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An Experimental Study on the Break-through of
Suspended Particles in Sand Filtration

by Kunio EBIE

There are four types of the break-through of suspended particles into the effluent,
i.e.: 1) Initial break-through which is usually complete in 30 min. to 1hr. from the
start of a filter run; 2) Terminal break-through occurring toward the end of filter runs,
especially when pretreatment is not sufficient ; 3) Break-through which is caused by the
fluctuations of the influent turbidity ; and 4) Break-through resultant from the increased
filtration rate.

This paper is an experimental study of the above-mentioned fourth break-through,
with the purpose to understand more clearly the filtration phenomena under the increased
filtration rate, of which a period lasts for 30 min. from poiat of 1.5m total head loss.

As a result, it was disclosed how the value of total head loss changed during the
increased filtration rate, and that the magunitude of increase in filtration rate was more
contributive to the % of break-through of suspended particles from sand filter than others.

Some other observations are also presented.
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y . | cC) | 95
pH 6.9
g wH o (ppm) | <1
% / — COD as O, (mg/0) 0.91
f{} 43 7r2y fE as CaCO3 (mg/l) | 57
i \ Ca2+ (mg/d) | 843
Mg2+ (mg/l) 2.26
Wi as CaCOs (mg/f) | 30.5
Mn2+ (mg/¢) | 0.08
A-9Az— Fet¥ (mg/f) | 0.10
;E Fe3t (mg/l) 0.06
% Cl= (mg/l) 4.18
: SO%~ (mg/l) | 16.6
F 2E; K i
i Si0, (f ) (mg/0) | 328
2 ERERBOHK BREAE (n¢5/em) | 94.1
Fig. 2. Schematic Diagram of Experimental Apparatus ‘
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3 | SR
PLTRRZOBYITHD, ThHORER 4, o %”‘W§%M$W§u%§$2
" 4 BD10%8E
263 THY, M2 EK 444% =T 60cm E (mm) (mm) (mm)
CREERE, Sbic, SEEBHYmMzic,. D B | 059~071 | 065 l 0.74
i 3 W 0.71~0.84 0.77 | 0.91
DHIHE D A3 'Y 240 3 9 |
ISR SURLG S13 Mo S TR X B | 084~1.00 0.92 : 1.03
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TRLIEEDTHD, ¥, BHERAEEH T MNZ 5 CEWBMP SR ICBERCHT S
AEEBC L VB L CERBEREORRYENRTCEDLLLETHS, T, ZOHADS
EEBC X DM LTERBERE LT, AELEHOREOWITEE & D HELEE AN
2 bhbETCOFHHHEBEEOHY S & LWz Lic,



WABCs0 2 MERT OB B BT 5 8% 435

3. RROBRLEE

3.1 AEEHRREBB/RKTDOEGH X
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Table 4. Movement Depth of Suspended Particles removed in the filter

AR EH 40 m/H 80 m/H
o !
B o & i% ﬁ)ﬂ 20 ppm 40 ppm 10 ppm } 20 ppm 40 ppm
/N W | 25cm 25cm 25cm 35cm LAF | 35cm LAF | 25cm
G w 35cm LLF | 35em LR 30cm 30cm 35cm AT | 35cm AR
X W 35cm LIF | 35cm BATF 20cm 35cm LT | 35em BAF | 35ecm AR

bETEZLTADE, WOROKET WD

ZER SN BB FOBENEL D I —
= SRINFREN = 10 PP
AR Ry AT Y e SR 3% - 20 %

30 t+

ik, B EAIEARO I b DR E
WERE F 7033 Tl Sh BBk T &
DHENLFNEHE I MDD L, Re D
bfhk bERACH LTIk FTEETO
BE) - AR DORIcOTH S S,

K4 D Ps b Pold AEETNC X - T
RRERLF 2 P X 8 7 2B~ O TR 5
BERTLEDOTHS2, OO EE

R oy

! \/\/\/\\
W[\«M'

20

SRR I S

(ki)
BWCRIEH ISR oM &\ 7 23 & bR oL BANRE D | w0y o oy o
20 30 %0 K17
7o Bz, K8 TEE10cm oW THh % BB M (hes)
% & HHATHTO 3 Rk o 54.5% 8 AKKHEESROB X

e EBTWBEDIK L, AEEBBO 25 Fig. 8. Head Loss Ratio vs. Filtering Time
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HEBEINZ BRI IBED AHBKEBEDOHB IOV TOEBRMEO—HER 9 ITRT, &
HEEL, ORI TAEREHG 2~4 HRCBbhTW 50, BWETOEIKEOHR
CIABBCINEBE2 DB THo T, LD - T, WEEBTRAN - KK I BRE
FLFRENKBCE S BRI L o ETHE RERKEAE-20 P EELLD
7o) CIRAKDOBE) - HPRZ > TW2bDLHEIND, T, HBKEENLEETL
LM BB TFHEOKSE LT, ThE COFMERMBEZRDICONES THD, BREK T
BB - HRBEKTE LD P cELHSHHBTRTIDEELDRLZND, LTORICESL
MHPAEZ > TV EDRFEEL LTENKBEATORREGCLIZbD LIRS,
AR L CE BB TROBEIR6CRTHEI THD, L LOHIKIEE



440 W % L i

360
-
K % ;2 N B
] G A | e ®5 AEEBC I B HEE
” 10 PP 10 ppm WEBNC X 5 H
F HERW 0 7% % 0% #1 0 ¢
B o bl (4 2 LC AR 1
Mo 1 Errs)
100 Table 5. Break-through Con-
ﬁi £0 tinuation Time
.
ot BEAEFIE AR (ppm)
g AEBRY BOR
i 10 ‘ 20 ‘ 40
2 (min)| (min) (min)
/0t N B T 13 19
ér 4Om/H | B 21 31 31
4] *x B| 2 | 4 | 38
2 a N 8 12 28
0 | o W= e [ =M Tl
0 /0 20 30 /o 20 30 0 20 30 80m/H |t B | 14 22 38
5 EL T E0 M (win) X B 31 47 | 36
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Fig. 9. Change of the Effluent Turbidity during
the Increased Filtration Rate
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Table 6. Experimental Results for % of the Break-through of Suspended Particles

AR | PEAMEC : WA KB D (157
AEEH | B oo @ | RRAEAR ) ey | WHBHEER | 0 ey
(ppm) (B 5) (%) )

10 38:00 0.01 0.28
7 W 20 25:30 0.05 0.78
40 Y7:156 0.31 3.19
12 45:31 0.10 2.62
40m/H h W 20 35:10 0.32 6.72
40 20:50 0.81 10.13
10 87:52 0.37 12.87
g W 20 4]:45 0.67 16.74
40 29:47 0.72 12.93
10 37:20 0.54 12.20
7~ w 20 24:15 0.54 7.82
40 16:15 1.41 18.97
10 46:40 0.77 21.45
80 m/H 23] w 20 36:10 2.62 56.90
40 22:00 1.84 24.33
10 59:00 1.50 53.04
K w 20 42:25 2.64 67.29
40 30:31 4.39 80.32
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Table 7. Analysis of the Variance for % of the
Break-through of Suspended Particles

KEWIEFE, BEATEAREDOS oy
) e .
3 EMHEBERIKTHo T, = - 5 BIp| B B AR (%)
DWHBELRORED 439%, i ®» o & (D) 059~1.00mm| 38,683 | 17.2
E0 001% 13, FHEREKpo 2 & E B (K 40~80m/H | 88,639 | 394
. BEREAR (C) 10~40 ppm 24,825 11.0
KT o 8032 4y, 028 4r.8 DxK
ARHMTHRTH Y, Toxy ZLFA KXC — z ol
FEHCEL, COBBHEE3 L % o f — = 62353 | 277
R = CR ik Tl L, & 2t 225133 | 100.0
KFERON G R e RD P A2 F
TmT, HFEROKEIZ, 5 ® S VHLBKEEDEBM (&L
EAE), WOR, BEAEARED c e ol ARBEE B
3 s ” Table 8. Analysis of the Variance for
HTHoT, IBIT, AEREH Filter effluent turbidity
Mz % ¥ TONIG 258K E D% bR
T EOR | REE| O ® OB (M R|TT
BT O R A 8 R T, E (%)
TORR L ERD L, MEL B o £ 3X2 [0.59~1.00mm | 56,194 57.1
y BEAEARE 3x2 10~40 ppm 27,106 276
- n =y
FOWHCEET 5 b T4 % E Ot il 2 10,153 103
BEARIDIWOROEHEINK x o = by 4,880 5.0
W EMbhs T, & 3t 98,333 | 100.0

3.4 Z2EEHEEZEDFERE
SEIORBRANTHEEEEOFBMERXE 2 THhb, FEREOR Y G & LTz
{OoOnEZBRDA, TR, HEEHCIDBERT ORI EDS L 2130 HFE THK
boTkD, BRI THMHRIEIORVWEELLRSEDT, —IGAELE)A 1 BRI
bl LT, ABKEELALIEDAXTETS, COFBRAZ LD, AHEEE 40
m/H T, /o 3FEHEEFHOREFTEAR 0ppm O DODEFH4 LB, ZHiESED
HEHHELLT20m/H LW FHOWAEXEAL T2 ed it vz, EEDLBHT KT
LB EHHEEORBENARTEIDELTZTEDLERETHA D, ik, BEFAELTOK
RBEE 7V = 9 TR AMICH L THWRTFEHERT 2 LS TwBE0 5L, fliogEH
COWTDAREENCE T2 2 BER T > THBILERDS LBbI 3,

4. B & M &

W A B0 % BEKL F O W B P & KRB O R b7, WAFREKEEOZE
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