008; Dettoraki et
al., 2012; Reichard et al., 2005, Van Dam, 1999; Finney
et al., 1992; Johnson, 2007, Mascipopinto et al., 2002;
Ortuno et al,, 2010; Tsani et al.,, 2001). B5& dl55ol
FQehe FHA0R A9t Ase] o A

St AL F9 AR el Ased 453
WA AR J5FE AFI1E F5Te A9
G2 Wolutk, ol FHFI} Al WEE £
AN 18 e} Fom oA 453
sha7)e) Fe] AT del shav1el A
S 0 Usew AEAIE Raksel A7 F AEE 9
vk mebd Hojse] S HA waE 97 9
s 9 B RSk FAF AR Wl Ashe

mdlzo] 33}t Alnahhal et al, 2010; Asano et al,
2004; Bear et al., 1964; Bray et al., 2008; Javadi et al.,
2011; Pajeeraporn 2010; Reichard et al., 2005; Tsanis et
al., 2001).

sl 7] A2 o #1 o] AU dSo A A
S4o] 385 A9l shte] BHoRE Heolx
7EE ASee 5REE B4 - Tk 29y

g Aol 2 T°ﬂ“ E}%’% %1301 A BRE F98)

aue ool 298 & stk Aske waYel 4

_ﬂ, o o o

;E I 2o
x Lo
!
=
2
T
o ¥
o rlr
G
Y r%
x of
ﬂolo
il
o, "
o T
2 o
g ol
g i
k5

1
it
o
o,
i)
N

of
ol
-
£

[ o px
X
:0:111
o
9o
rot
v
>
ol
ol
&
td
e,

2 ol )
5 o
o
-

O

rool
QL
il
4
2 Ho
o %

1 o
E

ol Lo

BN
N
bk

of

i

o
oo Moy 1o
iz,
T
i
NI
K
_0|L
)
o
o
g 0

Y oo 8
d

N

1, 3
meA e B

& 25] PaiE B A 55

ol
O
R
NS

ol
L K3
2
>

o
ol

HA

g 2 = o

ol
i,
o2l
il
X
m&

870

S 1E3te] BE WMH ] s (degree of opening)E A7
gjofFghct.

2 AT F8 HAL v FUAS Adshs B
oA IR AHE FHFY HE A E 5
A e HEEe] Ve Hart B3 AS A

2. oAU

B ATl thgoE she FYBE-w A2g
e Askrrdd 5 Faho] A AE F9A
o A%, 914, FU% BES HEew Atk Aals 2
G FA BHGFET A7, SIS A
AFYY $)S BHND F U FUYe) 2qo] B2
Hojof gt} Fgle] BAL oz SW aAFPEALe
A% BAL QA W kA EE A7 slet
Mol y(<okm o]z Holuli= 2 ke 5 gk
oWl A9E T wks FUAT T ek5e) 4

fadE o X1 WA 2lo] A QE} XWO]% Edo] A
= o) e 24 s AAEEE M

of oA B zﬁ—’FXWr v/ s it 4

ey
B 3
[\J =\I=4'
2 lo,
o r;
X o
)
e m o
r ) o
ol
2 o
b s
r —
i o
o o
Q HE
& N
oo
A
& o
=Y
BT
)
[o flo

flo

X E
4 r
)
2
v

a1
i

N
r:i
u
D)
i
rlo
e
ry
=
}’ HE
Auk
)
o rf =~
Y
il

By
it
bl
%
roh
8 G
f
oz
Ry
<
u
1,
=2
X
2
>
i
i

i e
fin)
¥

o
o
)

4o ¥
i
b
> O
o
o= T g
ol
&
)
2

>
N,
_Y,VL
ruz
A
rr
B~
b
1
3
1w o

BEKERBEMNE



GWL Before Injection
77777777 GWL After Injection

Fig. 1. Schematic of Two Injection Wells, Connecting Pipelines and a Pump
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Table 2. Injection Wells and Characteristics of Sub Systems

Well No. | Element No. Type Length (m) | Loss Coefficient | Inj.Rate (m/day) | GW Level (m)

(1) Screen - 10.0
(2) Pipe in the well 205 -
(3) Elbow - 2.2

L 4) Valve - - 400 20
5) Pipe 55 TBD
6) Tee junction - 2.2
1) Screen - 10.0
(2) Pipe in the well 22.5 -
(3) Elbow - 2.2

2 4) Valve - TBD 30 19:5
5) Pipe 60 -
6) Tee junction - 2.2
(1) Screen - 10.0
(2) Pipe in the well 276 -
(3) Elbow - 2.2

3 (4) Valve - TBD 420 185
(5) Pipe 40 -
(6) Tee junction - 2.2
1) Screen - 10.0
(2) Pipe in the well 26.09 -
(3) Elbow - 2.2

1 4) Valve - TBD 300 164
5) Pipe 70 -
6) Tee junction - 2.2
1) Screen - 10.0
(2) Pipe in the well 27.42 -
(3) Elbow - 2.2 _

0 4) Valve - TBD 500 17.2
B) Pipe 80 -
(6) Tee junction - 2.2
1) Screen - 10.0
(2) Pipe in the well 20.60 -
(3) Elbow - 2.2

0 4) Valve - TBD 460 125
5) Pipe 70 -
(6) Tee junction - 2.2
(1) Screen - 10.0
(2) Pipe in the well 26.50 -
(3) Elbow - 2.2

! 4) Valve - TBD 340 146
5) Pipe 40 -
(6) Tee junction - 2.2
1) Screen - 10.0
2) Pipe in the well 21.09 -
(3) Elbow - 2.2

8 4) Valve - TBD 390 105
5) Pipe 50 -
(6) Tee junction - 2.2

484 2105k 20154 104
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Table 3. Trial Diameters (m) for Mains Pipe Elements and Subsystem Elements (2) and (5) for each Injection

Well
Case 1 Case 2 Case 3 Case 4
1) 05 0.2 0.15 0.15
2) 05 0.2 0.15 0.15
3) 05 0.2 0.15 0.15
Mains (4) 05 0.2 0.2 0.15
Element (5) 05 0.2 0.2 0.15
(6) 05 0.2 0.2 0.15
(7) 05 0.2 0.2 0.15
®) 05 0.2 0.2 0.15
1 0.2 0.1 0.12 0.09
2 0.12 0.1 0.09 0.09
3 0.12 0.1 0.12 0.09
. ysslim 4 0.09 0.1 0.05 0.09
(Inj. Well) 5 0.1 0.1 0.15 0.09
6 0.09 0.1 0.15 0.09
7 0.09 0.1 0.05 0.09
8 0.09 0.1 0.09 0.09
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Table 4. Head Losses (m), Loss Coefficients, and Openings (%) for Valves; and the Required Minimum

Pump Head (m)

Inj. - CI.‘ase 1 S C;lse 2 - CLase 3 - (iase 4
Well # ngj C(S:fsf. Opening Lﬁif C;)esfsf Opening ngg C(?esfsf. Opening ngg C;)esfi Opening
1 0 0 90 0 0 90 1881 | 2201 5 0 0 90
2 0.14 22 30 0.79 58 20 1846 | 893 6 1.13 55 20
3 1.02 | 108 14 157 81 17 20.83 | 2210 5 1.96 66 19
4 235 | 155 12 444 | 446 8 0 0 90 618 | 406 8
5 0.55 20 30 282 | 102 14 24.38 | 4459 5 6.02 | 143 12
6 464 | 130 13 890 | 380 8 29.99 | 6480 5 1548 | 433 8
7 414 | 212 11 839 | 655 7 484 24 29 17.87 | 916 6
8 7.76 | 302 9 13.84 | 822 6 3271 | 1274 5 29.01 | 1130 5
sum 21.6 - - 42.75 - - 153.02 | - - 81.65 - -
H, 20.13 29.35 48.94 58.21
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