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A study on the removal of particulate matters using unidirectional
flushing
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ABSTRACT

Particulate matters in a water distribution system are main causes of turbidity and discoloration of tap water. They could
be removed by conventional or uni-directional flushing in a water distribution system. The behaviors and required flow
velocity of particles are not well known for their flushing. A model water main and hydrant were made from transparent
acrylic pipe of 30mm and 16mm in diameter, respectively. We analyzed the effect of flushing velocity, particle density,
and particle diameter. We found that the existence of break-though velocities at which particles begin to be removed,
and which are affected by their physical properties. The removal efficiencies seemed to be influenced by resuspension
capabilities related to their upward movement from the bottom. Heavy particles like scale were hard to remove through
upflow hydrant because the falling velocity, calculated using Stokes  law, was higher. Particle removal efficiencies of
upward hydrant and downward drain showed minor differences. Additionally, the length between hydrant and control
valve affected flushing efficiency because the particulate matters were trapped in this space by inertia and recirculating
flow.
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oA 71QIg A, S&e] A9
ofsff BE= A, LYar o] ok BEou
SAF Foll FdE= Aol ltH(Vreeburg et al., 2004,
Kirmeyer et al., 2000, Slaats et al., 2002). <=A}of| 4] 7]
¢t A B8-S AedolA A 24S &
AsHA Agstr] wfizeol] ol 2 Eth(Vreeburg et
al,, 2008). o]& YA =&oll= meff YA}, S ¢
A Fol o, dFEulEHAm, PAC)S ARE-ShH=
Aol Seiv S3AY g R HY &5
(Floc) 59 AAEF0o] At Mouchet et al., 1992). AF
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o], oA F&Fo] 2], gholy E39 g3l
2Qlo|th(Boxall et al., 2003, Slaats et al., 2002). 4%
o Qholl A A&t sFetub-gof o YA B4 ol
A= AL QtKClark et al., 1993, Kirmeyer et
al., 2000, Walski et al.,, 1991). wjx|ato = W A3
59 QA4 Bo] B T4 Fol PO §919
+ A Q(Intrusion)} 22 A% It Gauthier et al,.
1996, Vairavamoorthy et al., 2007, Besner et al., 2011,
Propato et al., 2004, Lindley et al., 2002). 3= 2] w X
£5 =oo] 4o] Soj7bA B el A 2ol o]
o] X= A= A tH(Carrier et al, 2005).
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W71 wizell, Ao} Thsde] AT SEdE
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S S v AR e ] 22
o 5, HESY] 25 oS S viEshs ol
5 I SIS 54 RS iR o
st &5 Z2)7] well S &) SigEES
o G5 wAy)= Ao] 7Es3ltHAntoun et al.,

1999, Carriere et al., 2005). T 3F AL AHAl =
2j4lo] ]s] AR EE vkl 40% ol HobRlE A
o] Qlrkar girh ek E9AE AlEE Y JlH 7}

0.9 m/sec®] §<0] ASITHAWWA, 1986). AJE1te]
AA, A& AA, daa4td s WAsH] flsh
A= 1.5 misec A=V EQ3ITHAWWA, 1986). Friedman
S pilot 0] AHE Fol, T Euo] ofshA) 22}
%l %=(Loose Deposit)ye T2 2 A A5}7] 9|5
A= 0.72 misec o]4o] Baskal, H2HY =l
SIAE 22 1.2 misee o]4Fo]ojof Fhohs A = oi)
(Friedman et al,, 2003). ¥} S(2014)& 23 AFyharS o]
831 4132 E3)] 2 mm ©|5}2] GAC(Granular Activated
Carbon)= A} 27|19} BA glo] 0.5 m/sec, 2 mm ©]
5l2] H e lA}= 0.88 m/sec, 0.425mm ©|5}o] & KA1
A EL 0.8 misec OJ4FS] Fol 4] 2 Hg7) 5
= AL BtkBae et al., 2014).
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Fig. 1. lllustration for particle movement in the experimental
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de S8 A2 ul, 2341 #52 SHARY A ol EAst=t, oA YFE A= ARl His
FEEET 7oF gtk S AR WS E(us)e 4 AstAT B3 S0l AH8E =9 HiEge §
() &2 Stokes’s Laws o]-g3fo] & 4= Ut 3 A Ao B ol EeEET) o] & H=
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u, = ¥, XgxXAXd () a1},

o] A%= C 9 4ol& 05 m = 3%
o] #7230 mmojw A4shd gl YEHe

1 = Dynamic viscosity (kg/m/s)
pparticle = YA9] W= (kg/m3)
pwater = 4A+9] M= (kg/m3)

o] 7] 4, =
Wer = Shield Parameter 2, AE'@E')“L-' E_
ucr = Critical flow velocity (m/sec) =
g = FUIEE (msec?) 2.1 228
A = AU (pparticle - pwater) / pwater Al W B SABHA EgEE o3 8L o] &5}9]
d = el 2% (m) e TGO, 4FuET shapEol T
S T4 mope] 2rwe Axaislch ARG
v, =l @ & Fig 20] Yeh} otk AF BRE £42 06
v m/so| A 3 m/s 7HA] Ths st Alo7t s’ HE
4714, 2 WA BN A7 AP 58
v : Kinematic viscosity (m2/sec) T EE ohAd Wt TR 479 FHE oF 3
m £3 T, otay AFAANR $UAAT §40
& X (Pparticte — Puater) <9 =72 Kometer AF9] GSA-500 ©] =33t {FHFAE
U, = 1857 () Agshah asbdol ofak AgEY A% WE
H(Fig. 29] CH) Zol& AA 2349 E&wole
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Chel S0l ofeh YR =29 AHof| et G+t

&
B Bl Al ofIgOR AgSH A0 ulFo| 14
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Fig. 2. Schematic diagram of the experimental apparatus (Iefg)
and its photo (right).
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Table 1. Residual fraction of particulate matters at each mesh
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247} xR oz HE S2HEFOZ (.12 m, 0.30 m,
0.60 m Hoj#x It} Fig. 3, Fig. 4, Fig. 5= 7tz &
st oz RE B Ap@iHzER] ] A2l 7} 0.12 m,
0.30 m, 0.60 mQl 7% ma)], AA|A, okAgtilolE Q)
2], CHE 53 3482 HojFa Qlok B#S ¢
A3 zpto] =917 wjiEe, B ATAA TAE A
ARE 33 002 st CIS FalATE whA
WUz o= 9lan, AR CHO) 948 o] H A 9] AlF
of Wku|gslict. Fig. 3of w2, mefo] 7= AT
B8.2:0] 0.29 m/sec (C 1.0 m/sec)7} A wff 7}z A|A
7} =R ¢yl Aol §<50] 0.32 m/sec (CH 1.12
m/sec)| E|H A7) YA AATE ARET AAY
UAF] A= meel 270l H|3t S Holt
7b o] mEtE Aridor mejRch w2 C
AALES BEATh AAo|EQ] 9= B} A
A YRrECE 3Tt ARbEE A f&o] We A
S B 7 Aok o] AutoA B AAH Y
ALo] Wwel e CHE B3 AALN FFE v

e Ade & Ak Al 7HA] A el sy

Mesh Size Sand Anthracite | Scale Particle
1.4 mm 0 % 30 % 20 %
1.0 mm 5 % 20 % 50 %
0.60 mm 95 % 20 % 20 %
0.15 mm 0 % 30 % 10 %
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[e] A
Ae B 5 Agle

T 4L ARl BALTRS, A
%, 2apdel cte] fidol QRS W Aow
Hch Azt ol Blee wet 4jolv] Ashe @
Al AF-3-25(Critical Tractive Velocity)2 <4 1>of &]3)
AAro] 7158}k o] Alof|A] 4= A|4x(Shield Parameter)
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0.35~0.65 At} o] Aof o3| AibE mwal, A7,
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T(2014)2 P S A& AFolA A7 0.106 ~
0.850 mm 2 YA A AF-8242 0.07~0.195 m/sec
A2 H ATt (Bae et al, 2014). 217 0.106 ~0.850 mm
IR A TS <A 1> o8 54,
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of Wil Shatolsol ols) AN ARTEY ol
7t Z7el) Hek xte] 8% Folol YL ulA
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T ol HiEE = YA 427 o]
Fol FF& vA = AA= Fig 194 B AAH
Qate] HE(FB), Qlate] 2EWF AFUFD), Ut
of Ze(Fgolth. YR Yo WAL 7Hgetn =
o, 2719, kavhel = kel e, FEl, L5
3F A3+ (Drag Force)S 1183t Stokes Lawo] &3]
2} Qo] WAL ES o S35, Table 29} ek 1
o] AFEEE= 0.319~0.885 m/sec |, AA U
A= 0.027 ~ 2374 mi/sec ©]1L, QFABPAFO|E = 0.006 ~
0.480 m/sec o]t} o] W, &L 20 oCE 7}A3IH L
e, AAY, kAEpApolE AR W= ZH7F 2.625
kg/L, 3.225 kg/L, 1.450 kg/LFit}. Table 2 Y Fig. 3,
Fig. 4, Fig. 504 oA Hi= AAY Hefjef ehiepat
o|EQ9) S CHY kAol visl A9t
2oll, d¢ CHo g YATE Foj2thd meef b
Aol E QA= A 37t EHSE Aol olE =4,
2 AR 95%+= 0.319 ~0.885 m/s2] A 7F<&-0]7]
ao] shabgol A CRe] $459) 10 misec Hrk 1
R 2L gholek. 70%0) QkAzhatel = QIR o) 3
7452 7) 0480 misec®E CHo] by SL&HTb= 2
o goltk. e} 249 Arke] A9 Table 204
AA A 50%<Q1 A7o] 1.0~1.4 mmSl A=
1.211 ~2.347 m/sec®] §<o] Qs A% 20%¢<]
L4mm ©o]/%}o] QAAF= 2.374 m/sec O]9 50| &
a3 & 4 3lon, 319 30% = FAdSEETE 0.027 ~
1.211 m/sec A=2 A= 7 gty S&HT
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—8— Sacle
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Particle Removal Rate (%)
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0 GG T T T
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Velocity at Pipe A (m/s)
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Fig, 3. Particulate matters removal using 1.3 m upstream drain
pipe C and 600mm pipe B in length
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s Ak, of T f4 ofslol M AAT A W Fo) 4HOE olfes AL HAH o] Y
A glolth whebd B Beldol dAE e S A mAA ghe A & 4 ek sk §
Sol Agke YA, U 2 AA AR Ak
100 Aol AA&ETL B4gol e vHT Fig 3,
o ] Fig. 4, Fig. 5ol C¥ 922 7]202 1.1~2.3 m/sec
g oA MR AL AAFe] A[AEO] Ha W2 o
E o | 8t 249 908 cue o A ol5AYE 2
- tang o] majsrt o7 ulEe Aom F2gh
£ 40 T Ramace ] staby fdo] Al Fa% AT Fhe AL &
% Frsoly AAEETE ofy ) WReitel ofsf At
207 7 £ FELA7IE 28 A & itk W
(2014)¢] <1+ Eer— ZFegolA 27 0.106 mm
0o,o o os 06 08 10 ojsto] Wejrt b FAYel=t] a3 {5 0.62
Velocity at Pipe A (m/s) nvsec (Bae et al., 2014)E o] Algof ALg-H waje] Tt
00 05 10 15 20 25 30 35 T AR 22 gl HAloh Aedidel A ey
Velocity at Pipe C (m/s) ShHibof| &f 3 O]ZV} =% % HLif)Al 7] = Zagt
Fig. 4. Particulate matters removal using 1.3 m upstream drain Froll it As WA %71 gl FF ool
pipe C and 300mm pipe B in length gt A7t o =Ea 2:;_ Aoz AFrET)
100 3.2 B2t Z0|7} Uxie| iAol nlxl= Fekofl cHet
_ | sy
5. _ wQlgre] AX| AspAel A ABEAEA o A
T s (BEe] Qo AR BAo) e ZejAlo]
E 10 s 1 g ulA S grk ARHE CR(I3mS B9 AXE
£ AASHE 785 B oo wE el dAke] A~
* 20 ] 5/4& dorHtth Fig 6014 B#e] doj7 dojd
F5 R o AA A He de & 5 0t B2
0o.o : 02 | 04 06 08 1.0 el AAEE Bike] o7k 012 m 2+ 0.30 m o
Velocity at Pipe A (m/s) = Zol7F AL §IAIRE, 600 mmel 7= A AE0|
, : : : ; ] , . o 22 Zl& Fig 6914 & = v} |22 Fig. 19]
e e 0 ET T B A W(nertia)e] o) e QA7) B
' . Velocity at PupéC(m/s) ) 07 Sojrliy], Utk Soj7bd B Ul A whAl
Fig. 5. Particulate matters removal using 1.3 m upstream drain > Ee = a
pipe C and 120mm pipe B in length g+ 41 3] F(Circulation)of] £&| 2]dstth7F ZF0] °Fgh
Table 2. Independent sedimentation velocity of particles by Stokes’ law and residual fraction at each mesh
Sand Anthracite Scale Particle
Mesh Size Velocity Residual Velocity Residual Velocity Residual
(m/sec) (%) (m/sec) (%) (m/sec) (%)
1.40 mm 1.734 0 0.480 30 2.374 20
1.00 mm 0.885 5 0.245 20 1.211 50
0.60 mm 0.319 95 0.088 20 0.436 20
0.15 mm 0.020 0 0.006 30 0.027 10
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m/sec FE7h W, Zofof] Aol PATF 95% o]
4 AAEE Aoz yehded, o= B WiolA
AT SR A=7E A, Bl Soi3t Bt
ThA] Broz whiAue o QIgl7] o)tk
FlE CH(1.3 mE F8f AL RS AASH
= 749, BHE| dojo] mE A|AE Wit Fig
7oA B 24 B Zo]7}F 0.12 m < 0.30 mQl
85 e dRtel fARE SA S Btk BYO| 4
o]7} 0.60 mel AL CH 5% 1.86 ~ 2.80 m/sec
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Velocity at Pipe A (m/s)

T T T T T T T 1
0.0 0.5 10 1.5 20 25 30 35
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Fig. 6. Sand removal using 1.3 m upstream drain pipe C
and pipe B in diverse length
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Fig. 7. Scale particle removal using 1.3 m upstream drain
pipe C and pipe B in diverse length
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o 4FHE CRHLImME B chreblolE UaE
AASHS 49, BEH] Zolo] w2 AALS Fig. 87}
Ztt BHY] Zol7F 0.12 m ¢ 0.30 mQ] F9= A=
FARE AALS BAAT, 060 m ) H9ol C &
% 111~ 186 misec W9lol A AALo] o WA et
Sk QhaehAolE el A9, me 2 2AY
Aok HlSg WO Aol sbs| melth

Fig. 6, Fig. 7, Fig. 82 X1 CTo||A] 3]4=80] A 714
YA BE 100%0] 1A R A 2 5 ek
ol AA7t Bl Fig 994 mol: AXY Uzt
7} A7) ok QJAbt BEolA] HAIRE 4181 R
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0.0 0.5 1.0 1.5 20 25 3.0 3.5

Velocity at Pipe C (m/s)
Fig. 8. Anthracite removal using 1.3 m upstream drain pipe
C and pipe B in diverse length
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Fig. 9. Sand particles deposited at the mouth of pipe B
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Table 3. The removal rates of three particulate matters according to hydrant direction and length

Draw direction | Length (m) Pipe A (m/s) Pipe C (m/s) Sand (%) Scale (%) Anthracite (%)
Upstream 1.30 1.01 95.9 95.2 96.3
Downstream 0.50 0.90 99.8 98.0 99.0

A9 F 580 ket o AW, 4%
KeX

&= YA 100% A AsH= 7/‘1

E JE}.

3.3 xie| uhEtetol chst A+

SEEEES TR SPCEE TR S
Byo] glef Ee)49 a&ol n|A= FFE A+
7] 918 A 3y 5kiTh Table 304 Hi= At
o 23}8E Bol ARSI A AT C

2>0] Z+ZF 1.01 m/sec, 3.55 m/sec 11, UEWME

i

2o slgulEel A9 AT} el f4
0.90 my/s, 3.15 m/s Yr} 1.3 m Zo]o] Ak 4A3A
olg3ste] RAE 2T miet 0.5 m 2ol s
UEMES ol8o}o] 3e 1o HEHSES 717}
95.9%, 99.8% St} olF UEWHEE F3t uj&Eo] oF
T A meeh A RS A Al
= % slehlEe] T3 eaS 4 95.2%, 98.0%%
o ekseolsel A8 4l o sl 3
FTIra 4 96.3%, 99.0% et 2AD YRRt ¢
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