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A Quantitative/Qualitative Study of Infiltration/Inflow
for Order Decision of Sewer pipe Maintenance
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Abstract
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This study was carried out to obtain quantities of infiltration, inflow and exfiltration on sewer pipes of
three areas at a small city. From the results, the most investigated sewer pipes should be infiltrated by

underground water and undetermined water. Flowrate commonly showed two peak at 6 to 8 a.m. and 6 to
9 p.m. and which may be influenced by the sewer flowrate with washing or bathing time. BOD/TN ratio of
below 4.0 were inferior as compared with proper criteria 5.1. Infiltration/inflow rates of three areas were
21.7% and 0.08m3/km of A, 12.4% and 0.015m3/km of B, 22.4% and 0.021m3/km of C, respectively.
This indicates that infiltration/inflow rate of A was obviously greater than that of B and C. Also, these

results show that we can conduct sewer maintenance in good order as A, C and B zone.

Key words: Order Decision, Sewer pipe Maintenance, Infiltration/Inflow, Quantitative /Qualitative Analysis
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Table 2. REHI2F MM R
14 —e— Nov
FeHZ ddn w5 MM FA —=— Dec
12
910 Meter + Submerged Depth/Velocity Sensor(17H)
EE= Velocity sensor(17H) = 10
£
920 Meter + Submerged Depth/Velocity Sensor(27H) gﬁf 8 K
EE= Meter + Submerged Depth/Velocity R0 6
Sensor(171)2} in-pipe Ultrasonic 75kHz Level . /\ _
Sensor(17H) / \ A /\
2
RN AT
& ¢ 4 Ak mebA Aot dde] By Toono SRl m S RRERES
o B - & (day
735 A3 dolHE a7 E7Me st
Fig. 4. 37 XITo| 242 i
4. N
3500
2000 |
4.1. R E4 B4 S0 f
37} Aol W BeEe Held A9} Fig 4o 520 |
deht gt o] aderyE Aegel lnmE 23 2 ]
st Aol 1197 1240 7 234 = a3 n 50
I %% 119 (7.5mm, 3/5mm), 1299 23] (8mm, 0l : e
: L PP PP PP PP PP
4mm) FEG) IA $71] W AR L e 7 T T 0 S et
Time(hr)
e Aol mulsignt A, B, C 370 Aol tjste] -
N Fig.5. 37§ XIZQl AU A[ZHN T ol Bigh
19 2300] AR e AP AsAen 2y oIS EEA e
sttt o] A7E Al Ao| Table 37 ),
Table 3025 AXHe] AA 4 718t % AHMe £ 9 #9 F3F2> 20029 109 289 73
= 3 A% &3 A /9] £ 20029 119 Al 7129 1378.26m/d 2 YElgten] | Hagke 11
179 F3A 7128 4784 5m¥/d =2 dehgon], 3 9 1994 30.85m/d & 7| 2H gl om, 273 A
238 1149 20900 59.4mY/d2 759 ew, 54 o ARES o] &3 WFHF 300.32mY/dE YEhtn
N AR ARE ol 3 PRAFE 1840/ I AAA e Ao Gel 4G A9A AL
G gtk B AMeIAE 27 Aol 49 42 2 £ 2 0] #3L dehd oA, Hus A
2002 129 109 fEEAd 712" 1004 7mY/deg2 29 S xlolzl ZA el 9eS & 2= 9t}
yehdor, Hage 129 309 24m’/dE 7]1S5 Fig SE 37 A delA S etE steES st
dom HFFFL 269.7mY/dE Jebdtt CA&E Jehd Aotk oA B 4 9Fo] xdd] A
Table3. RE=4 Z 1}
ANE T8 dEZEREmY/d YHIAARS(M/d) LLXHFEM/d HHRE(MY/d) HL2RE(MY/d) BESEMm/d)
A 1A} 19471 13433 5724 47845 594 1884.8
2K 1805.1 54286 59.9
B 1k 369.7 1158 478 1004.7 24 269.7
2Kt 267.58 47.28 244
C 1K+ 307.32 225.15 96.93 137826 3085 30082
2K 296.91 122,91 3183
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Table 4. AX|ZO| =4 =T Z1} Table 6. CX|HO| 4 =1 A1t
T2 Uz um@ gz HID S [ T} T S TE B HIT
(QUATH7|F) (QAH7|F)
BOD 689 518 329 - BOD/T-N=385 BOD 46,6 34.9 234 - BOD/T-N=328
CODcr 152.5 996 55.8 - BOD/T-P =321 CODcr 768 579 40.3 - BOD/T-P=31.1
CODmn 36.2 253 141 CODmn 24.8 16.0 838
SS 738 56.6 37.7 SS 67.3 379 27.3
T-N 179 159 13.1 T-N 142 109 7.33
T-P 215 155 1.10 T-P 15 1.05 0.68
Table 5. BXIHO| +Z=% Z1t Nz} BOD/T-PH]| & H|md] 2 A7} A} CAANA
2= o T R TE P/ HID BOD/T-N%} BOD/T-P7} 7}7} 385, 32,13} 3.28,
(ZEH71E) 3112 BAAe] 215, 22280 A4 Yehggs &
BOD 622 488 307 - BOD/T-N=2.15 % 9t} ol= 7|29 %3 (Randall, C.W., 1992;
St e TR shin 2000dA] AN AR 9%a ALl
ss 1143 687 45 o] 7ksdt Wl 5.1 o]Fe] BOD/T-N#] ¢} v
TN 289 223 137 =2 u, o] X wAst4e] BOD/T-N 2= 7%
T-P 2.80 1.75 115 j]oﬂ 3_74] ;,'\_ u]j]T‘—_; 7)41% %]— ./,: 9}1:} O]El‘i—ﬂ H
AeFAo A st e g n=A A AGA
glol @4 6~104] Atolol] 13]9] f7F peak o] b 7]& F-Zo tiujgt AA <l A FFo] 1ty o]
Bz gla e %ol 6~9A1 e W 1719 peak o & Aoz dArtHr}
7 F R EAE D glo] dAH R 2709 peakE
HojFrh ol AW, AlF 5 st w4 oY 4.3 Fd/Res 24
o Mg F8& BAFE Ao R AddHn ATl 37 A e 72| FeALE
AT 2 FEFEHTE T3 AdF/FdF B4
4.2, 3L iy A o 2
A, B, Co] 37 AH 9] 8% Fo| ot F4 WE
S vekslr] 9 ske] 2447 Bot 2417 7HHA o =m 12 43.1. & An]%F H 7P (Water-use Evaluation)
Mol & AsE AF - B4 A5 ek o o] & ol gate] B ALEFOoRRE £ 7 =
+ Table 4~ 67} ﬂv} BOD 4 &4 A3, 43 A} MY 3 Aoz iE ANHE
0, 99 9@ 934 57 AN E 689, 529 7mY/d, BAAE 420 1m¥/d, CA#H-& 408 7m'/d
518,329 BAEL 62 2 48.8, 30.7mg/LZ Yely: 2 Yehgtn, A3l sk AR A& 260.0m'/d,
a1, CAHeIME 2H2t 46,6, 349, 23 4 242 el BAAEE 393.7mYd, CAHL 309 2m*/d & Yyttt
A9} BAAo] CAHRT tha =& S ¢ & k. agx 7y osh Ax S 302.1m’/d B
T-N FE& AXHE 179, 159, 131, B2 289, AL 302.1m¥/d, CAHL 317.7m/d= 247t Vet
223, 13.7mg/L, CXH¥& 142, 109, 733mg/L=  yit}, o] A2 HE] AR o] B} CAH K} =41
velht BAIA o] Agt CEUT & A & 4 Utk Wl w2 I T Aol Bo] TSNS &
wd T-P 5o 9loja], ANAHL 215,155, 1.10, 4 9t} o33 2o Axe) 2Au|Z HFr1r] ¥
BAHL 280, 1.75, 1.15mg/L, CAHL 1.5, 1.05, <3 Al4/H44 ¥4 A4S AA3 472 90F
0.68mg/L= A} BA]5o] CEHU} iAo R %2 31 &}H Table 72} o] Yepd 4= gtk E4HF 37}
o2 yepytth. AR 94 BESA Aa Rl 7P 9 AYF/Fdg T B 299 Eo
AA et 58 AFd F = <A BOD/T- A3t AXHe I &l A Yehgon B
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Table 7 2 ToPIgol ost Aga/RYs 54+ 24 21
H=REHm?/d) SAHIZ 7710 ot dea/Rels 5 24
ABEEY
pNFS! =\ CH 2471 71" Hosoe Q)4 / K22 (Infiltration/ Inflow) 2= (Exfiltration)
HEeE Suwg disd (m*/c) Lz’ IES s’ mE odigd
(m®/d) (m*/d) (m®/d) (m®/d) (%) (m*/d/mm-km)  (m3/d) (%)
A 42814 1913 572,98 e 509.7 1,383 723 0.269 -4328 23
594 o1 2600 1653 864 0.064 31298 163
b7 3021 1611 842 0313 2709 142
T+ 36393 1,549.00 8097 022 -209.05 1093
B 1004.7 267.93 46.89 Z& 4087 -140.7 525 -0.063 3618 1350
244 o1 3002 -413 -154 0018 262.3 979
b7 3177 -498 -186 0,022 2708 1011
L7 10356 7727 2883 003 298.30 11133
c 1378 306.24 96.68 Za 4204 -1139 372 -0.044 323.1 1055
30.85 o1 337 875 -288. -0.034 296.7 %9
bR 3021 414 14 00016 205.1 669
WF 37197 -65.75 2147 003 27497 89.77
1) M o0l e 1A E7RE A
2 1AHE 7R HH| dIE
3) A E(nfilration Rate) = HPBHM®/d)/(BEAAT(km) X TERHZE (mm))
4) MY TRSIE0| NS 1ATEZEAREE A
5 1AHE TR HH| HIE

=TT =] I—
m PEE . B ¥H20. By Bue G K014 (Infiltration) (@z20)
—
(m/d)  (mg/L) (m*/d) (mg/L)  (mg/L)  (m/d) T2 q, HIs8? QY
(m3/d) (%) (m*/d/mm-km)
A 1913.02 517 572.98 329 59.7 3157 257.2 134 0.050 5.136km
C 26793 48.75 46.89 30.7 52.6 273 19.59 73 0.008 2.233km
B 306.24 34.8 96.68 234 401 56.4 403 132 0.015 2.582km
1) DA|EES Bagk
2) A=A |EERE | HIE
3) A2 Z(nfiltration Rate) = AQL2Hm®/d)/(ZAA R (km) x T2 (mm))
CAAL F&o] IA YehdE & F Ut 40 3m*d, 13.2%, 0.015m*/d/mm-km= 7}7} Jeh}
AXo] B A A v & HAYES BT ot
432 AT - AAFEF-F2 F7MH (Average = AL S 5 9Lt

Daily - Minimum flow quality Evaluation)
ol¢h Z& W o5t AXtE ARE ek 433. 944 %37 4 (Minimum Daily Flow
T} Table 83} 2t} HolA B ulel o] AX]X  Evaluation)
Aolgre 257 2m/d, AYE 134%, A=W o] WML o] &3la] &+ A2/ 44 (/D)
1%—3— 0.05m*/d/mm-km& el or] BAHE  okslo] Table 9o l3tsith. Table 9o Hi n
} 19.6m/d, 7.3%, 0.008m’/d/mm-km, CAHE ¢ o] FFHeko e AYFEL AR A A

mlru
= o

u& rlo

J}i
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Table 11. 7t BP0 2 AYs/KUs MEZI E
YWT - AN RR-SELIIY Y AHFY LI " B
INES| L mY/d)  HIE(%) A= LI mYd)  HIE(%) s FEHM*/d)  HIE(%) AUE
(m®/d/mm-km) (m3/d/mm-km) (m®/d/mm-km)
A 5129 26.8 0.099 5730 29.95 0.11 5423 284 0.1045
B 44.45 16.6 0.0074 46.89 175 0.021 45.7 171 0.0143
C 54.18 17.69 0.021 96.68 3157 0.037 754 24.6 0.029
27 AN AYEE The Wl wate] 3u) o]
4 2 Aoz Uehtm B CARL Aol opd |
2 UEnt o] wle] AmAel o84 Btk @ -
i, AA§F-5 9ol 2@ A% 9AA 7| L
7ol o Anot A AHEE RAG PE R | E
A7 givh ANAR S AUE LT £ o) <
AN g4 BAhgs QA4 F3Ah e A |
g iéﬁ‘é}@] el elw Table 117} 2}, o] EoA
W A 0E BeAYEY BART LY E ’ . s ¢ ’

B

= o+ AT} AN AL 28.4%, 0.1045m*/d/mm-km Point
2, BAAL 17.1%, 0.0143m’/d/mm-km, CRH&  Fig. 7. ZHESED 1/190] T
24.6%. 0.029m*/d/mm-km=Z 7}7} JEyton o=

71%94 B A9 (JAF, 2001; FHAL, 2000)2] HE A

AAAN]NEQ 48% Hrbe i ZA Jeda, Ax 2
o] Be} CHrl AA oz =4 Jehdon #A%

v e e A-CBeez 4 & gtk E3 o] 1) s2ae o 8~10417 1)a 6~941 79

F7HA o] o] A o] atpHA HH e A 2 "W peakrt HAE D YFS HoFEd &
A LT/ AT 2AARR AT itk ALGsE T HEe] fEE HolE
2) 3}4=2] BOD/NH|¢} BOD/PH|E =733 A3}
4.4, tHAH SHED |/ LB T BOD/NH|7} 4 o]stz AETHA AL A T3
B ATl atEd 3 A dg VT &3 71E FEE dehlla glol sk 14 A Fadof
i BEFET] #AE Ay Bt dAUE & Bt
AejzAte] o gk A /kmE 4H e 27} Fig. 79 W 3) o] Ao A glA Ean| g PHIL 43
ERQITE. o] AFolA] & lRol FAWR: At ol - AHA dH T FFHPE] ANA = B Y
ofgt AAEFEY WAFSH o VI SHAH o H&) o] oA Ao E YEgTh
S} fAEE BAE HolFm glom ol B A 3) 43 - HAARF-FTAE PR o BAAT
AFE e et &+ ot AA AL 26.8%, BAHL 16.6%, CARL 17.7%=
Ueht Ax o] vlua & JPES Hole o=

b, &4 & BF7HE At

) DHAFF F7PHel oJstH Ax[ o] 29.9%,
2 Ao A 71E BAIFo] 17.5%, CAFl 31.6% = Jetydtt. o=
T8 GuE A AME FAEAE vk 1 A 9k 9w AA AR P eA 9t
o €

AOR AR AUYS/FHUS F FF @ A%t viamdte] A% BAYE MF ARE u
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Vol. 20, No. 1, pp. 53-62, 2006 SrAALS £AAEE AT AT/ FAFT e A/ e A AT
olu} CA Mol thd &2 HAYES Bt o AFF/ AT WD B A R{G(CS0s) 4 A
5) A9l w2 T By BAZDF A9 pp- 85-87, I EE}3] 2002\ &3
2o PBFer A7 ANAE 28.4%. 0.1045m*/d/mm- 5. %474]%, 1714, ?]j—\_ (2001) ;\ﬂx}/\_l] %%ﬁ]%;o]%z‘s}
Asurlel £33, ansAdss Geuns wE
km, BAHE 17.1%, 0.0143m*/d/mm-km, CAH& 2]
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