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Improvement of Well Efficiency through Well Development in a Pumping Well

Gyoo-Bum Kim* + Byung-Woo Kim * Sung-Yun Kim
K-water Institute, Korea Water Resources Corporation

ABSTRACT

Drilling at unconsolidated layer can make the aquifer disturbed and reduce a productivity of groundwater well. Surge
block and air surging were applied to a pumping well located in Jeungsan-ri, Changnyung-gun, to improve a well
efficiency by removing clogging and fine-grained slime. Two experimental log-linear equations, y;=-0.1769
In (x;) +0.4960 and y,=—84.3358 In (x,) + 512.8162, were proposed in this site, in which x; and x, are the number of
surging event, y; is the amount of slime, and y, is a recovery time of groundwater level after air surging. Well loss
exponent (P) decreased after surging, from 3.422 to 1.439, and the groundwater inflow from aquifer happened in all
directions around a well with gradually increasing the homogeneity in a local aquifer's hydraulic property. It was revealed
that long-term well development should be done in the pumping well which is located in unconsolidated sediments to

increase a well productivity.
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(a) Location of study area
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(b) Geologic map

Fig. 1. Location and geology of study area.
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(a) Wire wrap screen

{b) Louver screen

(c) Mill slot

Fig. 2. Three types of well screen. (a) Wire Wrap screen; 30 to 50% open area, (b) Louver screen; 8 to 50% open area, (c) Mill slot; 2 to

3% open area (Sterrett, 2007).

(b)

(c)

Fig. 3. Schematic representation of mechanical clogging in pumping well; (a) Grave! pack and porous media around a wire wrap screen
(Sterrett, 2007), (b) Bridging and straining of particles (black) during passage through a gravel pack near well screen (Houben and
Treskatis, 2007), and (c) Deposition, bridging and straining of particle/slime in porous media (modified from Sterrett, 2007).
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(a) Distribution of pumping well(PW1) and
monitoring wells

(b) Structure of the pumping well

Fig. 4. Distribution of the pumping and monitoring wells and a
structure of pumping well.
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Table 1. Structure and composition of the pumping well

Contents Pumping well
Depth 38m
Outer diameter 400 mm
Inner diameter 250 mm
GL ~28.5~-36.5

Interval of screen (Screen length : 8 m)

Screen type Wire wrap screen (V-shape)
Slot size 1.2 mm
Filter pack size 2.0 mm
Thickness of filter pack 75 mm

- Upper aquifer: silty sand

Type of aquifer - Lower aquifer: sandy gravel
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(b) Air surging

Fig. 5. Well development using surging methods.
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Fig. 6. Well development using a surge block (Houben and
Treskatis, 2007).
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Table 2. Condition of step-drawdown pumping test before and
after surging

Step-drawdown test
Contents

Before surging

Mar. 26, 2009

Step 4 x 1 hour
(1 hour per step)
=4 hour

400~700 m*/day

After surging
May 19~20, 2009

Step 5 x 2 hour
(2 hour per step)
=10 hour

500~900 m*/day

Test date
Elapsed time

Pumping rate
Depth of

submersible pump GL-26.50m

GL.-32.00 m

Pumping capacity 7.5 Hp 15 Hp

do] ZXH(Jacob's straigh-line method)} HIAE =2dl
9] HAAFS H8g FARY WP (Labadie-Helweg's
least-squares method)S- ©]-83}510H, ojuf vjHE 2d
2 FASTEP ZZ13S o]83}%tH(Labadie and Helweg,
1975; Jacob, 1947). HIX¥ o] HAAFHE SBAS B,
C 2 PE 3] I3l HAAFHE o183 X3
A WO, RAHEPYE HAvt He B, C B PH
< AP ETH(Table 3).
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1=-0.1769 In (x;) + 0.4960 (1

Table 3. Determination of well parameters (B, C and P) using Jacob's straight-line method and Labadie-Helweg's least-squares method

Method . Model Function Solution Well parameters
N
Jacob Linear s, = BO+CQ EP) = gigZ[si—(BQi+CQf)]2 =0 B, C
P Ti=1
N
ED) - 3 15— (BO,+ CODIQ; = 0
: i=1
Labadie-Helweg Nonlinear s, = Bo+co B, C P

(Least square error)

OE(P) _
oc

N

=¥ [s-(B0,+CoNIPCO; ' =0

i=1
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Table 4. Volume of slime and groundwatér level recovery time after surge block and air surging in a pumping well

Surge block Air-surging
Event Date Total work Surge block - - - Remark
(mm-dd) time (min) mode Slime thickness Slime volume Water level
(cm) (m®) Recovery time (sec)

1 04-23 84.51 W 263.5 0.517 -

2 04-24 84.51 W/P 177.6 0.349 -

3 04-24 84.51 W/P 180.5 0.354 - NB-1(D.B)
4 04-26 84.51 W/P 154.9 0.304 -

5 04-26 84.51 W/P 121.1 0.238 -

6 04-27 76.34 W 65.8 0.129 359

7 04-28 76.34 w 28.6 0.056 343

8 04-28 76.34 w 15.8 0.031 305 NB-1(D.C)
9 04-29 116.34 W 335 0.066 343 NB-2(D.B)
10 04-29 116.34 w 41.0 0.071 343

11 04-29 100.00 w 0.0 0.000 328 NB-2(D.C)
12 04-30 76.34 W 77.5 0.152 330
13 05-06 76.34 W 55.0 0.108 291
14 05-06 76.34 W 33.0 0.065 267
15 05-07 76.34 w 225 0.044 277
16 05-08 76.34 w 7.0 0.014 272

Remark) W: Winch, P: Pressure, D.B: Drilling beginning, D.C: Drilling completion

NB-1 NB-2
1 I I |
¥, =-84.3358 * lu(x,) + 512.8162
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Pl ~~
) $
g 0.6 '30“5
=
e [
© 0.4- ¥, =-0.1769 * In(x,) +0.4960  [-200 5
é ‘w K'=08516 2
0.2 4 - 100
LR o e e e e B A A -0
0123485678 8101M11214151617
Surge activities
[ 8- Stime vohume -9~ Water level recovery |

Fig. 7. Relationship between recovery time of groundwater level
and volume of slime during well development in a pumping well.
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Table 5. Comparision of well parameters (B, C, P) estimated before and after surging by Jacob's and Labadie-Helweg's methods

Before surging Jacob's Equation (P=2.0) Labadie-Helweg's Equation (P =3.422)

Step No Q Sw B9 g S BO cor 5

T (mP/day)  (m) (B=2253x107%) (C=1244x107%) (m) (B=2920x10% (=6.356x1071%) {(m)
1 400 12.10 9.01 1.99 11.00 11.68 0.51 12.19
2 500 15.89 11.27 3.11 14.38 14.60 1.09 15.69
3 600 19.42 13.52 448 18.00 17.52 2.04 19.56
4 700 2394 15.77 6.10 21.87 20.44 346 23.90

After surging Jacob's Equation (P =2.0) Labadie-Helweg's Equation (P = 1.439)

Sen No. .2 Su BQ cQ? S BQ c S

PO (mP/day) (m) (B=2060x107) (C=1.004x10%)  (m) (B=1191x107) (c=8880x 107 (m)
1 500 12.70 10.30 2.51 12.81 5.96 6.80 12.75
2 600 16.10 12.36 3.61 15.97 7.15 8.83 15.98
3 700 19.44 14.42 492 19.34 8.34 11.03 16.37
4 800 22.68 16.48 6.43 2291 9.53 13.36 22.89
5 900 26.64 18.54 8.13 26.67 10.72 15.83 26.55

lmi T 1 LA ¥ L 3 lm P L) L LA B BN ] ¥ ¥ L4 13
38, ~ 292E-02 2 X + 6356190 X021 £ T 8, = LI191E-02 * X + B.S90E-04* X}4® H
1 s=e06812 + 8=007465
T 7 ) I I
Liiilh / :

100

1600
Pumping rate (m*/day)
(a) Before surging

1000
Pumping rate (m*/day)
(b) After surging

Fig. 8. Analysis of aquifer loss and well loss from step-drawdown tests before and after surging.

ok b gAERAIR SldA) AY 2de oXE v}
AnZ By 2de 530 2B SEAE o)@ oj%
o] AE vmsigoh. ol GAYFAIEAA tEs
By 2.920x 1072, 1.191 x 102, $ELAA(C)
£ 6.356x 1070 2 8.880 x 107, SESUAGPRE 3422
2 14392 AR} Zhzh 14uinhel 2 g4om)e] WislE
7ERSI). $EAH ool B i U] B4
o] QFESIEIA] o} FF Wl =B} AFFHeR
7k =9, o FA3 930 o) fYE B
e SEEIFEP] e A ks uiA Ao
(Fig. 8(a)). 182 S27/0F olFdlle ¥4 T8 4

J. Soil & Groundwater Env. Vol. 15(1), p. 39~49, 2010

33 359 BAe) WdE URsEo] A s
diEe] B ¥ At 2349S T 2 W &
4] vRaiAo] ZA Bk, oW EEAER(C)
= =N oJHE w9 A YEPdTHFig. 8(b)).
THH, POl Al s 4 s,=BQ+CQ°
o} o] gigEeds) $EEAE FREE, o $4
SollMe SEEHEE &y FIoA IR 2% T
o8 JEdt ol#g FfF(Laminar flow)s &
(Turbulent flow)d] 34 dlolE= $(R.= (oVD/ Wt
AR RSN SESYAFE) Fo] I °F
AujAe] F4ido] th RolXEE Y& Sl vt



8% S SRS 58 ALY A 47
400mm
I 250mm i
Surface 040m Surface IO 40m
Depth to water |/ . % GL~207m Depih fo waier
B
A,
1 Step
(400 m*/day} - GlL.~14.17 m
2 Step %
(800 m’/doy} GL-17.96m b4 GL-1828m
3 Step 3 3 step % '
(600 m'/day) A4 GL-2149m {700 m'iday) ! GL—2142m
4 Sten 3
4 Step 2 ksl GL-24.86m
(700 v’ /day) GL.—26.01 m o
P GL.~26.50 m
GL.~28.8m
fscreen Lengt 53 P GL-32.00m
i=8m W“halemih 5
GL.~365m GlL.~368m
GL-38.0m % GL.~-380m

(a) Before surging

(b) After surging

Fig. 9. Water level drawdown before and afier the surging at a pumping well.
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