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Fig. 1. a. completely submerged air valve. b. Semi-submerged air valve.
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Fig. 2. Space-time mesh grid for solving waterhammer equation by Method of Characteristics.
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Table 1. Reservoir and pipeline specifications.
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Table 2. Reservoir and pipeline specifications.
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Fig. 6. a. Investigation of pipe diameter effect on contaminant intrusion. b. Investigation of pipe diameter effect on negative
pressure amount at leak point. c. Investigation of pipe diameter effect on negative pressure duration at leak point.
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TBUp0 £585 5 e (O Al (> D9 0 s ¢Sl i s
el ol ool 0gd g)lad 5l & fos Jbw Sz 655
Thuro )b gse el Sgze g el Cudy o jLad I
i ey hie i 5 5uile ke sed s gl olaial o
IS 55 oosgy b Loyl (3 o cilise (sla s sl
o oz loged 5o YVIY Caws YL 55 jLlid l5l 4y - -
shass il 1 b o)l8l oy i dasliz yel ol ceslaslo
UKt 50 i1 ol sl e g) 4 Sogll S (sla JSams

VVIY jLad o 58 RV e jloged ol Gl Dgpiin g9 4 3

IR

wubﬁ‘ la aS Lo U"‘ L Camloads )"(.5‘59"‘0 9 oo; ).....u -0
Syt S b (599y5 035l Ol oo (Tl 359 S Sy
e e 5 Lid og il olaSe Ll o enlazily il
b S Jale (IS 51 g (05 Slasie Gog Sl
arsi b allioe o35 )lad (e a4 atuly 5 ki DS Ayl o
SO Gl g (550 Sl ey SR L Al S &
g il ] il il gm0 s b gl 4y 00 olg
Sk Jore )3 gl sl (AU e Jlad lade (Pl 4 e
ol Cuis oo jo ot jlid (6B aile o i)Y Cslons

olass ol saimsylis o Lo Ve 1o SLSL Jo3 g Cuwloss
s 2 Jogai 3 o33 s adlyse (ool i oS
e $)LE e 589 pue Sl p (e jlad 5 Bl ad o
A o o i Hlid g Bwle loj o g auil alS el Hlid
Colus g Hhd golidl 3.k sl caslosgy <ol Lo,ws da g3 )l
WS oo iyl Fogll 180 jo Cudie s V) abaly @ azgi b s
W S 4 e Sogll (186 0 Jele aw opl Jlon], aS

09,5 Bl Jlow ey g 350 ol glas )| Sy Y- -F
ol GLSL S y0 oy
2 e ey (Sl SLSU S Hlade (Y S
ol e oo Gl 1) je e (35 liad Slpss il
@4z g5 b g i Jonily (65530 Gil8l b 5 (5 0g 5 5LES
g oo Ayl 958 Jlow ey Linl3El 4 mie A pwls ala,
b g e O yg0ts Sl e Gialidl ) el 4 azg b

ol s (Ve ISE) 0 )8 o Sl gedas s e Hlad

VA



AVY B AV dotio VAR Jlo @ oyl D 093 €3S prol )y (wrbite &y

0/030 -

0/025 4

0/020 -

() $9939 ST px>

[ -
’ ;

(50) 5 509 s sLid
& &k

0

-

o
n

76/6 76/8 7700 7712 774

0/0154 (%) 39 (& shog i sLid
¢ 3 074
‘3
b@ /6
10 - ;
0/010 ¥
Lo
2
0/005 : 3

(5%0) &390 & shog 3w Jlid

768 770 TR

L
77/4 7618 7710 7712 7714

(50) 350 s 09 3 L8

Fig. 10. a. Investigation of reservoir head effect on contaminant intrusion. b. Investigation of reservoir head effect on
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Fig. 12. a. Investigation of leak location effect on contaminant intrusion. b. Investigation of leak location effect on negative
pressure amount at leak point. c. Investigation of leak location effect on negative pressure duration at leak point.
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Fig. 13. A. Investigation of wave velocity effect on contaminant intrusion. b. Investigation of wave velocity effect on negative
pressure amount at leak point. c. Investigation of wave velocity effect on negative pressure duration at leak point.
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Table 3. Sensitivity Analysis of Hydraulic Parameters on Contaminant Intrusion.
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