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We have developed a method to evaluate pumping rates from a system of pumping-well family. For a given sys-
tem actual pumping rates depend on pump characteristics and the sum of the static head and the dynamic head. The
static head is the elevation difference between the natural groundwater level and the outlet of the pipeline that con-
nects all the wells. Major components of the dynamic head are groundwater drawdown in the well and pipeline
head loss. The dynamic head and the pump characteristics depend on the pumping rates. Actual pumping rates are
determined at the intersections of the system total-head curves and the pump characteristic curves. The Newton-
Raphson's method is used to solve the nonlinear simultaneous equations. The method is applied to a hypothetical
well family. Impacts of various design and operational parameters on the pumping rates are analyzed.
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Fig. 1. Static head and major components of dynamic
head for a pump of a groundwater well.
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Fig. 2. Pump characteristic (performance) curve and
system-resistance curves from pumping from different
number of wells.
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Fig. 3. Twelve pumping-well and fifteen pipe-segment
system.
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Fig. 4. Treatment of constant-head stream boundary.

3 AAZRAL 7MY B (mirror wel)0 2 VS 4
qmg 4). el2el ske] sl X 9olM Al Aol

PNERE 749 Q1919 Aol the SeldeE AL of
& How Fonh
S,
T

A7V AR} pot me 7 7+ AT SRR
< elvjgin).

rlo

L + Darcy2] ¥3
B50] FRE 7?3011 Zdkgiet, o) 423 Zt‘ﬂg_oﬂ
]

ot 12 ot 84 = #

el 1 op Pow it 3} ceee

3 S4Well Losseh B2 Ynidoz oies) 7ol
Aagel MHRH R FHET),

hy=CQ" )

o71M C= Aol nd AR 18T IH, Wi
ulzkEAS YERNE Darcy-Weisbach2lol] 2j3Pd 29
& 7o

aeH R e etstee vhes 2.

m

T

hy=CiQ; +z nTlan 6)

A7IM = AFA i HFE pleld Aol j=i
3l Aelle o] WS ARgETh



442 pECE

o}, mpakeAl e 54 Hazen-Williams?) S+ Darcy-
Weisbach©2 4HJET}. &7|4E Darcy-Weisbach?]S
olg3lsich. fgo) YT T Boe nlzede
gL oz @A

h=k @ %

Doga?

71N W= UP’&"—m—ffe, T2e] npEEAA S
L& 7o), D= #73, 792 Q= 4%, T2l A: @
29| o)t} Darcy-Weisbach 219) w345 2}
Hazen-William 2]¢] Al5 Alole] A2l g3} 2o}
(149 5, 2002).

_ 98.78
_Cll{.i;;do,mvo.ls

471 AellA ARgE Aolt Ak Y9l me} so)
o 559 Hegol &% 2= g HE JME
Aol we} HFPES Adshs B2 fge] wst
gt} HrRE ddske A B (branched network)
o] WA #2 FF &4 FAL v g

n-3] i (>0 ] ©

= d; ZgA

©)

A7\ f,

4 A%, 20, A7, Qe

L, ¢ 32T Ak 2 7 2492 jol 0}
24 ko) Jggoln,

ESURO KxxF

] F ahr AR e N A" wat
dolBtEE #% B A AAxAL Fgslolst
th dE B0 Il |20t A=) e Aslle
aaae 37 Tge 93kd 213 fEom Eo K
ARsladol 3t} o] Ao 4%}4 EEPTE 593}
B2 TojEojolgitt. #Ae] &4y o 2oz
A2k

hy=— (10)

(11)

2 g 9] s B2t Algsieksis A ¥
< FHFEEO)E FAE ZE 249 AHFA(S) 9

e - AR -

HAE

oz e dez 2o,

S+D, s+z[ j Z(ijﬂ

j=i J jk=1

Q , T QL
Z nTlan +cQM+ e (12)
F+H 9ot
AN AFHEE J1Estd A AP HE

3 HAepzet A A Aloldld Bk "V*@
A g AFPze] A5 FAo| wAskE A
239t &, P=S;+DE TE3he G ¢l E
o] $x4o] "t 7] A FEl Wi vdE
2ol g T3] Yeirle vhEEE ARdsfoRsitt
Newton-Raphson % (Press 5, 1992)2 E&4<2] whE
Holw Az} vl A-g AN

ri=Si+Di_Pi

-s+z[ d2g J(ZQk):|

i k=1

(13)

Zzngln 1j,+cQ, 23 ~EQ Q) =0,
i=1,N

g AErt 9 HE 9
2} (residual)’t €t} Newton-
Ak th&wh 2

of7|A qHE Y B9 F
A71A] EEFS SHe 2
Raphson #5i¢] QkE

(1) _

i

Ek)—ﬁ(k)r;? )
%

Q71 9 ARt kD2 W wHE .
HhEge] sl St ARl A3 S8 Wl &
W FHEJTE FETh xje] hE Jacobiand: T
w3 2t

8r QL
2Q, an Z:2nT ¢ oAz
H2(p2-OQ;+ p1Bim 15)

&71A4 8,2 Kronecker delta F<rolH #Zollx] &
Aske F &4l 3t Jacobian TheH 2t}



=Y A28le) A5 w} 443

oh, NOfL
—L=2y Vg 1<i<m (16)
8Q, j:zngdejkzl )
s
NOFL d
=ZZJ—JZZQk m+1<i<N
j=i 2gdej k=1

72t A A o) v EAde Tukr] Ox gownw
Newton-Raphson®d§ 212 271 7Fg =)ol #ARle] F3}
Aoz FP

HE ofix|

o71ME Fig. 39 1209) A5 15749 92 &
22 39 7Mde +49 g FeEe F@risisit
3-8 A= (fully penctratingyshs HFHEL 4
A7 dAeh sk Hy ke w 297 wix]Eo]
Ak 2+ ot e Aele] A 74 2 100m 2
AL 300molth zh FoflA HEHES 100m H4es
AAHI heEe] BT 80 mYhelth BE
HAFFEY SESHASE 00003 mhrte 7RIEIL)

Z+ FeRole YT 95E 71 FHe Bk AR
Hrk 452829 529 JE BT A
p2=-0.00206, p,=~0.098765, p,=70.501" B4
< I% 20) Ao wAEsith

FrAE AFsks BREQ ol 50msl 3, 4, 9,
10 &=, 72313 Zo)7t 500me) 150 HEE A9t
Uz dze 2% 100melth 1HEE 19 e
A7 03m, HEE] FFHE 133 144 B2E
04m, 283 158 #AZE 74 06melth RE Ho
AR E 00302 7HEEAT 274 03 m BRI
100m*hre] F3Fo] BEE A9 npEAS: 0032
Hazen-Williams A<~ 96019 ©)= ARE 3 200do] 73}
3 FEEE A B Al sEtie)dd F,
2002). 159 #e] Bole F71x0) AAHe] glon] =
7129}t A5 Alole] FTAolE 30mE P HEC)

ded 23 A2y 1ohe] HAeEEoL SAl 7}
FET 739l oigk #F5ES 37181990k Newton-Raphson
W2 35]9) HHEo 2 ZRresidualyt A1) 0ol 71EA
St Alke gE A5k S 7k 16
W HEAoME 100201428 10027 m¥hr, H] YoiAl
7~128 F5PONE 1006004128 1012 m i & Rjo)
7F 9o F FeaRe 12200 mihes YERTTH

1500
1

Flow Rate (m3/hr)
1000
1

500
I

123 45 67 8 9101112131415
Pipe Number

Fig. 5. Flow rate in each pipe segment.
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Wi
. gle well pumping 7 away from stream 4
Operation
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diameter 0.35~0.6 m larger 7
. 0.25~0.4 m smaller 8
Pipes
friction factor: 0.044 higher ?
o 0.018 lower 10
Elevation elevation 15m reduced . 11
-0.0015, -0.10, 85 Larger (Fig. 8) 12
Pumps specification #4, larger; #5 smaller remainder-base case 13
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c o 100 larger 15
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0.0001 smaller 18
pipe network pipe network Fig. 9 improper network 19
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