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Optimization and Evaluation of Surge Shaft for Gravity-driven Long Distance
Supply System
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China; 2. School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin
150090, China)

Abstract; The gravity-driven water flow system takes advantage of the natural terrain to deliver
water. Under normal operating conditions, the piezometric pressure is higher than the hydrostatic pres-
sure. If a pipeline gate valve was closed, the pressure in the pipeline would equal the difference in water
transportation elevations; therefore, larger difference in elevations could result in greater water hammer in
the pipe, and subsequently lead to increases in pipe pressure ratings and project costs. Surge shaft, if
properly positioned along the pipeline, is an effective measure to relief water hammer. Based on the YCJL
project in Inner Mongolia, on the premise of safe operation of the water supply system, a mathematical
model of costs of the water supply system was used, in combination with the enumeration method and the
genetic algorithm, to determine the number of surge shafts required to minimize the cost throughout the
water supply system.

Key words: long distance supply; gravity-driven water flow; surge shaft; mathematical mod-

el; hydraulic transition process analysis

ST 45 KA I R GBI PO T R R TR ik A h, R TR 2 i S B AR R
W EBRALHR Sy, B E BN R | R IR 220 2 S PR & 5K 24

E2UH: BXEABMFEEHFHIE (51278148); EZFUKKTRES SREMBEKX T (20142X07405002)

. 49 .



533% %9

T OE 2 K HE K

www. watergasheat. com

1113 B 7 3 i 7K 2 SRR, JE R A R i R
1 28 5 N RS K K SEFDEFEUE WA TR 5
191 H ] SR S B 1k K e , 3 e i R A
LTIl R e s T3 58, A3 A2 K BB 37 9 26 1 T
filf TR B BT A
1 BRI EF A

MRPGETER C7 A C™ FFAEZ T A2 it i e 2k
SRR K A I A AT S A R R

C” Qpi:Hi—l _B(Qpi_oi—l) —RQi_llQi_H
C- Hpi :Hi+1 _B(Q])i _Qi+1) _RQi+1 |Qi+1|
Qpl Z(le _Hp)/Bl
sz :(Hp_cmz)/Bz
Qpl :Q[)Z +Qp3
1
Hp=S;>+27(Qp3+Qp>At
S,=H, -7
(1)
/\I:':‘:
_a
SAx
R = 3
T (3)
Cm:Hi+] _BQi+1 _RQi+I|Qi+]| (4)

K, Q H AR BEA TS HL, 0, H, X
R BB TR SR s Wi 7S
B LGSR N i = 1, KRBT i =N+ 15a.x.0
G 9B 7R 7K B ) A4 B EE R RN [R] 5 f R
Y EERL ARG D A g TN IE ;A S iE
*ﬁi%ﬁﬁﬁ H;Qpl \sz \Qp3 %%Uﬁlﬁgﬁ:i(ﬁ?{ﬁ/\{ﬂ
A AR I 5 £ O IR T A R
TR Z Dy i R I A0 A8 T 5 S, hy I R K A7
B

FFESAE BT KR R G S P A 2y
i ST T BRI SR A, TR 58
St RIS A L B TR I AR S A P e AU (X
AR T R AN, 51T I A A 5
R R AT SR A o
2 EREMRFEA

TESEPR TRE R, R0 AL /KR K BT K 2R Y
i T, REATRE G 18 R G0 B SR AR, Bl ez
o FEEAPUKRGE P, &% BB I 217 /K

B dre, 1B R R T A S IS P 7 s, DT R AIGAE
A BT S5 4, 1 i R IR s e — IREE R 1R
Fltf e ELMATIR T, 12 FH R G a i i, Bl7E
Tl F /NG RIS (8] 32 3l i FE SR R R ) R
FE e HBCA AT B R AT (8 R 3 i 1] A0
Bl RN

ARG E it Iy ik BB LR R TR A FE Rl
g eE R BRI

F(X) =F, +F, (5)

ARG FAACRIORIUE F () (H /N H W 2 T2y
AR
/NI E] 1, < /DRI ] <t

s L1

s—xr, ryor . J v
x g
oH

2
i 261;‘ B +V +7X7:O
HEEITRE Py ox g N on

}:Ejjgjk Hmaxgl' 3H0 HminBO
PR 1 BB AR

(6)
K(5)
F1:2{=1(A£+Bi) (7)
J J J
Fzz[%leXYj+%2ijYj+... +D%_1ijyj+
j=1 j=1 j=1
J
xLxY, (8)
DN, /

BV S N sl by VA EE S  TD T PSS S 4 AN S|
SR, 100 H O AR K S m (1 m Kk ™
AR S129709 9.8 kPa, IR 5 V N L, m/s;
o KRG FE L, m/s 5 a0 D A B R RE A AR AR5
NI s 5f DA B R B AR 5 ¢ DA o N5 o
EAREFPRAEG b o E AR IR A, WA i
AVAEFE, T8 B; NS i A RTTIEN, 165 L,
N IORIE N B R E, m; Y, 24480 DN, i
55 ] FORIE N VBB, JT 05 i L IR
Rl RS EBR, s B, H, Hy 53 5GERE
I KOK ) BB s/ NE T B RCR TAEE T, m,

Hy AT A AR 3 HOR O R I HH A
W, AR, /NG IR ] o PRI AZ o 9 e
AR A o R R A R s T PR A O T A
FRVE R AN o VAR & B B el
L, AT PR IR A5 i A AR SR, PR R SR A

- 50 -



pa

www. watergasheat. com

35,5 IR KIE B K A SRR R RN

£RE FOM

3 IAHFH

WS YCIL TR E MKk RG. &2KH8
206.26 km, i 103. 64 km & DN2 600 ( J5 545 68. 5
km [ 45 J8 7 42 5 DN2 800 ) XU H- 118l %, )5
102.62 km j DN3 200 BALR4H%, &L /K
IRALHE 2 72,32 m LR UTIR e Kk 220 143.70
I K% 240 m
7J<fii%)|0m
AR 00 e

BRI R 0.792 ms

L=3 km A Bt 9 0.95 mrfs

B 0.625 mYs

IR 0.75 ms
i1 R A Ry
285.32 m

Bt R 1.58 mYs
TN 1.90 mYs

KA J5 268 m

m, EF N PCCP, Z TREAY /KRN 12.78 m'/
s, RN 15.33 m'/s, VA ALk O, %
43K B R 5. 18 m'/s, B KAy K Mk 6. 21
m3/sO

TR R B 1 i K (e B
) B E ) 1.3 %,

K ALK 146.3 m FEIK AL H 231.05 m

v v

L=63 km
B 1.91 mYs
IR i ik 2.29 ms

L=136 km
BB 0.525 mYs
IR 0.63 mYs

it M 0.533 mYs
it 0.64 m¥s KA 213 m

DN2 600 DN2 600 DN2 800 DN2 800 DN3 200 DN3 200 DN3 200 v
| b =
B 111298769 BV 113403305 BEB 1474125 BEE 157465042 B 212455226 HE 2484500 HE 2894250 B 3184247.60
Fg 3l 1 11 R K FHA7 b e 53 Ak 1 LRIy k1 e gty k f Fr sk K i
1 EXRAITE
Fig.1  Schematic diagram of pipeline topology
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Fig.2 Water hammer pressure envelope
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Tab.1 Pipe cost
HRIE/ DN2 600 DN2 800 DN3 200
MPa L T B/ TG B/ T
0.6 714.25 849.21 1 034.36
0.8 761.81 903.34 1 078.23
1.0 844.27 953.62 1249.38
1.2 902.87 1 008.24 1 324.51
1.4 967.39 1037.21 1373.99
1.6 1014.12 1 069.31 1 400.97
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Fig.3 Cost of surge shaft
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